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Roasting affects the final quality of Coffea arabica from the Central Mexican Plateau

Omar Roberto Vargas FLORES'
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We conducted two experiments in order to characterize the physical and chemical qualities of coffee (Coffea arabica) of the red
Caturra variety using a completely randomized design. In the first experiment, we used a roaster inlet temperature of 210°C for
five roasting time intervals of 8, 9, 10, 11, and 12 min. In the second experiment, the inlet temperature was changed to 215°C.
We determined category 1 and 2 defects from green coffee, characterized the temperature and time profiles during roasting, and
determined antioxidants and phenols in aqueous and hydroalcoholic extracts of the roasted coffee. Data were analyzed using
ANOVA (p £0.05) and Tukey’s HSD test (p < 0.05). The results indicated that in terms of physical quality, the analyzed product
could be compared to a European preparation, as it had fewer than eight defects and a density of 684 kg/m’. The highest amounts
of antioxidants and phenols (584.46 *+ 6.57 mg Trolox/mL and 6.01 + 0.16 mg EAG/mL, respectively), both in aqueous extract,
corresponded to the 215°C/12min treatment. Roasting has a distinctive effect on the quality of the coffee.

Keywords: roasting; antioxidants in coffee; quality.

Practical Application: The generated coffee roasting protocol will enable producers to enhance product quality.

1 INTRODUCTION

Coffee is a commodity that is second only to petroleum in
terms of commercial value. It is cultivated in tropical regions
and harvested in over 70 countries, with the leading produc-
ers being Brazil, Vietnam, Colombia, Indonesia, and Ethiopia
(Slavova & Georgieva, 2019).

Approximately 7 million tons of coftee is produced annually,
and over 3 billion cups of coffee are consumed daily (Slavova
& Georgieva, 2019).

Mexico ranks 11th in global coffee production (CEDRSSA,
2019). Together, Chiapas (41.3%), Veracruz (24.4%), Puebla
(15.8%), Oaxaca (8.2%), and Guerrero (4.5%) account for 94.1%
of the total national production; Guerrero, Hidalgo, San Luis
Potosi, and Nayarit contribute 14.19%; while Jalisco, Colima,
Estado de México, Tabasco, Querétaro, Morelos, and Michoacidn
collectively generate only 1.02% (CEDRSSA, 2019).

Despite occupying only 0.07% of the national cultivated
area, Mexico State ranks 11th in the country in the area of
cultivated land with approximately 539 hectares, and coffee pro-
duction is mainly concentrated in the southern part of the state
(SIAP, 2021). Although the total coffee production is low, the
coffee from this region is significant in its quality, consistently
ranking among the top three in the most prestigious award for
high-quality coffees in Mexico, the “Taza de Excelencia” com-
petition (Vargas Flores et al., 2023). The coffee species found in
the region is Arabica, with varieties including Bourbon, Yellow
Caturra, Red Caturra, Garnica, Pacamara, and Typica, all of
which are vulnerable to pests and diseases that can reduce yields.

Green coffee beans possess an herbal flavor and aroma and
require roasting for consumption to release their characteristic
flavor and aroma through chemical compounds such as caffeine,
trigonelline, chlorogenic acids, citric acid, acetic acid, and for-
mic acid (De Luca et al., 2016; Nguyen & Byun, 2013). Although
the roasting process determines the quality of the final product,
there is limited information on the process. Roasting involves
applying heat to raw coffee beans, but the temperature must be
carefully controlled to achieve the desired aroma and uniform
color development of the beans (Illy & Viani, 2005).

Although the quality of coffee from Mexico State has been
repeatedly recognized as mentioned above, roasting practices
are heterogeneous, which compromises the inherent quality of
the beans (Leguizamo et al., 2023). This highlights the need for
generating information to establish proper roasting practices.
The Specialty Coffee Association (SCA) defines “specialty coftee”
asa product free from defective beans that possesses a distinctive
flavor and has been treated with special care throughout the
full process from cultivation to the barista’s hands (known as
the “value chain”), among other criteria. Thus, this study was
conducted with the objective of characterizing the physical and
chemical qualities of coftee (Coffea arabica).

2 MATERIALS AND METHODS

In April 2022, the red Caturra coffee variety was harvested
at “La Ilusién” farm, located in the community of San An-
drés de los Gamma, Temascaltepec municipality, Mexico State.
The geographical coordinates for this location are 100°02’ west

Received 25 Oct., 2023.
Accepted 28 Nov., 2023.

'"Universidad Auténoma del Estado de México, Facultad de Ciencias Agricolas, Campus Universitario “El Cerrillo” Piedras Blancas, Toluca, Estado de México, Mexico.
*Universidad Veracruzana, Facultad de Medicina Veterinaria y Zootecnia, Veracruz, , Mexico.

*Corresponding author: mrubia@uaemex.mx

Food Sci. Technol, Campinas, 44, 00203, 2024


https://doi.org/10.5327/fst.00203
mailto:mrubia@uaemex.mx
http://orcid.org/0000-0003-4000-720X
http://orcid.org/0000-0001-7547-5017
http://orcid.org/0000-0003-1569-1783
http://orcid.org/0000-0002-8625-4655
http://orcid.org/0000-0001-7150-3332

Roasting affects Mexican coffee quality

longitude and 19°03' north latitude. A total of 100 kg of cherry
coffee was harvested and then processed naturally. Afterward,
it was dried on African beds, with a resulting weight of 33 kg
after drying. Following the removal of the husk (threshing),
it was passed through a number 16 sieve (SCA, 2015), and
category 1 and 2 defects were eliminated, resulting in 13 kg of
high-quality coffee. Using the quartering sampling method, 120
g of samples (the capacity of the roaster) was obtained. Then,
two roasting experiments were performed to test the effects of
roasting time (8, 9, 10, 11, and 12 min) at two different entry
temperatures of 210°C (experiment 1) and 215°C (experiment
2). Physical analyses of green coffee were conducted (category
1 and 2 defects, density (kg/m?), and moisture (%)) following
the SCA methodology (2023).

To quantify the total phenols, chemical analyses of green
coffee (mg GAE/mL) were carried out at the Quality Labora-
tory of the Faculty of Agricultural Sciences at the Autonomous
University of the State of Mexico. Antioxidants (mg Trolox/
mL) were determined at the Biochemistry Laboratory of the
Faculty of Veterinary Medicine and Zootechnics at the Vera-
cruzana University.

2.1 Physical analysis

The green coffee was analyzed for category 1 defects (black
beans, sour beans, dried cherries, fungal damage, foreign matter,
and severe insect damage) and category 2 defects (partially black
beans, partially sour beans, parchment, floaters, immature beans,
mottled beans, shells, split/bitten/cut beans, husks, and slight
insect damage) according to the SCA methodology in 2023.
The apparent density was determined following the NMX-F-593-
SCFI-2013 methodology (Estados Unidos Mexicanos, 2013), and
the moisture content was measured using the NMX-F-083-1986
methodology (Estados Unidos Mexicanos, 1986).

2.1.1 Coffee roasting

Medium roasting of the samples was performed at the
“Pélvora” facilities, a specialty coffee factory in Mexico City,
achieving a 65-55 Agtron scale (SCA, 2017) in accordance with
the SCA methodology (2015), in a drum sample roaster, Suji
model WE X SUTJI, at the temperatures indicated above.

2.2 Chemical analysis

The extract of the samples was prepared according to the
methodology described by Boyadzhieva et al. (2017). After grind-
ing the coffee, 1 g of ground coffee was weighed out for every 10
mL of solvent. For hydroalcoholic samples, the coffee sample
was added to a mixture of 25 mL of distilled water and 25 mL of
alcohol, heated at a temperature of 70°C for 1 h, then filtered, and
stored in amber bottles. For aqueous samples, the coffee sample
was added to 50 mL of distilled water and heated to 90°C for 5
min, followed by filtration and storage in amber bottles.

2.2.1 Determination of total phenol

Total phenol was determined by the Folin—-Ciocalteu meth-
od (Archundia et al., 2019; Arizmendi et al., 2016).

2.2.2 Determination of antioxidants

Antioxidants were determined according to the method
developed by Borrelli et al. (2002).

2.2.2.1 Experimental design

A completely randomized design was used to establish 10
treatments with three replicates at two temperatures of 210°C
with five time intervals of 8, 9, 10, 11, and 12 min and 215°C
for the same time intervals. Each sample weighed 120 g. The
results were evaluated by ANOVA (p<0.05), and a Tukey’s mean
comparison test was performed to determine the significant
differences (p < 0.05) among treatments.

3 RESULTS AND DISCUSSION
3.1 Physical analysis

3.1.1 Green coffee defects

Category 1 Defects: Two defects, namely one black bean
and one piece of foreign matter (coffee husk), were found in
the analyzed sample. According to the SCA classification in
2023, a black bean is considered a complete defect. This de-
fect is caused by improper harvesting and can be avoided by
harvesting only ripe coffee cherries. The blackening indicates
overfermentation associated with microorganisms, leading to
a characteristic fermented, rancid/earthy acetic acid, musty/
damp, sour, or phenolic taste in the cup, and it poses a potential
risk of ochratoxin contamination. This earthy note, belonging
to the earthy aromatic family, is included among the 36 coftee
aromas around the world of Le Nez du Café (Leinor, 1997).
The distinctive smell is due to a compound called geosmin, a
secondary metabolite produced by fungi, cyanobacteria, and
actinomycetes, when they experience nutritional deficiencies
that hinder their proper growth and proliferation (Li et al.,
2004). This note is also related to the dry processing method
used in this research and occurs when coftee cherries absorb
geosmin from the soil on which they are spread to dry, although
it can also be detected when storing green coffee. A peculiarity
of dry processing is that after pulping and drying the cherries,
the resulting cup characteristics are sweetness, low acidity, and
a light body (Vargas Flores et al., 2023).

Black beans are visible when removing the parchment; they
are smaller and less dense and can be removed by screening,
density sorting, or manually (SCA, 2023).

Foreign matter—here, a coffee husk—is classified as a full
defect because it has the potential to generate undesirable fla-
vors, affect the appearance of the green coffee, cause damage to
the roaster, or even lead to health issues (SCA, 2023). Foreign
matter can accumulate at any stage of the process.

Category 2 Defects: Defects found included three partially
black beans, five overfermented beans, five shells, and five split/
bitten/cut beans. According to the SCA classification in 2023, the
three partially black beans result in flavors such as fermented,
acetic acid, rancid/earthy, musty/damp, sour, or phenolic tastes.
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Another potential issue is the production of ochratoxins, which
is caused by overfermentation associated with microorganisms.
This defect can be avoided by exclusively harvesting ripe coffee
cherries, and during threshing, these defects can be removed
through screening or manual selection because they are smaller
and less dense. The five overfermented beans represent a com-
plete defect. This defect impairs cup quality with herbal, green,
or hay flavors, depending on the quantity, and it also affects
the appearance of the green bean. Overfermented beans are
caused by a lack of water during the bean’s development inside
the cherry, and the extent of damage is related to the duration
of the drought. It is also magnified when the proportion of
damaged beans is high, often stemming from weak plants (SCA,
2023). An overfermented bean is smaller and misshapen and has
wrinkles resembling those of a raisin. Five shells also correspond
to a complete defect. This can lead to charring during roasting,
as the bean’s unevenness causes heat to reach different parts of
the bean at different times, resulting in some parts burning and
developing a smoky aroma, while others remain under-roasted.
The cause is related to the coffee’s genetics and occurs naturally.
To reduce this defect, it is advised to plant suitable varieties and
implement good agricultural practices in coffee plants (SCA,
2023). During the selection process, shells are removed using
density sorters, as they are less physically dense. The outer part
of the bean resembles a seashell, while the inner part can be
conical or cylindrical. Finally, five split/bitten/cut beans also
represent a complete defect and result in rancid/earthy, dusty,
sour, or fermented flavors. This defect affects the appearance of
both green and roasted beans. It occurs naturally in the coffee
processing and should be addressed through machine calibra-
tion to prevent friction between beans, which can cause them
to split, bite, or cut. It is suggested that this may be attributed
to the extended drying time in natural coffee processing, which
makes the beans brittle and more prone to breakage during
mechanical husking. Similar to the previous defect, this can
generate smoky flavors (Oliveri et al., 2019).

Another point to consider is the threshing step which, when
done correctly, should not result in the presence of husks (frag-
ments of dried pulp with a dark red coloration). These husks
could produce rancid, dirty, earthy, musty, or phenolic flavors
and are related to poor calibration of the husking machine.

In Mexico, all of the defects mentioned above are de-
scribed in the NMX-F-597-SCFI-2016 standard (Estados
Unidos Mexicanos, 2016), which also includes the com-
mercial schemes agreed upon between buyers and sellers to
classify the final product obtained from dry processing based
on grain size, density, color, and specific physical and sensory
criteria. Additionally, it is mentioned that for a preparation
referred to as “Americana” in the standard, a maximum of
22 defects is accepted, while for a “European” preparation, a
maximum of eight defects is allowed, without specifying the
type of defect. As previously indicated, all these defects have
a negative impact, resulting in an ashy characteristic aroma
that diminishes beverage quality. The results indicated the
presence of eight defects, which enters as a European prepa-
ration, which has fewer defects and higher quality as reflected
in better cup evaluations, higher prices, and increased sales,
among other benefits.
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3.1.2 Coffee bean density

The coffee beans in this study had an average density of 684
kg/m?, which, according to the Specialty Coffee Association
(2004), is classified as medium density. Muiloz and Noguera
(2016) analyzed coffee under the same processing conditions
and obtained a value of 813.40 kg/m? for the Castillo variety
at an average altitude of 2,100 m, which is the same altitude
where the beans in this study were harvested. However, the
density of Castillo coffee beans is notably higher, suggesting
that density is more related to the coffee variety than the alti-
tude above sea level.

In addition, the Official Mexican Standard NOM-169-
SCFI-2007 (Mexico, 2007) indicates that high-altitude coffee
starts at 1,000 m above sea level (masl), which is the case for
both experiments. This altitude has a fundamental impact
on bean size, flavor, and density (hardness), which, in turn,
affects roasting characteristics. Similarly, Porras-Zuiiga et al.
(2019) noted that factors affecting roasting include bean size,
as larger beans require more energy (temperature) for roast-
ing, and bean density, as higher density beans adapt better
to high roasting temperatures. Finally, Duicela-Guambi and
Corral-Castillo (2004) stated that beans with a density exceed-
ing 650 kg/m® are considered high density, associated with
a slower and more uniform maturation process that allows
for the accumulation of important coffee aroma and flavor
precursors, while lower density results in more fragile beans
which increase the occurrence of different coffee defects, such
as broken, malformed, hollow, fermented, and pest-damaged
beans. All of these can result in rancid/earthy, sour, or musty
flavors, especially when present in large quantities. This effect
did not occur in the coffee in this study because of its density
of 684 kg/m>.

3.1.3 Coffee bean moisture content

The moisture content of the coffee beans was 10%. The Ar-
abica Washed Coffee Green Coffee Defects Guide mentions that
specialty-grade green Arabica coftee, Coffea arabica, should
have moisture levels > 10 and < 12% upon receipt. The NOM-
169-SCFI-2007 standard indicates in its table of physical spec-
ifications for “Café Chiapas” that the moisture content should
be between 10 and 12.5% (Mexico, 2007). Similarly, the NOM-
149-SCFI-2001 mentions that the moisture content for generic,
special Caracol, and SCA-type coffee should be in the range
of 11.5-12.5% (Mexico, 2001). Thus, the analyzed coffee falls
within the established ranges.

Moisture content exceeding 12.5% facilitates fungal growth
and the presence of mycotoxins in coffee beans, which not only
influences the quality of the final beverage but also poses a risk
to consumers. Furthermore, a high moisture content requires
more time and higher temperature during the roasting process
to achieve the complete dehydration that is necessary in order
to initiate the Maillard reaction and its corresponding aromas.
Additionally, overly moist coffee cannot be marketed. Con-
versely, low moisture content (below 8%) harms coffee quality
by producing shrunken beans with an undesirable appearance
(Bicho et al., 2014).
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3.1.3.1 Roasting

According to the SCA (2015), the roasting duration should
be between 8 and 12 min and should occur between 8 and 24 h
before cupping. The roast level or color is measured between
30 min and 4 h after roasting. For the current study, the roast
color was classified as medium roast, ranging from 65 to 55 on the
Agtron scale. From this point, the chemical analyses are reported
separately for experiment 1 (210°C) and experiment 2 (215°C).

Roasting is an essential step in the coffee processing chain;
it is typically carried out between 200 and 240°C, with varying
time intervals depending on the characteristics of the beans
(Cho et al., 2014; Schenker & Rothgeb, 2017). The increase
in heat triggers the Maillard reaction, caramelization, and the
oxidation of polyphenolic compounds, which develop the char-
acteristic properties of coffee, including flavor, color, and aroma
(Bruhns et al., 2019; Hemmler et al., 2017).

3.1.3.2 Roasting results for the experiments

For the first experiment, the roasting process started for
all treatments (8—-12 min) at 210°C. The dehydration phase and
equilibrium point occurred at 103°C, after which there was a
temperature drop for each treatment, as given in Table 1, re-
ferred to as the point of return. From this point, the temperature
started to rise again in a particular manner, and the change in
bean color occurred at 140°C, where the caramelization and
Maillard reactions apparently took place. Subsequently, cracking
occurred at different temperatures (Table 1). The exit tempera-
ture of the samples from the roaster was around 205°C £ 3°C
(Table 1), and the coffee samples were allowed to degas (CO,
elimination) for 2 days.

For experiment 2, the roasting conditions were the same as
described in experiment 1, except that the entry temperature
was 215+ 3°C.

Graphs 1 and 2 provide a comparison among the five
treatments of experiment 1 a comparison of the results from
the current study with those of Abarca Mora (2017), Castillo
Luzon etal. (2016) and Herrera and Lambot (2017); regarding
roasting conditions.

In Graphs 1 and 2, it can be observed that seven of the
roasting curves start at around 200°C, while Abarca Mora (2017)
starts at 280°C. This is because Abarca Mora (2017) used coffee
beans from Costa Rica, which are less dense. Subsequently, all

Table 1. Results of the roasting experiments*.

treatments experience a temperature drop of approximately
100°C in both graphs. Pittia et al. (2007) mentioned that during
the initial phase of roasting, moisture is eliminated from the
coffee beans, which aligns with the proposal by Vargas Flores
et al. (2023) of dehydration during this phase. This also coin-
cides with the report by Castillo Luzon et al. (2016), suggesting
a phase of dehydration or drying, where water turns into vapor
at its boiling point, releasing (presumably free) water.

Following this, there is an ascent, and at around 140°C, all
curves converge again, except for Herrera and Lambot (2017),
which maintains a more conservative temperature. Subsequent-
ly, there is an upward trend. The second phase of roasting is
known as the Maillard and caramelization reactions (Castillo
Luzon et al., 2016; Vargas Flores et al., 2023). Both agree that
during this stage, carbohydrate fusion occurs (fructose at 128°C,
glucose at 146-150°C, and sucrose at 186°C). Additionally, Wang
and Lim (2014) add to this proposition, mentioning the degra-
dation of sugars, amino acids, and chlorogenic acids, resulting
in the formation of caramelization and condensation products.

In the third stage of roasting, referred to as development
by Vargas Flores et al. (2023) and thermal transition by Castillo
Luzon et al. (2016), the first crack occurs (expansion of the
bean, complete moisture evaporation, generating high internal
pressure, and the initiation of characteristic aroma formation).
At this point, rupture and cracking of the bean also occur,
typically in the range of 210-215°C. This is where the decision
is made regarding whether the roast will be light, medium, or
dark, and the beans expand and shine (Vargas Flores et al.,
2023). The first crack, in both the five treatments of experiment
2 and Abarca Mora (2017), occurs at 200°C, contrary to Castillo
Luzon et al. (2016) and Herrera and Lambot (2017), where it
happens at 170°C.

The fourth stage of roasting, referred to as “finishing,” in-
volves rapidly cooling the coffee to room temperature within
3 min (according to Castillo Luzon et al., 2016) or 3-5 min
(Vargas Flores et al. 2023). The final stage, degassing, requires
at least 24 h for the coffee to release the CO, that developed
during the process (Vargas Flores et al., 2023). The roasting
was completed according to the protocol, within 8-12 min,
with a finishing temperature of approximately 200°C, 200°C
for Herrera and Lambot (2017), 225°C for Castillo Luzon et al.
(2016), and 240°C for Abarca Mora (2017). De Luca et al. (2016)
and Oliveros et al. (2017) indicated that carbon monoxide and
carbon dioxide are released during roasting. Macromolecule

Roasting entry Temperature 210°C 215°C
Time (min)
8 9 10 11 12 8 9 10 11 12

Activity

Return point temperature (°C) 103 101.1 100.08 98.03 118 105 105 102.2 102.4 100.5
Return point time (min) 1:00 1:04 1:02 0:54 1:50 1:05 1:05 1:03 1:00 1:05
Crack temperature (°C) 198.4 199 200.6 198.5 198.3 201 200.6 198.2 199 198.1
Time at cracking (min) 7:15 7:53 9:20 9:08 10:30 6:30 7:20 9:15 9:55 11:30
Development time (min) 0:45 1:07 0:40 1:92 1:70 1:70 1:80 0:85 0:45 00:70
Percentage yield (%) 85 85 88 87.5 86 88 86 86 87.5 87.5

Development time = (final time - time at cracking); *the data in this table were obtained from the roasting process.
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disintegration occurs immediately, including fats, proteins, and
carbohydrates, leading to increased grain porosity (from 9.8 to
34.2%) and volume (50-80%).

To conclude the process, Porras-Zuiiiga et al. (2019) men-
tioned that factors affecting roasting include bean size (larger
beans require more energy for roasting), bean density (higher
density adapts better to high temperatures), roasting machine
type (air roasters are recommended for temperature stability),
temperature (too high or too low can produce undesirable fla-
vors in the bean), and bean moisture (moisture content between
10 and 12% is recommended; less than 10% can lead to faster
burning of carbohydrates with unpleasant flavors, while over
12% can promote fungal growth with similar effects). Addition-
ally, the rate of temperature increase over time is significant.

3.2 Chemical analysis

Table 2 presents the results of the chemical analysis of an-
tioxidants (mg Trolox/mL) and phenols (mg GAE/mL) for the
hydroalcoholic and aqueous extracts from both experiments
(210 and 215°C, respectively) roasted for 8-12 min.

The range of values found for antioxidants in the hy-
droalcoholic extract are between 794.97 and 269.07 and in
aqueous extract between 472.02 and 584.46 mg Trolox/mL.
For phenols in hydroalcoholic extract, it ranges from 8.76 to
5.05, and for aqueous extracts, it ranges from 5.23 to 6.01 mg
GAE/mL (Table 2).

The amount of phenols was lower in this experiment than
in previous works; we found 2,800 mg of gallic acid/100 g of

Graph 1. Roasting curve of coffee with an entry temperature of 210°C (experiment 1).

Graph 2. Roasting curve of coffee with an entry temperature of 215°C (experiment 2).
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Table 2. Results of the chemical analysis of the roasted coffee*.
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Antioxidants (mg Trolox/mL) Phenols (mg EAG/mL)
Treatments - i
Hydroalcoholic Aqueous Hydroalcoholic Aqueous
Temperature (°C) Time (min) X +DE X +DE X +DE X +DE
8 794.97 + 33.76a 472.02 £40.73g 8.76 £ 1.34a 523 +1.28c
9 769.97 £ 04.88b 510.87 £ 04.62f 7.46 = 0.25b 5.46 +0.68b
210 10 757.54 £19.68b 521.51 % 02.6%¢ 6.17+0.16d 5.35%0.90b
11 741.64 £ 57.69b 526.12+£00.92d 5.63+1.23e 5.24 +0.86¢
12 722.28 +05.00c 531.76 £ 03.22d 6.38 £0.47c 4.75+0.29d
8 675.87 £04.22d 538.94 + 00.62c 6.19£0.35d 4.34+0.44f
576.25+14.92¢ 543.05 +02.90c 6.47 = 0.86¢ 4.52+0.33¢
215 10 406.13 = 60.43f 550.61 £ 02.16b 5.13£0.51f 5.44%+0.48b
11 310.87 £21.93g 561.76 £ 06.54b 5.61 £0.15¢ 4.84 £ 0.60d
12 269.07 +18.47g 584.46 £ 06.57a 5.05%0.75¢f 6.01 +0.16a

*Values are expressed as mean + standard deviation (X + DE). Values with different letters (a, b, ¢, d, e, f, and g) within the same column indicate significant differences (p < 0.05) between

variables for both experiments and the five roasting times.

sample, while Diaz et al. (2018), which reported 3,300 and 3,400
mg of gallic acid/100 g of sample. The total phenol content was
significantly lower with longer roasting times, showing that
roasting time negatively affected the retention of total phenols.
This is in line with the findings of Kwak et al. (2017), who found
that high temperatures reduced the preservation of total phenols
in coffee roasted at 180-200°C using hot air. Similarly, Somporn
et al. (2011) found that the amount of polyphenols decreased
with the increasing roast strength of coffee (light to dark).

The increase in phenol content during roasting times is
directly related to the thermal process involved in the synthesis
of secondary products of the Maillard reaction (Moreira et al.,
2017). Some of these secondary additives are melanoidins or
brown-colored compounds with antioxidant action, flavor for-
mation, color, and reducing attributes (Lee et al., 2017). In con-
clusion, Ross et al. (2011) stipulated that phenolic compounds
have a thermo-sensitive nature compared with their antioxidant
activity formed in the roasting process due to the breakdown
and transformation of chlorogenic acids. These compounds
are decisive in the cup profile because they form a wide range
of compounds affected by the degree of roasting and coffee
processing. Lazcano-Sanchez et al. (2015) determined that the
effect of roasting on antioxidant activity tends to decrease as the
roasting level increases in coffee beans from Nayarit, Puebla, and
Chiapas, as was the case with antioxidants in hydroalcoholic ex-
tracts in both experiments in the present research. In summary,
the best numerically evaluated sample from the two experiments
with the five roasting times was the 215°C/10 min treatment,
though this difference was not significant (P < 0.05).

4 CONCLUSION

Based on the density obtained and the number of defects
found, coffee from the State of Mexico can compete with coffee
from areas in the country that are more widely recognized for
their coffee production. The best treatment from a physical
and chemical point of view was at a temperature of 215°C and
between 10 and 12 min of roasting.

A roasting protocol has been developed that lays the foun-
dation for improving coffee processing in the State of Mexico.

REFERENCES

Abarca Mora, R. (2017). Estudio del proceso de torrefaccién del café
(Coftea arabica) en tostador convencional (Licenciatura). Univer-
sidad de Costa Rica. Retrieved from https://www.ingbiosistemas.
ucr.ac.cr/wp-content/uploads/2017/06/Tesis-Royner Abarca.pdf

Archundia, E. D., Pinz6n, D. L., Salem, A. Z. M., Mendoza, P, &
Mariezcurrena, M. D. (2019). Antioxidant and antimicrobial ca-
pacity comparison of three agroindustrial residues with potential
in animal feeding. Agroforestry Systems, 18, 1-10.102.

Arizmendi, D., Gémez, R. M., Dublan, O., Gémez, V., & Dominguez,
A. (2016). Electron paramagnetic resonance study of hydrogen
peroxide/ascorbic acid ratio as initiator redox pair in the inu-
lin-gallic acid molecular grafting reaction. Carbohydrate Polymer,
136, 350-357. https://doi.org/10.1016/j.carbpol.2015.09.037

Bicho, N. C,, Leitéo, A. E., Ramalho, J. C., & Lidon, E C. (2014). Ap-
plication of colour parameters for assessing the quality of arabica
and robusta green coffee. Emirates Journal of Food and Agriculture,
26(1), 9-17. https://doi.org/10.9755/ejfa.v26i1.17190

Borrelli, R., Viscotu, A., Mennella, C., Anese, M., & Fogliano, V. (2002).
Chemical characterization and antioxidant properties of coffee
melanoidins. Journal of Agricultural and Food Chemistry, 50(22),
6527-6533. https://doi.org/10.1021/jf0256860

Boyadzhieva, S., Angelov, G., Georgieva, S., & Yankov, D. (2017).
Characterization of polyphenol content and antioxidant capacity
of spent coffee grounds. Bulgarian Chemical Communications,
50(C), 85-89.

Bruhns, P, Kanzler, C., Degenhardt, A. G., Koch, T. J., & Kroh, L. W.
(2019). Estructura basica de las melanoidinas formadas en la reac-
cién de Maillard de 3-desoxiglucosona y dcido gamma-aminobutiri-
co. Revista de Quimica Agricola y Alimentaria, 67(18), 5197-5203.

Castillo Luzon, M. A., Mufioz Ordéiez, M., & Engler, E (2016). Manual
bdsico de buenas prdcticas para el tostado del café. Ministerio de
Industrias y Productividad de Ecuador.

Centro de Estudios para el Desarrollo Rural Sustentable y la Sober-
ania Alimentaria (CEDRSSA) (2019). Produccién y mercado de
café en el mundo y en México. CEDRSSA. Retrieved from http://
www.cedrssa.gob.mx/files/b/13/39Reporte_Produccién_y_mer-
cado_de_café_Cedrssa_2014.pdf

Cho, A. R., Park, K. W,, Kim, K. M., Kim, S. Y., & Han, J. (2014). In-
fluence of roasting conditions on the antioxidant characteristics
of Colombian coffee (Coffea ardbica L.) beans. Journal of Food
Biochemistry, 38(3), 271-280. https://doi.org/10.1111/jtbc.12045

Food Sci. Technol, Campinas, 44, €00203, 2024


https://www.ingbiosistemas.ucr.ac.cr/wp-content/uploads/2017/06/Tesis-RoynerAbarca.pdf
https://www.ingbiosistemas.ucr.ac.cr/wp-content/uploads/2017/06/Tesis-RoynerAbarca.pdf
https://doi.org/10.1016/j.carbpol.2015.09.037
https://doi.org/10.9755/ejfa.v26i1.17190
https://doi.org/10.1021/jf025686o
http://www.cedrssa.gob.mx/files/b/13
http://www.cedrssa.gob.mx/files/b/13
https://doi.org/10.1111/jfbc.12045

FLORES et al.

De Luca, S., De Filippis, M., Bucci, R., Magri, A. D., Magri, A. L.,
& Marini, E. (2016). Characterization of the effects of differ-
ent roasting conditions on coffee samples of different geo-
graphical origins by HPLC-DAD, NIR and chemometrics.
Microchemical Journal, 129, 348-361. https://doi.org/10.1016/j.
microc.2016.07.021

Diaz, E. O., Ormaza, A. M., & Rojano, B. A. (2018). Efecto de la Tostion
del Café (Coffea arabica L. var. Castillo) sobre el Perfil de Taza,
Contenido de Compuestos Antioxidantes y la Actividad An-
tioxidante. Informacion Tecnolégica, 29(4), 31-42. https://doi.
org/10.4067/50718-07642018000400031

Duicela-Guambi, L. A., & Corral-Castillo, R. G. (2004). Caficultura
orgdnica: alternativa de desarrollo sostenible. Portoviejo.

Estados Unidos Mexicanos (1986). Norma Mexicana NMX-F-083-1986.
Alimentos. Determinacion De Humedad En Productos Alimenti-
cios. Retrieved from https://www.dof.gob.mx/nota_detalle_popup.
php?codigo=719128

Estados Unidos Mexicanos (2013). Norma Mexicana NMX-F-
593-SCFI-2013. Café Verde y Tostado: Determinacién de la
Densidad Aparente Por Caida Libre De Granos Enteros De
Café Método De Rutina DOF. Estados Unidos Mexicanos. Re-
trieved from https://www.dof.gob.mx/nota_detalle.php?codi-
80=5299150&fecha=16/05/2013#gsc.tab=0

Estados Unidos Mexicanos (2016). Norma Mexicana NMX-F-597-
SCFI-2016. Café Verde: Especificaciones, Preparaciones y Evalu-
acién Sensorial DOE Estados Unidos Mexicanos. Retrieved
from http://economia-nmx.gob.mx/normas/nmx/2010/nmx-
£-597-scfi-2016.pdf

Hemmler, D., Roullier, C., Gall, J. W., Marshall, M., Rychlik, A. J.,
Taylor, P., & Schmitt-Kopplin. (2017). Evolucién de reacciones
quimicas complejas de Maillard, resueltas en el tiempo. In-
formes cientificos.

Herrera, J. C., & Lambot, C. (2017). The Coffee Tree: Genetic Di-
versity and Origin. In B. Folmer, The Craft and Science of
Coffee (pp. 1-16). Academic Press. https://doi.org/10.1016/
B978-0-12-803520-7.00001-3

Iy, A., & Viani, R. (2005). Espresso Coffee: The Science of quality (2™
ed.). Elsevier.

Kwak, H. S,, Ji, S., & Jeong, Y. (2017). The effect of air flow in cof-
fee roasting for antioxidant activity and total polyphenol con-
tent. Food Control, 71, 210-216. https://doi.org/10.1016/j.
foodcont.2016.06.047

Lazcano-Sanchez, E., Trejo-Marquez, M. A., Vargas-Martinez, M. G,
& Pascual-Bustamante, S. (2015). Contenido de fenoles, cafeina
y capacidad antioxidante de granos de café verdes y tostados de
diferentes estados de México. Revista Iberoamericana de Tecnologia
Postcosecha, 16(2), 293-298.

Lee, L. W., Tay, G. Y., Cheong, M. W, Curran, P., Yu, B., & Liu,
S. Q. (2017). Modulation of the volatile and non-volatile
profiles of coffee fermented with Yarrowia lipolytica: II.
Roasted coffee. LWT, 80, 32-42. https://doi.org/10.1016/j.
Iwt.2017.01.070

Leguizamo, S. G., Salgado Siclan, M. L., Ramirez Davila, J. F, & Rubi
Arriaga, M. (2023). Andlisis de la produccién de café (Coftea ar-
abica L.). Amatepec.

Leinor, J. (1997). Le Nez Du Café.

Li, H. F, Imai, T, Ukita, M., Sekine, M., & Higuchi, T. (2004). Evalu-
acién de la estabilidad del compost utilizando un metabolito
secundario: geosmina. Tecnologia Ambiental, 25(11), 1305-1312.
https://doi.org/10.1080/09593332508618374

Food Sci. Technol, Campinas, 44, €00203, 2024

Mexico (2001). Norma Oficial Mexicana NOM-149-SCFI-2001. Café
Veracruz-Especificaciones y métodos de prueba. Retrieved from
http://www.economia-noms.gob.mx/normas/noms/2010/nom-
149scfi0lmod.pdf

Mexico (2007). Norma Oficial Mexicana NOM-169-SCFI-2007. Café
Chiapas-Especificaciones y métodos de prueba. Retrieved from
http://www.ordenjuridico.gob.mx/Federal/PE/APF/APC/SE/Nor-
mas/Oficiales/2007/26032007(1).pdf

Moreira, A. S. P, Nunes, F. M., Simdes, C., Maciel, E., Domingues, P,
Domingues, M. R., & Coimbra, M. A. (2017). Transglycosylation
reactions, a main mechanism of phenolics incorporation in coffee
melanoidins: Inhibition by Maillard reaction. Food Chemistry,
227, 422-431. https://doi.org/10.1016/j.foodchem.2017.01.107

Muioz, M. D. E, & Noguera, O. M. (2016). Evaluacién de propiedades
fisicas y factores de conversion de café variedad Castillo y Colombia
(Coftea arabica L.) durante el proceso de beneficio y trilla, a difer-
entes alturas sobre el nivel del mar en fincas cafeteras del municipio
de Colon, departamento de Narifio. Tesis Lic., Universidad Nacio-
nal San Juan de Pasto, Colombia, 92 p.

Nguyen, T. N. H., & Byun, S. Y. (2013). Combined changes of process
conditions improved aromatic properties of Vietnamese Robusta.
Biotechnology and Bioprocess Engineering, 18, 248-256. https://doi.
org/10.1007/s12257-012-0389-3

Oliveri, P, Malegori, C., Casale, M., Tartacca, E., & Salvatori, G. (2019).
An innovative multivariate strategy for HSI-NIR images to au-
tomatically detect defects in green coffee. Talanta, 199, 270-276.
https://doi.org/10.1016/j.talanta.2019.02.049

Oliveros, N. O., Hernandez, J. A., Sierra-Espinosa, E Z., Guardidn-
Tapia, R., & Pliego-Solérzano, R. (2017). Experimental study of
dynamic porosity and its effects on simulation of the coffee beans
roasting, Journal of Food Engineering, 199, 100-112. https://doi.
org/10.1016/j.jfoodeng.2016.12.012

Pittia, P, Nicoli, M. C., & Sacchetti, G. (2007). Effect of Moisture
and Water Activity on Textural Properties of Raw and Roasted
Coffee Beans. Journal of Texture Studies, 38(4), 536. https://doi.
org/10.1111/j.1745-4603.2007.00111.x

Porras-Zuaiiga, M. C., Vargas-Elias, G., Arauz-Madrid, L., & Abar-
ca-Alpizar, Y. N. (2019). Efecto de la temperatura en la rapidez del
tostado de café. Tecnologia en Marcha, 32(7), 20-27.

Ross, C. E, Hoye, C. Jr., & Fernandez-Plotka, V. C. (2011). Influence
of heating on the polyphenolic content and antioxidant activity
of grape seed flour. Journal of Food Science, 76(6), C884-C890.
https://doi.org/10.1111/j.1750-3841.2011.02280.x

Schenker, S., & Rothgeb, T. (2017). The Roast: Creating the beans’
signature. In B. Folmer (ed.), The craft and science of coffee (pp.
245-271). https://doi.org/10.1016/b978-0-12-803520-7.00011-6

Sistema de Informacién Agroalimentaria y Pesquera (SIAP). (2021).
Consulta de datos estadisticos para el ciclo de produccion.
SIAP. Retrieved from https://www.gob.mx/siap/documentos/
siacon-ng-161430

Slavova, G., & Georgieva, V. (2019). World production of coffee im-
ports and exports in Europe, Bulgaria and USA. Trakia Journal of
Sciences, 17(1), 619-626. https://doi.org/10.15547/1js.2019.5.01.098

Somporn, C., Kamtuo, A., Theerakulpisut, P., & Siriamornpun, S.
(2011). Effects of roasting degree on radical scavenging ac-
tivity, phenolics and volatile compounds of Arabica coffee
beans (Coffea arabica I. cv. Catimor). International Journal of
Food Science and Technology, 46(11), 2287-2296. https://doi.
org/10.1111/j.1365-2621.2011.02748.x

Specialty Coffee Association (2004). El café Ardbica lavado Guia de
defectos del café verde. Specialty Coffee Association.


https://doi.org/10.1016/j.microc.2016.07.021
https://doi.org/10.1016/j.microc.2016.07.021
https://doi.org/10.4067/S0718-07642018000400031
https://doi.org/10.4067/S0718-07642018000400031
https://www.dof.gob.mx/nota_detalle_popup.php?codigo=719128
https://www.dof.gob.mx/nota_detalle_popup.php?codigo=719128
https://www.dof.gob.mx/nota_detalle.php?codigo=5299150&fecha=16/05/2013#gsc.tab=0
https://www.dof.gob.mx/nota_detalle.php?codigo=5299150&fecha=16/05/2013#gsc.tab=0
http://economia-nmx.gob.mx/normas/nmx/2010/nmx-f-597-scfi-2016.pdf
http://economia-nmx.gob.mx/normas/nmx/2010/nmx-f-597-scfi-2016.pdf
https://doi.org/10.1016/B978-0-12-803520-7.00001-3
https://doi.org/10.1016/B978-0-12-803520-7.00001-3
https://doi.org/10.1016/j.foodcont.2016.06.047
https://doi.org/10.1016/j.foodcont.2016.06.047
https://doi.org/10.1016/j.lwt.2017.01.070
https://doi.org/10.1016/j.lwt.2017.01.070
https://doi.org/10.1080/09593332508618374
http://www.economia-noms.gob.mx/normas/noms/2010/nom149scfi01mod.pdf
http://www.economia-noms.gob.mx/normas/noms/2010/nom149scfi01mod.pdf
http://www.ordenjuridico.gob.mx/Federal/PE/APF/APC/SE/Normas/Oficiales/2007/26032007(1).pdf
http://www.ordenjuridico.gob.mx/Federal/PE/APF/APC/SE/Normas/Oficiales/2007/26032007(1).pdf
https://doi.org/10.1016/j.foodchem.2017.01.107
https://doi.org/10.1007/s12257-012-0389-3
https://doi.org/10.1007/s12257-012-0389-3
https://doi.org/10.1016/j.talanta.2019.02.049
https://doi.org/10.1016/j.jfoodeng.2016.12.012
https://doi.org/10.1016/j.jfoodeng.2016.12.012
https://doi.org/10.1111/j.1745-4603.2007.00111.x
https://doi.org/10.1111/j.1745-4603.2007.00111.x
https://doi.org/10.1111/j.1750-3841.2011.02280.x
https://doi.org/10.1016/b978-0-12-803520-7.00011-6
https://www.gob.mx/siap/documentos/siacon-ng-161430
https://www.gob.mx/siap/documentos/siacon-ng-161430
https://doi.org/10.15547/tjs.2019.s.01.098
https://doi.org/10.1111/j.1365-2621.2011.02748.x
https://doi.org/10.1111/j.1365-2621.2011.02748.x

Roasting affects Mexican coffee quality

Specialty Coffee Association (SCA) (2015). Protocols. Cupping specialty
coffee. Specialy coffee. SCA. Retrieved from https://sca.coftee/
research/protocols-best-practices

Specialty Coffee Association (SCA) (2017). Agtron Roast color Classi-
fication system (3 ed.). SCA.

Specialty Coffee Association (SCA) (2023). La Guia de De-
fectos del Café Verde Ardbica Espafiol. SCA. Retrieved
from https://es.scribd.com/document/439779196/
SCA-the-Arabica-Green-Coffee-Defect-Guide-Spanish-Updated

Vargas Flores, O. R., Rubi Arriaga, M., Mariezcurrena Bera-
sain, M. D., Ramirez Davila, J. F., & Vargas Elias, G. A.
(2023). Café mexiquense: produccién, mercado y politica
publica. Instituto Interamericano de Cooperacién para

la Agricultura.

Wang, X., & Lim, L.-T. (2014). Effect of roasting conditions
on carbon dioxide degassing behavior in coffee. Food Re-
search International, 61, 144-151. https://doi.org/10.1016/j.

foodres.2014.01.027

Food Sci. Technol, Campinas, 44, €00203, 2024


https://sca.coffee/research/protocols-best-practices
https://sca.coffee/research/protocols-best-practices
https://es.scribd.com/document/439779196/SCA-the-Arabica-Green-Coffee-Defect-Guide-Spanish-Updated
https://es.scribd.com/document/439779196/SCA-the-Arabica-Green-Coffee-Defect-Guide-Spanish-Updated
https://doi.org/10.1016/j.foodres.2014.01.027
https://doi.org/10.1016/j.foodres.2014.01.027

