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Abstract

Why was the work done: Diastatic variants of Saccharomyces cerevisiae
are unusual in producing an extracellular glucoamylase which enables
the breakdown of starch to fermentable sugars. Diastatic S. cerevisiae has
long been viewed negatively as a contaminant of especially beer packaged
in cans or bottles. However, this view is being reconsidered due to the
opportunities that diastatic strains present for niche fermented products
and distillation applications.

What are the main findings: This review highlights the utilisation of
diastatic S. cerevisiae for its flavour potential, and processing applications
in the brewing, distilling, and biofuel industries. Further, genetic differences
are compared with non-diastatic strains of S. cerevisiae, together with
commonly employed and emerging methods of detection.

Why is the work important: Diastatic yeast strains can be used to create
flavour profiles that resemble traditional beverages and can be used
to achieve fermentation with higher attenuation. This offers greater
fermentation efficiency in, for example, the development of low-calorie
beers. Additionally, the ability of diastatic strains of S. cerevisiage to
convert non-fermentable oligosaccharides to fermentable sugars enables
applications that range from novel beverages using unusual raw materials
to more efficient distillation and biofuel production. The negative attributes
that are associated with diastatic S. cerevisiae yeasts can be managed
through co-inoculation or hybridisation with standard strains.
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Introduction

A diastatic variant of Saccharomyces cerevisiae was
first characterised by Andrews and Gilliland (1952),
who reported the ability of the yeast to secrete
glucoamylase that could break down dextrin
oligosaccharides from starch resulting in the ‘super
attenuation’ of fermentation. This property lead to
the conclusionthatthis diastaticyeast—S. diastaticus
-wasastrainthatwasindependentfrom S. cerevisiae
(Riu-Aumatell et al. 2011). Later, Tamaki (1978)
reclassified the yeast as Saccharomyces cerevisiae
var. diastaticus because of its ability to inbreed with
Saccharomyces cerevisiae. This relationship was
confirmed through whole genome sequencing (Liti
et al. 2009; Pontes et al. 2020; Paraiso et al. 2023).
However, the use of 'Saccharomyces cerevisiae var.
diastaticus' continues despite the genomic work to
rectify this taxonomic issue (Hittinger 2013; Peter et
al.2018). Accordingly, diastatic strains of S. cerevisiae
are considered subpopulations of S. cerevisiae,
reflecting the functionally distinct STA genes, which
allow the secretion of extracellular glucoamylase
(EC 3.2.1.3) (Krogerus et al. 2019; Krogerus and
Gibson 2020). Although the nomenclature suggests
a single strain, it is a group of yeast strains, all of
which have at least one STA gene (Krogerus et al.
2019; Krogerus and Gibson 2020). Here, those
strains of S. cerevisiae able to secrete glucoamylase
are referred to as diastatic strains of S. cerevisiae.

Diastatic variants of S. cerevisiae are considered
a super attenuating contaminate of beer by
metabolising the residual carbohydrates (dextrins
and soluble starches) remaining from primary
fermentation (Meier-Dornberg et al. 2017). Dextrins
contribute 10-20% of the total sugar content
in brewing wort (Stulikovd et al. 2021) and are
considered to contribute to body and mouthfeel of
beer, while also contributing to the calorie content.
Fermentation of these residual carbohydrates by
diastatic yeast can be problematicin packaged beers
resulting in additional carbon dioxide production,
causing the beer to gush or, in bottles or cans, burst
(Boulton and Quain 2001). Diastatic contamination
of beer occurs most commonly during the packaging
of beerinbottles (Meier-Dornberg et al. 2018), often
due to poor cleaning practices (Meier-Dornberg et
al. 2017) resulting in biofilm production (Storgards
et al. 2006).

Contaminant microorganisms in biofilms are more
resistant to stress, and are not easily removed;
with recolonisation within 2-12 hours (Storgards
et al. 2006). Diastatic strains of S. cerevisiae can be
aerosolised during filling and/or cleaning resulting
in scatter contamination, often only affecting a few
bottles or cans which is almost impossible to detect
(Meier-Dornberg et al. 2017). In some countries,
breweries and food manufacturers are required
by law to report if a product is contaminated with
diastatic strains of S. cerevisiae, typically resulting
in a public recall (Rees 2014; Post 2016). Reported
contamination incidents caused by diastatic
yeast have increased over the years, along with
associated costs (Begrow 2017; Meier-Dornberg et
al. 2018; Suiker et al. 2021). Indeed, a product recall
in the United States linked to diastatic yeast by Left
Hand Brewing (Colarado), result in over 20,000
cases of beer (worth $2 million) distributed to over
thirty-seven states being recalled and destroyed.
This was linked to contamination of the primary
brewing yeast, resulting in the brewery filing an, as
yet unresolved, civil suit against the yeast supplier
(Post, 2016).

Genetics

As described above, research and advancements
in genomics have found that the amylolytic yeast
contaminants were variants of S. cerevisiae (Liti
et al. 2009). More specifically, the amylolytic
STA1 gene (formally DEX2) is uniquely associated
with diastatic yeast, enabling the production and
secretion of glucoamylase (Tamaki 1978; Yamashita
etal. 1986). The enzyme removes glucose from non-
reducing ends of starch and dextrins by hydrolysis
of the a-1-4-glucosidic bond (Sauer et al. 2000).
The STAI1 gene is most strongly associated with
diastatic activity and the ability to produce/utilise
glucoamylase. Genomic tools have been used to
analyse the unlinked homologous STAI-STA3 genes
(Pretorius and Marmu 1988). Although the DNA
sequences of STAI-STA3 genes are almost identical,
the genes have different names as they are located
on different chromosomes and linkage groups
(Tamaki 1978; Krogerus and Gibson 2020). A study
by Burns etal (2021) analysed 15 STA1+ yeast strains
to assess different functional tests and the potential
for refermentation. This work showed yeast with
medium to high diastatic activity was associated
with super attenuation. However, one strain
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(OYL-501) with the STA gene did not result in
refermentation perhaps reflecting a deletion in
the sequence of the STAI promoter (Krogerus
et al. 2019). Diastatic strains of S. cerevisiae are
not common, with 54 of the genomes of 1169
sequenced S. cerevisiae strains (Gallone et al. 2016;
Peter et al. 2018), having a 100% match with the
sequence of the STAI gene.

The phenolic off flavour (POF) is a characteristic
medicinal aroma linked to 4-vinyl guaiacol from the
decarboxylation of ferulic acid by ‘wild” strains of
Saccharomyces (Stewart et al. 1983). Although now
termed PAD (phenylacrylic acid decarboxylase), POF
is used throughout this review. Although diastatic
strains of S. cerevisiae are typically POF+ (Stewart
et al. 1983; Meier-Dornberg et al. 2018) resulting
in super attenuation and phenolic off flavour, there
are reports of STA+ strains which are POF- (Gallone
et al. 2016; Krogerus et al. 2019).

Yeast Family Tree

The isolation and use of pure yeast cultures in
brewing dates back to work of Hansen in 1883
(Boulton and Quain 2001). Before this, brewers
would inoculate wort with a volume of fermenting
beer, a process known as ‘backslopping’. This
would result in a faster and more predictable
fermentation and such controlled environments
were ideal settings for domestication of indigenous
microorganisms (Gallone et al. 2016; Garshol 2020).
Accordingly, desirable traits were selected, whilst
allowing the yeast to outcompete any microbial
competition. Most domesticated ale and lager
yeasts do not have functional STA genes but have
been selected for their ability to use maltotriose
via transmembrane transporters such as AGTI.
Diastatic strains have mutations in the Agtlp
permease and rely the extracellular glucoamylase
to utilise maltotriose (Mukai et al. 2014; Pauley and
Maskell 2017; Krogerus and Gibson 2020).

Gallone and colleagues (2016) sequenced the
genomes of 157 Saccharomyces strains used to
produce bread, beer (ale and lager), sake, spirits,
and wine, as well as wild yeast and other strains of
S. cerevisiae. Most of the brewing yeasts were in
two families — ‘Beer 1" and Beer 2’ — together with
three other clades representing wine, Asian (sake)
and mixed (bread) strains. The 54 Beer 1 yeasts

were from Belgium/Germany, the UK and the USA
whereas the Beer 2 lineage was geographically
diverse. Of the Beer 1 yeasts, nine were POF+
whereas of the 21 yeasts in Beer 2, 16 were POF+
(Gallone et al. 2016). In another study focussing on
STA1+ strains of S. cerevisiae (Krogerus et al. 2019),
a search of 1169 publicly sequenced strains showed
54 contained the sequence for STA1. Of these, 51
were in the ‘Beer 2’ clade.

As diastatic strains of S. cerevisiae are defined by
properties (linked to containing specific genes),
diastatic strains are not a single species or
subspecies of Saccharomyces yeasts but rather a
variant (Liti et al. 2009; Meier-Dornberg et al. 2018;
Peter et al. 2018; Jespersen et al. 2000; Suiker et al.
2021; Suiker and Wosten 2022).

Detection Methods

Diastatic strains share genetic and physiological
traits with other Saccharomyces resulting in
practical difficulties in their differentiation and
identification from production yeasts (Krogerus and
Gibson 2020). For example, Figure 1 shows two ale
strains viewed under light microscopy where one
is a diastatic variant. There is far more variability
within S. cerevisiae than is observable between
these strains. Therefore, methods to detect diastatic
variants must rely on traits other than physical
appearance.

Methods for the detection of diastatic strains
range from ‘traditional’ plating methods through
to contemporary, more sophisticated approaches
(Table 1). Plate tests include media containing
copper or more specifically dextrin or starch. The
use of copperis non-selective enabling the growth of
diastatic yeasts together with ‘wild” yeasts (Krogerus
and Gibson 2020). Molecular methods tend be
specific and quicker, and include the polymerase
chain reaction (PCR) in the detection of STA (or DEX)
genes (Yamashita et al. 1984). In a detailed study,
Suiker et al (2021) looked for diastatic strains of
Saccharomyces in nature (tree bark and soil) and in
brewery biofilms. With enrichment and PCR of the
samples, one STA+ yeast was recovered from bark
and 21 from biofilms in brewery packaging halls.
Using the same technology, diastatic Saccharomyces
have been reported in four samples of draught beer
from public houses in the UK (Jevons and Quain
2022). Other methods include third-generation
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Figure 1.

Light microscopy images of Saccharomyces cerevisiae var diastaticus (left) and Saccharomyces cerevisiae

strain (right) taken using a Nikon Eclipse Ci-L microscope with an oil immersion objective lens.

Table 1.

Pros and cons of commercial methods for diastatic yeasts.

Culture dependent +
PCR

Third-Generation
Sequencing (TGS)

CRISPR-Cas12a

Matrix Assisted Laser
Desorption/lonization
— Time-of-Flight Mass
Spectrometry

(MALDI-TOF MS)

specific DNA fragment.

Identification using
selective media and
genomic methods.

State-of-the-art platform
enabling long-read
sequencing of DNA or RNA
for constructing full
genome or transcriptome
or typing via multi-locus
sequences.

Using CRISPR-Cas nucleases
to remove specific nucleic
acid sequences on ssDNA or
ssRNA.

Analytical tool that
separates particles
according to their mass-to-
charge ratio and are
measured by the amount of
time to travel through the
detector.

High accuracy

High accuracy

Fast

High accuracy
Fast, cheap
Sensitive

Identification of diastatic
strains

Rapid and cost effective
after initial set-up

equipment cost

Time
consuming

Expensive
reagents

Initial
equipment cost
Unproven
single
nucleotide level
resolution

Initial
equipment cost

Expensive
reagents

High
equipment cost

High
equipment cost

Method Description Pros Cons References
Selective growth Used for the detection and  Straight forward Slow Burns et al. 3021:
. P g Krogerus an

media uantification of specific )
?nicro:)r anisms pecl Inexpensive False Positives Gibson 2020
B (MYGP+Cu)
Polymerase Chain A common laboratory Sensitive Expensive Yamauchi et
Reaction (PCR) for technique used to detect reagents ::'129092_“:/:;?::_“
diastatic genes the presence or absence of Initial Démbe,'g etal.

2018; Schénling et
al. 2019

Jevons and Quain
2022

Kurniawan et al.
2022; Shinohara
etal. 2021

Meng et al. 2021;
Uotila and
Krogerus 2022

Condina et al.
2019; Lauterbach
etal. 2017;
Wieme et al. 2014
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sequencing (TGS) and, notably, CRISPR-Casl2a
which is both rapid and cheap (Uotila and Krogerus
2023). Instrumental methods include MALDI-TOF
MS (matrix assisted laser desorption/ionization -
Time-of-Flight Mass Spectrometry) for comparative
analysis of ribosomal proteins (Mellmann et al.
2008).

Industrial Applications

While diastatic yeast have long been considered a
contaminate, there are several applications which
are changing this perception. These include the
use of diastatic variants to replicate brewing styles,
create novel beer styles, develop low calorie beers
(glucoamylase enables greater attenuation (Stewart
and Russell 1987)), increase efficiency of distillation,
with application in biofuel production, and to
explore high dextrin adjuncts. Some examples of
studies in these areas are listed in Table 2.

Brewing Applications

Diastatic Yeast in Brewing

Diastatic yeasts have long been used to make
farmhouse/Belgian style beers (such as Saison,
Belgian Golden Strong, and Biere de Garde)
(Krogerus and Gibson 2020). Farmhouse ales are
characterised as having a drier mouthfeel coupled
with a spicy/phenolic note (Krogerus and Gibson
2020). Despite diastatic yeasts being linked to poor
sanitation, the acceptability and use of diastatic
yeasts under controlled brewing conditions can be
used to replicate farmhouse/Belgian styles, or lead
to the development of new and unique flavours
(Boulton and Quain 2001; Krogerus and Gibson
2020). A flavour study by Meier-Dornberg et al
(2018) brewed a lager style beer with seven different
yeast strains (6 x POF+ diastatic Saccharomyces
strains and 1 x S. pastorianus). It was demonstrated
that the use of diastatic strains produced beers
with phenolic compounds that were ‘acceptable’
in sensory trials with a fruity/tropical fruity flavour
profile. Further beneficial traits included high
flocculation and the utilisation of non-fermentable
sugars (aka dextrins) (Meier-Dornberg et al. 2018).
However, Gallone et al (2016) found that the
Saccharomyces yeasts in the Beer 2 clade (rich in
STA+ and POF+ yeasts produced fewer aromatic and
fruity ester compounds than the Beer 1 clade.

To obtain the novel characteristics of diastatic
strains of Saccharomyces, while mitigating the
negative attributes, they can be co-inoculated
alongside ‘standard’ brewing strains. This can result
in the complex phenolic aroma and glucoamylase
production with the ethanol tolerance of primary
yeasts to complete the fermentation.

Low-calorie beers

Beer typically contains non-fermentable dextrins
which are not compatible with popular low or no-
carb diets (Bamforth 2005; Haimoto et al. 2008).
The calories in beer come from alcohol (60%),
residual carbohydrates (39.3%) and protein (0.7%)
(Helbert 1978). The low-calorie beer category are
important to consumers who desire ‘healthier’
drinking (Capece et al. 2018). Low-calorie (light/
lite) beer account for about 40% of beer consumed
in the United States, with anticipated growth over
the next five years. Current production techniques
for these beers focus on carbohydrate reduction
in the final product (Capece et al. 2018) and are
classified by the United States Tax and Trade Bureau
as a low-calorie or ‘low-carb’ beer if they contain
less than 20 g/L of carbohydrates (Bamforth 2005).
Methods to produce low-calorie beers include the
‘dilution” method where water is added, enzymatic
treatment of wort, or the use of non-conventional
yeasts (Ogata et al. 2017). The use of extracellular
glucoamylase producing Saccharomyces yeasts
enablesthe hydrolysis and subsequent fermentation
of glucose oligosaccharides significantly reducing
the residual sugar content (Capece et al. 2018;
Erratt and Stewart 1978). However, this results in an
increased ABV (alcohol by volume) and low-calorie
beers often require dilution to the desired ABV prior
to packaging (Capece et al. 2018; Markowski 2004).

Distillation

Spirits are produced from the distillation of low
ABV beverages from the fermentation of sugars by
yeasts, typically Saccharomyces cerevisiae. ‘Sugars’
are sourced from the hydrolysis of starch in cereals
or more directly from fruit, sugar cane or molasses.
Spirits from cereal starch include malt whisky, grain
whisky and grain neutral spirit for vodka and gin.
The mashing process resembles that of brewing, but
the hop-free wort is not boiled and the amylolytic
enzymes remain active during fermentation such
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Table 2.

Emerging applications for diastatic strains of S. cerevisiae.

Application Comment

Reference

Low calorie

specialty and original beers’

Distillation

strategy.’

‘... the use of new brewing yeasts, in addition to alternative raw Erratt and Stewart 1978;
materials, represents an innovative approach for producing

‘Saccharomyces cerevisiae var. diastaticus yeast strains show
high potential in brewing in batches and can be also used in 2018
secondary or mixed fermentations to produce beers with

special flavours and/or a low carbohydrate content.’

‘Developments in yeast isolation, propagation techniques, and
format have greatly expanded the diversity of the yeast strains
available to Scotch whisky distillers. It is also no secret in the
distilling industry that using alternative yeast strains, compared
to the ‘industry standards’, is a perfectly viable production

Biofuel ‘The metabolic engineering strategies reviewed here prove that Lu etal. 2022
yeasts are powerful microbial platforms for the production of
fatty acid-derived hydrocarbon fuels.’

‘... STA1 also plays a central role in enabling maltotriose use
during wort fermentations. This allows for the improved 2020
reliability of molecular detection methods for diastatic

contaminants in beer and can be exploited for strain

development where maltotriose use is desired.’

Capece et al. 2018

Meier-Dérnberg et al.

Walker and Hill 2016

Krogerus and Gibson

that dextrins are broken down to fermentable
sugars. Unlike brewery fermentations, only a few
yeast strains of S. cerevisiae are used commercially
by distillers (Walker and Hill, 2016) and some are
considered to have some diastatic activity (Watson,
1993).

Although the addition of exogeneous enzymes
is not permitted for Scotch whisky (https://
www.legislation.gov.uk/uksi/2009/2890/pdfs/
uksi_20092890 en.pdf)they can be used elsewhere
in the production of whisky or for other distilled
spirits.  Accordingly, it may be advantageous to
use yeast that produces glucoamyloytic enzymes
to ferment to a lower attenuation or to use raw
materials that have a high dextrin content or lower
enzymatic power. As diastatic yeast may have a
lower ethanol tolerance than standard distillers’
yeast, this can be mitigated though co-inoculation.

Biofuel

Bioethanol is a primary source of renewable
biofuel with the United States and Brazil the largest
producers (Balat and Balat 2009). First generation

ethanolreferstobiofuel produced by Saccharomyces
yeastsfrom cropsand plant materialand accountsfor
up 96% of the global biofuel production. A downside
of this is the use of crops used in food such as sugar
cane and wheat (Sdnchez and Cardona 2008; Nigam
and Singh 2011; Mohd Azhar et al. 2017; da Silva
Fernandes et al. 2022), however there are examples
of biofuel being derived from processing waste
streams. For example, sweet potato and cassava
are rich in starch and bioethanol can be produced
from all parts of both plants (Sivamani et al. 2018).
However, cassava has a short shelf life - due to its
high moisture content - and must be processed
within a month of harvest (Sivamani et al. 2018).

Second generation biofuels utilise non-food
lignocellulosic biomass including crop residues,
woody crops, and waste products such as rice
bran (Almeida et al. 2022) and brewery spent grain
(Nigam 2017). Second generation biofuels are
attractive as they reduce the demand on food crops
(Fung Min et al. 2013) while also valorising waste
streams. Other raw materials (rice straw, corn cob,
wheat straw, sugarcane bagasse) are abundant,
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renewable, and relatively inexpensive (Zaldivar et
al. 2001; Hahn-Hagerdal et al. 2006; Cardona and
Sanchez 2007). In addition, second generation
biofuels are evolving to include higher alcohols and
fatty acids to expand the use into heavier vehicles
(Lu et al. 2022). However, these processes are
hampered by the lack of readily fermentable sugars
in the substrate, and high levels of cellulose which
require extensive hydrolysis to be fermentable by
conventional yeasts.

The production of first generation bioethanol
involves gelatinisation of starch, liquefaction,
saccharification, fermentation, and distillation/
separation (da Silva Fernandes et al. 2022). The
saccharification step is expensive and requires the
addition of amylolytic enzymes (alpha-amylase
and glucoamylase) to break down the starch to
fermentable sugars (da Silva Fernandes et al. 2022).
Accordingly, any reduction in enzyme addition
would improve the profitability of the process.
Wang et al (2021) have reported the integration of
glucoamylase into S. cerevisiae and a corresponding
reduction of 40% in the enzyme addition required
for fermentation. Work has also been conducted
in modifying S. cerevisiae to improve enzymatic
production to increase biofuel production efficiency
and functionality (Lu et al. 2022).

The application of diastatic yeasts to produce
amylolytic enzymes is useful for biofuel production
(Verma et al. 2000: Krogerus and Gibson 2020).
Diastatic yeasts are resistant to some environmental
stressors (Krogerus and Gibson 2020), however
to be economically acceptable, the inoculum
for biofuel production must grow quickly and
efficiently metabolise fermentable sugars (da Silva
Fernandes et al. 2022). Therefore, co-inoculation
and hybridisation are methods to resolve some of
the limitations of diastatic yeasts. For example, a
lack of a starch-binding domain in diastatic yeasts
(Latorre-Garcia et al. 2005) has been addressed
through co-culture of Aspergillus niger and
expression of glucoamylase-encoding STAI gene
in Saccharomyces cerevisiae (Latorre-Garcia et al.
2008).

Conclusions

Whilst diastatic strains of S. cerevisiae are regarded
as microbiological contaminates, the yeast has
growing application in brewing and distilling. These
yeasts have STA genes that produce glucoamylase
that hydrolyse glucose oligosaccharide (dextrins)
enabling more extensive fermentation. Further
these yeasts produce phenolic aroma compounds
that are associated with specific beer styles. There
are a number of industries (brewing, distilling and
biofuel) where indigenous glucoamylase offers
significant economic potential by reducing the
requirement for exogenous enzymes. However,
there are also drawbacks and open questions that
remainto be resolved ormanaged. Modern methods
of detection allow for the rapid identification of
diastatic strains; however, methods can be slow
and/or expensive. The ability of diastatic strains of
S. cerevisiae to break down dextrins make these
yeasts of interest for biofuel and spirit production.

Author contributions

John Nemenyi: writing (original draft).

Santiago Cardenas-Pinto: writing (original draft).
Ziynet Boz: writing (review and editing).

Ana Martin-Ryals: writing (review and editing).
Drew Budner: writing (review and editing).
Andrew Maclntosh: writing (original draft, review
and editing) and conceptualisation.

Boce Zhang: writing (original draft, review and
editing).

Katherine Thompson-Witrick: conceptualisation,
resources, and writing (original draft, review and
editing).

Acknowledgements

The authors would like to thank lan Maclntosh
for assisting in preparing this manuscript for
publication.

Conflict of Interest

The authors declare there are no conflicts of
interest.

© 2024 Institute of Brewing & Distilling

jib.ibd.org.uk

J Inst Brew 2024,130:3-14|9



Applications of diastatic Saccharomyces cerevisiae

Journal of the Institute of Brewing

References

Almeida IC, Pacheco TF, Machado F, Gongalves
SB. 2022. Evaluation of different strains of
Saccharomyces cerevisiae for ethanol production
from high-amylopectin BRS AG rice (Oryza sativa
L.). Sci Rep 12:2122. https://doi.org/10.1038/
$41598-022-06245-0

Andrews J, Gilliland RB. 1952. Super attenuation

of beer: a study of three organisms capable of
causing abnormal attenuations. J Inst Brew 58:189-
196. https://doi.org/10.1002/j.2050-0416.1952.
tb02675.x

Balat M, Balat H. 2009. Recent trends in global
production and utilization of bio-ethanol fuel. App!
Energy 86:2273-2282. https://doi.org/10.1016/j.
apenergy.2009.03.015

Bamforth CW. 2005. Beer, carbohydrates and
diet. J Inst Brew 111:259-264. https://doi.
org/10.1002/j.2050-0416.2005.tb00681.x

Beverage Information Group. 2021. Beer
consumption share in the United States in 2020,
by category. Statista. https://www.statista.com/
statistics/466657/us-consumption-share-of-beer-
by-category/

Begrow W. 2017. Fighting quality threats: notable
microbiological contaminations of craft beer in
the United States. Brew Beverage Ind Int https://
foodsafety.msu.edu/sites/default/files/inline-files/
bbii_5-17_10-13_fighting_quality threats2.pdf

Boulton C, Quain D. 2001. Brewing Yeast and
Fermentation. Blackwell Science; lowa State
University Press.

Burns LT, Sislak CD, Gibbon NL, Saylor NR, Seymour
MR, Shaner LM, Gibney PA. 2021. Improved
functional assays and risk assessment for STA1+
strains of Saccharomyces cerevisiae. / Am Soc Brew
Chem 79:167-180. https://doi.org/10.1080/03610
470.2020.1796175

Capece A, Romaniello R, Siesto G, Romano P. 2018.
Conventional and non-conventional yeasts in beer
production. Fermentation 4:38. https://www.mdpi.
com/2311-5637/4/2/38

Cardona C A, Sanchez O J. 2007. Fuel ethanol
production: Process design trends and integration
opportunities. Bioresour Technol 98:2415-2457.
https://doi.org/10.1016/].biortech.2007.01.002

Condina M R, Dilmetz BA, Razavi Bazaz S,
Meneses J, Warkiani ME, Hoffmann P. 2019. Rapid
separation and identification of beer spoilage
bacteria by inertial microfluidics and MALDI-

TOF mass spectrometry. Lab Chip 19:1961-1970.
https://doi.org/10.1039/C9LC0O0152B

da Silva Fernandes F, de Souza ES, Carneiro,

LM, Silva JPA, de Souza JVB, da Silva Batista J.
2022. Current ethanol production requirements
for the yeast Saccharomyces cerevisiae.

Int J Microbiol 2022:7878830. https://doi.
org/10.1155/2022/7878830

Erratt JA, Stewart GG. 1978. Genetic and
biochemical studies on yeast strains able to utilize
dextrins. J Am Soc Brew Chem 36:151-161. https://
doi.org/10.1094/ASBCJ-36-0151

Fung Min L, Michael KP, Dennis S. 2013. Gas
fermentation for commercial biofuels production.
In Z. Fang (Ed.), Liquid, Gaseous and Solid Biofuels -
Conversion Techniques. IntechOpen. https://www.
intechopen.com/chapters/43690

Gallone B, Steensels J, Prahl T, Soriaga L, Saels

V, Herrera-Malaver B, Merlevede A, Roncoroni

M, Voordeckers K, Miraglia L, Teiling C, Steffy B,
Taylor,M, Schwartz A, Richardson T, White C, Baele
G, Maere S, Verstrepen KJ. 2016. Domestication
and divergence of Saccharomyces cerevisiae beer
yeasts. Cell 166:1397-1410.e1316. https://doi.
org/10.1016/j.cell.2016.08.020

Garshol LM. 2020. Historical brewing techniques:
the Lost Art of Farmhouse Brewing. Brewers
Publications, Brewers Association, Colarado, USA

Hahn-Hagerdal B, Galbe M, Gorwa-Grauslund MF,
Lidén G, Zacchi G. 2006. Bio-ethanol — the fuel of
tomorrow from the residues of today. Trends in
Biotechnol 24:549-556. https://doi.org/10.1016/].
tibtech.2006.10.004

© 2024 Institute of Brewing & Distilling

jib.ibd.org.uk

J Inst Brew 2024,130:3-14 |10



Journal of the Institute of Brewing

Haimoto H, Iwata M, Wakai K, Umegaki H. 2008.
Long-term effects of a diet loosely restricting
carbohydrates on HbA1c levels, BMI and tapering
of sulfonylureas in type 2 diabetes: a 2-year follow-
up study. Diabetes Res Clin Pract 79:350-356.
https://doi.org/10.1016/].diabres.2007.09.009

Helbert J R. 1978. Caloric value of beer. J Am Soc
Brew Chem 36:66-68. https://doi.org/10.1094/
ASBCJ-36-0066

Hittinger CT. 2013. Saccharomyces diversity
and evolution: a budding model genus. Trends
Genet 29:309-317. https://doi.org/10.1016/j.
tig.2013.01.002

Jespersen L, van der Kihle A, Petersen KM. 2000.
Phenotypic and genetic diversity of Saccharomyces
contaminants isolated from lager breweries and
their phylogenetic relationship with brewing
yeasts. Int J Food Microbiol 60:43-53. https://doi.
org/10.1016/s0168-1605(00)00326-3

Jevons AL, Quain DE. 2022. Identification of
spoilage microflora in draught beer using culture-
dependent methods. J Appl Microbiol 133:3728-
3740. https://doi.org/10.1111/jam.15810

Krogerus K, Magalhdes F, Kuivanen J, Gibson

B. 2019 A deletion in the STA1 promoter
determines maltotriose and starch utilization in
STA1+ Saccharomyces cerevisiae strains. Appl
Microbiol Biotechnol 103:7597-7615. https://doi.
org/10.1007/s00253-019-10021-y

Krogerus K, Gibson B. 2020. A re-evaluation of
diastatic Saccharomyces cerevisiae strains and
their role in brewing. App! Microbiol Biotechnol
104:3745-3756. https://doi.org/10.1007/s00253-
020-10531-0

Kurniawan YN, Shinohara Y, Sakai H, Magarifuchi T,
Suzuki K. 2022. Applications of the third-generation
DNA sequencing technology to the detection

of hop tolerance genes and discrimination of
Saccharomyces yeast strains. J Am Soc Brew Chem
80:161-168. https://doi.org/10.1080/03610470.20
21.1939606

Latorre-Garcia L, Adam AC, Manzanares P, Polaina
J. 2005. Improving the amylolytic activity of
Saccharomyces cerevisiae glucoamylase by the
addition of a starch binding domain. J Biotechnol
118:167-176. https://doi.org/10.1016/j.
jbiotec.2005.03.019

Latorre-Garcia L, Adam AC, Polaina J. 2008.
Overexpression of the glucoamylase-encoding
STA1 gene of Saccharomyces cerevisiae var.
diastaticus in laboratory and industrial strains
of Saccharomyces. World J Microbiol Biotechnol
24:2957-2963. https://doi.org/10.1007/s11274-
008-9837-9

Lauterbach A, Usbeck JC, Behr J, Vogel RF. 2017.
MALDI-TOF MS typing enables the classification

of brewing yeasts of the genus Saccharomyces to
major beer styles. PLOS ONE 12:e0181694. https://
doi.org/10.1371/journal.pone.0181694

Liti G, Carter DM, Moses AM, Warringer J,

Parts L, James SA, Davey RP, Roberts IN, Burt A,
Koufopanou V, Tsai lJ, Bergman CM, Bensasson

D, O’Kelly MJT, van Oudenaarden A, Barton

DBH, Bailes E, Nguyen AN, Jones M, Quail MA,
Goodhead |, Sims S, Smith F, Blomber A, Durbin R,
Louis EJ. 2009. Population genomics of domestic
and wild yeasts. Nature 458:337-341. https://doi.
org/10.1038/nature07743

Lu R, ShiT-Q, Lin L, Ledesma-Amaro R, Ji X-J, Huang
H. 2022. Advances in metabolic engineering of
yeasts for the production of fatty acid-derived
hydrocarbon fuels. Green Chem Eng 3:289-303.
https://doi.org/10.1016/j.gce.2022.07.008

Markowski P. 2004. Farmhouse Ales: Culture and
Craftsmanship in the Belgian Tradition. Brewers
Publications, Brewers Association, Colarado, USA

Meier-Dornberg T, Jacob F, Michel M, Hutzler

M. 2017. Incidence of Saccharomyces cerevisiae
var. diastaticus in the beverage industry: cases of
contamination, 2008-2017. Tech Q Master Brew
Assoc Am 54:140-148. http://dx.doi.org/10.1094/
TQ-54-4-1130-01

© 2024 Institute of Brewing & Distilling

jib.ibd.org.uk

J Inst Brew 2024,130:3-14 |11



Applications of diastatic Saccharomyces cerevisiae

Journal of the Institute of Brewing

Meier-Dornberg T, Kory Ol, Jacob F, Michel M,
Hutzler M. 2018. Saccharomyces cerevisiae variety
diastaticus friend or foe?-spoilage potential

and brewing ability of different Saccharomyces
cerevisiae variety diastaticus yeast isolates

by genetic, phenotypic and physiological
characterization. FEMS Yeast Res 18:foy023 https://
doi.org/10.1093/femsyr/foy023

Mellmann A, Cloud J, Maier T, Keckevoet U,
Ramminger |, Iwen P, Dunn J, Hall G, Wilson

D, LaSala P, Kostrzewa M, Harmsen D. 2008.
Evaluation of matrix-assisted laser desorption
ionization-time-of-flight mass spectrometry in
comparison to 16S rRNA gene sequencing for
species identification of nonfermenting bacteria.
J Clin Microbiol 46:1946-1954. https://doi.org/
doi:10.1128/JCM.00157-08

Meng Q, Yang H, Zhang G, Sun W, Ma P, Liu X,
Dang L, Li G, Huang X, Wang X, Liu, J, Leng Q. 2021.
CRISPR/Cas12a-assisted rapid identification of

key beer spoilage bacteria. Innov Food Sci Emerg
Technol 74:102854. https://doi.org/10.1016/j.
ifset.2021.102854

Michel M, Meier-Dornberg T, Kleucker A, Jacob F,
Hutzler M. 2016. A new approach for detecting
spoilage yeast in pure bottom-fermenting and
pure Torulaspora delbrueckii pitching yeast,
propagation yeast, and finished beer. J Am Soc
Brew Chem 74, 200-205. https://doi.org/10.1094/
ASBCJ-2016-3148-01

Mohd Azhar SH, Abdulla R, Jambo SA, Marbawi

H, Gansau JA, Mohd Faik AA, Rodrigues KF. 2017.
Yeasts in sustainable bioethanol production: A
review. Biochem Biophys Rep 10:52-61. https://doi.
org/10.1016/j.bbrep.2017.03.003

Mukai N, Masaki K, Fujii T, lefuji H. 2014. Single
nucleotide polymorphisms of PAD1 and FDC1
show a positive relationship with ferulic acid
decarboxylation ability among industrial yeasts
used in alcoholic beverage production. J Biosci
Bioeng 118:50-55. https://doi.org/10.1016/j.
jbiosc.2013.12.017

Nigam PS. 2017. An overview: Recycling of solid
barley waste generated as a by-product in distillery
and brewery. Waste Manag 62:255-261. https://
doi.org/10.1016/j.wasman.2017.02.018

Nigam PS, Sing A. 2011. Production of liquid
biofuels from renewable resources. Prog Energy
Combust Sci 37:52-68. https://doi.org/10.1016/j.
pecs.2010.01.003

Ogata T, lwashita Y, Kawada T. 2017. Construction
of a brewing yeast expressing the glucoamylase
gene STA1 by mating. J Inst Brew 123:66-69.
https://doi.org/10.1002/jib.394

Paraiso F, Pontes A, Neves J, Lebani K, Hutzler M,
Zhou N, Sampaio JP. 2023. Do microbes evade
domestication? - Evaluating potential ferality
among diastatic Saccharomyces cerevisiae. Food
Microbiol 115:104320. https://doi.org/10.1016/j.
fm.2023.104320

Pauley M, Maskell D. 2017. Mini-Review: The role
of Saccharomyces cerevisiae in the production of
gin and vodka. Beverages 3:13. https://www.mdpi.
com/2306-5710/3/1/13

Peter J, De Chiara M, Friedrich A, Yue J-X, Pflieger
D, Bergstrom A, Sigwalt A, Barre B, Freel K,
Llored A, Cruaud C, Labadie K, Aury J-M, Istace

B, Lebrigand K, Barbry P, Engelen S, Lemainque
A, Wincker P, Liti G, Schacherer J. 2018. Genome
evolution across 1,011 Saccharomyces cerevisiae
isolates. Nature 556:339-344. https://doi.
org/10.1038/s41586-018-0030-5

Pontes A, Hutzler M, Brito PH, Sampaio JP.
2020. Revisiting the taxonomic synonyms

and populations of Saccharomyces cerevisiae

- phylogeny, phenotypes, ecology and
domestication. Microorganisms 8:903. https://
www.mdpi.com/2076-2607/8/6/903

Post, D. 2016. Left Hand Brewing recalls milk stout
nitro, says foreign yeast put too much fizz in the
bottle. The Denver Post. http://www.denverpost.
com/2016/09/12/left-hand-brewing-recalls-milk-
stout-nitro/

Pretorius | S, Marmu J. 1988. Localization of yeast
glucoamylase genes by PFGE and OFAGE. Current
Genetics 14, 9-13. https://doi.org/10.1007/
BFO0405847

© 2024 Institute of Brewing & Distilling

jib.ibd.org.uk

J Inst Brew 2024,130:3-14|12



Journal of the Institute of Brewing

Rees R. 2014. 10 Barrel recalls Swill. The Bulletin:
Empowering our Community. https://www.
bendbulletin.com/business/10-barrel-recalls-swill/
article_08eb73f3-b665-5dae-b6ca-09185136557a.
html

Riu-Aumatell M, Vargas L, Vichi S, Guadayol

IM, Lépez-Tamames E, Buxaderas S. 2011.
Characterisation of volatile composition of white
salsify (Tragopogon porrifolius L.) by headspace
solid-phase microextraction (HS-SPME) and
simultaneous distillation—extraction (SDE) coupled
to GC-MS. Food Chem 129:557-564. https://doi.
org/10.1016/j.foodchem.2011.04.061

Sanchez O J, Cardona C A. 2008. Trends in
biotechnological production of fuel ethanol
from different feedstocks. Bioresour Technolol
99:5270-5295. https://doi.org/10.1016/j.
biortech.2007.11.013

Sauer J, Sigurskjold BW, Christensen U, Frandsen
TP, Mirgorodskaya E, Harrison M, Roepstorff

P, Svensson B. 2000. Glucoamylase: structure/
function relationships, and protein engineering.
Biochim Biophys Acta 1543:275-293. https://doi.
org/10.1016/s0167-4838(00)00232-6

Schonling J, Pick E, Peter U, Britton S. 2019. Effect
of autolytic by-products on PCR-detection of
beer spoilers in yeast slurry. BrewSci 72:168-172.
https://doi.org/10.23763/BrSc19-18schoenling

Shinohara N, Woo C, Yamamoto N, Hashimoto

K, Yoshida-Ohuchi H, Kawakami Y. 2021.
Comparison of DNA sequencing and morphological
identification techniques to characterize
environmental fungal communities. Sci Rep
11:2633. https://doi.org/10.1038/s41598-021-
81996-w

Sivamani S, Chandrasekaran AP, Balajii M,
Shanmugaprakash M, Hosseini-Bandegharaei

A, Baskar R. 2018. Evaluation of the potential of
cassava-based residues for biofuels production.
Rev Environ Sci Biotechnol 17:553-570. https://doi.
org/10.1007/s11157-018-9475-0

Stewart GG, Panchal CJ, Russell I. 1983.
Current developments in the genetic
manipulation of brewing yeast strains - a
review. J Inst Brew 89:170-188. https://doi.
org/10.1002/j.2050-0416.1983.tb04163.x

Stewart GG, Russell I. 1987. Biochemistry and
genetics of carbohydrate utilization by industrial
yeast strains. Pure Appl Chem 59:1493-1500.
https://doi.org/doi:10.1351/pac198759111493

Storgards E, Tapani K, Hartwall P, Saleva R, Suihko
M-L. 2006. Microbial attachment and biofilm
formation in brewery bottling plants. J Am Soc
Brew Chem 64:8-15. https://doi.org/10.1094/
ASBCJ-64-0008

Stulikova K, Vrzal T, Kubizniakova P, Enge J,
Matoulkova D, Branyik T. 2021. Spoilage of bottled
lager beer contaminated with Saccharomyces
cerevisiae var. diastaticus. J Inst Brew 127:256-261.
https://doi.org/10.1002/jib.653

Suiker IM, Arkesteijn GJA, Zeegers PJ, Wosten HAB.
2021. Presence of Saccharomyces cerevisiae subsp.
diastaticus in industry and nature and spoilage
capacity of its vegetative cells and ascospores.

Int J Food Microbiol 347:109173. https://doi.
org/10.1016/].ijffoodmicro.2021.109173

Suiker IM, Wosten HAB. 2022. Spoilage yeasts
in beer and beer products. Curr Opin Food
Sci 44, 100815. https://doi.org/10.1016/j.
cofs.2022.100815

Tamaki H. 1978. Genetic studies of ability

to ferment starch in Saccharomyces: Gene
polymorphism. Mol Gen Genet 164:205-209.
https://doi.org/10.1007/BF00267385

Uotila I, Krogerus K. 2023. A simple and rapid
CRISPR-Cas12a-based detection test for diastatic
Saccharomyces cerevisiae. J Inst Brew 129:128-
146. https://doi.org/10.58430/jib.v129i2.21

Verma G, Nigam P, Singh D, Chaudhary K. 2000.
Bioconversion of starch to ethanol in a single-step
process by coculture of amylolytic yeasts and
Saccharomyces cerevisiae 21. Bioresour Technol
72:261-266. https://doi.org/10.1016/S0960-
8524(99)00117-0

© 2024 Institute of Brewing & Distilling

jib.ibd.org.uk

J Inst Brew 2024,130:3-14'13



Walker GM, Hill AE. 2016. Saccharomyces cerevisiae
in the production of whisk(e)y. Beverages 2:38.
https://doi.org/10.3390/beverages2040038

Wang X, Liao B, Li Z, Liu G, Diao L, Qian F, Yang

J, Jiang Y, Zhao S, Li Y, Yang S. 2021. Reducing
glucoamylase usage for commercial-scale ethanol
production from starch using glucoamylase
expressing Saccharomyces cerevisiae. Bioresour
Bioprocess 8:20. https://doi.org/10.1186/s40643-
021-00375-5

Watson DC. 1993. Yeasts in distilled alcoholic-
beverage production, p 215-244. In Rose AH,
Harrison JS (eds), The Yeasts, 2nd ed, volume 5,
Academic Press, London, UK.

Wieme AD, Spitaels F, Aerts M, De Bruyne K,

Van Landschoot A, Vandamme P. 2014. Effects

of growth medium on matrix-assisted laser
desorption-ionization time of flight mass spectra:
a case study of acetic acid bacteria. App! Environ
Microbiol 80:1528-1538. https://doi.org/10.1128/
aem.03708-13

Yamashita |, Hatano T, Fukui S. 1984. Subunit
structure of glucoamylase of Saccharomyces
diastaticus. Agric Biolog Chem 48:1611-1616.
https://doi.org/10.1080/00021369.1984.10866345

Yamashita |, Suzuki K, Fukui S. 1986. Proteolytic
processing of glucoamylase in the yeast
Saccharomyces diastaticus. Agric Biolog

Chem 50:475-482. https://doi.org/10.1271/
bbb1961.50.475

Yamauchi H, Yamamoto H, Shibano Y, Amaya

N, Saeki T. 1998. Rapid methods for detecting
Saccharomyces diastaticus, a beer spoilage yeast,
using the polymerase chain reaction. J Am Soc
Brew Chem 56:58-63. https://doi.org/10.1094/
ASBCJ-56-0058

Zaldivar J, Nielsen J, Olsson L. 2001. Fuel ethanol
production from lignocellulose: a challenge for
metabolic engineering and process integration.
Appl Microbiol Biotechnol 56:17-34. https://doi.
org/10.1007/s002530100624

© 2024 Institute of Brewing & Distilling jib.ibd.org.uk

J Inst Brew 2024,130:3-14 |14



