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Food Technology/ Original Article

Productivity, chemical and sensory
characteristics of arabica coffee
under different water regimes in the
Brazilian Cerrado Central Plateau

Abstract — The objective of this work was to evaluate arabica coffee (Coffea
arabica) under irrigation regimes in the Brazilian Cerrado Central Plateau
regarding productivity, chemical quality of raw grains, and sensory quality of
the beverage. The experiment was conducted in 2020/2021, with the regimes
consisting of two levels of replacement, 100% and 50% of water requirement:
irrigation throughout the year, water deficit from April to September, and water
deficit from June to September. The chemical characteristics studied were:
soluble solids, sucrose, trigonelline, caffeine, caffeoylquinic and citric acids.
Sensory analysis was performed by SCA. The regimes of water replacement
100% with irrigation throughout the year and water deficit from June to
September present higher productivity of arabica coffee in 2020 and 2021. In
regimes with greater water restriction, the levels of sucrose and trigonelline
in raw grains increase. In regimes with greater water replacement, the level of
citric acid in the raw grains increases. Both regimes with a water deficit from
June to September with 100% and 50% of the crop water requirement produce a
beverage of excellent quality due to greater uniformity in grain maturation. With
50% of the crop water requirement, the water deficit from April to September is
harmful to the quality of the beverage compared to the water deficit from June
to September due to the period of two additional months in water stress.

Index terms: Coffea arabica, beverage quality, irrigation, water stress.

Produtividade, caracteristicas quimicas e
sensoriais de café arabica sob diferentes regimes
hidricos no Planalto Central do Cerrado Brasileiro

Resumo — O objetivo deste trabalho foi avaliar o café arabica (Coffea
arabica) sob regimes de irrigagao no Planalto Central do Cerrado Brasileiro,
considerando produtividade, qualidade quimica dos graos crus e qualidade
sensorial da bebida. O experimento foi conduzido em 2020/2021, com os
regimes constituidos por dois niveis de reposicao, 100% e 50% da necessidade
hidrica: irrigacao durante todo o ano, déficit hidrico de abril a setembro e
déficit hidrico de junho a setembro. As caracteristicas quimicas avaliadas
foram: solidos soliveis, sacarose, trigonelina, cafeina, acidos cafeoilquinico e
citrico. A anélise sensorial foi realizada pela SCA. Os regimes com reposicao
hidrica 100% com irrigacdo durante o ano todo e restri¢ao hidrica de junho
a setembro apresentam maior produtividade de café arabica em 2020 e 2021.
Em regimes com maior restricao hidrica, os niveis de sacarose e trigonelina
em graos crus aumentam. Ambos regimes com restri¢ao hidrica de junho a
setembro com 100% e 50% da exigéncia produzem uma bebida de qualidade
excelente em razdo da uniformidade da maturacao do grao. Com o regime de
50% da exigéncia hidrica da plantacao, o deficit hidrico de abril a setembro
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mostrou-se prejudicial a qualidade da bebida comparado
com o deficit de junho a setembro em razido do periodo
adicional de dois meses de estresse hidrico.

Termos para indexacdo: Coffea arabica, qualidade de
bebida, irrigacao, estresse hidrico.

Introduction

Coffee is one of the most economically relevant
crops in Brazil, since the country is the world’s largest
producer and exporter of the product. In 2024, the
total Brazilian area planted with both Coffea arabica
L. and Coffea canephora species was of 2.25 million
ha. of which arabica cultivation accounts for 80.9%
(Acompanhamento..., 2024).

In recent decades, arabica coffee production has
spread to the Cerrado biome, known as the Brazilian
Savanna, which occupies 22% of the country’s
territory, is characterized by its well-defined dry
and rainy seasons (Lorencone et al., 2025), and has
a great biodiversity. In its Central Plateau region,
arabica coffee producers use irrigated instead of
rainfed coffee, since there is a long period without
precipitation, influencing productivity and grain
maturation (Silva et al., 2024), which can be detected
by multispectral sensors mounted on unmanned
aerial vehicles (Silva et al., 2024). Although the high
risk of severe drought challenges sustainable arabica
coffee production, it allows controlled induction
of plant water stress in irrigated systems, with a
synchronized flowering period, uniform maturity
at harvest, and a potential increase in grain quality
(Guerra et al., 2005), as ripe coffee cherries contain
suitable chemical compositions responsible for flavor
properties (Hameed et al., 2018).

In recent years, consumers’ demand for a higher-
quality beverage has increased (Fassio etal., 2016;
Barbosa et al., 2019), which has led industries to offer
higher-quality coffees on the market. Until 2023,
gourmet was the highest coffee classification; however,
the Brazilian Coffee Industry Association (Abic,
2024) launched specialty coffee, the fourth quality
category of classification. Therefore, to achieve this
greater demand for quality, producers must adapt to
a new standard of water consumption on plantations,
including the Brazilian Cerrado Central Plateau region.

To evaluate the potential of coffee plants for
producing grains with a better-quality sensory
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profile, the following attributes are valued: bitterness,
astringency, aromas, citric acidity, and body, which
are related to the chemical characteristics, such as:
caffeine, caffeoylquinic acid, sucrose, trigonelline,
citric acid, and total soluble solids (Sualeh et al., 2020).
Among the chemical characteristics, the bioactive
compounds: caffeine, trigonelline, and caffeoylquinic
acid are highlighted due to their action on human
health.

Caffeine, one of those responsible for bitterness,
has stimulating effects on the central nervous system:
alertness, excitement, and improved cognitive
performance, besides indications of protection against
cognitive impairment, decline, and dementia (Panza
et al., 2015). Nehlig (2016) reports that daily intake of
up to 400 mg of caffeine, or about five cups of coffee,
is not harmful to health.

Trigonelline, responsible for coffee aromas, is
converted into vitamin B complex (niacin) during
roasting, increasing the nutritional value of roasted
coffee (Abrahdo etal, 2008). Caffeoylquinic acid,
a powerful antioxidant, plays an important role in
neutralizing or sequestering free radicals, acting both
in the initiation stage and in the propagation of the
oxidative process (Abrahdo etal, 2008). However,
increased contents of caffeine and caffeoylquinic
acid in raw coffee beans is detrimental to sensory
classification, as they are responsible for undesirable
attributes, such as bitterness and astringency.

Chemical and sensory qualities of coffee, as well
as changes in productivity, are related to the use of
water deficit. Therefore, fruit yield and chemical and
sensorial attributes of coffee grains might be affected
by the genotype choice and the water regime.

The objective of this work was to evaluate
arabica coffee production under irrigation regimes
in the Brazilian Cerrado Central Plateau regarding
productivity, chemical quality of raw grains, and
sensory quality of the beverage.

Materials and Methods

The study was carried out at Embrapa Cerrados,
Distrito Federal (15°35'S, 47°42'W at 1,007 m of
altitude), in an experiment area, where coffee had been
planted in 2015, and the water regimes started in 2017.
The row spacing was 3.50 m and plants were spaced
0.50 m in a total area of 0,74 ha with 5,700 plants ha-.



Productivity, chemical and sensory characteristics of arabica coffee

According to the Koppen-Geiger classification, the
climate is Aw type with two well-defined dry and rainy
seasons. The average temperature is 21°C, and the
average precipitation is 1,500 mm. The precipitation
and temperature data during the experiment are
described in Figure 1. The soil was classified as clayey
Oxisol (Burt, 2014), with a soft undulating relief and a
clayey texture. The soil analysis before the experiment
started and after liming and gypsum addition is
described in Table 1.

The experiment consisted of five Coffea arabica
genotype seedlings planted on the same day: Iapar
59, Topazio MG 1190, E 237, IPR 98, and Catuai
Vermelho TAC 99, submitted to six water regimes,
of which irrigation was carried out by sprinklers,

using an irrigation bar pulled by a self-propelled
reel. The irrigation level and interval applied were
based on the climatological and soil water balance
and on the Cerrado Irrigation Monitoring Program
(Embrapa, 2024), using climate data obtained from a
meteorological station located next to the experiment.
Data on soil water availability in the experimental area
and crop coefficients for coffee were defined by Guerra
et al. (2005). The Penman-Monteith method was used
to estimate reference evapotranspiration (ETo).

The water regimes consist of two levels of water
replacement: 100% and 50% of the crop water
requirement, in which all and half of the water required
by the crop were applied, respectively, followed by
two periods of water deficit (WD): April to September
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Figure 1. Climatological data (temperature and precipitation) for the years 2020
(A) and 2021 (B) collected from the weather station near of the experiment in
Brazilian Cerrado Central Plateau. Planaltina, DF, Brazil.
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(WDI1) and June to September (WD2), throughout
the irrigation regime (FI). The water regimes started
in April 2017, and between 2017 and 2021, the water
consumption of the coffee genotypes was evaluated.

The plants received an average annual accumulated
water depth of 1,706 mm (FI 100), 1,367 mm (FI 50),
1,435 mm (WD2 100), 1,217 mm (WD2 50), 1,270 mm
(WD1 100), and 1,137 mm (WD1 50). The irrigation
management criterion was the soil water balance,
based on the Cerrado Irrigation Monitoring System,
which provided information to determine the amount
of water and the interval (Embrapa, 2024) based on
the nearest weather station. The grain yield in 2020
and 2021 was obtained from three coffee plants
per experimental plot, with the fruits harvested by
stripping on the cloth. The fruits were dried in the sun
on a concrete surface until they reached the final water
content of the coffee cherry of approximately 10% to
11%, and then the value was converted into bags of
processed coffee per hectare (bag ha™).

Samples of the 2020 coffee yield with only coffee
cherries were processed. The fruits were peeled, and
the parchment grains free of mucilage were dried in a
closed room at an average temperature of 35°C. After
ten days, with a water content of 10%, the parchment
grains were removed. Part of the raw grains were
ground and passed through a 20 mesh sieve to carry
out chemical analyses of: total soluble solids content
(AOAC, 2009), sucrose content (Santos et al., 2018),
trigonelline, caffeoylquinic acid, caffeine, and citric
acid contents (Figueiredo, 2013). All analyses were
carried out in three replicates, and the results were
expressed in dry mass.

Sensory analysis was conducted using the Specialty
Coffee Association methodology (SCA, 2024). The
sensory test of the coffee beverage was performed
by four Q-graders at the Coffee Grading Laboratory
of the Savassi company, located in the municipality
of Patrocinio, MG, Brazil. The coffee was roasted,

left for a rest period of 8 hours, and grounded. The
grains from the three field replicates were mixed,
constituting a sample, and then roasted in batches of
200 g of beans for approximately 12 min in a model
TP3 coffee sample roaster (Carmomagq, Espirito Santo
do Pinhal, SP, Brazil), aiming for a medium roast,
at a final temperature of 200°C. The roast color was
between Agtron-SCA Discs #65 and #55.

Five cups of each coffee sample were tasted,
maintaining a ratio of 8.25 g of coffee per 150 mL
of water. To prepare the infusion, the water with a
temperature of 93°C was poured over the ground
coffee. The evaluations began 4 min after the infusion
when the water temperature stabilized at 55°C, and
ten important attributes of the coffee beverage were
evaluated: aroma, flavor, completion, citric acidity,
sweetness, body, clean up, uniformity, balance, and
general, with scores from zero to ten for each attribute.
After the evaluation, the results of all attributes were
added, obtaining the overall score, with the ones
scoring over 80 being considered specialty coffee.

For the statistical analysis, initially, an analysis of
variance (ANOVA) was performed in randomized
blocks for each variable within each water regime.
Subsequently, the Hartley F Max’s test was performed
using the mean square error of each variable in each
treatment. The test result was used to validate the
experiments as a group and use the joint analysis of
groups of experiments. After that, water regimes
and genotypes were considered sources of variation,
and a new ANOVA was performed. The analysis of
variance was performed using F, Tukey’s, and Scott
Knott’s tests at 5% probability to compare the means
of yield and chemical characteristics. To carry out the
statistical analysis, the version 9 of SAS software (SAS
Institute Inc., Cary, NC, USA), and RStudio (2020),
version 4.3.1. were used.

Table 1. Soil chemical analysis in the experimental area at the installation of the experiment with arabica coffee, at depths
0—20 and 20—40 cm, in the region of Planaltina, in the Federal District, Brazil.

Depth pH Ca Mg Al H+Al K P CEC® SB v OM

(cm) (H0) (cmol. dm™) (mgLh) (cmol. dm?) ——— (%) (gke™
0-20 6.17 3.87 1.81 0.001 3.99 175 5541 10.13 6.13 60.53 24.02

20-40 6.01 2.73 1.09 0.001 3.49 94 14.78 7.56 4.06 53.78 18.28

MCEC, cation exchange capacity; SB, sum of bases; V%, base saturation; OM, organic matter.
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Results and Discussion

Temperature and precipitation data show that the
climatic differences between winter and the rest of
the year (Figure 1 A and B) caused water stress. The
genotypes studied had higher yields under the FI
100 treatment than the other ones, except for E 237,
which showed no statistical difference between FI
100 (66 bags ha') and FI 50 (52 bags ha') (Figure 2
A). 'Topazio MG 1190' was superior to the other
genotypes in the FI 100 and FI 50 treatments, with
yields of 169 and 127 bags ha’, respectively. On the
other hand, 'Tapar 59' showed high productivity in
all water-restricted treatments, superior to the others
in WDI1 100 and WD2 50, with 77 and 47 bags ha’,
respectively. Under FI 50 and WDI 100, there was no
significant difference for 'Tapar 59' (Figure 2 A). The
greater productivity of Tapar 59' in all regimes with
water restriction is due to its great tolerance to drought,
as verified by Rakocevic et al. (2023) and Silva et al.
(2022). Although the highest yield in this study was in
treatments with full irrigation, a period of drought, as
proposed by Guerra et al. (2005), is fundamental for
the uniformity of flowering and fruit maturation (Silva
et al., 2022).

Furthermore, high production in the first two years
can result in depletion of the plant, resulting in low
productivity in the following year. Silva et al. (2022)
obtained average yields ranging from 19 to 110
bags ha'!, with higher values for the genotypes under
WD2 100 treatment, as seen in this experiment in 2021
(Figure 2 B). Chemical characteristics, related to coffee
grain quality, were verified using Principal Component
Analysis (PCA), which allows to infer the variables, or
chemical characteristics, responsible for most of the
divergence found (Figure 3 A and B). The dispersions
of treatments generated by PCA permit to carry out
an exploratory analysis and identify the treatments
that stand out in the variables studied. Table 2 presents
the estimates of percentages of variance and the
percentage of accumulated variance explained by the
three main components and the respective correlations
of the variables.

The first component (PC1) contributed 26.5% to
the data variability, with emphasis on the correlation
presented by caffeine (CAF) and citric acid (CA); the
second component (PC2) contributed 22.4%, with the
highest correlation shown by total soluble solids (SS).
The variable sucrose (SUC) closely correlates with the

two axes PC1 and PC2. The third component (PC3)
contributed 20.6%, caffeoylquinic acid (5-CQA) and
trigonelline (TRIG) have the highest correlations
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Figure 2. Yield of the coffee (Coffea arabica) genotypes:
Tapar 59, E 237, Catuai Vermelho IAC 99, Topazio MG
1190, and IPR 98 in 2020 (A) and 2021 (B) subjected to six
water regimes (FI 100, FI 50, WD1 100, WD2 100, WD1 50,
WD2 50) in the Brazilian Cerrado Central Plateau. Capital
letters compare the genotypes of each irrigation system,
separately. Lowercase letters compare irrigation systems,
individually, depending on genotypes. Means followed by
equal letters do not differ from each other by Tukey’s test,
at 5% probability.
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with this axis. The three main components presented
an accumulated variance of 69.5%. Hair et al. (2006)
suggested that the accumulated variance should
continue until at least 60%. Therefore, all variables
were important and considered in the analysis of
variability among treatments.

Table 3 presents the average per dry matter of raw
grains of the chemical characteristics for all treatments.
Four groups were formed to evaluate the CAF variable,
responsible for the bitterness of the coffee beverage,

'§ Completion
X S Ry - ——————cxaxgeg r Flavor
= Sweetness . General
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Acidity
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Figure 3. Graphical dispersion of the sensory analysis of
Coffea arabica beverage attributes (A) and water regimes
(B) in the Brazilian Cerrado Central Plateau, with the
reference axes first (PC 1) and second component (PC 2).
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with values from 1.06% to 1.59%, highlighting 'TPR
98' and 'Tapar 59', which presented the higher content.
Mehari et al. (2016) obtained a CAF content for arabica
coffee varieties ranging from 0.87% to 1.38%. Gichimu
et al. (2014) indicated that the contents of CAF should
be within the range of 0.80% to 1.40%. Therefore, the
present study showed that the CAF contents coincide
with the values of other authors.

SUC, the main sugar present in mature arabica
coffee grains, is a precursor of aromas responsible
for roasted coffee dark color in the Maillard and
caramelization reactions (Portillo & Arévalo, 2022),
consequently, raw grains with high SUC contents are
desirable for obtaining quality roasted coffees. The
compound SUC presented three groups with lower
variability than other chemical characteristics. All
treatments presented high values of this characteristic,
except for 'Topazio MG 1190', which presented lower
values in the WD2 100 water regime.

Higher levels of CA are desirable in raw coffee since
they provide more intense acidity in medium-roasted
coffee, as this acid decomposes during the roasting
process (Puerta Quintero & Echeverri Giraldo, 2019).
Four groups were formed for CA, with values from
0.65% to 1.49%. 'Tapar 59' and 'Topazio MG 1190' stand
out with the values 1.21% and 1.11%, respectively.
Nascimento et al. (2024) found an average CA value of
1.2% in arabica coffee varieties grown in the Cerrado
biome.

Table 2. Correlations of caffeoylquinic acid (5-CQA),
caffeine (CAF), trigoneline (TRIG), sucrose (SUC), total
soluble solids (SS), and citric acid (CA) of raw coffee (Coffea
arabica) grains with the percentage of variance explained
by the principal component analysis (PC), for all treatments
of the crop 2020 in the Brazilian Cerrado Central Plateau.
Planaltina, DF, Brazil.

Chemical characteristic Correlation
PC1 PC2 PC3

5-CQA 0.170 0.489 0.701
CAF 0.680 0.297 0.137
TRIG -0.448 -0.171 0.760
SuUC 0.467 -0.589 0.376
SS 0.029 0.790 -0.050
CA 0.823 -0.133 -0.055
Variance (%) 265 224 20.6
Accumulataed variance (%) 26.5 489 69.5
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Lower 5-CQA values are desirable in raw coffee,
as it is responsible for the astringency and bitterness
of roasted coffee and can cause excess bitterness in
the drink (Santos et al., 2015). Thus, the increase in
5-CQA is inconsistent with specialty coffee grains
(Mintesnot & Dechassa, 2018). Fassio et al. (2016)
evaluated the quality of 'Topazio MG 1190' grains and
their interactions with two different environments.

The authors found 3.97% and 3.20% of 5-CQA., which
were lower than those observed in the genotype in all
water regimes studied. Six groups were formed for
5-CQA, with lower values for 'Topazio MG 1190' and
'Catuai Vermelho TAC 99'. The contents of 5-CQA of
this study were close to the maximum limit aligned
with those reported by Sualeh et al. (2020), who found
values ranging from 2.8% to 5.4%.

Table 3. Averages (%) of chemical characteristics in dry basis of caffeine (CAF), sucrose (SUC), citric acid (CA), chlorogenic
acid (5-CQA), trigonelline (TRIG), and soluble solids (SS) of raw coffee (Coffea arabica) grains for all water regimes of the
crop 2020 in the Brazilian Cerrado Central Plateau. Planaltina, DF, Brazil®.

Genotype Water regime CAF suC CA 5-CQA TRIG SS
FI 100 1.19¢ 4.49¢ 1.39a 6.13a 1.97a 30.20a
WD1 100 1.28¢ 5.03b 1.49a 6.33a 1.45a 28.60a
WD2 100 1.26¢ 5.74a 127b 5.68¢ 1.07c 28.60a
Tapar 59 WD2 50 1.35b 5.64a 0.85d 6.27a 1.38a 24.10b
FI 50 127¢ 5.24b 1.31b 5.71c 1.07¢ 25.60b
WD1 50 1.48a 6.26a 0.93¢ 5.77¢ 1.62a 28.60a
....... e e
FI 100 1.26c 5.44a 1.22b 4.77e 1.89a 31.60a
WD1 100 1.16d 5.592 1.24b 4.41f 1.05¢ 28.60a
_ WD2 100 1.11d 4.59¢ 1.17b 4.40f 1.28b 26.40b
Topizio WD2 50 1.15d 6.02a 0.90c 4.49f 1.09¢ 25.40b
MG 1190
FI 50 1.16d 6.052 1.18b 4.68e 1.04c 26.40b
WD1 50 1.11d 551a 0.95¢ 4.56f 1.08¢c 25.40b
....... weme 116 sm o im o ass e 2
FI 100 1.11d 4.66¢ 1.07¢ 5.34d 1.95a 29.40a
WD1 100 1.13d 5.66a 0.93¢ 5.58¢ 132a 27.90a
WD2 100 1.20¢ 5.24b 0.97¢ 4.96e 1.42a 28.60a
E 237 WD2 50 1.19¢ 5.98a 0.65d 5.31d 1.79a 29.40a
FI 50 1.08d 5.74a 0.95¢ 5.29d 1.08¢ 25.60b
WD1 50 121c 6.23a 0.79d 5.23d 1.46a 27.90a
....... weme 1 ssm o as e s e
FI 100 1.19¢ 5.73a 1.09b 5.88b 1.87a 30.20a
WD1 100 1.23¢ 5.60a 1.19b 5.91b 1.08¢c 26.40b
WD2 100 1.40b 4.54¢ 0.94¢ 5.56¢ 1.26b 26.40b
IPR 98 WD2 50 1.43a 6.06a 0.87¢ 5.85b 138 28.60a
FI 50 1.59a 5.12b 0.82d 6.21a 1.43a 25.60b
WD1 50 1.30c 5.30b 0.84d 5.65¢ 1.26b 26.40b
...... weme 1se swm 0 ass 0 am S
FI 100 1.06d 4.24c¢ 1.17b 4.36f 1.81a 30.20a
WD1 100 1.12d 5.35a 1.43a 451f 1.97a 27.90a
) WD2 100 1.16d 5.10b 1.02¢ 4.67e 1.01c 25.60b
1(:::u3919’v'erme]ho WD2 50 1.16d 5.69a 0.90¢ 4.69 1.24b 27.90a
FI 50 121c 5.55a 0.95¢ 4.99¢ 1.97a 27.10b
WD1 50 1.22¢ 5.86a 0.89¢ 4.57f 1.25b 25.60b
e T e o e e e
Coefficient of variation (%) 6.20 9.30 9.40 3.70 7.60 6.10

MMeans followed by equal letters, in the columns, do not differ from each other by Scott-Knott’s test, at 5% probability.
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TRIG compound is a precursor of aromatic
compounds in roasted coffee and its thermal
degradation generates pyrroles that can present
pleasant, sweet aromas (Li et al., 2023), so its high
content in raw grains represents quality-roasted coffee.
Three groups were formed for TRIG, with all cultivars
presenting high contents. The contents found in this
study are higher than those obtained by Gichimu et al.
(2014) and Mehari et al. (2016), who obtained values
from 0.60% to 1.20% and 0.98% to 1.32%, respectively.

Higher SS values in raw grains represent a greater
body in medium-roasted coffee, characterizing a
better quality beverage (Hameed et al., 2018). Only
two groups were formed for SS, ranging from 24.1% to
31.6%, while Nascimento et al. (2024) documented SS
content variation from 27.4% to 29.5% in raw arabica
coffee grains grown in Cerrado. 'Topazio MG 1190
submitted to regime FI 100 showed the highest value.

The averages of the chemical characteristics for the
simple water regime factor are presented in Table 4.
CAF and 5-CQA results showed that the water
regimes did not influence the concentration of these
compounds. In a study by Silva et al. (2005), 5-CQA
content does not vary with irrigation, while the CAF
content of coffee grains increases in non-irrigated
coffee grown in warmer regions.

In the following regimes of Group 2 with greater
water restriction: WDI1 50, WD2 50, and FI 50, there was
an increase in the levels of both SUC and TRIG. Silva

Table 4. Averages (%) of chemical characteristics in dry
basis of caffeine (CAF), sucrose (SUC), citric acid (CA),
chlorogenic acid (5-CQA), trigonelline (TRIG), and soluble
solids (SS) of raw coffee (Coffea arabica) grains subjected
to water regimes in Brazilian Cerrado Central Plateau.
Planaltina, DF, Brazil®.

Water regime CAF sucC CA 5-CQA TRIG SS
Group 1

FI 100 1.16a 491b 1.19a 529a 2.8% 303a
WD1 100 1.18a 545a 126a 535 277b 279
WD2 100 123a 504b 1.07b 5.05a 3.00b 27.1b
Group 2

WD2 50 125a 588a 0.84c 532a 337a 27.1b
FI 50 126a 554a 1.04b 537a 3.12a 26.1b
WD1 50 126a 583a 0.88 515 333a 269
CV@ (%) 1094 1070 10.64  9.87 9.52 6.83

MMeans followed by equal letters, in the columns, do not differ from
each other by Scott-Knott’s test, at 5% probability. @CV, coefficient of
variation.
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et al. (2005) showed that the SUC content was higher in
non-irrigated coffee grains grown in warmer regions.
A higher SUC content in coffee under water stress
may be associated with the higher percentage of cherry
grains at harvest promoted by the synchronization of
flowering in an area with suspended irrigation (Guerra
et al., 2005). On the other hand, the following regimes
of Group 1 with greater water replacement: WDI
100 and FI 100 presented the highest CA contents.
Khosravi-Nejad et al. (2022) showed that drought stress
decreased CA in wheat crops.

For SS, only the FI 100 full irrigation regime
presented a significantly different value for all
genotypes. Compared to full irrigation, moderate deficit
irrigation, with 80% of the total irrigation, in addition
to the efficient use of water, decreases arabica coffee
productivity by only 6.4%:; however, it improves the
beverage quality (Tesfaye et al., 2013). Table 5 shows
the beverage quality results in the six water regimes for
'"Topazio MG 1190' and 'TPR 98', which are productive
and have chemical characteristics for quality beverages.
'"Topazio MG 1190' had lower average values for CAF
and 5-CQA, and higher for SUC and CA, while 'TPR 98"
had intermediate values (Table 3).

SUC and TRIG (Table 4), two key compounds for
high-quality coffees due to their potential to result
in more intense aromas, did not present differences
in Group 1 or 2, with equal averages of 7.58 for both
groups (Table 5). The same was observed for the CA
attribute, with an average around 7.3 for both groups,
even the group with the highest water replacement
presenting the highest CA levels (Table 4). The
higher SS value for FI 100 (Table 4) did not result
in a higher body value for this regime (Table 5).
Therefore, the statistical differences presented in
Table 4 for SUC, TRIG, CA. and SS did not result
in sufficient distance in the intensity of the stimuli
to be evident for the expert tasters (Q-graders). This
direct relationship between a chemical characteristic
in the raw grain associated with a certain beverage
attribute is difficult to establish due to the complex
chemical composition of the grain and the influences
of processes, such as the type of roasting, which can
enhance an attribute, and even the way the beverage
is prepared.

The sensory evaluation of beverage quality was
carried out using SCA, the most used methodology
for classifying specialty coffee. The overall score
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was calculated regarding the quality of the coffees
subjected to each individual regime. Coffees with a
total score equal or greater than 80 points are classified
as specialty coffees. 'TPR 98' in the WD2 50 regime
had the highest overall score (84.5), much higher than
in the WD1 50 regime (71.75) (Table 5). The same
occurred with 'Topazio MG 1190, which had a higher
overall score for the WD2 50 regime compared with
the WDI1 50 regime, but with only 1 point of variation
between the scores. The 90 days of water restriction
under the WD2 regime was more favorable to the
beverage quality for these cultivars than the 150 days
of water restriction under the WDI1 regime, with a
water replacement level of 50%, especially for 'TPR 98".
The WD2 50 regime had the highest overall scores for
'"Topazio MG 1190' and 'TPR 98"

The overall average scores for the water regimes,
WD2 50, WD2 100, WD1 100, FI 100, FI 50, and WD1
50 were 83.75, 81.88, 80.75, 80.75, 79.25, and 76.75,
respectively, with the first four regimes producing
specialty coffees, especially WD2 50 and WD2 100
(Table 5). An exploratory principal component analysis
(Figure 3 A and B) was carried out to verify the trend
in quality attribute scores between regimes to check
the trend of the ten quality attribute scores among the
regimes. The PC 1 and PC 2 components accounted
for more than 85% of the variability in the data. All the

attributes that showed variation between the regimes
had converging vectors for the WD2 100 and WD2 50
regimes, with the latter presenting higher values for
the attributes.

The regimes WD2 50 followed by WD2 100
presented the best final scores, which showed their
potential for producing specialty coffees despite
having lower yields in 2020 (Figure 2 A) but higher
yields in 2021 (Figure 2 B). This is possibly due to
the greater uniformity in the ripening of the coffee
cherry, which increases the number of compounds that
confer beverage quality. Tesfaye et al. (2013) showed
that moderate deficit irrigation could save irrigation
water, maintain crop yields, and preserve grain
quality. Compared to full irrigation, moderate deficit
irrigation, or 80% of the total amount of irrigation, in
addition to the efficient use of water, decreases arabica
coffee productivity by only 6.4%; however, it improves
the quality of the beverage (Tesfaye et al., 2013).

Given the high productivity of FI 100 in 2020
(Figure 2 A) and the overall average of 80.75 points
(Table 5), this regime is also suitable for both grain
production and beverage quality. Partial drying of
the root zone and normal deficit irrigation preserved
coffee quality (Tesfaye etal., 2013). WDI1 100 also
produced specialty coffee with the same overall score
as FI 100, but showed low productivity in 2020 and

Table 5. Notes on beverage quality attributes for two Coffea arabica genotypes subjected to the six water regimes of the
crop 2020 in the Brazilian Cerrado Central Plateau. Planaltina, DF, Brazil.

Water Genotype Aroma Flavor Completion Citrus Sweetness Body Clean Uniformity Balance General Overall
regime acidity cup score
Group 1

WDI1 100 Topazio MG 1190  7.75 7.50 7.25 7.50 10 7.5 10 10 7.25 7.25 82.00
WDI1 100 IPR98 7.50 7.00 7.00 7.00 10 7.00 10 10 7.00 7.00 79.50
WD2 100 Topazio MG 1190  7.50 7.50 7.00 7.50 10 7.50 10 10 7.25 7.25 81.50
WD2 100 IPR 98 7.75 7.50 7.25 7.50 10 7.50 10 10 7.25 7.50 82.25
FI1100 Topazio MG 1190  7.50 7.50 7.00 7.25 10 7.50 10 10 7.50 7.25 81.50
FI1100 IPR 98 7.50 7.00 7.00 7.25 10 7.00 10 10 7.25 7.00 80.00
A\,erage S T T S T i
Group 2

FI50 Topazio MG 1190  7.25 7.00 6.75 7.00 10 6.75 10 10 6.75 7.00 78.50
FI50 IPR 98 7.50 7.50 7.00 7.00 10 7.00 10 10 7.00 7.00 80.00
WD1 50 Topazio MG 1190  7.75 7.50 7.00 7.50 10 7.50 10 10 7.50 7.25 82.00
WD150 IPR98 7.25 6.75 6.50 7.00 10 6.75 8 8 6.75 6.75 71.75
WD2 50 Topazio MG 1190  7.75 7.75 7.50 7.50 10 7.50 10 10 7.50 7.50 83.00
WD250 IPR98 8.00 7.75 7.50 7.75 10 8.00 10 10 7.75 7.75 84.50
Average 758 ' 729 ' ' ' '
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2021 (Figure 2). Although the FI 50 regime showed
the second highest productivity in 2020 and 2021, its
cultivar grains were not classified as specialty coffee.
However, the productivity of genotypes did not present
a biennially as the other regimes, and the overall
score was close to 80. Therefore, the water regime is
interesting for the crop in addition to the reduction of
water in relation to FI 100.

At a 50% reduction, WD1 50 proved to be very
detrimental to beverage quality compared to WD2 50,
which showed that the interval from April to September
without irrigation changed beverage quality compared
to the shorter period from June to September.

Conclusions

1. The regimes of water replacement 100% with
irrigation throughout the year and water deficit from
June to September present higher productivity of
arabica coffee (Coffea arabica) in 2020 and 2021, in
the Brazilian Cerrado Central Plateau.

2.In regimes with greater water restriction, the
levels of sucrose and trigonelline in the arabica coffee
raw grains increase.

3. In regimes with greater water replacement, the
level of citric acid in the arabica coffee raw grains
increases.

4. Both regimes with the imposition of a water
deficit from June to September with 100% and 50%
of the crop water requirement produce a beverage of
excellent quality due to greater uniformity in arabica
coffee grain maturation.

5. With 50% of the crop water requirement, the
water deficit from April to September is harmful to
the quality of the beverage compared to the water
deficit from June to September due to a period of two
additional months in water stress.

Acknowledgments

To Consoércio Brasileiro de Pesquisa e
Desenvolvimento do Café (CBP&D/Café) for funding
the research (Grant no. 10.18.20.008.00.00): to
Conselho Nacional de Desenvolvimento Cientifico
e Tecnologico (CNPq) for the productivity awards
granted to the third author (Grant no. 311795/2022-
6); and to Fundacdo de Apoio a Pesquisa do Distrito
Federal (FAPDF) for financial support (Grant no.
00193-00000282/2023-93).

Pesq. agropec. bras., Brasilia, v.60, e03821, 2025
DOI: 10.1590/51678-3921.pab2025.v60.03821

References

ABIC. Associacio Brasileira da Industria de Café. Certificacoes.
Available at: <https:/www.abic.com.br/certificacoes/qualidade/>.
Accessed on: Nov. 12 2024.

ABRAHAO, S.A.; PEREIRA, RGFA.. LIMA, AR;
FERREIRA, E.B.; MALTA, M.R. Compostos bioativos em café
integral e descafeinado e qualidade sensorial da bebida. Pesquisa
Agropecudria Brasileira, v.43, p.1799-1804, 2008. DOI:
https://doi.org/10.1590/S0100-204X2008001200022.

ACOMPANHAMENTO DA SAFRA BRASILEIRA [DE] CAFE:
safra 2024: primeiro levantamento, v.11, n.1, jan. 2024. Available
at: <https:/www.conab.gov.br/info-agro/safras/cafe/boletim-da-
safra-de-cafe > Accessed on: Feb. 20 2024.

AOAC. Association of Official Analytical Chemists. Official
Methods of Analysis of the Association of Official Analytical
Chemists. 15% ed. Washington, 2009. Official method 932.12.

BARBOSA, M. de S.G.: SCHOLZ, M.B. dos S.; KITZBERGER,
C.S.G.; BENASSI, M. de T. Correlation between the composition
of green Arabica coffee beans and the sensory quality of
coffee brews. Food Chemistry, v.292, p.275-280, 2019. DOIL:
https://doi.org/10.1016/j.foodchem.2019.04.072.

BURT, R. (Ed.). Soil Survey Field and Laboratory Methods
Manual: Soil Survey Investigations Report n. 51: Version 2.0.
[Washington]: United States of Department of Agriculture,
National Soil Survey Center, 2014.

EMBRAPA. Empresa Brasileira de Pesquisa Agropecuaria.
Monitoramento de irrigacao no Cerrado. Available at: <https:/
hidro.nuvem.ti.embrapa.br/>. Accessed on: Feb. 27 2024.

FASSIO, L. de O.; MALTA, M.R.; CARVALHO, G.R.; LISKA,
G.R.; LIMA, PM. de; PIMENTA, C.J. Sensory description of
cultivars (Coffea arabica L.) resistant to rust and its correlation
with caffeine, trigonelline, and chlorogenic acid compounds.
Beverages, v.2, artl, 2016. DOI: https://doi.org/10.3390/
beverages2010001.

FIGUEIREDO, L.P. Abordagem sensorial e quimica da expressio
de gendtipo de Bourbon em diferentes ambientes. 2013. 128p.
Tese (Doutorado) - Universidade Federal de Lavras, Lavras.

GICHIMU, B.M.: GICHURU, E.X.; MAMATI, G.E.: NYENDE,
A.B. Biochemical composition within Coffea arabica cv. Ruiru 11
and its relationship with cup quality. Journal of Food Research,
v.3, p.31-44, 2014. DOI: https://doi.org/10.5539/jfrv3n3p31.

GUERRA, AF: ROCHA, O.C.. RODRIGUES, G.C.
SANZONOWICZ, C.. SAMPAIO, JBR.. SILVA, HC.
ARAUJO, M.C. de. Irrigacio do cafeeiro no cerrado: estratégia
de manejo de agua para uniformizacdo de florada. Planaltina:
Embrapa Cerrados, 2005. 4p. (Embrapa Cerrados. Comunicado
técnico, 122).

HAIR JR., JF.; ANDERSON, R.E.; TATHAM, R.L.: BLACK,
W.C. Multivariate data analysis. 7% ed. Upper Saddle River:
Pearson Prentice Hall, 2006. 816p.

HAMEED, A.; HUSSAIN, S.A.:IJAZ, M.U.; ULLAH, S.: PASHA,
I.; SULERIA, H.AR. Farm to consumer: factors affecting the



Productivity, chemical and sensory characteristics of arabica coffee 11

organoleptic characteristics of coffee. II: Postharvest processing
factors. Comprehensive Reviews in Food Science and Food
Safety, v.17, p.1184-1237, 2018. DOI: https://doi.org/10.1111/1541-
4337.12365.

KHOSRAVI-NEJAD, F.; KHAVARI-NEJAD, R.A.. MORADI,
F.; NAJAFT, F. Cytokinin and abscisic acid alleviate drought stress
through changing organic acids profile, ion immolation, and fatty
acid profile to improve yield of wheat (Triticum aestivum L.) cultivars.
Physiology and Molecular Biology of Plants, v.28, p.1119-1129,
2022. DOI: https://doi.org/10.1007/s12298-022-01173-9.

LI P;TIAN,H.;HAN,L.;LI,H.; JI, Y.; YANG., J.; LAI, M.; CHU,
W.; JI, X. Synthesis and pyrolysis of various novel pyrrole ester
fragrance precursors. Flavor and Fragrance Journal, v.38,
p-285-292, 2023. DOI: https://doi.org/10.1002/f1j.3747.

LORENCONE, J.A.; APARECIDO, L.E. de O.; LORENCONE,
P.A.; TORSONIL, G.B.; LIMA, R F. de; MORAES, J.R. da S.C. de:
ROLIM, G. de S. Agricultural zoning of Coffea arabica in Brazil
for current and future climate scenarios: implications for the
coffee industry. Environment, Development and Sustainability,
v.27, p.4143-4166, 2025. DOI: https://doi.org/10.1007/510668-023-
04066-3.

MEHARI, B.; REDI-ABSHIRO, M.. CHANDRAVANSHI,
B.S.; ATLABACHEW, M.; COMBRINCK, S.; MCCRINDLE,
R. Simultaneous determination of alkaloids in green coffee
beans from Ethiopia: chemometric evaluation of geographical
origin. Food Analytical Methods, v.9, p.1627-1637, 2016. DOI:
https://doi.org/10.1007/512161-015-0340-2.

MINTESNOT, A.; DECHASSA, N. Effect of altitude, shade, and
processing methods on the quality and biochemical composition
of green coffee beans in Ethiopia. East African Journal of
Sciences, v.12, p.87-100, 2018.

NASCIMENTO, M.O.; CELESTINO, S.M.C.; VEIGA, AD.;
JESUS, B.D.A. de; OLIVEIRA, L. de L. de. Quality of Arabica
coffee grown in Brazilian savannah and impact of potassium
sources. Food Research International, v.188, art.114500, 2024.
DOI: https://doi.org/10.1016/j.foodres.2024.114500.

NEHLIG, A. Effects of coffee/caffeine on brain health and disease:
what should I tell my patients? Practical Neurology, v.16, p.89-
95, 2016. DOI: https://doi.org/10.1136/practneurol-2015-001162.

PANZA, F.; SOLFRIZZI, V.; BARULLL M.R.; BONFIGLIO, C.:
GUERRA, V.; OSELLA, A.; SERIPA, D.: SABBA, C.; PILOTTO,
A.; LOGROSCINO, G. Coffee, tea, and caffeine consumption
and prevention of late-life cognitive decline and dementia: a
systematic review. The Journal of Nutrition Health Aging, v.19,
p-313-328, 2015. DOI: https://doi.org/10.1007/s12603-014-0563-8.

PORTILLO, O.R.; AREVALO, A.C. Coffee’s carbohydrates. A
critical review of scientific literature. Revista Bionatura, v.7,
art.11, 2022. DOL: https://doi.org/10.21931/RB/2022.07.03.11.

PUERTA QUINTERO, G.I.; ECHEVERRI GIRALDO, L.F.
Relaciones entre las concentraciones de compuestos quimicos del
café y las temperaturas de torrefaccion. Revista Cenicafé, v.70,
p-67-80, 2019. DOI: https://doi.org/10.38141/10778/70206.

RAKOCEVIC, M.; SCHOLZ, M.B. dos S.. PAZIANOTTO,
R.A.A.; MATSUNAGA, FT., RAMALHO, J.C. Variation in
yield, berry distribution and chemical attributes of Coffea arabica
grains among the canopy strata of four genotypes cultivated under
contrasted water regimes. Horticulturae, v.9, art.215, 2023. DOIL:
https://doi.org/10.3390/horticulturae9020215.

RSTUDIO TEAM. RStudio: Integrated Development for R.
version 4.3.1. Boston: RStudio, 2020. Computer software.

SANTOS, C.A.F. dos; LEITAO, A.E.; PAIS, ILP; LIDON,
F.C.; RAMALHO, J.C. Perspectives on the potential impacts
of climate changes on coffee plant and bean quality. Emirates
Journal of Food and Agriculture, v.27, p.152-163, 2015. DOI:
https://doi.org/10.9755/ejfa.v27i2.19468.

SANTOS, R.A. dos; PRADO, M.A.; PERTIERRA, RE.;
PALACIOS, H.A. Analises de acucares e acidos clorogénicos
de cafés colhidos em diferentes estadios de maturacdo e apos
o processamento. Brazilian Journal Food Technology, v.21,
€2017163, 2018. DOI: https://doi.org/10.1590/1981-6723.16317.

SCA. Specialty Coffee Association. Protocols and best
practices. Available at: <https:/sca.coffee/research/protocols-
best-practice>. Accessed on: Jan. 22 2024.

SILVA, E.A. da; MAZZAFERA, P.; BRUNINI, O.. SAKAI,
E.. ARRUDA, FB.; MATTOSO, L.H.C.; CARVALHO, CRL.
PIRES, R.CM. The influence of water management and
environmental conditions on the chemical composition and
beverage quality of coffee grains. Brazilian Journal of Plant
Physiology, v.17, p.229-238, 2005. DOI: https://doi.org/10.1590/
S1677-04202005000200006.

SILVA, P.C. da; RIBEIRO JUNIOR, W.Q.; RAMOS, M.L.G.;
LOPES, M.F.; SANTANA, C.C.. CASARI, R.A. das CN.;
BRASILEIRO, L. de O., VEIGA, AD.. ROCHA, OC.
MALAQUIAS, JV.; SOUZA, N.O.S.; ROIG, H.L. Multispectral
images for drought stress evaluation of Arabica coffee genotypes
under different irrigation regimes. Sensors, v.24, art.7271, 2024.
DOI: https://doi.org/10.3390/524227271.

SILVA, P.C. da; RIBEIRO JUNIOR, W.Q.; RAMOS, M.L.G.;
ROCHA, O.C.: VEIGA, AD.: SILVA, N.H.. BRASILEIRO, L.
de O.; SANTANA, C.C.; SOARES, G.F.; MALAQUIAS, JV;
VINSON, C.C. Physiological changes of Arabica coffee under
different intensities and durations of water stress in the Brazilian
Cerrado. Plants, v.11, art.2198, 2022. DOLI: https://doi.org/10.3390/
plants11172198.

SUALEH, A.: TOLESSA, K.; MOHAMMED, A. Biochemical
composition of green and roasted coffee beans and their
association with coffee quality from different districts
of southwest Ethiopia. Heliyon, v.6, e05812, 2020. DOI:
https://doi.org/10.1016/j.heliyon.2020.e05812.

TESFAYE, S.G.; ISMAIL, M.R.; KAUSAR, H.;, MARZIAH,
M.; RAMLAN, MF. Plant water relations, crop yield and quality
of Arabica coffee (Coffea arabica) as affected by supplemental
deficit irrigation. International Journal of Agriculture &
Biology, v.15, p.665-672, 2013.

Pesq. agropec. bras., Brasilia, v.60, e03821, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.03821






