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Abstract

Contrary to the ethanol industrial production, the quality and composition of
sugar cane as raw material for the production of alembic cachaga have until
now not been completely addressed. This work evaluated the influence of five
different sugarcane cultivars and degree of maturation over the physicochem-
ical composition of cachaca produced under strict controlled conditions.
Three harvest seasons were used in order to obtain different stages of matura-
tion. The sugarcane quality was assessed by the juice brix, sugarcane POL, re-
ducing sugars, and purity. The cultivars quality did not differ within each
harvest stage. However, significant quality differences were observed among
sugarcane harvested in June and the other harvest months, particularly on
reducing sugar content. This indicates different stages of sugarcane matura-
tion. The 45 samples of cachaga produced from those sugarcanes were sub-
mitted to physicochemical and gas chromatography/mass spectrometry
(GC/MS) qualitative analysis. The GC/MS composition pattern showed that
the type of cultivar did not alter the composition of the cachaca at the same
harvest stage. Otherwise, the production of acetic acid, ethyl lactate and n-
butyl alcohol was higher in the first harvest (June) when compared to the oth-
ers. The results from sugar cane quality and GC/MS when submitted to prin-
cipal component analysis (PCA) showed consistently the separation between
the groups of cachaga produced in the three seasons, indicating the influence
of sugarcane ripening over the cachaga composition.
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1. Introduction

Cachaga (Brazilian sugarcane spirit), has been manufactured since 1536 and
aside from being the most consumed distilled beverage in Brazil, it is also the
third most consumed distilled beverage in the world [1]. Cachaga is produced in
all regions of Brazil, thus, each brand is distinguished by its production method
and the historical and cultural characteristics from each region.

Landell and Bressiani [2] studied the behavior of sugarcane quality on the ba-
sis of the harvest season in the South-Central region of Brazil. The researchers
observed that in this area, sugarcane was harvested over a long period from
April to November and climatic factors were responsible for a reduction in
chemical and sensory quality of the cachaga. Furthermore, they found that in the
period from April to June, the worst quality of cachaca was produced due to un-
favorable conditions for sugarcane maturation. The reverse happens in the pe-
riod from July to September and October to November: when the sugar cane
quality fluctuates depending on the climatic factors.

Barbosa and Silveira [3] showed that the sugarcane plant variety is the most
important aspect for the total cost of sugar and ethanol production. It is the
foundation that underpins all other sugarcane based production technologies.
Through several breeding programs, Brazil has become an international leader
in the area with regard to obtaining improved varieties to meet high yield on
sugar and ethanol production. High yield plant varieties, best suited to the pro-
duction of sugar and alcohol, have also gained importance for meeting the pro-
duction of high quality cachacas [4].

According to Coleti and Stupielo [5], the use of supplemental irrigation has
recently been introduced to enable a new type of sugarcane cultivation that
shortens the crop cycle. The plantation starts in the southern hemisphere in the
semi-tropical winter, dry season, covering the months of June, July, August and
the first half of September. Through controlled irrigation, the crop develops well
and can be harvested at the same period in the following year, achieving ideal
maturation conditions, which will result in better sugarcane quality.

Cachaga’s secondary compounds or congeners are substances formed during
the alcoholic fermentation alongside ethyl alcohol and carbon dioxide [6]. The
origin and quantity of these compounds on distilled beverages are determined,
at different levels, by the characteristics of the raw material, fermentation, distil-

lation and aging. The main classes of congeners formed during the fermentation
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belong to functional groups of acids, esters, aldehydes, alcohols. There are also
smaller proportions of ketones, phenolics, amines and mercaptan [7].

According to Leaute [8], at the distillation process of cachaga the volatile
compounds can be classified by their boiling point and miscibility in alcohol and
water. Compounds such as acetaldehyde (bp 21°C) and ethyl acetate (bp 77°C)
are soluble in ethanol and partially in water. Higher alcohols such as isoamyl al-
cohol (131°C) are miscible in ethanol and partially soluble in water. Fat acids
and their esters have higher bp than water and are miscible in ethanol and par-
tially soluble in water. Other compounds such as acetic acid (bp 110°C), ethyl
lactate (bp 151°C - 155°C) and 2-methyl-1-butanol (bp 127.5°C) and furfural
(bp 162°C) are very soluble in water. Therefore, the distribution of congeners
during distillation is determined by their volatilities and solubilities.

Some chemical constituents present in cachaga are considered to be of signifi-
cant importance. The Brazilian legislation [9] endorsed a technical regulation for
setting quality standards for cachaga. Currently, the cachaca must meet with
maximum and minimum limits of inorganics and organic volatile congeners and
contaminants in its composition. Restrictions are enforced to moderate the in-
fluence of some components to the public health and therefore all cachaga pro-
duced in Brazil must meet international standards.

Some extensive work has been carried out to evaluate the chemical composi-
tion of volatile compounds in cacha¢a samples by chromatography. Nascimento
et al. [10] described a qualitative and quantitative high-performance liquid chro-
matographic analysis of aldehydes in cacha¢a and in other distilled alcoholic be-
verages. Nascimento et al [11] determined esters in cachaga and other distilled
spirits by gas chromatography-mass spectrometry (GC-MS). More recently,
Souza et al [12] applied a comprehensive two-dimensional gas chromatography
for the determination of volatile compounds in cachaga. The effects of bidistilla-
tion, and the use of charcoal filtration in the production of artisan cachaga, as
well as the effects of multi-distillation on volatile products in commercial ca-
chaga were investigated. More than 100 compounds, comprising various homo-
logous series were tentatively identified using MS library matching and compar-
ison with retention indices.

The composition of fermented and distilled beverages is dependent on the
quality of its raw material. For example, wine chemical composition, sensorial
characteristics and quality are related to the grape varietal, sugar content and al-
so grape maturity. Kontoudakis et al [13] presented the influence of the hetero-
geneity of grape phenolic maturity on wine composition and quality. Bindon et
al [14] demonstrated the relationships between harvest time and wine composi-
tion, where the volatiles were significantly influenced by harvest date where iso-
butyl methoxypyrazine, C6 alcohols and hexyl acetate, all of which decreased as
ripening progressed.

The quality of sugar cane as raw material for obtaining high quality alembic
cachaga has to the best of our knowledge not been studied. The chemical com-

position of the sugarcane is directly related to the time of ripening, which is ex-
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pected to have influence in the physical-chemical and microbiological characte-
ristics of the crop. Since cachaca production does not involve sterilization of the
sugarcane juice, it is expected that this characteristics will later bring changes at
the fermentation process and the distillated composition.

The current study provides a general overview of how the cachaga volatile
composition can be influenced by the temporal changes in sugarcane chemical
and microbiological composition during ripening. The experiments in this study
have been sought to incorporate the influence of five sugarcane cultivars compo-
sition at three different harvest times in order to account for differences in

chemical composition of distilled sugarcane spirit.

2. Materials and Methods

Experimental design

A full factorial experimental design with 2 variables, cultivar with 5 levels and
ripening season with 3 levels, with 3 replicates was set to evaluate the influence
of the sugarcane quality on variations in the cachaca composition, produced
under the same fermentation and distillation conditions. The detailed experi-
ments are described below.

Cultivars of sugar cane used

The planting of sugarcane cultivars, that provided the raw material for the
manufacture of cachaga samples, was held in the month of July 2009, in Sali-
nas-Minas Gerais State, Brazil (16°18'01.2" and 15°50'59.4" south 42°37'00.2" and
41°45'13.6" west). The cultivars planted were the SP79-1011, Root, SP80-1842
and RB765418, obtained through the Federal University of Vigosa (UFV), which
are among those currently recommended to produce sugar and alcohol [15]. In
addition to these, it was also used the cultivar Java, which was already planted in
Salinas Campus, the most traditional in the region.

Plantation and harvest season of sugarcane cultivars

Five sites of 600 m* were planted, one for each plant, equipped with sprinkler
irrigation system. The cultural practices carried out were the same for all culti-
vars. The soil in which they were installed, was characterized as dark red eu-
trophic latosoil with strong corrugated relief. The fertilization was done accord-
ing to soil analysis and requirements for the culture [16]. Irrigation was per-
formed weekly, with blade of water determined by the potential evapotranspira-
tion obtained by Thorntwaite method [17]. Water collectors were installed at
various points of the crop in order to quantify the water slide that was effectively
applied. Irrigation was suspended from May 2010.

There were three crops of sugarcane cultivars, in three distinct seasons, so to
check the interference of the harvest season in the parameters of quality of the
raw and distillated material. The three seasons were: 1st season—the second half
of June 2010; 2nd season—the second half of August 2010 and 3rd season—first
fortnight of October 2010.

Sugar cane quality control

The juice brix, juice pol, sugarcane pol, apparent purity, juice reducing sugars,
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sugarcane reducing sugars, total reducing sugars, and total recoverable sugar
analysis were performed at Jatiboca distillery laboratory, located in Urucéania-
MG, according to CONSECANA [18] methods.

Pilot-scale fermentation

Fermentation assays were performed on a pilot scale during each harvest sea-
son, using 50 L stainless steel vats containing sugarcane juice. Previously, sugar-
cane was washed and the broth extraction done in an appropriated milling, just
after harvest, and filtered in a stainless steel sieve to remove wastes (bits of ba-
gasse). Finally, sugarcane juice was diluted in deionized water to 15°Brix.

Each fermentative cycle took approximately 24 hours and it was initiated
when the vat containing the remaining culture (termed foot vat) is filled with 30
L fresh sugarcane juice diluted to 15°Brix. A fermentative cycle was considered
finalized when sugar consumption reaches 3°Brix [6].

The strain used in this work was isolated from cachaga distilleries placed in
Salinas, Minas Gerais, Brazil. Saccharomyces cerevisiae strain LBCM 678 was
isolated from fifteen different distilleries and selected according to methodology
previously described [19]. Yeast cells propagation was made into 20 L plastic
buckets, previously cleaned with 70% ethanol. The vat containing sugarcane
juice was supplemented with 1% yeast extract and incubated at 30°C under con-
stant aeration using air compressor with pumping capacity of 4.5 L of air min™"°.
This last procedure was repeated until the volume of sediment cells (2.0 L per
vat) was achieved at cell concentration of approximately 10° CFU mL™".

Three bath feeding fermentations for each cultivar of sugarcane were con-
ducted in three different seasons, making a total of forty-five fermentations and
distillations.

Distillation

After the fermentation process the wine was immediately distilled in copper
alembic (Image 1), with capacity for 40 L of useful volume of fermented mash.
The alembic was directed heated by the use of liquefied petroleum gas fire. The
total distillate was split during distillation in three fractions called head, heart
and tail, collected in the respective proportions of 5%, 80% and 15% of the dis-
tilled volume. The heart fractions (cachaga) were bottled in glass and used for
the composition studies.

Analysis of volatile compounds by GC-MS

The volatile compounds from cachaga samples were extracted by liquid/liquid
extraction using 2.0 mL of dichloromethane (HPLC grade, J. T. Baker) and 0.5 g
of NaCl (Synth-A.C.S.) and 8.0 mL of each cacha¢a sample in stoppered flasks of
40 mL. The agitation of the samples was made using a vortex type agitator (Velp
Scientifica, 2000 RPM) for 5 min. After phase separation, the dicloromethane
fraction was collected by 1.0 mL micropipette and transferred to a 2.0 mL sealed
vial. To the original samples were added 50 uL of 10 pg-L™" of labeled D,, Anth-
racene (Sigma Aldrich) as surrogate.

The chromatographic analysis of volatile substances were performed by a
GC-MS system QP2010 Plus (Shimadzu, Kyoto, Japan), equipped with electron
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Image 1. Cachaga distillation plant.

ionization source (70 eV) and quadrupole mass analyzer. A column Elite- po-
lyethylene glycol Wax, 30 m x 0.25 mm x 0.25 pum (PerkinElmer, Shelton,
E.U.A.) was employed.

The chromatographic analyses were carried out under the following condi-
tions, column oven temperature 35°C to 220°C at 5° C-min ", 220°C for 10 min;
the injected volume was 2.0 pL, 0.5 min splitless mode; split ratio 1/15, septum
purge 15 ml-min~". The helium carrier gas flow was 1.24 mL/min; linear velocity
adjusted to 45 m-min~". The injector temperature was 240°C, the GC/MS trans-
fer line was 240°C and ion source was 200°C. The mass spectrometer operated in
fullscan mode (scan), acquiring from 40 to 400 m/z. and at SIM mode 188, 94
and 80 m/z for the surrogate.

The software GC-MS-solution v. 2.50 SU3 (Shimadzu Corp., Kyoto, Japan)
was used for the acquisition of mass spectra and chromatograms. To compare
the relative intensities, the analyte peak areas were normalized to the peak area
of m/z188 from the surrogate, labeled D,, Anthracene.

Statistical analysis

For a better exploratory interpretation of the results obtained for the various
compounds found in cachaga samples, principal components analysis (PCA) of
correlation matrixes were done using MINITAB® statistical software, version 14
for Windows (Minitab Inc: State College, Pennsylvania).

The analyses of variance were conducted using the statistical software Graph-
Pad Prism®, version 5.0 for Windows (San Diego, California-USA). The normal-
ity of the data was checked using the Kolmogorov Smirnov. The parametric data
were evaluated using the table test ANOVA followed by Tukey post-test. The

nonparametric data were earned by Friedman's test with post-test Duns. The

OALib Journal

6/16



0. W. B. Fernandes et al.

statistical significance was 95% (P < 0.05).

The original data set consisted of 29 analytes (variables) and forty-five sam-
ples (three replicates of three seasons of harvest of five sugarcane cultivars distil-
lations), generating an data array of [X = (29, 45)] where each row represents a

sample and each column, a measured chromatographic area of variables.

3. Results and Discussion

The results obtained from the composition of five cultivars of sugarcane in three
seasons of harvest (available as supporting information) were evaluated using
multivariate analysis through principal component analysis (PCA). It was ob-
served that the samples obtained from the first harvest season (June) had its own
characteristics in relation to other harvest times, thus forming a distinct group
(Figure 1).

The sugarcane maturation stage can be assigned by the reducing sugar and %
Pol. According to Vasconcelos 2010 [20] and Fernandes 2011, [21] reducing
sugar content above 0.5% and % Pol below 16% is characteristic of immature
sugarcane. Despite the possible analytical error, sugarcane over maturation can
be assigned when % Pol is above 18%. As a result of the natural process of ma-
turation, there was a significant raise in the quality of the raw material at the
second and third harvest, as showed in Table 1 through an increase on the per-
centage of brix of the juice, sugarcane pol, apparent purity, and a decrease in
reducing sugar levels. The same behavior was observed in all cultivars (Table 1).

According to Coleti and Stupielo [5], when the use of supplemental irrigation
was employed in June, July, August and the first half of September, cultivars ex-

pressed differences in behavior, with regard to the degree of ripeness, within
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Figure 1. PCA score plot from sugarcane quality analysis of raw materials of five different
cultivars harvested in three seasons (June, August, and October). The variables used were
juice brix, apparent purity, fiber, sugarcane pol, sugarcane reducing sugars, total sucar-
gane reducing sugars, total recoverable sugars and humidity.
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Table 1. Mean values for sugarcane quality parameters in five cultivars harvested at June,
August and October.

TECHNOLOGICAL CULTIVARS MEAN
PARAMETERS RB72454 SP79-1011 SP80-1842 JAVA RB765418 VALUES
JUNE
Juice brix %* 17.66 a 16.93 a 20.8a 18.13a 17.5a 18.20 A
Sugarcane Pol %* 12.29a 11.85a 15.18 a 12.61 a 12.18 a 12.82 A
Apparent purity %* 79.30 a 80.56 a 87.12a 79.79 a 8298 a 81.95 A
Reducing sugars %* 0.80 a 0.76 a 0.542a 0.78 a 0.66 a 0.70 AB
AUGUST
Juice brix %* 2233a 225a 24.73ab  2326a  21.66ac 22.89B
Sugarcane Pol %* 16.64 a 17.14a 18.78 ac 17.31a  15.87 ac 17.14B
Apparent purity %* 85.35a 87.96 a 89.97 a 85.99a 85.65a 86.98 B
Reducing sugars %* 0.62a 0.542a 0.47 a 0.59 a 0.60 a 0.56 A
OCTOBER
Juice brix %* 233 a 22.66 a 23.8a 25.66ab  22.33 ac 23.55B
Sugarcane Pol %* 17.68 a 17.03 a 1835a  19.95ab  16.84 ac 17.97 B

Apparent purity %* 86.46 a 87.15a 90.313 a 89.94 a 89.34a 88.64 B
Reducing sugars %* 0.59a 0.56 a 0.46 a 0.48 a 0.48 a 0.51 AC

*N = 3—Mean values followed by the same small letter do not differ on the line and in the capital, within a
single parameter, the 5% level by the Friedman test followed by post-test Dunns.

Table 2. Monthly average of rainfall (R), sugarcane evapotranspiration (SE), irrigation
(Ir), monthly sunlight hours (MS) and relative humidity (RH) from July of 2009 to July
2010.

Month/year R(mm) SE(mm) Ir (mm) MS (h) RH (%)
07/2009 0 32.96 32.96 212 69.82
08/2009 6.5 39.55 33.05 184.2 62.48
09/2009 2.6 91.36 88.76 219 54.76
10/2009 186.5 120.72 0 171.9 68.54
11/2009 56.9 144.82 87.92 223.1 72.47
12/2009 79.5 169.98 90.48 177.1 74.99
01/2010 28.3 183.19 154.89 260.8 64.07
02/2010 88.8 159.48 70.68 227 64.65
03/2010 247.7 159.54 0.00 198.1 81.34
04/2010 75 102.80 27.80 189.5 80.63
05/2010 16.6 61.32 44.72 178.5 80.24
06/2010 0.7 31.15 0 191.9 72.15
07/2010 6 32.59 0 182.5 65.24

each harvest season and all showed significantly higher maturity level in the
second and third harvest time. However, significant differences were detected in
the juice brix% and sugarcane Pol % between cultivars SP80-1842 and RB765418,
both of early maturation, and between RB765418 and Java cultivars, in analyses
carried out in August and October respectively (Table 1). Table 2 shows the
monthly average of rainfall, sugarcane evapotranspiration, irrigation, monthly

sunlight hours and relative humidity from July of 2009 to July 2010. Data of

OALib Journal

8/16



0. W. B. Fernandes et al.

monthly sunlight hours and relative humidity was obtained from the National
Institute of Meteorology (INMET) website. Figure 2(a) and Figure 2(b) show

National Institute of Meteorology-INMET
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SALINAS (MG)-or the year of 2009
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Figure 2. (a) Number of days with rain and monthly rainfall for 2009; (b) Number of days with rain and monthly rainfall for 2010.
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(x100,000)

data for number of days with rain and monthly rainfall for the years of 2009 and
2010, respectively, and Figure 3(a) and Figure 3(b) show the monthly average
temperature for the years of 2009 and 2010, respectively, all data obtained from
INMET [22].

Figure 4 shows a typical chromatogram of cachaga samples run for 45 mi-

30.0

National Institute of Meteorology-INMET
Monthly average Temperature
Salinas (MG) - for the year of 2009

25.0

Temperature °C

0.0 T

20.0 | — — —
15.0 T — — —
10.0 T — —

Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

(@

National Institute of Meteorology-INMET
Monthly average Temperature
Salinas (MG) - for the year of 2010

Temperature °C
—
[4,]
o
1

0.0 T

|
|11

Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

(b)

Figure 3. (a) Monthly average temperature for 2009; (b) Monthly average temperature for 2010.
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Figure 4. Total ion current chromatogram obtained by GC-MS corresponding to the sample of cachaga. Among the volatiles identi-
fied in 37 related chromatogram, peak: (2) isobutyl alcohol, (3) butyl alcohol, (4) isoamyl alcohol, (6) ethyl lactate (8) acetic acid.
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nutes, demonstrating the presence of alcohols, esters, carboxylic acids.

The principal component analysis (PCA) two dimensional score plot (Figure
5) indicates that the volatiles compositions of cachagas are distinctly grouped
according to the three sugarcane seasons of ripening. There is no evident dis-
tinction among the congener compositions of the five different sugarcane culti-
vars.

The GC/MS results showed differences in the concentrations of volatile com-
pounds in the 45 produced cachaga samples from the 5 different cultivars of su-
garcane, harvested in three seasons. Greater variations were observed on con-
tents of acetic acid, ethyl acetate and ethyl lactate among the three ripening sea-
sons.

It can be observed in Figure 6, that the median values of the relative TIC
chromatographic peak area for acetic acid in cachaga produced in the first sea-
sons, harvested in June, were significantly higher when compared to August and
October. It was also identified, on sugarcane quality tests that high reducing
sugar content of raw material occurred in the same harvest time.

Figure 7 shows the relative TIC chromatogram peak areas for acetic acid
produced by each sugarcane cultivar at three harvest times. It can be observed
that acetic acid response was higher for all cultivars at the first harvest season
(June). The ANOVA test also confirms that. The cachaca produced from the
cultivar SP79-1011, considered of average maturity, showed the highest median
value for acetic acid in the first season when compared to the other cultivars.
These values can be correlated to the results of sugarcane raw material quality
(Brix, apparent Purity % sugarcane Pol % and reducing sugars %) that presented
the lowest Brix and the highest reducing sugar contents, characteristic of lower

maturity and worst raw material quality.
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Figure 5. PCA scores plot for GC/MS analysis of volatile compounds in 45 cachaga sam-
ples produced with different sugarcane cultivars harvested in three seasons. A total of 29
variables were used, among alcohols, esters, and carboxylic acids.

OALIb Journal 11/16



0. W. B. Fernandes et al.

5000000 c X
bc
4000000 -
R
3 3000000 be
S %
§ ®
2000000 - [#l
1000000 Q
0 1 T T T T T T T T T
Harvest season A B C A B C A B C
Acetic acid Ethyl lactate N-butyl alcohol

Figure 6. Median value and percentiles 25% and 75% of chromatographic peak areas re-
ferring to acetic acid (peak area values multiplied by four), ethyl lactate, and n-butyl al-
cohol (peak area values multiplied by four) present in cachaga samples produced from
different sugarcane cultivars harvested in three maturation seasons (A, B, C). The letters
b, c represent statistical difference between June and the other seasons, the letter ¢
represent statistical difference between June and October, and the letter c* represent sta-
tistical difference between August and October (p < 0.0001). Friedman followed by
Dunns post-test.
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Figure 7. Median value and percentiles 25% and 75% of chromatographic peak areas re-
ferring to acetic acid (peak area values multiplied by four), ethyl lactate, and n-butyl al-
cohol (peak area values multiplied by four) present in cacha¢a samples of each sugarcane
cultivars harvested in different maturation seasons. 1* represent statistical difference be-
tween June and October (p < 0.0001). Friedman followed by Dunns post-test.

According to Ripoli and Ripoli,22 the increase on reducing sugars contents in

sugarcane has been correlated with bacterial contamination at the beginning of
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the harvest, when the sugar cane has not reached the ideal point of ripeness.
According to Stupielo [23], the bacterial activities are important for the
processing of sugarcane, and they are responsible for the presence of metabolic
byproducts such as acetic and lactic acids.

The relative high concentrations of reducing sugars and low sucrose and pur-
ity content are attributed to low quality of sugarcane. The sugarcane maturation
indexes are factors that influence on bacterial contamination. The distillated
acidity can be attributed to the contamination of the cane or the mash fermenta-
tion by acetic, lactic and other bacteria. Those microorganisms can cause the
acetic fermentation of the substrate, increasing the acidity and reducing the effi-
ciency of ethanol production [24].

The volatile acidity, expressed as acetic acid is quantitatively predominant and
its concentration varies from 60% to 95% of the total acidity. The excess acidity
promotes unwanted taste and slightly “aggressive” in sugarcane spirit, depre-
ciating the quality of the drink [25] [26]. In a published work on sensory quality
of cachaga, Odello ef al [27] indicated that the acidity as being one of the main
factors for the definition of qualitative profile to be evaluated on sensorial analy-
sis of cachaga, decreasing the score and preference for the drink.

Ethyl acetate is the most abundant ester in distilled beverages, followed by
ethyl lactate. Nascimento [28] assessed the concentration of esters in 136 sam-
ples of spirits. It was noted that the ethyl acetate represented 59.3% of the total
concentration of esters and ethyl lactate 36.2%, being the second most abundant
ester.

The presences of these esters are related to contamination of mash by bacteria,
Lactobacillus spp. which are responsible for lactic fermentation [28]. In this
work, in all analyzed cachaga samples were detected the presence of ethyl ester
and ethyl lactate. Figure 6 shows that the values of the medians for TIC chro-
matogram peaks of ethyl lactate were higher in the first season and that this dif-
fered statistically from the third season.

It was also verified that the ethyl lactate presented greater values of the chro-
matographic peak area medians in cachaga samples produced by each cultivar of
sugar cane in the month of June (Figure 7).

N-butyl alcohol (1-butanol) is generated by bacteria that may compromise the
quality of cachaga [29]. The literature has shown that high concentrations of re-
ducing sugars in immature sugarcane or “green” are precursors of bacterial con-
tamination in the fermentation of the must. In this study, it was found the same
correlation between higher reducing sugars content and higher chromatographic
peak area of n-butyl alcohol. This is evident in samples of cachaga produced in
June. They were statistically higher in relation to other harvest times (Figure 6).

The results of analysis of variance followed by post-tests for cachaga samples
produced by each sugarcane cultivar in the months of June, August and October
are showed in Figure 7. The medium values of the chromatographic peak area
for n-butyl alcohol in each harvest time showed similar behavior to that of acetic

acid and esters. It was observed that the cachaca samples from the cultivars root
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and RB765418 showed values of the medians of 1-butanol significantly higher in

the first harvest season.

4. Conclusions

The 5 sugarcane cultivars (Root, SP79-1011, SP80-1842, Java and RB765418) did
not express any statistically significant differences on chemical composition
when compared at each harvest season (June, August, and October). However,
all cultivars showed significant higher quality level (Brix of sugarcane juice, POL,
apparent purity and cane sugars) in the second and third harvest season. The
principal component analysis (PCA) of the values related to the sugarcane qual-
ity parameters for the five cultivars indicated that samples of reeds harvested in
June had distinct characteristics in relation to other harvest times, thus forming
a discriminated sample group.

As for the sugarcane quality parameters, the comparative results of gas chro-
matography analysis of volatiles congeners of cachaga samples showed that the
type of cultivar did not interfere in the formation of compounds present at each
harvest season. When assessing the congener volatile compositions on each
harvest season, it was observed statistically significant differences among the
three harvest seasons, mainly as regards the production of acetic acid, ethyl lac-
tate and n-butyl alcohol. Such substances showed a significantly higher qualita-
tive profile in the first harvest season (June) in relation to other times. These re-
sults submitted to PCA produced 3 distinct groups, consistent to the separation
of cachacga samples produced in each season, and characteristic of different stag-
es of sugarcane ripening.

Through this study, it was observed that the harvest season, the sugarcane cul-
tivars, the reducing sugar and sucrose content should be considered as reference
for the alembic cachaga production. The quality of the raw materials harvested
should be considered as indicators for the production of cachaga with better
chemical and sensory characteristics. Although it can be seen that harvest season
and maturation are important factors for chemical composition of cachaga, since
the study of these influences is still in the early phases, more studies are needed

to reveal the explanations for this interaction.
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