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Quality of dried green coffee fruits at different dry bulb temperatures 
and dew point temperatures1

Danilo Barbosa Cardoso2, Ednilton Tavares de Andrade2, Flávio Meira Borém2, Nelson Gutierrez Guzman3, 
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ABSTRACT - A significant portion of the coffee harvested in Brazil consists of immature (green) fruits, which 
are more susceptible to damage during the drying process. This study aimed to evaluate the effects of drying at 
different dry bulb temperatures (DBTs) and dew point temperatures (DPTs) on the quality of green coffee fruits. 
Unripe fruits were harvested manually and dried continuously to an average water content of 0.139 dry basis (db). 
Drying was performed in a fixed-layer dryer coupled to a composite air conditioning system in which the drying 
air had an air flow of 20 m3 min-1 m-2, and 3 DBTs (30 °C, 35 °C and 40 °C) were used in combination with 4 DPTs 
(7.5 °C, 11.2 °C, 16.2 °C and 20.4 °C). To evaluate the effects of drying on the grains, the percentage of black‒green defects, 
changes in color, the electrical conductivity of the grain exudates and the contents of trigonelline, chlorogenic 
acids and caffeine were analyzed. The increase in dry-bulb temperature (DBT) from 30 °C to 40 °C increased 
the incidence of black-green defects, whereas the highest percentages of defects were observed at dew point 
temperatures (DPTs) of 11.2 °C and 16.2 °C. Electrical conductivity and chlorogenic acid contents also increased 
with increasing DBT, with the highest chlorogenic acid contents observed at DPTs of 16.2 °C and 20.4 °C. Trigonelline 
and caffeine contents were not affected by the drying conditions. The results indicated that drying at 30 °C combined with 
dew point temperatures of 7.5 °C and 20.4 °C provided the greatest preservation of the quality of immature coffee fruits.
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INTRODUCTION

Coffee production has a large impact on the economy of Brazil, the largest coffee producer and exporter in the 
world (Companhia Nacional de Abastecimento, 2021).

Large-scale coffee harvesting yields fruit at varying levels of maturity, as it is not possible to select only the ripe beans 
when using mechanized harvesting; thus, different management approaches are required to minimize undesirable defects 
from black‒green beans. Attention to the postharvest stages, such as processing, drying, and storage, is essential to maintain 
the quality of the final product and, consequently, its economic value (Borém; Andrade; Isquierdo, 2014; Dong et al., 2017). 
Among these stages, drying is one of the main because it influences the final quality of the coffee beverage; drying 
also demands high energy expenditure, is associated with high costs, and can be in terraces with solar energy or in 
mechanical dryers (Silva et al., 2020, 2022).

According to the classification established by Normative Instruction no. 8 from 11/06/2003, which enacted the 
“Technical Regulation of Identity and Quality for the Classification of Raw Coffee” (Brasil, 2003), the spermoderm is 
adhered to the endosperm in both green beans and black‒green beans, with the difference between them being their grain 
color, where the grains of black‒green beans are black. Changes in grain color are strong indicators of oxidative processes 
and enzymatic biochemical transformations that alter the composition of the precursors responsible for the flavor and 
aroma of beverages, resulting in decreased quality (Bastian et al., 2021; Borém et al., 2013; Chen; Ma; Kitts, 2018).
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The electrical conductivity test is based on the 
fact that membranes with some type of deterioration 
have a lower rate of cell membrane repair when the seeds 
are exposed to an aqueous medium, causing the loss of 
compounds to the medium (Araújo, 2020). Thus, the 
deterioration of the membranes of beans, such as coffee 
beans, can characterize the onset of degradation of product 
quality (Błaszkiewicz et al., 2023).

The drying method must be well established, 
especially for immature coffees, as the temperatures 
and water reduction rates used can cause physical and 
chemical transformations.

The drying process can significantly influence 
the preservation of the physical, chemical, and sensory 
quality of coffee, particularly when applied to fruits 
harvested before physiological maturity, which are more 
susceptible to structural and metabolic changes during 
water removal. The conditions under which drying is 
performed, especially the dry-bulb temperature (DBT) 
and the dew point temperature (DPT) of the drying air, are 
key factors in preserving the final quality of the product. 
Previous studies have shown that drying air temperatures 
above 40 °C may cause thermal damage, compromising 
bean quality. Therefore, drying temperatures around 35 °C 
have been recommended, depending on the proportion 
of immature fruits present (Borém, Andrade, 2019; 
Isquierdo et al., 2013; Oliveira et al., 2018).

However, studies evaluating the effects of drying 
conditions on the quality of coffee fruits harvested before 
physiological maturity remain scarce. In this context, the 
present study aimed to evaluate the effects of different 
combinations of dry-bulb temperature and dew point 
temperature during drying on the quality of immature 
coffee fruits, contributing to a better understanding of the 
influence of these variables on the drying process and to 
the identification of drying conditions that promote the 
preservation of product quality.

MATERIAL AND METHODS

Green coffee fruits (Coffea arabica L. cv. Catuaí 62) 
were harvested manually from experimental fields on the 
campus of the Federal University of Lavras (UFLA).

The coffee was harvested manually and selectively, 
prioritizing beans in the green maturation stage. After 
harvesting, the green coffees fruits were taken to the 
Laboratory of Processing of Agricultural Products of the 
UFLA, where hydraulic separation was applied to remove 
pits, roasted grains, and floating and shriveled beans from 
the harvested fruits; the fruits were subsequently sorted 
again to isolate the green coffee beans, ensuring that only 

these beans were sent to the drying stage. The fruits were 
dried in their complete form, and the dry processing that 
produces natural coffees was performed. At the time of 
harvest, the fruits had a water content of 2.50 ± 0.08 kg kg-1 
(db), and after mechanical drying, they reached a water 
content of 0.139 ± 0.01 kg kg-1 (db). To determine the initial 
water content of the coffee fruits, the standard greenhouse 
method, in which the beans were stored at 105 °C for 24 
hours according to the Rules for Seed Analysis (Brasil, 2009), 
was used. To determine the final water content of the coffee 
beans, the standard oven method, in which the beans were 
dried at 105 °C for 16 hours according to international 
standard method ISO 6673 (International Organization for 
Standardization, 2003), was used.

The system for drying the samples consisted of an air 
conditioning unit coupled to a fixed-layer dryer (Figure 1).

The laboratory air conditioning system (LACS) 
was used to control the characteristics of the drying air 
according to the model proposed by Fortes et al. (2006). 
This equipment allows the control of the air flow, the 
drying temperature and the temperature of the water that 
saturates the air inside the LACS.

The areas where the coffees are placed for drying 
are composed of four removable trays with a perforated 
bottom, a square section, four equal sides of 0.3 m and 
a depth of 0.1 m. The trays are on the same level and 
are located on a plenum to standardize the air flow. 
The temperature of the drying air in the plenum was 
monitored, and the water temperature inside the LACS 
was monitored by thermocouples (type k) connected to 
universal controllers (Novus, Model N1100). A frequency 
inverter (Weg, model CFW-10), was used to control the 
speed of the centrifugal fan that inflated the heated air in 
the plenum, thus regulating the air flow.

To monitor the drying process and ensure that the 
desired water content was achieved, the gravimetric method 
of mass loss was used to determine when the desired water 
content was reached. The mass loss was monitored using 
an analytical balance with a resolution of 0.001 g. The 
samples were weighed more frequently at the beginning 
of the drying process (hourly for the first 6 hours) and less 
frequently throughout the remainder of the process.

The trays were rotated 90° to minimize possible 
differences in temperature and air flow between them.

Knowing the mass and initial water content of 
coffee fruits, it was possible to determine the water content 
at time t from Equation 1:

( )
ms

tttiai
t M

MMMU −−
=                                                                                                              (1)

Where

Ut is the water content at time t (kg of water per kg of dry 
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Source: Isquierdo et al. (2013)

Figure 1 - System used for mechanical drying

matter-1 (db));

Mai is the initial water mass (kg);

Mti is the initial total mass (kg);

Mtt is the total mass at time t (kg); and

Mms is the dry matter mass (kg).

The air flow was monitored by a blade 
anemometer and maintained at a constant speed during 
drying of 0.33 m s-1, which corresponds to a flow of 
20 m3 min-1 m-2. The temperature of the drying air in 
the plenum and that of the water that saturated the air 
inside the LACS were recorded every 10 minutes by a 
Testo 175T3 datalogger with two type t thermocouples.

In total, 12 treatments were performed in a 3 x 4 
factorial scheme in a completely randomized design (CRD) 
with three dry bulb temperatures (30 °C, 35 °C and 40 °C) 
and 4 dew point temperatures (7.5 °C, 11.2 °C, 16.2 °C and 
20.4 °C). For each treatment, 4 replicates were performed. 
These combinations of dry bulb temperatures (DBTs) 
and dew point temperatures (DPTs) resulted in different 
relative humidities (RHs) of the drying air (Table 1).

The dry bulb temperatures used in this experiment, 
including a higher temperature (40 °C) and a lower 
temperature (30 °C), are normally used for unripe coffee 
fruits (35 °C). Regarding the dew point temperature, 
normally, in the coffee harvest period, between the months 
of May and August, in the southern region of Minas Gerais, 
the dry bulb temperatures and mean relative humidity are in 
the ranges of 16.5 °C and 71%, respectively, which represents 

Table 1 - Drying air conditions of the 12 drying treatments 
resulting from combinations of dewpoint temperatures and dry 
bulb temperatures and the respective relative humidities

DBT (°C) DPT (°C) Relative humidity (%)

30.0

7.5 24.4
11.2 31.3
16.2 43.4
20.4 56.5

35.0

7.5 18.4
11.2 23.6
16.2 32.7
20.4 42.6

40.0

7.5 14.1
11.2 18.0
16.2 24.9
20.4 32.5

a temperature and dew point of approximately 11.2 °C. At 
the same time of the year, in more humid regions such as 
Matas de Minas, the corresponding dew point temperature 
would be equivalent to 16.2 °C. In addition to these two 
dew point temperatures, a lower (7.5 °C) and an upper 
(20.4 °C) temperature were included.

The classification established by Normative 
Instruction no. 8 from 06/11/2003, which enacted the 
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“Technical Regulation of Identity and Quality for the 
Classification of Coffee Processed from Raw Beans” 
(Brasil, 2003), was used to identify defects in the coffee. 
To verify the percentage of black‒green and green defects, 
the amount of each was counted in a 50-gram portion of 
each drying repetition.

The processed coffee, without removal of defective 
beans or separation through a sieve, was analyzed for 
color using a Delta Color 450 G spectrophotometer, with 
an optical geometry of d/0°, a standard illumination of 
D65 and a standard observation angle of 10°. The analysis 
was performed by filling grains with an accessory suitable 
for this type of material. Three fillings were performed for 
each of the 4 replicates of the 12 treatments. The color 
was expressed in according to the scale developed by the 
Commission Internationale de l’Eclairage (CIE) in terms 
of L*, a*, b*. The L*coordinate expresses the degree of 
luminosity of the measured color (L* = 0, black; 100, white). 
The value of a* express the degree of variation between 
red and green (a* negative = green; a* positive = red), and 
the value of b* indicates the degree of variation between 
blue and yellow (negative b* = blue; b* positive = yellow).

The electrical conductivity of the coffee beans was 
determined according to an adaptation of the methodology 
proposed by Malta, Pereira and Chagas (2005).

The flat grains that were retained between circular 
sieves 13 and 19 sieves and that were classified as green, 
excluding black‒green defects, were analyzed.

Two 50-grain samples from each repetition of the 
drying treatments were weighed on a 0.001 g precision 
scale. The samples were immersed in 75 mL of distilled 
water (inside 200 mL plastic cups) and maintained at 25 °C. 
After imbibition for 3.5 hours, the solutions were agitated 
immediately before performing the electrical conductivity 
reading in a BEL conductivity meter (model W12D). The 
results were expressed in μS cm-1 g-1 of sample.

The nonvolatile compounds caffeine, trigonelline 
and chlorogenic acids were determined by high-performance 
liquid chromatography (HPLC) in two replicates of each 
treatment without changing the sample according to a 

methodology that was adapted from Vitorino et al. (2001) 
by Malta and Chagas (2009). Samples of 0.5 g of ground 
coffee were extracted in 50 mL of boiling distilled water 
and placed in a water bath with boiling water for 3 min. The 
extract was filtered through standard filter paper and then 
filtered through a 0.45 µm membrane. The determination 
of these compounds was performed in a Shimadzu 
chromatograph with a diode array detection system 
(model SPD-M10A), Discovery C18 chromatographic 
column (250 x 4.6 mm, 5 µm), and 272 nm wavelength. 
The mobile phase consisted of methanol:water:acetic 
acid (20:80:1), with a flow rate of 1 mL.min-1. For the 
identification and quantitative analysis, a standard curve 
was prepared using standards of caffeine, trigonelline 
and 5-caffeoylquinic acid (5-QCA).

The experiment consisted of a 3 x 4 factorial 
scheme in a completely randomized design with four 
replicates (4 fixed-layer drying trays).

The data were subjected to analysis of variance, 
and the means were compared using the Scott‒Knott 
test at a significance level of 5%. The statistical analyses 
were performed using R software (R Core Team, 2013) 
with the Easyanova package (Arnhold, 2013).

RESULTS AND DISCUSSION

Table 2 shows the breakdown of the effect of the 
interaction between dry bulb temperature (DBT) and 
dew point temperature (DPT) on the mean values of the 
percentage of black‒green defects.

The data in Table 2 show that for the same DPT, 
with an increase in drying temperature, there is also an 
increase in the average percentage of black‒green defects, 
indicating that temperature affects the emergence of 
defects during the drying of a large amount of coffee 
from unripe fruits. Immature grains ferment easily 
when exposed to temperatures of approximately 40 °C 
(Andrade et al., 2019; Rios et al., 2021).

Table 2 - Percentage of black-green defects as a function of the interaction between dry-bulb temperature and dew point temperature

Means followed by the same lowercase letter within a column and uppercase letters within a row do not differ (P > 0.05) according to the Scott‒Knott test

DBT DPT (°C)
(°C) 7.5 11.2 16.2 20.4
30 25.29 ± 1.56 cB 31.81 ± 2.08 cA 33.60 ± 2.07 cA 23.96 ± 1.47 cB
35 31.60 ± 1.94 bB 36.91 ± 2.27 bA 38.41 ± 2.36 bA 39.44 ± 2.43 bA
40 53.69 ± 3.30 aB 57.60 ± 3.54 aA 59.56 ± 3.66 aA 52.62 ± 3.24 aB
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	 Phenolic compounds that are close to the cell 
wall tend to react with enzymes present in the grains to 
form brown polymers. This browning effect can also be 
produced with the denaturation or oxidation of phenolic 
compounds, sugars and proteins (Nath et al., 2022).

Considering that, at the same dry-bulb temperature, 
an increase in dew point temperature results in higher 
relative humidity of the drying air, it was observed that 
the incidence of black-green defects did not show a linear 
behavior as a function of relative humidity. The highest 
defect percentages were observed under intermediate 
relative humidity conditions (corresponding to DPTs 
of 11.2 and 16.2 °C), whereas the lowest percentages 
occurred at the lowest and highest relative humidity levels 
(DPTs of 7.5 and 20.4 °C). These results indicate that not 
only the drying intensity, but also the balance between air 
temperature and humidity, influences the occurrence of 
defects in immature coffee fruits.

At a dry bulb temperature of 30 °C, the lowest 
mean percentage of black‒green defects occurred at DPTs 
of 20.4 °C and at 7.5 °C, for which the values did not differ 
significantly, and the highest values were found at the two 
intermediate DPT values of 16.2 and 11.2 °C.

At a DBT of 40 °C, the percentage of green–black 
defects was lower at DPTs of 20.4 and 7.5 °C and higher 
at DPTs of 16.2 and 11.2 °C, a results that is similar to that 
found at a DBT of 30 °C. These results are similar to those 
found by Andrade et al. (2019), who dried green coffee 

fruits at 40 °C and showed higher percentages of green–
black defects when the relative humidity was intermediate 
(17.5%) and lower percentages when the relative humidity 
was highest (32.5%) and lowest (10%).

Table 3 shows the effect of the interaction between the 
dry bulb temperature (DBT) and the dew point temperature 
(DPT) on the mean values of the colorimetric parameter L*.

 The parameter L* indicates the luminosity, where 
samples with higher values are lighter while those with 
lower values are darker.

Within each DPT, there was always a decrease 
in L* with increasing DBT, indicating darker grains 
on average. Within the same DPT, there was always an 
increase in the amount of black‒green defects, causing the 
samples to have lower L* values on average.

Within each DBT, the lowest values of the 
parameter L* were found at DPTs of 11.2 and 16.2 °C, 
and we can also relate this to the greater amount of 
black‒green defects present at these intermediate DPTs.

França et al. (2005) reported that the L* parameter 
alone can be used to separate defective and nondefective 
grains before roasting.

The analysis of variance did not indicate a 
significant effect of the interaction between dry bulb 
temperature and dew point temperature on the mean values 
of the colorimetric parameter a*. The isolated effects of 
DBT and DPT are shown in Tables 4 and 5.

Table 3 - Mean L* (lightness) values of processed coffee as a function of the interaction between dry-bulb temperature and 
dew point temperature

Means followed by the same lowercase letter within a column and uppercase letters within a row do not differ (P > 0.05) according to the Scott‒Knott test

DBT (°C)
DPT (°C)

7.5 11.2 16.2 20.4
30 44.08 ± 0.87 aB 43.83 ± 0.87 aB 43.20 ± 0.86 aB 45.46 ± 0.90 aA
35 44.23 ± 0.88 aA 41.80 ± 0.83 bB 42.98 ± 0.85 aB 42.16 ± 0.83 bB
40 42.84 ± 0.85 bA 40.81 ± 0.81 bB 40.16 ± 0.80 bB 41.80 ± 0.83 bA

Table 4 - Mean a* values of processed coffee as a function of 
dry-bulb temperature

Means followed by the same lowercase letter within the column do not 
differ from each other (P > 0.05) according to the Scott‒Knott test

DBT (°C) a*
30 - 0.22 c
35 0.11 b
40 0.62 a

DPT (°C) a*
7.5 0.20 a
11.2 0.07 a
16.2 0.16 a
20.4 0.26 a

Table 5 - Mean a* values of processed coffee as a function of 
dew point temperature

Means followed by the same lowercase letter within the column do not 
differ from each other (P > 0.05) according to the Scott‒Knott test
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The chromatic coordinate a* indicates positive 
values for red and negative values for green.

Tables 4 and 5 show that there was only a significant 
difference when the different DBTs were compared. There 
was an increase in the value of the a* coordinate with the 
increase in temperature. The DBT of 30 °C resulted in the 
smallest amount of black‒green defects, on average, and 
therefore had a greater amount of green grains, which is 
indicated by the lowest value of a*.

Coradi, Borém and Oliveira (2008) observed 
higher a* coordinate values at a drying temperature of 60 
°C, with the coffees being classified lower quality than 
those dried at 40 °C in a mechanical dryer.

Table 6 shows the breakdown of the effect of the 
interaction between the dry bulb temperature and dew 
point temperature on the mean values of the colorimetric 
parameter b*.

Positive values of the b* parameter indicate yellow 
and negative values indicate blue. In the treatments with the 
highest amounts of black‒green defects, the lowest values of 
the b*coordinate were found; the inverse was also observed, 
with lower amounts of black‒green defects and higher values 
of b*. This pattern was also reported by Andrade et al. (2019); 
the drying treatment with the lowest percentage of 
black‒green defects had the highest L* and b* values. Rios 
et al. (2020) observed a trend of lower L* values for a DBT 
of 40 °C and lower values of the a* parameter in the treatment 
with the lowest DBT (35 °C) and DPT (2.6 °C).

Table 7 shows the effect of the interaction 
between the dry bulb temperature and the dew 

point temperature on the mean values of electrical 
conductivity.

Among the DPTs, the lowest mean electrical 
conductivity values were found at 7.5 °C and 20.4 °C 
when the DBT was 30 °C, which is similar to the pattern 
observed for the percentages of black‒green defects.

At a DPT of 11.2 °C, there was an increase in 
electrical conductivity with the increase in DBT, which is 
the same pattern shown for the increase in the amount of 
black‒green defects with the increase in the DBT.

At a DPT of 16.2 °C, the lowest DBT (30 °C) had 
the lowest electrical conductivity value. When evaluating 
the average percentage of green–black defects at this DPT, 
the lowest values were also found for a DBT of 30 °C. At 
a DPT of 20.4 °C, there was an increase in the electrical 
conductivity values with the increase in DBT. This same 
growth behavior was observed for the amount of black‒green 
defects with increasing drying temperature. At a DBT 
of 30 °C, the highest values of electrical conductivity 
were observed at DPTs of 16.2 and 11.2 °C, and the lowest 
values were observed at DPTs of 20.4 and 7.5 °C. The 
patterns at this DBT are the same as those found for the 
percentage of black‒green defects. At a DBT of 35 °C, 
we found the highest values of electrical conductivity at 
DPTs of 16.2 and 11.2 °C and the lowest values at DPTs 
of 20.4 and 7.5 °C. The lowest percentage of black‒green 
defects at a DBT of 35 °C was also observed at the lowest 
DPT (7.5 °C). At a DBT of 40 °C, the lowest electrical 
conductivity value was observed at the lowest DPT of 7.5 °C, 
the same temperature at which the lowest percentage of 
black‒green defects was observed.

Table 6 - Mean b* values of processed coffee as a function of the interaction between dry-bulb temperature and dew point temperature

Means followed by the same lowercase letter within a column and uppercase letters within a row do not differ (P > 0.05) according to the Scott‒Knott test

DBT (°C)
DPT (°C)

7.5 11.2 16.2 20.4
30 7.82 ± 0.80 bB 8.09 ± 0.83 aB 7.58 ± 0.78 aB 9.30 ± 0.96 aA
35 9.32 ± 0.96 aA 6.88 ± 0.71 bB 7.75 ± 0.80 aB 7.17 ± 0.73 bB
40 8.08 ± 0.83 bA 6.15 ± 0.63 bB 5.27 ± 0.54 bB 7.24 ± 0.74 bA

Table 7 - Electrical conductivity (μS.cm-1 G-1 of sample) of immature coffee beans as a function of the interaction between dry-bulb 
temperature and dew point temperature

Means followed by the same lowercase letter within a column and uppercase letters within a row do not differ (P > 0.05) according to the Scott‒Knott test

DBT (°C)
DPT (°C)

7.5 11.2 16.2 20.4
30 18.36 ± 1.24 bB 19.67 ± 1.33 cA 20.46 ± 1.38 bA 17.70 ± 1.19 cB
35 21.36 ± 1.44 aB 23.01 ± 1.55 bA 23.22 ± 1.57 aA 20.74 ± 1.40 bB
40 22.07 ± 1.49 aB 25.19 ± 1.70 aA 24.48 ± 1.65 aA 25.37 ± 1.71 aA
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The loss of selectivity of the cell membrane is 
associated with several factors, including the damage 
suffered by coffee beans during the processing and drying 
stages. Therefore, the greater the deterioration that occurs 
in the drying process, the more intense the increase in the 
values of these analyses will be (Reinato et al., 2012).

Malta et al. (2013) found lower values of 
electrical conductivity, potassium leaching, and total 
titratable acidity and higher enzymatic activity of 
polyphenol oxidase in coffees subjected to slow drying 
in the shade, regardless of the processing method used. 
These results indicate less damage to cell membrane 
systems during slower drying, with lower rates of 
Water Removal.

Several authors have reported that drying time 
is affected by different drying air temperatures and 
that electrical conductivity, potassium leaching, total 
titratable acidity and grease acidity increase with 
increasing drying temperature regardless of the type of 
processing (Coradi et al., 2019; Oliveira et al., 2018).

Electrical conductivity and potassium leaching 
are indicators of cell membrane integrity, and sugars 
are involved in membrane protection mechanisms. 
Slow drying may contribute to the development of 
protective mechanisms for cell membranes, preserving 
their integrity and, therefore, maintaining the quality 
of the coffee (Coradi et al., 2021), as observed in the 
results obtained in this study.

As the grains from harvested green fruits are 
immature, their cell walls and membranes are not 
fully formed, and there has not yet been a maximum 
accumulation of dry matter. These characteristics of 
immature grains make them more susceptible to damage 
caused by drying at high temperatures and fast drying rates.

Table 8 shows the breakdown of the effect of 
the interaction between the DBT and DPT on the mean 
trigonelline values.

According to the results, there was no correlation 
between the treatments and the amount of trigonelline 
in coffee beans from unripe fruits. Trigonelline contents 
vary according to the species of the bean, Arabica 
coffee, in beans classified as both green and normal, has 
approximately 1.0% trigonelline (Caporaso et al., 2018), 
corroborating the results shown in Table 8. This compound 
is sensitive to temperature and may lead to the degradation 
and generation of volatile and nonvolatile compounds 
(Shi et al., 2024). Jeszka-Skowron et al. (2022) verified 
that thermal processing, such as roasting and steaming, 
results in a substantial reduction of this compound in Arabica 
coffees.  However, there was not a significant decrease in the 
percentage of trigonelline among the dry samples at DBTs 
of 30 °C to 40 °C, representing this degradation.

The analysis of variance did not indicate a 
significant effect of the interaction between DBT and DPT 
on the mean contents of chlorogenic acids. The isolated 
effects of the DBT and DPT are shown in Tables 9 and 10.

Means followed by the same lowercase letter within a column and uppercase letters within a row do not differ (P > 0.05) according to the Scott‒Knott test

Table 8 - Trigonelline content (% dry matter) as a function of the interaction between dry-bulb temperature and dew point temperature

DBT (°C)
DPT (°C)

7.5 11.2 16.2 20.4
30 1.535 ± 0.037 aB 1.560 ± 0.038 bB 1.700 ± 0.041 aA 1.585 ± 0.038 aB
35 1.510 ± 0.036 aB 1.680 ± 0.041 aA 1.645 ± 0.039 aA 1.620 ± 0.039 aA
40 1.535 ± 0.037 aA 1.570 ± 0.038 bA 1.570 ± 0.038 bA 1.615 ± 0.039 aA

Table 9 - Chlorogenic acid content (% dry matter) as a function 
of different dry-bulb temperatures

Means followed by the same lowercase letter within the column do 
not differ from each other (P > 0.05) according to the Scott‒Knott 
test

DBT (°C) Chlorogenic Ac. (% dry matter)
30 3.830 ± 0.195 c
35 4.132 ± 0.211 b
40 4.950 ± 0.250 a

Table 10 - Chlorogenic acid content (% dry matter) as a function 
of different dew point temperatures

Means followed by the same lowercase letter within the column do not 
differ from each other (P > 0.05) according to the Scott‒Knott test

DPT (°C) Chlorogenic Ac. (% dry matter)
7.5 4.061 ± 0.207 b
11.2 4.168 ± 0.212 b
16.2 4.433 ± 0.226 a
20.4 4.493 ± 0.229 a
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Chlorogenic acid is bioactive compound with 
antioxidant, antimutagenic, anticancer and anti-
inflammatory properties (Huang et al., 2023). As presented 
in Tables 9 and 10, the chlorogenic acid content increased 
significantly with increasing dry-bulb temperature, 
reaching 4.95% of dry matter at 40 °C, and was also higher at 
dew point temperatures of 16.2 and 20.4 °C. This behavior 
was consistent with the increase in the incidence of 
black-green defects observed with the elevation of dry-bulb 
temperature. Farah, Monteiro and Trugo (2005) also 
reported higher concentrations of chlorogenic acids in 
beans with black-green defects.

Chlorogenic acids are important phenolic 
compounds in coffee and tend to occur at higher 
concentrations in immature beans, decreasing throughout 
the maturation process. Therefore, the association 
observed in this study suggests that drying conditions that 
promoted a higher incidence of black-green defects were 
also related to higher chlorogenic acid contents.

The analysis of variance did not indicate significant 
effects of the interaction between the DBT and DPT on the 
mean values of caffeine. The isolated effects of the DBT 
and DPT are shown in Tables 11 and 12.

The content of caffeine, an alkaloid that is 
relatively stable when exposed to thermal processes 
(Grzelczyk et al., 2022), did not change significantly 

according to the values presented in Tables 11 and 12. 
The percentage of caffeine ranged from 1.57% to 1.65%, 
above the values found by other authors for Brazilian 
Arabica cultivars and hybrids, which range from 1.05 to 1.54% 
(Bobková et al., 2022; Duarte; Pereira; Farah, 2010). Some 
studies reported results for ripe fruits. The observed 
difference in the percentage of caffeine between ripe 
and unripe fruits can be explained because França et al. 
(2005), studying the amount of this compound in 
Arabica coffee, found a significant difference when 
analyzing beans classified as black, green and burnt 
compared with nondefective beans and a mixture of 
these different types of beans.

CONCLUSIONS

1. The increase in dry-bulb temperature (DBT) during the 
drying of immature coffee fruits increased the incidence 
of black-green defects. Among the drying conditions 
evaluated, a DBT of 30 °C combined with dew point 
temperatures (DPTs) of 7.5 °C and 20.4 °C resulted in 
the lowest percentages of this defect;

2. Treatments with a higher incidence of black-green defects 
exhibited lower L* and b* values, higher a* values, 
and higher electrical conductivity, indicating greater 
impairment of the cellular integrity of the coffee beans;

3. The chlorogenic acid content increased with increasing 
dry-bulb temperature and was associated with the 
higher incidence of black-green defects observed under 
the highest drying temperatures.
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