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ABSTRACT 
The evaluation of the physicochemical (pH, degrees Brix, and temperature), microbiological (fungi, yeasts, and bacteria), and sensory characteristics 
(sensory attributes, score, and quality classification) of coffee wet fermentation in the Sierra Nevada of Santa Marta (SNSM), Colombia, was carried out 
to understand its dynamics and the correlation that exists between them. The fermentation process lasted 36 hours and samples were taken every six 
hours. The pH and degrees Brix gradually decreased in the fermentation time and showed a high dependence on each other. In 36 hours, the pH went 
from 5.37 to 3.96 and the degrees Brix from 6.53 to 4.30 °Bx. Fungi had the most abundant population throughout the fermentation process compared to 
bacteria and yeasts. The beverages obtained showed a high quality where the classification of excellent specialty coffees prevailed. The highest beverage 
quality was characterized by its sweetness, high acidity, floral notes flavored with lemongrass and cardamom, it was obtained at 18 hours of fermentation 
related to the highest fungi (6.92 log CFU.g-1) and yeast population (6.01 log CFU.g-1) and the lowest bacteria population (3.85 log CFU.g-1). Evaluating the 
physicochemical, microbiological, and sensory characteristics of fermented coffee in the SNSM is important in generating specific knowledge related to 
the fermentation process and coffee quality in the region and constitutes a tool for future research.
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1 INTRODUCTION

Coffee is the major export commodity of around 60 
tropical and subtropical countries (Sakiyama; Ferrao, 2015); 
where Coffea arabica L. species represents around 70-75% of 
the total coffee marketed in the world (Aristizábal; Chacón; 
Cardona, 2017; Waters; Arendt; Moroni, 2017). Followed by 
Brazil and Vietnam, Colombia ranks third in the main coffee 
producing countries and the coffee industry is one of the 
most important in the national economy (International Coffee 
Organization, ICO, 2020). The Sierra Nevada de Santa Marta 
(SNSM) is one of the regions of Colombia where coffee is 
grown; which represents 1.26% and 2.35% of the production 
and national area harvested, respectively (MinAgricultura, 
2018). 

Due to the characteristics of the Sierra Nevada and 
its coffee, in 2017 “Café de la Sierra Nevada” is declared 
as Protected Designation of Origin by the Superintendency 
of Industry and Commerce (Superintendencia de Industria 
y Comercio, SIC, 2017). This region has great biodiversity 
and an ecosystem with the ideal environmental offer for the 
production of specialty coffees; its farming is characterized 
by shade-grown coffee systems with a concentration of the 
harvest between October and February due to the climatic 
conditions, and as a consequence of the precipitations that 
appear between the flowering and ripening of the fruits, large 
beans with greater weight are generated (Federación Nacional 
de Cafeteros, FNC, 2011). C. arabica L. is cultivated in this 
region and its processing is mainly by the wet method.

In the wet method, once the coffee cherries are 
harvested, they are sorted by dumping into water to clean 
debris and remove floaters fruits, and mechanically depulped 
to remove the exocarp and mesocarp (Huch; Franz, 2015; Lee 
et al., 2015). After this, the mucilage is removed by submerged 
fermentation for 12-48 hours, followed by washing and drying 
(Evangelista et al., 2014a; Lee et al., 2015; Sakwari et al., 
2013). 

Within coffee processing, regardless of the method 
used, the fermentation process has a great influence on the 
composition of the beans and their beverage quality. The 
coffee fermentation is a biochemical process carried out by 
microorganisms such as bacteria, yeasts, and filamentous 
fungi (Silva et al., 2008), where complex molecules of the 
mucilage are broken down into simpler molecules producing 
liquid products and volatile compounds (Haile; Kang, 2019a; 
Pereira; Soccol; Soccol, 2016). 

Despite the potential of the Sierra Nevada de Santa 
Marta for the production of specialty coffees and the well-
known importance of the fermentation process for the 
production of them, there are no studies that involve the 
coffee fermentation process performed in this area. The main 
goal of this research was to carry out the first investigation in 
the SNSM related to the fermentation of coffee through the 
evaluation of physicochemical, microbiological and sensory 
characteristics and their correlation in the quality of coffee 
characteristics to generate new knowledge by understanding its 
dynamics and becoming a tool for Colombian coffee growers 
and researchers.
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2 MATERIAL AND METHODS

2.1 Coffee processing and sampling 
Coffee cherries of Coffea arabica L. were manually 

harvested from the farm called “Barlovento” located 1583 to 
1759 m above sea level in the Tagua, Sierra Nevada of Santa 
Marta, Colombia. The beans were processed at 1619 m altitude 
using the wet method traditionally performed by local coffee 
growers, in which the fermentation process lasts 36 hours. The 
fresh coffee cherries were mechanically depulped (Estrella #6; 
JM Estrada, Antioquia, Colombia) and then submerged in clean 
water to ferment in a cement tank (1.65 m by 3.50 m by 0.80 
m) by 36 hours. The ambient temperature during fermentation 
was 14-19 °C and the ambient humidity 69-87%. Samples of 
50 g of depulped coffee beans were collected every six hours 
(0, 6, 12, 18, 24, 30, and 36 h), placed in sterile Falcon tubes 
and stored at -20 °C for subsequent microbiological analysis at 
the Biotechnology Laboratory of the University of Magdalena, 
Santa Marta, Colombia. Physicochemical characteristics of 
the fermenting mass were analyzed In situ in triplicate at each 
sampling point,. 

Additionally, samples of 1 kg of fermented coffee at 
18, 24, 30, and 36 h were collected, which were then washed 
and dried in the sun for 5 days The criteria to establish these 
samplings were based on Sakwari et al. (2013), who set 
a fermentation duration of 12-36 hours depending on the 
climatic conditions. The dried samples were packed in jute 
bags and taken to Almacafé® Laboratory of the National 
Federation of Coffee Growers of Colombia (FNC) in Santa 
Marta, Colombia, to finish their processing (hulling, roasting, 
milling) and carry out sensory analysis of the beverage. 

2.2 Physicochemical characteristics analysis
The physicochemical analysis of the fermenting mass 

includes the measurement of pH, temperature (°C), and 
degrees Brix (°Bx). The pH and temperature were determined 
using a Multiparameter pH Meter (HI2020  edge®; Hanna 
Instruments, Woonsocket, United States), and the degrees 
Brix with a Refractometer (Abbe-2WAJ; PCE Instruments, 
Southampton, United Kingdom).

2.3 Microbiological characteristics analysis
Microbiological counts of bacteria, fungi, and yeasts 

were carried out.  The fermented coffee beans samples (10 g) 
were added to flasks containing 90 mL of 0,1% sterile peptone 
water (10-1 solution)(HiMedia, Mumbai, India), homogenized 
by gently shaking for 20 minutes and diluted serially (10-2, 
10-3, 10-4, and 10-5) (Evangelista et al., 2015; Haile; Kang, 
2019b; Nasanit; Satayawut, 2015). Nutrient Agar (Oxoid, 
Basingstoke, United Kingdom) was used to quantify bacteria, 
Saboraud Dextrose Agar (SDA) (Oxoid, Basingstoke, United 

Kingdom) to enumerate fungi and Yeast Extract Glucose 
Chloramphenicol Agar (YGCA) (BD Difco™, Franklin 
Lakes, United States) to count yeasts (Deak, 2003; Luna, 
2012, 2020). Plates were incubated in duplicate at 35 °C for 
24 hours for bacteria and at 27 °C for 5 days for fungi and 
yeasts (Luna, 2012, 2020). Colony-forming units (CFUs) of 
plates containing between 30-300 colonies were counted, the 
mean of the duplicates was obtained and multiplied by the 
corresponding dilution factor (Luna, 2012). Finally, the data 
were expressed as the mean of the decimal logarithm of the 
CFU per gram of fermented bean (Nasanit; Satayawut, 2015).

2.4 Sensory characteristics analysis 
The samples were prepared and evaluated according 

to the cupping protocol of the Specialty Coffee Association 
(SCA) by Almacafé® Laboratory (Speciality Coffee 
Association, SCA, 2003).  The beverages of each sample were 
evaluated by a panel of trained coffee tasters belonging to the 
FNC with Q-Grader Coffee Certificate (Evangelista et al., 
2014b). The sensory attributes recorded were fragrance/aroma, 
flavor, aftertaste, acidity, body, balance, uniformity, clean cup, 
sweetness, defects, and overall impression (SCA, 2003).  After 
the gustatory step, the tasters provided a description of the 
sensory characteristics and a final quality score between 0 and 
100 for each beverage (Table 1).

Table 1: Total score quality classification of cupping test. 
Source: SCA (2003).

Score Quality Classification
< 80.00 Below Specialty Quality - Not Specialty

80.00 – 84.99 Very Good - Specialty
85.00 – 89.99 Excellent - Specialty
90.00 – 100.00 Outstanding - Specialty

2.5 Statistical analysis 
The results were recorded in Microsoft Excel®. The 

data of physicochemical, microbiological, and sensory 
characteristics were evaluated by analysis of variance 
(ANOVA) and Fisher’s LSD test using R Statistical Software 
to identify significant statistical differences among samples. 
Besides, a Pearson correlation coefficient analysis was 
performed to determine the dependency between variables.

3 RESULTS

3.1 Physicochemical and microbiological 
characteristics

Physicochemical and microbiological characteristics 
are shown in Table 2 and Table 3, respectively. There were 
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significant statistical differences among samples (p < 0.05) 
between these characteristics and the fermentation hours. 

It is evident from Table 2 that in 36 hours of fermentation, 
the pH decreased from 5.37 to 3.96 and the degrees Brix from 
6.53 to 4.30 °Bx. The temperature of the fermentation mass had 
variations over time related to the environmental temperature 
at the time of taking the samples.

log CFU.g-1 followed by yeasts (4.72 log CFU.g-1) and bacteria 
(4.04 log CFU.g-1) (Table 2). 

Correlations between physicochemical and 
microbiological characteristics were identified (Figure 1). 
Positive correlations were obtained between the degrees Brix 
and the fungal population (r = 0.99), the degrees Brix and the 
pH (r = 0.90), the pH and the yeast population (r = 0.88), the 
pH and the fungal population (r = 0.87), as well as between 
the degrees Brix and the yeast population (r = 0.84). Yeast 
and fungal populations also showed positive dependence (r 
= 0.89) which makes sense because yeasts belong to fungi. 
Negative correlations were found between the fungi and the 
bacteria population (r = - 0.73)  and between degrees Brix and 
the bacteria population (r = - 0.70). 

Table 2: Psychochemical characteristics of fermented coffee 
beans in the Sierra Nevada of Santa Marta, Colombia.

Fermentation 
time (h)

Psychochemical characteristics
pH Temperature (°C) Brix (°Bx)

0 5.37 ± 0.16 D 22.50 ± 0.26 D 6.53 ± 0.12 C
6 5.17 ± 0.12 D 19.47 ± 0.12 B 6.40 ± 0.17 C

12 4.75 ± 0.14 C 19.13 ± 0.60 B 5.00 ± 0.00 B
18 4.31 ± 0.11 B 20.87 ± 0.25 C 4.93 ± 0.06 B
24 4.10 ± 0.11 AB 22.57 ± 0.31 D 4.27 ± 0.65 A
30 4.07 ± 0.12 A 19.27 ± 0.40 B 4.30 ± 0.00 A
36 3.96 ± 0.09 A 17.30 ± 0.26 A 4.30 ± 0.00 A

The letters indicate statistical differences among samples of each 
characteristic (columns) . Mean values with a common letter are not 
significantly different at p > 0.05 by Fisher’s LSD test.

Table 3: Microbial characteristics of fermented coffee beans in 
the Sierra Nevada of Santa Marta, Colombia.

Fermentation 
time (h)

Microbial population (log CFU.g-1)
Bacteria Fungi Yeasts

0 5.14 ± 0.12 D 5.11 ± 0.12 A 4.76 ± 0.01 B
6 4.09 ± 0.01 B 6.38 ± 0.01 B 5.91 ± 0.04 D
12 4.08 ± 0.05 B 6.19 ± 0.04 B 5.91 ± 0.00 D
18 3.85 ± 0.01 A 6.92 ± 0.08 C 6.01 ± 0.15 D
24 4.98 ± 0.05 C 5.18 ± 0.05 A 5.32 ± 0.04 C
30 4.84 ± 0.04 C 4.95 ± 0.04 A 4.51 ± 0.01 A
36 4.04 ± 0.10 B 5.25 ± 0.36 A 4.72 ± 0.05 B

The letters indicate statistical differences among samples. Mean 
values with a common letter are not significantly different at p > 0.05 
by Fisher’s LSD test.

The microbial population presented variations through 
the fermentation time. The fungal population was generally 
the highest during the fermentation process compared to the 
bacterial and yeast population. 

Fungi and yeasts had their maximum population at 18 
hours of fermentation; the fungi increased their population 
from 5.11 to 6.92 log CFU.g-1 and the yeasts from 4.76 to 6.01 
log CFU.g-1. Regarding bacteria, its maximum population 
appeared at the beginning of the process and decreased until 
18 hours; going from 5.14 to 3.85 log CFU.g-1. At the end of 
the 36 hours of fermentation, the fungal population was 5.25 

Figure 1: Correlation between the physicochemical, 
microbiological and sensory characteristics of fermented coffee 
from the Sierra Nevada of Santa Marta, Colombia.

3.2 Sensory characteristics
Regarding the sensory quality of the beverage, the 

results are reported in Table 4. The highest score was (88.50) 
obtained with fermented beans for 18 hours, which decreases 
in the following hours of fermentation. This beverage was 
characterized by having sweetness, high acidity, and floral 
flavors such as lemongrass and cardamom, and is classified 
as excellent specialty coffee (Table 3). The highest quality 
coincided with the highest value of fungal and yeast 
populations, and the lowest of bacteria. 

A high dependency was obtained between the yeast 
population and the beverage quality (r = 0.98) followed by the 
fungi population and the cup quality (r = 0.83), the pH and 
coffee quality (r = 0.76), and between the degrees brix and the 
coffee quality (r = 0.75) (Figure 1).   
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4 DISCUSSION

The decrease in pH in the fermentation of Coffea 
arabica L. by the wet method has been reported in different 
studies, among which are de Carvalho Neto et al. (2018); 
Pereira et al. (2016) and Zhang et al. (2019a). The decline in 
the pH is due to microbial metabolism during fermentation 
where organic acids are produced by breaking down coffee 
mucilage (de Carvalho Neto et al., 2017; Evangelista et al., 
2015; Martins et al., 2019). 

The decrease in degrees Brix, which refers to the sugar 
content, can also be explained by the action of microorganisms 
in the fermentation process since they use sugars as a carbon 
source for their growth (Elhalis; Cox; Zhao, 2020). The 
reduction of sugars during fermentation is accompanied by 
the accumulation of acids such as lactic acid, acetic acid, and 
succinic acid (de Carvalho Neto et al., 2017; de Carvalho 
Neto et al., 2018; Elhalis; Cox; Zhao, 2020). This can also be 
explained when analyzing the Pearson correlation coefficient 
where a high dependency between the pH and degrees Brix is 
evident (r = 0.90). Concerning the temperature of the coffee 
mass during the fermentation process, there were fluctuations 
according to the atmospheric temperature (Nasanit; Satayawut, 
2015; Zhang et al., 2019b).

The finding of the high population of fungi compared to 
the populations of bacteria and yeasts during the fermentation 
process obtained in this research contrasts the studies that 
document bacteria as the most abundant microorganisms 
during the wet fermentation of C. arabica L. (Evangelista 
et al., 2015; Martins et al., 2020; Zhang et al., 2019b). The 
increase in yeast and fungal populations relative to their 
initial population, it has also been reported in different articles 
(Evangelista et al., 2015; Martins et al., 2019; Nasanit; 
Satayawut, 2015; Pereira et al., 2016). However, the decrease 
in the bacterial population in the first hours contrasts with the 
documented findings that affirm that said population increases 
(de Melo Pereira et al., 2015; Evangelista et al., 2015; Zhang 
et al., 2019b). Regarding the negative correlation obtained 
between the bacteria and fungi populations (r = - 0.73), it may 
be due to reasons of competition between microorganisms 
(Mille; Fischer; Tranvik, 2006).

The coincidence presented between the highest quality 
of the beverage with the highest populations of fungi and yeasts 

at 18 hours of fermentation is supported by Velmourougane 
(2013) who affirms that the increase in the quality of the coffee 
beverage is attributed to the increase of the fungal population. 
Martins et al. (2019) and Ribeiro et al. (2017) documented that 
yeasts are considered important for the development of flavors 
and aromas on the final beverage. This last statement is verified 
by obtaining a high correlation between yeast population and 
beverage quality (r = 0.98). 

5 CONCLUSIONS

The fermentation process was mainly characterized by 
the abundance of fungal populations compared to bacteria and 
yeasts. Also noteworthy are the findings of increased fungal and 
yeast populations, and decreased bacterial populations in the 
first 18 hours, since the highest quality of the coffee beverage 
was reached in that time; where fungi and yeasts showed their 
maximum population and bacteria their minimum. This study 
shows the first effort to understand the characteristics of the 
coffee fermentation process by the wet method in the Sierra 
Nevada de Santa Marta, Colombia and the findings reported in 
this document are expected to become a basis for future studies 
and decision-making by coffee growers for the optimization 
of their processes and guarantee a high quality of the coffee 
beverage.
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