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Abstract  
 
Barrel-aging beer is a practice that dates back to the early days of brewing, when wooden barrels served as essential 
tools for storage and transportation. Over time, brewers observed that barrels could enhance the flavor of beer, 
transforming a practical necessity into a valued tradition. This process has been revitalized in the modern brewing 
industry to craft beverages with unique and complex sensory profiles. Barrel-aging involves storing beer in barrels 
made from various types of wood, often previously used to age spirits such as whiskey or rum. The interaction between 
beer and wood releases aromatic compounds like vanillin, γ-nonalactone, and volatile phenols, which contribute to the 
beer’s enhanced flavor and character. This paper investigates the key factors influencing the sensory characteristics of 
barrel-aged beer, focusing on oxidation, wood compound extraction, and biochemical transformations during aging. It 
also highlights the beer styles best suited for barrel-aging, such as stouts, porters, and strong ales, which benefit most 
from the process. Finally, this paper underscores how barrel-aging merges tradition and innovation, offering brewers 
new ways to diversify and refine the sensory profile of modern beers. 
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INTRODUCTION 
 
Beer has significantly influenced cultural, 
economic, and technological advancements in 
human societies, with its origins tracing back to 
ancient civilizations such as Mesopotamia, 
where evidence suggests beer production dates 
back over 13,000 years (Paulette, 2024; 
Pilcher, 2025). Initially, brewing techniques 
were rudimentary, but they evolved through 
technological advancements, as seen in the 
ancient Hymn to Ninkasi, which outlines the 
brewing process (Paulette, 2024). The 
introduction of hops in the thirteenth century 
revolutionized beer preservation and trade, 

leading to the commercialization of beer and 
the emergence of distinct styles, reflecting 
social distinctions among consumers (Pilcher, 
2025; Withers, 2017). Recent research 
highlights the importance of sustainability in 
beer production, emphasizing the 
environmental impacts of brewing processes 
and advocating for improved technologies and 
practices, such as Life Cycle Assessment 
(LCA) to evaluate ecological footprints 
(D’Ascanio et al., 2024). Nowadays, barrel 
aging exemplifies the fusion of traditional 
brewing practices with modern scientific 
insights, enhancing the sensory complexity of 
beer through complex interactions between the 
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beverage and wood (Noviello et al., 2024; 
Paulette, 2024; Seo, 2024; Winstel et al., 2024; 
Paulette, 2024).  
The transition from necessity to craft beer 
technique marks a profound shift in brewing 
practices and cultural significance over 
millennia. Originally, beer production served as 
a means of grain preservation and nutrition, 
playing a key role in the shift from nomadic to 
agrarian societies around 14,000 BP (Cabras et 
al., 2023). Over time, brewing evolved beyond 
its practical origins, becoming a dynamic 
cultural expression shaped by tradition, 
innovation, and advancements in technology 
(Mastanjević et al., 2019; Valentoni et al., 
2022; Villacreces et al., 2022). This ongoing 
evolution underscores beer's role as a dynamic 
cultural artifact, shaped by both historical 
context and contemporary innovation 
(Billingsley, 2024; Kimberley, 2018). 
Advances in chemometrics provide insights 
into aging compounds, aiding brewers in 
quality control (Coelho et al., 2019; Mutz et al., 
2020). Additionally, craft beer’s role in tourism 
underscores its cultural and economic 
significance, reinforcing the need for strategic 
approaches to enhance consumer experience 
(Tham et al., 2024; Withers, 2017). These 
aspects highlight aging as a key factor in 
sustaining the integrity and market value of 
craft beer. 
 
MATERIALS AND METHODS 
 
This review was based on an extensive 
selection of scientific publications, web pages 
data and relevant academic books covering the 
chemistry, microbiology, and sensory aspects 
of barrel-aged beer. Literature was retrieved 
from databases such as ScienceDirect, Google 
Scholar, Web of Science, and SpringerLink, 
focusing on works published between 2015 and 
2025 (approximately 80% of all references), 
with the remaining citations representing 
historical or foundational sources that 
consolidate the theoretical background and 
contextualize traditional practices. Search 
terms included: barrel-aged beer, oak wood 
compounds, beer maturation in spirit barrels, 
volatile aroma compounds, yeast metabolism 
during aging, and flavor development in craft 
beer. Both recent experimental studies and 

historical references on wood aging and 
fermentation processes were included. Priority 
was given to sources discussing the influence 
of wood, the residual compounds from 
previously stored beverages, and the role of 
yeast in shaping the final sensory profile. 
Emphasis was placed on identifying how 
barrel-aging contributes to the transformation 
of beer aroma and flavor, with particular 
attention to beer styles most suitable for this 
maturation technique, such as stouts, porters, 
and strong ales. 
 
Barrel composition and types of wood used 
The barrel-aging process significantly shapes 
the chemical composition and aromatic 
complexity of beer through its interactions with 
wood, with factors such as the wood type and 
barrel charring playing a pivotal role. In 
addition to the compounds derived directly 
from the wood, the impact of the previously 
stored beverage must also be considered (in the 
case of using recycled barrels from the spirits 
or wine industry). Essentially, the barrel walls 
act as a reservoir of aromas: bourbon, whiskey, 
or wine barrels will release residual 
components into the beer, such as aldehydes, 
esters, and alcohols specific to those beverages 
(Bhowmik, 2023). Different oak species, such 
as American and French oak, introduce distinct 
phenolic compounds that enhance both flavor 
and aroma. For example, American oak can 
increase certain phenolic acid concentrations 
by up to tenfold compared to French oak 
(Carpena et al., 2020; Machado, 2019). The 
extraction of wood-derived compounds, 
including pyrazines and pyrroles, further 
contributes to the sensory profile of matured 
beers, influencing aroma, taste, and color 
(Picard et al., 2021; Silva et al., 2022; Tarko et 
al., 2023). Additionally, the aging process 
fosters the development of complex flavors, 
particularly in sour beers, where microbial 
activity adds an additional depth to the profile 
(Bossaert et al., 2021; Bossaert, Kocijan, et al., 
2022). Ultimately, the interplay between wood 
characteristics and beer composition is 
fundamental to achieving the desired sensory 
attributes (Castro & Ross, 2018; Karathanos et 
al., 2024; Machado, 2019; Winstel et al., 2024). 
In order to highlight the influence of barrel 
maturation on the aromatic profile of beer, it’s 
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essential to examine the impact of different 
types of barrels used. The specific 
characteristics of each type of wood, as well as 
previous maturation processes, significantly 
contribute to the chemical composition and 
sensory complexity of the beer. 
 
Maturation in whiskey barrel  
The maturation of whiskey in oak barrels leads 
to a diverse and intricate aromatic profile, 
shaped by a range of chemical processes. The 
interaction between the spirit and the barrel 
releases a variety of volatile compounds that 
define its sensory attributes. For instance, key 
components found in American Bourbon, such 
as (E)-β-damascenone and vanillin, originate 
both from the oak barrel and the spirit absorbed 
in the wood, impart distinctive caramel and 
smoky notes (Sterckx, 2012; Tarko et al., 
2023). The structural changes in oak during 
toasting and charring facilitate the formation of 
roasted aroma compounds, including pyrazines 
and pyrroles, which deepen the overall 
complexity of the whiskey (Picard et al., 2021; 
Goullet et al., 2023). Additionally, terpenoids 
extracted from the wood contribute subtle floral 
and minty undertones, further refining the 
whiskey’s sensory character (Picard et al., 
2023). The Maillard reaction, occurring as a 
result of barrel heating, generates maltol and 
furaneol - compounds essential for the 
development of a rich, toasted caramel aroma 
(Tamanna & Mahmood, 2015; Starowicz & 
Zieliński, 2019). As the beer matures, residual 
whiskey compounds previously absorbed by 
the oak, such as lactones, furfurals, and ethanol 
derivatives, gradually dissolve into the beer, 
contributing to a richer and more layered flavor 
profile. 
 
Maturation in rum barrel  
Oak barrels previously used for rum aging can 
significantly influence the sensory profile of 
barrel-aged beer, imparting rich notes of 
molasses, brown sugar, and tropical fruits. The 
interaction between beer and the residual 
compounds absorbed by the wood during rum 
maturation enhances both sweetness and 
complexity. Key aroma compounds such as 
vanillin and phenolic derivatives extracted 
from the oak contribute to the beer’s overall 
depth and balance. Additionally, the presence 

of ethyl esters, which increase during both 
fermentation and aging (some originating from 
the beer itself and others extracted from the 
residual spirit) further intensifies fruity and 
caramel-like notes, complementing the malt 
backbone of the beer (Franitza et al., 2016). 
The porous structure of the barrel allows con-
trolled oxygen exchange, promoting the slow 
oxidation of phenolic and aromatic compounds, 
which can enhance the perception of vanilla, 
caramel, and dried fruit notes. The residual 
impact of molasses-based fermentation, a 
defining element of rum production, also 
influences the final character of barrel-aged 
beer by introducing subtle yet distinct layers of 
dried fruit and spice. Ultimately, the 
combination of raw material origins, brewing 
techniques, and barrel-aging conditions creates 
a complex and evolving flavor profile unique to 
beer matured in rum barrels (Mangwanda et al., 
2021; Maza Gomez, 2002; Yi, 2013).  
 
Maturation in wine barrel 
The sensory characteristics of wine, including 
its aroma, taste, and color, are primarily 
influenced by its composition, which is shaped 
by various factors throughout fruit cultivation 
and wine production (Barbulescu et al., 2022; 
Frincu et al., 2023; Frîncu et al., 2024). Key 
components such as sugars, organic acids, 
polyphenols (including anthocyanins), and 
yeasts activity play a critical role in 
determining the wine's quality and sensory 
attributes (Martínez-Gil et al., 2022; Recamales 
et al., 2006; Styger et al., 2011; Viviani et al., 
2007). Beer aged in wine barrels gains 
complexity from the wood and residual wine 
compounds, enriching its aroma and flavor 
profile (Bossaert, Winne, et al., 2022). Oak 
barrels previously used for wine maturation 
contribute lactones, tannins, and phenolic 
compounds, enhancing sensory attributes like 
vanilla, coconut, dried fruits, and spices (Oliver 
& Colicchio, 2011). The porous structure of 
oak barrels facilitates micro-oxygenation, 
promoting controlled oxidation and stabilizing 
polyphenols. This reaction softens astringency, 
deepens color, and refines overall sensory 
perception (Gomez-Cordoves & Gonzalez-
SanJose, 2002; Ribéreau-Gayon, 2006). The 
degree of wood toasting significantly 
influences aromatic profiles: lightly toasted 
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barrels release more ellagitannins, stabilizing 
color and enhancing subtle fruity notes, 
whereas medium to heavy toasting favors 
smoky and spicy phenolic compounds (Díaz-
Maroto et al., 2008; Poisson & Schieberle, 
2008). Red wine barrels particularly introduce 
complex, tannic, and fruity characteristics due 
to residual anthocyanins and tannins interacting 
with beer compounds (Del Fresno et al., 2020; 
Maga, 1989). White wine barrels, however, 
provide more subtle fruity, floral, and vanilla 
nuances (González-Centeno et al., 2020; 
Stegăruș et al., 2021). However, the maturation 
in wine barrels carries risks, such as excessive 
oxidation, potentially leading to undesired off-
flavors or color deterioration, necessitating 
careful control of the aging process to 
maximize beneficial impacts while minimizing 
negative effects (Del Fresno et al., 2020; 
Ortega-Heras et al., 2007; Picard et al., 2021). 
 
Cognac and brandy barrel maturation 
Cognac and brandy barrels play a significant 
role in shaping the sensory complexity of 
barrel-aged beer, imparting layered notes of 
dried fruit, nuts, and caramel (Caldeira et al., 
2010; Tarko et al., 2023). The toasting process 
applied to oak used for cognac and brandy 

production is particularly important, as it 
modifies the chemical composition of the 
wood, facilitating the extraction of key 
aromatic compounds during beer maturation. In 
this context, the interaction enhances the flavor 
complexity, contributes to a smoother 
mouthfeel, and intensifies the aromatic profile 
of the final product  (Gadrat et al., 2022; 
Tsakiris et al., 2014). When beer is aged in 
barrels previously used for grape distillates, 
residual compounds from cognac or brandy, 
along with wood-derived elements, slowly 
infuse the beer, imparting nutty, and 
caramelized notes, enriching its complexity 
(Butrón-Benítez et al., 2024). Furthermore, 
volatile compounds released during aging 
amplify these sensory characteristics, 
reinforcing the perception of fruit-forward and 
oaky flavors (Uselmann & Schieberle, 2015). 
As with whiskey and rum barrels, the residual 
spirit absorbed into the wood also contributes 
to the beer’s complexity, introducing ethanol 
derivatives and esterified compounds unique to 
each barrel’s previous contents. Ultimately, the 
intricate exchange between beer and cognac or 
brandy barrels plays a crucial role in 
developing sophisticated flavor profiles unique 
to this aging method. 

   
Table 1. Summary of key aroma compounds and sensory notes contributed by different barrel wood species and 

previous beverages 

Barrel wood 
species 

Previous 
beverage 

Key aroma compounds Dominant sensory notes 

American oak Bourbon 
whiskey 

Vanillin, (E)-β-damascenone, pyrazines, 
pyrroles, furfurals, terpenoids 

Caramel, vanilla, smoke, roasted 
nuts, minty, toffee 

American/French 
oak 

Molasses-
based rum 

Vanillin, phenolic derivatives, ethyl 
esters, lactones 

Brown sugar, molasses, tropical 
fruits, dried fruits, spice, vanilla, 
caramel 

French oak Red wine Tannins, anthocyanins, organic acids, 
phenolic compounds, lactones 

Plum, fig, vanilla, oak, spice, dried 
fruits, coconut 

French oak White wine Volatile esters, ellagitannins, phenolic 
aldehydes, lactones 

Fruity, floral, vanilla, creamy, 
slightly oxidized 

American/French 
oak 

Grape 
distillates 

Ethanol derivatives, esters, nutty 
aldehydes 

Dried fruits, nuts, caramel, soft 
oak, sherry-like notes 

 
Types of beer suitable for barrel aging 
Maturation is a key stage in the beer production 
process, particularly when it comes to craft 
beers. During this phase, the beer naturally 
clarifies, and its flavors blend and develop 
harmoniously. Historically, beer maturation 
was carried out in wooden barrels, whose 
essences enriched the beer's aromatic profile, 
imparting distinctive taste nuances and a 

unique character. Nowadays, maturation takes 
place in stainless steel vessels, which allow for 
strict quality control by minimizing oxidation 
and the risk of microbiological contamination. 
However, this modern solution comes with a 
trade-off: a subtle loss of the flavor complexity 
once imparted by wooden aging. The suitability 
of a particular beer style for barrel aging is 
influenced by several factors, including the 
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style of the beer, the type of wood used, and the 
desired flavor profile. Certain beer styles are 
better suited to this process due to their robust 
aromatic character and their ability to withstand 
the complex interactions resulting from contact 
with wood. 
Ale beers are particularly well-suited for barrel 
maturation due to their malt-forward profile, 
low bitterness, and inherent caramelized 
sweetness, which are enhanced through aging 
in oak barrels (Sterckx, 2012). The interaction 
between the beer and the wood during 
maturation leads to the development of com-
plex flavor profiles, including notes of vanilla, 
toffee, and mild smokiness (Wyler et al., 2015). 
Stout and Porter beers are among the most 
popular styles for barrel aging, as their roasted, 
coffee-like flavors complement the vanilla, 
oak, and caramel notes imparted by the barrel 
(Schneider, 2023). Additionally, their high 
alcohol content and rich mouthfeel make them 
particularly well-suited for extended maturation 
periods, allowing the development of complex 
and harmonious flavor profiles (Nilsen, 2024). 
Barley wine beers, both English and American 
styles, are well-suited for barrel aging due to 
their high alcohol content, residual sweetness, 
and robust malt character (Craft Beer & 
Brewing, 2010). These attributes provide a 
stable base that interacts favorably with the 
barrel, developing flavors of dried fruits, 
sherry, oak, and caramel over time (Bjergso & 
Pang, 2015). The aging process enhances their 
complexity, making them ideal candidates for 
long-term maturation in wood barrels 
previously used for wine, bourbon, or other 
spirits. 
Belgian Dark Strong Ales and Quadrupels are 
particularly well-suited for barrel aging due to 
their complex malt profiles and phenolic yeast 
characteristics, which harmonize with the 
flavors imparted by wood. The process of aging 
these beers in barrels, especially those 
previously used for red wine or brandy, 
enhances their sensory attributes by 
intensifying notes of fig, plum, vanilla, and 
subtle spices, while also smoothing the 
perception of alcohol (Sanna & Pretti, 2015). 
Also, wood aging significantly influences the 
flavor profile of beverages, as seen in the 
increased woody, vanilla-like, and spicy notes 
in beers aged with oak chips (Sterckx, 2012). 

Sour ales (Vrînceanu,et al, 2022), including 
Lambic, Gueuze, Flanders Red, and Oud Bruin, 
are characterized by their unique fermentation 
processes that occur in wooden barrels, which 
harbor diverse microbiota such as 
Brettanomyces, Lactobacillus, and 
Pediococcus. These microorganisms contribute 
significantly to the beers' acidity and complex 
flavor profiles, which often feature tart fruit 
notes, earthy undertones, and a vinous 
character (De Roos et al., 2019). The 
fermentation process is influenced by various 
factors, including the barrel's microbial 
community, which can vary based on cleaning 
procedures and barrel type, as well as 
environmental conditions during fermentation 
(Bongaerts et al., 2021). Traditional sour ales 
rely on spontaneous inoculation rather than 
pure cultures (Nasuti et al., 2023a), allowing 
for a rich interplay of microorganisms that 
evolve over time, leading to distinctive taste 
variations and enhancing the overall quality of 
the final product (De Roos And & De Vuyst, 
2022; Spitaels et al., 2017). 
Saison and other farmhouse ales can be 
successfully aged in barrels, particularly when 
aiming for rustic or mixed-fermentation 
profiles. Their dry body, spicy phenolics, and 
moderate ester content offer a clean base that 
allows wood and secondary fermentation to 
shine (McCarthy & Ewing-Mulligan, 2006). 
Barrel aging introduces layers of hay, leather, 
white wine, and soft oak tannins, especially 
when using barrels previously containing white 
wine or cider (Alexander & Valliere, 2019). 
 
The Role of Yeasts in Barrel-Aging 
Yeasts play a crucial role in the barrel-aging 
process of beer, contributing significantly to 
the flavor and aroma profiles of the final 
product. During barrel aging, various yeast 
strains, including Saccharomyces cerevisiae, 
Brettanomyces, and Pichia, dominate the 
microbiome, each imparting unique sensorial 
attributes to the beer (Iorizzo et al., 2021; 
Nasuti et al., 2023b; Shayevitz et al., 2020; 
Vrînceanu et al., 2025). The metabolic activity 
of yeasts varies considerably depending on the 
species and the environment from which they 
were isolated, influencing their contribution to 
the beer’s sensory characteristics (Bărbulescu 
et al., 2021; Dumitrache et al., 2020). The 
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presence of these yeasts in wooden barrels can 
significantly alter microbiome profiles, 
affecting beer consistency and quality, not only 
through their role in fermentation but also by 
reducing undesirable aged aroma compounds 
such as aldehydes, responsible for off-flavors 
like cardboard (Saison et al., 2010; Shayevitz et 
al., 2020). Yeasts play a critical role not only in 
fermentation but also in reducing undesirable 
aged aroma compounds, such as aldehydes, 
responsible for off-flavors like cardboard and 
ribes (blackcurrant-like notes), by 
metabolically converting these aldehydes into 
corresponding alcohols, thus enhancing beer 
flavor stability (Maicas, 2020; Saison, 2011). 
The chronological lifespan of yeast cells is 
crucial, as it affects their reductive metabolism 
capacity, essential for enhancing beer shelf life 
by removing staling compounds, while the 
selection of yeast strains, including non-
Saccharomyces yeasts, has gained importance 
among brewers aiming to innovate and develop 
specialty beers with unique organoleptic 
profiles (Wauters et al., 2021). Moreover, 
optimization processes targeting yeast 
performance are equally important, as they can 
significantly enhance the aroma complexity 
and overall quality of fermented beverages 
(Barbulescu et al., 2024; Dumitrache et al., 
2024). Furthermore, selecting yeast strains, 
particularly non-Saccharomyces species, is 
increasingly important for brewers aiming to 
innovate and create specialty beers with unique 
sensory profiles, as these yeasts possess 
specific enzymatic activities that distinctly 
influence beer taste and aroma, offering 
valuable biotechnological potential to the 
brewing industry (Iorizzo et al., 2021; 
Marongiu et al., 2015; Mascia et al., 2016)). 
Overall, yeasts have a multifaceted role in 
barrel-aged beer production, encompassing 
fermentation, flavor enhancement, and 
opportunities for innovation. 
 
CONCLUSIONS 
 
Barrel-aging is a traditional yet increasingly 
innovative practice in craft brewing, offering a 
unique avenue for flavor development through 
the complex interaction between beer, wood, 
and microorganisms. This review highlights the 
multifactorial nature of the maturation process, 

where variables such as wood species, toasting 
levels, the previous contents of the barrel 
(whiskey, rum, wine, or cognac), and the 
metabolic activity of yeasts play critical roles 
in shaping the final sensory profile. 
American oak contributes intense flavors such 
as vanilla, coconut, and sweet spice, while 
European oaks offer more subtle, tannin-rich 
notes. The reuse of barrels previously 
containing spirits or wines allows for the 
transfer of residual compounds that enhance 
complexity and depth. Yeasts, particularly 
Brettanomyces and certain non-Saccharomyces 
strains, not only survive barrel conditions but 
also actively contribute to aroma stabilization 
by reducing oxidative off-flavors and 
producing distinctive esters and phenols. 
The aging process is especially suited to high-
alcohol, full-bodied styles such as imperial 
stouts, porters, and strong ales, which can 
better integrate and express the compounds 
extracted during maturation. While barrel-
aging can significantly elevate a beer's aromatic 
profile, it also poses challenges related to 
oxidation, microbial variability, and process 
reproducibility. 
Future directions in this field may include the 
exploration of novel wood types, greater 
control of micro-oxygenation, and tailored 
microbial inoculations to standardize and 
optimize flavor outcomes. Barrel-aging thus 
represents a compelling convergence of 
tradition, biochemistry, and craftsmanship 
within the evolving landscape of specialty beer 
production. 
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