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Yeast & Bacteria
Differences between them?
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Lallemand around the world

North America Europe Africa, Asia, South America and Australia
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Solutions and know -how for a world of microorganisms
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Yeast products

Fresh yeast (compressed) Specific yeast derivatives

Baking (glucans, mannans)

o Fermentation media, human nutrition, animal nutrition
Liquid yeast (cream)
Baking, ethanol, pharmaceutical Yeast extracts

¢ Savoury applications, fermentation media
Active dry yeasts

Baking, fermented beverages,
animal nutrition, ethanol pharmaceutical, nutraceutical

Organic Yeast (fresh, dry, inactive)
Baking, oenology, bieingredients

\CATRCR T,
Levucell @20

Inactive dry yeasts

Baking, fermentation media, " e | A SR
human nutrition, animal nutrition = - —— A =I -

Mineral -enriched inactive yeasts
(Se, Fe, Cr, ZnMn, Mb)
Human nutrition, animal nutrition




Bacteria products

Bacteria freeze -dried
Baking, oenology, agriculture, human nutrition, animal
nutrition, pharmaceutical, dairy, fermented meat

Bacteria dried by atomisation
Specific applications

Bacterial lysates
Specific applications

Bacteria deep frozen pellets
For dairy cultures only




LALLEMAND OENOLOGY PORTFOLIO

SYNERGISTIC ACTION TO REVEAL YOUR WINES’ INDIVIDUALITY

WINE YEAST

VINEYARD
SOLUTIONS

WINE BACTERIA

LALLEMAND OENOLOGY
Original by culture

NUTRIENTS &
PROTECTORS

ENZYMES
SPECIFIC YEAST

DERIVATIVES
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A One of thebiggestchallenge of oenologyand winemaking recently

>reduce SO, use while preserving wine quality , especially in
white and rosé because of oxidation risks

A Organicand low chemical trend
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Prefermentativestepsin white and
rosewines benefitsandrisks

A Prefermentative steps in white and roséwines are various: skin contact, pressing,
stabulation, clarification, settling, etc.

A Theycan increase significantly wine quality when well managed (increasing
release ofprecursors, optimizing grape expression, etc.)

A But they can also be detrimental when badly managed
A Risk ofmicrobiological contamination
A Risk ofoxidation
A Risk ofalcoholic fermentation start during pre-AFsteps
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LEVEIL=
INITIA

‘ Metschnikowia pulcherrima

‘ Natural solution to protect in prefermentative stages

Protection against oxidation and spollage
microorganisms

‘ A unique Q consumption & tendency to reduce Copper

Bioprotection is not just a fancy word. For us,it is science.
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Natural inhibition

CONTROL

Yeast Population in the must

Other yeasts
50%

Hanseniaspora
50%

Hanseniaspora
32%

Other yeasts
68%

—

5days
at 10°C.

Hanseniaspora
3%

A Powerful

antimicrobialaction
LEVELZ INITIA 10

g/hL

Pilot trial Chardonnay 202&icarex France)
No SQ



Powerful

antimicrobialaction
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[ i i lati
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;’ v \ 4
8 g . 2
2 Cold stabulation: foBtoll J
= 5 days at 13°C Otgit
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@ 0,28¢g/L
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—~O— ~O~— 5200/5230 LCH15.21 (10 a/hl)

Jours IFV Beaune 2019
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LEVELS
GUARDIA

Metschnikowia pulcherrima

Active bioprotection
for red wines
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LEVEL2 Control a wide range of contaminants

GUARDIA

Pilot trial. Garnacha2020, INCAVI (Spain), 100kg. No, &adition
Implantation controls 5 daysof cold soakat 10°C

CONTROL LEVEL2 GUARDIA™ 10 g/hL
ies :  Other non-
2 # Spec : Saccharomyces Hanseniaspora
Other non- Saccharomyces  : spp. 19
Saccharomyces spp. 4% 0
Spp. 13% : y
17% ’ 1 specie LEVEL?2 GUARDIA™
4 = species : 92%
Hanseniaspora :

70%

Powerfulantimicrobialaction & good implantatio

evenat 10°C
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L Whyis Level2 Guardidifferent?

A Not only thanks to early colonization and growth

A Butalso because of its powerful capacity to chelate iron thanks to its high
pulcherimic acid production

A 1ron depletion limits other microorganisms growth

A Bioprotection is not just a fancy word. For us,R ap€&iénce.
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Is the new LEVEL2Salv&" efficienttagainstiother r Brett
strains?

Brett Brt1 (resistant to SO,) Brett Bsd1 (sensitive to SO,)

1,00E+08 1,00E+08
__1,00E+07 - _LO0E+07 e =
E 1,00E+06 ~=-—-Brtl £ 1,00E+06 ——--Bsd1
S 1,00E405 > 1,00E+05 =
< 1,00E+04 ——Brt1..EC1118 < 1,00€+04 —+—Bsdl1..EC1118
% 1,00E+03 % 1,00E+03 -p= . 4 ﬁ. { It a1
.® 1,00E+02 " ' 0E+02

] . . ]

~ 1,00E+01 == Niwm b { 0ol X_,gozg\{ll MM Bsd1...EC1118502 5g/hL

1,00E+00 — 1,00E+00
0 50 100 150 200—==Brt1..EC1118 502 5g/hL 50 100 150 200
Time (h) T Time (h)

- Proven efficiency of LEVEL? SALVAoN
different Brettanomyces strains

LEVELZ2 SALVA more efficient than SO,,
even with sensitive B.b

X9/ mmmy nyK
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Chitosanof fungalorigin

A newtool to control Brettanomyces



Chitosarof fungaloriginas atool to control Brettanomyces
Up-date on No Brett Inside

A Action on Brett : Newesultsfrom Dr. C. Edwards, WSU

Scanning electron micrograph oB. Scanning electron micrograph ofB. bruxellensis from barrel sediment in wines
bruxellensis from barrel sediment in with 4 ghL no Brett inside added

wines without No Brett inside added



Microbiological spoilageand contamination

Earlywine bacteria inoculation for malolactic fermentation

—e— Lalvin31™ —e— Lalvin VP41™ — Omega™ —e— Control (spontaneous)
7.0
Very efficient biocontrol of
60 | Brettanomyces growth thanks

Influence of bacteria
inoculation on Brettanomyces
growth versus spontaneous
malolactic fermentation

to the selected bacteria

—..\—o

5.0 |

40 |

Brettanomyces population (log cfu/mL)

: : 2.0
Biocontrolof Bretianomy s population No 50, added, population follow up

. . . . 2 months after MLF
With various Selected wine bacteria.

0 10 20 30 40 50 60 70 80
Time (days)
Brett contamination End of MLF
(100 cfu/mL) for selected Ead (:f gAnI:cl;;ZLcler)\trol
Bacteria inoculation (1g/hL) bacteria P
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V Fermentative performance:
A Fastand clean!
A Good implantation
A Low VA
A High Alcohol tolerance

V Low nitrogen demand

V Lowto no SO2 production

V Excellent MLF compatibility

V Brightred fruit, clean aromas, soft mouthfeel
V No reduction/sulfur off flavors perceived

For sulfur
compound management




LALVIN ICV SunRose ™




YEAST

The trustworthy!

www.lallemandwine.com @ @ @ @ e LALLEMAND OENOLOGY

WINE WINE NUTRIENTS SPECIFIC ENZYMES CHITOSAN VINEYARD Original by cult
YEASTS BACTERIA /PROTECTORS INACTIVATED YEASTS SOLUTIONS AN CY S



Yeastsugametabolism

S. cerevisiae
CQ

-4

glucose
) 92 %

fructose (\/"@ 0 ethanol

%

— 2
% .
Higheralcoholand esters / \ biomass

Organicacids  glycerol

1Aalcohol & A 16,8 g/l of glucose
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Normal Fermentation Curve

Higher yeast inoculation rate
lowers dilution of the initial yeast
= Cells survival factors

RS

>100-150
million
CFU/mL

Population
$

4-8 million
CFU/mL
2-4 million
CFU/mL



The fermentation T What are the yeast doing?

300
250

N
o
o

150
100

Cells/mL (millions)

al
o

Lag phase Exponential phase Stationary phase

Phase 3 (stationary phase)

Active yeast populatiorhas
to collectively work against
Increasing toxicity (e.g.
alcohol & saturated fatty
acids)andcomplete

fermentation
Hour

Phase 1 (lag phase)

Yeast adapting to the
environment

(grape must/mash/apple)

Phase 2 (exponential phase)

Yeast focused on energy production from sugar and
cell growth to achieve a sufficienthyghenough
population ofactivelymetabolising(fit) cells to
complete fermentation of all sugar present




Yeast Vitality versus Viability

A Essential nutrient reserves are transferred for mother to
daughter cells

A The vitality of the mother cells is paramount to the vitality of these future
generations, those that complete alcoholic fermentation

AYeast vitality

VITAUTY WHEEL
\‘ T

A Metabolic state of healthT the fitness of the yeast cell
A VERY difficult to measure and very difficult to react to.

AYeast viability

uopnon - ©S

A Measured at the beginning of fermentation & used to indicate the number of
live cells only.




Yeast fermentation patterns

U During active
fermentation, the initial
and final rates
are most significant

20t RI cHGUIWhGSWCTqb6! k W
fermentation

HHIJGaqc HGWWht 4 VYs k W
even fermentation

Total
Soluble
Solids Sluggish/stuck
(Bé) fermentation

Fermentation Time



Active dry yeast & Protection of the cell membrane

AADY

A Contain ~ 8% water (reduction in cell volume)
A This is insufficient for active metabolism
U They must be rehydrated to allow reabsorption of the water lost during drying

Before

reker& Rapoport1987

U Important to have itime tto gethack-a functioning cel

ATPase Sterols &

AWhat is the yeast trying taido: |
A Membrane integrity
A Maintain cell viability
A Increase ethanol tolerance

Plasma

Protein of

)
@ O
structure Protein of
Enzymatic transport

proteins




What happens to the yeast cell membrane?

f@% > My @ E

soeless
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Dehydration Rehydration

Disorganisation Reorganisation
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U+ Restoringnmembrane integrity
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A This is done by actively pumping out H+ through the ATPase pump, which needs energy
supplied through good nutrition

ATPase pump i regulates internal pH

A Helps maintain internal cellular pH to 23 units higher grape must/wine pH
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A Especially important in the last %> m WY n LW

A Membrane integrity is compromised

A Internal acid protons -
0 Cell death

A Ethanol -

Alcoholic
fermentation

pH Int.

U Alcoholic fermentation ®



Why Is protection necessary?

U 700F¢cet JWYnNnWIq6¢cUYOWbiabldWw! 3¢t

AEthanol causes P N
_ _ @, \ \
AProtein denaturation =% \ %

)\’ \ ’A
) e TR )\

/" Denatured protein

AModification of protein action

‘ activity
Normal protei \\-..%namra\w“

AH+ penetration is more easy
AH+ release needs more energy

C All leads to CELL DEATH




Impact of yeast protection on viabllity at the end of AF

100 — Control

=== (GOFerm Protect
REHYDRATATION

©
o
L

(0]
o

Viable cells (%)

\‘
o
1

95 100 105 110 115 120

Temps (hours) 70%

Viability




Impact of level of sterols in rehydration

dco2/dt (g/l.h-1)

dco2/dt (g/l.h-1)

1,8
1,6
14
1,2

0,8
0,6

0,4
0,2

15

0,5

High sterols deficiency conditions at 24 °C - Protection effect
on AF

CY 3079

200
Time (h)

QA 23

LOW N Demand

MEDIUMHIGH N Demand

@ Control

= G0oferm Protect

300

@ Control

e GOferm Protect

0 50

100
Time (h)

150

200

250

=== GofermProtectEvolution

400

—

=== GofermProtectEvolution

dCO2/dt (g/l.h-1)

1,8
1,6
1,4
1,2

0,8
0,6
0,4
0,2

MEDIUM N Demand

CSM
===CSMYS GofermProtect

e Natstep

GofermProtectEvolution

4,50E+07 -
4,00E+07 -
3,50E+07 -
3,00E+07 -
2,50E+07 -
2,00E+07 -
1,50E+07 -
1,00E+07 -
5,00E+06 -

0,00E+00

100 200 300 400
Control Goferm Gogferm
Protect Protect
Evolution



GoFerm Protect Evolution versus Oyxgen addition

dCco2/dt (g/l.h -1)

0,40
0,35
0,30

0,25

0,20 A
0,15 -
0,10 A

0,05 A

0,00

43.5* 1P

Chardonnay, 20°C, high clarification

i

\l
1 3

150

200 250

e Control

=== 1+30 g/hl GFP Evolution

+ 6mg/L Oxygen 1/2 AF

INEVE WY O VR

300 350 400

Time(h)
Viability (CFUImI) ..
48 *10°
Oxygen GFP

Control

Evolution

450

25

20

15

10

Days of AF

m Control

Oxygen

m Goferm Protect
Evolution

E More effectivethan O2during AF

E Enhancemenbf fermentation security

and fermentationrobustness

E Significantincreasein viabllity, vitality
flavour andaroma.



GOFERM PROTECT GO-FERM STERC
EVOLUTION FL ASH

Autolyzed yeast supplying vitamins, minerals, and sterols . o . ,
yzedy PRYINg Autolyzed yeast supplying vitamins, minerals, and higher levels of

sterols

Rehydration nutrient for healthier yeast, improved

fermentation kinetics, cleaner fermentations, and improved
varietal expression

Powder

(Ol‘ig | nal) GO-FERM STEROL FLASH saves serious time during rehydration

formulation GO-FERM™ & GO-FERM PROTECT EVOLUTION GO-FERM STEROL FLASH
Using hot water during rehydration means multiple ac- Using cool water eliminates the need for acclimatization
climitzation steps (15-20 min each) are necessary before steps. Dissolve GO-FERM STEROL FLASH in water, rehy-
adding yeast to cold juice or must. drate yeast, and inoculate!

TOTAL TIME: O TOTAL TIME:
=1hour 20 min

(€ -FERM

0L FLASH

Microgranulated
(new) formulation



Geer...... naering



Nutrition i1s multifaceted

Nutrients
I NB X

How can |
use this
knowledge?

Yeast
Growth




Yeast Nutrition Management
Evolution over the years , 4 4
20000

Well balanced
nutrition

Quiality of nitrogen

_ o A Assures yeast viability
A Nitrogen is nitrogen ? A Optimise yeast aroma

Limit the risk of- A Organic N (aa) better than biosynthesis and release

stuck fermentation InorgN (NH4+) A Limit the risk of nutritional
A More efficient on imbalances

A Nitrogen (YAN) is key fermentation for same YAN

A Defines biomass (X max)

A Defines impact on
fermentation rate (V max)

A Yeast fermentative activity



Yeast Nitrogen needs

N
8 2.5 22
o | gns eenrenenmnnnnnnanenenina, S
© & 3
% | g E 2.0
é Nitrogen E g; 15+
5 | addition 2 = 0.96
[T c
o 1.0°
5
The amount of N to get the same AFz os:
kinetics 5
c) 3
i In exactlythesameconditions.§ AR PR AR AR R E R AR PR AR R
i Very significant differences Julien et al AJEV 51, 2282 (2000)

U Nitrogen needs:are/yeaststraini dependent



Yeastnitrogerre uirements

Yeasmhitrogennegdsto ferment anitrogendeficientmust (100mg/L YAN)

mg of YANhecessaryo consume 1g ofugar(T: 24°C) |

1,80

1,60 ?
1,40

1,20 4] 9’
1,00 H
0,80 n

0,60

0,40
0,20 -
0,00_ TTTTTT TTTTTTTTT TTITTTTTTTTT

U Someyeastsneed4 times more Nhan othersto ferment a
deficientnitrogenmust, at thesamerate

W
-

Julien et al., 2000



What is assimilable Nitrogen?

AAmmonia (Inerganic®N)  AAmino acids (Q@rganic'N)

A Simple compound A Meaning amino acids & peptides
A Preferentially used A Some are more preferentially used
A Fast = junk food than others
A Only lasts for a bit A Easy
A Does not provide lots of A Intermediate
nutrition or balanced food A Less so
A Also equals order of
- N uptake

7) Ammonia

NH3 , ¢

molwt = 17.031 /N\ Lol b e

© Ammonium - 2 g0 Y
{ ~ NH4+ H ""/T:I»"'?‘ AR I ] w

\&___ monw-ieo ‘ rrel L

J

U Essential for protein synthesis
Yeast growth & metabolism



Amino acid composition of Nutrient products

100% [ ] m Valine

00% m Tyrosine
m Tryptophan

80% m Threonine
m Serine

20% m Proline
m Phenylalanine . . .

o avethionne A Disproportionate amino
mLysine acid composition

50% m Leucine
m Isoleucine . .

20% m Histidine U FermaidO provides a more
m Glycine broad & complete amino

30% m Glutamine acid composition for yeast
= Glutamate growth and metabolism

20% mCys
m Aspartate

10% m Asparagine
H Arginine

0% m Alanine

. Fermaid O other
Scrimgeouet al, 2019

The Australian Wine
Research Institute



NitrogensourceT Efficiencyon fermentation

Fermentation daysto
dryness
m days
18
16
14

a Organicnutrition is 2 times
more efficientthat inorganic
nitrogento complete
fermentation.

AdelaideHills 2010 The Australian Wine
Chardonnay Research Institute



Nitrogen affects numerous aspects of yeast

~— Phospholipid Bilayer ——
Hydrophlli(

Cell wall mtegrlty § 7\31
Wi (\ n‘

2

\

Cell multiplication



Nitrogen source impacts on wine

sensory profile

+ Ammonium

A banana
4.0 +LSD=0.50

wet cardboard
LSD=0.35

fruit ester
LSD=0.43

35
30 +

sweaty
LSD=0.42

artificial grape
LSD=0.52

25 +

musk
LSD=0.37

cheesy
LSD=0.43

floral
LSD=0.43

Acetic
LSD=0.66

nail laquer
LSD=0.43

Naillaquer

tropical
LSD=0.42

stale beer citrus
LSD=0.44 LSD=0.35

bruised apple
LSD=0.41

The Australian Wine
Research Insdtute

+ Amino acids

B banana
4.0

LSD=# 50
wet cardboard fruit ester
LSD=0.35 35 LSD=0.43
Q-

sweaty artificial grape
LSD=0.42 , LSD=0.52
cheesy 1’ musk
LSD=0.43 ' LSD=0.37
\ l‘
\?'- Floral
acetic ’. floral
LSD=0.66 S LSD=0.43
nail laquer " tropical
LSD=0.43 LSD=0.42
stale beer citrus Tro p I Cal
LSD=0.44 LSD=0.35

bruised apple
LSD=0.41

—e— Control (160) —— NHj (320) & NHj (480) —o— AAC (320) 0~ AAC (480) |

Henschke2010



Nutritionaliimbalances
Impact of lipids on yeast viability

60
~+=High nitrogen / low
a0 ergosterol
e
20

Lo ogen / low
ergosterol

Low nitrogen / Low

-+=High nitrogen / low
oleic acid

CO2 produced (g/L)

Vialbe cells (%) -
2 ¥ 2 3 2 B

Vialbe cells (%)

Duc C., 2017
(PhD Lallemand - INRA)

ALipid source starvation triggers cell death in a nitrogen
dependent manner

U GoFermProtect Evolution will prevent/limit this risk

Duc et al (2017) PLOS ONE 12(9): e018483822
Duc et al (2019)0enoONES3, 445456



Nitrogen has an important role in signalling a stress
response & yeast cell death

Matrix depletedfor nitrogen Depletedfor N
Stress Stress
response Adaptation response Adaptation

wmmssmesss) Viability wemmmseess) Viability

N- starvedcells Micro nutrient-starved-cells
Vitamins & Minerals
Aminoacids
High NH4 S v

No stress Cell
= X mp
NO stressesponse

Micro nutrient-starved-cells

Vitamins & Minerals
Lallemand WYI$choal 2017, Bruno Blondin






