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Abstract

Conilon coffee represents almost 20% of all coffee production in the Brazilian
territory; however, it is inexpressive in relation to the sensory quality when
compared to Arabica coffee. It is noteworthy that the coffee from the species
Coftea canephora PIERRE has a denser sensorial profile, is less sweet, less
acidic and with strong pronunciation of the body at the time of tasting. This
study has unprecedentedly applied the use of starter cultures (yeast) to op-
timize and modify the metabolic pathways and consequently the sensorial qual-
ity perceived by Q-graders. The experiments were conducted in a randomized
block design with five replicates, in the 3 x 4 factorial scheme, with three fer-
mentation times—24, 48 and 72 hours and four wet processing tests—Washed,
Yeast fermentation, Fully washed without yeast and Fully washed with yeast.
The sensorial results indicate a new perspective for the application of wet
processing with starter cultures for Conilon coffee. They indicate gains in
sensory scale, opening a new phase of studies on spontaneous and induced
fermentation for Conilon coffee in Brazil and worldwide.
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1. Introduction

Coffee is an important product for the Brazilian and world economies, Brazil
being the largest producer and exporter of coffee in the world, which has in its
productive composition two species of economic importance, Coffea arabica
(Arabica coffee) and Coffea canephora (Conilon). Arabica coffee accounts for
81% of the cultivated area in the country and the Conilon for 19% [1]. Accord-
ing to data from the US Department of Agriculture, the world consumes ap-
proximately 9 million tonnes of coffee per year [2].

Conilon coffee has sensory characteristics that normally present neutrality as
to the sweetness and acidity; it has a remarkable aroma of roasted cereals and it
stands out for the more pronounced body than Arabica coffee. Therefore, it is
used as raw material in the solubilization industry and as a component in blends
formulation with Arabica coffee [3].

In the case of coffee, the final quality of the product that is offered to the con-
sumer is determined by the sensorial analysis, or popularly known as cup-tasting,
done by tasters using personal opinion and tasting experience accumulated over
the years [4] [5]. This task is often complex because the Q-Grader' should be
able to balance and define the sensory routes that best fit the reality of the con-
sumer market that the coffee will be destined for, because the nuances of flavor
and aroma are what make the evaluation of coffees a complex task [6]. In addi-
tion, during the roasting process, more than 800 aromatic compounds can be
observed [6] [7].

The consumer preferences for a given coffee, or even for the method of prepa-
ration, can be influenced by a number of factors, such as culture, lifestyle, social
and work environment, daily habits, financial aspects, and flavor [8].

In this range of sensory complexity and subjective factors such as the quality
of a food product, many consumers stay away from discussions about the qualit-
ative composition of a product that is offered in the global market, or even know
little about the differences among varieties that are most consumed in the world.
In the case of Coffea canephora PIERRE, it is known that the sensorial differenc-
es of preferences are distance among the coffees from the Arabica group.

The final quality of the coffee is related to the chemical constituents of the
roasted grains, due to the wide chemical interaction that occurs during the
roasting stages [3]. In the chemical perspective it is already known that the rates
of caffeine, chlorogenic acids and reducing sugars are different according to the
genetics and the groups, Arabica versus Conilon, and these differences are de-
scribed by [9] [10] [11] [12] [13].

From the sensory perspective, it is known that coffee by the species Coffea
arabica L. usually receives better notes on taste, aroma, sweetness and body than
coffees from warmer regions [14]. This factor has been associated to the fact that

high temperatures prevent the translocation of some chemical compounds to the

'Q-Grader: Q-Graders are qualified, controlled, and professionally trained coffee tasters at the Cof-
fee Quality Institute (CQI).
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fruits [15] [16], thus being able to constitute a natural terroir’ of these mi-
cro-regions. These factors are widely discussed among researchers who study the
behavior of these variables among Arabica coffee. In the case of the Coffea ca-
nephora PIERRE culture, these factors are beginning to be observed as possible
quality indicators.

A new perspective on the production of specialty coffees emerges as an alter-
native to reduce such genetic, climatic and technological disparities. More re-
cently, it has been argued that the effects of microorganisms present in
processing and post-harvest, such as Debaryomyces, Pichia, Candida and Sac-
charomyces Kluyveri e S. Ceverisiae [17] [18]; filamentous fungi, such as Asper-
gillus, Penicillium and Fusarium e Trichoderma; bacteria, for example Lactoba-
cillus, Bacillus, Arthrobacter, Acinetobacter and Klebsiella e Weissella [19] [20]
[21] [22] [23]. Their fermentation capabilities can generate new opportunities
for optimizing coffee quality. New perspectives emerged with the aim of poten-
tiating the coffee quality curve through induced fermentation [24].

In this way, this study proposed to understand the impact of the introduction
of wet processing technologies, which were commonly used in Arabica coffee, to
evaluate the efficacy on the improvement of Conilon coffee quality— Coffeea
canephora PIERRE.

From these facts observed and presented, the scientific hypothesis of this
study is formulated: could it be possible to modify the chemical composition and
consequently alter the sensorial perception of Conilon coffee through the spon-
taneous and induced fermentation techniques, thus altering the sensory routes?

This research presents in an unprecedented way how the quality of Coffea ca-
nephora PIERRE species can be optimized from the perspective of wet
processing, observing the conditioning factors of the sensorial analysis in con-
sonance with infrared analysis, approaching the sensorial routes perceived by
Q-Graders, and proposing to demonstrate how the fermentation induced with
yeast cultures is able to create metabolic routes that are capable of proposing
improvements to the Conilon coffee produced in Brazil.

2. Material and Methods

2.1. Sample Preparation: Wet Processing

The raw materials selected for the experiments were composed of coffees of the
species Coffea canephora PIERRE, from the Conilon variety Vitdria were se-
lected in different places in Espirito Santo.

The coffees were processed according to the same specifications described as
follows: coffee pulp, husk from peeling, water and industrialized yeast (Saccha-
romyces cerevisiae sp.). Fifteen kilos of coffee were harvested per experimental
plot in both experiments, presenting 95% of ripe fruits. After harvesting, the

fruits were processed according to established processes.

*References that identify a good as originating in the territory of a country or a region, or locality in

that territory, where a particular quality, reputation or other characteristic of the good is essentially
attributable to its geographical origin.
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Of the four proposed methods, wort was prepared from the patent process
BR1020160040531, with industrialized yeast culture, the brand Fleischmann
(Saccharomyces cerevisiae sp.) and coffee husk. All experiments were conducted
inside the Fermentation Laboratory of the Coffee Analysis and Research Labor-
atory—LAPC.

The four methods had the following processes:

1) Treatment 1: fermentation wort with water (Washed), 10 kg of peeled cof-
fee cherries (pulp), 5 kg of husk and 5 liters of water;

2) Treatment 2: fermentation wort with yeast starter culture (Saccharomyces
cerevisiae sp.—Yeast fermentation), 1% (p/v’) of wort, 10 kg of peeled coffee
cherries (pulp) 5 kg of husk, 5 liters of water;

3) Treatment 3: dry fermentation wort (Fully washed without yeast), 10 kg of
peeled coffee cherries (pulp) and 5 kg of husk, without additional water to the
process;

4) Treatment 4: dry fermentation wort with yeast (Fully washed with yeast),
fermentation wort with yeast starter culture (Saccharomyces cerevisiae sp.), in
the proportion of 1% (p/v) of the wort, 10 kg of peeled coffee cherries (pulp), 5
kg of husk, without addition of water.

To perform the experiments, worts 1 and 2 received water to the processing at
38°C [25] and remained immersed in fermentation tanks in the processing la-
boratory of the Federal Institute of Espirito Santo (IFES), Campus Venda Nova
do Imigrante, for 24, 48 and 72 hours. Worts 3 and 4 received only husk origi-
nated from the wet processing and remained in the process of fermentation for
24, 48 and 72 hours. Wort 3 received no addition of external microorganisms.

After the fermentation period, worts 1, 2, 3 and 4 were washed and taken to

dry in a suspended and covered yard [26].

2.2. Preparation of the Samples for Sensory Analysis

After the resting period of the samples, 45 days, coffees were classified by type
and sieve [27]. For the roasting process were admitted coffees with 100% from
sieve 15 up.

The samples were prepared in the coffee sensory analysis laboratory of the
Federal Institute of Espirito Santo, Venda Nova do Imigrante campus, respecting
the methodology of the Uganda Coffee Development Authority [27]. Roasting
was conducted using the Laboratto TGP-2 roaster with the Agtron-SCA disk set.
The roasting point of these samples was between the colors determined by disks
#65 and #55 for specialty coffees [28].

Roasting was executed 24 hours in advance and grinding respected the time of
8 hours of rest after roasting. All samples were roasted for 9 to 10 minutes and,
after roasting and cooling, the samples remained sealed, according to the me-
thodology of sensorial analysis established by the UCDA [27].

The coffee samples were ground with Bunn G3 electric grinder, in the me-

*Part by volume (quantity of microorganism as a function of the wort).
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dium to coarse particle size range. Five cups of each batch of coffee were pre-
pared for cupping. The optimal ratio of 8.25 g of ground coffee per 150 ml of
water was adopted, as this conforms to the mid-point of the balance chart, op-
timal to achieve the Golden Cup [29]. The infusion was performed after the wa-
ter reached 92°C - 95°C. The Q-Graders began the evaluation when the temper-
ature of the cups reached 55°C, respecting the time of 4 minutes from the infu-

sion to the evaluation.

2.3. Sensory Analysis by the UCDA Method

The sensory analysis of the coffees was carried out by a panel of 6 (six) cuppers,
all with Q Robusta Grader* certification, aiming at reducing the subjectivity of
the analysis [30] [31].

2.4. Experimental Design

The experiment was conducted in a randomized block design with five repli-
cates, in a 3 x 4 factorial scheme, with three fermentation times (24, 48 and 72
hours) and four wet-processing tests: Washed, Yeast fermentation, Fully washed
without yeast and Fully washed with yeast.

For the statistical analysis of the sensory data, analysis of variance were per-
formed, the means were compared by the Tukey test, the regression models
tested using the F tests and the estimators using the t test. In order to group the
treatments, we used canonical variables analysis, through visual exams in graphic
dispersions, being recommended the scores of the first two canonical variables,
which explain more than 80% of the total available variation. The software Genes

was used in the statistical analysis.

3. Results and Discussion

The results are distributed in two-panel presentation, so initially the sensory re-
sults are addressed and sequentially the data from the infrared analysis. Thereaf-
ter, we proposed a joint discussion of the results found.

Table 1 presents the sensory results where the attributes that are evaluated in
the Uganda Coffee Development Authority protocol are available [27].

No significant functional relationships were observed between fragrance, fla-
vor, aftertaste, salt/acid aspect ratio, bitter/sweet aspect ratio, mouthfeel, global
score and the fermentation time for all four processes.

The results of Table 1 present the sensory results for the treatments Washed',
Yeast Fermentation®, Fully washed without yeast® and Fully washed with yeast®,
within each fermentation time—24, 48 and 72 hours respectively. The results
were discussed using the numerical label of each processing, to facilitate the un-

derstanding of the analysis.

*Q Robusta Graders, formerly known as R-Graders, are skilled and credible Robusta coffee cuppers
certified by the Coffee Quality Institute (CQI).
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Table 1. Sensorial characteristics of time to fermentation processing. Sensory functional
means evaluated in three fermentation times and four processes.

Sensorial variable Fragrance/Aroma

Time to fermentation processing (h)

Processing Média
24 48 72
1) Washed 7.55 ab 7.38 b 7.35 b 7.43 be
2) Yeast fermentation 7.44 b 7.43 b 7.61 a 7.49 b
3) Fully washed without yeast 7.44 b 7.34 b 7.38 b 7.39 c
4) Fully washed with yeast 7.69 a 7.63 a 7.61 a 7.64 a
Average 7.53 7.45 7.49
Sensory variable Flavor

Fermentation Time (h)

Processing Average
24 48 72
1) Washed 7.63 ab 7.43 a 7.37 bc 7.48 b
2) Yeast fermentation 7.54 b 7.45 a 7.64 a 7.54 ab
3) Fully washed without yeast 7.54 b 7.34 a 7.34 c 7.41 b
4) Fully washed with yeast 7.84 a 7.53 a 7.60 ab 7.66 a
Average 7.64 7.44 7.49
Sensory variable Aftertaste
Fermentation Time (h)
Processing Average
24 48 72
1) Washed 7.40 a 7.25 a 7.22 a 7.29 b
2) Yeast fermentation 7.41 a 7.34 a 7.49 a 7.41 ab
3) Fully washed without yeast 7.45 a 7.19 a 7.19 a 7.28 b
4) Fully washed with yeast 7.67 a 7.35 a 7.46 a 7.49 a
Average 7.48 7.28 7.34
Sensory variable Salt/Acid
Fermentation Time (h)
Processing Average
24 48 72
1) Washed 7.48 a 7.42 ab 7.20 a 7.36 ab
2) Yeast fermentation 7.36 a 7.30 ab 7.45 a 7.37 ab
3) Fully washed without yeast 7.43 a 7.18 b 7.25 a 7.29 b
4) Fully washed with yeast 7.57 a 7.53 a 7.39 a 7.49 a
Average 7.46 7.36 7.32
Sensory variable Bitter/Sweet
Fermentation Time (h)
Processing Average
24 48 72
1) Washed 8.11 a 7.77 a 7.82 a 7.90 a
2) -Yeast fermentation 8.00 a 7.89 a 8.06 a 7.98 a
3) Fully washed without yeast 8.03 a 7.83 a 7.78 a 7.88 a
4) Fully washed with yeast 8.13 a 7.82 a 7.94 a 7.96 a
Average 7.46 7.36 7.32
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Continued
Sensory variable Mouthfeel
Fermentation Time (h)
Processing Average
24 48 72
1) Washed 7.61 a 7.34 a 7.23 b 7.39 a
2) Yeast fermentation 7.51 a 7.46 a 7.58 a 7.51 a
3) Fully washed without yeast  7.56 a 7.27 a 7.30 ab 7.38 a
4) Fully washed with yeast 7.69 a 7.38 a 7.56 a 7.54 a
Average 7.59 7.36 7.42
Sensory variable Balance
Fermentation Time (h)
Processing Average
24 48 72
1) Washed 7.48 a 7.35 a 7.19 b 7.34 b
2) Yeast fermentation 7.47 a 7.40 a 7.51 a 7.46 ab
3) Fully washed without yeast ~ 7.48 a 7.28 a 7.25 b 7.34 b
4) Fully washed with yeast 7.60 a 7.37 a 7.53 a 7.50 a
Average 7.50 7.35 7.37

Regression Model * and ** Significant at the 5% and 1% probability levels by the t and F tests,
respectively.

Sensory variable Overall

Fermentation Time (h)

Processing Average
24 48 72
1) Washed 7.49 a 7.36 a 7.22 c 7.36 b
2) Yeast fermentation 7.49 a 7.37 a 7.58 a 7.48 ab
3) Fully washed without yeast ~ 7.48 a 7.28 a 7.28 bc 7.34 b
4) Fully washed with yeast 7.68 a 7.44 a 7.55 ab 7.56 a
Average 7.54 7.36 7.40

Regression Model * and ** Significant at the 5% and 1% probability levels by the t and F tests,
respectively.

Sensory variable Global Note
Fermentation Time (h)
Processing Average
24 48 72
1) Washed 80.74 a 79.29 a 78.59 c 79.54 b
2) Yeast fermentation 80.22 a 79.63 a 80.91 a 80.25 ab
3) Fully washed without yeast ~ 80.42 a 78.71 a 78.77  bc 79.30 b
4) Fully washed with yeast 81.87 a 79.71 a 80.63 ab 80.74 a
Média 80.81 79.34 79.73

Means followed by at least one letter vertically do not differ from each other by the Tukey test at 5% proba-
bility.

For the variable fragrance, at the time of 24 hours, treatments 1 and 4 did not
present statistical differences among themselves. However, treatment 4 was su-

perior to treatments 2 and 3. At the time of 48 hours only treatment 4 is superior
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to the others and at the time of 72 hours treatments 2 and 4 differ from the oth-
ers and present the best results respectively, based on the Tukey test at 5%
probability.

The observed alternations between the processes for the variable fragrance
showed that the variations in the fermentation phase require more control. It
was observed that method 4 presented the best results in the general average by
the Tukey test at 5% probability. Dry fermentation without yeast, treatment 3,
showed the worst results but did not differentiate from treatment 1.

The flavor of coffee is surely one of the most complex sensory attributes to be
defined and understood. This indicates that in longer roasting profiles a small
variation in the roasting time may alter the coffee flavor profile, since different
compounds can be produced more or less intensely [32].

Among the treatments applied at the 24-hour fermentation time, the results
indicated that treatment 4 differed from treatments 2 and 3 but did not differ
from treatment 1 at 5% of probability by Tukey’s test. In addition, treatments 1,
2, 3 and 4 did not show statistical difference between them, for the time of 48
hours. Treatments 2 and 4 did not present statistical difference between them at
the time of 72 hours. Moreover, treatment 2 differed from treatments 1 and 3 at
5% probability by Tukey test.

In general means treatments 2 and 4 did not present statistical difference be-
tween them; however, treatment 2 showed better sensory results than treatments
1 and 3. In relation to the general mean, treatment 4 had better results than
treatments 1 and 3, but did not differentiate from treatment 2. The effects of wet
processing on the chemical and sensory changes of coffee are evident [33]. How-
ever, the authors conclude that, despite the wide variety of metabolites observed,
it seems unlikely that any one of them will explain to a large extent its real im-
pacts on the sensory structure of a coffee.

For the sensory variable aftertaste, the treatments did not present statistical
difference by the Tukey test at 5% probability at 24, 48 and 72-hour times.
However, in general average, treatments 2 and 4 did not show statistical differ-
ence among themselves and treatment 4 was superior to treatments 1 and 3.
Once again treatment 4 stands out with one of the best sensorial results also
considering the variables fragrance and flavor, even not differentiating from
treatment 2 in which was also used yeast.

The aftertaste is an important evaluation feature, since it is usually the last
coffee reading during the tasting session [29]. The aftertaste is defined as the
persistence of taste, in other words, a characteristic perceived in sequence of the
taste, which remains after the coffee is expelled from the mouth. If the aftertaste
leaves sensation of short duration or even if it is unpleasant, a low score may be
applied.

This variable has been little described in the scientific literature in the coffee
area. It is known that chemically there is a relationship between food bitterness
and aftertaste, due to the high load of tannic acid, also called tannin. Tannins are

astringent; polyphenols bind, precipitate and shrink proteins, causing tannin as-
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tringency to manifest as a sensation of drought. This sensation is felt in the
mouth after consumption of some wines, strong tea or unripened fruit [34].

Data from the variable acidity indicated that for the fermentation of 24 and 72
hours the treatments did not present statistical differences among themselves by
the Tukey test at 5% of probability. However, at the fermentation time of 48
hours, treatment 4 was superior to treatment 3, but it did not differ from the
other treatments by the Tukey test at 5% probability. The same behavior can be
observed on the mean values for the variable acidity; treatment 4 once again
stood out considering the variables fragrance and flavor, even though it did not
differentiate statistically from treatments 1 and 2 for this variable.

The acidity in coffee has been the subject of several scientific controversies.
According to [35], low quality coffee is associated with high acidity indexes,
mainly due to the harmful fermentation. There is a tendency that when the acid-
ity increases, the quality of the coffee decreases [36].

This suggests that the metabolic processes generated during the induced fer-
mentation phase had a significant effect on the production of some compounds
that confer a higher acidity load on coffee. However, these factors should be bet-
ter studied, since the data of [37] suggest that the use of yeasts (Saccharomyces
cerevisiae sp.) provided improvement of the acidity of the coffees corroborating
in parts with the results found for this variable.

For the variable bitterness/sweetness the treatments did not present statistical
differences in any of the proposed methods and in any of the fermentation times
by the Tukey test at 5% probability. The same behavior was observed in the av-
erage of the results for the bitterness/sweetness variable. Although statistical dif-
ference was not observed, once again treatment 4 showed the best results in
general considering the variables already discussed. It is necessary to emphasize
that this variable is evaluated differently in relation to the coffee protocol of the
Arabica group.

The body is a sensory perception of the weight of the drink on the tongue.
Thus, the relationship of the coffee sensation on the palate may vary according
to the nature of the weight. A high body score may also be perceived as a defect
in some cases [38]. For the mouth-feel variable, the treatments did not present
statistical differences for the 24 and 48-hour times. However, at the 72-hour
time, treatments 2, 3 and 4 did not present statistical differences among them-
selves at 5% probability by Tukey test and treatment 3 did not differ from treat-
ment 1. In the general average, the treatments did not present statistical differ-
ences.

The sensation of coffee in the sensorial analysis is relativized as a perception
of coffee density in the palate. Q-Graders when evaluating the coffees tend to
value the intensity of this density, but, in excess, it becomes aggressive to the pa-
late. It was observed for this variable that treatment 4 also collaborates with the
fragrance and flavor characteristics for better sensorial quality of the coffee.

For the variable balance, at the fermentation times of 24 and 48 hours, the

treatments did not present statistical differences by the Tukey test at 5% proba-
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bility. However, for the 72-hour time, treatments 2 and 4 did not present statis-
tical differences among themselves but were higher than the others at 5% proba-
bility. On average, treatment 4 presented the best sensory results, it differed from
treatments 1 and 3, but it did not differ from treatment 2 at 5% probability by
the Tukey test.

A significant functional relationship was observed between balance and fer-
mentation time for process 1, y = 7.62222 — 0.005902* x and R* = 0.9954**, that
is, balance decreases with the fermentation time. For the other processes, no sig-
nificant functional relationships were observed between balance and fermenta-
tion time (Table 1).

This result gives an important indication about fermentation processes. The
formation of the microbiota, the room’s temperature and the pH of the wort
may undergo changes, and modify the charge and the way the microorganisms
act during the fermentation process [20].

The fruits of coffee, when processed, allow the emergence of a spontaneous or
wild fermentation. The sugars and pectins present in the mucilage allow the
growth of microorganisms, especially bacteria and yeasts. In this case, the
non-specific selection of microorganisms in the spontaneous fermentation phase
may lead to a disordered competition in the fermentation wort, for the coffee
balance can be described by means of various chemical compounds that will in-
teract during the processing and will manifest during the roasting. Sugar and
amino acids are precursors to generate the caramelization process, triggered by
the Maillard reaction, which will progress during roasting to produce brownish
and bitter glycosylamine and melanoidins to give flavor to the coffee. Finally,
this reaction tends to confer to the coffee beverage a balanced performance, taste
and softness [39].

The sensorial results for this variable indicate a plausible behavior in the two
treatments where yeasts were inoculated the results were more promising than
the others, after 72 hours of induced fermentation. This indicates that the sec-
ondary metabolites may have altered the chemical composition of the fruits. The
metabolic processes generated by the fermentation can confer some differen-
tiated characteristics to the coffee, which can be explained by the direct connec-
tion with fermentation processes [40].

The penultimate sensory protocol variable, overall, is described by the SCA
protocol [29] as an attribute that should reflect the integrated classification of
the sample, as perceived by the individual panel. Thus, the Q-Graders exert a
relative direct influence on the protocol of sensorial analysis, because at that
moment the evaluator can extend his grades to differentiate more the coffees
during the sensorial analysis. For the variable presented, the treatments did not
present statistical differences at the times of 24 and 48 hours, however, in the
72-hour time, treatment 2 differed from treatment 1 and 3, but not from treat-
ment 4, at 5% probability by Tukey test. Treatments 1 and 3 did not show statis-
tical differences between them. On average, treatment 4 was superior to treat-
ments 1 and 3, but did not present statistical difference between treatment 2 by

DOI: 10.4236/as.2019.103032

404 Agricultural Sciences


https://doi.org/10.4236/as.2019.103032

L. L. Pereira et al.

the Tukey test at 5% probability. Treatments 1, 2 and 3 did not differ from each
other.

A significant functional relationship was observed between the overall and
fermentation time for processing 1, y = 7.63056 — 0.005729* x and R*> = 0.9997**,
that is, the overall decreased with the fermentation time. For the other processes,
no significant functional relationships were observed between overall and fer-
mentation time in Table 1.

The behavior observed in the overall variable indicates the need for control in
the spontaneous fermentation phase. In addition to bacteria, fungi and yeasts,
more recently, the microbiota present in coffee fruits has received considerable
attention regarding its diversity and potential contribution to positive attributes
related to coffee quality [41]. From this arises the need to compare the internal
microbiota of fruits from high regions with that of lower regions to understand
the quality of fermentation. This factor may be associated to the fact that high
temperatures prevent the translocation of chemical compounds to the fruits,
opening a field for discussion about Conilon coffee microbiota [42].

As a conclusion of the sensorial analysis, the analysis protocol presents the va-
riable global score. For this variable, the treatments did not present statistical
differences between the fermentation times of 24 and 48 hours. The 72-hour
fermentation time showed that treatments 2 and 4 did not differ statistically, al-
though treatment 4 did not differentiate from treatment 3 by Tukey’s test at 5%
probability. In the general mean, treatment 4 presented a better overall score
than treatments 1 and 3, but did not differ from treatment 2, a factor observed in
all protocol variables, except for fragrance, in which treatment 4 was higher than
2 by Tukey’s test at 5% probability.

Multivariate Analysis of Sensory Processes

Table 2 shows the eigenvalues and their respective simple and accumulated per-
centages, associated to the first two canonical variables, from which the scores of
the 4 treatments were obtained. The graphical dispersion of the scores of the first
two canonical variables is presented in Figure 1. The scores were plotted in a
two-dimensional space, where the distance of these points is proportional to the
degree of dissimilarity between the treatments.

In Figure 2, relative to the processing time of 24 hours, we observe the disper-
sion of the treatments based on the respective coordinates relative to the first
two canonical variables, VC1 and VC2, in which treatment 1 (washed) formed
the first group; treatments 2 and 3 (Yeast fermentation and Fully washed with-
out yeast) formed the second group and treatment 4 (Fully washed with yeast)
formed the third group. The two canonical variables absorbed 98.23% (Table 2)
of the variation in the original characteristics.

Then, at fermentation time of 48 hours, we observe the dispersion of the
treatments based on the respective coordinates relative to the first two canonical
variables, VC1 and VC2, in which the treatments: Washed, Yeast fermentation

and Fully washed without yeast form a group and Fully washed with yeast form
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Washed Yeast Fully washed Fully washed
Fermentation without yeast with yeast
24-48-72 h 24-48-72 h 24-48-72 h 24-48-72 h

Saccharomyces cerevisiae

Figure 1. Scheme of fermentation tanks. Source: Elaboration of the authors.

Table 2. Main components and their respective eigenvalues and simple and cumulative

percentages of the total variance.

Eigenvalues for the fermentation time with 24 hours

Accumulated

Canonical variable Eigenvalues Simple percentage percentage
VC1 7.8531148 80.0794574 80.0794574
vC2 1.7800022 18.1509644 98.2304218
Eigenvalues for the fermentation time with 48 hours
Canonical variable Eigenvalues Simple percentage A;::cr:ril:;d
VC1 37.0132292 94.3223705 94.3223705
vC2 1.6742792 4.2666361 98.5890065
Eigenvalues for the fermentation time with 72 hours
Canonical variable Eigenvalues Simple percentage A;:rc?;l:gtzd
VC1 12.9136327 95.8053908 95.8053908
vC2 0.433905 3.2191124 99.0245032

the other group. The two canonical variables absorbed 98.59% (Table 2) of the
variation in the original characteristics.

The last fermentation time (72 hours) shows the dispersion of the treatments
based on the respective coordinates relative to the first two canonical variables,
VC1 and VC2, in which the treatments Washed and Fully washed without yeast
form the first group, and Yeast fermentation and Fully washed with yeast form
the second. The two canonical variables absorbed 99.25% (Table 2) of the varia-
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tion in the original characteristics.

Based on the dispersion of the groups observed in the set of images related to
the VC’s of Figure 2, it can be observed that the wet processing, when applied to
the Conilon coffee, may undergo changes, and such changes may impact the
quality perceived by the evaluators.

In the perspective of the metabolic routes that can be created through the wet
process, according to [24] reinforce the discussion about the fermentation, con-
sidering that desirable attributes can be optimized during the wet processing.

The fermentation of the coffee occurs to solubilize polysaccharides that are
present in the coffee pulp, consequently, during the fermentation, microorgan-
isms will act in the degradation of the sugars present in the pulp, creating meta-
bolic routes and differentiated sensorial patterns. These facts are proven with the
observation of the groupings arranged in Figure 2.

These catabolic processes of oxidation of organic substances, especially sugars,
which are transformed into energy and simpler compounds, such as ethanol,
acetic acid, lactic acid and butyric acid, are caused by bacteria and yeasts, being
the final result of fermentation dependent on the set of bacteria and yeasts
present during these processing stages [43]. As previously reported, the use of
Saccharomyces cerevisiae sp. provided improvements and qualitative gains to
the coffees that were processed by this method, which can also be observed in
Figure 1.

In addition to bacteria, fungi and yeasts, more recently, the endophytic mi-
crobiota present in coffee fruits has been receiving considerable attention re-
garding its diversity and potential contribution to positive attributes related to
coffee quality [41]. From this arises the need to compare the internal microbiota
of fruits from high regions with that of lower regions to understand the course of
quality regarding the fermentation.

This interpretation corroborates the conclusions of [44], as for the authors
further studies should be undertaken to strengthen the understanding of the
impact of the microbiota on the quality of the coffee bean in order to provide
robust data for the development of early commercial crops.

4. Conclusions

The use of yeast culture Saccharomyces cerevisiae sp. resulted in an improve-
ment in the quality of the Conilon coffee in relation to the other processes, in all
inoculation time; an improvement was reinforced for the fermentation method
Fully washed with yeast, indicating potential for quality improvement through
induced fermentation.

The regression models for the sensorial analysis indicated that the spontane-
ous water fermentation method—Washed—had a significant functional rela-
tionship between the attributes overall and balance to the fermentation time.
That is, the quality of the coffees decays as the time of spontaneous fermentation
increases. Thus, the need for a more in-depth study on the endophytic microbi-

ota in Brazilian coffees Conilon is evident.
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Figure 2. Scatter diagram of the first two canonical variables of the treatments: 1—Washed, 2—Yeast fermentation, 3—Fully

washed without yeast and 4—Fully washed with yeast.

Based on the different types of processing and forms of use of the fermenta-
tions, it was possible to create sensorial routes for the Conilon coffee and to
create a possibility of deepening the effects of the induced and spontaneous fer-
mentation due to the different fermentation times, demonstrating new perspec-

tives for the creation of sensory routes of Conilon coffee.
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