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Our Team

Jean-Marc Pernigotto
Directeur Général, Merrain International

Jean-Marc is building on a decade of 
experience as directeur général of Merrain 
International, a French oak stave mill located 
in the Vosges region of northeastern France. 
This role involves many of his passions—in 
particular, looking to the horizon for the next 
challenge. He oversees an ever-evolving oak 
inventory while maintaining full traceability 
from start to finish. Jean-Marc also takes a 
lead in maintaining certification from Bureau 
Veritas for wood origin and natural air 
seasoning, as well as from the Programme for 
the Endorsement of Forest Certification 
(PEFC) for sustainable sourcing. 

A favorite reward is, of course, sampling the 
many wines around the world aged in fine 
barrels crafted with the company’s oak staves.

Jean-Marc holds a master’s degree in wood 
science and wood technology (with a focus on 
automation of processes) from ENSTIB (Ecole 
Nationale des Sciences et de l’Industrie du 
Bois) in Epinal and a master of business 
administration degree from ESGP (Ecole 
Supérieure de Gestion de Paris) in Paris.  
After first joining Merrain International in 
1997, Jean-Marc spent time gaining hands-on 
experience throughout the milling process as 
a production engineer, process engineer and 
industrial manager prior to being promoted 
to directeur général in 2003.  

Franck Renaudin
Directeur Général, Tonnellerie Quintessence

Franck Renaudin is the figurehead of 
Tonnellerie Quintessence, a French 
cooperage located outside of Bordeaux on 
the road to St.-Émilion. As directeur général, 
Franck upholds the cooperage’s mission to 
blend savoir-faire with contemporary 
expertise and craft premium oak barrels that 
respond to the unique needs of each market.  
Keeping an eye to the future is important, as 
is understanding the nuances of each vintage. 
Franck travels throughout the world to 
support the efforts of TQ’s international sales 
team, tasting and brainstorming with 
winemakers along the way.

Year to year, Franck also oversees the 
creation process, including new product 
development, advances in the cooperage and 
building a passionate team who pride 
themselves on their very best, the essence of 
Quintessence.  

Franck has an engineering degree from 
EIGSI, where he graduated in 1999. He spent 
the first part of his career as a production 
manager in France, overseeing three different 
plants over a period for time for the same 
company. In 2002, he joined Tonnellerie 
Quintessence as production manager. Franck 
proved successful at marrying his background 
in engineering with a newfound passion for 
wine and cooperage, and was subsequently 
promoted to directeur général in 2004.  
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Traceability
We maintain full traceability from start to 
finish. 

Logs
Our mill tracks the origin of each batch of 
logs. This is defined three ways:
1. Region in France (North, Central, etc)
2. Department – France is divided into

departments, or districts. Example: Vosges 
is the Department you are touring.

3. Forest name.

Staves
Each pallet of staves is assigned a tracking 
number that links back to the logs. 

Barrels
A barrel is assigned a number that connects 
to the wood used to craft that particular 
barrel.  In this way, we can ensure we maintain 
traceability from forest to barrel.











The Story Behind Several Famous Forests

Bercé (Jupilles)
One of the smallest forests in France used for 
cooperage, Bercé is famous for its remarkably 
consistent tight-grained oak. Its official name 
is Bercé, although it is more commonly 
referred to as Jupilles, the name of the 
nearby village. Only a limited quantity of 
wood from this forest is available every year.
• 12th century – Escaped the widespread

clearing of forests around Bercé because of
its 1) mediocre soils 2) elevated topography.

• 1337 – Became a royal forest
• 1791 – Became a national forest (owned by

the government), still maintained as a
national park

• Size – Small, only around 5,400 hectares
• The largest tree in the forest is named the

“Chêne Boppe”. The current tree holding
this honored position is around 330 years

old. The previous “Chêne Boppe” was hit 
by lightning in 1934 (circumference of 4.77 
meters), and its stump can still be seen. 

Allier: Tronçais
Tronçais, a larger forest full of streams and 
natural springs, can best be described as an 
“oak cathedral.” Its majestic oak trees have 
been cultivated for centuries, and many are 
no less than 300 years old. 

This ancient forest was actively developed 
under the reign of Louis XIV by the 
“Sun-King’s” minister of finance (and later 
secretary of state) Jean-Baptiste Colbert, who 
wanted to ensure France wouldn’t run out of 
high quality oak to build ships. Colbert 
explored the forest, marking boundaries and 

promoting forest regeneration. Since wood 
that is ideal for building ships (knot free, 
straight and “perfect”) is also ideal for 
coopering, we can continue benefiting from 
these exceptional trees centuries later.
• The name “Tronçais” comes from “tronce,” 

an ancient name for English oak.
• Size – 10,583 hectares in the French 

department of Allier (in the heart of France)
• A wonderful place for visitors to explore – 

many trails and picnic areas. Has many 
natural springs (40!), brooks and lakes.

History
• Has always been inhabited. Several 

prehistoric sites have been found…dating 
from 15,000 to 8,500 B.C. 

• The Saint Mayeul Chapel still exists today, 
and serves as evidence that Benedictine 
monks came to Tronçais to live in isolation 
from the rest of the world. 

• Until the mid-17th century, the forest 
belonged to the noble family of Bourbon, 
who used it for hunting.

• 1670 – Colbert began active forest 
management

Legend
One of the many legends is a story about 
Fontaine de Viljot (a natural spring). It 
recounts that young girls would come to 
consult the spring to discover if they would 
soon be married. To find out, they would 
drop a pin in the water – if it stood upright in 
the bottom, it meant the girl had “pricked” 
someone’s heart and would find a husband 
within a year. 

Allier: Fontainebleau
This royal forest has been prized over the 
centuries for its natural beauty and animal 
diversity.  Kings frequented Fontainebleau on 
hunting forées, while numerous artists have 
depicted its architectural scenery and 
changing light.

Located just 60 km to the south of Paris, 
Fontainebleau recently became the first forest 
to obtain the reigning title in France of “Forêt 
d’Exception,” beating out 18 other forest 

candidates.  (June 2013)  This forest continues 
to be sought after for tight-grain oak. 

• Size – 20,272 hectares 
• Oak trees represent 42% of the tree 

population 

An old topographic map 
of Fontainebleau forest

Darney
This expansive oak forest has long been a 
way of life for the communities located here.  
Mills have been present in the Darney forest 
for centuries, and today, this area is actively 
utilized by the cooperage industry due to the 
quality of its trees. As seen in other premier 
forest regions, the soil quality, moisture and 
forest density in Darney create ideal 
conditions for slow tree growth, which leads 
to very fine-grain oak.

Darney has experienced many wars through 
the course of history. Signs of age-old 
skirmishes have faded away, but modern 
scars from the World Wars continue to be 
seen. The Western Front of WWI wove its 
way through the French forests, and many 
bullets sank into the trees. Now the bullets 
serve as a fascinating and relatively common 
source of log defects as these trees are 
harvested and milled.

• Size – 15,000 hectares 

Note:
The green indicates the 
premier regions we 
source from in France. 
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Forestry Management Terms

There are four key approaches to forest management:

FUTAIE REGULIERE :
Even-Age Management
This type of forest management produces a stand of trees with relatively 
little difference in age and size. The goal is to produce tall, straight trees 
to be used for cooperage and other industries requiring very straight wood.
• Same age
• Same dimensions

FUTAIE IRREGULIERE or JARDINEE :
Uneven-Age Management
Uneven-age management results in a variety of tree species and ages 
within the same forest stand. Harvesting methods include individual tree 
and group selection.
• Different ages
• Different species
• Different sizes

TAILLIS :
Natural Regeneration
The establishment of young trees through natural seeding or sprouting.
This is an ideal way to produce wood for energy, but not for cooperage 
as the resulting logs are not as straight (due to more competition for 
sunlight).

TAILLIS-SOUS-FUTAIE :
Shelterwood (combining Futaie and Taillis)
This management style results in significant diversity.Young trees are 
established through natural seeding or sprouting, and then selected 
management practices are used to favor desirable trees and create more 
sunlight for those trees (such as oak) that require lots of light to grow.The 
resulting stand includes a mix of species and ages, yielding both short-
term and long-term profits.

The majority of logs used for cooperage are sourced from Futaie Régulière 

managed forests. 
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Vigilantia certification audits our Bordeaux cooperage to further guarantee wood origin 
traceability.







Attestation 

Issuing unit : Metz 

 

N° CB188/6266740-
1/AK.REV1 

 

Cette inspection a été effectuée dans le cadre des conditions générales du Bureau Veritas, elle ne dégage pas le vendeur de ses 
obligations contractuelles envers l’acheteur. 
This inspection has been carried out within the scope of Bureau Veritas General Conditions, it does not release the seller from his 
contractual obligations towards the buyer. 

                              
Bureau Véritas - Immeuble "Le 1828" - 67/71 Bd du Château - 92200 NEUILLY-SUR-SEINE 

 
 

ATTESTATION 
 

The ORGANISATION MERRAIN INTERNATIONAL 
 

WAS AUDITED BY BUREAU VERITAS FRANCE 
 

On July 6th 2015 
 

The Quality system management had been audited according to 
 

MERRAIN Procedures WIMI 7-4-001 Rev A and WIMI 8-1-001 Rév 2.0 
 

 
And scope of activities: 
 
 
The audited documents showed evidences that Merrain International has set and 
has maintained procedures to ensure the origin of the logs they process (this is 

valid for batches of logs of type 1 & 2) and the maturation degree of their staves, 
from their manufacturing date to their shipping date of the Storage at 

MONTHUREUX SUR SOANE 88410 FRANCE 
 

 
This Audit is valid until July 6 th 2016 
 
                                                                                                                                                            
 
 
 
 
 
 
 
 
BUREAU VERITAS AUDITOR : A.KINNEN 













225L, 228L, 300L, 350L, 400L, 450L, 500L



{ TOASTING GUIDE }

HYDRO-DYNAMIQUE 

Our unique toast builds on the 
minimal tannin impact of the 
water-immersion method, removing 
additional tannin while creating 
elegant oak aromatics.

Soft and elegant
Fresh fruit
Soft spice

Silky, rounded mouthfeel
Floral and fruity notes
Long finish

Fruit driven reds and whites
Suggesting aging: 9-18 months

Water-immersed barrel

Toast Aromatics Palate Suitability

CHÂTEAU
This classic and elegant 
Bordeaux toast uses a 
gradual increase of intense 
fire for a short period of time.

Complex oak 
Mocha, caramel
Cedar
Balances & integrates 
   well with fruit

Showcases the fruit
Refined, elegant tannins
Adds texture 
Firm structure 
Extended, complex finish

Structured, concentrated reds 
     undergoing extended aging
Suggested aging: 12-24 months
Classic varietal pairing: 
     Cabernet Sauvignon, Cabernet Franc

TRADITIONNELLE
This rich, balanced toast 
uses a moderate fire
which starts high and 
gradually tapers down.

Classic, rich oak aromatics 

Moderate toast: vanilla bean, 

   spice & brown sugar

Balances well with fruit 

Adds toast, integrated structure 

Subtle finish

Moderately-aged, balanced reds
Suggested aging: 10-18 months
Classic varietal pairings: 
     Cabernet Sauvignon, Cabernet Franc, 
     Merlot, Syrah, Zinfandel

BOURGUIGNONNE
A penetrating toast over a 
moderately high heat for an 
extended period of time, 
this expressive toast utilizes 
a classic Burgundian chapeau
towards the end to add 
subtle smoke aromatics.

Lush & elegant oak 

Toast, caramel

Sweet spice

Hints of smoke

Highlights rich, dark fruit 

Refined structure

Plush, rounded mouthfeel 

Savory complexity

Fruit-driven reds and whites
Suggested aging: 9-15 months
Classic varietal pairings: 
     Chardonnay, Pinot noir, 
     Syrah, Merlot

TRADITIONNELLE LONGUE 
This elegant and lush toast 
is long and gentle, with 
moderate heat and unvarying 
temperature until the finale 
when it peaks.

Fruit focused
Soft oak aromatics: lush toast, 
    vanilla, sweet spice
Allows delicate fruit and floral 
    notes to shine through

Highlights ripe, soft fruit

Subtle structure and toasty finish

Exhibits volume in mouth

Delicate styles showcasing terroir
Suggested aging: 9-15 months
Classic varietal pairings: Pinot noir, 
     Chardonnay, Zinfandel, Merlot,    
     Cabernet Sauvignon

AMBRE
This flashy, high-impact toast 
includes a sharp increase in 
heat at the end to maximize 
extraction and for a stronger 
flavor impact.

Very aromatic expression 

Bright fruit

Vanillin

Intense fruit 

Firm structure

Sweetness on the mid-palate

Lush red wines that do not require 
     extended aging
Suggested aging: 9-12 months
Classic varietal pairings: Sangiovese, 
     Merlot, Cabernet

OPALINE
This fruit-focused toast uses 
a mild fire over a short period 
of time to soften the wood but 
retain the essence of the oak.

Floral

Spice and nutmeg

Minerality

Complements fresh acidity 

   and citrus flavors

Clean finish 

Firm and elegant structure

Whites fashioned for citrus and 
     minerality, emphasizing terroir.
Suggested aging: 9-12 months
Classic varietal pairings: Chardonnay, 
     Sauvignon Blanc, Semillon, 
     Chenin Blanc

CHÂTEAU LONGUE 
This extended toast begins 
softly, utilizing a fire that builds 
in intensity over time to create 
complexity and highlight even 
the most powerful wines with 
subtlety and grace.

Subtle yet complex
Preserves the fruit 
Voluptuous, layered tones
Notes of spice

Lively at the front

Silky structure and volume 

Fine tannins lift the fruit

Long, defined finish with light spice

Red varietals focused on finesse
Suggested aging: 12-18 months
Classic varietal pairings:  
     Cabernet Sauvignon, Merlot,
     Red blends  







Perle de Quintessence is a truncated oval-shaped 
barrel designed for wine fermentation. The Perle’s 
unique shape and technical specifications were 
carefully designed and crafted in creative collaboration 
with a Grand Cru Classé in St. Emilion (Château 
Fonplégade). Experimentation was conducted for two 
vintages in France before the barrel officially launched 
in December 2014 in France, and then in January 2016 in 
the United States. Now unveiled to the world, it offers an 
elegant touch well suited to premium wine programs.

Advantages

•   Perle de Quintessence is specifically designed for 
fermentation. 

•   An easily removable lid with a hermetic seal eliminates 
the need for any alterations to the barrel before, during 
or after fermentation.

•   When desired, gas pressure can be applied during 
fermentation to press the pomace against the juice, 
thereby requiring less mechanical intervention.

•   The barrel’s shape ensures the pomace is located at the 
most conical and narrow section of the barrel. During 
pump-overs, the fermenting must passes through a 
larger volume of pomace, thereby promoting pomace/
juice exchanges.

•   More efficient cap punch-downs and easier pump-over.

This barrel’s story began in St. Emilion, with the first drawings scribbled onto a restaurant 
tablecloth. Franck Jugelmann, winemaker at Château Fonplégade, vocalized his quest for 
a premium fermentation barrel featuring an easily removable chapeau (lid) to ensure his 
team could access the grapes & juice throughout fermentation without altering the barrel. 
Daniel Ferreira, master cooper and production manager at Tonnellerie Quintessence, 
began sketching, and by the end of lunch, a prototype came to light. 



Specifications

Capacity  390L

Height 1100 mm

Head diameter 400 mm

Belly diameter 890 mm

Base diameter 800 mm

Stave thickness 27 mm

Wood type 100% traceable fine-grain French oak

Seasoning Minimum 24 months

Hoops 7 hoops, available in stainless steel

Top head Plastic lid that hermetically seals. Stainless 
steel lid also available upon request. 

Bottom head French oak

Tap Stainless steel

Toast Perle

Upon request Stainless steel lid, pressure system, cap 
puncher and stainless steel colander

The Barrel’s Toast & Sensory Attributes

We have selected the ideal toast for this barrel.  First, an 
extended pre-toast makes the staves even more pliable 
than a traditional pre-toast, allowing us to create the 
barrel’s unique shape. Our master coopers then employ 
a special Perle toast. 

This toast is designed to integrate early with the wine, 
preserve the fruit, add complexity and offer a hint of 
soft oak aromatics. 

As a result, Perle de Quintessence is an elegant option 
across many wine varietals.



Bordeaux Château Ferré 95 cm 69 cm 56 cm 22 mm 50 mm 225 litres 8 galvanized

Bordeaux Château Tradition 95 cm 69.5 cm 56.6 cm 22 mm 50 mm 225 litres 8 galvanized
       + 4 chesnut

Bordeaux Export 95 cm 69 cm 56 cm 25 mm 50 mm 225 litres 6 galvanized

Bordeaux Export Allégée 95 cm 69 cm 56 cm 22 mm 50 mm 225 litres 6 galvanized

Burgundy Export 88 cm 72.6 cm 60 cm 25 mm 50 mm 230 litres 8 galvanized

Export 90 90 cm 69.5 cm 58.25 cm 25 mm 50 mm 225 litres 6 galvanized

Export 300 102 cm 78 cm 63 cm 25 mm 50 mm 301 litres 8 galvanized

Export 350 103 cm 80.6 cm 68 cm 27 mm 50 mm 350 litres 8 galvanized

Export 400 103 cm 80.6 cm 68.4 cm 27 mm 50 mm 402 litres 8 galvanized

Export 450 109 cm 87.3 cm 75.5 cm 27 mm 50 mm 450 litres 8 galvanized

Export 500 109 cm 91.4 cm 78.4 cm 27 mm 50 mm 501 litres 8 galvanized

Fleur de Quintessence
Bordeaux 95 cm 69 cm 56 cm 22 mm 50 mm 225 litres 6 black or 
       galvanized 
       + 2 decorative, 
       Gaulois-style 
       chestnut hoops
Fleur de Quintessence
Burgundy 88 cm 72.6 cm 60 cm 25 mm 50 mm 230 litres 6 black or 
       galvanized 
       + 8 decorative, 
       Gaulois-style 
       chestnut hoops
Fleur de Quintessence
Château 95 cm 69 cm 56 cm 22 mm 50 mm 225 litres 8 black or 
       galvanized 
       + 4 decorative, 
       Gaulois-style 
       chestnut hoops

Height Diameter 
of Belly

Diameter 
of Head

Stave 
Thickness

Bung Hole 
Diameter

Capacity 
(+/- 3%)

Number of Hoops

BARREL DIMENSIONS

Height Diameter 
of Belly

Diameter 
of Head

Stave 
Thickness

Bung Hole 
Diameter

Capacity 
(+/- 3%)

Number of Hoops

www.tonneller iequintessence.fr
All dimensions are subject to +/- 2% variation.



OAK 101



OAK 101

THE WOOD OF CHOICE ––––––––––––––––––––––––––––––––––––––––––––––––

As with many discoveries through history, oak’s unique ability to influence wine was first 
discovered unintentionally. Centuries ago, the need arose for a utilitarian storage container 
that would be durable, liquid-tight and easily transportable. An unknown inventor provided an 
excellent solution—the wooden barrel. It could store a wide range of items, including food and 
liquids. Also, it could be moved easily, and was particularly strong due to its unique shape (the 
double arc), which remains one of the strongest building principles of modern engineering.  

Early coopers utilized hardwoods when crafting barrels. Oak became a common wood choice due 
to its prevalence, durability and lack of strongly-flavored extractives. The first winemakers to store 
wine in oak barrels were undoubtedly capitalizing on the efficiency of this storage method. Yet, 
the result proved to be much more complex, for oak is uniquely suited to benefit a wine’s color, 
flavor, texture and overall tannin profile. 

Today, oak is considered ideal for aging wine and spirits due to its physical and chemical properties.

The physical structure of oak makes it an excellent choice for crafting liquid-tight containers. 
Oak is flexible and maintains its strength even after it is bent. Furthermore, oak is dimensionally 
stable, meaning it does not expand and contract significantly as its moisture content fluctuates, 
and oak does not leak when quartersawn (American oak) or split along the grain (French/
European oak). 

While oak’s physical characteristics are important to crafting wine barrels, oak chemistry is 
the most essential element to understand. This is where the “magic” occurs. Oak’s chemical 
complexity offers a multitude of options for creating different flavors while also benefitting a 
wine’s color, mouthfeel and tannin structure. Furthermore, oak is a particularly pure wood. This 
sets it apart from many tree species such as pine and rubber trees, which contain resin canals and 
strongly-flavored extractives. Oak’s relative “neutrality” creates a base to work from. The flavors 
typically associated with oak, including vanilla, toast and spice, are then created by modifying 
oak chemistry through open-air seasoning and toasting. These processes are pivotal in flavor 
development and extraction.

But first, let’s take a look at where cooperage-quality oak is sourced from.



OAK SOURCE ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Oak first appeared on Earth a little over 65 million years ago. Unlike the dinosaurs, oak trees 
have remained and continue to flourish. 

Oak is an angiosperm, a category of plants whose seeds are protected by a seed case. This 
characteristic has given angiosperms an advantage over plants whose seeds are not protected. 
Improved pollination and seed dispersal, along with a close interaction with animals and insects, 
led to rapid diversification around the world. Angiosperms now account for approximately 80 
percent of our current vegetation.  

Today oak grows mainly in the temperate zones. While there are over 500 species of Quercus 
in the Northern Hemisphere, many of these oak species are shrubs and quite unsuited to barrel 
production. Only three species are commonly used when crafting oak barrels. 

American Oak 
In the United States, oak may have survived continuously in only two regions: the Ozarks and 
the remains of the Appalachian chain. Other evidence suggests oak in the Ozarks is no older 
than the last glaciation.  Regardless, the Ozark region is a rich reserve of premier, cooperage-
quality American oak (Quercus alba). The poor soil quality, competition with the thick 
undergrowth and climate of the Central states create ideal growing conditions for slow growth, 
fine-grain trees containing flavorful extractives. 

French and European Oak
Across the Atlantic, forests in France and Eastern Europe also offer ideal conditions for slow 
tree growth. The two species Quercus petraea and Quercus robur exist in different proportions 
depending on the region and specific forest. From time to time, you may hear additional names 

COOPERAGE OAK SPECIES 

  Scientific name  Common name

American oak:  Quercus alba  White oak

French/European oak:  Quercus petraea L.  Sessile or Durmast oak
  also known as
  Quercus sessiliflora   

  Quercus robur L.   Penduculate, Limousin
      or English oak 

The botanical name for oaks, Quercus, is derived from the Celtic quer, meaning “fine,” and cuez, “tree.”



used for these species. Quercus petraea is also known as Quercus sessiliflora and Quercus robur is 
also known as Quercus pedunculata.

Over time, the famous forests of France have become renowned in the winemaking world. 
This ‘fame’ is due to the fact that these forests have the desired tree species for cooperage and 
are exceptionally well managed. ‘Futaie’ management by L’Office National des Forêts leads to 
tall, straight, tight-grain oaks that are well suited to crafting barrel staves. The main difference 
between the French forests—or other oak forests, for that matter—is primarily associated with 
grain tightness. This, in turn, is influenced by:
• Soil moisture retention
• Available soil nutrients
• The ‘straightness’ of the tree. When a tree bends, it tries to correct the bend.

Regeneration & Sustainability 
Occasionally, the question is asked if cooperages are 
being environmentally unfriendly by harvesting trees. 
Emphatically, the answer is no! Only mature oak trees are 
used for cooperage. Being mature, they are in the early 
stages of decline. While trees have no set natural lifespan, 
they do begin to suffer more and more from attack by 
insects and various other causes of decay. It is better to 
remove them at this stage so they may be replaced with 
new, vigorous plant life. Furthermore, oaks require sunlight 
to grow well. Harvesting trees opens up the forest canopy to 
promote new growth of oak seedlings.

In the major oak sourcing regions of the world, reserves continue to increase by about 2% 
each year and are sustainable for the foreseeable future. Entities such as PEFC, the Programme 
for the Endorsement of Forest Certification, promote sustainable forest management through 
independent, third-party certification. Currently the PEFC Council has endorsed more than 25 
certification systems around the world, particularly in Europe and North America. 

PHYSIOLOGY OF OAK –––––––––––––––––––––––––––––––––––––––––––––––––

Oak wood structure is unique. It possesses some unusually 
large cell structures that set it apart from most hardwoods 
and also play an important role in wine maturation.

Growth Rings 
Oak is one of relatively few tree species that can be called 
ring porous. This means there are two distinct bands of 
growth every year, i.e. every growth ring is made up of two 
parts. The first band grows in springtime and is called the 
earlywood. The other band is the latewood, which forms 
during the rest of the growing season. Of the two bands, 
the earlywood is considered the most desirable—it is more 
porous, and therefore the oak extractives are more accessible. 

Figure 1. 
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The width of each growth ring is determined by the amount of rainfall received during the 
growing season. However, the width of the earlywood band is virtually the same year to year; it 
is the latewood band that varies. Since the best source of extractives is the earlywood, it follows 
that the best wood for maturing wine is the wood that has the greatest abundance of earlywood. 
For this reason, there is a preference for selecting trees that have narrow latewood bands, or 
in other words, the slow-growing wood. This ‘tight grain’ will impart more of the flavorsome 
extractives desired by winemakers.

Radial Rays
As exhibited in Figure 2, radial rays run horizontally from the center of the tree to the exterior. 
The correct name for these rays is actually “multiseriate rays” because they consist of multiples of 
parenchyma cells. In oak, they are very large in size compared to other tree species. 

Radial rays act as a semi-permeable barrier to liquid. They also enhance overall durability, 
providing support for barrel staves. Furthermore, radial rays are the food storage cells of the tree. 
They are packed with tannins, which will benefit wine flavor and mouthfeel. The radial rays are 
also a source of vanillin-rich lignin. 

Tyloses
Another important aspect of oak structure is the tyloses. 
These balloon-like cells develop during the transformation 
of sapwood to heartwood. Tyloses clog the wood pores, 
thereby helping to create liquid-tight barrels.

Also, tyloses are an easily accessible source of oak 
extractives. Their lignin is particularly vanillin-rich, and 
they contain tannins that migrate from radial rays when 
the growth rings in the oak convert from sapwood to 
heartwood. 

Figure 2.
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Figure 4.
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OAK CHEMISTRY: THE BUILDING BLOCKS –––––––––––––––––––––––––––– 

There are four key components of oak, which are called ‘oak constituents.’

Cellulose
Hemicellulose
Lignin
Tannin

In terms of its macro chemical makeup, oak consists of approximately 45% cellulose, 22% 
hemicellulose, 25% lignin and between 0.8% to 10% tannins. The impact of each of these oak 
constituents on wine is summarized in Figure 5.

All of these constituents are contained within a cellular structure. The way in which these 
compounds are combined is extremely complex. There are both chemical bonds and hydrogen 
bonds between and within the constituent polymers. It’s important to note that many of the 
linkages must be broken to release oak’s extractives. This is accomplished through open-air 
seasoning, mechanical preparation (cutting the wood into the desired size and shape), and 
toasting. 

SEASONING ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Natural, open-air seasoning is a critical step in barrel production. This phase marks the 
beginning of two processes: 
1) deterioration of wood polymers, creating smaller molecules that can be transformed during 
toasting and 2) wood drying.

“Breakdown” of Oak Constituents
Frequent rains, long, hot summers and changing weather patterns allow the natural agents (light, 
humidity and fungal activity) to create the seasoning effect, which modifies oak chemistry in a 
positive way.

Cellulose

ca 45%

Hemicellulose

ca 22%

Lignin

ca 25%

Oak
Tannins

color
increase in blended complexity

production of vanilla
removal of off-notes,

subtraction (e.g. vegetal)

removal of off-notes, subtraction (e.g. vegetal)
production of astringency
promotion of oxidation products
color

minimal direct flavor effect
transports extractives

wood sugars (“body”)
toasty characters

caramelization products
color

ca 0.8-10%

Figure 5.

The influence of oak’s key constituents on wine



During this process, fungi (the French simply call them 
mushrooms) send out roots (hyphae) into the oak structure and 
down through the various wood cells. The roots exude hydrogen 
peroxide, which breaks down the chemical structure of the 
wood. Meanwhile, the freezing-thawing action of wintertime 
creates significant temperature changes in the wood that also 
cause breakdown. 

As a result, oak hemicellulose begins breaking into its simple 
sugars. These will later be caramelized during the toasting 
process. Oak tannins, which are entirely different structurally 
from grape tannins, also begin “softening.” 

Natural Drying
During the seasoning process, wood begins drying naturally—an important step to prepare oak 
for coopering. When oak is freshly cut, it is approximately 60% moisture. Oak has a ‘break point’ 
in its drying process at 26%. This is called the Fiber Saturation Point (FSP), and is the point 
in the drying process when the only water remaining in the wood is bound in the cell walls. By 
removing the intracellular moisture, the wood becomes more stable.

Oak will continue to lose moisture until the amount it contains is in balance with the 
surrounding atmosphere. The oak will remain at this equilibrium moisture content until 
adjustments in temperature and humidity cause it to change further.

TOASTING –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No part of barrel production plays a larger role than the toasting process, for it has the most 
significant impact on a barrel’s flavor profile. The production steps that lead up to toasting 
(sourcing, mechanical preparation and seasoning) help determine the potential development of 
flavors during this important process. 

During toasting, the chemical bonds between the major polymeric building blocks—cellulose, 
hemicellulose, lignin and tannin—break down to yield flavorful compounds. The extent to which 
extractives are formed depends greatly on several factors, including the toasting temperature and total 
duration. 

Since heat is applied to the inside surface of the barrel, there is a natural temperature gradient in 
the wood from the interior to the exterior. This creates different nuances of flavorful extractives 
through the depth of the toast.

The toasting process also leads to color development in the interior of the barrel. However, it’s 
important to note that color is not a direct indicator of toasty flavor. The same level of color can 
be achieved via a short or long toast by adjusting the toasting temperature, which leads to very 
different chemical transformations. 

To achieve precise control over the toasting process, World Cooperage developed its innovative 
Barrel Profiling technology. This enables coopers to target definable combinations of flavors 
(a profile) and repeat the toast with extreme accuracy barrel-to-barrel and vintage-to-vintage. 
To date, World Cooperage has created and tested approximately 100 different profiles. This 
technology is also employed when working with individual winemakers to create a unique flavor 
profile for their winemaking program.

Figure 6.

Seasoned and unseasoned staves



OXYGEN TRANSFER –––––––––––––––––––––––––––––––––––––––––––––––––––

In addition to being uniquely suited to impart desirable flavors, oak plays an important role in 
oxygenation of wine and spirits. 

Oak is a ring porous wood, and this allows barrel staves to serve as a gas permeable 
“membrane.” Oxygen passes through the barrel staves slowly and naturally, helping facilitate 
the maturation process. 

FLAVOR DEVELOPMENT DURING THE TOASTING PROCESS 

• Hemicellulose g Caramelized wood sugars/body
The breakdown of hemicellulose is extremely complex and of great importance the development of 
‘toasty’ flavors. 

Toasting yields a host of caramelization products. While each of these compounds is not individually 
high in flavor, hundreds of compounds are formed, and toast perception is created by the cumulative 
effect. The simple sugars present in hemicellulose begin to caramelize at different temperatures. 
Therefore, the “style” of toasty flavor will depend on the combination of lightly caramelized to more 
heavily caramelized compounds that are present. 

• Lignin g Vanillin
A family of compounds, notably vanillin, is released during oak lignin breakdown. Vanillin contributes 
vanilla character and is a well-known flavor enhancer, even when it is present at levels below its odor 
detection threshold.

The breakdown of oak lignin is slow and takes place over a wide range of temperatures. Oak lignin 
is not one single chemical structure, and several forms of the polymer exist in oak. These are broken 
down by heat at different temperatures, yielding different results according to the level of toast 
employed. 

• Tannins 
Tannins are substantially destroyed by heat. After toasting, there is a gradient of degradation across 
the thickness of the staves. The softened tannins that remain will play a vital role in aging, contributing 
to wine color and mouthfeel.

• Oak Lactones
There are two forms of oak lactones: cis and trans-ß-methyl-g-octalactone. Generally both isomers are 
described as woody and coconut-like, with the cis isomer being more intense. Some have reported 
the cis isomer as also rose-like, while others have reported the trans version as having a celery aroma. 
In general, the combination of vanilla, caramelized sugars and larger amounts of oak lactones leads to 
the perception of more sweetness in American oak.

Through extensive research, our company has learned how to manipulate oak lactones through 
seasoning and precise toasting. These processes are controlled to yield different end results according 
to the barrel profile (or target wine) while ensuring the oak lactones are in balance with other flavors.



SENSORY –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Oak chemistry is a complicated subject; tannins in particular represent one of the most complex 
areas of chemistry. However, the most important aspect of cooperage is the final result—how a 
barrel tastes. 

Winemakers are well aware that the sensory character of 
wine is a combined effect of approximately 400 individual 
chemicals. Some compounds have a more significant 
impact on wine than others. Compounds with high flavor 
impact may exist below their recognition threshold, yet 
still exert a flavor effect. Vanillin is an excellent example, 
for it is known to boost perception of other compounds as 
a flavor enhancer even when it is present in levels below 
its recognition threshold.

Sensory analysis through blind tastings is the ideal 
method for evaluating oak. Increasingly, winemakers are 
establishing their desired criteria and tasting barrels blind, 
which yields vital information to then make purchasing 
decisions based on the best barrel(s) for each unique 
winemaking program.




