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AGENDA

Reduction:
why your cider sometimes smells like eggs, farts, or rubber

causes for the off-putting aromas
how to prevent your cider from going stinky

practical tips and tricks to keep your cider
smelling fresh and tasting delicious




Or on a more positive note
Optimizing your fruity
and complex cider
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What is it? Where does it come from?

* H,S (Hydrogen Sulfide)
 Rotten Egg

» Reduced

» Burnt Rubber

* Onion

« Skunky

 Garlic

* Funk
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Practical Guide to avoiding... reduction

WHY is my cider stinky?

» Optimizing your fruity and
complex cider

For sulfur
compound management
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"Zs Effect on aroma during & after fermentation

H,S confers negative aroma attributes to cider:

** « Rotten egg character »

% Very low level thresholds of detection: 1,1ug/L

* Even at level that can’t be detected by human nose H,S
can « mask» aromas, and give a « closed» perception.

* H,S chemical reactivity can lead to the formation of more
deleterious/negative compounds (sulphides and
mercaptans) during aging of cider.
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What we know

* Fermentation produces CO2 and alcohol

e ....and more!
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Alcoholic fermentation

Glucose
T Biomass (= 2% glucose)
Glucose 92-93%

Ethanol

Glycerol Organic Acids '

1° alcohol 16,8 g/l of glucose

L

o‘ﬁ/ef’,—l
expertise

BY LALLEMAND OENOLOGY —



Aroma pathways are complex

(Adapted from Antonio Morata 2019 & Julies, Divol & Bauer, 2019)

Key role of biotin in
the fatty acids esters
synthesis
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Normal Fermentation Curve

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

>100-150 million CFU/mL

Population

4-8 million CFU/mL

2-4 million CFU/mL

Cider—
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*Elemental sulfur from orchards or storage

*»*Sulfur dioxide (sulfite) additions to prevent spoilage or oxidation in
juice

**Sulfur from sulfur-containing amino acids

**Naturally occurring sulfates in apples

Ccter—
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e ... may be due to the highly complex
interactions of yeast strain, yeast nutrient
deficiencies, amino acid concentration and
composition, and temperature, which all
are known to affect H2S production.
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Saccharomyces Nutrient Requirements

* SUCROSE, GLUCOSE &
FRUCTOSE

e AMMONIA, AMINO ACIDS &
PEPTIDES

* OXYGEN

e THIAMIN, BIOTIN, INOSITOL, CA
PANTOTHENATE,
NICOTINAMIDE

e H, Mg, Ca, Mn, Zn, P, K, S...

* PHYTOSTEROLS & ERGOSTEROL

Required for:
* Proliferation
* Sugar, nitrogen, vitamins &

minerals
* Maintenance
* Nitrogen

* Lipids (survival factors)
e Sterols & long-chained fatty
acids

> Nutrients must be
Biologically available and Balanced
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Nitrogen for S. cerevisiae
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Glutamine, aspargine \/
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DAP addition early

15
Jiranek, 2000

=
o

Rate of H,S liberation
(umol/g dry wt/h)

> L
0 I | _hoursl
12 15 18 21
In nitrogen deficient musts the addition of DAP gives more biomass,
which is then starving, and producing even more H,S W_‘

expertise

I— BY LALLEMAND OENOLOGY—



Pathways are highly connected and inter-connected

AC
aaaaaa
Glycér
G Glucose
B - Acides J
Pyruvate aminés
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Acétaldéhyde ’ — —/
e 4 & \"/
Acétaldehyd A TCA -
5 acetique Acétyl CoA Cétoacides
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* There is a complex Reoed
regulation between i f e

* Temperature
* Nitrogen

* Lipid content c
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Aroma synthesis

* Many secondary metabolites are produced during fermentation
> a large proportion will have a sensory impact

* Compounds produced include;

* Higher alcohols
* Negative correlation between N availability & higher alcohol formation
* Esters —acetate & ethyl
* Positive correlation between N availability & acetate esters formation
e Sulfur compounds
* N addition decrease H2S production
* ‘off-flavours’
* Excessive N additions, as NH4+, at beginning of fermentation can produce higher glycerol, but also

high tat .
Igher acetate oy :
expertise
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WHY ??
Key role of pantothenic acid
in the sulfate assimilation pathway

5?42-

. . SO,*
Amino acids )
Threonine, glycine, serine i

\\A
Homoserine SO,

OAH
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OAH = acetyl-homoserine
Homocysteine
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http://ligand.genome.ad.jp:8080/compound/query.html?dbkey=compound&keyword=C00864

WHY ??
Key role of pantothenic acid
in the sulfate assimilation pathway

s?f-
SO,*
Amino acids J 4
Threonine, glycine, serine i
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Limitation in Pantothenic acid = less Acetyl CoA
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http://ligand.genome.ad.jp:8080/compound/query.html?dbkey=compound&keyword=C00864

Pantothenate deficiency
impact on the H2S production

Pantothenic acid B5: 3 concentrations : (250, 50 & 10 pg/L).
YAN : 2 levels : Low YAN (60 mg/L) or High YAN (250 mg/L). (Wang et al, 2003)

Pantothenate deficiency
leads to high H2S production, even more with high YAN (nutritional imbalances) bﬁéf' .
expertise
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s this the fault of your yeast?
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F YOURE NOT PART OF

THE SOLUTION

YOURE PART OF THE

PRECIPITATE
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YAN in different Fruit

250 -
200 | [ T 1 T
YAN 150 - |
(mg N/L) I
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> Supplementation with yeast nutrients is necessary {/aé,,._|
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YAN Survey of Vi

Albemarle Pippin

rginia-Grown Apples

!
Arkansas Black T . 2014
Blacktwig — " L 5015
Empire = a :
Enterprisez_—a )
FEIH-REC"H-Q

" Golden Delicious
Granny Smith

=] ~b
— b

Northern Spy
Old York
Virginia Gold
Winesap

100 150 200

0 50

YAN Concentration (mg L'1]

* YANSs vary between variety and also vintage
* 95% are below the 140 ppm required for an efficient fermentation

Boudreau et al. 2016
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Nitrogen availability in apples

(=2}
o
1

40+

Concentration (mg L)

204

12 different apple cultivars

(mix of cider & dessert)

YAN

FAN

Boudreau et al. 2017 Fd Sci Nutri 6, 119-123

Vitamin Unit/1o0g With skin
Vitamin C mg 57
Vitamin B1 mig 0.02
Vitamin B2 mg 0.0
Miacin mg 0.08
Pantothenic acd mg 0.06
Vitamin B& mg 0.05
Folacin pg 28
Vitamin A retinol equivalent 53
Vitamin B12 g 0

Source: Gebhardt et al., 1982.

Without skin

40

0oz
0o
.09

D.DS
04
44

2014
. 2015

Ammonium

fineral

alchum
fagnesium
hosphons
otassium
odium
opper

‘on
fanganesa
inc

* YAN

* Predominately amino acids
* Factors influencing YAN

concentration
Orchard management
Crop load
Cultivar

* Juice clarification

> Supplementation
with complex

Delicious Golden  York Stayman  Rome
Deliclous Imperial Beauty
(mg/100g)

407 4497 1.97 205 307
272 243 320 268 288
1270 10.00 12.40 14.70 12.50
90,70 F2.10 104.00 117.00 91.30
0.92 089 089 0.87 0.98
0.04 0.04 0.04 0.0 0.04
011 0.2 013 0.4 0.14
0,02 0.03 0.04 002 0.0z
0.06 Q.07 003 D.O0w 003

nutrients is
recommended
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Briefly on yeast and nutrition
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Nutrition is multifaceted

Nutrients
are

Yeast
Growth

67eztr.pertlse
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The inevitable YAN

TOTAL NITROGEN (0,1 to 1 g/L) in must

e

Ammonium Peptides Proteins

(3-10 % of total
nitrogen)




Saccharomyces Nutrient Requirements

e SUCROSE, GLUCOSE &
FRUCTOSE

* AMMONIA, AMINO ACIDS &
PEPTIDES

¢ OXYGEN

e THIAMIN, BIOTIN, INOSITOL, CA
PANTOTHENATE,
NICOTINAMIDE

e H, Mg, Ca, Mn, Zn, P, K, S...

* PHYTOSTEROLS & ERGOSTEROL

Required for:
* Proliferation
* Sugar, nitrogen, vitamins &

minerals
* Maintenance
* Nitrogen

 Lipids (survival factors)
e Sterols & long-chained fatty
acids

> Nutrients must be
Biologically available and Balanced
cc,d' ey —
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Nitrogen has an important role in signalling a
stress response & yeast cell death

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

H Viability H Viability

N- starved cells Micro nutrient-starved cells

Amino acids
High NH4* v

No stress Cell
= _ Death
NO stress response

Micro nutrient-starved cells €F—|
Lef!’mﬁlﬂ;-"?

. Duc et al (2017) PLOS ONE 12(9): e0184838, 1-22
Bruno Blondin, Lallemand WYN School, 2017 DU et al (2019) OenGONE 3, 445-456



Nutritional imbalances

Impact of vitamins on veast viabilitv

100

3 NT_,
£ ‘|‘
E 60
| &
| 82
|3 \
> 40 \
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\
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€02 produced (g/1)

DucC., 2017
(PhD Lallemand — INRA)

100

@

Vialbe cells (%)
2

-
(=]

20

~==High nitrogen / low
nicotinic acid

Low nitrogen / low
nicotinic acid

20 40 60 80 100

CO2 produced (g/t)

* Vitamin starvation triggers cell death in a nitrogen-dependent manner

> GoFerm Protect Evoltuion and Fermaid O will prevent/limit this risk

Duc et al (2017) PLOS ONE 12(9): e0184838, 1-22
Duc et al (2019) OenoONE 3, 445-456
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Nutritional imbalances: addition of DAP vs

== MS71, low pantothenic acid +
354mg/l YAN eq NH4CI

=@=\IS71, low nicotinic acid +
354mg/l YAN eq NH4CI

< == MS71, low oleic acid + 354mg/|

P YAN eq NH4CI

§ MS71, low ergsoterol + 354mg/l

o YAN eq NH4CI

3 + DAP
3

>

0 20 40 60 80 100
CO2 produced (g/L)

ERVAY)

90 -
80 - t—
S ) =#=MS71,Low oleic acid, Fermaid O
2 %07 20g/hL + Fermaid O
® 50 - MS71, Low erosterol, Fermaid O
® 20g/hL
2 40 - T ; ;
© 1 =4#=—MS71, Low pantothenic acid,
= 30 - 4 Fermaid O 20g/hL
20 | =@—MS71,Low nicotinic acid, Fermaid
O 20g/hL M
10 - 2 ey
0 expertise
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Supplementation decisions

* Always go for complex first
* More efficient
* Better aromatics
* Controlled growth
e Controlled fermentation

* Back up if needed with DAP

Ccter—
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Improved wine yeast : QTL strategy
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Improved wine yeast : QTL strategy

Low SO, & low H,S

SO,%

N F— allele
Transfer of the alleles responsible for vomoserine 50,
the control of SO,, H,S and alete @ ]
acetaldehyde production : OAH s - )

Creation of new strains low SO,, low
H,S and low acetaldehyde producer

OPRDCESS

Homocysteine

Cider—
~ expertise
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Yeast and SO2 production
LALVIN 0

504z so‘z
‘5"’2" lsmn
- -+ ; SOz
Homosérine Homosérine
me&l ‘ ) mdz‘ ‘
H2S H2S
OAH OAH
Homocystéine Homocystéine
High sulfite producing strain Low sulfite producing strain

C er
expertlse
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st Genetic variation among yeast

Among 50 wine yeasts, ranges of production were arbitrary
divided into three groups depending on the total amount of
H,S produced from a 350 mL juice.

(S.Park, UC Davis; 2004/2005)

120 pg

Low Medium High c
expertlse
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its low capacity to produce H,S is a great advantage to
fully leave expression of aroma from quality apples.

cexpemse
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Asset

Combines robust characteristics

 Low NTU @
sens

7/

** Low temperature

7/

< Low nutrition needs

cexpernse
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To conclude

cexpertlse
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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

-

PR

Stress resist.

Vitamins Viability Lipids

Performance

Enz. activity

| Coler——
Nitrogen expertise
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Amino acid composition of Nutrient products

ru"'u The Augtralian VWine
ol Rescarch Institute 100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Scrimgeour et al, 2019

Fermaid O

m Valine

B Tyrosine

m Tryptophan

m Threonine
Serine
Proline

Phenylalanine

B Methionine

m Lysine

m Leucine

H |soleucine

® Histidine

m Glycine

B Glutamine

® Glutamate

mCys
Aspartate

® Asparagine

® Arginine

B Alanine

Ceder—
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