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ABSTRACT

Grain drying processes have been improved to reduce costs and losses of coffee beverage
quality. The objectives of this study were to evaluate the quality of coffee dried using air
partially dehumidified before entering drying units (DUs) in four coffee-producing farms,
as well as the effects of such process on coffee commercial value. The method consisted
of obtaining three samples (triplicates) of coffee dried in both DUs and concrete terraces
(control) for mean multiple comparisons. The following variables were analyzed for sieve
#13 and hand-picked beans: defect number, cupping test, and pricing. Evaluations were
carried out by three professional graders. The results showed that coffee dried in the DUs
presented fewer broken grains, higher cupping score, and less negative factors of hand-
sorting and defects. As a conclusion, it should be emphasized an average increase of
12.11% in price for coffee beans previously dehumidified.

INTRODUCTION

Coffee is one of the most consumed beverages
worldwide and has great socio-economic relevance in
Brazilian agriculture, and is grown mainly by family farms
(Batista et al., 2010; Aparecido et al., 2015; Zelber-Sagi et
al., 2015 and Aparecido et al, 2016). According to
CONAB (2017), coffee production has increased
significantly in recent years, even under strong climate
influence and variation from one harvest to another, rising
from 1.73 million tons in 2003 to 2.70 million tons in
2017, with a planted area of 2.21 x 10° ha and an average
yield of 24.10 bags ha™.

To adjust seasonal production to continuous market
demand, efficient grain processing and storage are
required. Drying in concrete terraces is the most
widespread method for coffee, but if not properly
managed, can cause fermentation, breaks, cracks, fungal
growth, or smoke odors, which lower coffee quality and
reduce its commercialization price (Coradi et al., 2008;
Palacin et al., 2009; Abrahao et al., 2010 and Martinez et
al., 2013).

With the advances in drying air dehumidification
(e.g., heat pipe technology - HPT), electricity became part
of the drying process in a financially competitive scenario.
In Brazil, HPT was firstly applied in peanut drying by
Krzyzanowski et al., (2006a), as well as in soybean by

Krzyzanowski et al., (2006b); Levien et al., (2008); and
Avelar et al., (2011). These authors used dehumidified air
to dry seeds and found a reduction in drying time and
greater maintenance of seed physiological quality.

No reports have been found in the literature on the
use of such dehumidifying technology for coffee drying
apparatus. Coffee grains are dried in units containing an air
treatment unit (ATU) connected to tray dryers with W-
shaped false bottoms. By reducing the humidity ratio of
the drying air, the capacity of removing water from the
coffee mass is increased, which occurs by increasing water
vapor difference and reducing drying time in order to
attain an ideal moisture content for storage. However,
during this process, it is essential to maintain the quality of
coffee beans to meet consumers’ demands.

The quality of Brazilian coffee is defined by rules
for analysis and evaluation of coffee beans, which are
based on the counting of grain defects, grain uniformity,
impurities, and sensory analysis (Brasil, 2003). Santos &
Nantes (2014) classified coffee lots using a seven-score
scale, starting with type two (up to four defects) and
ending with type eight (360 defects or more). The coffee
beverage is then classified according to the aroma, body,
and flavor as hard (70 to 74), softish (75 and 79), soft (80
to 84), and strictly soft (84 to 100 points).

Considering the use of air-dehydration equipment
in commercial-scale coffee roasting, this study aimed to
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evaluate the quality of coffee grains dried in air treatment
units (ATU) coupled to dryers (SBJ®) to test the hypothesis
that coffee quality is not reduced in comparison with
coffee dried in concrete terraces.

MATERIAL AND METHODS

The study was carried out from May 2016 to
October 2017, in four farms located at the following
SAD69 coordinates: (-22.21, -49.66), (-21.79; -48.18),
(-20.54, -47.42), and (-20.78, -47.10). At the request of the
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owners, the farm units were randomly named as DU-A,
DU-B, DU-C, and DU-D, to ensure that the involved
farms would not be identified.

Each farm has an air treatment unit (model UTA-
120%®), manufactured by Cool Seed Ltda. It has the
following characteristics: 148 kW electric power,
363,636 kcal h!' refrigerating capacity, and 75 m?
volumetric capacity per batch. The unit is composed of 5
vats of 15 m? (SBJ-15®), with a W-shaped false bottom
(FIGURE 1).

(b)

FIGURE 1. Front view of a tray dryer module - SBJ® (1a), and Top view of the air dehydration equipment - ATU (1b)

Source: SBJ® front view was adapted from Barreto (2013) and the ATU top view was adapted from Barreto (2012).
Notes: 1: AWU metal structure body; 1-A and 1-B: pleated air filters with great capacity for air dust, and dirt retentions; 2-A and 2-B:
evaporator coils; 3-A and 3-B: compressors; 4: fan; 4-A: fan engine; 5-A and 5-B: condenser serpentines; 6: dry air outflows; 7: control

panel; 8: power table; 9-A and 9-B: dumpers (two) outdoor-air intake.

The cooling capacity of these units was designed to
maintain drying air between 45 and 50 °C, and relative
humidity between 10% and 20%.

Drying routine in concrete yards

Sampling consisted of mechanically harvested

grains without being subjected to washing and separation
processes. Coffee grains sampled from concrete terrace or
DU lots were not previously selected. A grain volume of
75 m?® was deposited into the dumper and later transported
to the dryers (SBJ®), while the harvest surplus was taken
to the yard, as shown in FIGURE 2.
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The coffee
unloading

(a)

(b)

FIGURE 2. Images of the coffee unloading in a DU (2a) and coffee beans spread out to dry on a concrete terrace (2b)

Coffee control samples (concrete yard) were daily
spread in 0.05-m layers. During the first days, coffee was
constantly stirred using a broomstick attached to a
motorcycle and by manual sweeping.

With the help of a tractor and leveling shovel,
coffee beans were piled up and covered with canvas every

night. The heaps were 2.0 m high. At the beginning or end
of the rainy seasons, heaps were uncovered, and grains
were spread all over the paved terrace.

After the fifth drying day, grains were spread in
layers and heaped in piles spaced about 0.5 m about or
farther (FIGURE. 3).

@
FIGURE. 3 Images of the coffee spreading all over the concrete terrace (3a) and coffee heaping (3b)

Drying routine in DU"s

FIGURE 4 shows the drying airflow in DU’s. The
air enters ATU at room temperature and relative humidity,
and it exits the driers saturated with moisture. After
entering the dryer, coffee beans are periodically transferred

(b)

to the next unit for stirring.

Drying routine in units consisted of injecting
dehydrated air into the driers (SBJ®) for about 20 hours,
carrying the grain mass from one to another, followed by a
resting period. This way, moisture could be homogenized,
simulating the turning of coffee heaps on the terraces.

Engenharia Agricola, Jaboticabal, v.39, n.5, p.649-658, sep./oct. 2019



Evandro A. Konopatzki, Divair Christ, Silvia R. M. Coelho, et al.

652

Saturated air

A A

| | | |
Wet
beans
=50%
' .

| | | |
Dry
_’beans
=12%
- '

Air at high temperature: between 45 and 50 °C, and reduced

relative humidity: between 10 and 20% (w.b.)
Air treatment unit model UTA-120

r 1

T

T 1

Room temperature and relative humidity

FIGURE 4. Flow diagram of coffee drying by air heating and dehumidifying

Coffee samples

Table 1 shows the assessed coffee varieties, initial grain moisture, and drying-air temperature and relative humidity

when the grain mass entered and left the system.

TABLE 1. Composition of coffee variety, moisture content, and drying-air properties in the agricultural units (farms).

Agricultural Units Variety RHG: RHARSE TiRSE RHARSA TAORSA
(Yo w.b.) (%) (U9 (%) (U9

Farm-A Topazio 55+5 13+£5 45+2 70+£8 25+£3

Farm-B MN+C® 45+4 13£5 45+1 72+£5 26+2

Farm-C Mundo Novo 50+6 15+5 45+2 70+5 24 +4

Farm-D Mundo Novo 60+5 15+4 45+2 75+4 24 +3

Notes: RHGr: initial moisture of grains measured immediately before drying; w.b.: wet basis; RHArRSE: drying-air moisture measured at the
ATU outlet; TARSE: drying-air temperature measured at the ATU outlet; RHARSA: output air relative humidity measured at the outlet pipe of
the SBJ® dryer; TarSA: output air temperature measured at the outlet pipe of the SBJ® dryer.

(1 Grain samples composed of 80% Novo Mundo and 20% Catuai.

Coffee sampling and quality characterization

Grain moisture content was monitored during the
drying using an Agrologic moister meter (AL-102 ECO;
serial number 102634), which was calibrated using an
oven method at 105 °C (Brasil, 2003).

After sampling, coffee cherries were pulped and
sieved at the respective farm. Then, they were packed,
labeled, and stored in Styrofoam boxes (CATP). These
samples were used for coffee quality analysis. Sensory
analysis (or ‘cup test’) was conducted by trained testers,
following the standards of the Brazilian Ministry of
Agriculture, Livestock, and Food Supply (Brasil, 2003).

Three random sub-samples (0.33 kg) were removed
from each sample and sent to the testers. They set
up triplicates of 0.1 kg for each sub-sample, which
were homogenized and sieved through a #13 sieve over a
black paperboard (Brasil, 2003). The grains that passed

through sieve #13 were denominated as bottom and
counted together with the hand-picked material.

Next, the presence of sticks, stones, husks, and dirt
—which are considered as impurities— were analyzed.
Black, green, and sour beans, also called hand-picked,
were separated as well.

Subsequently, the cup tests were performed in 10
cupping sessions, and scores were measured as the average
of evaluations. Scoring was based on the method described
by the Specialty Coffee Association of America (SCAA),
as proposed by Lingle (2011).

After beverage tasting results, the tasters priced the
samples at a 60 kg coffee bag base, using quotation of
September 12, 2017.

FIGURE 5 displays coffee sampling and quality
assessment.
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FIGURE 5. Flowchart of the coffee sampling and quality analysis.

Data on hand-sorting, defect number, scoring, and
pricing were organized by farm and analyzed by one-way
analysis of variance (ANOVA), using means of samples
of coffee dried on terraces and Dunnett’s test at 5% level
of significance. This analysis was carried out under the
null hypothesis that the quality of coffee dried with
dehydrated air is not different from that of coffee dried
on concrete terrace.

The means of each factor (hand-sorting, number of
defective beans, scoring, and pricing) were compared by
the Tukey’s test at 5% significance level to evaluate the
variability in drying process among the DU’s. Data
normality was analyzed by the Shapiro-Wilk’s test (W) for
residual distribution at 5% significance.

RESULTS AND DISCUSSION

Average drying times of coffee lots on terraces and in
DUs

The mean drying time of coffee grains in the DUs
was 83.33 + 6.90 h, corresponding to a water withdrawal
rate of 0.48% (w.b.) per hour, while the mean time in the
control (concrete terrace) was 196.02 +28.10 h, with a
water withdrawal rate of 0.20% (w.b.) per hour. Drying on
concrete terrace was 2.35 times slower than that using
dehydrated air.

Resende et al. (2011) dried coffee in a hybrid
terrace drying system at moisture contents ranging from
50% to 9.5% (w.b.) and found that the drying time of
concrete terraces (168 hours) was 3.1 times higher than
that in a mechanical drying system. These authors also
observed a moisture withdrawal rate of 0.20% (w.b.) per
hour in concrete terrace and of 0.56% (w.b.) per hour in
the hybrid system.

When analyzing coffee drying in a hybrid terrace
system, Donzeles et al. (2008) found a moisture
withdrawal rate of 0.81% (w.b.) per hour, which was 6.7
times lower than that of a concrete terrace. Reinato et al.,
(2002) investigated energy consumption during coffee
drying in rotary dryers and showed that the use of
firewood provided a water removal rate of 0.55% (w.b.)
per hour, while the use of liquefied petroleum gas (LPG)
provided a rate of 0.77% (w.b.) per hour; however, coffee
beverage quality was not analyzed in this study.

Alves et al. (2017) studied the effect of drying time
and rate on coffee physiological traits and concluded that
increasing rates affected sensory quality only of pulped
coffee, not interfering with those with pulp.

Coclho et al. (2015) evaluated physiological and
biochemical changes in coffee seeds subjected to a fast-
drying by means of silica gel and to a slow drying with
saturated salt solutions; they verified that drying speed
has a significant effect on the physiological quality of
coffee seeds.

Coffee grain quality after drying is evaluated by
discounting points for the number of defective grains
found (Santos et al., 2013). Therefore, a poorly conducted
drying processes contribute to the devaluation of coffee
bag prices. In this sense, we observed that drying rate and
non-use of terraces proved to be advantages, improving the
final quality of grains.

Variance analysis of drying quality factors

A significant difference was found between the
quality of coffee dried in the evaluated equipment and on
concrete terraces at a level of 5% of significance (Table 2).
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TABLE 2 ANOVA of drying quality factors.
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Variation source SS DF MS F
Regression 270 3 90 83.08
Hand-sorting (%) Residue 8.67 8 1.08
Total 278.67 11
Regression 7.062.25 3 2.35408 5.44
Number of defective grains Residue 3.464.00 8 433
Total 10.526.25 11
Regression 71.27 4 17.82 4.16
SCAA scoring Residue 42.79 10 4.28
Total 114.06 4

The results of Fisher-Snedecor F-test for the
analyzed factors were over to the critical value (4.06), that
is, the samples collected in this experiment presented an
adequate variance at a 5% significance level. The Fisher-
Snedecor value and p-value were 83.08 and 2.3 10 for the
percentage of tasting material, 5.44 and 0.025 for the
number of defective grains, 88.16 and 1.8 10° for the
percentage of material retained in #13 sieve (and larger),
and 4.16 and 0.03 for cup test score (SCAA).

Coffee drying in DUs had an average time of
83.33 + 6.90 h, with a moisture withdrawal rate of 0.48%
(w.b.) per hour, while the drying in concrete terrace
lasted on average 196.02 + 28.10 h, with a humidity
withdrawal rate of 0.20% (w.b.) per hour. Thus, the
drying on concrete terrace was 2.35 times slower than
using dehydrated air. Resende et al. (2011) dried coffee
grains using a hybrid terrace system (from 50 to 9.5%
moisture level) and concluded that the drying time in a
concrete yard (168 h) was 3.1 times longer than that in a
mechanical drying apparatus.

Donzeles et al. (2008) analyzed the drying of
coffee in a hybrid terrace system and perceived a
moisture removal rate of 0.81% (w.b.) per hour, which
was 6.7 times shorter than the drying in a concrete yard.
Reinato et al. (2002) investigated energy consumption of
rotary dryers in coffee drying and noted that the use of
firewood provided a moisture extraction rate of 0.55%
(w.b.) per hour, while liquid petroleum gas (LPG) had a
rate of 0.77%; however, these authors did not analyze
beverage quality.

Given the above, our findings show that the
moisture removal rate in dryers with dehydrated air was
compatible with those of the other technologies in use, and
was also superior to that of concrete terraces. Therefore,
these electric dryers with dehydrated air could be used in
place of terrace drying.

Hand-sorting and bottom sieve #13 percentages

Table 3 shows the means and standard deviations
found for samples dried in the DUs and on the terrace.

TABLE 3. Sieving and bottom sieve #13 percentages of coffee grain samples dried in the DUs and on the concrete terrace.

DU-A DU-B DU-C DU-D

A-1 16 7 19 16

A-2 16 7 19 19

A-3 15 6 18 18

JEs 15.67* £ 0.88 6.67°* £ 1.16 18.67°* £ 0.26 17.67%* £ 1.25
C-1 32 35 40 29

C-2 38 42 46 29

C-3 38 42 46 30

g+s 36.00 + 3.46 39.67 £ 4.04 44.00 £ 3.46 29.33 £0.58
yEs 37.25+6.24

Notes: DU-[ ]: drying unit; A-[ ]: sample of coffee dried in a drying unit; C-[ ]: control sample of coffee dried on the terrace of an agricultural
unit (farm); Means followed by the same letter or ns in the row do not differ from each other at 5% significance level by the Tukey's test.
Means followed by * are statistically different from the control treatment at 5% significance level by the Dunnett’s test.
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The percentages of impurities and wastes in the #13
sieve were lower (14.70 = 4.96%) in samples of coffee
dried using dehydrated air if compared to those of ground-
dried coffee (37.57 + 6.24%). Drying in terraces had
255.6% more impurities, and grains were not retained in
#13 sieve. DU-B had the best performance in terms of
impurities and wastes in the #13 sieve. This factor may
have occurred due to the mixture of varieties Novo Mundo
and Catuai in the drying lots of this DU. The means
of each DU showed statistical differences comparing the
use of dehydrated air and terrace drying. The relationships

between drying in DU and on terraces were 0.44 for DU-
A, 0.17 for DU-B, 0.42 for DU-C, and 0.60 for DU -D.

Ferreira et al. (2013) evaluated the performance of
different varieties in the state of Minas Gerais and reported
that the variety Catuai presented a larger grain mass
retained in sieve #16 (and above) when compared to the
variety Novo Mundo, demonstrating, and hence a lower
percentage of tiny grains.

Number of defective grains

Table 4 shows the means and standard deviations of
defective grains found in samples of coffee dried in the
DUs and on the terrace.

TABLE 4 Means and standard deviation of the number of defective grains sampled in DUs and terraces.

DU-A DU-B DU-C DU-D

A-1 97 36 96 96

A2 97 35 129 121

A-3 95 95 129 120

g4s 96.33%% + 14.53 56.33% + 19.24 118.000* + 34.25 112.33%* £ 0.39
C-1 346 347 347 360

C-2 246 380 400 360

c-3 246 380 400 346

g+s 279.33 £ 57.74 279.33 +57.74 279.33 + 57.74 279.33 £ 57.74
g+s 346.5 + 50.93

Notes: DU-[ ]: drying unit; A-[ ]: sample of coffee dried in a drying unit; C-[ ]: control sample of coffee dried on the terrace of an
agricultural unit (farm); Means followed by the same letter or ns in the row do not differ from each other at 5% significance level by the
Tukey’s test. Means followed by * are statistically different from the control treatment at 5% significance level by the Dunnett’s test.

The number of defective grains was lower in the
samples of coffee dried in the ATUDU (95.72 + 31.02),
representing 27.6% of the defects found in samples of
coffee dried on concrete terraces (346.91 =+ 50.83).
Regarding the defect count between the DU, there was a
significant difference, between drying unit B (fewer
defects) and units C and D.

According to the means of defective grains in

TABLE 4, no difference was found in the quality of
beverage among the DU samples. These findings indicate
that mechanical drying in the DU with dehydrated air
provided fewer defects in the coffee lots.

Quality score (SCAA)

Table 5 presents the means and standard deviations
of quality scores for the collected samples.

TABLE 5. Means and standard deviations of SCAA cupping score for coffee samples dried in DUs and on terraces.

DU-A DU-B DU-C DU-D
A-1 84 80 80 82

A-2 84 80 85 80

A-3 82 80 85 82

gs 83.337" £2.14 80.00™" + 0.33 83.33%" £ 2.7 81.33%" + 1.07
C-1 79 78 78 77

c-2 78 78 77 76

c-3 79 76 78 80

gis 78.67 £ 0.58 78.67 £ 0.58 78.67 £ 0.58 78.67 + 0.58
g+s 77.83+1.19

Notes: DU-[ |: drying unit; A-[ ]: sample of coffee dried in a drying unit; C-[ ]: control sample of coffee dried on the terrace of an
agricultural unit (farm); Means followed by the same letter or ns in the row do not differ from each other at 5% significance level by the
Tukey’s test. Means followed by * are statistically different from the control treatment at 5% significance level by the Dunnett’s test.
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According to TABLE 5, the SCAA cupping score
for coffee dried in the DUs with dehydrated air reached a
mean value of 82.00 + 2.07, thus being classified as soft
drink. Ten out of the twelve samples evaluated here were
classified as soft drink (SCAA scores between 80 and 84),
and the other two coffee-producing as a strictly soft drink
(SCAA score above 85).

Coffee beans dried on concrete terraces had a mean
SCAA score of 77.83 £ 4.77. Five samples were classified
as soft drink, six samples as only soft, one as hard, and one
scored less than 71.

The averages in Table 5 show that the poor-quality
scores of coffee samples dried on concrete terraces can be
attributed to the need for more frequent heap turning.
Peske et al., (2012) pointed out a strong association of

656

unfavorable climatic factors with time delay in drying,
which impaired coffee quality. For Martinez et al. (2013),
the drying on terraces can boost coffee fermentation,
decreasing its quality, as fermentation increases grain
acidity.

Sale price of coffee bag

TABLE 6 displays the ANOVA of the sale prices of
a 60-kg coffee bag.

The Fisher-Snedecor F value was 6.36 (critical F =
3.48) and the p-value was 8.2 1073, Based on these values,
we observed a statistical difference in prices for coffee
dried using dehydrated air if compared to that for grains
dried on concrete terraces.

TABLE 6. Analysis of variance (ANOVA) of the sale price of a coffee bag.

SS DF MS F
Regression 6.143.48 4 1.535.87 6.36
Residue 2.413.46 10 241.35
Total 8.556.94 14

TABLE 7 presents the means and standard deviations of sale prices for coffee dried in DUs and on terraces.

TABLE 7 Means and standard deviations of the selling price of a coffee bag (60 kg) for samples dried in DUs and on terraces.

DU-A DU-B DU-C DU-D
A-1 480.19 460.55 437.16 440.11

A2 455.91 462.34 490.72 454.15

A-3 45427 462.66 448 460.86
g5 463.46™" + 14.51 461.85™ + 1.14 458.63"" + 28.32 451.717" £ 10.59
C-1 4183 405.28 412.15 410.88

c-2 400.19 360.95 390.42 427.22

C-3 418.45 435.65 402.32 430.15
g4s 412.31 £10.50 412.31 £10.50 412.31+ 10.50 412.31 £10.50
g+s 409.33 = 20.15

Notes: DU-[ ]: drying unit; A-[ ]: sample of coffee dried in a drying unit; C-[ ]: control sample of coffee dried on the terrace of an
agricultural unit (farm); Means followed by the same letter or ns in the row do not differ from each other at 5% significance level by the
Tukey's test. Means followed by * are statistically different from the control treatment at 5% significance level by the Dunnett’s test.

Trading prices (reais per 60-kg bag) of the samples
studied here, dried in DUs and on terraces, presented a
homogeneous residual distribution, and Shapiro-Wilk W
factor equals to 0.96, i.e., a low data dispersion. The prices
attributed to coffee samples dried in DUs showed no
differences among the evaluated farms.

As shown in TABLE 7, there was a significant
difference (Dunnett’s test at 5% significance level)
between both drying techniques. Coffee beans dried in
DUs showed a mean price per bag of R$ 458.91 + 15.06,
which was significantly higher than that of lots dried on
terraces (R$ 409.33 + 20.15), representing an appreciation
of 12.11% for coffee dried in DUs.

This price rise of R$ 50.58 (average) in 60-kg
coffee bags would raise the gains in lots of 75m* by R$
7,903.13, considering an average production yield of 500 L
cherry coffee per 60 kg bag of coffee benefited (Fundacgio
PROCAFE, 2016).

Among coffee drying techniques, the most well-
established is drying on concrete terraces. But, if

mishandled, it devalues the product due to depletion in
grain quality (Coradi et al., 2008).

The drying in DUs promoted a reduced number of
broken coffee grains and lower content of impurities in
drying lots. These factors appear to be advantageous for
specialty coffees, which require greater management
control. This way, small farmers would be able to use DU
since they have a maximum capacity of 75 m3. In this
sense, Frederico & Barone (2015) argued that specialty
coffees have been one of the main market alternatives for
small coffee growers; these authors analyzed market
insertion of small producers and debated globalization and
standardization of specialty coffee production.

Some authors such as Krzyzanowski et al.,
(2006a); Krzyzanowski et al., (2006b); Levien et al.,
(2008); and Avelar et al., (2011), have already tested the
heat pipe technology (HPT) and proved its efficiency in
drying grains. In coffee, this drying method also showed
results that corroborate our findings on the maintenance
of grain quality.
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CONCLUSIONS

The drying units (DUs) could dry coffee grains
with 60% initial moisture content (w.b.) directly. This use
of an ATU equipment coupled to SBJ® dryers produced
coffee grains with higher quality than those dried on
concrete terraces.

Coffee samples dried in the DUs had a greater
amount of beans retained in sieve #17, higher cupping
scores, and reductions hand-sorting and defects.

The mean market value of coffee lots dried in DUs
was 12.11% higher than that of coffee lots dried on
concrete terrace.
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