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RESUMO 

O presente estudo descreve o potencial uso de bactéria ácido lática na condução de 

fermentação de grãos de café durante o processamento úmido conduzido em condições 

de campo. Dentre as diversas cepas testadas, a Lactobacillus plantarum LPBR01 

demonstrou uma produção desejada de ácidos orgânicos e ésteres aromáticos em um 

meio simulativo de polpa de café. A cepa foi capaz de estabelecer um processo 

acelerado de acidificação, potencialmente reduzindo o tempo de fermentação. A cepa 

também elevou significativamente a formação de compostos orgânicos voláteis, 

permitiu a produção de uma bebida com notas sensoriais distintas e estimulou uma 

maior diversidade de leveduras durante a fermentação. Os resultados foram 

parcialmente publicados na revista Internationa Journal of Food Science and 

Technology.  

Palavras-chave: café, bactéria ácido lática, processamento via úmida, Lactobacillus 

plantarum 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ABSTRACT 

This study describes the potential use of lactic acid bacteria to conduct improved coffee 

bean fermentation during on-farm wet processing. Among different strains tested, 

Lactobacillus plantarum LPBBR01 showed a suitable production of organic acids and 

flavor-active esters in a coffee-pulp simulation medium. It was able to establish an 

accelerated acidification process, potentially reducing the fermentation time. The strain 

also increased significantly the formation of volatile aroma compounds, enabled the 

production of a beverage with distinct sensory notes and stimulate greater diversity of 

yeasts during the fermentation. The results were partially published at International 

Journal of Food Science and Technology. 

Key-words: coffee, lactic acid bacteria, wet processing, Lactobacillus plantarum 
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1. INTRODUCTION 

1.1. Coffee production and processing 

Coffee is the non-alcoholic beverage most appreciated and consumed around the 

world, with a global production above 8.5 million tons in the 2014/15 crop (ICO, 2016). 

Although the Coffea genus comprises over 100 species, only C. arabica (Arabica 

coffee) and C. canephora (Robusta coffee) are grown worldwide for the production of 

coffee, accounting for 56 and 44% of the global production, respectively (CAGLIANI et 

al., 2013). With an annual output of 2.72 million tons, Brazil is the main producer and 

exporter of coffee beans, followed by Vietnam, Colombia, Indonesia, Ethiopia, India 

and Honduras.  

The post-harvest processing consists, in general, on the removal of the pericarp 

and drying of the beans to a moisture content of approximately 10-12% fresh weight 

(JOËT et al., 2010). There are three methods used: the wet, dry and semi-dry 

processing. In wet processing (method used in this study), the coffee fruits are 

mechanically depulped (total and partial removal of the exocarp and mesocarp, 

respectively). Then, the berries are submerged in a water tank and subjected to a 

microbial fermentation for 24-48 hours where the remaining mucilage is degraded. 

Finally, the beans are sun-dried for 5-10 days until they reach a humidity of 10-12% 

(SILVA et al., 2000; BATISTA et al., 2009). This method provides a reduction in time 

and area required for drying the coffee beans.  

The coffee beverage flavor and quality varies enormously and it is influenced by 

numerous factors, such as genetic strain of coffee tree, geographical region, climate, 

presence of defective beans (e.g. damaged by insects, those that are overmature) and the 

post-harvest processing method employed (OLIVEIRA et al., 2006; SUNARHARUM; 

WILLIAMS; SMYTH, 2014). It was observed that the same variety of coffee, when 

subjected to different processing method, presented distinct sensory profiles (SELMAR; 

BYTOF; KNOPP, 2002; ARRUDA et al., 2012). However, slight attention is given to 

this interrelation between the final cup quality and the fermentation associated to the 

processing method used, since the purpose of the latter is thought to be solely the 

removal of mucilage.  

 



13 
 

 

1.2. Lactic acid bacteria in coffee fermentation 

The coffee fermentation references to the succession of a consortium of bacteria, 

yeasts and filamentous fungi already present in the coffee cherries (SILVA et al., 2008). 

The species of homo- and heterofermentative lactic acid bacteria (LAB) are prevalent in 

the early stages of fermentation, expressing 80% of the total of microorganisms detected 

(SILVA et al., 2008). These microorganisms are responsible for the initial conversion of 

reducing sugars in secondary metabolites (i.e., lactic acid, acetaldehyde, ethanol). 

Species of Leuconostoc spp. (such as I. mesenteroides, L. pseudomesenteroides, L. 

citreum, L. holzapfelli), Weissela spp. (such as W. cibaria, W. confused, W. 

thailandensis) and Lactobacillus spp. (such as L.brevis L. plantarum, L. lactis subsp. 

lactis) were predominant in several studies involving isolation of microorganisms from 

coffee fruits and different types of processing (AVALLONE et al., 2001; DE BRUYNE 

et al., 2007; VILELA et al., 2010; VELMOUROUGANE, 2013; LEONG et al., 2014;). 

Although present in significant amounts (≥ 104 CFU.g-1), the role played by 

LAB is still unknown. The main functions associated with these microorganisms are: 

antifungal activity, capability to reduce the pH of the fermenting pulp-mass beans 

through organic acids production, prevention of the growth of spoilage bacteria and 

promotion of a selective and prone environment for yeast growth (HUCH; FRANZ, 

2015; PEREIRA et al., 2015b).  

1.3. Employment of starter cultures on coffee fermentation 

Aroma and taste are the aspects with the greatest impact on the quality of coffee 

beverage. Over the years, it has been shown that driving a controlled fermentation 

would allow to the reduction of costs of process and enhance quality of end products 

(STEINKRAUS, 2004). Nevertheless, the development of a starter culture requires an 

extensive work comprising the isolation and identification of strains capable of 

efficiently convert the nutrients initially willing, inhibit food-related pathogenic 

microorganisms, preserve the final product, improve the sensory properties and promote 

the standardization and reproducibility of the process (TAMIME, 2003; PEREIRA et 

al., 2015b).  

Although previous studies on the inoculation of microorganisms for coffee 

processing has been made in the mid-20th century (CALLE, 1957; BUTTY, 1973), it 
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was only in 2000's that such surveys were taken up and won greater support. Avallone 

et al. (2002) evaluated the physicochemical and microbiological characteristics of 

natural semi-dry fermentations by inoculating strains of pectinolytic bacterias and 

yeasts (viz. Lactobacillus brevis L166, Erwina herbícola C26, Bacillus subtilis C12 and 

Kluyveromyces fagilis K211). The authors observed that the inoculation has not 

elevated the population of the pectinolytic microflora and the enzymes showed no 

capability to depolymerize pectin, indicating that the removal of the mucilaginous layer 

is associated with acidification. However, the organoleptic characteristics remained 

unaltered, indicating that the microbiological control could reduce the development of 

off-flavors in the final beverage. 

Velmourougane et al. (2011) assessed the control of Arabica and Robusta coffee 

fermentations regarding contamination by Aspergillus ochraceus, presence of OTA and 

cup quality when inoculated with commercial bakery yeast (Saccharomyces cerevisae). 

Upon inoculation to 2% yeast, the authors observed a reduction of 70.2 and 96% 

(Arabica) and 34.6 and 66.7% (Robusta) on the total contamination by A. ochraceus and 

total OTA concentration (ppb), respectively. Inoculation have not affected the final cup 

quality in both Arabica and Robusta coffees, making the S. cerevisiae a potential tool 

for biocontrol of OTA-producing fungi. 

Pereira et al. (2015) evaluated the performance of aromatic yeast strain, Pichia 

fermentans YC5.2, in relation to growth and dominance, adaptability to coffee 

fermentation conditions and production of a higher quality beverage. On-farm 

spontaneous (control), inoculated and supplemented fermentations with 2% sucrose 

were conducted. Inoculated and supplemented fermentations showed a yeast count (3 

log larger) and a frequency of P. fermentans five times higher compared to the control. 

In this study, all prepared coffee beverages were scored over 87 points, which indicates 

a very high coffee quality according to Specialty Coffee Association of America 

Cupping Protocol. However, remarkable sensory differences were observed due to 

increased production of yeast-derived metabolites (i.e.,acetaldehyde, ethyl acetate and 

isoamyl acetate), demonstrating that the inoculated strain had a significant impact on the 

sensory profile of the final beverage. 
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2. PRACTICAL OBJECTIVES 

2.1. Main objective 

The aim of this study was to select a LAB starter culture for controlled coffee 

bean fermentation and to determine its effects on fermentation performance and 

beverage quality. 

2.2. Secondary objectives 

 Selection of a LAB strain capable of producing desirable volatile compounds 

associated with coffee beverage quality (i.e., ethyl acetate, ethyl isobutyrate,  

isoamyl acetate); 

 Selection of a LAB strain with low production of undesirable metabolites (i.e., 

acetic, butyric and propionic acids) that damage the final quality of coffee 

beverage; 

 Establishing a methodology for on-farm implementation of LAB starter culture 

for coffee bean processing; 

 Evaluate the effect of LAB inoculation on yeasts diversity during coffee 

fermentation process;  

 Optimize the coffee bean fermentation process through faster acidification;  

 Obtainment of a superior coffee beverage compared with the conventional 

process. 
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3. MATERIAL AND METHODS 

3.1. Lactic acid bacteria screening 

LAB strains used in this study (viz., Lactobacillus plantarum LPBL01, 

Lactobacillus brevis LPBL02, Lactobacillus brevis LPBL03, Lactobacillus paracasei 

ssp. paracasei LPBL07, Lactobacillus sp. LPBL08, Lactobacillus sp. LPBL10, 

Lactobacillus sp. LPBL14, Lactobacillus plantarum LPBR01, Lactobacillus brevis 

LPBR02, Lactobacillus sp. LPBR03, Lactobacillus sp. LPBR06, Lactobacillus sp. 

LPBR07 and Lactobacillus sp. LPBR08) were obtained from the culture collection of 

the Laboratory of Biotechnological Processes at LPBII/UFPR, Curitiba, Paraná State, 

Brazil. The LAB strains were evaluated for their ability to produce organic acids and 

volatile aromatic compounds in a coffee-pulp simulation medium (PEREIRA et al., 

2014). 

3.2. On-farm fermentation experiment 

3.2.1. Microorganism and lyophilized inoculum preparation  

The pre-culture was prepared by inoculating 100 mL of YEPG broth with 1 mL 

of the thawed stock culture of selected Lactobacillus plantarum LPBR01 strain and 

incubating for 48 h at 30 °C and 120 rpm. The LAB cells were then transferred to larger 

volumes until it reached a concentration of 1010 cells/mL. Lyophilization was carried 

out by resuspending the cells in skimmed UHT milk, rapidly freezing in an ethanol–dry 

ice mixture and freeze-drying in a Modulyod Freeze Dryer 230 (Thermo Electron 

Corporation, Waltham, USA) under negative pressure of 50 mBar at −45 °C.  

3.2.2. Inoculation 

The fermentation experiments were performed at the Fazenda Shalon, Minas 

Gerais state, Brazil. Freshly coffee beans were mechanically depulped (BDSV-04 

Pinhalense depulper) to obtain beans with mucilage. Fermentations were conducted in 

cement tanks with a useful volume of 4.5 m³ containing 20 kg of depulped cherries and 

500 L of fresh water, following the guidelines of the local wet processing method. 

Lyophilized starter culture was rehydrated by adding water at 37– 40 °C (10 g L-1) and 

stirred gently over a period of 5 min. This solution was spread into the fermentation 

tank to reach a concentration of 107 cells mL-1. As a control, spontaneous process was 
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allowed to ferment with indigenous microorganisms present in the coffee fruit. The 

fermentations were conducted in triplicate. 

3.2.3. Sampling and pH 

Samples (liquid and grain fraction) were collected in triplicate at 0 and 24 h for 

the total microbiological count and target metabolites analysis. The pH of the 

fermenting mass was measured at each sampling point using a portable pH meter, 

model AK90 (AKSO, São Leopoldo, Brazil). 

3.3. Microbiological analysis 

3.3.1. Enumeration of microorganisms  

Samples (10 mL) were homogenized in 90 mL saline–peptone water in a 

Stomacher at normal speed for 5 min (10−1 dilution) and diluted serially. DRBC 

containing 100 mgL-1 chloramphenicol (Sigma) and MRS agar medium (Himedia) were 

used to account for total yeast and LAB, respectively. Plates were incubated at 30 °C for 

48 h.  

3.3.2. Isolation and identification of yeast 

 Yeasts were isolated from the DRBC agar plates. The isolates were grouped and 

identified by molecular techniques. The grouping was performed using the repetitive 

sequence based polymerase chain reaction (rep-PCR) technique, being evaluated the 

fingerprint generated for each microorganism. Identification was performed by 

sequencing of ITS4 region. The sequences obtained were compared with sequences 

available in the GenBank database through a basic local alignment search tool 

(BLAST). 

3.4. High-Performance Liquid Chromatography analyses  

Concentrations of reducing sugars (glucose and fructose) and organic acids 

(lactic, acetic, citric, fumaric, succinic and malic acids) of the fermenting coffee-pulp 

and of the coffee-pulp simulation medium were analyzed by high-performance liquid 

chromatography (HPLC).  
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3.5. Gas Chromatography–SPME analysis 

A carboxen/poly (dimethylsiloxane) (DVB/CAR/PDMS) type 75 μm Solid Phase 

Microextraction (SPME) fiber (Supelco Co., Bellefonte, PA, USA) was used to extract 

volatile constituents from the headspace of the fermenting coffee pulp–bean mass and 

coffee pulp simulation medium fermentation. The sample was prepared by diluting two 

milliliters in 1:1 ratio with distilled water plus NaCl 5% (w/v). The standards used were: 

 12 esters (ethyl acetate, propyl acetate, ethyl laurate, ethyl propionate, ethyl 

isobutyrate, ethyl hexanoate, ethyl octanoate, diethyl succinate, isoamyl acetate, 

isobutyl acetate, n-butyl acetate and hexyl acetate); 

 11 alcohols (ethanol, 1-pentanol, 1-hexanol, 1-heptanol, 1-octanol, 1-decanol, 2-

hexanol, 2-octanol, 2-methyl-1-butanol, n-butanol and 3-methyl-1-butanol);  

 5 ketones (2,3-butanedione, 2- pentanone, 2-hexanone, 2-octanone and 2-

heptanone); 

 3 aldehydes (acetaldehyde, benzaldehyde and 3-methyl-butanal); 

 2 organic acids (acetic and caprylic acids).  

3.6. Coffee cup quality evaluation  

Green coffee samples were roasted in a semi-industrial roaster (Probatino, 

Leogap model, Brazil) with capacity of 1300 g through the sensory markers technique 

(PEREIRA et al., 2016). Cup quality was assessed by a panel of four expert coffee 

tasters with Q-Grader Coffee Certificate, coordinated by Ensei Neto, titular member of 

the Technical Standards Committee SCAA (2004–2010), according with the procedures 

described in Pereira et al. (2016).  

3.7. Co-inoculation of Lactobacillus plantarum LPBR01 and Lactobacillus paracasei 

spp. paracasei LPBL07 

To evaluate the metabolic behavior in co-inoculation of LAB in coffee 

processing, Lactobacillus plantarum LPBR01 and Lactobacillus paracasei spp. 

paracasei LPBL07 were inoculated under on-farm conditions according to the 

procedures described above. The differentiation of these two lactic acid bacteria strains 

were performed according to RICCIARDI et al. (2015). 
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3.8. Statistical analyses  

The data were analyzed in a completely randomized design with three replicates. A 

Duncan's test was performed using SAS program (Statistical Analysis System-Cary, 

NC, USA). Level of significance was established in a two-sided p-value < 0.05. 
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4. RESULTS AND DISCUSSION 

4.1. Lactic acid bacteria selection  

The organic acids produced during natural coffee bean processing can influence 

the fermentation performance and beverage quality in different ways. Acids produced of 

overfermentation, such as butyric, acetic and propionic acids, can damage the final 

quality of the beverage by conferring an oniony flavor when present at concentrations 

higher than 1 mg.mL-1 (LOPEZ et al., 1989; SILVA et al., 2013). By contrast, lactic 

acid production can assist in the coffee-pulp acidification process without interfere in 

the product final quality (PEREIRA et al., 2015b).  

In this sense, high production of lactic acid and low of butyric, acetic and 

propionic acids in a coffee pulp simulation medium was used as primary selection factor 

to determine the best LAB strain suitable to conduct coffee fermentation process. Based 

on this, Lactobacillus sp. LPBR07, L. plantarum LPBL01, L. plantarum LPBR01 and L. 

paracasei LPBL07 were preselected and evaluated for their abilities to produce volatile 

aromatic compounds (FIGURE 1). In this secondary screening, L. plantarum LPBR01 

produced significantly higher (p < 0.05) concentration of flavor-active esters, viz. ethyl 

acetate and ethyl propionate (FIGURE 1). As these compounds are related to fruity 

aroma, which participates in aromatic complexity of a coffee beverage, this makes L. 

plantarum LPBR01 an attractive LAB strain to enhance the aromatic value of coffee 

beans and was chosen to evaluate its behavior under field conditions. 
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FIGURE 1 - CONCENTRATION OF ORGANIC ACIDS AND VOLATILE COMPOUNDS 
PRODUCED BY DIFFERENT LAB STRAINS IN COFFEE-PULP SIMULATION MEDIUM. UPPER-
CASE LETTERS SHOW SIGNIFICANT DIFFERENCES IN VOLATILE COMPOUNDS 
PRODUCTION AND LOWER-CASE LETTERS SHOW SIGNIFICANT DIFFERENCES IN 
ORGANIC ACIDS PRODUCTION BY DUNCAN’S TEST. 

 

4.2. Field experiment 

The results obtained in the present study showed that L. plantarum LPBR01 was 

able to establish vigorous lactic acid fermentation resulting in accelerated acidification 

process of the coffee pulp (TABLE 1).  
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TABLE 1 - TOTAL CELL COUNT (LOG CFU/ML) AND PH MEASUREMENTS OF FERMENTING PULP-
MASS BEANS AND SENSORY DESCRIPTIVE TERMS AND TOTAL SCORE OF THE COFFEE BEVERAGE 
PRODUCED BY THE INOCULATED AND SPONTANEOUS FERMENTATIONS.  

Parameters 

Fermentation assay 

Spontaneous  Inoculated 

T0 T12 T24  T0 T12 T24 

LAB 5.49 ± 0.20a 5.94 ± 0.03b 6.16 ± 0.11c  7.35 ± 0.06d 9.44 ± 0.05e 10.92 ± 0.05f 

Yeast 4.62 ± 0.15a 4.92 ± 0.03b 6.30 ± 0.10c  4.74 ± 0.13a 4.93 ± 0.08b 6.31 ± 0.05c 

pH 5.77 ± 0.06a 5.27 ± 0.12b 4.50 ± 0.10c  5.77 ± 0.12a 4.30 ± 0.10c 4.37 ± 0.21c 
Sensory descriptive 
terms of the beverage 

Banana and Papaya (Total score: 
80.33±0,57a) 

 Banana, pineapple, orange, milky and velvet-like 
body (Total score: 88.33±1.15b) 

*Means of triplicate in each row bearing the same letters are not significantly different (p > 0.05) from one another using Duncan’s 
Test (mean ± standard variation). 

This is in agreement with the higher counts of LAB in the starter-added 

fermentation which indicated that L. plantarum LPBR01 is competitive and able to 

grow under coffee-associated environmental conditions. The reduction in pH levels 

below 4.5 is a widely used method by coffee producers to determine the end of 

fermentation of the coffee beans during the wet processing (JACKELS; JACKELS, 

2005). Thus, the inoculation of L. plantarum LPBR01 showed to be a potential 

alternative way to reduce the fermentation time to 12 h, as against that of 24 h in case of 

natural fermentation (TABLE 1). The efficient conversion of sugars pulp (glucose and 

fructose) into organic acids (lactic and fumaric acids) can explain this faster 

acidification process in the inoculated treatment (TABLE 2). 

TABLE 2. CONCENTRATION OF VOLATILE COMPOUNDS (µMOL.L-1), ORGANIC ACIDS AND 
REDUCING SUGAR (G.L-1) IN FERMENTING COFFEE BEAN MASS OF INOCULATED AND 
SPONTANEOUS (CONTROL) FERMENTATION. 

continue 

Compounds 

Fermentation assay 
Spontaneous  Inoculated 

T0 T24  T0 T24 

GC      

Acetaldehyde NDa 63.67 ± 18.67b  NDa 106.10 ± 8.79c 

Ethanol NDa 98.72 ± 50.62ab  NDa 179.15 ± 120.52b 

2-hexanone NDa 2.50 ± 0.14b  NDa NDa 

Benzaldehyde NDa 1.22 ± 0.49b  NDa 1.52 ± 0.60b 

3-methyl-1-butanol NDa 0.65 ± 0.02b  NDa NDa 

2-octanone NDa 1.57 ± 1.08a  NDa 1.72 ± 1.55a 

n-Buthyl acetate NDa 0.64 ± 0.03b  NDa 0.72 ± 0.07c 

Ethyl acetate NDa 33.85 ± 5.84b  NDa 64.98 ± 5.85c 

Ethyl isobutyrate NDa 111.90 ± 1.61b  NDa 273.95 ± 47.08c 
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1-octanol NDa 2.30 ± 1.48b  NDa 5.05 ± 0.84c 

1-decanol NDa 1.55 ± 0.20b  NDa 1.57 ± 0.45b 

Isoamyl acetate NDa 16.90± 7.25b  NDa 38.33 ± 8.81c 

Ethyl hexanoate NDa 0.97 ± 0.29b  NDa 2.07 ± 0.79c 

3-ethyl-hexanoate NDa 5.13 ± 0.10b  NDa 1.76 ± 0.29c 

2-heptanone 15.79 ± 5.28a 136.68 ± 14.94b  14.46 ± 9.77a 121.31 ± 29.78b 

2-phenylethanol NDa 2.34 ± 0.50a  NDa 7.16 ± 2.83b 

Ethyl succinate NDa 1.14 ± 0.20b  NDa 2.03 ± 0.49c 

Ethyl octanoate NDa 1.28 ± 0.75b  NDa 2.16 ± 0.34c 

2,3-butadione NDa 7.98 ± 0.57b  NDa 8.10 ± 0.37b 

Hexyl acetate NDa NDa  NDa 6.35 ± 0.80b 

Ethyl decanoate NDa NDa  NDa 1.12 ± 0.56b 

1-hexanol 1.80 ± 0.77a NDb  1.74 ± 1.12a NDb 

n-propyl alcohol  3.49 ± 0.44a NDb  3.40 ± 0.39a NDb 

Total 21.08 ± 6.36a 490.96 ± 65.87b  19.603 ± 11.25a 824.04 ± 143.28c 

 
HPLC 

     

Glucose 1.75 ± 0.16a 0.21 ± 0.11b  1.75 ± 0.11a NDc 

Fructose 1.96 ± 0.19a 0.70 ± 0.17b  1.99 ± 0.12a NDc 

Lactic acid 0.05 ± 0.01a 0.89 ± 0.07b  0.06 ± 0.04a 1.33 ± 0.04c 

Acetic acid NDa 0.27 ± 0.03b  NDa 0.41 ± 0.01c 

Citric acid 0.08 ± 0.03a NDb  0.08 ± 0.03a NDb 

Malic acid NDa NDa  NDa 0.15 ± 0.01b 

Succinic acid NDa 0.38 ± 0.16b  NDa 0.16 ± 0.01a 

Fumaric acid 0.06 ± 0.01a 0.28 ± 0.03b  0.06 ± 0.01a 0.64 ± 0.02c 

ND, not detected; GC, gas chromatography; HPLC, high-performance liquid chromatography. 
Means of triplicate in each row bearing the same letters are not significantly different (p > 0.05) from one another using Duncan’s 
Test (mean standard variation). 

The inoculation of L. plantarum LPBR01 showed no significant influence on 

yeast growth (TABLE 1). The results also demonstrated that yeast diversity was not 

significantly influenced by LAB inoculation (FIGURE 2). The specie of Torulaspora 

delbrueckii and Saccharomyces sp. were detected in higher counts in both treatments. 

These species were also reported previously in studies evaluating diversity in wet and 

semi-dry processing (MASOUD et al., 2004; VILELA et al., 2010). The presence of 

yeasts, such as Saccharomyces, Pichia, Torulaspora and Hanseniaspora, provides 

benefits for coffee processing due to pectionolitic enzyme production, production of 

aromatic compounds and growth inhibition of spoilage or mycotoxigenic fungi 

(MASOUD et al., 2005; MASOUD; JERPSEN, 2006; SILVA et al., 2008; PEREIRA et 
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al., 2014; EVANGELISTA et al., 2014; PEREIRA et al., 2014; EVANGELISTA et al., 

2015). 

FIGURE 2 - DISTRIBUTION AND FREQUENCY OF YEAST SPECIES DURING SPONTANEOUS (A) AND 
INOCULATED (B) ON-FARM COFFEE WET PROCESSING. 

 
 
The use of L. plantarum LPBR01 also increased significantly (p < 0.05) the 

production of volatile aroma compounds during the fermentation process, such as butyl 

acetate, ethyl acetate, 1-octanol, isoamyl acetate, ethyl hexanoate, ethyl succinate and 

ethyl octanoate. Recently, studies have demonstrated that these flavor- active esters can 
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diffuse into the beans and implement distinct sensory notes to the beverage, despite the 

kinetics of the event is still not well understood (MASOUD et al., 2005; SILVA et al., 

2013; PEREIRA et al., 2015a). 

4.3. Coffee cup quality evaluation  

Coffee beverages produced from both inoculated and spontaneous processes 

were sensory evaluated (TABLE 1). The coffee inoculated with Lactobacillus 

plantarum LPBR01 obtained a positive evaluation (88 points SCAA) featuring a 

velvety-like body, fruity aromas noticeable of "banana", "orange" and "pineapple" and 

milky flavor. Beverages produced from spontaneous process got a faint aroma of 

"papaya", being classified as defective (80. points SCAA). Positive attributes such as 

fruity, floral, acid and caramel notes in the beverages are frequently mentioned and 

appreciated in coffee cup quality evaluations (LELOUP et al., 2004; NEBESNY; 

BUDRYN, 2006). The aromas and flavors detected by sensory assessors corroborate the 

volatile compounds and metabolites detected in quantitative analysis and can be 

associated with the specific compounds produced by the LAB evaluated.  

Although no experimental evidence has been given, it is often mentioned that 

such metabolites might contribute unique fruity, floral, sweet and other notes to food 

products’ character (PEREIRA et al., 2014). Thus, this study demonstrated the increase 

in the volatile profile and in the sensory characteristics of the beverage due to the LAB 

starter application. However, more investigations are required with the aim of studying 

the volatile compounds of the final beverage. 

4.4. Co-inoculation of Lactobacillus plantarum LPBR01 and Lactobacillus paracasei 

spp. paracasei LPBL07 

For this preliminary analysis, the homofermentative Lactobacillus plantarum 

LPBR01 and the heterofermentative L. paracasei spp. paracasei LPBL07 (previously 

selected and displayed in FIGURE 1). were co-inoculated under on-farm conditions. 

Total LAB and yeast counts and pH values are showed in FIGURE 3. It was possible to 

verify a strong dominance of LAB over yeast population (FIGURE 3). The good 

adaptation of LAB under coffee-associated environmental conditions may decrease the 

bioavailability of nutrients for yeast growth.  
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Although showing a similar growth during the first 12 h of fermentation, the 

Lactobacillus plantarum LPBL07 become dominant and reached a maximum count of 

5.2 x 1011 cfu.mL-1 against 2 x 1010 cfu.mL-1 of the strain LPBR01. The co-inoculation 

of both these strains could bring advances for coffee bean fermentation performance. As 

the strain LPBR01 is a homofermentative LAB, hexoses are catabolized via the 

pyruvate to a restricted lactic acid formation promoting rapid acidification of coffee 

pulp. On the other hand, LPBL07 strain carries out oxidation followed by 

decarboxylation of hexoses, generating products such as acetic acid, ethanol and others 

aromatic compounds (i.e., acetaldehyde and diacethyl) (KANDLER, 1983). This can 

add complexity in the final chemical composition of coffee beans and should be better 

studied in futures work. 

FIGURE 3 - TOTAL YEAST, LAB, LACTOBACILLUS PLANTARUM AND L. PARACASEI SPP. PARACASEI 
COUNTS AND PH MONITORING OF THE INOCCULATED COFEE WET PROCESSING. 
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5. CONCLUSION AND PERSPECTIVE 

The results obtained in this study suggest that LAB, previously unexplored as 

starter culture in coffee processing, play a crucial role in the fermentation performance 

and beverage quality. The implementation of the selected L. plantarum LPBR01 in 

coffee processing promoted the dominance of LAB without interfering with the yeast 

growth and diversity and drastically reduced the time of fermentation. Furthermore, the 

coffee beverage produced by inoculated process showed distinct sensory notes and a 

remarkable increase in quality compared with the conventional process. The association 

of heterofermentative (L. paracasei spp. paracasei LPBL07) and homofermentative (L. 

plantarum LPBR01) strains brings new avenues for adding chemical complexity for 

coffee bean fermentation process. 

Further research are needed to prove the dominance of the inoculated strain. It is 

also suggested a detailed study of the metabolic interaction between the two LAB, 

assessing the production of organic acids and volatile compounds, consumption of 

reducing sugars and their influence on yeast diversity. 
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ANEXES 

TABLE 3. Coffee-pulp simulation medium constitution. 
Composition Concentration (g.L-1) 

Citric pectin [Sigma] 2.0 

Fructose 15.0 

Glucose 15.0 

Yeast extract 5.0 

Soya peptone 5.0 

Coffee-pulp extract - 

 
The coffee-pulp extract was prepared using 200 g of coffee pulp and peel mixed with 1 L of 

sterile water with the aid of a blender during 5 minutes.  

 

FIGURE 4 - REPETITIVE SEQUENCE BASED POLYMERASE CHAIN REACTION (Rep-
PCR) FINGERPRINTS OF YEAST ISOLATES. 
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