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Enzymes form an essential

tool of any winemaking
process !

3 main types of objectives
Process improvement
Wine quality enhancement
Problem solving

ongoing discussions
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Wine enzyme Regulation

OlV International Enological
Codex and Code

EU regulation
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Application of enological enzymes is defined by

OlV International Enological codex and Code

Till 2013 Since 2013

Pectinases for clarification of grape
juices

Beta-glucanases for filtration of wines

Urease for prevention of ethyl
carbamate in wines

Lysozyme for prevention of microbial
spoilage during fermentation

Pectinases, cellulases, glucanases,
xylanases for several application :
maceration, yield, clarification, ...

Beta-glucanases for filtration and for
ageing on lees

Glycosidases for hydrolysis of grape
aroma precursors

Urease for prevention of ethyl
carbamate

Lysozyme for prevention of microbial
spoilage
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Enological enzymes

Enzymes Production Production Formulations
micro-organisms | technique

Polysaccharide- A. niger, A. Liquid

hydrolases : aculeatus, T. Submerged or glycerol/ KCl

pectinases, longibrachiatum... surface

cellulases, . fermentation Avoid Sorbate

glucanases, No benzoate

xylanases ... Mainly Classical ,

Glycosidases A. niger use of self-cloned  Microgranulates
still very limited maltrodextrin

Glucanases T. harzianum, T sp.

Urease L. fermentum ? ?

Lysozyme Egg white Purified by Pure

Chromatography = Microgranulate
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Processing enzymes
Quality enhancers
Problem solving tools

Some debates ongoing




Pressing & yield
improvement

Processing enzymes

Pectinases active on
homogalacturonans and
arabinan side chains

Cost savings , more juice
yield

Time and labour savings

Energy & water savings

Sustainability : less vine
land used for same
production volume

More quality juice : drain
juice

Reduced oxidation due to
shorter processing time

P
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Application of pectinases
for pressing & yield improvement

Crusher Pectinase with
Destemming < secondary activities
el e Cooling down
? —_— ”=ﬁ — S 10-30 ml / Ton

v increase free run juice yield : 4 — 15%

Pectinase

v eases & reduces pressing time e 1 ml7 hl
v especially useful for hard-to-press
grapes Free-run Press juice
Fermentation /
Ageing / Storage e -
-
=
IjI - C— Clarification tank




Pressing yields with pectinase

Pectinase with secondary
activities
7% Control

5%

15%

73% = Free run juice 80%

= Low pressure

Total yield : 790 Liters/Ton | ™Highpressure Total yield : 825 Liters/Ton

Chardonnay, Coop winery Languedoc France

Enzyme : 20 g/Ton

2hat20 C =
Pneumatic press OENOBRANDS
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Processing enzymes

Clarification of grape Pectinase active on Time and labour savings
musts by Flotation homogalacturonans
Clarification of grape Pectinase active on Energy & water savings
musts by static settling homogalacturonans and

side chains

More quality juice : lower
turbidity for better wine
quality

Reduced oxidation due to
shorter pre-AF P
processing time |OBRANDS



Application of pectinases for grape juice
clarification by Flotation

Pectinase active on
homogalacturonan backbone
- Z!Z;._l?;.\_ 'i"i'
Harvest S ﬂ‘ Free-run 1-3ml/ hl

ks % Press juice /
% — 1 ~ ]__ Depectinization

u 1-3h at 15°C
v" Induce a fast viscosity decrease of grape must
v Facilitates the aggregation of grape berry
particles
v Promote faster migration of solids resulting in 17 Adjuvants, gas
higher flotation yields.

N\ Pressurization (5-7 bars)

— — Flotation (> 30 min.) *
k
AF 14-18°C / /
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Flotation in Chile, Muscat (Pisco area)

40 -
35 -
30 -
25 -
20 -
15 -
10 -

f;g‘

% lees NTU of clear juice

Comparison of 2 Flotation enzymes
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Application of pectinases for grape juice

clarification by static settling
Pectinase active mainly on

Cooling down homogalacturonan

I ‘ ,“—b x backbone

Harvest_ Free-run 1-3ml / hl

ARG
? o ﬁ PreSSJUIce\

- =
v" Induce a fast viscosity decrease of grape must IDI — Depectinization

v Facilitates the aggregation of grape berry 4-8h from 6 °C

particles
v Eases settling and gives better compactation |ic settling tank

of grape lees.

—

-~

AF 14-18°C .
OENOBRANDS

(0/¢]



NTU

450

400

350

300

250

200

150

100

50

0

14

Static settling in extreme conditions

Argentina 2013 MUSCAT turbidity evolution at 6°C

1h 2h 3h 4h 5h 6h

Different pectolytic enzymes compared

winemaker testimonia
faster, more efficient settling. Depectinisation was
completed in 2 hours at 6 °C! In the case of Torrontes, (a
variety known for its difficult clarification), we obtained
both clearer musts and more compact lees

I_ V4
.

The enzyme used resulted in
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Processing enzymes

Activity profiles Benefits for winemakers

Time and labour savings

Energy, chemical & water

savings
Clarification of grape Pectinase active on Sustainability : less
musts and wines by homogalacturonans energy used

filtration Glucanases

/
~
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Application of beta-glucanases for wine
clarification by filtration

Grapes affected by
grey or noble rot
(B. cinerea)

Clarification tank

I I Fermentation

v'Fast hydrolysis of fungal glucans
v Faster filtration rates
v'Avoid filter plugging

|
I@ 2.3 ml/HI
/ Beta-(1,3-1,6)-glucanases

Filtration storage | active on Botrytis glucans

E | [ ilx
| i .él | /
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Processing enzymes

Activity profiles Benefits for winemakers

Pressing Yield Pectinases active on
improvement homogalacturonans and
arabinan side chains
Clarification of grape Pectinase active on Time and labour savings
musts by Flotation homogalacturonans
Clarification of grape Pectinase active on Energy savings
musts by static settling homogalacturonans and
side chains
Clarification of grape Pectinase active on Sustainability : less
musts and wines by homogalacturonans energy used
filtration Glucanases
Thermovinification Thermostable pectinases Process not applicable

without enzyme

/
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Application of pectinases on thermovinification

Thermostable Pectinases,

Destemming, Heat-exchanger active up to 70 °C in grape
crushing, Up to 75 °C juice
draining
— . " _ IQI 20-30 g / Ton
v'Fast depectinisation
v'Allows grape juice flottation or filtration
before fermentation Press
Filtration | S H “““““ :, A
< juice
Flotation .
Drain
@ I juice

Fermentation
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Application of pectinases on thermovinification

Pectin Test Enzyme maceration time
0 min 60 min 120 min 240 min
Thermostable 3 2/1 0 0
pectinase
Standard pectinase 3 3 2 1

Carignan grapes
Languedoc 2012

P
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Quality enhancers
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Quality enhancer enzymes

Quality enfances Activity profiles Applied to Benefits for
processing step winemakers

Aroma precursors
released from
grape skins

Tannins and other
polyphenols
concentration

Non volatile
glycosylated grape
aroma turned into
volatile flavors

Release of specific
yeast compounds ()

Pectinases , Rgases,

Pectinases , Rgases,
Xylanases,
cellulases

Glucosidase,
arabinosidase,
rhamnosidase,
apiosidase

Beta-(1,6)-
glucanases

Skin contact of
white and red
grapes

Maceration of red

grapes

Applied to wine

Ageing on lees,
batonnage

Increase in grape
aromas as thiols,
terpenes, ....

Increase in color
and polyphenols,
essential for red

wine quality

Increased in
terpenes and
norisoprenoids

mouthfeel, aroma,
stability
improvement

—
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Application of complex pectinases for grape skin

Pectinases with side
activities as Rgases,...

contact

Destemming Heat-
exchanger

| , crushing
? —fy DO s x—Vljl 20-30 g/ Ton

Pressing

v Partial degradation of grape skin and pulp cell !’!’!"

walls for enhanced aroma precursors release Free-run Press juice
v'Drain juices do not need a second pectinase

addition

. —

- =
Ce— lj Clarification tank

Fermentation
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Maceration enzymes and their impact on white
wine aroma . example Sauvighon blanc

1000 - =1V

900 - |
800 -

700 -
600 - M Control

500 - m Maceration enzyme

400 - = Clarification enzyme
300 -

200 -
100 -

0 .
3-MercaptoHexan-1-ol, 60 ng/L 3-MercaptoHexyle acetate, 4 ng/L

With thiol converting yeast

-~
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Maceration enzymes and their impact on
white wine aroma : example Sauvignon blanc

1600
1400 -
1200
1000

|

m Control

800 1 ® Maceration enzyme
600 - m Clarification enzyme

400 -

O | INSTITUT FRANCAIS
VIGNE ET DU VIN

3-MercaptoHexan-1-ol, 60 ng/L 3-MercaptoHexyle acetate, 4 ng/L

OENOBRANDS
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Quality enhancer enzymes

Quality enfances Activity profiles Applied to Benefits for
processing step winemakers

Tannins and other Pectinases , Rgases, Maceration of red Increase in color

polyphenols Xylanases, grapes and polyphenols,

concentration cellulases essential for red
wine quality

'ANDS



Application of red wine maceration enzymes

Pectinase with secondary

Destemming activities : Rgases,

& crushing Xylanases, cellulases,...
‘ # Taaaa f - - |

e

v'Grape berry skin and pulp cell wall
degradation for fast and enhanced release of
polyphenols and aroma precursors

wine *
- —
—
)

MLF
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Maceration enzymes and their impact on red

v} VITEC wine polyphenols
%’?@gﬁommc

DEL VI
J

2,5 4

2 ]

M Control
m Color extraction 1

1S

SSN

1 5 m Color extraction 2

03

Anthocyanins (g/l) Tannins (g/l)

= Tempranillo wines, 12 days maceration

—>AF complete
— Before MLF /
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Maceration enzymes and their impact on red

v} VITEC wine color
g
10 —/
9 -
g -
5 o
6 ® Control
5 - m Color extraction 1
4 = Color extraction 2
3 -
5 -
1 -
0 : 1 1
Color Intensity A 420nm A 520nm

= Tempranillo wines, 12 days maceration
—>AF complete
—>Before MLF OENQNDQ»
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Maceration enzymes and their impact on red

\g.mec wine polyphenols Index
6 TECNOLOGIC

DEL VI
J

60 -

|

50

40 - B Control

30 - m Color extraction 1
m Color extraction 2
20 =

10 -

0
Drain wine Press wine

= Tempranillo wines, 12 days maceration

—>AF complete
— Before MLF /
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Quality enhancer enzymes

Quality enfances Activity profiles Applied to Benefits for
processing step winemakers

Aroma precursor
released from
grape skins

Tannins and other
polyphenols
concentration

Non volatile
glycosylated grape
aroma turned into
volatile flavors

Release of specific
yeast compounds ()

Pectinases , Rgases,

Pectinases , Rgases,
Xylanases,
cellulases

Glucosidase,
arabinosidase,
rhamnosidase,
apiosidase

Beta-(1,6)-
glucanases

Skin contact of
white and red
grapes

Maceration of red

grapes

Applied to wine

Ageing on lees,
batonnage

Increase in grape
aromas as thiols,
terpenes, ....

Increase in color
and polyphenols,
essential for red

wine quality

Increased in
terpenes and
norisoprenoids

mouthfeel, aroma,
stability
improvement

—
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Glycosylated grape aroma precursors

i, EI- 7]
B0 T7.73
W 9
B 4 OFVT
=
a, 6 BT
ﬂ —
2 4
o
5 3 S
” 1.75 =16 Z.04
2 2 118
S 0.65F
o 1
0 : : ST
skin pulp juice

Flg. 1. Content of free and potentially volatile terpenes
in grape variety Muscat [talia



Glycosylated grape aroma precursors :
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sequential enzyme hydrolysis

OH
OHCH 0 0\
o R
° HO Ara
o~ L-arabinose B-D-glucose
HO OH
HO
HaC

4 Rha
HO
HO
o L-rhamnose / +

OH OH Api sugars

chz0m /°© R R = aglycon

HOH,C

R
o _Sequential mechanism of glycosidases. Ara: o-L-arabinofuranosidase; Rha: o-L-

rhamnopyranosidase; Api: p-D-apiofuranosidase; pG: p-D-glucopyranosidase. R = monoterpenes,

B- l)-upiosc sesquiterpenes, norisoprenoids, benzene derivatives, aliphatic alcohols. (Palmeri and Spagna, 2007).



Application of Glycosidases

Clarification tank

-
. — \ | —
A lj Fermentation

v'Releases volatiles aroma (terpenes,
norisoprenoids) from non volatile glycosylated

precursors
Ijl 2-3 ml / HI
\ &

storage

Glycosidases
éfj Glu, Ara, Rha, Apio-sidases

g ELE 0 ¢

a ‘
i!@!!a\
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Enzyme induced release of geraniol from its
glycosylated precursors in a Muscat wine

400

350 -

300 -

250

200

150

100

50

0 -

M Control ‘

@
Different

® Enzyme

= concentrations

O
O DP Control

m
Different

0 Enzyme

concentrations
o
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Problem solving tools
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Problem solving enzymes

Problem solved Enzyme Applied to Benefits for
processing step | winemakers

Spoilage by lactic Lysozyme Fermentation Avoid spoilage due to
bacteria heterofermentative
lactic bacteria

Excess of ethyl Urease Wine Analytical profile
carbamate No real market

-~
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Some debates ongoing
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New regulation developments and
ongoing Discussions

Proposed for aproval Debate ongoing

Proteases and the prevention of Cinnamyl esterase and the prevention
protein haze in wines of spoilage by Brettanomyces

No consensus found

A
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ongoing discussion : Cinamyl esterase and
red winemaking

SYNERGIE LEVURE/ENZYME :
stabilisation de la couleur

COOH

T
HO 4 y C C - O R = H : p « coumameyliaririgue
\ / | I I R = OCH: ; p ~ fervdoyftantrique

H coO C "

COOM

1 Cinnamyl esterase

Aﬂ«b bplntydmnqu

h' - l.‘( N ; ﬁx.\‘ur

Vimyl phémols :
R = H : 4-Vinyl phéned

\\
\ o - ol phén
/ R o= OCH  4-Vimf gataced

Cyclo-addition, etosoted
vinyl phénols avec les anthocya

4
" 2 {
\

Yo / \ }/

\. mabradine sove e vl phénol
\ ,’,,/

/ N\
™
Oluoélo

OCH, Om

3 B : it
Esters hy yeimnamoy Criques

Addwit vimyd phénols-amthocyanes |
protuit de condemsation de b

Formation of stable
pyranoanthocyanins

e cinnamyl esterase and HCDC
activity of POF(+) yeast form vinyl
phenols

= |n red winemaking spontaneous
cycloaddition with anthocyanins to
form stable pigments

e partial prevention of ethyl phenol
formation by the spoilage yeast
Brettanomyces bruxellensis

P
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 Vitesse et précision.
~ Achaque produit, son application.

© RAMDASE® Exprassicn Aroma © RAPIDASE® Batonrage N —
© PAMDASE® Ravelasion Aroma @ RAPIMSE® Exira e
(clor @ RAPIDASE® Thermoflsh @ RAPIDASE® Extra
Fruit Rouge © RAPIDASE® Rosé @ RAPIDASE® Extra Press
0 RAPIDASE® Flotation © RAPIDASE® (lear Extreme
@ RAPIDASE® Clear

.;/
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Conclusion

enzymes have bright
future in winemaking

better understood
molecular mechanisms
allow design of more
“specific” products

=

OEN OBRANDSO



