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Agenda

. Taking a
« Background and Motivation J
« Isolation, adaptation and screening for riboflavin-producing lactic microbial-centric
acid bacteria in plant based fermentation using droplet microfluidics:
_ Introduction approach to plant-based

foods
— What is microfluidics ?

— Results and discussion
— From microfluidics application
* Acknowledgment
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The Planetary boundaries

Planetary boundaries: Guiding human development on a changing planet - Earth beyond six of nine planetary boundaries -
science 2015 Science 2023

Climate impact, GHG emissions
Land Use

Water use

Biodiversity
N and P

Pesticides

Human toxicity

2009 2015 R 2023

Food systems have the potential to nurture human health and support environmental
sustainability, however our current trajectories threaten both the planet and the health of the
humans.

Technical University of Denmark 3
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Sustainable go hand in hand with Healthy Diets

\A/N Food and Agriculture A50)
Q(@ Organization of the ) }I)Vorld ,Heta,lth
United Nations S rganization

o @ )

SUSTAINABLE HEALTHY DIETS
GUIDING PRINCIPLES

Je'a.

New definition WHO/FAO (2019)

“Sustainable Healthy Diets are dietary
patterns that promote all dimensions of
individuals’ health and wellbeing; have low
environmental pressure and impact; are
accessible, affordable, safe and equitable;
and are culturally acceptable”.

The EAT-Lancet Commission also addresses the need to feed a growing
global population a healthy diet while also defining sustainable food
systems that will minimise damage to our planet.

Food in the Anthropocene: the EAT-Lancet Commission on healthy diets from sustainable food
systems - lancet 2019

Sufficient, safe and healthy food for all, always also in the future!

Technical University of Denmark
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What i1s NFICC ?

Establishing a collection of bacterial and yeast strains
(NFICC) from plants and other environmental microbiomes
collected around Denmark.

|dentifying them by a variety of techniques

Sequencing to understand what genes and metabolic
pathways may be present and thus what compounds they
will make.

Characterising their actual fermentation properties

Lactobacillus bulcaricus - Lactobacillus danica

04-09-2024 Technical University of Denmark
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NFICC and the link to food ?

LAWI - FO0Q Science ana 1ECNONOgY 19/ [2U24) 11391
Contents lists available at ScienceDivect

LWT

journal homepage: www.elsevior com/locateiwt

ELSEVIER

JOURNAL ARTICLE
Development of a yoghurt alternative, based
on plant-adapted lactic acid bacteria, soy
drink and the liquid fraction of brewers’
spent grain @
Sanne Kjaerulf Madsen, Camilla Priess, Anders Peter Watjen,

- : f Stileyman @zmerih, Mohammad Amin Mohammadifar,
Claus Heiner Bang-Berthelsen

FEMS Microbiology Letters, Volume 368, Issue 15, August 2021, fnab093,
https://doi.org/10.1093/femsle/fnab093
Published: 26 July 2021  Article history v

Interactions between two strains of lactic acid bacteria and Laetiporus
sulphureus strain FH24 and FH319, and Wolfiporia cocos strain

FH9 mycelium

sanne Kjeerulf Todorov *, Axel Orban ", Andreas Hammer °, Markus Oberpaul *,

Christopher Back ”, Celia L. Jansen ", Timothy John Hobley °, Martin Riihl 5" Claus
Heiner Bang-Berthelsen

* National Food titce, Technical Universty of Denmark, 2600 Kgs. Lynghy, Denmark
" Preumhofer uciuse for Molecular Bislogy and Applied Ecology IME Branch for Bioresourves, 35392,
iz of

Glesse, Hesse, Germany
. 35392, Glessn, Hesse, Germany

‘Btotechaslogy, Jusus

Contents lists available at ScienceDirect

Future Foods

b

o ol
ELSEVIER journal homepage: www.elseviercom/locate/fufo

microbial-centric

approach to plant-based

—

Anders Peter Watjen et al. 2023

04-09-2024

Bringing plant-based Cli-meat closer to original meat experience: insights
in flavor

International Journal of Food Microbiology 425 (2024) 110872

Contents lists available at ScienceDisect

SR International Journal of Food Microbiology

ELSEVIER

journal homepage: www.slsevier.com/lucate/iifoodmicro

foods

Using pre-fermented sugar beet pulp as a growth medium to produce
Pleurotus ostreatus mycelium for meat alternatives

Sanne Kjerulf Todorov”, Frantiska Tomasikova °, Mikkel Hansen *, Radhakrishna Shetty ",
Celia L. Jansen *, Charlorte Jacobsen *, Timothy John Hobley*, René Lametsch ™, Claus
Heiner Bang Berthelsen ™

* Netiorual Food Instince, Technivel University of Déenmark, 2500 Kgs. Lyngty, Denmark
" Deparman of Food Seiénce, Unbersily of Copenhagen, 1950 Frederiksbery, Demark

Technical University of Denmark

Review

Hybrid Cheeses—Supplementation of Cheese with Plant-Based
Ingredients for a Tasty, Nutritious and Sustainable

Food Transition

Blandine M. L. Genet '*, Guillermo Eduardo Sed6 Molina ', Anders Peter Witjen !, Giovanni Barone >0,
Kristian Albersten %, Lilia M. Ahrné 2%, Egon Bech Hansen **© and Claus H. Bang-Berthelsen **

1 Research Group for Microbial Biotechnology and Biorefining, National Food Institute, Technical University
Denmark, Kemitorvet, Building 202, 2800 Kangens Lyngby, Denmark

2 Department of Food Science, University of Copenhagen, Rolighedsvej 30, 1958 Frederiksberg, Denmark;
llia@food ku.dk (LMA)

3 Thise Dairy, Sundsorevej 62, Thise, 7870 Roslev, Denmark

* Research Group for Gut, Microbes and Health, National Food Institute, Technical University Denmark,
Kemitorvet, Building 202, 2800 Kongens Lyngby, Denmark
C

dk (BM.LG. dtu.dk (CHB.-B)

* Lastauthor shared.
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Isolation, adaptation and screening for riboflavin-producing

lactic acid bacteria in plant based fermentation using droplet
microfluidics

Identify, select, and improve riboflavin producing lactic acid
bacteria strains suitable for plant-based food fermentation.
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Need for novel plant-based starter cultures

« LAB in dairy: S0 I'e Animataey
— Adapted to dairy environment (lactose) 4000 | * Plant dairy
» Loss of genes for utilizing plant carbohydrates
« Unable to ferment plant bases
* Plant-based LAB:
— Adapted to plant environment

30004

Number of publications

(0 — -—-,——-——L_-M—

 better at fermenting complex plant-based 1900 1950 2000
i Year
CarbOhyd rates (eg ' Xylose and arablnose) Christensen, L.F. et al., 2022. Extracellular microbial proteases with specificity on plant proteins.
. .. . . International Journal of Food Microbiology 381(109889-109889. )
 improve nutritional properties, sensory profile, Atpsidol.org/ 10,1016/, foodmicro. 2022.109889
texture 2ol e
— Avoid adding artificials — clean product Al iR, R
oAT ===fll‘ OAT DRINK
;M , i
Pl e

) S LV
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Fermentation matrices

Milk Soy milk

Invertase
HO
HO HO | o
HO 0 OH 5H0
Q (o]
HO © gH HO
o%OH OH OH OFXOH OH
Saccharose Raffinose Stachyose
Casein Glycinin

B-conglycinin

7 Déigeish DG, Corredig M.

(2012) Adachi M, et al. (2003)

Technical University of Denmark
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The Best of Both Worlds?
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soy powder

*Riboflavin (Vitamin B2):
* Water-soluble B-vitamin essential for energy metabolism.
*Function:

e Crucial for the formation of coenzymes (FMN and FAD) in energy
production.

*Sources:

* Found in dairy, meats, green leafy vegetables, and enriched cereals.

04-09-2024 Technical University of Denmark
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Traditional strain level microbial isolation and screening pipeline

v A

Environmental . Isolation & —» Screening —> Improvement ——» Characterization

Sample Identification
i > = . P
A e i~ mutagenesis {1 ‘
- - _— A4
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[ i
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L
i L

L
ﬁ v
L---— # wanted strain sy, g o @ &
152 adaptation
unwanted strain e

Onyx
Innovative community level microbial isolation and screening pipeline

R

Plating & Re- Identification
encapsulation —— HTP Sorting ——» &Characterization

j/ # - CmEn

‘ & e
,f ¥ wanted strain
unwanted strain

Environmental

Sample ——— Pool level adaptation - - - 5
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Onyx: Droplet Generation Device

This device is used for generating emulsions.

Biological experiment perspective: ALE for plant-based foods

High-throughput: Single cell level microculture

L ] ® ®
= N B
‘. 37 °C s o s
’ ® ® PY
| . L ]
#j j Cellri;om 4 Incubation
‘e [ culture (and other Cell sorting
conditions through styx
encapsulated required for
cells selection)

Flow
channel

Droplet generation chip

Technical University of Denmark
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Preparation of transparent soy milk

5% wi/v soy flour (Sigma) Decrease pH/Centrifuge Buffering and increasina pH  Filtering with 0.2um pole filters
4M HCI (ul)

Technical University of Denmark
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B2 vitamin what is novel ?
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Styx: Sorting Device

* Lasers: Yellow, Blue, Green, and Red

Technical University of Denmark

Histogram: Green Linear

Green
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16 fold increase in riboflavin production in TSM
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Comparasion of two different methods for
detection of B2 vitamin
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5 rounds of adaptation and sequencing of NFICC2835

Lactococcus lactis (NFICC2835)

Location | Position Change
1051375 - G->C - - ribG# Regulatory Element
1051399 = T->C - - ribG# P RFN

1051552 - A>T - - ribG#
1051563 - +A - - ribG#
S—
1051783 145 G->A E->K GAA -> AAA ribG
1051915 277 A->G R->G AGA -> GGA ribG
1051988 350 A->G K->R AAA -> AGA ribG Metabol related proteins t related tei
1052011 373 A->C I->L ATC -> CTC ibG - . i
e e == L Thakur et al. 2016 (Microbial Biotechnology)
1052348 710 G->C S>T AGT -> ACT ribG
1052356 718 T>C S->P TCA-> CCA ribG
1052374 736 G->A A>T GCT ->ACT ribG Sugar Utilization Sugar Utilization
1052414 776 T->C V->A GTG > GCG ribG Control (negative) Esculine [
i Glyeerol Salicine .
1052560 922 A->G 1>V ATC -> GTC ribG Erythritol Decellubiose [
1052584 946 G->T A->S GCC ->TCC ribG D-Arabinose Maltose [l
. L-Arabinose [l Lactose .
1052588 950 C->T P->L CCT ->CTT rl-bG Ribose [ D-Mekibinge
1052988 262 T->C S>P TCA->CCA ribB D-Xylose [ Sucrose [l
L-Xyl g
1053793 |ESE A->C I>L ATT->CTT ribA — D-Trchaloce
Adonitol Inulin
1053799 414 A>T L->F TTA->TTT ribA Beta-Methyl xyloside Melezitose
. Galactose [l D-Raffinose
1053827 442 A->G 1>V ATT ->GTT ribA D-Clucose [l P
I 5 A->C K->T AAA -> ACA ribH D-Fructose [l Glycogene
1701211 LINEEIT co~c N ACA S ACA purlt i — Xylitol
L-Sorbose Beta-Gentiobiose [l
1701313 746 A>T F->Y TTT -> TAT purH - - Rhamnose D-Turanose
e 21 Toc KoE AMASGAA  pur 28 mutations in common Dy
meso-Tnositol -Tagatose
1701932 127 C->T E->K GAA -> AAA purH H H Mannitol D-F
between 3 unique isolates i W e
1702010 49 C->T E->K GAA -> AAA purH Socbitol L-Fucose
alfa-Methyl-p-mannoside D-Arabitol
1702100 - +T - - purH# alfa-Methyl-D-mannoside L-Arabitol
1702135 - A->G - - purH# N-acetyl-glucosamine [ Gluconate .
- Amygdalin [l 2-ceto-gluconate
1702668 109 T>C | >V ATT -> GTT hprT Asbutine [ S-ceto-gluconate

Technical University of Denmark
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Can we use this strain more globally for plant-based
foods in general?

[TTINFICC2835
8000 [ ] Control

Fat | Carbohydrate | Sugar | Protein | Calcium Vitamin D Vitamin B B

Soy, Allos 239 11g 0.5¢ 3.69
189 353 35g | 329
219 069 069 | 37g

6000 {

*DCM, Naturli l 200 3.40 239 3.4 g 120 mg 1.5 ug 0.21 mg 0.38 ug

1.0g 12 g 55¢ <0.5¢g
139 109 79 0g -
11g 11.0¢9 6.59 0.1g 2000 -
199 89 3.2¢g 09

1.79 8¢ 3.2¢ 0.4q9

:
Naturli 29¢ 9.6¢ 419 1.0.9 120 mg 1.5 ug 0.21 mg 0.38 ug

4000

Fluorescence (550 nm)

So

»}

Almond, Spir _[RsYs] 4149 30 110
Almond, Naturli JoKeKs] 2749 2449 0.3g

04-09-2024 Technical University of Denmark
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HPLC results after soy milk fermentation

Fermented soymilk after centrifugation and filtering

Technical University of Denmark

1.2 mg/L riboflavin for overnight culture

Recommended Amounts

RDA: The Recommended Dietary Allowance (RDA) for men and women
ages 19+ years is 1.3 mg and 1.1 mg daily, respectively. For pregnancy and
lactation, the amount increases to 1.4 mg and 1.6 mg daily, respectively.

: Harvard T.H. Chan School of Public Health
https://www.hsph.harvard.edu > The Nutrition Source $

Riboflavin — Vitamin B2 | The Nutrition Source
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Concept of starter cultures is like LEGO

Strain collection

Vitamins B,, B,,, K- Removal of anti-
7 == nutritional factors
P Fast acidification

Removal of off-flavors

Technical University of Denmark
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CULTURING THE FUTURE OF FOOD ?
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Hang Xiao: insights in microbial selection for more vitamin B, in plant based foods
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