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Abstract

Cachaga is an alcoholic beverage obtained through the distillation of fermented sugarcane juice. It
is the sugarcane distillate most consumed in Brazil. Despite the traditional nature and economic
importance of cachaga, the production chain in Brazil is not technologically homogeneous; low-
yielding varieties of sugarcane with susceptibility to various diseases are common. Artisanal
cachacas undergo delicate distillation processes in copper pot stills using wild yeast strains for
fermentation, and the most exceptional and expensive cachacas can be found on the market in
Brazil. The objective of this study was to assess modern sugarcane varieties for the production of
artisanal cachaca and to propose a new methodology to obtain the expected yield in liters of
cachaca per hectare. A randomized block experimental design was used in a 4 (sugarcane varieties)
x 3 (harvest times) factorial arrangement, with five replications. At the end of three crop seasons
after harvest, the yield components, soluble solids content, and expected cachaca yield were
evaluated. The highest levels of soluble solids (°Brix) were for CTC4 and RB966928. Based on data
from three crop seasons, the CTC9002 variety showed the highest stalk yield per hectare (SYH).
The estimated yield methodology allowed for comprehensive assessment of the main sugarcane
production characteristics, providing reliability and practicality in estimating cachaca yield. Based
on analysis of yield components and mean cachaca yield (liters/ha) over three crop seasons,
CTC9002 is recommended for inclusion in the panel of varieties for cachaga production.

Keywords: brandy, still, alcoholic beverage, crop seasons, Saccharum spp.
Abbreviations: SH - stalk height, SJ_- sugarcane juice, DAC_- days after cutting, DAT_- days after transplanting, SD_- stalk

diameter, LJ_- liters of juice from 10 crushed stalks, PSP_— pre-sprouted plantlets, NSM_- number of stalks per meter; Q%_-
yield loss per cycle, ECY_- expected cachaga yield, SS —_soluble solids, SYH_- stalk yield per hectare

Introduction obtained through the distillation of fermented must from
raw sugarcane juice (Brasil, 2022). Artisanal cachaca is
Cachaca is a typical Brazilian spirit produced by known for its high-quality flavor and aroma and accounts
fermentation of fresh sugarcane juice and subsequent for 30% of Brazilian commercial volume (Santos et al., 2019;
distillation, reaching 38% to 48% alcohol by volume (ABV) at Sylvio et al., 2021).
20 °C (Brasil, 2005). This beverage is highly valued for its Cachaca is a beverage with considerable cultural, social,
characteristic flavor and aroma, which result from and economic impact on Brazilian society. The cachaga
fermentation, distillation, and aging processes in wooden sector generates commercial transactions of nearly seven
barrels. It is mainly composed of ethanol and water, as well billion Brazilian reals annually, and it is responsible for
as secondary compounds, such as higher alcohols, acids, around 600,000 direct and indirect jobs (Paulo et al., 2016).
esters, acetals, phenols, hydrocarbons, nitrogenous The states of Pernambuco, Sao Paulo, Ceara, Minas Gerais,
compounds, sulfur compounds, and sugars, among others, and Paraiba lead production (Ibrac, 2019). The state of
which characterize and qualify it (Brasil, 2005; Cardoso et Minas Gerais is the main producer of artisanal cachaca,
al., 2004). representing 50% of Brazilian artisanal production and
Sugarcane (Saccharum spp.) generates significant economic generating income for small and medium-sized properties
activity for cachaca producers, especially in the Southeast (Sylvio et al., 2021).
and Northeast regions of Brazil. Artisanal cachaca is Sugarcane characteristics desired for cachaga production
classified as such based on the distillation process, as this include high stalk yield, medium/low fiber content, high
cachaca is produced exclusively in copper stills and sucrose content, resistance to major pests and diseases,
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easy stripping of leaves, and a long period of industrial use
(Cardoso, 2021). Therefore, selecting varieties adapted to
specific edaphic and climatic growing conditions is essential
to establish the ideal sugarcane plantation in production
units. However, limited technical and scientific information
on varieties with higher agronomic yield for artisanal
cachaca production still hinders the activity.

The sugarcane variety used in cachaca mills in Brazil is
often predominantly RB867515. However, repeated use of
the same variety over multiple crop seasons can
compromise the yield and longevity of the sugarcane
plantation. The crop becomes vulnerable to biotic factors
and loses yield when grown in environments that do not
meet its specific requirements (Sanches et al., 2019). Thus, it
is important to seek new materials to diversify the
plantation and ensure its longevity for artisanal cachaca
production.

Information in the literature for production of this beverage
is usually limited to the fermentation processes of the raw
material, given the range of investigations focused on juice
quality and fermentative yeasts (Moura et al., 2020; Mutton
et al, 2020; Stefenon et al., 2021). However, few studies
consider agricultural aspects for plantations growing
sugarcane for pot still cachaca production, especially
regarding a methodology to quantify cachaca yield in liters
per hectare for different sugarcane varieties. This aspect is
essential for planning the establishment of plantations and
for still sizing.

Therefore, the objective of this study is to evaluate the yield
performance of modern sugarcane varieties for artisanal
cachaca production and propose a new methodology to
estimate the expected cachaca yield in liters per hectare.

Results and Discussion

Stalks per meter, plant height, and stalk diameter
Significant differences in results were observed among the
cultivars evaluated. The best result for the number of stalks
per meter (NSM) trait was in CTC4. However, the lowest
results for plant height and stalk diameter were for the
cultivars CTC9003 and CTCA4.

Statistical differences were also observed among the crop
seasons. The first stood out for the stalk height variable, the
second (2nd) for low variation in yield, and the third (3rd)
for the lowest values of the agronomic parameters (Table 1).
The agronomic traits NSM and SH are directly related to
SYH. Harvest and milling of one ton of sugarcane yields
from 60 to 80 liters of cachaga from copper stills (Pimentel
and Andrade, 2020). These agronomic traits are
quantitatively linked to the expected cachaca yield (ECY).
Another quantitative and qualitative factor is soluble solids
content (SS); values above 18 °Brix indicate that the
sugarcane is mature (Pimentel and Andrade, 2020).
However, during fermentation, added juice should have
levels between 14 and 16 °Brix (Campos et al., 2010; Duarte
et al., 2011; Schwan et al., 2001), requiring dilutions. Values
above this range can inhibit yeast cell activity and favor
glycogen accumulation, leading to a decrease in alcohol
yield (Maia et al., 1993; Walker, 1998).

The CTC4 variety had the highest value for the number of
stalks per meter trait; the other varieties did not differ
statistically (Table 1). The number of stalks is directly
related to tillering, a factor that affects sugarcane
production and is linked to the genetic potential of each
variety. Environmental, physiological, and phytotechnical
factors are also important (Manhaes et al., 2015). Otto et al.
(2022) evaluated the suitability of varieties in different
planting seasons and reported an average of ten tillers per
meter, with stabilization around the fifth month after
planting. Therefore, tiller development is of paramount
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importance in achieving high vyield levels; and proper
management can lead to high-quality stalks.

The varieties showed stable development of the number of
stalks in the first (NSM - 14) and second (NSM - 12) crop
season. However, there was a decrease in the third (NSM -
10) crop season (Table 1). This reduction in stalk density can
be attributed to loss of vigor, associated with damage to the
ratoons by machine traffic during harvest. The reduction is
also due to excess straw commonly found in cane fields
harvested without burning of crop residue, which creates a
microclimate favorable to proliferation of diseases and
pests, such as the root froghopper (Mahanarva spp.). That
leads to yield losses and decreased quality of raw material
(Castro et al., 2019; Tweddle et al., 2021).

The varieties showed similar mean values for stalk height
(Table 1). Sugarcane growth has a sigmoid pattern; it is
initially slow, enters a faster growth phase, and finally
slows again (Mischan and Pinho, 2014). The only variety
that had a different value was CTC9003, possibly affected
by the number of stalks per meter. Silva et al. (2008),
indicated that stalk height may be negatively correlated
with stalk diameter; thus, sugarcane with a larger diameter
may be shorter in height.

During the 360-day evaluation period, the first crop season
resulted in the tallest stalks, while the subsequent crop
seasons showed similar stalk heights (Table 1). The taller
stalks in the first season can be attributed to lower pressure
from biotic factors on first-year sugarcane, while the
shorter heights in the subsequent seasons may be due to
potential damage sustained during the harvesting process,
leaving ratoons exposed to pest and disease attacks. As a
result, reduction in stalk height may be associated with
cracks in the ratoons, which, combined with moisture
accumulation in residual straw, favored the attack of
opportunistic fungi, such as Colletotrichum falcatum Went.,
causing red rot of the stalks and hindering maximum
development of the varieties (Prasanth et al., 2022).

With regard to stalk diameter, CTC4 exhibited the lowest
value, and CTC9003, CTC9002, and RB966928 had the
highest values (Table 1). The low diameter value in CTC4
may be attributable to negative correlation of stalk
diameter with stalk height, as elongation may occur at the
expense of storage in some instances. However, it is
important to select varieties with a larger diameter, as this
parameter is directly related to sucrose accumulation
through the storage capacity of the parenchyma cells in the
stalk (Marafon, 2012).

Stalk diameter showed stability throughout the crop
seasons (Table 1). This stability in stalk diameter can be
attributed to the favorable temperature range of 20-33 °C
(Figure 1) during the phase of maximum vegetative
development (120-240 DAC). The ideal base temperature for
crop growth is around 25-35 °C (Manhaes et al., 2015).
Bonnett et al. (2006) reported that high temperatures can
lead to reduction in stalk diameter.

Guerra et al. (2014) worked with RB867515 and described
that high temperature induces an increase in sugarcane
height but reduces stalk diameter, possibly due to excessive
plant respiration (Diola and Santos, 2012). However, this
may vary, depending on the intrinsic genetic characteristics
of the variety, affecting production factors such as stalk
diameter.

Soluble solids

The CTC4 and RB966928 varieties had the highest soluble
solids content, but all varieties had values above 15 °Brix
(Table 1). The soluble solids content obtained falls within
the standard for sugarcane at the time of harvest (above 15
°‘Brix), which is an important sugarcane maturity and
quality indicator. Therefore, it can be inferred that the low



Table 1. Number of stalks per meter (NSM), stalk height (SH), stalk diameter (SH), soluble solids (SS), and stalk yield per hectare
(SYH) (in tons hectare™) of sugarcane varieties (CTC4, CTC9003, CTC9002, and RB 966928) over three crop seasons.

Variety NSM SH (m) SD (cm) SS (°Brix) SYH
CTC4 14.53 a’ 2.23a 2.21b 18.73 a 89.17 b
CTC9003 12.54 b 2.03b 243 a 18.11 b 84.74 b
CTC9002 11.49 b 2.29 a 2.63 a 18.15 b 105.77 a
RB966928 10.43 b 2.27 a 2.51a 19.36 a 88.91b
Crop season
1st 14.00 a 2.34 a 2.44 a 19.28 a 105.30 a
2nd 1262 a 216 b [ ]
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