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Yeast & Bacteria
Differences between them?

Bacteria Archaea Eukaryota

Green

Filamentous Slime
Spirochetes bacteria Entamoeh as Animals

maold s )
{ P Fun gi

Halophiles

Plants
CyanobactEeria Ciliates

Planctomyces Flagellates

Bactenpioes

Cytophaga ,T,,ml:i Prokaryote Eukaryote
1:":”& Oiplomonads (Bacteria) (Yeast)
Chromosome One Many
Nucleus Yes
Size 10-100 um
Metabolism Growth,
respiration,

fermentation,
transformation

Oenococcus oeni Saccharomyces
cerevisiae


https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiyhOHYsuLWAhUs9YMKHf_nC4UQjRwIBw&url=https://www.slideshare.net/jabernethy/five-kingdoms-70152804&psig=AOvVaw0kse-JIctm4fGLJlOIggtY&ust=1507599166928700
https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj53NOvs-LWAhVLxoMKHZdoCeAQjRwIBw&url=https://en.wikipedia.org/wiki/Kingdom_(biology)&psig=AOvVaw3Igk3otUrNELei-qPKGtPm&ust=1507599349921008

Our story

Founded in Montréal Yeast
by Fred A. Lallemand production
at the end of the started in

19t century

1923

Owned by the Chagnon family since

1952
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Over 4,700
employees
globally

48 plants including
27 yeast and

/ 9 bacteria plants

;F"

A worldwide
presence




Lallemand around the world

North America Europe

14 yeast plants (1 downstream)
5 bacteria and fungi plants

e 9 yeast plants (2 downstream)

e 2 bacteria plants

3 other plants 8 other plants

6 research labs

e 5 research labs

: ‘o ¥ ,:3::.‘:":: %

Africa, Asia, South America and Australia
e 4 yeast plants (2 downstream)
e 2 bacteria and fungi plants

1 other plants
1 research lab

® Yeast plants @ Bacteria/ Fungi plants @ Other plants @ Researchlabs @ Commercial / Distribution



Solutions and know-how for a world of microorganisms
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Yeast products

Fresh yeast (compressed)
Baking

Liquid yeast (cream)
Baking, ethanol, pharmaceutical

Active dry yeasts
Baking, fermented beverages,
animal nutrition, ethanol pharmaceutical, nutraceutical

Organic Yeast (fresh, dry, inactive)
Baking, oenology, bio-ingredients

Inactive dry yeasts
Baking, fermentation media,
human nutrition, animal nutrition

Mineral-enriched inactive yeasts
(Se, Fe, Cr, Zn, Mn, Mb)

Human nutrition, animal nutrition

Specific yeast derivatives

(glucans, mannans)
Fermentation media, human nutrition, animal nutrition

Yeast extracts
Savoury applications, fermentation media

\CATRCR T,
Levucell @20
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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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* One of the biggest challenge of oenology and winemaking recently

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

* Organic and low chemical trend
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Pre-fermentative steps in white and
rose wines: benefits and risks

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

They can increase significantly wine quality when well managed (increasing
release of precursors, optimizing grape expression, etc.)

But they can also be detrimental when badly managed
* Risk of microbiological contamination
* Risk of oxidation
* Risk of alcoholic fermentation start during pre-AF steps

12
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LEVULINE®, « Y
: , \ )

- NOUVEAU

LAKTIA™ -

acidity

FLAV]A™

. aromatic

° - BIODIVA™

* complexity *

. LEVEL2®
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LEVEIL=
INITIA

‘ Metschnikowia pulcherrima

‘ Natural solution to protect in prefermentative stages

Protection against oxidation and spoilage
microorganisms

‘ A unique O, consumption & tendency to reduce Copper

Bioprotection is not just a fancy word. For us, itis science.



Natur eller SO, ?

Yeast Population in the must

y . 5 days
dNsenliaspora
32% ) at
10°C

Other yeasts
68%

Pilot trial Chardonnay 2020 (Sicarex, France)
No SO,



Natural inhibition

Yeast Population in the must

Hanseniaspora
32%

Other yeasts
68%

—

5 days
at 10°C.

e Powerful
antimicrobial action

Pilot trial Chardonnay 2020 (Sicarex, France)
No SO,

CONTROL

Other yeasts
50%

Hanseniaspora
50%

Hanseniaspora
3%

LEVEL? INITIA 10
g/hL



Powerful

antimicrobial action

DO: Contamination D5: Sacch
i i inoculation R . s
with Hanseniaspora D12: Volatile Acidity
T 97 (g/L H,S0,)
;’ \ J \
8 g . 4
2 Cold stabulation: TTPTR
= 5 days at 13°C 79J
7 - .
054g/L |
6 -
L S s—
4 4
3 -
O
2 1 1 I I 1 1 1
0 2 4 6 8 10 12 14
—=@— —@— 5200/5230Témoin sans SO,  —@-— —@— $200/5230 LCH15.21 (10 a/hl) Jours

—— CONTROL

-0 0324g/L
O 028g/L

Chardonnay (pasteurized must)
IFV Beaune 2019
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LEVELS
GUARDIA

Metschnikowia pulcherrima

Active bioprotection
for red wines

18



LEVEL2 Control a wide range of contaminants

GUARDIA

Pilot trial. Garnacha 2020, INCAVI (Spain), 100kg. No SO, addition
Implantation controls 5 days of cold soak at 10°C

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

70%

Powerful antimicrobial action & good implantation

even at 10°C

19



LEVELZ . o
cuAarDia Why is Level2 Guardia different?

Not only thanks to early colonization and growth

But also because of its powerful capacity to chelate iron thanks to its high
pulcherimic acid production

Iron depletion limits other microorganisms growth

Bioprotection is not just a fancy word. For us, it’s science.

20



Is the new LEVEL? Salva™ efficient against other Brett

strains?
[ ]
Brett Brtl (resistant to SO,) Brett Bsd1 (sensitive to SO,)
1,00E+08 1,00E+08
__1,00E+07 __LO00E+07 | ®
E 1,00E+06 eBrtl 2 1,00E+06 —eBsdl
S 1,00E405 > 1,00E+05 =
< 1,00E+04 ——Brtl..EC1118 < 1,00E+04 —+—Bsd1..EC1118
£ 1,00E+03 = 1,00E+03 —e= Bsdl +..EC1118 48h
= 1,00E+02 00E+02
’ —=g= —
g 1,00E+01 Brel +Salva..EC1118 48h .,00E+01 Bsd1..EC1118S02 5g/hL
1,00E+00 — 1,00E+00 e
0 50 100 150 200—==Brt1..EC1118502 5g/hL 0o—  s0 100 150 200
Time (h) T o Time (h)

Proven efficiency of LEVEL? SALVA on
different Brettanomyces strains

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



»

Chitosan of fungal origin

A new tool to control Brettanomyces



Chitosan of fungal origin as a tool to control Brettanomyces
Up-date on No Brett Inside

e Action on Brett : New results from Dr. C. Edwards, WSU

spot| det | pressure |

spot| det | pressure | mag O WD HV
3.0 |ETD |6.57e-4 Pa| 20 000 x/12.9 mm 30.00 kV

Scanning electron micrograph of B. Scanning electron micrograph of B. bruxellensis from barrel sediment in wines
bruxellensis from barrel sediment in with 4 g/hL no Brett inside added

wines without No Brett inside added



Microbiological spoilage and contamination

Early wine 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: compound management
* Fastand clean! "

* Good implantation
e Low VA
* High Alcohol tolerance

v’ Low nitrogen demand
v’ Low to no SO2 production
v’ Excellent MLF compatibility

v’ Bright red fruit, clean aromas, soft mouthfeel

v'No reduction/sulfur off flavors perceived e e

to express aroma persistence of your wine

8 @ Q 9 © & uuwmm




LALVIN ICV SunRose ™




YEAST

The trustworthy!

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

WINE WINE NUTRIENTS SPECIFIC ENZYMES CHITOSAN VINEYARD Original by culture
YEASTS BACTERIA /PROTECTORS INACTIVATED YEASTS SOLUTIONS



Yeast sugar metabolism

S. cerevisiae
Co,

glucose

fructose (\/A(\

ethanol

Z%

3% )
Higher alcohol and esters / \ biomass

Organic acids  glycerol

1° alcohol €< 16,8 g/l of glucose



Geer giver friskhed!

Glyco-conjugates
Cysteine-conjugates
Phenolics

4

Aroma and Flavour
active compounds

v

Higher alcohols )
‘ 1! Higher alcohols ’
m

" |
[N

r

ol

from Swiegers et al 2005



Normal Fermentation Curve

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

RS

>7100-150
million
CFU/mL

Population
$

4-8 million
CFU/mL

2-4 million
CFU/mL



The fermentation — What are the yeast doing?

Lag phase Exponential phase Stationary phase
300
250
Tg 200 Phase 3 (stationary phase)
;‘_E, 150 Active yeast population has
% 100 Fo coIIe.ctlver.V\./ork against
5 increasing toxicity (e.g.
2 50 N alcohol & saturated fatty
0 acids) and complete
0 10 20 0 40 >0 fermentation
Hours
Phase 1 (lag phase) Phase 2 (exponential phase)
Yeast adapting to the Yeast focused on energy production from sugar and
environment cell growth to achieve a sufficiently high enough
opulation of actively metabolising (fit) cells to
(grape must/mash/apple) POp .y B (fit)
complete fermentation of all sugar present




Yeast Vitality versus Viability

e Essential nutrient reserves are transferred for mother to
daughter cells

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

. VITAUTY WHEEL

* Yeast vitality

* Metabolic state of health —the fitness of the yeast cell
* VERY difficult to measure and very difficult to react to.

uopnon - ©S

* Yeast viability

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

. (€ i L Dead yeast
)’. SO ot ! ' =+
L R E




Yeast fermentation patterns

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

Total
Soluble
Solids
(Bé)

Desirable ‘healthy’
fermentation

Acceptable ‘slow’
even fermentation

Sluggish/stuck
fermentation

Fermentation Time



Active dry yeast & Protection of the cell membrane

 ADY

e Contain ~ 8% water (reduction in cell volume)

* This is insufficient for active metabolism
» They must be rehydrated to allow reabsorption of the water lost during drying

Before

Beker & Rapoport 1987

» Important to have time to get back a functioning cell

Cell Wall
ATPase Sterols &

* What is the yeast trying to do: ( insatturated

* Membrane integrity

Plasma
membrane

* Maintain cell viability
* |Increase ethanol tolerance

Protein of

e | H 'I.I ! : !l .'IIJI'.
..\ . ‘.‘ 4,
structure Protein of
Enzymatic transport

proteins




What happens to the yeast cell membrane?

batey
5 e L TN i

Bo\\
Dehydration Rehydration
Disorga;isation Re-orga_nisation
Wb o/ W W

=i
#* %y Qo
i
@ el —
1> W
» Restoring membrane integrity



ATPase pump — regulates internal pH

* Especially importantin the last2- 3 of AF

* Helps maintain internal cellular pH to 2-3 units higher grape must/wine pH

Alcoholic
fermentation

pH Int. 1

* Thisis done by actively pumping out H+ through the ATPase pump, which needs energy
supplied through good nutrition
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* Membrane integrity is compromised
* Internal acid protons T
> Alcoholic fermentation 4

e Ethanol T
» Celldeath



Why is protection necessary?

» Because of ethanol (the yeast’s worst enemy)

T anaturag
// o¢ oss of Io” 3

* Ethanol causes; AL AL
. . . \::}E/\@f\j\ \ 7 e

Protein denaturation SRS RAT
S TN

* Modification of protein action

»

! activity
Normal protein \'\_\_ QG"Btura\‘"“ _‘,,/ Denatured protein

* H+ penetration is more easy
* H+ release needs more energy

C All leads to CELL DEATH ®




Impact of yeast protection on viability at the end of AF

100 — Control

i T === GoFerm Protect
1 REHYDRATATION

©
o
L
O

Viable cells (%)
3

~
o

95 100 105 110 115 120

Temps (hours) 70%

Viability




Impact of level of sterols in rehydration

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

dCOo2/dt (g/L.h-1)

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

0,8
0,6

0,4
0,2

1,5

0,5

High sterols deficiency conditions at 24°C - Protection effect

CY 3079

200

Time (h)

LOW N Demand

e Control

QA 23

e=ss=s Goferm Protect

MEDIUM-HIGH N Demand

e Control

o Goferm Protect

300

50

100
Time (h)

150

200

250

on AF

== Goferm Protect Evolution

400

—

== Goferm Protect Evolution

dCO02/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
CSMYSE Goferm Protect

e=mmw Natstep

Goferm Protect Evolution

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

~ Viability @ 115h (CFU/ml)

Control Goferm Gogferm
Protect Protect
Evolution



GoFerm Protect Evolution versus Oyxgen addition

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

Chardonnay, 20°C, high clarification

0,40

0,35

‘ e Control
0,30 \
B «m= +30 g/hl GFP Evolution
0,25 8
0,20 - + 6mg/L Oxygen 1/2 AF
0,15 -
0,10 -
0,05 -
0,00 : VY SRS ‘
150 200 250 300 350 400
Time(h)
Viability (CFU/ml) 74 * 106
* 6
43.5* 108 48710
Control Oxygen GFP

Evolution

450

25

20 1 m Control

15 -
Oxygen

10 -

5 - B Goferm Protect
Evolution

O .

Days of AF

I More effective than O2 during AF

E Enhancement of fermentation security
and fermentation robustness

B Significant increase in viability, vitality
flavour and aroma.



GO-FERM PROTECT GO-FERM STEROL
EVOLUTION FLASH

Autolyzed yeast supplying vitamins, minerals, and sterols . . ) ) )
Autolyzed yeast supplying vitamins, minerals, and higher levels of

sterols

Rehydration nutrient for healthier yeast, improved
fermentation kinetics, cleaner fermentations, and improved
varietal expression

Microgranulated
(new) formulation

Powder

(Orig | 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
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Nutrition is multifaceted

Nutrients
are ...

How can |
use this
knowledge?

Yeast
Growth




Yeast Nutrition Management
Evolution over the years
2000’s

2010’s

1990’s

‘ Well balanced

Quality of nitrogen nutrition

Assures yeast viability

o _ Nitrogen is nitrogen ? * Optimise yeast aroma
Limit the risk of Organic N (aa) better than biosynthesis and release
stuck fermentation Inorg N (NH4+) Limit the risk of nutritional

More efficient on imbalances
Nitrogen (YAN) is key fermentation for same YAN
Defines biomass (X max)
Defines impact on
fermentation rate (V max)
* Yeast fermentative activity



Yeast Nitrogen needs

N
wn

2.2

]
8 5 %
= 2 S 20:
g ] £ 03
é Nitrqgen E fu 15¢
5 | addition 2 £ 0.96
L :,Cj 1.0
5
The amount of N to get the same AF S os
. . 8
kinetics =
% o
.. . O ™ @ e — @ 0D WM P @ D @ o O W OO P oW Ml E D @ W e
— In exactly the same conditions AR A A AR L R
— Very significant differences Julien et al AJEV 51, 215-222 (2000)

» Nitrogen needs are yeast strain dependent



Yeast nitrogen requirements

Yeast nitrogen néeds to ferment a nitrogen deficient must (100mg/L YAN)

mg of YAN necessary to consume 1g of sugar (T°: 24°C) |

1,80

1,60 v
1,40

1,20 4] 9’
1,00 H
0,80 n

0,60

W
-

0,40

0,20

0,00_ TTTTTT TTTTTTTTT TTITTTITTTTT TTTTTTTTTTTTT IIHII_ TTTTTTTTTITTITTTITTITTITT \_II\III TTTTTTTTTT TTTTTTTTTTITT TT TTTTTT]

» Some yeasts need 4 times more N than others to ferment a
deficient nitrogen must, at the same rate

Julien et al., 2000



What is assimilable Nitrogen?

* Ammonia (Inorganic N) * Amino acids (Organic N)

 Simple compound * Meaning amino acids & peptides
* Preferentially used * Some are more preferentially used
* Fast =junk food than others
* Only lasts for a bit * Easy
 Does not provide lots of * Intermediate
nutrition or balanced food * Lessso
* Also equals order of
~ ) uptake
(SRR [ P
\(_/ mol wt = 18.04 ) = L
» Essential for protein synthesis

Yeast growth & metabolism



Amino acid composition of Nutrient products

100% m Valine
m Tyrosine
90%
m Tryptophan
B Threonine
80%
W Serine
20% H Proline
B Phenylalanine . . .
o5, a Methionine . D|§proport|o.n.ate amino
m Lysine acid composition
50% H Leucine
M Isoleucine
2% m Histidine » Fermaid O provides a more
m Glycine broad & complete amino
30% W Glutamine acid composition for yeast
= Glutamate growth and metabolism
20% m Cys
H Aspartate
10% m Asparagine
m Arginine
0% H Alanine

. Fermaid O other
Scrimgeour et al, 2019

The Australian Wine
Research Institute



Nitrogen source — Efficiency on fermentation

Fermentation days to

dryness
M days
18
16
= Organic nutrition is 2 times
more efficient that inorganic
nitrogen to complete
fermentation.
Go“‘“
w\
phP 50 y 610 \
oﬁéa“‘c

Adelaide Hills, 2010 The Australian Wine
Chardonnay Research Institute



Nitrogen affects numerous aspects of yeast

~— Phospholipid Bilayer ——

Cell wall integrity m }J‘j}z

Hydrophilk

Hydrophobic

l

y ¥ y ¥ y y ¥

y Jy JJ v J y y 5
p 88 5050 58 0 0,0

y » 2 r ¥y ¥y
2050505050 50500
SVSVPPS VSV BV Py
P o0 085,08 224



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 +
artificial grape
LSD=0.52

sweaty
LSD=0.42

25 +

musk
LSD=0.37

cheesy
LSD=0.43

Acetic

acetic

LSD=0.66
Nail laquer

floral
LSD=0.43

tropical
LSD=0.42

nail laquer
LSD=0.43

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

LSDs#.50
wet cardboard fruit ester
LSD=0.35 35 LSD=0.43

sweaty artificial grape
LSD=0.42 LSD=0.52
cheesy musk
LSD=0.43 LSD=0.37
Floral
acetic floral
LSD=0.66 LSD=0.43
nail laquer " tropical
LSD=0.43 LSD=0.42
stale beer citrus Tro p i ca I
LSD=0.44 LSD=0.35

bruised apple
LSD=0.41

—e— Control (160) —o— NHj (320)

NHj (480) —0— AAC (320) —0-— AAC (480) |

Henschke, 2010



Nutritional imbalances
Impact of lipids on yeast

100 e

viability

100

73

- > 2
£ -:‘v.d
$ % S g0 Low nitrogen / Low
3 ~+=High nitrogen / low £s0
= [ elf- = -
2 40 ergosterol Sa0 _ .
i oW TIitrogen / low R —+=High nitrogen / low

” ergosterol 20 oleic acid

0 0

20 40 60 80
€02 produced (g/1) €02 produced {g/L)
DucC., 2017

(PhD Lallemand - INRA)

* Lipid source starvation triggers cell death in a nitrogen-
dependent manner

» GoFerm Protect Evolution will prevent/limit this risk

Duc et al (2017) PLOS ONE 12(9): e0184838, 1-22
Duc et al (2019) OenoONE 3, 445-456



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

Matrix depleted for nitrogen Depleted for N
Stress Stress
response Adaptation response Adaptation

_ Viability _ Viability

N- starved cells Micro nutrient-starved cells
Vitamins & Minerals
Amino acids
High NH4* S v

No stress

= X v

NO stress response

o]
'_ Death

Micro nutrient-starved cells

Vitamins & Minerals
Lallemand WYN School, 2017, Bruno Blondin
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A -I-
Stimula
A Balance composition Objectives
* Different nitrogen sources (100%
yeast autolysate): to guarranty a

balance nutrition & optimize the * Remove the mask (off-flavors : H,S)
aromatic metabolism

 Torespect and enhance the varietal

* To stimulate yeast metabolism of

 High vitamins content (pantothenate) aromas synthe.s_is (better precursors
to avoid H,S & increase thiols uptake) = Addition at the beginning
revelation of the AF

* Nutritionnal balance : free aas,

* High minerals content (Mg) to increase _ , _ _
peptides, vitamins & minerals.

ethanol resistance (higher toxicity with
high T°)



Esters synthesis : Impact of timing of nutrient
addition (Stimula Chardonnay)

Isoamyl acetate : |59€|.mV| acetate : S
Addition @ T, Addition @1/3 of AF

4
3 -
3 $°
g2 y ¢ témoin £ ¢ témoin
o pr commercial L2 ;.. pr commercial
@
' ’y/ ® DAP 1 /M @ DAP
.d' T T T T

T T
0 50 100 150 0 50 100 150

sucre consommeé (g/L) sucre consommeé (g/L)

®* Nitrogen addition impacts on the esters synthesis
°* Addition @ 1/3 : higher efficiency: +40% compared to addition at t=0

® Stimula Chardonnay: more efficient than DAP




Nutrition i1s multifaceted

Nutrients
are ...

Yeast
Growth

Biggest take
home
message

More than only Nitrogen : All are interlinked
NH3 - Amino acids - Vitamins — Minerals — Lipids (sterols)

N requirements are strain dependent
NH3 = growth Amino acids = finishing AF & 2°
metabolites

Micronutrients (vitamins & lipids) are very important

Important for yeast metabolic functions
Combination with N is important

NH4 can inhibit the uptake of thiol precursors

Nutrition is multifaceted : Rational strategies
KEY - Complex and balanced



All is a question of balance

Nitrogen, YAN management during the AF is important....but not enough
The notion of balance and synergy between micro-nutrients & nutrients is key

Minerals

Aromas

e

Stress resist.
Vitamins Viability Lipids

Performance

Enz. activity

Nitrogen



Specific Yeas
Derivatives

Der er guld!
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WINE WINE NUTRIENTS SPECIFIC ENZYMES CHITOSAN VINEYARD
YEASTS BACTERIA /PROTECTORS YEAST DERIVATIVES SOLUTIONS

LALLEMAND OENOLOGY

Original by culture




~— Phospholipid Bilayer ——
Hydrophilic

Giyco-conjugatos
Cysteine-conjugates.
Phenolics
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Cell metabolism

Faty acids
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( ) )

. : . Fermentation
Oxidation 'Sw';:';b':/")g'cal management Microbiological Oxidation
+ Oxidant trap P 9g¢ . « Avoid yeast stress stabilization Scavenge dissolved oxygen
+Increased GSH content contamination + Reduce acetaldehyde Reduce microbial contaminants

Bioprotection tools

- J

H.S and SO; production

,

THE KING OF ;I':QTURAL ANTIT(’;‘ ; ){ITS
"fg“; LLEE
7 ™ LONGEVITY"

! ’ ‘\ Pure anticipation

GLUTASTAR

GET SUPREME HIGH POWER ‘ J
458 D "'\ ‘
|

Protect wine against oxidation

|- High potential 0, consumption

Helps to manage wine aging

@ 9 ¢ 2R R =




Wine oxidation

Browning
.
Y o« \\/OH Z /O
B 0 — , |
“OH ,
e [# X ] Quinone \‘J

Phenolic acid -
Very strong oxidant

sH Reaction 4.
Specific inactivated yeast Product
AN

rich in reduced GSH

Protect precursors

" O from oxidation
' ,/

Qumone A :
Phenohc Limit / avoid

Very strong oxidant G\ i
( " browning

. 2

acids

= SYD (with GSH) competes with aroma compounds that could bind to quinone (etc).

» SYD (with GSH) binds quinones leaving the aroma compounds free

Adapted from Oliveira et al (2011) Fd Res Int 44, 1115-1126



e Sauvignon blanc 2018, pilot
scale (1 hL, IFV Val de Loire,
France)

* 2g/hL of SO, addition in the must,
classical settling (24h at 8°C)

* Control (no addition) vs Glutastar
(30 g/hL) added before settling

Yellow fruits

Control

‘I\
~

Glutastar benefits... 3 years after bottling

Citrus fruits ‘ ’

Control

0 3 10 15 20 5

Vegetal thiolic perception ﬁ

Control

0 10 20 30 40 50 60 70



From nucleophiles diversity to (real) wine stability

ositive organoleptic impact & color preservatio

il
AL

1IS Ciuffelli Todi
Grechetto 2019
(1S Ciuffelli Todi, Italy)

Addition of 30 g/hL of
GLUTASTAR during tank filling

Wines 1 & 3 with GLUTASTAR addition:
Clear different color: less brown
Organoleptic impact: better
mouthfeel




( SDCTM Process ]

L Specific Designed Culture J

CAUDALYS™

A new Specific Inactivated Yeast
from non-Saccharomyces Torulaspora delbrueckii
Process

for aromatic length, crispy and minerality notes
IN rosé wines



How to use it ?

CAUDALYS™

» In must at the beginning of AF from 10 to 30 g/HI
» Inwine from 5to 15 g/HI/ contact time around 7 days
» Sparkling wine : tirage from 5 to 10 g/HI

» Suspend in 10 times its weight of water or must/wine
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WINE WINE NUTRIENTS SPECIFIC ENZYMES CHITOSAN VINEYARD Original by culture
YEASTS BACTERIA /PROTECTORS YEAST DERIVATIVES SOLUTIONS




Bakteria!

Glucose @ m

[-Glucosides

Aglycones
+
Glucose

B-Gy
Acetic 0 Ucog;,
- /;P/O el OP——Cosidasq acPy.
Gl Fruct Hs
ucose Fructose
L-Malic Acid ;
Acetic ('
Acid hMannitol Ac-CoA S-Compounds
Pentoses «—| T o+ Amino -. Amino
s /Q (=) Acids - Acids
LA'\?;:; 5 i s 2 Peptidases C
Acetyl-P E Peptides — Peptides
1
2 Pyruvic NAD* Ethyl Acid
Acid Phenol
L-Lactic
Acid  Acetaldehyde P"/‘inwl Sorbyl
NADH 00 Alcohol
a-Acetolactate —— CO,
Tlacte - Co, Ethanol
Acigh=— Hat l , Ethyl
p-Coumaric e Phenol
Ethanol Acetoin «—— Diacetyl Acid
l 2-Ethoxy
Acetic hexa-3,5-
D-Lactic Citric Y ;
Acetaldelyde \ Acid 2,3-Butanediol Acid Acid Phenol diene
p-Coumaric
=) et W
Ethanol <
Acetic Q - Substrate
D-Lactic Citric Acid
Acid | [ 2,3-Butanediol Acid () -Product

from Swiegers et al 2005



Why is O. oeni the main species used
for MLF?

Grape Must

MLF

....

Lactobacillus plantarum L. plantarum L. plantarum (Lactobacilli) Lactobacilli
Lactobacillus mali L. sanfrancisensis P. parvulus (Pediococci) Pediococci
Lactobacillus kefiri L. casei L. hilgardii

Lactobacillus lindneri P. parvulus O. oeni (O. oeni)

Lactobacillus brevis L. hilgardii ... O. 0eni 80-100% )

Lactobacillus buchneri

Lactobacillus kunkeei  (O. oeni 0-10%
Lactococcus lactis

Enterococcus faecium

Enterococcus avium

Enterococcus durans

Enterococcus hermanniensis

Leuconostoc mesenteroides

Pediococcus parvulus

Pediococcus damnosus

(Oenococcus oeni)

Adapted from Maret Du Toit



pH

ethanol

temperatu re
SO,

acetic acid

aroma

Sugar
fermentation

Tolerates 2.8-4.0
Tolerates up to 17%
Conduct MLF at low °C
Up to 60 ppm Total SO,
Minimal increase of VA

Suite of enzyme
activities

Enhance aroma profile
of wine

No off-flavours

Heterofermentative

Prefers > 3.5

Survives up to 10%
Grows best at 20+°C
Up to 50 ppm Total SO,
Produces no VA

Suite of enzyme activities

Enhance aroma profile of
wine
Produces bacteriocins

Homofermentative



Metabolism of sugars & organic acids
during MLF

sugars
—~——— | biomass

malate ........... L lactate
citrate — — — 4L _”o,, _\

’¢‘¢” ~

° S

N o
----------- -Il‘“ g g

Phasel Phasell Phaselll

Adapted from Kreiger et al., 2000 ICCWS Melbourne



Inoculation regimes for MLF induction

Cell growth

(log cells/mL)

Alcoholic fermentation

1. Indigenous MLF
2. Pre-fermentation
3. Simultaneous
(Co-inoculation)
4. Late fermentation

5. Post fermentation

Vinification time

> (Sequential)



gggggg

cccccc

Alcoholic M 3

fermentation ™ goc

Steady
(max °2 Brix/day)

<13-14 %

difficult

PPPPPPP

pHi —

>3.2 (W)

. >3.4(R) %Z;
U 2.3g/L

Lactic acid

§ ¢ 16 14
% Alcohol (@ ¢ —

2-4 g/L “{.‘(,S'

Malic acid
<8 ppm FSO2

total

<30ppmTS0O2 SO,

Temperature °C

12 16 20 24 l
»  18-22°C

friendly

unfriendly

@ % @ Yeast

4@ T compatibility
® o @

Friendly



SENSORY INFLUENCE OF WINE BACTERIA

Fruity,
floral,

spicy
aromas

(@F1%¢
aromas

Acidity
reduction

Decrease
vegetativ
e green

Volume notes

Astringenc

y
Bitterness




UNPARALLELED SENSORIAL DIVERSITY OF OUR WINE BACTERIA —

SEQUENTIAL INOCULATION IN WHITE WINES
Fruit U

N e @ -
‘!.‘{_ % e , lH W
Structure .& RoUNANESS

U e D MCBB

ALPHA
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Help with difficult MLFs

e Potential as curative use for stuck
MLF

* Do a specific Lab pre-test
(fermentability test) using 2.5 g ML
Prime

* Sequential inoculation
* Temperature is a key factor

* Test:
* Single dose

* Double dose
e Cfwith VP41

\ LAB PRE-TEST PROTOCOL
) For a successful malolactic fermentation
cmmee  with ML Prime” inoculated in wines

uuuuuuuuu

15 min max.

@ BACTERIA SUSPENSION VOLUME
FOR MLF TEST INOCULATION

o2 mL#
50 mL 0.2 mL 100 mL
50 mL 2mL 1000 mL
50 mL 1.5mlL 750 mL
Bacteria

suspension

% BACTERIA INOCULATION
AND TIME FOR MLF COMPLETION

20-22°C
100 mL m 7 days max.




Timing of ML bacteria inoculation

46_] T T T T T T T T T T T T T T T T T T T ]_

i 578 kouno [ Co-inoc MLF:
< [Sequential MLF | % ‘

Linalool 5 1 onanol

d fruit

» Co-inoculation: more ripe fruit aromas, less herbal and dairy notes

Diez-Ozaeta et al. (2022) LWT 162, 113392 Tempranillo (Rioja Alavesa region 2019)



Co-inoculation to overcome some difficult wine conditions

-
SN

g 12 Alcoholic Fermentation
g 6
2012 Chardonnay, Eden Valley 3 .
g, | | | |
Baume 12.2 °Be 2 ¢ 20 40 60 80
pH 3.25 - 2:0 | l MLF progress
TA 5.4g/L =N
YAN 177 mg/L § o -
malic acid 2.1g/L E 0’5 Co-inoc.
FSO, 13 mg/L - O:O | . | |
TS0, 57 mg/L 0 l 20 40\1, 60 1, 80
5" ‘l Viable Bacteria
% 6,0 -
» Co-inoculation can 5’32 Co-inoc
help bacteria adaptto g . |
‘harsh’wine § 20 -
composition 2 1,0 -
g 0,0

0 20 40 60 80
Time (days)



MLF kinetics

4 - -8
a Total
i - - G a» a» a» |
35 1 o=~ -2 = :____ 7 § Day of vinification
g 3 - \~_,—'-~-—f’ -6 % inoculatio time (days)
o) < o0 +
= 25 | Sencw=? 5 9 n [AF+MLF]
= = 1 21
S . 42
o om—
2 o
= 15 | < 5§ 4 44
1 ) .7_" Pressing 7 44
S
| 0,5 - -1 9 10 62
7]
0 T T T T T T 0 4 - 9
0 10 20 30 40 50 60 70 I
Time after yeast inoculation (days)
1,8 1 16 -
1,6 A 14 -
= 1,4 = 12 -
%'D E Day of Total
= 1,2 1 e 10 - inoculation vinificatio
2 <
— 1 d - 8 ] n
S 2
T 0,6 - =
£ < 4 Pressing 96
- 0,4 - 2
0.2 - 0 10 96
0 : : : : : 0 5 10 15 20
0 20 40 60 80 100 Time after yeast inoculation
Time after yeast inoculation (days) (days)

Abrahamse & Bartowsky, 2012



Can ML bacteria impact vegetative aromas in red wine?

= Qverall, wine consumers prefer wines with fruity

rather than green, herbaceous or vegetarian
aroma profiles 2
Iz
=
= Pyrazines have been identified as one of the most § =}
. o = <
important groups of aromatic compounds 53
responsible for the vegetative green aromas in & °
O
wine. °

= There are also a number of short-chain aliphatic
aldehydes that are also associated with vegetative

it \ J \ J
cognition. r ! Mira de Ordufia, 2015
0. oeni L. plantarum

EA1T mA4 B2013 m4607 m4608 = K45

» ML bacteria can break down some higher aldehydes, which could reduce green
& herbaceous notes, which in turn could enhance fruity characters in red wine



Diacetyl - production depends on the timing of inoculation
Oenococcus oeni

4,5
4

Acide malique(g/L)
N w
oW ;

o -
o o= 0N

Cinétiques de fermentation malolactique
3 moments d’ajout de la méme bactérie sélectionnée

\ ‘ i h 'I‘. «A—~CY3079-Beta 48h
\ \ \ == CY3079-Beta 2/3 AF
\ t \ === CY3079-Beta Post AF
0 20 40 60

Temps (jours)

1,6
1,4

tyle (mg/L)
e o =
D 00 = N

lace

804
0,2

Concentration en diacétyle fin FML avec Beta

CY3079-Beta 48h CY3079-Beta 2/3AF CY3079-Beta Post AF

Inocualtion timing




Help with difficult MLFs

High malic acid (> 5 g/L)

M.A. (g/L) 5.27
L.A. (g/L) 0
V.A. (g/L) 0.2
SO2 F (mg/L) 0
SO2T (mg/L) 18
Ethanol (%) 12

TXACOLI 2021

5,1
4,6
4,1
3,6
3,1
2,6
2,1
1,6
1,1
0,6
0,1

KINETICS OF MALIC ACID DEGRADATION

5,
202 C

2’98\
oe 2,60
0,83
\41 0'38
Pre inoculacion 5 dias 7 dias 12 dias 14 dias
=—MVLPrime dosis normal == MLPrime a doble dosis



Partial deacidification — Co-inoculation

co-inoculation / direct inoculation / normal dosage

Must
TAP (%vol) 11,2
Sugar (g/l) 189

TA (g/L) 4,94
pH initial 3,17
malic acid 3,6

(g/L)

Nitrogen (mg/L) 193

Kinetics of malic acid degradation depending on

(initial pH - initial malic acid 3,7 g/l) —+—CHA1 (pH3.1
—=-CHA2 (pH3.2

)
~ 4 :
I a6 CHA3 (pH3.3)
2 35H
s —<—CHA4 (pH3.4)
= 3 ——CHAS5 (pH3.5)
£ 25
g 25 | 24
E 2
s 2 21
[1}]

5 15
5
s 1
o
§ 0,5
S 0.2
0 5 10 15 20 25

Time (days)

» ML Prime achieves a partial malic acid degradation (~ 30%) down to a
« normal » malic acid content at pH from 3.1t0 3.4
» At pH > 3.5 acomplete malic acid degradation was achieved



Stor tak!
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