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GETTING THE MOST FROM YOUR BREW

BETTER EFFICIENCY

GREATERYIELDS

COST SAVINGS

Brewer’s Toolkit

Inactivated
Specific
Yeast (ISY)

Process Enzymes
Aids

Specific Yeast

Strains

@ Shorter Fermentation
@ Shorter Maturation
@& Greater Extract
@ GreaterYield / Reduced Losses
@ Reduced Wastage
@ Better Product Stability
@ Longer Shelf Life
@ Greater Consistency
Use Less: |, Raw Materials
J Consumables
J Water
J Energy
Use More or Continue Using:
* High Quality Ingredients
* Organic / Local Ingredients
™ Adjuncts



1. MATERIAL EFFICIENCY

. Raw materials
. Reduce losses / Increase yields

2. TIME EFFICIENCY
. Mash & Lauter
. Fermentation and Maturation

3. ENVIRONMENTAL EFFICIENCY

. Energy reduction
. CO2 emissions




10%

RAW MATERIALS: e s
A FRACTION OF THE TOTAL BEER COST

Majority of the beer cost is related to packaging,
labor, shipping, taxes, and other expenses.

Crafting exceptional beer requires quality ingredients.
Raw ingredients make up, on average, about 10% of total beer
cost.”

Cost reduction can be achieved by assessing the entire brewing
process as well as ingredients.

* Specific Cost Breakdown varies by region, brewery, and recipe.



INGREDIENT COST BY BEER STYLE

DIAMOND

Malt makes up the majority of ingredients cost. '

Yeast accounts for:
* 13-30% of ingredients cost
* 1-3% of total beer production cost '

O Malt O Hops . Yeast

MUNICH NOTTINGHAM
CLASSIC

| —

Recipes based on: Zainasheff, J. and Palmer, J. (2007). Brewing Classic Styles. Brewers Publication.
Price breakdown based on USA pricing, may vary by region.

Gl

WWW.LALLEMANDBREWING.COM



MATERIAL EFFIGIENCY: MALT

Enzymes

Beta Glucanase
Amylases
Inactive Specific Yeast (ISY)

WE BREW WITH YoU®



MATERIAL EFFIGIENCY: MALT

ENZYMES

Glucosidic Enzymes
Fungal a-Amylase: Glucogenic, Maltogenic

Glucoamylase: Glucogenic

Glucanases: Reduces non-starch polysaccharides (NSP) such as 3-Glucan
that varies seasonally in malt.

Proteases: Increase extract when using poorly modified malt or unmalted
adjuncts.

WE BREW WITH YoU® @




MATERIAL EFFIGIENCY: MALT

INACTIVATED SPECIFIC YEAST (ISY)

What is Inactivated Specific Yeast (ISY) ? %
A yeast derivative that is used for purposes other than nutrition

ISY Enhance:

e Rich in mannoproteins.

* Increases body and mouthfeel

* Reduces hop burn

e Improves overall balance

e Substitution of some malt for adjuncts
* More economical and easier to use than maltodextrin <

SYENHANCE

WE BREW WITH YoU®



MATERIAL EFFIGIENCY: MALT

INACTIVATED SPECIFIC YEAST (ISY)

ISY Enhance - More than just a generic“yeast extract”
* A specific yeast strain
* Specialized mannoprotein extraction process
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MATERIAL EFFICIENCY: MALT —=-..I'

INACTIVATED SPECIFIC YEAST (ISY)

ISY Enhance ISY Enhance

Sample %Solubility N Higher molecular weight proteins

ISY Enhance |74%

D E—
| i
B vy |

Competitor  |56% L obpetilal ke
[TT\ ISYENHANCE

Greater solubility = more efficient
= more dissolved solids per gram of product g

Higher MW proteins = Greater texture and palette weight

WE BREW WITH YoU®



MATERIAL EFFIGIENCY: MALT

INACTIVATED SPECIFIC YEAST (ISY)

ISY Enhance

RECOMMENDED DOSE RATES BY BEER STYLES

T

10% ISY Enhance™

solution 0.1 ml 0.2ml 0.3ml 0.4 ml 0.5 ml 0.6ml abekers
ISYENHANCE
Equivalent dosage Control 10 g/hl 20 g/hl 30 g/hl 40 g/hl 50 g/hl 60 g/hl ol
No / Low Alcohol
Beer styles Table beer 2-3%

Porter / Stout

WE BREW WITH YoU®



MATERIAL EFFICIENCY: HOPS

Yeast Strain

Biotransformation Optimization

Flavor Additions

Enzymes

Process Aids

WE BREW WITH YoU®



MATERIAL EFFIGIENCY: HOPS |

YEAST STRAINS

Hop Aroma: Terpenes and Thiols e
Yeast Aroma: Esters and Fusels
Synergy: Yeast aroma expression can indirectly enhance hop aroma

Biotransformation: Yeast can interact directly with hop aroma compounds and
precursors to increase and enhance total hop aroma

LalBrew®

PREMIUM -

LalBrew

PREMIUM - ——

LalBrew”

PREMIUM sercc SHAND

E%LAND VERDANT

[PA o MODERN HYBRID
AU IPA YEAST
REVERST ALE YEAST e



MATERIAL EFFIGIENCY: HOPS |

YEAST STRAINS

Case study with Lake Time Brewing (USA)

X /'(' - MUD.lE;!N HYBRID =
"L| = IPA YEAST ;

Dry hop reduced 30% while fermenting SEEEE T BT R —
with LalBrew Pomona™

“We originally gave LalBrew Pomona™ a try because we’d
worked with several similar yeast strains before, but none really
hit the mark for us. Once we switched, the difference was clear
— the hop expression was noticeably better than anything
S0 Uty Hops reucon we’d used previously. It brought out the character we’d been
i kS " ’ N N chasing. So, we wondered if we could reduce our dry hop rates
as a result.” Aaron DePue, Brewer at Lake Time

Biotransformative yeast: A case study in production efficiency - Lallemand Brewing




MATERIAL EFFIGIENCY: HOPS |

BIOTRANSFORMATION OPTIMIZATION

Hops oils contain aromatic terpenes and thiol compounds.

Can exist as a free aromatic form (unbound), or as a non-
aromatic precursor (bound to another molecule). oo

Yeast can increase hop aroma by releasing non-aromatic
precursors to their free aromatic form.
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MATERIAL EFFICIENCY: HOPS |

BIOTRANSFORMATION OPTIMIZATION

Enzymes can be added to boost biotransformation and enhance hop aroma.

Aromazyme is a beta-glucosidase enzyme that increase the release of aromatic terpenes from
glycoside precursors.

Geraniol B-Citronellol

CH] CHs
b \ OH oo
| OH
H,C CH, H,C CH,

Free terpenes are also converted into other terpene structures.
In this example, a geranyl glycoside is cleaved to released
geraniol, which is then converted into B-citronellol.

Geranyl glycoside

CH,
HO
\ 0 OH
. OH
HO
H,C CH,

B-glucosidase activity results in the release of
an aromatic terpene (and a glucose molecule)
from a non-aromatic terpenyl glycoside.




MATERIAL EFFICIENCY: HOPS |

BIOTRANSFORMATION OPTIMIZATION

™» BrewEd | KNOWLEDGE CENTER

y Siebel Institute

%7 OF TECHNOLOGY

Optimal

N Biotransformation /| .-/ Yeast

Strain

New Biotransformation
sensory kit coming soon!

o Brewing Process E] '

https://www.lallemandbrewing.com/en/biotransformation-resources-center/




MATERIAL EFFICIENCY: HOPS |

FLAVOR ADDITIONS

Flavor additions can include hop derivatives, or pure flavor compounds. |

Yops™ are blends of aroma compounds produced by precision fermentation.




YOPS® CASE STUDIES

MATERIAL EFFICIENCY: HOPS |

Brew Dog *UK)

West Coast IPA - 6% ABV

Reduced dry hopping by 50%

"Using Yops® was brilliant from the start. It’s just like using

terpene or flavor extracts. No extra hassle, just dose in the
tank and Yops® speaks for itself.”

— AJ ROBIESON, OUTPOST BREWER, BREWDOG WATERLOO.

Vertiga (Italy)
Session IPA - 4.1% ABV
Complete replacement of dry hops with Yops®

"By using Yops® we were able to increase our production by 7%
compared to dry-hopping, achieving a more explosive an
defined sensory profile, with the citric and floral markers clearly
evident but at the same time well-blended with the beer

— CLAUDIO TURCATO, HEAD BREWER AT VERTIGA.



MATERIAL EFFIGIENCY:  YEAST

Yeast Strain

Nutrients

Repitching

Fermentation Conditions

WE BREW WITH YoU®



MATERIAL EFFICIENCY: YEAST

YEAST STRAIN

LalBrew”

PREMIUM <+

% Trial feedback shows up to 50% reduced

HIGH

PERFORMANCE |

.....................

LalBrew”

PREMIUM <:x.

VOVALAGER

MODERN

HYBRID
LAGER YEAST [

siccharomyees pastoriar

LalBrew

PREMIUM -

]

KVEIK
ALE YEAST

WE BREW WITH YoU®

LalBrew House Ale™

pitch rate compared to reference strain

(usually Chico)

LalBrew”

LalBrew NovaLager™ el LalBrew Nottingham™

Novel hybrid S. pastorianus (true lager strain) NOTTINGHAM

The original High Performance Ale Yeast

More tolerant of warmer fermentations HIGH .
_ PERFORMANCE Fast, stress tolerant, low pitch rates
E = lower pitch rates HLE VEAST
LalBrew Voss™

Very fast fermentations

Supports low pitch rates while maintaining fast
fermentations when fermented warm (30-40°C)

LALEMANES




MATERIAL EFFICIENCY: YEAST PSS

LALBREW HOUSE ALE™

Clear and consistent preference over other house strains

+ Lower pitch rates (up to 50% in trials)
+ Faster fermentations (up to 23% in trials)

s0g NET WEIGHT + Shorter maturations

HIGH

KLEERYFE%WNCE + Faster tank turnaround

+ Versatile for many beer styles
+ Excellent repitchability

+ Easy clarification

+ Stress-tolerant

= A New Standard in Yeast Performance

WE BREW WITH YoU® @




MATERIAL EFFICIENCY: YEAST §

YEAST STRAIN

A — WildBrew Philly Sour™ is a unique species of ,
WILDBREW Lachancea thermotolerans that produces low to e
medium amounts of lactic acid during alcoholic
o fermentation.

Sourvisiae® is a GMO strain of S.cerevisiae that was
bioengineered to produce high levels of lactic acid
during alcoholic fermentation.

FASTER. CLEANER, CONSISTENT,

DURVISI AE Advantages of Lactic Acid Yeast:

e S s * No need to perform a kettle sour

* No need to purchase bacteria

i7" MASCOMA
™. i

LALEMANES

WE BREW WITH YoU®



NUTRIENTS & REPITCHING

Most all-grain worts have sufficient nitrogen, but lack zinc.
Zinc is taken up by yeast cells within first few hours of fermentation.
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LALEMANES

WE BREW WITH YoU®



MATERIAL EFFICIENCY: YEAST §

NUTRIENTS & REPITCHING

All-Malt Wort

Gen 1 - little difference Gen 8 - faster fermentations with zinc enrichment
Nutritional
16.0 160 Yeast
=== Control === Control oS OEER
140 14.0
=== Servomyces™ === Servomyces Ser\'omyces
an === YeastLife Extra™ oy === YeastLife Extra™
— 100 — 100 EEEEET——
& E: 500g netweight > i
‘g 30 'g 8.0
= = I
o 6.0 & 6.0 \\
. S YEASTLIFExra
by abvickers
2.0 20
0.0 _ 00 Yeast Nutrient
0 1 2 3 0 1 2 3 4 5 6 FOR BEER
time [day] time [day]
Figure 1: All-malt wort - Generation 1 Figure 2: All-malt wort - Generation 8

WE BREW WITH YoU®




MATERIAL EFFICIENCY: YEAST §

NUTRIENTS & REPITCHING

High Gravity, Adjunct Wort

Gen 1 & Gen 8 both see faster fermentations with zinc supplementation

s Nutritional
=== Control i X === Control Yeast

o === Servomyces™ &0 == Servomyces™ FOR BEER

140 \\ == YeastLife Extra™ \\ === YeastLife Extra™ Servomyces

DORAGH 1C PER NI

) i
20 it it e o o bl

) AN
\\\ _—
o \\ YEASTLIFEsm

" S

\

Extract [% w/w]
e

Extract [% w/w]

o
e

@
o

-
o

by abvickers
20 20 + + + + + + + + + + - + +
L] 1 F . d ] 3 4 5 0 1 2 3 4 5 Gtime?[da ; 9 10 11 12 13 14
: - - - .lme[ 4 ’ . . . . . 4 ) Yeast Nutrient
Figure 3: High gravity, high adjunct wort - Generation 1 Figure 4: High gravity, high adjunct wort - Generation 8 FOR BEER

Contains 60% malt extract 40% high maltose corn syrup

WE BREW WITH YoU® @




MATERIAL EFFICIENCY: YEAST s

FERMENTATION CONDITIONS

Aussie Fast Lager Method:
* Method developed by Lallemand Brewing team in Australia/NZ

* Use Servomyces and warm initial temperature to act as a short
propagation step.

Benefits:

 Reduced production time
* Lower pitch rate & cost

* Clean and crisp lager flavor

WE BREW WITH YoU®



MATERIAL EFFICIENCY: YEAST SN

FERMENTATION CONDITIONS

Traditional Profile: Aussie Fast Lager Profile:
LalBrew Diamond™ 130g/hL LalBrew Diamond™ 130g/hL
Servomyces™ 1g/hL Servomyces™ 1g/hL
12°C fermentation until terminal gravity 17°C fermentation until onset of active fermentation
17°C diacetyl rest (24hrs) Cool to 12°C and hold 24hrs
Free rise temp to 17 °C until terminal gravity
Total fermentation time: 7-10 days 17°C diacetyl rest (24hrs)

Total fermentation time: 5-6 days

WE BREW WITH YoU® @




MATERIAL EFFICIENCY: REDUCING LOSSES & WASTAGE

Process Aids
Enzymes

Antioxidants

Flavor Additions

WE BREW WITH YoU® @




MATERIAL EFFICIENCY: REDUCING LOSSES & WASTAGE

FLAVOR PRODUCTS

Loss of ~15L of beer per kg of dry hop

Replacing some dry hops with flavor
products like Yops™ or hop derivatives can
reduce losses and boost yields.

Dry hop rate: Tkg/hL
Substitution: 15L beer saved Yops Calculator for Cost Savings
Yield boosted 15%

WE BREW WITH YOU® Evodia-Beer-Loss-Report Final.pdf @




TIME EFFICIENCY

Mash & Lauter

Fermentation and Maturation

Filtration

WE BREW WITH YoU®



LalBrew”

LalBrew
PREMIUM <p o ‘tisan

LONA
LOW ALCOHOL

Yeast Strain: [l PREMIUM . 855680 | pREviu ... e | pRepigy .., ke A==
& N\DVALAGER S NOTTINGHAM
o [0DERN

HIGH | HIGH
& e KVEIK ,
it N Lot IR nevens R AN VERST
Fast and Efficient Eaasegun Avoid Alcohol
Avoid Kettle Sour Removal

Fermentation Conditions:  Aussie Fast Lager Method “

. -.-),.
Nutrients: - Faster fermentation increases tank turnaround |

- Fewer off flavors (i.e. H,S, diacetyl) to be reabsorbed by yeast

WE BREW WITH YoU® @




TIME EFFICIENCY |, iz %

MATURATION

Proteases: - Proline-specific protease reduces chill haze (shorter maturation)
ALDC: - Prevents formation of diacetyl, no need to diacetyl rest
Finings: - Faster clarification, shorter maturation, increased tank utilisation

Net Weight kg

abvickers
—

SY S-REDUCE

ISY S-Reduce: -Removes H2S and other sulfur compounds
- Corrective action

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

Ingeedjents Compusicion

WE BREW WITH YoU®



TIME EFFIGIENCY |

MATURATION

abvickers
ab

INACTIVATED YEAST WITH CELL WALLS RICH IN COPPER
[ fepbens

Beer containing H,S is treated with Copper binds to sulfur to form CuS-cell walls settle out of the beer or are
copper bound to yeast cell walls insoluble copper sulfide (CuS) removed by fining, centrifuge, or filtration.

WE BREW WITH YoU®



TIME EFFICIENCY . e

MATURATION

ISY S-Reduce:
* Yeast-derived product S
» Biologically bound copper - Less copper in final product abVickers

SY S-REDUCE

Benefits:

* Removes H,S efficiently

* May remove other sulfur off-flavors (i.e. DMS, diethyl
sulfide, mercaptan)

* No copper carry-over = No increased oxidation risk

* Increases perception of fruity aromas

* Avoid extended maturation

WE BREW WITH YoU®



ENVIRONMENTAL EFFICIENCY

Energy

Water
CO, and Natural Resources
Reducing Waste

Greenwashing

WE BREW WITH YoU®



RO L T R YT

ENVIRONMENTAL EFFICIENCY

ENERGY

- Energy required for temperature control during fermentation and maturation.
- Cooling during maturation is more significant than during fermentation.

- Energy savings by warm fermentation yeast are equivalent to only about 12 hours of glycol use.

Voss Nottingham Greenwashing:
— 600 . g
£ Be skeptical of promises for
Qw0 energy savings !
ig 300 300
S = If you don't reduce your
_ 100 100 . .
o O maturation time, energy

0 1 2 3 4 1 2 3 4

savings are minimal.

Fermentation Time (days)



ENERGY

Yeast Impact on Maturation Time:

MET10 technology has been incorporated into hybrid yeast strains (hon-GMO)

These strains will not produce H,S = shorter maturation period

LalBrew® LalBrew® LalBrew

PREMIUM cppypc  AMEMAND

FARMHOUSE

PREMIUM <proc  HAHEMAND

NOVALAGER

PREMIUM <:-

LONA

MODERN HYBRID LOW ALCOHOL
HYBRID %%E%Nwﬁ"wm HYBRID ALE
S

LAGER YEAST s YEAST
Saccharomyces pasterianus Saccharomyces cerevislae

Saccharomyces cerevisiae



ENVIRONMENTAL EFFICIENCY

02 AND NATURAL RESOURCES

Yops™ is more environmentally friendly

83% O 84%
& %

less CO2 emissions less energy used

O 36% & 94%
less water use less land use
vs. traditional aroma hops

Source: Comparative Life Cycle Assessment on Yops™, prepared for EvodiaBio ApS
by the Danish Technological Institute, Feb 2024

Yops™ Savings Calculator OF# k10!

ey

Find out the impact of using Yops
in your specific recipe.

https://evodiabio.com/yops-calculator/

Greenwashing:

Many sustainability claims are
misleading, incomplete, or
simply false!

Look for claims backed by data,
ideally a full LCA




Lower pitch rate

Lower hop rate /
Less expensive hops

Shorter maturation

Avoid alcohol removal
equipment / Process

Faster fermentations

Avoid Kettle Souring

Reduced cooling
requirements

Repitching yeast

WWW.LALLEMANDBREWING.COM

LalBrew

LalBrew 3 ™
NovalLager™ .. ! Voss
LalBrew R o LalBrew
Verdant IPA™ P New England™
LalBrew LalBrew
Farmhouse™ NovalLager™
LalBrew®
LoNa™
- LalBrew — LalBrew
B ! o= e iy Nottingham™
WildBrew ¥ Mascoma
PHILLY ™ . SOURVISIAE -
Philly Sour Sourvisiae
= LalBrew LalBrew
R ! Voss™ NovaLager”“

LalBrew®

PREMIUM SERIES

YEASTLIFEeem

Hutritional
Yeast

BREWER'S TOOLKIT: YEAST & FERMENTATION

LalBrew
NovalLager™

LalBrew
Pomona™

LalBrew
NovalLager™

Servomyces®

NOTTINGHAM

FRERIIN
-

HIGH
PERFOI
ALEY

RMANCE

EYEAST

LalBrew
Nottingham™

AB Vickers®
Aromazyme™

LalBrew
House Ale™

", Yops™

s VEASTLIFEoo
—— YEASTLIFEOQ




BEST PRACTICE SUMMARY

BEST PRACTICES BEST PRACTICES

BEST PRACTICES
NABLAB NON-ALCOHOL BEER
& LOW ALCOHOL BEER
LALI‘EMAND A Novel Fermentation Approach tngenera, non-lcohol bers are defined s <0.5% ABV and ow

LAGER e —
STRAIN

SELECTION R

Ricohal Removal - Difficult, Costly and Diminished Flavor

Acommon method for product

g NABLAR IS to semave the ethanol fiom
ndard beer. This can be done using elther a heating and
approach, or through reverse osmost:

Pros: Cons:

breweriss .+ PosRive Navers are strippad iang withalcstol
 Pormitsroguired fordistflation
- Higher iskf exiation
. Faver matching can ed Ficutcueto vt sses

he finished beer.

Laflemand Brewing's yeast strains, combined
with our brewing expertise, empower brewers fo

¥ IPA

LALBREW STRAINS
BY BEER STYLE

NEW ENGLAN
VERDANT A
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Questions - » brewing@lallemand.com



WITH YOU:
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