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Abstract

Why was the work done: Cachacga fermentation often involves recycling the yeast
for subsequent fermentations. This practice, common in the brewing and ethanol/
biofuel industries, has received little technical attention in the production of
cachaca. This work was conducted to address the gap in knowledge and assess the
impact of recycling yeast on the quality of cachaca.

How was the work done: Two commercial yeast strains - DistilaMax® RM (‘RM’)
and CanaMax® (‘CNX’) - were used. Using sugarcane must, 14 consecutive
recycled fermentations were performed. Cachaca (after distillation) was analysed
for volatile compounds (GC-MS), ethyl carbamate (GC-FID) and sensorial analysis
(Rate All That Apply) with evaluation using PCA.

What are the main findings: The sum of volatile compounds (coefficient of
congeners) in cachaga produced with the CNX yeast showed greater consistency
across all fermentation cycles compared to cachaga made with RM. Yeast CNX
demonstrated superior robustness and adaptation to the local climate. However,
the sensory quality of cachacga produced with RM was more favourably received
by a sensory panel. Fermentation was successful with both yeasts through

14 cycles, producing cachaga that complied with Brazilian legislation. Sensory
consistency was maintained up to the seventh cycle, but bacterial contamination
was observed from the tenth cycle onwards.

Why is the work important: Recycling yeast cells across cachaga fermentations

is a reliable technique, ensuring compliance with Brazilian regulations. The study
highlights that using selected yeasts with recycling produced a standard final
product, and potentially consistent batches of cachacga throughout the annual
harvest.

Keywords

Saccharomyces cerevisiae; recycling; fermentation; cachaca; distilled spirit; rate all
that apply; acceptance test; physicochemical characteristics.
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Introduction

Cachaca is a Brazilian spirit produced by the
distillation of fermented sugarcane juice with an
alcohol content of 38 to 48% (v/v). The ethanol/
water matrix is characterised by a complex mixt
of flavour and aroma compounds including higher
alcohols, ethyl esters, aldehydes, and organic acids
(Nonato et al. 2001; Souza et al. 2006; Duarte et al.
2011). The physicochemical and sensory profiles
of cachaca depend on several factors including
manufacturing practice, distillation, ageing and
fermentation (Bortoletto et al. 2018).

Traditionally, cachaca production is through
the spontaneous or natural fermentation of
sugarcane juice, with Saccharomyces cerevisiae
being the predominant yeast (Oliveira et al. 2008).
Spontaneous fermentation occurs by inoculation
of sugarcane juice with microorganisms from the
local environment (Portugal et al. 2016).As the
contribution of S. cerevisiae in the microbiota is low,
it is necessary to use a ‘yeast starter’ to increase the
contribution of this yeast. In natural fermentation,
the influence of yeast can be complex as different
species or strains confer distinctive features to the
flavour and aroma profile of spirits (Portugal et al.
2017). The natural process results in a more random
fermentation that reflects the quality and quantity
of microorganisms present in the juice (Campos et
al. 2010).

However, in modern industrial fermentations,
selected S. cerevisiae strains are used to accelerate
the process, increase the content of the desirable
metabolites, and limit the production of unwanted
compounds. The use of pure yeast cultures prevents
a major source of variation, and is recommended
to standardise the production of cachaca (Fleet and
Heard 1993). Further, selected S. cerevisiae strains
speed up fermentation, improve the quality of the
cachaca (Bernardi et al. 2008) with low acetic acid
production and improved stress tolerance (Badotti
et al. 2010).

In the bioethanol and brewing industries, the
recycling of yeast cells from fermentation to
fermentation is a common practice. This supports a
consistent yeast addition at the start of fermentation
and improves yield while reducing operational costs
for yeast and water (Lopes et al. 2016).

In the brewing industry (Jenkins et al. 2003), yeast
quality is managed to ensure optimal fermentation.
Proper handling and storage of yeast, along with
stringent hygienic practices, are implemented to
avoid unwanted microbial contamination that could
compromise the quality of the final product. The
process involving the recovery of yeast through
flocculation (or centrifugation) and its reuse
(recycling) in subsequent fermentations, facilitates
efficient production in brewing (Kalayu 2019) and
the ethanol industry (Lopes et al. 2016). However,
the application of yeast recycling to cachaga
production presents challenges, as the alcohol
yield, and sensory and chemical quality of the spirit
must be carefully managed.

This study addresses the empirical nature of yeast
cell recycling in cachaca production, aiming to
characterise and improve the process. The work
reported here compares two commercial yeast
strains DistilaMax® RM (‘RM')and CanaMax®
('CNX'). RM has been used in other sugarcane
based distillates but not cachaga whereas CNX is an
established strain usedinthe production of cachaca.
This research provides insight into the recycling
yeast between fermentations and the subsequent
chemical and sensory quality of cachaca. Data is
reported for optimising yeast recycling practices,
enhancing product standardisation, and improving
the quality of cachacga production.

Materials and methods

Cachaga production

Cachaca was produced by using two strains of S.
cerevisige - DistilaMax® RM (RM), and CanaMax®
(CNX) - from Lallemand Biofuels & Distilled Spirits
(Milwaukee, WI, United States). The manufacturer’s
instructions were followed with the dried yeasts
reactivated by hydrating with filtered water at
33°C for 15 minutes. The yeasts were inoculated
into sugarcane juice (18° Brix) as viable dry mass,
with 0.6 g/L (2 x 10 CFU/g) of RM and 0.5 g/L (1
x 10'° CFU/g) of CNX, respectively. In subsequent
fermentations (recycling), yeast was not removed
or added; the entire yeast mass was carried over
to the next fermentation. The yeast was recovered
from the supernatant by gravity decantation. A
closed 35 L vessel (60 mm x 42 mm x 42 mm) with
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an attached airlock and 30% headspace was used for
fermentation without forced mixing. Fermentation
temperature was 30°C, and fermentation was
complete at 0° Brix. Yeast was recycled 14 times,
with seven cachaca samples taken after one, three,
five, seven, ten, 12 and 14 cycles.

Distillation was performed (in triplicate) in a copper
still (50 cm height x 28 cm diameter + 28 cm length
of the extension/cooler). The useful volume was
10 L with an average flow rate of 180 mL/min. A
direct gas flame, which is widely used in Brazil, was
used to heat the copper still. The fermented musts
were distilled. The head and tail fractions were not
recovered and were discarded with the residue.
The distilled spirit or heart fraction accounted for
11% of the total volume, with approximately 50%
(w/v). The heart fraction was separated using
an alcoholometer and stored in glass bottles for
a month, shielded from light and heat. This was
diluted with distilled water to 40% (v/v) and used in
the sensory analysis.

Chemical analysis

The heart fractionsof the distillate were analysed
to quantify ethanol, volatile congeners, and ethyl
carbamate. Aldehydes, esters, methanol, acetic
acid, and higheralcohols (propyl alcohol, isobutanol,
and isoamyl alcohol) were analysed using gas
chromatography with flame ionisation detection
(Bortoletto and Alcarde 2013). Aliquots (1 uL) were
injected automatically into the chromatographic
system (Shimadzu, QP-2010 PLUS, Tokyo, Japan)
equipped with a Stabilwax-DA column (crossbond
carbowax polyethylene glycol, 30 m x 0.18 mm
x 0.18 um film thickness). The analyses were
performed with a 1:20 split ratio. Nitrogen was used
as the carrier gas (flow rate of 1.5 mL/min, total
flow of 27 mL/min at a pressure of 252.4 kPa). The
temperature of the injector and detector was 240°C.
The programme for the oven temperature was 40°C
for 4 min, followed by an increase to 120°C at a rate
of 20°C/min, held for 1 min, increased to 180°C at a
rate of 30°C/min, and maintained for 4 min.

The analysis of ethyl carbamate was performed
using a Shimadzu QP-2010 Plus gas chromatographic
system coupled with a mass spectrometer,
employing electron impact ionisation with an

energy of 70 eV and a chromatography capillary
HP-FFAP column with polar phase (esterified
polyethylene glycol, 50 m x 0.20 mm x 0.33 pm
stationary phase film thickness). The injector and
the detector were set at (respectively) 230 and
220°C. The oven was programmed as follows: 90°C
for 1 min, increasing to 150°C at a rate of 10°C/min,
followed by an increase to 230°C at a rate of 30°C/
min, and held for 2 min. Analiquot (1 uL) was injected
in duplicate using splitless injection. Helium was the
carrier gas at a flow rate of 1.2 mL/min. Selected
ion monitoring acquisition was applied to monitor
the m/z 62 ions for ethyl carbamate (Bortoletto et
al. 2015).

Sensory analysis

The sensory study was approved by the Human
Research Ethics Committee of the Escola
Superior de Agricultura ‘Luiz de Queiroz’
(21491119.0.0000.5395). To compare the sensory
characteristics of the cachaca samples, three
samples were selected for each yeast strain from
the 1% (beginning), 7" (middle), and 14" (end) of
the 14 cycles of fermentation.

A panel of 15 cachaca producers (21 - 55 years old),
with extensive technical expertise evaluated the
cachaca samples. The panel underwent a two-day
training course in the sensory quality of cachaca,
during which the assessors were introduced to
sensory science, received instructions and reference
materials, and were exposed to the focus samples.
Additionally, they were screened for sensory acuity
for basic tastes. The selection of the team was based
on the study by Giacalone and Hedelund (2016).

The analyses were performed in a single session
following the procedures of the International
Organization for Standardization (ISO 8589 2007).
The panel assessed the six samples of cachaca
obtained from the two yeast strains (RM and CNX).
Each sample was adjusted with deionised water
to to 40% (v/v). Samples (10 mL) of each sample
(1%, 7' and 14" recycle for each yeast strain) were
randomly given to tasters following the Williams
Latin Square design (Williams 1949) in transparent
cups marked with random three-digit numbers and
covered with Petri dishes. Water was provided for
rinsing the panellist's palate between tests.
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Evaluation took place between 10 and 11 am, at
room temperature (22-25°C), and under white
light.

Using the rate-all-that-apply (RATA) test (Ares et
al. 2014), the panellists were instructed to assess
the samples using a 5-point scale using established
sensoryterms.Inall, 15-18 termswere used covering
various sensory considerations (appearance,
aroma, flavour/taste, mouthfeel). The terms ‘low’,
‘medium” and ‘high’ allowed the tasters to rate the
intensity of selected terms on an ordinal scale.

The attributes for aroma included: fruity, floral,
sweet, herbal/vegetable and for taste: acidic, bitter,
sweet, salty and umami. Tactile sensations included:
spicy, pungent, astringent, alcoholic, peppery, sweet.
The ‘peppery’ and ‘sweet’ tactile sensations were
respectively interpreted as ‘burning” and ‘velvety’.
All terms were selected from the attributes of the
sensory wheel of cachaca (Bortoletto 2023). For
intensity of the sensory attributes, the references
were based on Caetano et al (2021).

For the acceptance test, the same panel of trained
tasters used a 9-point structured hedonic scale to
evaluate the cachaca samples in terms of aroma,
flavour, and overall acceptability. This evaluation
allowed the panellists to rate how much they liked
or disliked each sample.

Statistical analysis

The chemical analyses underwent multiple factor
analysis (MFA), as the data represent groups of
variables of different magnitudes and units. Five
groups were selected of active variables to form the
factors related to chemical parameters. In addition,
two groups of supplementary qualitative variables
were used reflecting recycling and yeast strain. The
groups of active variables included ethanol content,
fermentation yield (%), coefficient of congeners
(acetaldehyde, ethyl acetate, and higher alcohols
- propyl alcohol, isobutanol, and isoamyl alcohol),
acetic acid, furfural), methanol, ethyl lactate, and
ethyl carbamate.

The results of the chemical analyses and the
acceptance test were analysed using analysis of
variance (ANOVA) at a significance level of 5%, using

SPSS software version 20.0. The results of RATA test
were subjected to principal component analysis
(PCA). The data were analysed using the software
RStudio (R version 3.4.3) and packages RemdrMisc,
FactoMineR, SensoMineR, and factoextra (Lé et al.
2008).

Results and discussion

Cachaca production

After 14 consecutive fermentation cycles using
sugarcane must, samples were analysed for volatile
compounds (GC-MS), ethyl carbamate (GC-FID),
and sensory analysis (rate-all-that-apply). The
ethanol yield from fermentation is typically 90-92%
(Guerra et al. 2001) and, in this study, the majority
of fermentations achieved this, with the exception
of the 10" and 12 cycles using yeast RM (Figure 1).

Ethanol and volatile compounds

Table 1 shows the ethanol content of cachaca after
14 recycles with two yeast strains (RM and CNX).
After distillation and before standardisation, the
ethanol content ranged from 47.3 to 53.8% (w/v).
This was consistent during yeast recycling with
CNX, but lower values were obtained after the 10th
and 12th recycles using RM.

The cachaca samples from fermentation with yeast
RM had higher total ester levels, particularly ethyl
lactate and ethyl acetate (Table 1). Ethyl acetate as
the predominant ester in cachaca, is formed during
fermentation and after distillation by esterification
of alcohols and acids (Serafim et al. 2013). While
ethyl acetate at concentrations above 0.15 — 0.20
g/L can contribute a solvent-like flavour (Erten
and Tanguler 2010), at lower concentrations it
contributes a sweetish, fruity flavour (Amorim et al.
2016). The levels of ethyl acetate in cachacga from
yeast RM ranged from 0.04 to 0.23 g/L, whereas
cachaca produced with yeast CNX ranged from 0.03
to 0.07 g/L (Table 1). In all samples, the maximum
acceptable value for ethyl acetate was not exceeded.

The levels of ethyl lactate (Table 1) ranged from 2.7
to 333 mg/L, suggesting the presence of lactic acid
bacteria from the 10" recycle of yeast RM onwards.
Ethyl lactate is the second most significant ester in
cachaca (Nacimento et al. 2008).
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Table 1.

Concentration of volatile congeners (g/L), ethyl carbamate (ug/L) and ethyl lactate (mg/L) in cachaga samples
from the 1%, 3, 5t 7t 10t 12" and 14" recycles using yeast strains RM and CNX.

Recycle ETN ACT EA MET PRO ISB ETC ISA° ACA FUR HGA CON ELC
1RM  52.382 0.10® 0.16° <DL* 0.16° 0.40% 6.09 1.272% 0.13° <DL* 0562 222" 6.96°
3RM  52.58% 0.04° 0.10¢ <DL* 0.22% 033° 7.1¢ 1222 0.08¢ 0.01°® 0.55% 2.00° 2.73¢
5RM  53.57% 0.05° 0.069 <DL* 0.29° 0.20° 11.6¢ 0.74® 0.10¢ 0.01® 0.49° 145°¢ 299¢
7RM  53.49° 0.02¢ 0.04° <DL* 0282 0.18°® 84¢ 065° 0.18° 001® 046° 1.36° 28.29¢
10RM 49.57° 0.02¢ 0.13°P <DL* 0.10® 0.08°¢ 87.9° 0.30¢ 1.15° <DL* 0.18°¢ 1.78° 248.39°"
12RM  47.32¢ 0.02¢ 0232 <DL* 0.10° 0.07¢ 135.8% 0.35°¢ 2.07® <DL* 0.17°¢ 2.842 333.36°
14RM 51.16% 0.02°¢ 0.06¢ <DL* 0.20° 0.06°¢ 482°¢ 0.47°¢ 0.58°¢ 0.02° 0.26° 1.41° 239.37°"
1CNX 53.80% 0.05° 007¢ <DL* 0.12> 0.23®» 93¢ 1082 0.33¢9 <DL* 035°P 1.88P 855°
3CNX 52.21% 0.03¢ 0.04¢ 0012 0.16° 0.23° 1609 090° 0.12° 0.01* 0.39° 150¢ 281°¢
5CNX 52.07* 0.03°¢ 0.03¢ <DL* 0.16® 0.21° 35.7°¢ 067° 0.14° 0.01* 0.37° 125¢ 3.54°¢
7CNX 51.41% 0.06® 0.06¢ <DL* 0.21° 0.14° 405°¢ 053¢ 0.12¢ 0.012 0.35°¢ 1.13°¢ 272°¢

10CNX 51.63% 0.04° 0.07¢ 0,01® 0.19* 0.17° 51.3°¢ 0.68° 0.13¢ 0.02° 0.36° 1.31¢ 22.30¢

12CNX 51.17° 0.03¢ 0.04° 0,012 0.17* 0.15° 54.7¢ 0.79° 0.13° 0.02° 0.32° 1.34°¢ 46.25°¢
14CNX 51.432 0.02¢ 0.03° 0,012 0192 0.13° 825° 0.79° 0.20¢ 0022 032° 1.39¢ 67.47°¢

Ethanol (ETN); acetaldehyde (ACT); ethyl acetate (EA); methanol (MET); propyl alcohol (PRO); isobutanol (ISB);
ethyl carbamate (ETC); isoamyl alcohol (ISA); acetic acid (ACA); furfural (FUR); higher alcohols (HGA); coefficient
of congeners (CON); ethyl lactate (ELC). * DL = Detection limit. The mean data with different superscript lowercase
letters are significantly different (p < 0.05) according to the analysis of variance test.

Figure 1.

Fermentation yield (%) after recycling with yeast strains RM and CNX.
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Lactic acid bacteria (Lactobacillus spp.) are
commonly associated with sugarcane (Bortoletto et
al. 2015). The 10™"-14* recycled fermentations with
yeast RM and 12" and 14" with yeast CNX suggest
the presence of lactic acid bacteria. Nonetheless,
the levels of ethyl lactate in this study remained
below the levels reported in previous studies
(Nascimento et al. 2008; Maia et al. 2020). Although
good manufacturing practices used by commercial
distilleries were replicated in this project, Bortoletto
et al (2018) reported that the practice that limits the
presence of bacteria in the must is pasteurisation of
the sugarcane juice. This process was not employed
in this study.

The level of acetaldehyde decreased during the
recyclingofbothyeaststrains(Table 1). Acetaldehyde
is the major aldehyde in cachaca and at moderate
levels imparts a fruity, herbaceous (green leaves)
character in non-aged cachaca (Amorim et al. 2016;
Serafim et al. 2013). In contrast, higher levels of
acetaldehyde can produce a pungent, irritating
aroma, which may be associated with undesirable
side effects or possible healthrisks (Lachenmeierand
Sohnius 2008). The accumulation of acetaldehyde
in the liver is associated with hangover symptoms,
such as headache and nausea (Lachenmeier and
Sohnius 2008). As acetaldehyde is produced by
yeast and acetic bacteria, it is important to adhere
to good practice and control during fermentation.
Furthermore, effective separation of the head
fraction during distillation is essential to prevent
excessive levels of acetaldehyde (Dato et al. 2005).
Distillation in these trials removed 1.5% of the head
fraction which avoided undesirable side effects,
maintaining the concentration of acetaldehyde in
cachaca at 20-60 mg/L which is below the upper
limit allowed by Brazilian legislation (Brazil 2022).

The concentration of acetic acid ranged from 0.08
to 2.07 g/L in cachaca fermentations with yeast
RM and from 0.12 to 0.20 g/L using CNX. The levels
increased in the final cycles of fermentation with
yeast RM, although the acetic acid level in the
distillates was below the maximum legal limit (Brazil
2022) until the 7™ cycle. In the 10" and 12 cycles,
the content of acetic acid exceeded the legal limit
but in the 14" cycle was within the legal standard.
The acetic acid content in cachaca produced with
yeast CNX was within the legal limits across all
fermentations.

Acetic acid contributes to the acidity, burning and
pungent sensations in cachaca and its presence
can lead to sensory rejection (Odello et al. 2009).
Excessive levels are associated with spoilage by
lactic or acetic bacteria during or after fermentation
(Bortoletto etal. 2018). Indeed, high levels of volatile
acidity in distilled spirits are linked to the presence
of bacteria during fermentation (Bortoletto and
Alcarde 2013) with elevated levels of acetic acid
and ethyl lactate in fermentation linked to bacterial
contamination (Nascimento et al. 2008). Overall,
acetic acid is an undesirable compound and is
associated with cachaca of lower quality.

With the higher alcohols (Table 1), the level of
isobutanol - associated with a bitter taste (Duarte et
al. 2010) - increased during yeast recycling for both
yeast strains. Conversely, the production of propy!
alcohol decreased with recycling. The presence of
propyl alcohol is linked to an 'alcoholic aroma’', and
its production reflects the strain of S. cerevisiae used
(Czerny et al. 2008). Isoamyl alcohol was the most
abundant higher alcohol although its concentration
decreased across the fermentation cycles with both
strains. Isoamyl alcohol is associated with 'banana’
and 'sweet' descriptors, which enhance the taste
and aroma of the spirits. Higher alcohols are
formed by yeast during fermentation from aromatic
and branched-chain amino acids (catabolic) or
from pyruvic acid (anabolic). The levels of these
compounds is also related to the amino nitrogen
content in the medium. When nitrogen is limited,
yeast synthesises amino acids, increasing the
formation of higher alcohols (Vidal et al. 2013). The
levels of higher alcohols reflect good manufacturing
practice (Bortoletto et al. 2018), with distillation
shortly after the end of fermentation essential for
reducing their level.

All cachaca samples were within the range for
the coefficient of congeners - the sum of volatile
compounds including esters, aldehydes, furfural,
higher alcohols, and volatile acidity (Brazil 2022).
Cachaca derived from distillation after fermentation
using yeast RM exhibited a higher coefficient of
congeners in all cycles compared to yeast CNX.
Excluding the 12t cycle, the coefficient of congeners
for RM ranged from 1.36 to 2.22 g/L. However, with
the 12 cycle, acetic acid was 2.84 g/L, which was
likely to be due to bacterial contamination.
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Cachaca using yeast CNX showed a gradual increase
in the content of ethyl carbamate throughout the
yeast cycles (Table 1). This compound is potentially
carcinogenic and can be present in beverages
produced by fermentation (Alcarde et al. 2012). Its
presence in food and beverages is a concern and
should be kept within the limit (210 pg/L) (Brazil
2022).

Cachaca using yeast RM maintained constant levels
of ethyl carbamate throughout the first seven
cycles, with an increase only in the later cycles.
This increase was influenced by the acidity of the
medium as well as by the presence of bacteria.
Previous studies have shownthat some yeast strains
keep the levels of ethyl carbamate low (Portugal
et al. 2017; Duarte et al. 2010). This suggests that
in this work in the later fermentation cycles with
RM, there was bacterial contamination which could
have increased the content of ethyl carbamate
(Bortoletto et al. 2015).

Multiple factor analysis

The analyses were subjected to multiple factor
analysis (MFA) to understand the role of sets of
variables in contributing to variance within the
samples. The analytical data sets underwent
Principal Component Analysis (PCA) and showed

Figure 2.
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axis, the active variables alcohol content and pH are
shown together with the supplementary variable
for the coefficient of congeners. This dimension
concentratesthevariabilityrelatedtothe parameters
of the ‘wine’ (fermented sugarcane juice). The pH of
the wine is opposed to the vectors for acetic acid
and ethyl acetate, indicating that as pH increases
the total content of esters and acidity decrease.
The alcohol content of the wine (dimension 2), is
opposite to the congeners, indicating that higher
levels of congeners are correlated with a lower
alcoholic content.

Figure 3 shows the cachaga samples projected on
the first two dimensions generated by the MFA.
Higher values of the variables are observed in
cachaca from the 10™ and 12" cycles from yeast
RM in relation to dimension 1. This is associated
with a higher concentration of acetic acid, ethyl
lactate, and ethyl carbamate which are likely to be
associated with microbial spoilage. With the 12"
fermentation cycle using RM, the coefficient of
congeners was higher in the cachaca (Table 1).

Figure 3.

Cachacga produced using yeasts RM 2-
and CNX and their respective recycles

(1st, 34, 5t 7% 10, 12t and 14%) in

dimensions 1 and 2 of the multiple factor
analysis.

Dimension 2 (25.3%)

The cachaga samples produced from the 1t and 3
fermentation cycles using RM exhibited a greater
distance to the other samples due to higher values
of acetaldehyde, isobutanol, and isoamyl alcohol

On the vertical axis (dimension 2), a greater
multivariate proximity is observed from cachaca
produced using yeast CNX. This proximity reflects
the consistency and similarity of these cachaca
samples across most variables compared to those
from yeast RM. This is important insight for yeast
recycling, contributing to a more stable final
product.

Sensory analysis

Figures 4 and 5 show the positioning of cachaca
from the 1%, 7t and 14 fermentation cycles using
yeast RM and CNX, according to their similarities
and differences in dimensions 1 and 2 (Figure 4),
and 1 and 3 (Figure 5). The sample from the 1%
cycle using RM is associated with dimension 1, with
strong aroma, aftertaste, floral and fruity sensations

2
Dimension 1 (38.2%)
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(Figure 4). The distilled spirit from the 14t cycle
using RM yeast showed a more pronounced
astringent and alcoholic sensation compared to
the 1°t fermentation. The sample from the 7™ cycle
using RM was more distinct and closely related to
dimension 3, with a strong sweet taste, intense
sweet aroma, and a slight spicy sensation (Figure 5).

The cachaca distilled from fermentation with
yeast CNX showed distinct sensory features. While
contributing a consistent chemical composition
across all recycles, the sensory character varied. The
sample from the 1°* cycle using CNX was associated
with dimension 3 with a spicy flavour and a slight
sweet aroma (Figure 5). The cachaca samples from
the 7% and 14" cycles using CNX were more closely
associated with dimension 1. The sample from the

Figure 4.

7™ cycle was characterised by a strong acidic and
sweet flavour (Figure 4), while the sample from the
14th recycle exhibited bitter, salty, and acidic tastes
(Figure 5).

Characteristics such as sweet taste and aroma
contribute to acceptability of a product by
consumers. In contrast, flavours such as bitter,
salty, and acidic taste, together with astringent
and alcoholic sensations are less well received. The
present results align with a previous study (Odello
et al. 2009), which demonstrated that sweet
taste improves the sensory quality of cachaca,
while acidity, alcoholic flavour, and bitter taste are
considered less desirable.

Cachacga produced using yeasts RM and CNX and their respective
recycles (1%, 7", and 14') in dimensions 1 and 2 of the principal

component analysis.

14CNX
.

BitteSralt
Y Clarity

Acid

Sweet.taste

Dimension 2 (25%)

Umapfi

1CNX
[ ]

Spic

e m - e e e e e e mE e ——————————

|
:

0

Burning.Sensation

AfssiRblrent

Sweet.flavour
Jothfeel 14RM
[ )

Herbal
loral

Dimension 1 (34.5%)

© 2025 Chartered Institute of Brewers and Distillers

jib.cibd.org.uk

J Inst Brew 2025,131:41-54 |49



Sensory quality of cachaga

Journal of the Institute of Brewing

Drawing parallels between the physicochemical and
sensory analyses, the cachaga samples obtained
using CNX yeast demonstrated better overall quality.
The acceptance test indicated positive results for
the cachaga samples produced using RM vyeast
highlighting their sensory attributes.

Yeast CNX produced a more consistent cachaca in
terms of congener content across the fermentation
cycles. In contrast, yeast RM did not produce
consistent cachaga samples, with notable variations
in the 10" and 12" recycles affecting the vyield.
Nonetheless, this yeast strain generated cachaca
samples with well regarded characteristics,
including the most highly accepted sample among
those tested.

Figure 5.

Recycling yeast in cachaca fermentations has proven
to be a reliable technique, providing producers with
a consistent method. The resulting distillates meet
the stringent standards set by Brazilian legislation.
Additionally, this research shows that when this
approach is combined with selected yeast strains,
it results in a standardised final product, potentially
ensuring uniformity across batches throughout the
annual harvest.

Oliveira et al (2023) highlighted the significance
and impact of microbial contamination during
the fermentation of cachaca and in ethanol
production. There is a wide range of contaminating
microorganisms, with those  from the
Lactobacillaceae family being prevalent.

Cachaga produced using yeasts RM and CNX and their respective
recycles (1%, 7, and 14") in dimensions 1 and 3 of the principal

component analysis.
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Both bacterial and yeast contaminants can
disrupt fermentation and affect the final product,
necessitating stringent control measures. Research
has highlighted the physiological traits and diverse
applications of contaminating yeast and bacteria.
This understanding is important to improve
fermentation involving S. cerevisiae and identifying
factors that influence this process.

Different yeast strains affect the chemical and
sensory profiles of cachaca, with yeast CNX
demonstrating consistent results across recycling
and yeast RM producing cachaca with well regarded
sensory attributes despite some variability. These
findings are useful for both scientific understanding
and industrial practice, as they underscore the
importance of yeast strain selection to optimise
both quality and consistency in cachacga production.
Effective control of microbial contamination during
fermentation is also highlighted, reflecting the
significant impact on product quality. Future studies
should focus on the impact of microbiological
contamination on cachaca fermentation whether
they be positive or negative. Additionally, research
should explore and identify useful fermentation
practices, for example the acid washing of yeast.
This is used manage bacterial contamination in
both the brewing and the ethanol industries.
Understanding these factors will be important for
optimising fermentation processes and improving
the overall quality of cachaca.

Conclusions

The two strains of S. cerevisiae used in this work
impacted the physicochemical profile of cachaca.
Yeast RM resulted in wine with higher levels of total
esters, including ethyl lactate and ethyl acetate.
Yeast CNX did not produce significant amounts of
congeners across the fermentation cycles. These
differences in chemical composition impacted
sensory quality, with yeast RM vyielding the most
preferred samples. Both yeast strains demonstrated
effective adaptation to the fermentation process
with sensory analysis of the distillate showing
satisfactory acceptance scores for the cachaca spirit.
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