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Why was the work done: Cachaça, the oldest distilled beverage in 
the Americas, has great historical and cultural significance. A review 
of cachaça production is important to preserve tradition, standardise 
industry processes, promote innovation and quality. This review offers 
a comprehensive overview of current knowledge and advancements in 
cachaça production, covering regulation, process control, product quality 
and future developments.
What are the main findings: Thev production of Cachaça works within 
well defined regulations, with its production encompassing both field 
and industrial practice. The review focuses on sugar cane cultivation, 
fermentation, distillation, and ageing in wooden barrels. It underscores 
the significance of regional factors such as climate, soil, and sugar cane 
variety in shaping the sensory profile of cachaça. While a range of sugar 
cane cultivars have been developed and grown in different environments, 
further research on the adaptation of sugar cane crop is necessary. The 
fermentation of cachaça is spontaneous utilising the microbiota in the sugar 
cane juice. However, the use of wild sugar cane yeasts, complemented 
with commercial strains is increasingly used by producers. With regard to 
distillation,  production of the spirit in copper still pots and ageing in tropical 
wood barrels remain  prevalent in the industry.  
Why is the work important: This review contributes to ongoing efforts 
to enhance the quality of cachaça. Whilst the importance of traditional 
production methods is recognised, this review embraces advancements in 
technology coupled with insights to future perspectives. 
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authenticity standards of cachaça, although each 
wood contiibutes different physiochemical and 
sensorial characteristics to cachaça (Silva et al. 
2009; Bortoletto et al. 2021).

To ensure the yield, productivity and quality of 
sugar cane cachaça (and brandy), production is 
regulated by Ordinance Nº 539, which defines the 
physiochemical, sensorial characteristics and quality 
standards (Brazil 2022). Over time, the cachaça 
sector has improved the technologies for sugar 
cane production (handling, varieties, harvesting 
and transport), and cachaça production (extraction, 
fermentation, distillation and ageing).  However, 
the production processes requires improvement 
to enhance process control, yield, productivity, 
and product quality. This review considers cachaça 
production and considers its technical improvement 
from sugar cane to a high quality spirit with 
consideration of contradictions, critical comments, 
and perspectives.

During the 19th century, coffee growing had a 
negative effect on the production and market for 
cachaça (Rosa et al. 2009). In 1992, the Brazilian 
government created ‘Pró-Cachaça’, an incentive 
program to encourage cachaça producers to return 
and invest in technologies enabling large scale 
production (Lima et al. 2022). In 1997, legislation 
was put in place defining sugar cane spirits such as 
‘cachaça,’ ‘caninha,’ or ‘aguardente de cana’ (Brazil 
1997). In 2002, decree 4072 reserved the term 
'cachaça' for sugar cane spirits made in Brazilian 
territory (Brazil, 2002). In 2005, the Ministry 
of Agriculture, Livestock and Supply approved 
the technical regulation that defines the quality 
standards to produce cachaça (Brazil 2005) and in 
2013 cachaça was recognised as a Brazilian spirit 
(Medeiros et al. 2017).

The technical regulation (ordinance 13/2005) 
boosted cachaça production. However, in 2022, a 
new regulation was published that establishes the 
identity and quality standards for sugar cane spirit 
including ‘cachaça’ and ‘aguardente de cana’ (Brazil 
2022b). This focussed on the quality parameters 
that assure the identity and quality of cachaça.  This 
was an important step in boosting the production 

  

Cachaça is a Brazilian spirit produced  from sugar cane 
juice which is fermented and distilled (Bortoletto 
2023). Cachaça is only produced in Brazil and has 
an alcohol content of 38-48% (v/v) (Brazil 2022a). 
The production of cachaça includes both field and 
industrial practice. Field practices include planting 
of sugar cane, harvesting and transportation, with 
industrial practice involving reception, extraction of 
juice, fermentation, distillation, standardisation, and 
ageing. Overall, the primary processes in Cachaça  
production  are  fermentation and distillation.  

During fermentation, yeasts transform the sugars 
in sugar cane juice into wine with the formation 
of ethanol, carbon dioxide and other metabolites. 
The composition of sugar cane juice reflects the 
cultivars and adaptation to the environment. 
The juice contains around 103 yeast cells/mL that 
play a role in  fermentation.  The  environmental 
yeast are diverse and include Saccharomyces, 
Schizosaccharomyces, Pichia, Debaryomyces, 
Kloeckera, Zygosaccharomyces and Candida (Rosa 
et al. 2009). Cachaça fermentation is performed 
over several fermentation cycles using open, 
batch fermenters. Although the primary yeast - 
Saccharomyces cerevisiae - is prevalent during 
fermentation batch fermentations  are  easily 
contaminated by environmental microorganisms. 
Therefore, producers acid wash the yeast inoculum 
to limit bacterial contamination. The distillation 
process uses a column or copper still pots (Lima et 
al. 2022; Bortoletto 2023) and the distilled product 
contains alcohols, aldehydes, acids, ketones, and 
esters (Alcarde et al. 2012).  However, freshly 
distilled cachaça exhibits undesirable bitterness 
and harshness, which are reduced by maturation 
through ageing (Alcarde et al. 2014).

Cachaça is aged in stainless steel or wooden 
barrels. The former do not contribute any ageing 
characteristics to cachaça, whereas wooden barrels 
promote chemical changes in cachaça including 
flavour and colour (Alcarde et al. 2014; Bortoletto 
2023). Although, oak barrels predominate for 
ageing of cachaça, other tropical woods have been 
used including umburana, wild peanut, jequitibá, 
araruva, jequitibá rosa, cherry tree, purple ipê and 
chestnut tree (Bortoletto et al. 2021). The use of 
tropical woods must maintain quality and
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Legislation



adaptability  with  heightened susceptibility to 
diseases, insects, and pests exhibited by older 
genotypes (Ravaneli et al. 2006; Rosa et al. 2009). 
Recently, small scale sugar cane producers have 
undergone a transformative shift thanks to the 
emergence and advancement of novel sugar 
cane cultivars. These cultivars have enhanced 
adaptability to varying weather conditions, efficient 
straw removal, resistance against lodging, low 
fibre content, resilience to pests, insects, diseases 
and exhibit enhanced productivity (Ravaneli et al. 
2006). This has significantly influenced small scale 
producers and their practices in cultivating sugar 
cane, such that they use new sugar cane cultivars to 
guarantee the quality and yield of cachaça (Martini 
et al. 2010).

In Brazil, three research institutes - Planalsucar/
Ridesa (RB), Copersucar Sugar cane Technology 
Centre (CTC) and Instituto Agronômico de 
Campinas (IAC) - have breeding programmes for 
the development of new sugar cane cultivars. Of 
these, RB cultivars cover 68% of the sugar cane 
growing area in Brazil, with the RB92579 cultivar 
the most cropped sugar cane in the Northeast 
region due to easy adaptation and high productivity 
(Martini et al. 2010; Alcarde et al. 2012). In the 
Paraíba state, the RB867515 cultivar is used by 
small and large producers due to its adaptation to 
growth conditions, yield and productivity. Further, 
this cultivar shows excellent microbiological and 
physical-chemical characteristics (Martini et al. 
2010; Alcarde et al. 2014).

With the exception of Amapá and Roraima, sugar 
cane is produced in all Brazilian states. Paraíba, is 
divided into four mesoregions, with sugar cane 
cropping in two mesoregions, Ageste Paraibano 
(3), and Mata Paraibana (4) (Figure 1). The Mata 
Paraibana mesoregion is characterised by hot and 
humid tropical climate that contains a large area 
for sugar cane cultivation due to its weather and 
relief.  However, most of the sugar cane production 
is destined for bioethanol and sugar production 
(Medeiros-Silva et al. 2019; Vilela et al. 2021). The 
Agreste mesoregion is characterised by medium 
to low temperatures with irregular rainfall and 
produces most of the cachaça in Paraiba (Medeiros-
Silva et al. 2019). 
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of cachaça.  Currently cachaça is produced in all 
Brazilian states and is the second most consumed 
alcoholic beverage in the country. The sugar cane 
sector contributes to the preservation of the diverse 
genetic resources, cultural heritage, historical 
legacy in Brazil.  Cachaça helps shape the socio-
economic landscape of the country, is a versatile 
ingredient in culinary practice and an ingredient in 
the preparation of the national drink, ‘caipirinha’.

Cachaça is an alcoholic beverage with an ABV 
(alcohol by volume) of 38 to 48%. Cachaça is 
classified into four categories: 'cachaça', 'cachaça 
adoçada' (sweetened cachaça) and 'aged'. Aged 
cachaça is divided into 'cachaça descansada' (short 
aged) and 'aged cachaça (premium cachaça and 
extra premium cachaça) (Brazil 2022b).

'Cachaça is produced from the wort of sugar cane 
juice with proper sensorial characteristics’ (Brazil 
2022a). Sugar cane is a tropical crop that grows 
well in hot climates at temperatures between 18 
and 35°C (Rossato et al. 2013). Sugar cane cultivars 
result from crossbreeding of species or other 
cultivars and adapt to different soils, climate and 
environment. As a result, these factors influence 
the chemical composition and maturation of the 
sugar cane plants (Rosa et al. 2009; Lima et al. 
2022). Sugar cane cultivars contain 75 to 89% water 
and 11-25% soluble solids (including carbohydrates, 
amino acids, minerals, vitamins, and lipids). Sugar 
cane juice contains glucose, fructose, and sucrose 
as the primary sugars (Rosa et al. 2009; Martini et 
al. 2010). Poor adaptation of sugar cane cultivars 
results in a low concentration of soluble solids and 
can negatively affect the yield and quality of cachaça 
(Vilela et al. 2021).

Sugar cane used for cachaça production is typically 
manually cropped and harvested, and is distinct 
from sugar cane destined for biofuel or sugar 
where mechanical harvesting is used (Rosa et al. 
2009; Rossato et al. 2013). Large scale sugar cane 
plantations have embraced the adoption of new 
and improved sugar cane cultivars. In contrast, 
smaller producers have maintained the cultivation 
of older genotypes characterised by low yields and 
productivity.  This is attributed to the limited
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Figure 1.

Paraíba state in Brazil with mesoregion divisions (Adapted from Medeiros-Silva et al. 2019).

Serafim et al (2016) sampled cachaça from 
five Brazilian states, produced by spontaneous 
fermentation and distilled in copper stills pot. 
The authors reported that there were chemical 
differences in cachaças which were not aged in 
wooden barrels. Vilela et al. (2021) examined 
thirty-eight cachaça samples from Paraíba state 
and identified differences in their chemical profile. 
The differences of these cachaças were associated 
with the characteristics of each region, including 
weather, soil, environment, sugar cane cultivars, 
and the type of wild yeast native to each region. 

Sugar cane harvesting should be during the optimal 
harvesting period or ‘maturation index’ (MI), 
corresponding to the highest sucrose concentration 
in the culms (Rosa et al. 2009). The sugar cane 
cultivars can reach maturation at different times

and are classified as early (< 12 months), average 
(≈ 12 months) or late (> 12 months). These three 
periods are driven by the type of sugar cane cultivar 
and its adaptation to the environment (Martini et 
al. 2010). Not all producers use the maturation 
index for harvesting but identify a soluble solids 
concentration >18°Brix as suitable (Rosa et al. 2009). 
Sugar cane juice is ground (mechanically crushed) 
to extract 65-75% (at a small-scale), or up to three 
times for a 90% extract (Rosa et al. 2009; Martini et 
al. 2010). Increasingly grinding is being replaced by 
milling and then grinding (Figure 2).

Yeasts are inoculated into sugar cane juice (or 
‘must’) (Martini et al. 2010; Bortoletto 2023) 
that supports microbial growth and fermentation 
through sugars (glucose, fructose, and sucrose), 
nitrogenous material (amino acids, peptides, 
proteins, nitrogenous ions, nucleic acids), vitamins, 
organic acids, lipids, inorganic elements (potassium, 

Juice extraction, wort composition, 
and microbiota
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Figure 2.

Cachaça production (from Silva et al. 2020)

phosphorus, magnesium, zinc, copper, iron, 
manganese) (Briggs et al. 2004). Sugar cane juice 
contains about 103 yeast/mL, which multiply 
during fermentation. Although Saccharomyces 
cerevisiae is prevalent,  other yeasts have been 
identified including Schizosaccharomyces, Pichia, 
Debaryomyces, Kloeckera, Zygosaccharomyces and 
Candida (Rosa et al. 2009; Monjito et al. 2014). With 
the correct yeast handling practice, the cell number  
increases to 30 x 106/mL in 48 hours (Monjito et al. 
2014).

Sugar cane juice also inevitably contains bacteria, 
contaminants which convert sugar and ethanol 
to lactic and acetic acid (Borges et al. 2014). 
These acids are thought to be associated with the 
formation of volatile compounds although there is 
little evidence for this (Rosa et al. 2009). In contrast, 
Saccharomyces yeast produce acetic, lactic, citric 
and succinic acids (Briggs et al. 2004). Researchers 
and producers have been considering options for  
inactivating wort microbiota as these can impact 
on the quality of cachaça.  This would improve 
fermentation control and the quality of cachaça.

In the production of cachaça (Figure 2), fermentation 
is performed by yeasts which convert sugars into

ethanol, carbon dioxide and secondary metabolites. 
Saccharomyces cerevisiae is widely used for cachaça 
production due to its resistance to toxicity, high 
fermentative capacity, resistance to stress, and the 
formation of desirable compounds (Briggs et al. 
2004; Martini et al. 2010; Duarte et al. 2013; Ribeiro-
Filho et al. 2021). Cachaça yeasts are indigenous 
to the sugar cane plant, and reflect the cultivars, 
weather, soil, and environment (Vilela et al. 2021). 
Typically, cachaça fermentation is spontaneous 
using the yeast from sugar cane (Vicente et al. 2006; 
Martini et al. 2010; Portugal et al 2017). However, 
producers are increasingly using commercial yeasts 
to inoculate the juice (Duarte et al. 2013; Monjito et 
al. 2014). Although commercial yeasts enable faster 
fermentation, yeasts from different environments 
are important in the quality and diversity of cachaça.

The sugar cane plant is rich in yeast from the 
eleventh internode to the top with reducing 
sugars and elevated acidity (Martini et al. 2010; 
Borges et al. 2014). Strains of Saccharomyces 
cerevisiae have been isolated from sugar cane with 
favourable characteristics in adaptation/survival to 
environmental factors including pH, temperature, 
oxygen, osmotic stress, nutritional limitation 
(carbon, amino acids and inorganic elements) and 
ethanol yield (Alcarde et al. 2014).  Commercial 
yeasts are an attractive alternative to better 

Fermentation
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continuous or discontinuous batch process (Rosa 
et al. 2009: Alcarde et al. 2012;). The continuous 
process uses fractional distillation with stainless 
steel columns that are used for large scale 
production of cachaça or for bioethanol (Rosa et al. 
2009; Bortoletto 2023). Discontinuous distillation 
or ‘simple’ or ‘double distillation’ with a copper still 
pot (alembic) are used in the small scale production 
of cachaça (Figure 3). A copper still can result in an  
increase in the concentration of copper in cachaça, 
an issue which is managed by effective cleaning.  
Cachaça distillation is controlled by alcohol content 
and is seperated into three fractions - 'head', 'heart' 
and 'tail' (Alcarde et al. 2012; Serafim et al. 2013; 
Portugal et al. 2017). 

The heads fraction contains desirable volatile 
compounds, a high ethanol content but more 
undesirable compounds (including methanol) 
(Alcarde et al. 2009; Nova et al. 2009; Serafim 
et al. 2013; Rota et al. 2013). The hearts fraction 
is used for cachaça, and represents 80-85% of 
the distillate, with ethanol and other volatile 
compounds reflecting the requirements of 
legislation (Alcarde et al. 2009; Serafim et al. 2013; 
Borges et al. 2014; Bortoletto et al. 2021). The 
tails fraction contains a low level of ethanol and 
desirable compounds, with a high levels of acetic 
acid, furfural, and hydroxymethylfurfural (Nova 
et al. 2009; Rota et al. 2013; Granato et al. 2014; 
Bortoletto and Alcarde 2015; Portugal et al. 2017).  
Further, during distillation or double distillation, 
the underiable compound ethyl carbamate (from 
the reaction of ethanol and cyanide) is retained in 
the tails fraction (Alcarde et al. 2012). It should be 
noted that continuous distillation in stainless steel 
columns does not result in separation into the three 
fractions (Nova et al. 2009; Alcarde et al. 2012).

Post processing, cachaças from copper still pots 
or stainless steel columns are described on tasting 
as aggressive, alcoholic, hard, bitter with  negative 
sensory characteristics (Rosa et al. 2009; Alcarde et 
al. 2014). The use of copper still pots minimise some 
of these characteristics as copper removes sulphur 
compounds, generated during fermentation from 
sulphur containing amino acids (Alcarde et al. 2014; 
Silvello et al. 2021). During the first three to six 
months of maturation in stainless steel or wooden 
barrels, some of the highly volatile compounds are 
lost, which improves the sensory characteristics 
(Alcarde et al. 2014; Silvello et al. 2021).

control fermentation (Rosa et al. 2009; Alcarde et 
al. 2014; Paredes et al. 2018).  Despite this, some 
producers prefer to continue use the yeasts from 
sugar cane juice microbiota.

Yeast strains for cachaça production have been 
isolated according to fermentation rate, stress 
tolerance, sugar consumption, flocculation, 
no hydrogen sulphide, low acetic acid, ethanol 
tolerance, high ethanol formation and desired 
aroma compounds (Vicente et al. 2006; Nova 
et al. 2009; Paredes et al. 2018). Further, a mix 
of yeasts (Saccharomyces cerevisiae and non-
Saccharomyces) were used to assess fermentation 
performance, flavour and aroma.  It was observed 
that Pichia caribbica and Saccharomyces cerevisiae 
improved fermentation, increasing ethanol content 
and the aroma profile (Duarte et al. 2013; Borges 
et al. 2014). Similarly, Saccharomyces cerevisiae and 
Meyerozyma caribbica were reported to increase 
the content of esters and higher alcohols (Amorim 
et al. 2016).

Yeast metabolites are either non-volatile or 
volatile. Sugars (including mono-, di-, tri-, and 
polysaccharides), inorganic salts, nucleotides, 
amino acids, proteins, polyphenols, small peptides 
contribute to the flavour of the beverage. Whereas 
volatile compounds (esters and higher alcohols) are 
responsible for aroma. Although the raw material 
can influence flavour formation, yeast metabolism 
generates a multitude of compounds, which,  
together with the partition coefficient of compounds 
during distillation, influence the aroma profile of 
cachaça and. Yeast compounds can be grouped into 
six groups including organic acids, higher alcohols, 
carbonyl compounds, sulphur compounds, phenolic 
compounds, and volatile esters (Saerens et al. 
2010). Higher alcohols and esters are important 
aroma compounds. Higher alcohols are generated 
from amino acid metabolism and esters from higher 
alcohols and acetyl-CoA (Briggs et al 2004).

During distillation, compounds are separated 
according to their boiling point (Alcarde et al. 2012). 
Distillation can be performed as a continuous, semi-

Secondary metabolites produced during 
fermentation

Distillation
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Figure 3.

Copper pot stills used to produce Cachaça: (a) hot head; (b) head cooler; (c) dephlegmator; and (d) rectifier (adapted 
from Alcarde et al. 2012).

Whilst ageing is a standard process step in the 
production of cachaça, it is not mandatory (Rosa et 
al. 2009) but significantly improves flavours (Rosa 
et al. 2009; Caetano et al. 2022). However, as noted 
above, freshly distilled cachaças can be hard and 
bitter. Accordingly, a short storage period (three to 12 
months) in steel or wooden barrels is recommended 
to improve the sensory characteristics of cachaça 
(Alcarde et al. 2014; Silvello et al. 2021). Further, 
the poor sensory characteristic of fresh or young 
cachaças can be mollified by the addition of sucrose 
(6 g/L to young or 30 g/L to fresh).  In the latter 
case, the addition of sucrose requires labelling as 
‘sweetened’ cachaça (Brazil 2022b).

Cachaça is classified as 'cachaça', 'sweetened 
cachaça', 'aged cachaça', 'premium cachaça', and 
'extra premium cachaça' (Brazil 2022b). ‘Aged’ 
cachaça must contain 50% of cachaça which has 
been aged for at least 12 months in wooden 700 L 
barrels, whereas ‘premium cachaça’ contains 100% 
aged spirit. The ‘extra premium’ cachaça is 100% 
aged spirit but aged for three years or more.

Like whiskey, cachaça is aged using oak barrels (Rosa 
et al. 2009; Castro et al. 2020). There are several oak

Discontinuous double distillation can also be used to 
reduce the hard and bitter characteristics of unaged 
cachaça (Alcarde et al. 2012). Double distillation 
uses a second distillation, using (1) hearts fraction, 
(2) a mix of head and tails fraction) or (3) a mix of 
50% (heads and tails) + 50% of freshly fermented 
wort. Double distillation reduces acidity, aldehydes, 
esters, methanol, higher alcohols, copper and ethyl 
carbamate and is good for ageing (Alcarde et al. 
2012). Indeed, double distillation generates a more 
standardised beverage, improving its sensorial 
quality and consistency (Alcarde et al. 2012; Rota 
et al. 2013).

Increasing the number of distillations results in a 
more neutral spirit with fewer congeners (acetic 
acid, aldehyde, ethyl acetate, propyl alcohol and 
furfural) and contaminants (methanol, butan-2-ol, 
copper and ethyl carbamate). Moving from double 
distillation to five rounds of distillation, creates a soft 
and flavourless product, which can be developed by 
ageing in wooden barrels. However, for traditional 
unaged cachaça, a simple or double distillation can 
generate a product with the desirable and complex 
flavour profile of cachaça. This process takes five 
hours and further research is required establish the 
optimal duration and configuration of copper still 
pots for aroma formation during distillation.

Ageing
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Ageing cachaça in tropical wooden rather than oak 
barrels results in a similar spectrum of compounds 
but with differences in concentration (Zacaroni et 
al. 2011). Castanheira (Pará or Brazil nut) barrels 
contribute phenolic compounds such as gallic acid, 
and ellagic acid (Zacaroni et al. 2011; Bortoletto 
et al. 2016). Barrels made from the timber tree 
umburana contribute curamin, eugenol, cinnamon 
laurel, catechin and vinylic acid (Alcarde et al. 2014). 
Barrels made from balsamo contribute phenolic 
compounds such as ellagic acid and vanillin (Alcarde 
et al. 2010; Bortoletto et al. 2016). However, barrels 
made from Brazilian walnut (ipê) contribute syringic 
acid, vanillic acid and coniferaldehyde (Alcarde 
et al. 2014; Bortoletto et al. 2016). Similarly, the 
phenolic acids from peroba wood are vanilin and 
syringic acid (Santiago et al. 2017). Gallic acid and 
syringaldehyde are the main phenolic compounds 
found by ageing in jatobá barrels (Bortoletto et al. 
2016; Santiago et al. 2017).

An evaluation of tropical wooden barrels by 
Bortoletto et al (2016) reported that cachaça 
aged in oak provide a sweet, smooth taste with a 
vanilla aroma and a yellow colour. A similar colour 
was observed in cachaças aged in barrels made 
from umburana, cabreúva and jatobá. In contrast, 
barrels made from feijó, peanut wood, araruva, 
and jequitibá did not influence the colour of aged 
cachaça (Alcarde et al. 2010; Santiago, et al. 2017). 
Balsamo barrels contributed a sharp and pleasant 
aroma with a reddish-yellow colour (Bortoletto et al. 
2016; Santiago et al. 2017). Ageing in barrels from 
peanut wood, pear tree, jatobá, and eucalyptus 
contributed similar characteristics to oak barrels 
including colour, together with polysaccharides and 
lignin, which improve the sensory character (Souza 
et al. 2012). 

No two wooden barrels are the same, reflecting the 
background of the tree (genetic and topographical), 
the part of the tree from which the wood was taken 
and subsequent variations in the production process 
(Gollihue et al. 2021).  The manufacture of wooden 
barrels is outlined in Figure 4. France and the United 
States are the largest producers and exporters using 
oak from French forests (Quercus petraea, Q. robur) 
and American oak (Q. alba) (Cadahía et al. 2009; 
Carpena et al. 2020). The wood used in barrels for 

species including peduncular oak (Quercus robur 
L, Quercus pedunculata Ehrh), sessile oak (Quercus 
petraea L, Quercus sessiliflora Sm), American 
white oak (Quercus alba L) and North American 
red (Quercus rubra) (Chatonnet and Dubourdieu 
1998). Ageing in oak barrels contributes attractive 
compounds including cumurins, scopoletin, gallic 
acid, ellagic acid, and vanillin (Chatonnet and 
Dubourdieu 1998; Bortoletto et al. 2016; Castro et 
al. 2020). However, as oak is not a native Brazilian 
wood, its use has become expensive through 
importation costs (Silva et al. 2009). 

As a result other Brazilian tropical wood species 
have been used for cachaça ageing including 
castanheira-do-Pará (Pará or Brazil nut tree), 
umburana/ amburana (Amburana cearenses), 
balsamo (Myroxylon balsamum), Jatoba (Hymenaea 
courbaril), wild peanut, araruva, jequitibá rosa, 
peroba rosa (Aspidosperma polyneuron), cherry 
tree, ipê (Brazilian walnut), chestnut tree, grápia, 
pau-pereira, and freijó (Bortoletto and Alcarde 
2013; Bortoletto et al. 2016; Bortoletto et al. 
2021). The use of tropical woods contributes a 
different physicochemical composition and sensory 
characteristics to cachaça (Alcarde et al. 2010; 
Bortoletto et al. 2021). Ageing cachaça using 
tropical wooden barrels opened a new market to the 
diversity of tropical wooden barrels and possibilities 
for blending, resulting in different flavours and 
sensory character (Bortoletto et al. 2021).

During ageing, compounds in cachaça interact with 
cellulose, hemicellulose, and lignin in the wood, 
undergoing decomposition facilitated by alcohol 
and water. Lignin degradation is responsible for 
the generation of compounds with low molecular 
weight including phenolic compounds (Carvalho 
et al. 2020; Castro et al. 2020; Silvello et al. 2021) 
which have been widely studied due to antioxidant 
properties (Bortoletto 2023). Phenolic compounds 
are secondary metabolites obtained from plants, 
bacteria, or fungi with high antioxidant capacity 
(Carvalho et al. 2020) and are divided into flavonoids 
(isoflavonoids, anthocyanidins, flavonoids, 
flavonols, flavanone, and flavones), and non-
flavonoids (hydroxycinnamic and hydroxybenzoic 
acids, stilbenoids, lignoids and coumarins). In foods, 
phenolic compounds contribute colour, astringency, 
aroma and oxidative stability (Carvalho et al. 2020; 
Castro et al. 2020).

Wooden barrels
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Figure 4.

Barrel manufacture for 
spirit ageing (adapted from 
Mosadale e Puech 1998).

 

Cachaça contains both volatile (aromas), and non-
volatile (flavour) compounds (Portugal et al. 2017; 
Bortoletto 2023). Cachaça flavour and aroma is 
influenced by numerous factors including sugar 
cane cultivar, yeast microbiota, fermentation 
conditions, distillation method and – where applied 
- ageing (barrel wood and toasting) (Bortoletto 
and Alcarde 2013; Granato et al. 2014, Bortoletto 
et al. 2016). Cachaça spirit contains a multitude of 
secondary compounds including aldehydes, esters, 
acids, alcohols, and phenols (see Table 1). Even at 
low concentrations compounds influence flavour 
and aroma through complex interactions which can 
be both synergistic and antagonistic.

spirit maturation must meet requirements for 
porosity, permeability, and chemical composition 
(Cadahía et al. 2009). Cylinder cuts are used to form 
the staves, which are dried, cut to shape and   are 
heated to be more malleable (Mosedale and Puech 
1998). After assembly of the barrel by the Cooper, 
he internal surface is charred or ‘toasted’ to be 
light, medium or heavy using different methods in 
Europe and the USA (Figure 4).

Toasting changes the structure, and composition 
of wood, which impacts on the spirit during ageing 
(Mosadale and Puech 1998; Bortoletto et al. 2021).  
The toasting process is divided into three types: 
1) 'light' which contributes a yellow colour to the 
beverage 2) 'medium' which results in a red colour 
and 3) 'heavy' gives a dark brown colour. Barrels 
toasted using heavy toasting result in smoky aromas 
which may not be desirable (Mosadale and Puech 
1998; Bortoletto et al. 2016; Bortoletto et al. 2021).

Flavour and aroma compounds
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Table 1.

Volatile compounds identified in cachaça aged in different types of wooden barrel.

Information dervied from Alcarde et al. 2010; Bortoletto et al. 2021; Catão et al. 2011; Dias et al. 1998; Nóbrega 2003; 
Cardeal and Mariott 2009; Silva et al. 2009; Souza et al. 2009; Duarte et al. 2011; Duarte et al. 2013; Amorim et al. 
2016; Gonçalves et al. 2016; Santiago et al. 2016; Zacaroni et al. 2017; Nascimento e Silva et al. 2020.

Cachaça is influenced by the geographical origin, 
field and industrial practice (Alcarde et al. 2012; 
Bortoletto 2023;) but the quality of the spirit must 
be controlled and standardised (Brazil 2022b). The 
geographical origin inevitably results in variation 
but promotes diverse flavour profiles, contributing 
to the complexity of the cachaça. Similarly, field 
practice encompasses the sugar cane supply chain 
from choosing a cultivar to harvesting. The industrial 
processes are key to minimising undesirable organic 
or inorganic contaminants such as copper, dimethyl 
sulphide, and ethyl carbamate.

The Brazilian legislation limits copper in cachaça to 
5 mg/L (Brazil 2022b). Sugar cane contains copper 
and the juice contains ca. 0.06 mg copper/L) which is 
required by yeast during fermentation. The divalent 
cation acts as an essential cofactor for enzymes

Esters are important aroma compounds and are 
formed during fermentation, distillation, and ageing 
(Bortoletto et al. 2016; Portugal et al. 2017; Oliveira 
et al. 2020). Ethyl carbamate (EC) is a carbamic acid 
ester formed during fermentation, distillation, and 
ageing (Nóbrega et al. 2009; Machado et al. 2013; 
Bortoletto and Alcarde 2016) and is a concern due 
to its carcinogenic properties (Machado et al. 2013; 
Gonçalves et al. 2016). Higher alcohols contribute 
to cachaça aroma and are generated by yeast via 
the Ehrlich pathway together with aldehydes and 
short-chain fatty acids (Hazelwood et al. 2008). 
Acetaldehyde contributes positively to the aroma of 
cachaça (Ribeiro-Filho et al. 2021). Other aldehydes 
such as furfural and hydroxymethylfural can be 
formed when sugar cane crop is burned before 
harvesting and generated during distillation due 
to a poor separation of yeast after fermentation 
(Bortoletto 2023). The alcohol, methanol is 
undesirable as it can cause health problems even at 
low concentrations (Alcarde et al. 2014).

Quality control

Copper
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with the amino acid arginine a precursor of urea, 
carbamyl phosphate, and cyanide (Jiao et al. 2014). 
The nitrogenous precursor interacts with ethanol to 
form ethyl carbamate (Jiao et al. 2014; Santiago et 
al. 2014). Studies reveal that the use of commercial 
yeast strains reduce the formation of ethyl 
carbamate (Lima et al. 2012; Santiago et al. 2017) as 
did wild yeasts from sugar cane juice supplemented 
with corn flour or rice bran (Santiago et al. 2014; 
Mendonça et al. 2016; Santiago et al. 2017).

Ethyl carbamate is formed during fermentation, 
but its concentration increases during distillation 
(Nóbrega et al. 2009; Lachenmeier et al. 2010). 
Separation of the distilled spirit into three fractions 
(heads, heart, and tails) enables the reduction 
of ethyl carbamate as the heads fraction retains 
much of the ethyl carbamate (Alcarde et al. 2012; 
Nova et al. 2009; Rota et al. 2013; Santiago et al. 
2017). Cachaça distilled in stainless steel columns is 
associated with the low levels of ethyl carbamate, 
but distillation in a copper pot results in a higher 
concentration of EC which can be reduced by  longer 
distillation (Nóbrega et al. 2009; Lima et al. 2012;). 
Double, triple, or multiple distillation reduces the 
concentration of congeners (acetic acid, aldehyde, 
ethyl acetate, propyl alcohol and furfural) and, 
importantly, compounds of concern (methanol, 
butane-2-ol, copper and ethyl carbamate) (Alcarde 
et al. 2012; Bortoletto et al. 2016).

It was thought that ethyl carbamate increases 
during the ageing process. However, there is no 
evidence that ethyl carbamate increases to levels 
above the international limit of 150 μg/L during 
ageing (Santiago et al. 2014; Bortoletto et al. 2016; 
Mendonça et al. 2016). In passing, cachaça stored 
in colourless glass bottles for six months results in 
an increase in the EC content due the exposure to 
natural light (Zacaroni et al. 2015).

Cachaça is a spirit with a distinctive sensory character 
with flavours from fermentation, distillation, 
and the ageing process. The aroma and flavour 
of cachaça offer a unique and complex matrix, 
which requires greater knowledge of its sensory 
attributes (Bortoletto et al. 2021). Sensory analysis 
determines the main attributes of the beverage and 
can facilitate the improvement and standardisation

(including cytochrome C oxidase, lactase, and Cu, 
Zn superoxide dismutase) and is important for yeast 
metabolism during iron homeostasis (De Freitas et 
al. 2003). However, copper present in the must/
wort does not contribute to the copper content 
of the spirit as it remains in the ‘tail’ fraction post 
distillation.  Distillation using stainless steel columns 
does not contribute copper, whereas cachaça 
distilled in copper still pots does.  Here, oxidation of 
internal walls of the copper still generate a copper 
salt, which dissolves in cachaça (Rosa et al. 2009; 
Alcarde et al. 2014; Böck et al. 2022). Therefore, 
copper content can increase to levels that are of 
concern (>5 mg/L). Accordingly, to reduce copper 
exposure and copper content within legal limits, the 
internal walls of copper pot stills should be cleaned 
before distillation (Rosa et al. 2009; Oliveira et al. 
2020; Böck et al. 2022).

Dimethyl sulphide is not regulated by Brazilian 
legislation, but generates sulphur off-flavours in 
the spirit (Rosa et al. 2009). Dimethyl sulphide 
is generated by yeast during fermentation but is 
captured during distillation in copper still pots. 
However, cachaça distilled in stainless steel columns 
contains dimethyl sulphide and can result in product 
with sulphur off-flavours (Alcarde et al. 2014). These 
may be mitigated by the addition of up to 6 g/L of 
sucrose to reduce the perception of off-flavours.

Sugar cane is a cyanogenic crop characterised by 
containing cyanogenic glycosides. Although little 
is known about the metabolic pathway of ethyl 
carbamate (EC) formation during fermentation of 
sugar cane juice (Rosa et al. 2009; Lachenmeier et 
al. 2010). Ethyl carbamate is a concern, potentially 
carcinogenic and an undesirable compound in 
cachaça (Nóbrega et al. 2009; Alcarde et al. 2012; 
Machado et al. 2013; Mendonça et al. 2016; 
Santiago et al. 2017).

The formation of EC is influenced by the raw material, 
fermentation and distillation practice (Lachenmeier 
et al. 2010; Alcarde et al. 2012; Santiago et al. 2014; 
Mendonça et al. 2016). During fermentation, urea 
supplementation increases EC formation (Nóbrega 
et al. 2009; Ljungdahl and Daignan-Fornier 2012)

Dimethyl sulphide

Ethyl carbamate

Sensory analysis
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Figure 5.

Sensory wheel for cachaça (Bortoletto 2023).

of quality through monitoring (Serafim et al. 2013). 
The application of sensory analysis has enabled the 
identification of the positive and negative attributes 
of cachaça including descriptors such as aggressive, 
hard, bitter, sulphur off-flavour, oiliness, yellow 
colour intensity, warming, sweetness, acidity, 
smooth, floral, fruity (vanilla aroma), woody, and 
alcohol (Serafim et al. 2013; Bortoletto et al. 2016). 
A sensory wheel has been created for cachaça to 
describe the profile of aged cachaça (Bortoletto 
2023). The sensory wheel for cachaça contains four 
sensory categories, fifty descriptors (including three 
for visual evaluation), thirty-three specific aromas, 
five tastes and nine sensations (Figure 5). Sensory 
wheels are tools to unify technical attributes to 
describe the characteristics of a product (Silvello et 
al. 2020).  The lexicon of the sensory wheel enables 
the qualitative and quantitative description of 
different examples of cachaça.

Further studies are required to improve 
understanding of the adaptation of sugar cane 
cultivars, the characteristics of sugar cane juice 
(including microbiota), and the influence on 
fermentation, distillation, and ageing of cachaça. 
Further, given the ecological diversity and varieties 
of sugar cane, the understanding of yeast handling 
for cachaça production is poor. Selecting and 
characterising the indigenous yeasts (physiology, 
genetic identity and diversity, metabolome etc) from 
different sugar cane cultivars and producers can 
create special cachaças with a mix of yeasts to create 
novel sensory characteristics. Fermentation would 
benefit from studies targeted at 1) the dominance 
and persistence of yeasts, 2) fermentation kinetics, 
3) nutrient transport, 4) yeast drying, 5) hydration 
of dried yeast, and 6) storage of dried yeast.

Future trends 
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The distillation process for cachaça takes inspiration 
from production of ‘bagaceira’ (Portuguese 
brandy) and whiskey. There are opportunities for 
the improvement in cachaça distillation such as 
the volatilisation kinetics of compounds during 
distillation in copper and/or stainless steel stills. 
Similarly, the use of different tropical woods for 
barrel ageing of cachaça ageing opens the door to 
new opportunities. Underpinning any developments 
or innovations is the application of sensory science 
to fingerprint the spirit and assure quality. Finally, 
the application of new analytical techniques – 
such as fluorescence and infrared spectroscopy - 
can be applied for the quality control of cachaça. 
Such methods are worthy of development as they 
non-destructive and have application in on-line 
monitoring.

Cachaça production is defined process with 
supporting regulation. Field practice involves 
planting of sugar cane, harvesting and 
transportation whilst industrial practice involves 
juice extraction, fermentation, distillation, 
ageing, and standardisation. Cachaça's sensory 
characteristics are determined by the climate, soil, 
environment, sugar cane cultivar and associated 
microbiota. Fermentation practice contributes to 
the sensory characteristics of cachaça, determined 
by indigenous or starter commercial yeasts. 
Cachaça fermentation is performed in open vessels 
resulting in the loss through gas washing of some 
aroma volatiles.  Producers prefer to use a copper 
pot still for cachaça distillation with the increasing 
use of different tropical wood for barrels ageing. 
The options for different toasting regimes of 
barrels influences the flavour and aroma of cachaça 
providing opportunities for differentiation of the 
spirit.

Conclusions

Author contributions

Declaration of competing interest

Acknowledgements

References



Journal of the Institute of Brewing

© 2023 Institute of Brewing & Distilling jib.ibd.org.uk 14J Inst Brew 2023,129:xxx-xxx

Cachaça Production: from sugar cane to spirit

Borges GBB, Gomes FCO, Badotti F, Silva ALD, 
Machado AMR. 2014. Selected Saccharomyces 
cerevisiae yeast strains and accurate separation 
of distillate fractions reduce the ethyl 
carbamate levels in alembic cachaças. Food 
Control 37:380-384. https://doi.org/10.1016/j.
foodcont.2013.09.013 

Bortoletto AM. 2023. Rum and cachaça. In Hill, A. 
and Jack, F (Eds). Distilled Spirits. Academic Press 
61-74. https://doi.org/10.1016/B978-0-12-822443-
4.00013-X 

Bortoletto AM, Alcarde AR. 2013. Congeners 
in sugar cane spirits aged in casks of different 
woods. Food Chem 139:695-701. https://doi.
org/10.1016/j.foodchem.2012.12.053

Bortoletto AM, Silvello GC, Alcarde AR. 2021. 
Aromatic profiling of flavor active compounds in 
sugar cane spirits aged in tropical wooden barrels. 
Brazilian J Food Tech 24:e2019071. https://doi.
org/10.1590/1981-6723.07119 

Bortoletto AM, Alcarde AR. 2015. Assessment of 
chemical quality of Brazilian sugar cane spirits and 
sugar cane spirits. Food Control 54:1–6. https://doi.
org/10.1016/j.foodcont.2015.01.030 

Bortoletto AM, Alcarde AR. 2016. Assessment 
of ethyl carbamate contamination in sugar cane 
spirit (Brazilian sugar cane spirit). Beverages 2:28. 
https://doi.org/10.3390/beverages2040028

Bortoletto AM, Correa AC, Alcarde AR. 2016. 
Ageing practices influence chemical and sensory 
quality of sugar cane spirit. Food Res Int 86:46–53. 
https://doi.org/10.1016/j.foodres.2016.05.003 

Brazil 2005. Ministry of Agriculture, Livestock 
and Supply. Approves the technical regulation 
for establishing identity and quality standards for 
sugarcane spirit and cachaça. Official Gazette of 
the Union: Section 1, Edition: 124:3-4, June 30, 
2005. Brasília, DF.

Brazil 2022a. Ministry of Agriculture, Livestock 
and Supply. Cachaça Yearbook 2021 / Secretariat 
of Agricultural Defense. Brasília: MAPA/AECS, 
2022:29. ISBN: 978-85-7991-173-6 https://
infoalimentario.com/2023/01/18/brazil-mapa-
ordinance-no-539-2022-establishes-the-identity-
and-quality-standards-for -sugar cane-brandy-and-
cachaca/

Brazil 2022b. Ministry of Agriculture, Livestock and 
Supply. MAPA Ordinance No. 539. Official Gazette 
of the Union, dated December 26, 2022.

Briggs DE, Boulton CA, Brookes PA, Stevens R. 
2004. Brewing: Science and Practice. Woodhead 
Publishing, Cambridge, UK.

Cadahía E, Simón BF, Sanz M, Poveda P, Colio J. 
2009. Chemical and chromatic characteristics of 
tempranillo, cabernet sauvignon and merlot wines 
from DO Navarra aged in Spanish and French oak 
barrels. Food Chem 115:639-649. https://doi.
org/10.1016/j.foodchem.2008.12.076 

Caetano D, Gonçalves Lima CM, Lima Sanson A, 
Silva DF, Hassemer GS, Verruck S, Gregorio SR, Silva 
GA, Afonso RJCF, Coutrim MX, Batiha GS, Gandara, 
JS. 2022. Chemical fingerprint of non-aged 
artisanal sugar cane spirits using Kohonen artificial 
neural network. Food Anal Methods 15:890–907. 
https://doi.org/10.1007/s12161-021-02160-8 

Carpena M, Pereira AG, Prieto MA, Simal-Gandara 
J. 2020. Wine ageing technology: fundamental 
role of wood barrels. Foods 9:1160. https://doi.
org/10.3390/foods9091160 

Carvalho DG, Ranzana L, Trierweilera LF, 
Trierweilera JO. 2020. Determination of the 
concentration of total phenolic compounds 
in aged cachaça using two-dimensional 
fluorescence and mid-infrared spectroscopy. Food 
Chem 329:127142. https://doi.org/10.1016/j.
foodchem.2020.127142

Castro MC, Bortoletto AM, Silvello GC, Alcarde 
AR. 2020. Lignin-derived phenolic compounds 
in cachaça aged in new barrels made from two 
oak species. Heliyon. 6:e05586. https://doi.
org/10.1016/j.heliyon.2020.e05586 



Journal of the Institute of Brewing

© 2023 Institute of Brewing & Distilling jib.ibd.org.uk 15J Inst Brew 2023,129:xxx-xxx

Chatonnet P, Dubourdieu D. 1998. Comparative 
study of the characteristics of American white oak 
(Quercus alba) and European oak (Quercus petraea 
and Quercus robur) for production of barrels used 
in barrel ageing of wines. Am J Enol Vitic 49:78-85. 
https://doi.org/10.5344/ajev.1998.49.1.79 

De Freitas J, Wintz H, Kim J H, Poynton H, Fox T, and 
Vulpe C. 2003. Yeast, a model organism for iron 
and copper metabolism studies. BioMetals 16:185–
197. http://doi.org/10.1023/A:1020771000746

Duarte WF, Amorim JC, Schwan RF. 2013. The 
effects of co-culturing non-Saccharomyces yeasts 
with S. cerevisiae on the sugar cane spirit (cachaça) 
fermentation process. Antonie van Leeuwenhoek. 
103:175–194. https://doi.org/10.1007/s10482-
012-9798-8 

Golllihue J, Pook VG, DeBolt S. 2021. Sources of 
variation in bourbon whiskey barrels: a review. J 
Inst Brew 127:210-223. https://doi.org/10.1002/
jib.660

Granato D, Oliveira CC, Caruso MSF, Nagato 
LAF, Alaburda J. 2014. Feasibility of different 
chemometric techniques to differentiate 
commercial Brazilian sugar cane spirits based 
on chemical markers. Food Res Int 60:212-217. 
https://doi.org/10.1016/j.foodres.2013.09.044 

Hazelwood L, Daran J, van Maris A, Pronk J, 
Dickinson J. 2008. The Ehrlich pathway for fusel 
alcohol production: A century of research on 
Saccharomyces cerevisiae metabolism. Appl 
Environ Microbiol 74:3920-3920. https://doi.
org/10.1128/AEM.02625-07 

Jiao Z, Dong Y, Chen Q. 2014. Ethyl carbamate 
in fermented beverages: Presence, analytical 
chemistry, formation mechanism, and mitigation 
proposals. Compr 13:611–626. https://doi.
org/10.1111/1541-4337.12084 

Lachenmeier DW, Lima MC, Nóbrega, IC, Pereira 
JA, Kerr-Corrêa F, Kanteres F, Rehm J. 2010. Cancer 
risk assessment of ethyl carbamate in alcoholic 
beverages from Brazil with special consideration to 
the spirits cachaça and tiquira. BMC Cancer 10:1–
15. https://doi.org/10.1186/1471-2407-10-266

Lima CM, Benoso P, Pierezan MD, Santana RF, 
Hassemer G, Rocha R A, Dalla Nora FM, Verruck 
S, Caetano D, Simal-Gandara J. 2022. A state-of-
the-art review of the chemical composition of 
sugar cane spirits and current advances in quality 
control. J Food Compost Anal 106:104338. https://
doi.org/10.1016/j.jfca.2021.104338 

Lima UA, Teixeira CG, Bertozzi JC, Serafim FAT, 
Alcarde AR. 2012. Influence of fast and slow 
distillation on ethyl carbamate content and on 
coefficient of non-alcohol components in Brazilian 
sugar cane spirits. J Inst Brew 118:305-308. https://
doi.org/10.1002/jib.42
 
Ljungdahl PO, Daignan-Fornier B. 2012. Regulation 
of amino acid, nucleotide, and phosphate 
metabolism in Saccharomyces cerevisiae. 
Genetics 190:885–929. http://doi.org/10.1534/
genetics.111.133306

Machado AMR, Cardoso MG, Sacz, AA, Anjos 
JP, Zacaroni LM, Dórea HS, Nelson DL. 2013. 
Determination of ethyl carbamate in cachaça 
produced from copper stills by HPLC. Food Chem 
138:1233-1238. https://doi.org/10.1016/j.
foodchem.2012.11.048 

Martini C, Margarido LA, Ceccato-Antonini SR. 
2010. Microbiological and physicochemical 
evaluations of juice extracted from different 
parts of sugar cane stalks from three varieties 
cultivated under organic management. Ciênc Tecn 
Alim 30:808–813. https://doi.org/10.1590/s0101-
20612010000300037 

Medeiros ABP, de Matos ME, de Pinho Monteiro 
A, de Carvalho JC, Soccol CR. 2017. Chapter 
16 - Cachaça and rum, p 451–468. In Pandey 
A, Sanromán MA, Du G, Dussap CG (eds), Curr 
Develop Biotech Bioeng. Elservier. https://doi.
org/10.1016/B978-0-444-63666-9.00016-9

Medeiros-Silva WK, de Freitas GP, Coelho Junior 
LM, Pinto PALA, Abrahão R. 2019. Effects of climate 
change on sugar cane production in the state of 
Paraíba (Brazil): a panel data approach (1990–
2015). Climatic Change 154:195–209. https://doi.
org/10.1007/s10584-019-02424-7 



Journal of the Institute of Brewing

© 2023 Institute of Brewing & Distilling jib.ibd.org.uk 16J Inst Brew 2023,129:xxx-xxx

Cachaça Production: from sugar cane to spirit

Mendonça JGP, Cardoso MG, Santiago WD, 
Rodrigues LMA, Nelson DL, Brandão RM, Silva 
BL. 2016. Determination of ethyl carbamate 
in cachaças produced by selected yeast and 
spontaneous fermentation. J Inst Brew 122:63-68. 
https://doi.org/10.1002/jib.308 

Monjito NA, Silva AF, Costa GHG, Ferreira OE, 
Mutton MJR. 2014. Yeast CA-11 fermentation in 
musts treated with brown and green propolis. 
Afr J Microbiol Res 8:3515–3522. http://dx.doi.
org/10.5897/AJMR2014.6937 

Mosedale JR, Puech JL. 1998. Wood maturation 
of distilled beverages. Trends Food Sci Technol 
9:95-101. https://doi.org/10.1016/S0924-
2244(98)00024-7 

Nóbrega ICC, Pereira JAP, Paiva JE, Lachenmeier 
DW. 2009. Ethyl carbamate in pot still cachaças 
(Brazilian sugar cane spirits): Influence of 
distillation and storage conditions. Food Chem 
117:693-697. https://doi.org/10.1016/j.
foodchem.2009.04.067 

Nova MXV, Schuler ARP, Brasileiro BTRV, Morais-
Jr MA. 2009. Yeast species involved in artisanal 
cachaça fermentation in three stills with different 
technological levels in Pernambuco, Brazil. Food 
Microbiol 26:460–466. https://doi.org/10.1016/j.
fm.2009.02.005

Oliveira RES, Cardoso MG, Santiago WD, 
Barbosa RB, Alvarenga GF, Nelson DL. 2020. 
Physicochemical parameters and volatile 
composition of cachaça produced in the state of 
Paraíba, Brasil. Res Soc Dev 9:e504974409. https://
doi.org/10.33448/rsd-v9i7.4409 

Paredes RS, Vieira IPV, Mello VM, Vilela LF, 
Schwand RF, Eleutherio ECA. 2018. Identification 
of three robust and efficient Saccharomyces 
cerevisiae strains isolated from Brazilian’s cachaça 
distilleries. Biotechnol Res Innov 2:22-29. https://
doi.org/10.1016/j.biori.2018.07.001

Portugal CB, Silva AP, Bortoletto AM, Alcarde 
AR. 2017. How native yeasts may influence the 
chemical profile of the Brazilian spirit, cachaça? 
Food Res Int 91:18-25. https://doi.org/10.1016/j.
foodres.2016.11.022

Ravaneli GC, Madaleno LL, Presotti LE, Mutton 
MA, Mutton MJR. 2006. Spittlebug infestation 
in sugar cane affects ethanolic fermentation. Sci 
Agric 63:534-539. https://doi.org/10.1590/S0103-
90162006000600004 

Ribeiro-Filho N, Linforth R, Powell CD, Fisk ID. 
2021. Influence of essential inorganic elements 
on flavour formation during yeast fermentation. 
Food Chem 361:130025. https://doi.org/10.1016/j.
foodchem.2021.130025 

Ribeiro-Filho N, Linforth R, Bora N, Powell CD, 
Fisk ID. 2022. The role of inorganic-phosphate, 
potassium and magnesium in yeast-flavour 
formation. Food Res Int 162:112044. https://doi.
org/10.1016/j.foodres.2022.112044 

Rosa CA, Soares AM, Faria JB. 2009. Chapter 34: 
Cachaça production. In: Ingledew WM, Kelsall DR, 
Austin GD, Kluhspies C. The Alcohol Textbook. Fifth 
ed. Nottingham University press. Chapter 34:481-
490.

Rossato JA, Costa GHG, Madaleno LL, Mutton MJR, 
Higley LG, Fernandes OA. 2013. Characterization 
and impact of the sugar cane borer on sugar cane 
yield and quality. Agron J 105:643. https://doi.
org/10.2134/agronj2012.0309 

Rota MB, Piggott JR, Faria JB. 2013. Sensory profile 
and acceptability of traditional and double-distilled 
cachaça aged in oak casks. J Inst Brew 119:251-
257. https://doi.org/10.1002/jib.88 

Saerens SMG, Delvaux FR, Verstrepen KJ, Thevelein 
JM. 2010. Production and biological function of 
volatile esters in Saccharomyces cerevisiae. Microb 
Biotech 3:165–177. http://doi.org/10.1111/j.1751-
7915.2009.00106.x

Salmon J-M. 2006. Interactions between yeast, 
oxygen and polyphenols during alcoholic 
fermentations: Practical implications. LWT - Food 
Sci Technol 39:959–965. https://doi.org/10.1016/j.
lwt.2005.11.005 



Journal of the Institute of Brewing

© 2023 Institute of Brewing & Distilling jib.ibd.org.uk 17J Inst Brew 2023,129:xxx-xxx

Santiago DW, Cardoso MG, Nelson DL. 2017. 
Cachaça stored in casks newly constructed of oak 
(Quercus sp.), amburana (Amburana cearensis), 
jatoba (Hymenaeae carbouril), balsam (Myroxylon 
peruiferum) and peroba (Paratecoma peroba): 
alcohol content, phenol composition, colour 
intensity and dry extract. J Inst Brew 123:232-241. 
https://doi.org/10.1002/jib.414

Santiago WD, Cardoso MG, Duarte FC, Saczk 
AA, Nelson DL. 2014. Ethyl carbamate in the 
production and ageing of cachaça in oak (Quercus 
sp.) and amburana (Amburana cearensis) barrels. 
J Inst Brew 120:507-511. https://doi.org/10.1002/
jib.158 

Serafim FAT, Pereira-Filho ER, Franco DW. 2016. 
Chemical data as markers of the geographical 
origins of sugar cane spirits. Food Chem 
196:196-203. https://doi.org/10.1016/j.
foodchem.2015.09.040 

Serafim FAT, Seixas FRF, Silva AA, Galinaro CA, 
Nascimento ESP, Buchviser SF, Odello L, Franco DW. 
2013. Correlation between chemical composition 
and sensory properties of Brazilian sugar cane 
spirits (Cachaças). J Braz Chem Soc 24:973-982. 
https://doi.org/10.5935/0103-5053.20130125 

Silva AA, Nascimento ESP, Cardoso DP, Franco DW. 
2009. Coumarins and phenolic fingerprints of oak 
and Brazilian woods extracted by sugar cane spirit. 
J Sep Sci 32:3681-3691. https://doi.org/10.1002/
jssc.200900306 

Silvello GC, Bortoletto AM, Castro MC, Alcarde AR. 
2021. New approach for barrel-aged distillates 
classification based on maturation level and 
machine learning: A study of cachaça. LWT 
- Food Sci and Tech 140:110836. https://doi.
org/10.1016/j.lwt.2020.110836 

Souza APG, Vicente MA, Klein RC, Fietto LG, 
Coutrim MX, Afonso RJCF, Araujo LD, Silva, PHA, 
Bouillet LEM, Castro IM, Brandão RL. 2012. 
Strategies to select yeast starters cultures for 
production of flavor compounds in cachaça 
fermentations. Antonie van Leeuwenhoek 
101:379–392. https://doi.org/10.1007/s10482-
011-9643-5

Vicente MA, Fietto LG, Castro IM, Santos ANG, 
Coutrim MX, Brandão RL. 2006. Isolation of 
Saccharomyces cerevisiae strains producing higher 
levels of flavoring compounds for production of 
‘‘cachaça’’ the Brazilian sugar cane spirit. Int J Food 
Microbiol 108:51–59. https://doi.org/10.1016/j.
ijfoodmicro.2005.10.018 

Vilela AF, Oliveira LSC, Muniz MB, Melo BCA, 
Figueiredo MJ, Vieira Neto JM. 2021. Assessment 
of sensory and physical-chemical quality, and 
potential for certification of cachaças from the 
state of Paraíba, Brazil. Food Sci Tech 41:661-668. 
https://doi.org/10.1590/fst.13520 

Zacaroni LM, Cardoso MG, Saczk AA, Moraes 
AR, Anjos JP, Machado AMR, Nelson D L. 2011. 
Determination of phenolic compounds and 
coumarins in sugar cane spirit aged in different 
species of wood. Anal Lett 44:2061-2073. https://
doi.org/10.1080/00032719.2010.546017

Zacaroni LM, Cardoso MG, Santiago WD, Gomes 
MS, Duarte FC, Nelson DL. 2015. Effect of light on 
the concentration of ethyl carbamate in cachaça 
stored in glass bottles. J Inst Brew 121:238-243. 
https://doi.org/10.1002/jib.214 


