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Abstract: C. canephora (syn. C. robusta) is distinctive due to its rising industrial value and pathogen
resistance. Both altitude and post-harvest methods influence coffee cup quality; however, modest
information is known about this coffee species. Therefore, the aim of this study was to determine the
relationship between four different altitudes and post-harvest processes (dry, honey, and wet) to the
improvement of the organoleptic quality of the C. canephora congolensis and conilon drink. For dry
processing, congolensis and conilon showed the lowest scores in terms of fragrance/aroma, flavour,
aftertaste, salt-acid, bitter-sweet, and body. Above 625 m, coffees from dry, honey, and wet processes
increased scores in their sensory attributes, but there was no difference at such high altitudes when
comparing post-harvest samples. Dry-processed coffee samples had total scores over 80 points at
high altitudes. Conilon was perceived to have the best sensory attributes at high altitudes using
honey processing. In general, the wet-processed congolensis and conilon samples had a tastier profile
than dry-processed ones.
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1. Introduction

World coffee production up to 2020 totalled 169.34 million bags, with 101.9 million
bags of C. arabica and 73.5 million bags of C. canephora (syn. C. robusta)—which represent
64% and 36% of commercial importance, respectively [1]. C. arabica is world-famous for
its aroma and acidity; meanwhile, C. canephora has a greater body but a lower aroma [2].
This coffee species is distinguished by its excellent industrial value, drought resilience,
and heat tolerance [3-5]; in comparison, C. arabica tends to have a lower output for one
or two years after reaching its peak production [6-8]. According to projections, C. arabica
growing areas will be 300 m lower by 2050 [9,10]. Due to climate change, coffee producers
are moving their operations to other regions, which will result in the deforestation of
new areas [11,12]. Moreover, the production of profitable arabica is being threatened by
the fungus Hemileia vastatrix (Hv)—known as coffee leaf rust (CLR)—everywhere in the
world [13-15]. Previously unfavourable places are now suited for many diseases due to
global warming [13,16]. Under these circumstances, blending C. arabica and C. canephora
coffees is a popular industrial technique as a sustainable option for the food industry [17,18].

The quality of the coffee is affected by pre-harvest, post-harvest, and export handling
in the proportions of 40%, 40%, and 20%, respectively [19]. Free amino acids, reducing
sugars, and phenolic compounds in green coffee beans are engaged in the Maillard reaction,
which is responsible for the aroma and flavour [20]; these compounds vary significantly
depending on the post-harvest processing method [21,22]. Green coffee seeds are handled
using one of three techniques known as dry, wet, or honey (semi-dry) processing after
the fruits have been harvested [23-25]. The cherry fruit flesh is intended to be removed
using one of these processes. In the dry process, the entire cherry (bean, mucilage, and
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pulp) is dried in the sun or using a mechanical dryer before the dried exterior pieces are
mechanically removed [5]. The dry process produces a so-called “natural coffee” with a full-
bodied, fruity, cherry-like flavour [19]. The dry process is the simplest method for growing
green coffee beans, but it is difficult to obtain coffee of a good quality [26]. Nonetheless,
coffee beverages prepared from beans harvested by the wet process are characterized by
their robust aroma and pleasant acidity [27]. Honey processing is less sensitive in terms of
fermentation than dry processing, in addition to reducing the levels of flavour and acidity
that are present in the coffee [28]. In addition, there is a small amount of mucilage in the
honey process, which presents as a sticky sugar-rich mucilage on the coffee beans [29].

The term pre-harvest specifies the sensory properties of the coffee based on the crop’s
location, height, latitude, land slope, coffee variety, soil, fertilizer, rainfall, irrigation,
shadow, frost, climate change, and exposure to pathogens [11,30,31]. Particularly, altitude
positively influences the physicochemical properties and consequently the organoleptic
quality of coffee, although little is understood about the metabolic changes that lead to this
trait [32]. At higher altitudes above 1200 m, sucrose is the most abundant carbohydrate,
and it acts as an aroma precursor to the formation of furans, aldehydes, and carboxylic
acids which contribute to a caramel aftertaste [33]. However, when cultivated under an
altitude of 300 m, C. canephora provides coffee with lower ratings and undesirable qualities
such as woody and herbal flavours [34]. Coffee beans undergo a post-harvest procedure to
transform them into a more stable, transportable, and roastable state, with a moisture level
of between 10% and 12% to prevent unintended fermentation [35]. This post-harvest entails
removing skin, mucilage, and parchment layers that are firmly connected to the coffee beans.
There are three ways to handle green coffee cherries: dry, wet, and semi-dry processing [26].

The hypothesis presented as the study’s premise is that altitude and post-harvest
processes influence coffee cup quality. Therefore, the aim of this study was to determine
the relationship between four different altitudes and three post-harvest methods to the
improvement of the organoleptic quality of the C. canephora drink. For each coffee variety,
the evaluation was performed independently, since the two varieties are not found at the
same altitudes.

2. Materials and Methods
2.1. Sampling

The fruits of C. canephora congolensis and conilon variants were gathered from
17 Ecuadorian plantations located at various altitudes (Table 1, Figure 1). Twenty plants
were randomly chosen from each plantation at each altitude, and at least 5000 g of fresh
fruit was harvested. Within twenty-four hours, the samples were placed in sterile plastic
bags for additional post-harvest treatment.

2.2. Post-Harvest Treatment

Each farm featured its own processing units, whose altitudes and temperatures are
listed in Table 1. Three different post-harvest treatments were applied: dry, wet, and
honey [36—41]. In the dry method, the entire crop of mature cherries was sun-dried for
12 days, until the requisite 10% water content was reached [42]. The cherries were exposed
uniformly to the sun’s rays and constantly scraped to prevent fermentation. The unwanted
outer layers were removed manually. There was no yeast inoculation conducted. At the
conclusion of the process, the outer layer of the cherries had turned dark brown and brittle.
After drying, cherries were milled to remove the fruit and the parchment encasing the seed.
Manual sorting was carried out in order to exclude overripe or fermenting beans.

In the wet process, the pulp and mucilage from ripe coffee cherries were removed
using a significant amount of water (30 L/Kg) for 24 h. Proteolytic enzymes (Granozyme,
Ecuador) were used to break down mucilage for 2 days. The remaining mucilage was
washed off. The parchment coffee was cleaned and dried under the sun [19].
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Table 1. Features of the 17 sampling coffee farms.

Farm Province Coordinates 31::‘1:? Precipitation >, mm  Temperature ?, °C Variety
F1 Santa Elena 2°13/36" S 80°51'30" W 12 487 26 °C Congolensis
F2 Santa Elena 2°13'36" $80°51'30" W 12 487 26 °C Congolensis
F3 Santa Elena 2°13/36" S 80°51'30" W 12 487 26 °C Conilon
F4 Guayas 2°12/00" §79°58'00" W 40 4283 31°C Congolensis
F5 Guayas 2°12/00" $79°58'00"” W 40 4283 31°C Conilon
F6 Los Rios 1°46'00" § 79°27'00" W 80 6182 27 °C Congolensis
F7 Los Rios 1°46'00" S 79°27'00" W 80 6182 27 °C Congolensis
F8 Los Rios 1°46'00" S 79°27'00" W 80 6182 27 °C Congolensis
F9 Santo Domingo  0°15'15” $79°10'19" W 625 4000 23°C Conilon
F10  Santo Domingo 0°15'15” $79°10'19” W 625 4000 23°C Congolensis
F11  Santo Domingo 0°15'15” $79°10'19” W 625 4000 23°C Congolensis

F12  Santo Domingo 0°15'15” $79°10'19" W 625 4000 23°C Conilon
F13  Santo Domingo 0°15'15” $79°10'19” W 625 4000 23°C Conilon
F14  Santo Domingo 0°15'15” $79°10'19” W 625 4000 23°C Congolensis
F15 Bolivar 1°36’ S 79°00' W 1700 4355 23°C Conilon
F16 Bolivar 1°36' S 79°00' W 1700 4355 23°C Conilon
F17 Bolivar 1°36’ S 79°00' W 1700 4355 23°C Conilon

ab Precipitation and temperature refer to annual mean values.

Pacific
Ocean

Figure 1. Sampling points in Ecuador.

® Congolensis

; Colombia
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In the honey (semi-dry or pulped natural) approach, the coffee skin and pulp are
removed using a pulping machine. The seeds were dried under the sun with the mucilage
still around them. The parchment layer is removed with a hulling machine [43].

In all the above processes, to separate the unripe, overripe, and damage cherries and
to get rid of dirt, soil, twigs, and leaves, the gathered cherries were first manually sorted
and cleaned. This was accomplished with a sizable sieve and manual winnowing. In all
processes, the drying step was conducted under the sun in specially designed canopies, in
wooden boxes (150 x 70 x 30 cm) with plastic mesh covers, and at room temperature until
the grains” moisture content reached 10%.

2.3. Preparation of Coffee Samples

In a coffee roaster (Fresh Roast SR540, China), each coffee sample was roasted at
210-220 °C (American medium roast) [44]. This took up to 10 min. The roasting level
was measured by the Agtron/SCAA roast classification colour disc at number 55. After
the roasting process, the coffee samples were cooled and stored at room temperature.
Roasted coffee beans were ground into a fine powder (Shardor conical burr coffee grinder,
CG9406-UL2, USA). This step was performed before the sensorial analysis.

2.4. Sensorial Analysis

Five tasters performed the sensory analysis at each altitude. Therefore, there were
a total of twenty-five tasters, as there were five distinct elevations. The training was
conducted by video conference in accordance with COVID-19 social distance requirements.
The sensory analysis was carried out by a panel accredited by the Coffee Quality Institute
(CQI). We worked with the cupping protocol established by the Specialty Coffee Association
(SCA), which establishes ten quality parameters for C. canephora (fragrance/aroma, flavour,
aftertaste, salt/acidity, bitter /sweet, body, balance, and overall score) [37,45].

The cupping test of coffee beans was carried out referring to the standards and proto-
cols for fine C. canephora. The cup quality components observed included the attributes
of fragrance/aroma, flavour, aftertaste, salt/acidity balance, bitter /sweet balance, mouth-
feel, cup uniformity, cup balance, cleanliness, and overall score. Fragrance is the smell
of the ground coffee when it is still dry, aroma is the odour of the coffee after it has been
infused with hot water, and aftertaste is the vapours that stay in the mouth after consum-
ing the coffee. Balance is the evaluation of how well the flavour, aftertaste, acidity, and
body harmonize with one another. The attribute overall is a reflection of the panellist’s
personal appraisal [45].

Panellists assessed each sensory attribute with a score of 6.00 to 6.75 (good), 7.00 to
7.75 (very good), 8.00 to 8.75 (excellent), and 9.00 to 10.00 (outstanding) [46]. The final score
was obtained by adding up the scores for each attribute. If the value was >80 on a scale
of 100, it was categorized as fine C. canephora; higher scores could classify the coffee as
specialty grade (80 to 100 points) or commercial grade (<79 and below).

2.5. Statistical Analysis

The observational data were analysed by descriptive and inferential statistics using
R-project and R-studio with the ggplot2 package [47,48]. The effects of altitude (Factor
A) and post-harvest process (Factor B) on the sensory attributes (response variables) fra-
grance/aroma, flavour, aftertaste, sweetness, body, acidity, balance, and overall score were
studied using ANOVA and Tukey’s range test. The interactions altitude*variety and alti-
tude*process were also included. Since the two coffee varieties are not found at the same
altitudes, statistical tests were conducted individually for each.

3. Results
3.1. Effect of Post-Harvest Processes and Altitude on Coffee Cupping

According to Figure 2, all congolensis and conilon samples from different altitudes
(12, 40, 80, 625, and 1700 m.a.m.s.l.) and post-harvest processes scored above 7.00 points,
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indicating that the panel of assessors rated them as very good and excellent in terms of
aroma/flavour, aftertaste, salt/acidity, bitter/sweet balance, mouthfeel, body, cup balance,
and overall score. The defects reached a score of 0 points in all cases. All the samples scored
a maximum of 10 points for each of the variables clean-cup and uniformity, which were
added to the total scores of the other sensory variables (Figures 3 and 4).

Dry process Dry process
F Ar
rag, /Aroma Frez)% /Aroma
Overall :'5 Flavour Overall 83 Flavour
0 8.0

Balance Aftertaste

Balance Aftertaste
Eody Salt/ Acid Body Salt/Acid

Bitter/Sweet Bitter/Sweet

O 12m -0-40m —-@-80m -—@—625m O 12m O0—-40m —0—625m ——1700 m
Honey process Honey process
Frag/Aroma Fra§/ Aroma
9 0
Overall :(5) Flavour Overall 2 Flavour
i
Balance Aftertaste Balance Aftertaste
()
Body Salt/ Acid Body Salt/ Acid

Bitter/Sweet Bitter/Sweet

O I2m -0-40m -@-80m -@—625m o 12m -0-40m 0-625m -@—-1700m
Wet process Wet process
Frag/Aroma Frag/Aroma
90 9.0
Overall 8.3 Flavour Overall 85 Flavour
8. '
Balance Aftertaste Balance Aftertaste
Body Salt/ Acid Body Salt/ Acid
Bitter/Sweet Bitter/Sweet

0 12m =0=40m =@=80m -—@—625m o-12m o0-40m 0-625m —-@-1700m

(a) (b)

Figure 2. Average score of sensory profile evaluated by protocol cupping SCA (5 Q-Graders). Different
altitudes: (a) congolensis; (b) conilon.
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Figure 3. Total score of congolensis 100-point scale at different altitudes and different post-harvest
processes, where: (a) congolensis; (b) conilon.
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Figure 4. Total score of congolensis and conilon for (a) post-harvest processes; (b) altitudes. Contour
plots of total scores for (c) dry; (d) honey; and (e) wet processes. Inside the Figure 4a,b, identical
letters in superscripts indicate non-significant differences.

At a 12-40 m altitude, after the three post-harvest processes, coffee cupping produced
significantly different attribute scores (p < 0.05), with a maximum value of 7.80 points (rated
‘very good’) for fragrance/aroma. At this altitude, dry processing reached the lowest scores,
up to 7.0 points for fragrance/aroma, flavour, aftertaste, salt-acid, bitter—sweet, and body
for both conilon and congolensis. The average grade for honey processing was an excellent
8.0 (Figure 2).
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At an 80 m altitude, congolensis coffee’s cupping results revealed an improvement in
flavour, sweetness, and aroma but not in aftertaste or acidity (Figure 2). All post-harvest
processes improved the quality of the cup, but dry processing did not. Conilon plantations
were not present in our study at this height.

At an altitude of 625 m, for both conilon and congolensis, all three post-harvest
processes improved the ratings of all attributes with nearly no statistically significant
difference (p > 0.05) among them (Table 2).

Table 2. Summary of F-values from analysis of variance (ANOVA) for congolensis according to
sensory attributes.

Source of

Variation Df

Frag/Aroma

Flavour Aftertaste Acidity Sweetness Body Balance Overall

Process 2
Altitude 3
Process:Altitude 6

40.19 (***)
39.37 (**¥)
6.40 (***)

1445 (%) 2550 (***) 2327 (**)  1434(**)  18.06 (***) 2.00 (ns) 42.90 (*+)

2254 (%) 21.88 (%) 2859 (***) 3093 (**)  16.17(**) 1597 (***)  58.06 (**¥)
3.61 (**) 5.37 (***) 2.09 () 1423 (%) 601 (%) 1054 (**)  13.16 (**%)

Df = Degrees of freedom. Significance codes: 0 (***) 0.001 (**) 0.01 (*) 0.05 (.) 0.1 (—) no significance (ns).

At 1700 m, only samples from conilon were tested, because congolensis plantations
were not found at that altitude. Nonetheless, all conilon cup coffee characteristics had
excellent score values at higher altitudes.

After dry-processing, congolensis obtained a very good grade for fragrance/aroma,
flavour, aftertaste, salt-acid, bitter—sweet, and body from samples grown at elevations
ranging from 12 to 80 m; meanwhile, at a 625 m altitude, the average overall attribute
score was excellent (Figure 2). After honey and wet processing, congolensis obtained very
good grades in all sensory attributes, with an average overall attribute score of excellent for
samples growing at a 625 m altitude.

Conilon received very good scores after all three post-harvest processes in all the
categories of fragrance/aroma, flavour, aftertaste, salt-acid, bitter-sweet, and body; besides
this, conilon had an average overall attribute score of ‘excellent’ between 625 and 1700 m.

The effects of dry, honey, and wet post-harvest processes on congolensis coffee cupping
were significantly different (Table 2). For congolensis, a significant difference (p < 0.05)
was found across all sensory attributes when coffee beans were post-harvested by different
means at different altitudes. Congolensis and conilon were not found in all altitudes, and
thus the coffee variety did not offer a meaningful response and did not interact significantly
with either the altitude or the post-harvest processing factors.

As altitude increased, particularly above 625 m, congolensis coffees from the dry,
honey, and wet processes improved in most sensory qualities. When comparing post-
harvest congolensis samples at higher altitudes (Table 3), there was no difference in sensory
attributes (p > 0.05) except for acidity, sweetness, and balance.

Table 3. Summary of means from Tukey’s HSD test for congolensis.

Altitude

Process

Frag/Aroma

Flavour

Aftertaste

Acidity

Sweetness

Body

Balance

Overall

12m

40 m

80 m

625 m

Dry
Honey
Wet
Dry
Honey
Wet
Dry
Honey
Wet
Dry
Honey
Wet

7.53 (a)
7.76 (a)
7.58 (a)
7.06 (b)
7.80 (a)
7.20 (b)
7.34 (c)
7.81 (a)
7.44 (b)
7.80 (a)
7.89 (a)
7.83 (a)

751 (a)
7.72 (a)
7.55 (a)
7.13 (b)
7.70 (a)
7.34 (ab)
7.33 (c)
7.70 (a)
7.50 (b)
7.78 (a)
7.85 (a)
7.78 (a)

7.41 (a)
7.56 (a)
7.47 (a)
7.10 (b)
7.69 (a)
7.30 (b)
7.22 (c)
7.69 (a)
7.51 (b)
7.70 (a)
7.75 (a)
7.70 (a)

751 (a)
7.62 (a)
7.59 (a)
7.13 (b)
7.61 (a)
7.47 (a)
7.27 (b)
7.61 (a)
7.52 (a)
7.67 (b)
7.83 (a)
7.82 (ab)

7.52 (a)
7.58 (a)
7.56 (a)
7.16 (c)
7.76 (a)
7.30 (b)
7.28 (c)
7.76 (a)
7.52 (b)
7.72 (b)
7.84 (a)
7.77 (ab)

7.64 (a)
7.69 (a)
7.68 (a)
7.20 (b)
7.72 (a)
7.50 (ab)
7.28 (c)
7.72 (a)
7.50 (b)
7.70 (a)
7.75 (a)
7.70 (a)

7.64 (a)
7.70 (a)
7.69 (a)
7.46 (a)
7.70 (a)
7.52 (a)
7.50 (b)
7.70 (a)
7.64 (a)
7.68 (b)
7.88 (a)
7.68 (b)

7.85 (a)
7.95 (a)
7.89 (a)
7.53 (¢)
8.00 (a)
7.70 (b)
7.65 (c)
8.00 (a)
7.83 (b)
8.04 (a)
8.05 (a)
8.04 (a)

Identical letters per sensory attribute indicate non-significant differences.
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The effects of dry, honey, and wet post-harvest processes on conilon coffee cupping
were significantly different (Table 4). For conilon, a significant difference (p < 0.05) was
found across all sensory attributes when coffee beans were post-harvested by different
means at different altitudes. Nevertheless, the interaction process:altitude was not signifi-
cant (p > 0.05) for the attribute balance.

Table 4. Summary of F-values from analysis of variance (ANOVA) for conilon according to
sensory attributes.

Source of

Variati Df Frag/Aroma  Flavour Aftertaste Acidity Sweetness Body Balance Overall
ariation
Process 2 6129 (***) 1617 (™) 1227(*%)  9.61 (**) 16.97 (*++) 4.48 (*) 19.80 (*+)  44.29 (***)
Altitude 3 77.60 (***) 35.42 (***) 73.98 (***) 62.36 (***) 44.84 (***) 12.80 (***) 14.27 (***) 104.63 (***)
Process:Altitude 6 6.35 (***) 3.64 (**) 5.38 (***) 429 (*) 456 (**) 2.55 (*) 1.43 (ns) 6.17 (*++)
Df = Degrees of freedom. Significance codes: 0 (***) 0.001 (**) 0.01 (*) 0.05 (.)tHR 0.1 (—) no significance (ns).

In Table 5, Tukey’s test determines where the significant difference (p < 0.05) exists
among all sensory attributes at different altitudes. From the post-hoc test results, there
were statistically significant differences between the honey, wet, and dry processes for
fragrance/aroma, flavour, acidity, and overall score at lower altitudes (12 to 80 m). However,
up to 1700 m, there were no significant differences—for example, for flavour, aftertaste,
acidity, sweetness, or body—except for fragrance/aroma, balance, and overall score.
Table 5. Summary of means from Tukey’s HSD test for conilon according to sensory attributes.

Altitude Process  Frag/Aroma  Flavour  Aftertaste  Acidity Sweetness Body Balance Overall
Dry 7.10 (c) 7.36 (b) 7.58 (a) 7.30 (b) 7.37 (a) 7.68 (a) 756 @) 775 (b)

12m Honey 7.81 (a) 7.62 (a) 7.65 (a) 7.54 (a) 7.62 (a) 7.77 (a) 7.66 (a) 7.95 (a)
Wet 7.43 (b) 7.60 (a) 7.58 (a) 7.54 (a) 7.51 (a) 7.70 (a) 763()  7.85(a)

Dry 7.10 (b) 7.13 (b) 7.10 (b) 7.16 (a) 7.16 (b) 7.30 (a) 746 @)  7.55(c)

40 m Honey 7.70 (a) 7.70 (a) 7.54 (a) 7.47 (a) 7.66 () 7.72 (a) 770(@)  7.93(a)
Wet 7.23 (b) 734(ab)  7.30 (b) 7.49 (a) 7.30 (b) 7.50 (a) 752()  7.71(b)

Dry 7.71 (b) 7.72 (a) 7.70 (b) 7.72 (b) 7.70 (b) 7.76 (a) 770 (b)  8.01 (b)

625 m Honey 7.95 (a) 7.85 (a) 7.81 (a) 7.85 (a) 7.83 (a) 7.81 (a) 7.89 (a) 8.12 (a)
Wet 7.79 (b) 775()  7.72(@ab)  7.77 (b) 7.75(@b)  7.76 (a) 770(b)  8.02 (b)

Dry 7.72 (b) 7.74 (a) 7.73 (a) 7.68 (a) 7.68 (a) 7.70 (a) 766 ()  8.01 (b)

1700 m Honey 7.98 (a) 7.85 (a) 7.80 (a) 7.79 (a) 7.76 (a) 7.77 () 780@)  8.09 (a)
Wet 7.91 (a) 7.76 (a) 7.73 (a) 7.77 (a) 7.70 (a) 775()  7.72(ab)  8.01(b)

Identical letters per sensory attribute indicate non-significant differences.

Tukey’s test is applied in Table 5 to evaluate where there is a significant difference
(p < 0.05) among all sensory qualities at different elevations. According to the post-hoc test
results, there were statistically significant differences in fragrance/aroma, flavour, acidity,
and overall score at lower elevations in all processes (12 to 80 m). However, there were no
significant differences (p > 0.05) in flavour, aftertaste, acidity, sweetness, and body up to
1700 m, although there were differences in fragrance/aroma, balance, and overall score.

3.2. Effect of Post-Harvest Processes and Altitude on Total Score

The effects of higher altitude on coffee cupping are shown in Figure 3. It shows the
total cupping scores for coffee congolensis and conilon harvested at various elevations
(12, 40, 80, 625, and 1700 m.a.m.s.l.) applying dry, honey, and wet post-harvest methods.
The results show that each altitude and processing method gives the coffee a unique
cup profile.

Samples of congolensis and conilon grown under 80 m were identified as commercial
grade. However, there were some exceptions for honey- and wet-processed samples from
12 and 40 m which were regarded as speciality grade. Above a 625 m altitude, all samples
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from all three processes were classified as speciality grade. Thus, the higher the altitude,
the higher the coffee’s sensory quality [32,49-51].

Figure 4 shows the effect of post-harvesting processes and altitudes on the accumula-
tive total score of all 17 farms; also, it shows the post-hoc test to evaluate where there is
a significant difference (p < 0.05) among all processes and different elevations. The mean
values indicate that congolensis and conilon samples grown under 40 m received scores
below 80 points, which are regarded as commercial grade coffee. According to contour
plots, conilon was perceived to have the best sensory attributes at high altitudes using
honey processing. In general, the wet-processed congolensis and conilon samples have a
tastier profile than dry-processed ones.

4. Discussion

At an altitude of 12-40 m, fragrance/aroma, flavour, aftertaste, salt-acid, bitter-sweet,
and body scores were all as low as 7.0 points for dry-processed conilon and congolensis
(Figure 2). The results showed that the flavour, sweetness, and scent of congolensis coffee
improved at 80 m but not the aftertaste or acidity. C. canephora grown under 800 m
has a high bitterness, astringency, strength, body, grassy flavour, and a low aromatic
value [25,27,32,45,52,53]. According to the present results, for both congolensis and conilon,
acidity was an attribute with the lowest scores up to 7.0 points. At this altitude, it is feasible
that a high humidity led to fermentation, and therefore fragrance/aroma and flavour are
more likely reduced.

According to the findings of this study, the overall score of the two coffee species
at higher altitudes exceeds 80 points, indicating that they belong to speciality grade. At
higher altitudes, sweetness, smoother taste, and cup quality increases in C. canephora [39].
Caramel, brown sugar, fruity, almond, apricot, very sweet, coconut bullet, and fruity are
the flavour characteristics that are most prevalent [54]. This increase in sensory attributes is
related with the coffee plant’s slow growth and a higher precipitation index. Due to the
slower maturation rate at higher elevations, photoassimilates (sucrose, polyols, and amino
acids), which are associated with a flavourful aroma, accumulate in greater concentrations
in the coffee tree’s leaves and fruits [26,55,56]. Furthermore, the slower ripening process
allows a greater production of phenolic compounds and more intensely flavoured beans
than those grown in lower areas, or under full sunlight [49,57].

The dry process produces a less aromatic but full body coffee cup, but it depends on
the variability of climatic conditions which results in an inconsistency of drying [58,59].
Furthermore, drying temperatures above 40 °C for parchment and 45 °C for cherries have
a noticeable impact on the quality of the final cup of coffee. Excessive drying would occur
if air flow, relative humidity, and pressure are not managed, causing a great deal of water
to evaporate off the bean’s surface [60]. During the drying process, coffee beans remain
viable with metabolic activities to produce a wide variety of free amino acids from proteins,
and low-molecular-weight sugars (i.e., glucose, fructose, and mannose); however, the
germination process is inhibited [57,61]. The inhibition of germination is related to low
coffee cup quality, and this is related to the accumulation of gamma-amino butyric acid
(GABA) [26]. On the contrary, during the wet process, germination occurs immediately
after depulping. The most likely metabolic events in living seeds are related to germination,
which enhances coffee cup quality [57,62]. Therefore, the characteristics of coffee produced
by dry and wet processing remain distinct.

The wet processes herein tested produced coffees with more flavour and acidity but
with less body than those samples from the dry-processing method, according to our results.
In the wet coffee-processing methods, fermentation occurs in water at more controlled
temperatures which produce lower levels of undesirable flavours [26]. Thus, the washed
coffee is often associated with better cup quality. Wet-processed coffees have a better aroma
with a pleasantly higher acid content, resulting in higher acceptance [24,57]. Besides this, in
the wet method, sugars and pectins present in the mucilage allow microorganisms’ growth,
thus playing an important role in coffee flavour [63].
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The hypotheses established as the premise of this study should be accepted in the
context of the information presented herein.

5. Conclusions

Crop altitude and post-harvest processes influence perceived coffee cupping. Our
results indicate that the greater the altitude, the higher the quality of the coffee, and that
wet-processed coffees are preferred. Altitude had a strong impact on the physicochemical
qualities and consequently the organoleptic quality of the coffee, representing the key
element that influenced the coffee sensory quality. Congolensis and conilon received
high average scores for fragrance/aroma, flavour, aftertaste, salt/acidity, bitter/sweet
balance, mouthfeel, body, cup balance, and overall score. Honey processing produced
the highest fragrance/aroma, flavour, aftertaste, salt/acidity, bitter/sweet, body, balance,
and overall ratings for all congolensis and conilon samples from varied altitudes. Conilon
outperformed congolensis in all qualities using the dry, honey, and wet procedures. At a
12-40 m altitude, congolensis had the lowest fragrance/aroma and flavour values in all
post-harvest processes. Higher altitude coffees exhibit the highest scent strength and quality.
Wet-processed congolensis and conilon samples possessed a more flavourful character than
dry-processed samples. Dry processing results in a hard coffee, whereas wet processing
results in a better-quality coffee with less body, higher acidity, and more aroma than
dry processing. As a result of arabica’s increased sensitivity to temperature fluctuations,
C. canephora might benefit in this scenario. As a result, more information on the C. canephora
market is needed, particularly regarding customer characteristics and purchasing patterns.
This study suggests that any C. canephora cultivar has the potential to produce high-quality
coffee; nevertheless, flavour profiles will vary depending on growing conditions.
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