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Biotransformation is de� ned as ‘the 
chemical modi� cation made by an 

organism on a compound’. Although 
this term is commonly used in pharma-
cology and toxicology, from the brewer’s 
perspective, it refers to the interaction of 
two ingredients used in brewing: yeast 
and hops. 
 The role of both ingredients in 
biotransformation will be discussed in 
detail, as well as the use of exogenous 
enzymes to in� uence hop aroma and 
� avour in beer.

Role of hops
It is well known that hops are essential 
in beer production, mainly due to their 
contribution to aroma and bitterness. In 
addition to water, cellulose and various 
proteins, the chemical composition of 
hops consists of tannins (polyphenols), 
hop resins and hop oils, each one 
determining the organoleptic pro� le of 
the resulting beer (Table 1). 
 Hop polyphenols: Polyphenols 
also play an important role in the 
brewing process due to their contri-

bution to non-biological haze 
(protein-polyphenol interaction). 
Although they can also be found in malt, 
they comprise up to 4% of the total 
weight of dried hop cones. Their level 
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Who has not heard about ‘biotransformation’? 
Nowadays, this word has been spread around the globe 
and is included in the craft brewer’s vocabulary – but 
is this complex subject really known and understood? 
Does it really have an impact on our beers? And more 
importantly, how can we bene� t from it?

Component % of total dry 
weight

Resins 17

Essential oil 0.6

Tannins 4.5

Monosaccharides 2.5

Pectin 2.5

Amino acids <0.2

Proteins 17

Lipids and wax 3.5

Ash 1

Cellulose, lignin, etc. 45

Table 1: Composition of hops1
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depends on the hop variety, cultivation 
area, harvesting technique and degree 
of ageing2. 
 Hop resins: Hop resins, as well as 
essential oils, are found in the lupulin 
glands of the female hop cone. They 
are mainly composed of hard resins 
and soft resins, where bittering acids 
are found. In general terms, bitterness 
is one of the most particular tastes that 
has been associated with beer, mainly 
due to the isomerised molecules of 
α-acids formed during the wort boiling 
process, known as iso-α-acids. 
 Hop oils: The quantity of essen-
tial oil present in hops is very low, but 
their contribution to the aroma pro� le 
in beer is signi� cant. This is due to the 
low sensory threshold of the volatiles, 
especially thiols (sulphur group of 
hop oils), being detected at very low 
concentrations. 
 Dried hops contain between 0.5% 
and 3% w/w of oil varying between 
varieties2, and these are present in a 
complex composition of up to 1,000 
compounds, all from a wide range of 
chemical classes3. 
 Hop oils are classi� ed into three 
groups: Hydrocarbon fraction, oxygen-
ated fraction and sulphur fraction2. 
Linalool, a monoterpene alcohol of the 
oxygenated fraction, has been consid-
ered a key indicator for hoppy � avour in 
beer for some years4. Nevertheless, hop 
aroma and � avour in beer should not be 
ascribed to nor associated with a single 
substance, since they are the result of 
interactions of many compounds and 
the synergies between them. 
 According to Takoi et al. (2010), hop 
oils such as geraniol and β-citronellol 
affect the overall � avour when linalool is 
present in excess, creating a synergistic 
effect contributing signi� cantly to a 
more perceived fruity and citrusy � avour 
in beer5. 
 Hops contain another compound 
which also has an important contribu-
tion on biotransformation, known as 
glycoside. By de� nition, glycosides are 
molecules in which a sugar molecule 
is bonded glycosidically to another 
molecule. In nature, they are commonly 
found in plants and, in biological terms, 
they play numerous roles in living organ-
isms, such as storing chemicals or 
even transport carbohydrates through 
the plant and releasing them through 
hydrolysis. 
 In brewing, hop-derived glycosides 
are mainly formed by a monoterpene 
alcohol and a carbohydrate being, 
in their combined state, a molecule 

that has no aroma and no sweetness. 
Furthermore, glycosidically-bound 
� avour compounds of hops are 
considered to contribute to the hop 
� avour in beer6.
 Since 2009, there has been a clear 
trend towards the growth of aroma 
varieties rather than the high-alpha 
varieties, which have decreased over 
the last ten years, as illustrated in 
Figure 1. Additionally, higher hop rates 
have increased over the last decade, 
suggesting that the hop aroma in beer 
is an attribute considered of a great 
interest8. 
 This high demand for aroma hop 
varieties, among other production 
factors, led brewers to look for new 
and innovative ways to boost hop 
aroma and � avour. In other words, 
hop biotransformation may become a 

potential solution to optimise the use of 
hops by changing the ratio of speci� c 
aromatic compounds and, therefore, 
modifying the diversity of � avours and 
aroma in beer.

Role of yeast
No yeast, no beer. This micro-organism 
is responsible for transforming wort 
into beer, a biochemical process where 
alcoholic fermentation occurs, as well 
as the release of carbon dioxide (CO2) 
and aromatic compounds. 
 However, yeast is much more than 
that. In 2003, King and Dickinson � rst 
discovered a novel biotransformation 
of hop compounds by yeasts that had 
signi� cant impact on the formation of 
� avour9. In addition, yeast is respon-
sible for a series of reactions modifying 
the structure of monoterpene alcohols 

 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Aroma (ha)

High-alpha (ha)

11.047

8.909
8.319

7.800
7.192

5.577
4.830

4.490

4.978

5.814 5.973

5.030

3.754 3.736

5.123

7.062

9.808

12.828

16.092
16.585

16.458

17.231

Figure 1: Hop market evolution from 2009 to 20197
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Figure 2: Proposed pathways of terpenoid biotransformation by yeasts10
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during fermentation, which shows how 
compl ex and diverse biotransformation 
is (Figure 2). 
 According to Liu (2015), biotransfor-
mation of oxygenated terpenes would 
at least partially explain the hoppy 
aroma differences between the raw 
hops and the � nished beer, as well as 
some other volatiles found in beer10. 
A more recent study by Sharp et al. 
(2017), also concluded that brewing 
yeasts (Saccharomyces spp.) exhibit a 
broader range of abilities to hydrolyse 
glycosides than was previously thought. 
 Other studies have revealed the 
importance of the yeast in biotrans-
formation, based on the catalysis of 
glycosidic bonds in the production of 
hoppy beers.10, 11, 12, 13, 21

 During fermentation, where cells 
are highly active, yeast naturally 
secretes β-glucosidase enzymes 
extracellularly, these being responsible 
for the hydrolysis reaction. Figure 3 
shows the mechanism for cleavage 
of a non-aromatic compound into a 
glucose and linalool, obtaining more 
aromatic compounds and fermentable 
sugars derived from a lynalyl glycoside 
molecule. 
 The release of terpenes from glyco-
sides is not the only interaction between 
yeast and hops, there are other exam-
ples as shown below:
 Esteri� cation: By de� nition, esters 
are a bond between a carboxylic acid 
and an alcohol. It has been reported in 
research studies that yeast has esterase 
activity, resulting in the esteri� cation 
of a number of hop compounds. For 
example, geraniol and citronellol, 
which are naturally found in hops, are 
transformed into their acetate forms, 
geranyl acetate and citronellyl acetate, 
respectively9.
 Thiols: Also known as mercaptans, 
thiols are a family of aroma compounds 
naturally found in hops, either free or 
in the form of inodorous non-volatile 
precursors, which can be released with 
the enzyme β-lyase. 
 Nowadays, they are gaining popu-
larity due to their contribution to aroma 
in beer, despite their low concentration 
(less than 1% of hop oils), as well as the 
low perception threshold (parts per tril-
lion or ng/L). As stated by Shellhammer, 
“Thiols are 10,000 times more potent 
than geraniol, but they are only there in 
hops in tiny amounts”15. 
 The three most abundant thiol 
molecules in brewing are 3SH (3-sulfanyl-
hexan-1-ol, also known as 3MH), which 
gives notes of citrus and grapefruit, 

its acetate form 3SHA (also known as 
3MH-A), which gives passion fruit notes 
and 4MSP (4-methyl-4-sulfanylpentan-
2-one, also known as 4MMP), which is 
responsible for blackcurrant aroma16. 
 During fermentation, 
Saccharomyces cerevisiae is able to 
uptake and cleave the precursors to 
release the free thiols, such as 4MSP, 
through β-lyase activity (Figure 4). In 
addition, yeasts have different capac-
ities to reveal volatile thiols depending 
on their genetic background and their 
corresponding enzymatic activities17. 
Thiols have been well known in wine 

research for decades compared to 
beer, which re� ects that more studies 
are needed to understand their great 
potential in beer � avour.
 Other interactions: Yeast and 
hop interactions may also result in 
undesirable effects, which mostly 
depend on the dry-hopping regime 
during fermentation. The addition of 
hops in post-fermentation is practiced 
in many breweries, but yeast may not 
then contribute to biotransformation. 
A brief summary of considerations 
in regards to the dry-hopping time is 
shown in Table 2. 

Figure 3: Lynalyl glycoside hydrolysis releasing a fermentable sugar and a terpene14

Figure 4: Example of conversion from an inodorous precursor into a volatile thiol by yeast17

Dry-hopping time

Start of fermentation Near the end of fermentation

Reduction of hop oils by CO2 stripping More hop oils presence due to less CO2 
stripping (counter pressure) 

Hop aroma masked by other fermentation 
compounds (e.g. POF+ yeast)13

Reduction of dissolved oxygen by active 
yeast 

Essential oils being adsorbed by the 
yeast cell membrane, and extracted from 
beer when � occulation occurs

Higher hop oil solubility when ethanol 
content increases

Source: based on Sharp et al. (2016)18

Table 2: Effects of dry-hopping depending on the addition point
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 Sometimes biotransformation can 
be confused with another interaction 
where yeast and hops are involved, 
known as the ‘hop creep’ effect. This 
phenomenon is basically detailed as 
the refermentation observed in a fully 
attenuated beer after dry-hopping, and 
has its � rst studies published in 1893 by 
Brown and Morris. 
 As previously detailed, glucose 
molecules are released through the 
hydrolysis of glycosides, although 
this does not present a problem from 
the brewer’s perspective, since they 
are metabolised during fermentation. 
However, the ‘hop creep’ effect also 
implies the liberation of glucose mole-
cules through the action of amylolytic 
enzymes, naturally found in hops, which 
have the ability to degrade unferment-
able carbohydrates (dextrin material) 
into fermentable sugars. 
 In craft brewing, most beers are 
not � ltered”. meaning that they have 
some yeast cells still in suspension 
in the � nal product. Therefore, the 
combination of free glucose and yeast 
cells could result in fermentation 
within a packaged beer leading to 
over-carbonated beers, presence of 
diacetyl and higher alcohol content, 
therefore presenting a quality issue in 
hoppy beers. 
 As recently suggested by Stokholm 
and Shellhammer (2020), there are 
several factors that could promote or 
reduce the ‘hop creep’ effect in order to 
overcome this problem in dry-hopped 
beers, including recipe design (wort 
composition), yeast strain selection 
(high or low � occulent), its suspen-
sion during dry-hopping, and dry-hop 

method (contact time and temperature), 
among others19. 
 The potential for yeast and hop 
interactions has gained more interest 
in recent years, to the point where 
some commercial yeast suppliers have 
worked to better understand the poten-
tial value of commercially available yeast 
strains in in� uencing biotransformation 
and impacting beer aroma and � avour. 
 An example of this is shown in 
Figure 5, where commercially-available 
brewing yeast strains were charac-
terised by their β-glucosidase activity, 
through a secreted enzyme assay at 
room temperature. Nevertheless, there 
are also cell-associated enzymes, 
which may have a contribution as well 
on biotransformation – when yeast and 
hops are in contact during fermentation. 
In regard to top or bottom fermenting 
strains, Sharp et al. (2017) concluded 
that there was no indication that either 
lager or ale yeasts exhibited higher 
activities than the other12. 

The use of exogenous 
β-glucosidase enzymes 
In the same study conducted by 
Sharp et al. a total number of 80 
yeast strains were tested and ranked 
according to their ability to transform 
hop compounds12. Although the results 
were not very encouraging, the addition 
of pure enzymes was also studied, 
showing a more interesting potential 
for biotransformation than enzymes 
secreted naturally by yeast. 
 Referring to one of his studies, 
Shellhammer reported that “Free hop 
aroma is probably about 90% of the 
total hop � avour in beer and the glyco-

sides are probably just 10%”. However, 
he also mentions that a signi� cant 
portion of the aroma from hops can be 
released from these glycosides15. 
 More recently, Meiners and Cavanna 
(2020) also tested the use of commer-
cial enzymes, such as β-glucosidase 
and β-lyase, in order to boost biotrans-
formation of terpenes and thiols, 
respectively20. The results showed that 
the use of enzymes presents a real 
possibility to alter the aroma and/or 
� avour pro� le of IPAs, although recipes 
should be adjusted in regards to hop 
varieties and amounts. 
 More research is needed to 
understand the complexity of the 
reactions involved when using exoge-
nous enzymes and their impact on the 
organoleptic pro� le beer. Besides, it 
is also important to take into account 
that many other factors which could 
play a role, such as the selection of the 
yeast strain, hop crop year, variety and 
oil composition, its point of addition, 
yeast-hop contact time/temperature, 
among others. 
 To sum up, the universe of biotrans-
formation is indeed fascinating, and 
the proper selection of yeast strains, 
hop varieties and its usage, as well as 
the addition of exogenous enzymes, 
brings more opportunities for brewers 
to explore new ways of achieving great 
� avour and aroma in beers.
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 LalBrew® LalBrew®  LalBrew® LalBrew® LalBrew® LalBrew® LalBrew® LalBrew® LalBrew® LalBrew® LalBrew®

 Diamond BRY-97 Nottingham Belle  Abbaye Windsor London Munich Munich New England Köln
    Saison      Classic

Beta-glucosidase assay 
Secreted enzyme assay - 6h at room temp

0.27

0.45

0.29

0.46

0.35

0.31
0.29

0.31

0.27

0.42 0.41

Figure 5: Characterisation of β-glucosidase activity in Lallemand Brewing yeast strains14
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