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Abstract. Coffee is one of the most widely consumed beverages. Roasting is a baseline 

step in coffee processing, being involved in the development of color, flavor and taste for 

which coffee is appreciated. In addition, the roasting treatment triggers several complex 

physical changes inside the coffee bean, resulting in density decrease owing to volume 

increase, increase of beans brittleness, changes in coffee color, loss of bean mass and water, 

porosity increase, and governs coffee bean behavior during storage, grinding, and brewing. It 

is essential to examine physical changes, as coffee production is seasonal, and a long-term 

coffee storage is required. In the present study, the visual and microstructural differences 

between green and roasted Arabica coffee beans were investigated. The study of 

microstructural differences was performed using scanning electron microscopy, and clearly 

showed significant structural differences between green Arabica coffee beans and roasted 

Arabica coffee beans. The physical and structural modifications of infused coffee with water 

were explained through chromatic evaluation and microscopic analysis, respectively as 

function of ground size of roasted coffee beans and infusion time. 

Keywords: Arabica coffee; roasting process; physical changes; Scanning Electron 

Microscopy; ground coffee. 
 

 

1. INTRODUCTION  
 

 

Coffee is one of the most widely consumed drinks in the world, owing to its refreshing 

and stimulating effects, which are determined by the composition of green beans and the 

changes occurring during the postharvest processing, such as drying, storage, roasting and 

grinding [1-10]. Roasting, probably the most significant step in coffee processing [8, 11], is 

generally performed by heating the raw beans at high temperatures (around 200 – 240 °C) for 

as long as 4 min. to almost 15 min., the roasting temperature and time having an important 

influence on the sensory quality of the coffee drink [1, 5, 7-19]. The roasting process 

produces physicochemical, structural and sensory changes, several parameters being used as 

indicators to determine the degree of the roasting process, such as: aroma, color, flavor, 

chemical composition, pH, mass loss, and volume [1, 8-12, 15, 17, 20, 21]. The physical 

changes which occur in the roasting process include weight loss (about 15 - 22 %, due to the 

water loss and loss of volatile compounds); volume increase (around 50 % to almost 100 %); 

density decrease (from about 1.3 kg m
-3

 to 0.7 kg m
-3

); color change and oil migration 
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towards the surface of the coffee bean; strength and toughness loss, coffee beans becoming 

more brittle (brittleness has a high impact on bean grinding); and organizing a typical porous 

structure of the roasted coffee bean, porosity increasing to about 0.5 for dark roasted coffee 

[1, 7-11, 16-18, 20-24]. Coffee production is seasonal, a long-term storage of coffee is 

necessary, so that exploring its physical characteristics is very important [7]. Even though the 

structural changes occurring during the roasting process have an important effect on the 

roasted coffee quality, the structural changes have been scarcely investigated so far.  

Liquid coffee is a product obtained from coffee, being intensively used for a long 

time. In general, composition of the infusion ground coffee is determined by the grain size, 

infusion time, water pressure, color, high temperature extraction, and structure. The final 

coffee drink is affected by the chemical reactions which take place during the grinding and 

infusion processes [25]. Grinding the roasted coffee beans into fine particles enables to extract 

the coffee oils [26-27] and flavors. The larger the contact surface, the higher the coffee’s 

quality and taste. Coffee contains above 11-20 % lipids related to the dried weight, which are 

extracted using hot water and defined the final brew taste [28]. 

One of the objectives of this study was to assess visually and objectively the 

differences between green and roasted Coffea arabica L. (Arabica coffee) beans. The 

evaluation of structural changes in the roasting process is relevant for packaging, storing, and 

transporting coffee beans. Further, some physical aspects (i.e., color and morphology) of 

ground roasted Arabica coffee infusion are investigated. The grinding process of roasted 

coffee beans affects the chromatic aspect, the sensory taste, and the quality of infused coffee.  
 

 

2. MATERIALS AND METHODS 
 

 

2.1. MATERIALS 
 

 

Two different types of Arabica coffee samples (i.e., green unroasted and roasted 

beans) were used for visual assessment and Scanning Electron Microscopy (SEM) analysis. 

Green and roasted beans, produced from the same coffee beans, were acquired from a local 

coffee commercial distributor (Galati, Romania).  

The experimental study continued with the preparation and analysis of coffee infusion. 

The whole roasted beans were ground at a local coffee point, ensuring a uniform grinding of 

beans necessary to further obtaining of infused coffee. Three different grain sizes (i.e., 4.0, 5.2 

and 9.5 µm) were obtained using an automatic grinding machine of roasted coffee beans. 

Coffee infusions were prepared through pouring hot water over the ground coffee. The 

infusion process held 5 min. and 10 min., respectively, thus obtaining six samples for study.  
 

 

2.2. METHODS 
 

 

2.2.1. Colorimetric Analysis 
 

Color changing of coffee drops prepared as infusion from three types of ground coffee 

beans was studied through colorimetry. The concentration of colored compounds into infusion 

was indicated by three parameters such as, L*, a* and b*, which are measured using the 

portable colorimeter Chroma Meter CR-400 (Konica Minolta Sensing, Osaka, Japan). The 

significance of color parameters is: L* shows the brightness component from solution ranged 

between 0 (black) and +100 (white); a* indicates the green-red component ranging from −120 
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(green) to +120 (red), and b* corresponds to blue-yellow component from −120 (blue) to 

+120 (yellow) [29]. The device was calibrated on white. 
 

2.2.2. Scanning Electron Microscopy  
 

The surface and the section of green and roasted Arabica coffee beans were analyzed. 

The coffee beans were cut by hand with a razor blade [30], and the pieces of coffee beans 

were mounted on carbon tape placed onto support stubs, then sputter covered with a layer of 

gold for better conductivity, allowing surface and section imaging with a Quanta 200 system 

(FEI Company-Thermo Fisher Scientific, Oregon, USA; 30 nm as resolution) with secondary 

electron detector. All samples were examined in Low-Vacuum mode using an accelerating 

voltage (HV) of 15 kV [31] and 10 nm as working distance (WD). Several microphotographs 

were obtained at different magnifications, but only the images at a 2000x magnification were 

analyzed for structural differences between the green and roasted Arabica coffee beans.  

The six samples as drops prepared from infused Arabica coffee were analyzed using 

the same microscope (Quanta 200) by placing them on a metal support and dried at room 

temperature. The microstructural evaluation of the infused coffee drops was analyzed at 

1000x magnification. 
 

 

3. RESULTS AND DISCUSSION 
 

 

3.1. RESULTS 
 

 

Visual examination correlated with microscopy method was performed on the surface 

area and the section of green Arabica coffee beans, which were subsequently compared with 

roasted Arabica coffee beans. The physical differences observed between green and roasted 

coffee beans are summarized in Table 1. Figs. 1 (a, b) show the micrographs on the surfaces 

area of green (a) and roasted (b) Arabica coffee beans. Figs. 2 (a, b) show the micrographs of 

the sections of unroasted (a) and roasted (b) Arabica coffee beans. Fig. 3 shows the chromatic 

of roasted Arabica coffee prepared by infusion of the grind period. The numbers (17÷22) 

marked on the metal plates represent the code of the six studied samples. 
 

Table 1. Physical differences between green and roasted Arabica coffee beans. 

Characteristics Green Arabica coffee bean Roasted Arabica coffee bean 

Color Gray-green tones Dark brownish 

Size Smaller Larger 

Volume Smaller Larger 

Cracking Without cracks Cracks 

Brittleness Not brittle More brittle 

Porosity Smaller Larger 
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a b 

Figure 1. SEM images on the surfaces of green bean (a) and roasted bean (b) of Arabica coffee. 
 

  
a b 

Figure 2. SEM images of the section of green Arabica coffee bean (a), and the roasted  

Arabica coffee bean (b). 
 

  
a b 

 
c 

Figure 3. Color intensity of the infused coffee obtained from ground roasted Arabica coffee with different 

granulation: a) 4 µm; b) 5.2 μm; c) 9.5 µm after 5 min. (drop on the left side) and 10 min. (drop on the 

right side) infusion time.  
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Table 2. Mean values of color parameters (L*, a* and b*) corresponding to the infused coffee in different 

conditions.  

Color  

parameters 

Code 

sample: 

17 (4 µm, 

5 min) 

Code 

sample: 

18 (4 µm, 

10 min) 

Code 

sample: 

19 (5.2 

µm, 5 

min) 

Code 

sample: 

20 (5.2 

µm, 10 

min) 

Code 

sample: 

21 (9.5 

µm, 5 

min) 

Code 

sample: 

22 (9.5 

µm, 10 

min) 

L* 40.42±0.01 46.24±0.02 35.22±0.02 66.36±0.02 53.90±0.04 72.04±0.02 

a* 21.48±0.03 20.30±0.01 20.45±0.03 9.20±0.01 17.45±0.01 6.35±0.02 

b* 26.71±0.01 35.45±0.04 20.10±0.01 42.22±0.01 43.64±0.01 41.30±0.01 

 

Figs. 4 (a, b) show the microstructure of the Arabica coffee drops prepared by infusion 

of the ground roasted beans with grain size of 4 µm for 5 min. (a) and 10 min. (b), 

respectively. 

 

  
a b 

Figure 4. SEM images of the drops obtained from Arabica coffee bean with 4 µm granulation after 5 min. 

(a), and 10 min. infusion time (b). 

 

Figs. 5a and b show the microstructure of the Arabica coffee drops prepared by 

infusion of the ground roasted beans with grain size of 5.2 µm for 5 min. (a) and 10 min. (b), 

respectively. 

 

  
a b 

Figure 5. SEM images of the drops obtained from Arabica coffee bean with 5.2 µm granulation after 5 

min. (a), and 10 min. infusion time (b).  
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Figs. 6a and b show the microstructure of the Arabica coffee drops prepared by 

infusion of the ground roasted beans with grain size of 9.5 µm for 5 min. (a) and 10 min. (b), 

respectively. 

 

  
a b 

 

Figure 6. SEM images of the drops obtained from Arabica coffee bean with 9.5 µm granulation after 5 

min. (a) and 10 min. infusion time (b). 

 

 

3.2. DISCUSSION 
 

 

3.2.1. Visual investigation of physical changes of coffee beans 
 

During roasting, a series of complex physical changes take place to transform the 

green coffee beans into the roasted beans, and some changes can occur [1, 11, 20, 23]. 

Regarding physical changes, the color, roast volume, and roast loss are among the important 

features [12].  

The results of the visual evaluation reveal a significant difference of physical 

properties between the green and the roasted Arabica coffee beans, such as: visual 

appearance, color change, size expansion, volume increase, and mass decrease. The 

modifications are shown systematically in Table 1.  

Generally, color is an attribute, which significantly influences the consumers’ 

preferences and their choice in point of acquisition [32-36]. Chromatic characteristics are used 

to evaluate the product quality and are an indicator of the storage time and age of coffee, and 

a point of reference coffee pricing [12, 37]. A distinctive coffee bean color is related with the 

roasting treatment [1, 7], the roasting treatment parameters (time and temperature) being 

adapted to the type of coffee being roasted [1]. Before roasting, the coffee beans had good 

appearance and typical gray-green tones, which turns to a dark brownish color. The Maillard 

Reaction and the production of melanoidin compounds can explain the emergence of the dark 

brownish color [11, 38]. Even though the color is not a main criterion in categorizing the 

roasting level, at least it can illustrate the roasted coffee beans taste [11], dark brownish 

roasted coffee having notes of dark chocolate [39], while green coffee has a bean-like aroma 

[3, 40]. 

From Table 1 data it can be noticed that the coffee bean has a larger roast volume. 

Roast volume generally increases during roasting owing to the softening of cellulose and the 

release of gases and pyrolysis products [12, 24, 41]. In the roasting treatment, the 

transformation of water into water vapor created high pressure inside the coffee bean, which 

changed the structure of the cell walls from rigid to rubbery. This can be explained by the 
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findings of Indriati, 2020 [11], the internal matter pushed out toward the cell wall, leaving a 

gas-filled void in the center, meaning that the coffee bean expanded in volume, and decreased 

in mass (roast loss). Roast loss exhibits two trends: less weight loss (due to dehydration and 

slow release of volatiles) occurs during the first stages of roasting processing, while more 

weight loss (attributed to intensive volatile and CO2 loss due to pyrolysis) is noted in the later 

roasting treatment stages [12]. During roasting, an important decrease of density can take 

place owing to the volume increase of the beans [7, 12], the coffee beans density being a very 

important factor for processing, packaging, storage and transport [42, 43]. Whilst the green 

coffee beans are desired for the smaller packages and transit costs for long distance transport, 

the dark roasted coffee beans are desired due to their lower oxidation risks [7]. During 

roasting, since the concomitant volume increase, the density of coffee beans decreases and a 

porous structure develops [7, 17, 43, 44]. 

After roasting the roasted coffee beans show some cracks compared to green beans. 

This is a sign of textural changes, the roast coffee beans having a tough and brittle texture. 

The roasted coffee bean was more brittle than a green coffee bean, due to the loss of water 

[11]. The dehydration of coffee beans is one of the essential reasons behind the brittleness, a 

higher water level leading to the toughness and stiffness of beans until a glassy standing is 

reached. After the glassy condition, a fracture point can occur in the roasting time, which 

contributes to a drop in overall bean integrity, allowing extensive textural changes in the 

coffee bean [12, 16]. 

Among the textural changes, the porous texture also has a significant influence on 

final product quality [12]. The visual evaluation reveals a more porous texture in the case of 

roasted coffee beans. Porosity becomes more obvious after roasting and storage, owing to its 

controllability over mass transfer, gas desorption and degassing. Migration of oil droplets 

toward the coffee bean surface, loss of volatiles, and O2 accessibility in the storage time also 

relate to porosity [12]. The expansion of the porous texture of the bean was determined by 

high pressure due to temperature increase during the roasting treatment, resulting in not only 

the increase of individual coffee bean volume but also the expansion of bean porosity [11, 

45].  

Finally, the significant difference between green and roasted Arabica coffee beans is 

revealed in the SEM micrographs in Figs. 1a, b, and Figs. 2a, b, respectively. The SEM image 

of the surface of the green coffee bean is shown in Fig. 1a, while the SEM image of the 

surface of the roast coffee bean is shown in Fig. 1b. The image taken on the surface of the 

green coffee bean reveals longitudinal fibers with relatively smooth surface. A thin waxy 

layer covers the rough surface of the green coffee bean (Fig. 1a). Coffee cultures with less 

wax on their beans generate a more easily digested drink with improved flavor and quality 

attributes [46]. The roasting treatment had a significant effect on the surface of coffee bean 

(Fig. 1b). Fig. 1b reveals a surface that is covered with particulate material, visibly deposited 

on the entire surface, some of this being in irregularly shape and rough. The cells are no 

longer so obvious, and the wax is unnoticed. Numerous small oil spherules are observed. 

Small sized oil spherules overlap the roasted coffee bean surface, suggesting the existence of 

a large pore network through which the very small oil droplets start to migrate toward the 

outer layer of the roasted bean. Schenker et al. [17] reported similar results. These findings 

may support the model of a 3-dimensional permeable network of polysaccharides, where the 

latter have been partially degraded and removed in the roasting treatment time [17, 47].  

SEM images of the microstructure of green coffee beans and roasted Arabica coffee 

beans are shown in Figs. 2a, b. The transversal section of the green coffee bean reveals broken 

cell walls and irregular dark regions which represent cavities or pores (Fig. 2a). Probably, the 

cavities/pores arise from the dehydration treatment in the post-harvest time processing of the 

coffee beans. Fig. 2b shows a highly porous structure in the roasted coffee bean. A 



  Effect of ground and …  Alina Mihaela Cantaragiu et al. 

www.josa.ro Chemistry Section 

964 

significantly greater macropore/cavities area may be noted, as well as numerous fine 

micropores which are generated owing to both degradation of the intercellular matrix, and the 

destruction of the cells during roasting [7]. The internal surface of the cavities is rough and 

broken. The cause for the micropores could be the increased polysaccharide degradation at 

higher temperatures during roasting [17]. Variation in pore size may be dependent upon 

fluctuations in volatiles/gas pressure and water evaporation rate [12, 16, 41]. Pore structure 

controls the mass transfer in the storage time of coffee, having an important influence on the 

final product quality. 
 

3.2.2. Visual evaluation  
 

Fig. 3 shows the variation of colors and color intensity of the infused coffee with 

increasing both the grinding degree and infusion time. The brown-red color of coffee prepared 

after 5 min. of infusion (the darkest color) is due to nitrogen-based compounds released after 

Maillard Reactions (non-enzymatic browning) [48]. The brown-red color intensity decreased 

with increasing the grinding degree (colors varied from dark to lighter and brighter shades) 

(drops on the left side of Figs. 3a, 3b and 3c). The longer infusion time increases to 10 min. 

the more yellow color intensifies, proportional to the grain size (from the fine-grained, 4 µm, 

to the coarse-grained, 9.5 µm). Thus, the color changing indicated a decrease in caffeine (the 

drops on the right side of Figs. 3a, 3b and 3c). 
 

3.2.3. Color assessment by means of chromatic parameters 
 

Color is an important sensory attribute, being the determining characteristic from the 

point of view of the acceptability of food products by the consumer. The color of infused 

coffee was evaluated using the Konica Minolta device, and the parameter (L*, a* and b*) 

values are presented in Table 2. The parameters L*, a* and b* have an important contribution 

to the total color impression. All measured chromatic parameters have indicated only positive 

values from the specific chromatic range. The analysis of color parameters (Table 2) has 

indicated that brightness (L*) and luminosity (b*) significantly increase with the infusion time 

for all granulation types; on the other hand, the red component (a*) drastic decreases with 

increasing both the infusion time and grain size.  
The values of L* parameter show an increasing from 40.42 to 53.90 with increasing 

granulation for 5 min. as infusion time. At the same time, the increasing infusion time from 5 

to 10 min. led to a significantly enhancing of L* parameter (the highest L* values) ranged 

between 46.24 and 72.04. The darkest color of infused coffee drops corresponds to the higher 

value of L* parameter. Therefore, the brightness (L* parameter) evolution are in accordance 

with the visual aspect showed in Figs. 4a, 4b and 4c, in terms of dark-brownish. 
On the other hand, positive and slightly enhanced values were recorded for b* 

parameter with increasing both the grain size and infusion time. An increasing of b* values up 

to 43.64 was measured for 5 min. for coarse-grained of 9.5 μm; while, after 10 min., b* value 

indicated 42.22. The increasing of b* parameter values with the infusion time suggests an 

intensification of the yellow color of the infused coffee. 
The highest value of a* parameter (21.48) was detected for 4 μm ground coffee 

infusion during 5 min., while the smallest value (6.35) was recorded after 10 min. of infusion 

of 9.5 μm grain size bean. Therefore, the red color of infused coffee is more intensive for a 

coffee prepared from the coarse-grained beans for a short period of time. 
After 10 min., the infused coffee obtained from the fine-grained with a granulation of 

4 µm has the darkest color, and the chromatic parameters register the smallest variations, 

compared to that obtained from the ground coffee with the granulation of 5.2 and 9.5 µm, 

respectively. The fine degree of coffee grinding is of great importance because it influences 
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the sensory quality of infused coffee. In order to prepare the coffee, the beans which are finely 

ground have a larger surface area exposed to the hot water, producing a more intensive color, 

a richer and more delicate taste. Instead, too coarse grinding of roasted coffee beans will 

produce a coffee with less intensity taste. A short infusion time (5 min.) may be indicated to 

prepare a fine-grained coffee resulting a coffee with an equal aroma. A fine grinding allows 

the most efficient extraction, but a very fine ground coffee will slow down the filtration 

process. In fact, it is the consumer who identifies the key attributes that could have an impact 

on its acceptability. 
 

3.2.4. Morphological properties 
 

Imagistic analysis (Figs. 4-6) reveals the behavior of the component particles similar 

to that of the suspended particles as in a colloidal system.  

SEM image (100 μm scale bar) of coffee drop obtained by infusing for 5 min. of fine-

grained roasted coffee (4 µm grain size) shows a micro-heterogeneous appearance (Fig. 4a) 

with a large number of oil particles as shown in Fig. 1b. Two stranded caffeine crystals – as 

white, fibrous filament clusters were captured. The formation of irregular circular structures 

(voids with different diameter) can be observed on the entire analyzed area. Thus, a spatial 

lattice structure is initiated. The infused coffee is however prepared in much less energetic 

way (less energetic conditions compared to the high pressure used in the professional coffee 

machine), the hot water vapor will determine the emulsion of oil from the coffee grounds 

[49]. 

Prior to microscope evaluation (dehydration of water from the coffee drops, fixed on 

the metal support, at room temperature with low rate of evaporation), some cracks are clearly 

highlighted (Fig. 4a) (5 min. and fine-grained of 4 μm). Further, increasing infusion time up 

to 10 min. will determine the formation of a cross-linked network against a background of the 

existence of the initial cracks (Fig. 4b). At the same time, there is a tendency for a quasi-

homogeneous distribution of ruptured circular structures. The number of caffeine crystals is 

reduced (to a single caffeine crystal in the scanned area) until they will completely disappear 

if the infusion time were longer than 10 min. This result is in accordance with the analysis of 

a* parameter, the red component (Table 2).  

Figs. 5a and 5b show the morpho-structural aspects of the coffee drops obtained by 

infusion of ground roasted coffee, having an average granulation of 5.2 µm. As in the 

previous case, a cross-linked spatial network (particles arc-wise arrangement) is formed (Fig. 

5a) against a background of the cracks generated by the slow drying process of the coffee 

drop. High density of ruptured circular structures can be noticed on the entire analyzed 

surface leading to the network generation and branches spreading. Fig. 5b indicated a 

discontinuous microstructure due to the quasi-homogeneous distribution of ruptured circles, 

whose diameters are larger than in the case of fine-grained beans. It can be estimated that the 

intensification of the spatial network is similar to the behavior of particles into a stable 

suspension. 

The infusion obtained from coarse-grained roasted coffee (9.5 µm) showed a 

heterogeneous cross-linked spatial structure due to the reduction of packing degree between 

particles (Fig. 6a). Figs. 6a and 6b indicate a reduction in the caffeine (as thin, bright and 

sporadic filaments) concentration in the liquid phase. This aspect is in accordance with the 

results obtained and previously presented by evaluating the color of coffee drink (Fig. 3 and 

Table 2). 

The highest content in lipids as light spots on the surface with increasing grain size up 

to 9.5 µm was observed (Fig. 6a). Thus, after only 5 min. of infusion time, the brownish color 

intensity (Fig. 3c, left side) could be explained by the increasing of the concentration of 

coffee oil [50]. Also, the higher the granulation, the net-shaped aspect is inhibited. Therefore, 
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the discontinuous character is all around the surface, and the density of voids (larger 

diameters) is enhanced (Fig. 6b). The appearance of large voids could be related to the oil 

particles removal during the infusion process. So, this aspect is confirmed by the yellow color 

of the coffee (Fig. 3c, right side). This behavior can be associated with the structure of an 

unstable colloidal suspension. According to the results published in the literature, it is known 

that higher caffeine content (and other particles) significantly contributes to the reducing of 

surface tension from oils [51-54]. 
 

 

4. CONCLUSIONS 
 

 

The present study evaluates the visual and microstructural differences between green 

and roasted Coffea arabica L.. In general, roasting as a processing method caused the change 

of the physical properties (color, size, volume, cracking, brittleness, porosity) of the green 

coffee bean. The microscopic study showed significant structural differences between the 

green and the roasted Arabica coffee bean. The results of the imagistic study clearly showed 

that roasting mainly influences the porous structure of the coffee bean. The development of 

the porous structure and the increase in volume are important factors for packaging, storage 

and transport of the roasted coffee beans. 

The visual and microscopic features of the infused ground roasted Arabica coffee are 

analyzed.  The study of color changing during infusion process through the analyses of 

chromatic parameters allows a coffee quality assessment. By grinding process, the color 

intensity is modified with increasing both the grinding degree and infusion time. Variation 

from dark-brownish to yellow color indicated a decrease in caffeine concentration. Finest 

ground coffee having a large active surface produced more flavorful taste and intense color 

for no longer than 5 min. infusion time. 

Morphological characteristics indicated significant structural differences through the 

particle content such as caffeine, lipids etc. If the ground is too coarse, the coffee could be 

under-extracted and weak aroma. The ability to extract the water-soluble components is 

enhanced with the infusion time and water pressure. 

Based on some physical characteristics (chromatic, volume, size, microscopic 

structure, porosity) the roasting and grinding processes and the extraction time have a great 

influence on the color of brew coffee. 
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