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Abstract: The state of Oaxaca, Mexico obtained the “Pluma” designation of origin in 2022 and has
stood out for the production of specialty coffee. Within its process, roasting is one of the stages that
contributes to the physical, chemical and sensory quality of the coffee bean. Therefore, the
microstructure and elemental chemical composition of special medium-roasted Coffea arabica L
beans from six locations with this denomination were analyzed using Scanning Electron
Microscopy. The average values of roughness Rz (25.93+2.69-34.18+1.15 and 13.85+1.66-21.85+6.63)
and Ra (5.20+0.47- 8.27+0.82 and 6.55+0.94-11.53+1.65) were obtained at 400 and 2000x, respectively.
The roasted Coffea arabica L. beans from MAP and HUA are the ones with the greatest roughness
and both are located at a lower altitude compared to the rest. PLU and PTO roasted beans showed
the highest physical and structural integrity. In all grains, °C (66.48-81.14%), 80 (18.86-28.69%) and
only 2Ca (4.5%) were found on the outside. This research constitutes a standard of authenticity and
microstructural and elemental quality of Coffea arabica L. beans with designation of origin “Pluma”.
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1. Introduction

Coffee is one of the most popular and consumed beverages in the world, which has stimulant
effects determined by its composition in the green bean and by post-harvest stages [1,2]. Coffea
arabica and canephora are the two most widely cultivated commercial species in the world [3].
However, arabica accounts for more than 60% of the world’s coffee production [4]. In the Mexican
Republic, the states with the highest production are Chiapas, Veracruz, Puebla and Oaxaca, the latter
having obtained the denomination of origin “Pluma” [5] and in which producers have dedicated
themselves to the search for alternatives to add value to their product, as is the case of specialty coffee
influenced by factors such as geographical origin, climate, species, harvesting methods, processing
and storage [6,7].

Roasting has been studied to assess its effect on quality [8,9] on the physical and chemical
composition of the grain [8,10-16], in order to know its effect on the microstructure of the same [17,18]
to analyze the properties of the milled grain for other uses [19] and for the analysis of green grains,
characterization of metabolites, synthesis of nanoparticles [20] and coffee processing residues by
Scanning Electron Microscopy (SEM) [21-23], a technique widely used for morphological analysis,
quality analysis in food and various materials [24,25]. The objective of this study is to analyze
specialty Coffea arabica L. beans with the “Pluma” designation of origin recently granted to the State
of Oaxaca, Mexico with a medium roasting degree, which is commonly used in that state to obtain
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preliminary information on the microstructure and elemental chemical composition of these beans
that can be considered reference values of authenticity and quality.

2. Materials and Methods

2.1. Samples of specialty Coffea arabica L. with denomination of origin “Pluma”

Six samples of 100g of Coffea arabica L. beans were obtained, which were previously roasted at
170-180 °C/12 to 15 min to obtain a medium roast, which is commonly used by producers in the State
of Oaxaca [26] of the 2021 harvest, specialty [5] from MAP, HUA, PTO, TEO, PLU and AGL, localities
belonging to the growing area with denomination of origin “Pluma” Oaxaca (Table 1).

2.2. SEM analysis of Coffea arabica L. grains

The grains were spread out on a clean white surface in order to select a representative grain from
each of the samples. For the external analysis (surface), images were taken of the expanded side of
the grain and for the analysis of the inner part, the grain was cut by the middle along the grain. They
were placed under a Thermo Fisher Scientific Phenom Pro X Scanning Electron Microscope (SEM)
equipped with a solid state EDS (Energy Dispersive X-ray Spectroscopy) electron detector used to
detect chemical elements and a BSD Full detector (backscattered electron detector) at 10 kV of
acceleration [27]. The analyses were performed at 400 and 2000 magnifications to obtain the three-
dimensional profilometry, morphology and elemental chemical composition in these grains.

2.3. Statistical analysis

The data obtained from the analyses on the roasted beans of Coffea arabica L. were processed in
Excel (Microsoft Mondo 2016) with an analysis of variance and a Tukey HSD test to know the
significant difference between means with a significance level of a=0.05.

Table 1. Origin of samples of Coffea arabica L. roasted medium of specialty with “Pluma”
denomination of origin.

Place of  Coffee grain

.. Altitude (masl) Location
Origin samples

Coordinates 96°20” west longitude, 16°00" north
latitude. Bordered on the north by the municipality of
San Marcial Ozolotepec and Santiago Xanica; on the
south by Pluma Hidalgo and Santa Maria Huatulco;
on the east by Pluma Hidalgo and San Pedro el Alto;
on the west by San Miguel del Puerto.
Coordinates: 15°50" north latitude and 96°19” west
longitude. Bordered on the south by the Pacific Ocean;
1058 on the north by San Miguel del Puerto and San Mateo
Pifias; on the southeast by San Miguel del Puerto; on
the west by San Pedro Pochutla and Pluma Hidalgo.
Coordinates: 96°10” west longitude, 15°55” north
latitude. Bordered on the north by Santiago Xanica; on
1149 the south by the Pacific Ocean; on the east by San
Pedro Huamelula and San Carlos Yautepec; on the
west by Santa Maria Huatulco.
Coordinates 16°35” north latitude and 97°13” west
longitude. It is bordered on the north by Santiago
Xochiltepec, on the east by San Lorenzo Texmelucan;
on the west by Santa Maria Zaniza and Zenzontepec;

MAP 1000

HUA

PTO

TEO 1200
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on the southwest by San Jacinto Tlacotepec; on the
south by Santiago Minas.

to the state capital is 180 kilometers.

MAP: San Mateo Pifias, HUA: Huatulco, MPT: San Miguel del Puerto, TEO: Teojomulco, PLU: Pluma
Hidalgo and AGL: San Agustin Loxicha. Source: Own elaboration.

Coordinates 96°25” west longitude, 15°55" north
latitude. It borders with Huatulco Bays and is located
east of the State of Oaxaca.

Coordinates 16°01” north latitude and 96°37” west
longitude. It is bordered to the north by the
municipality of San Pedro el Alto; to the south by San
Agustin Loxicha; to the east by Pluma Hidalgo; to the
west by San Agustin Loxicha. Its approximate distance

AGL 1820

3. Results and Discussion

Figure 1 shows the micrographs of specialty medium roasted Coffea arabica L. beans with the
designation of origin “Pluma” at 400 x and 2000 x and the Table 2 shows that at 400x and 2000x the
roughness values Rz and Ra (um) are higher in the samples from San Mateo Pifias and at 2000x it is
the second after Huatulco, both with the lowest altitude (masl) with respect to the rest. The Tukey
test showed that the MAP grains at 400x are statistically different p (<005) in roughness with respect
to the others; however, at 2000x differences in roughness were observed in the TEO and AGL

samples.

Table 2. Average values of Rz and Ra in grains of Coffea arabica L. at 400 and 2000 x.

Rz (um) Ra (um)

Place of Origin 400 x 2000 x 400 x 2000 x
MAP 34.18+1.15a 19.86+2.48a 8.27+0.82a 8.38+1.68a
HUA 26.62+2.31b 21.85+6.63a 5.75+0.46b 11.53+1.65a
PTO 25.93+2.69b 16.33+2.33a 5.20+0.47b 6.55+0.94ab
TEO 27.54+5.31b 13.85+1.66ab 6.16+1.83b 7.22+2.17ab
PLU 26.43+0.37b 21.02+0.64a 5.55+0.48b 10.94+0.53a
AGL 26.53+3.13b 18.26+3.47ab 5.73+0.28b 7.58+0.87ab

MAP: San Mateo Pifas, HUA: Huatulco, MPT: San Miguel del Puerto, TEO: Teojomulco, PLU: Pluma
Hidalgo and AGL: San Agustin Loxicha. Source: Own elaboration.

This roughness is due to the geographical origin and climatic conditions, to the influence of
roasting on the porosity and quality of the grain structure [10] and because both samples come from
localities with the highest environmental humidity.

Figure 2 shows images of the exterior (surface) of the bean and the interior (middle) in which it
can be seen that the samples of Coffea arabica L., medium roasted from Pluma Hidalgo and San Miguel
del Puerto are the ones that present less visible porosity as well as cracks, which indicates that they
are the samples that presented greater physical and structural integrity, additionally it also refers to
an adequate post-harvest handling and other operations of the roasted coffee elaboration process,
unlike the samples from San Mateo Pifias and Huatulco, which in their surface or exterior presented
greater roughness.

However, the images of the interior longitudinal cut indicate that through this analysis of this
part of the bean all the samples are different. Previous studies indicate that the physical characteristics
of coffee beans depend on certain factors, such as the geographic location of the coffee growing areas,
geographic characteristics and the chemical composition of the bean [28-31] as well as the roasting to
which the kernels are subjected, which influences the integrity of the cell membranes of the kernels
[18].
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Figure 1. Micrographs of medium roasted Coffea arabica L. beans with specialty and “Pluma”
denomination of origin at 400 x and 2000 x. MAP: San Mateo Pifias, HUA: Huatulco, MPT: San Miguel
del Puerto, TEO: Teojomulco, PLU: Pluma Hidalgo and AGL: San Agustin Loxicha. Source: Own

elaboration.
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Figure 2. Surface and middle cut of medium roasted Coffea arabica L. beans, specialty and with
denomination of origin “Pluma”, Oaxaca. MAP: San Mateo Pifias, HUA: Huatulco, MPT: San Miguel
del Puerto, TEO: Teojomulco, PLU: Pluma Hidalgo and AGL: San Agustin Loxicha. Source: Own
elaboration.

These results are consistent with the fact that the analysis of cellular ultrastructures of coffee
beans can be related to quality loss during bean processing [31] since in roasting water gradually
evaporates as heat is transferred to the bean and the internal cell structure is dislocated and
irreversibly damaged, exposing certain chemical components and when these are added in the coffee
plant they influence the final quality of Coffea arabica L. beans as well as the beverage [32].
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Table 3 shows the elemental chemical composition of the surface and middle part of Coffea arabica
L. beans, highlighting ¢ C,# O and” N in most of the beans; however, in the external part of the bean,?
Ca was found in the sample from AGL, an element that has been considered as a discriminant element
for coffee producing regions [33].

Table 3. Elemental chemical composition (%) of the surface and middle (inner part) of Coffea arabica

L. beans.
L Surface Middle
Place of Origin oC 0 Ca oC 0 N
MAP 75.54 23.58 ND 54.17 32.57 13.26
HUA 78.97 21.03 ND 55.65 44 .45 ND
PTO 77.17 22.63 ND 67.91 17.05 15.04
TEO 81.14 18.86 ND 57.18 30.82 12.01
PLU 73.06 26.27 ND 76.55 23.33 ND
AGL 66.48 28.69 45 54.29 35.65 10.06

MAP: San Mateo Pifas, HUA: Huatulco, MPT: San Miguel del Puerto, TEO: Teojomulco, PLU: Pluma
Hidalgo and AGL: San Agustin Loxicha. ND: No Detected. Source: Own elaboration.

It is known that coffee beans are mainly composed of type II arabinogalactans and
galactomannans [34], so the majority composition in percentage of Carbon is due to these two
polysaccharides, additionally it may also be due to the differences the altitudes (1000-1820 masl) of
the Coffea arabica L. coffee plantations where the samples were obtained [35] as well as the flowering,
harvesting periods and climatic conditions of the coffee plantations [36].

4. Conclusions

The roasted Coffea arabica L. beans from MAP and HUA were the most rough and both were
located at lower altitudes than the rest. PLU and PTO showed the greatest physical and structural
integrity. In all the beans ¢C (66.48-81.14%), 80 (18.86-28.69%) was found on the exterior, with the
exception of AGL where 2Ca (4.5%) was detected, which could be a discriminating element to
determine the authenticity of the coffee. While in the interior (middle), in addition to ¢C and %O, "N
was found in the samples from MAP (13.26%), PTO (15.04%), TEO (12.01%) and AGL (10.06%).

The surface roughness values obtained could be used as preliminary quality parameters for the
identification of medium and specialty roasted Coffea arabica L. beans geographically located in the
“Pluma” denomination of origin zone.
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