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Recent investigations into the microbiota and fermentation of Coffea canephora fruits and beans have yielded limited advancements globally, highlighting a developing field of study. Consequently, this review seeks to consolidate existing literature through an analysis focusing on the microbiota and fermentation processes inherent in the postharvest processing of Canephora coffee. To this end, a comprehensive examination of the principal microorganisms inherent to this species, the application of starter cultures in fermentation, and the repercussions of fermentation on the chemical and sensory attributes of the beverage will be expounded. These investigations underscore the influence exerted by the fermentation process and the introduction of microorganism inoculation on Canephora coffees’ chemical composition and sensory characteristics. Fermentation emerges as a mechanism facilitating the modification of coffee flavor and aroma, thereby presenting avenues for innovative enhancements in producing distinct Canephora coffee beverages. Research to assess the microbiota of Canephora coffees from various origins has the potential to advance our understanding of the microbial ecology specific to this species. Such studies will play a crucial role in identifying pertinent starter cultures that could be used to produce high-quality coffees.
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1 INTRODUCTION
Brazil is at the forefront of coffee production, with an average output of 50.68 million 60-kg bags of processed coffee in the last 10 years. The world’s largest producer and second-largest consumer of coffee are some of the titles Brazil has obtained over the years. The country invests in the cultivation of the two most important species, Coffea arabica and Coffea canephora, the latter being the second most traded species in the world, with the most cultivated botanical varieties being Robusta and Conilon coffee (Conab Companhia Nacional de Abastecimento, 2023).
Compared to other species, C. canephora coffees are fuller-bodied but more bitter, less aromatic, and less acidic than C. arabica, which attributes it to a lower quality beverage (Brando, 2004). However, this issue has been overcome due to technological advances in and out of the field. Brazilian Canephora coffees (Conilon and Robusta) of exceptional quality are ascending to the status of specialty coffees, marking a shift in the industry’s perception (Baqueta et al., 2023).
Pre- and postharvest processing steps influence beverage quality, significantly improving the final quality (Velásquez and Banchón, 2022). In postharvest processing, the fermentation method has contributed to the improvement of sensory profiles, becoming an alternative approach for increasing the quality of Canephora coffees (Agnoletti et al., 2022; Bravim et al., 2023; Cassimiro et al., 2023).
Coffee fermentation can occur spontaneously or using starter cultures (Schwan et al., 2023). During this process, intense microbial activity occurs, and many biochemical reactions occur inside and outside the bean. The coffee epiphytic microorganisms metabolize the sugars in the mucilage and produce compounds of interest, such as organic acids, esters, and alcohols. These volatile and non-volatile compounds produced during fermentation directly affect the beverage´s quality (Silva, 2015; Martinez et al., 2019; Bravim et al., 2023).
Thus, it is essential to deepen the knowledge of the coffee microbiota, which will facilitate the selection of microorganisms with specific characteristics that can be used as starter cultures during fermentation (Schwan et al., 2023). Using selected bacteria and yeasts is an economically viable alternative to obtain coffees with different flavors and aromas. In addition, it contributes to greater standardization of the process, reduction of fermentation time, inhibition of the growth of undesirable microorganisms, and production of promising compounds for improving the quality of the beverage (da Silva et al., 2021; Prakash et al., 2022; Bravim et al., 2023; Cassimiro et al., 2023).
Studies on the fermentation of Canephora coffees began recently in Brazil, with a limited number of advances in this field. Given the above, this review aims to condense the literature through a critical analysis addressing the microbiota and fermentation processes associated with the postharvest processing of Canephora coffee. Thus, an overview of the main microorganisms found in this species, starter cultures used in fermentation, and the impact of fermentation on the chemical and sensory characteristics of the beverage will be presented.
2 NATURAL MICROBIOTA OF CANEPHORA COFFEE
Coffee naturally contains a microbiota composed of several microbial groups, including lactic acid bacteria (LAB), acetic acid bacteria (AAB), bacteria of the Enterobacteriaceae family, yeasts, and filamentous fungi. These microbial communities are involved in the fermentation of nutrients present in coffee fruits, such as carbohydrates, proteins, amino acids, and organic acids, and influence the chemical composition of the beans and the beverage. Due to their favorable water activity and nutritional composition, freshly picked coffee fruits offer ideal conditions for the multiplication of microorganisms, whose metabolic activity can occur up to water activity values of 0.6.
The multiplication of microorganisms in coffee depends on several factors, such as humidity, temperature, water activity, nutrient availability, pH, and enzyme production (Silva et al., 2008). Some studies have been conducted to quantify and identify the presence of microorganisms in Canephora coffees, including both Robusta coffee and, more recently, Conilon coffee (Table 1).
TABLE 1 | Country of origin, processing, identification method, bacterial and fungal genera identified in different varieties of Canephora coffees.
[image: Table 1]The predominance of different microbial groups is influenced by factors such as the origin and production environment of the coffee, the variety, fruit maturity, and the processing method. Recent studies conducted on Brazilian Canephora (Conilon) showed that, for both dry and wet processed coffees, the bacterial population is predominant over the fungal population (Pereira et al., 2021; Bravim et al., 2023). In Conilon coffee, the most common bacterial genera were Bacillus and Staphylococcus, while the predominant yeasts were Candida, Meyerozyma, and Pichia (Pereira et al., 2021). Some of these isolates were evaluated for use in the fermentation of Conilon coffee and showed excellent results in improving the quality of the beverage and controlling the population of filamentous fungi. The microbial profile is influenced by the use of starter cultures, which can either restrict or encourage the growth of particular species. Microbial populations are regulated by intrinsic and extrinsic factors, substrate competition and metabolite production. The presence of filamentous fungi is undesirable as it imparts negative sensory traits to the beverage and some species produce mycotoxins. The suppression of filamentous fungi may be attributed to competition for space and the secretion of hydrolytic enzymes by bacteria and yeasts. Meyerozyma caribbica inoculated in natural coffee improved the cup score in 1.52 points and reduced 90% of fungal filamentous fungi population when compared to spontaneous fermentation. In wet-processed Conilon coffee Meyerozyma guilliermondii and Bacillus licheniformis used as starter cultures stimulated the multiplication of lactic acid bacteria. Besides that, Bacillus licheniformis was correlated with volatile compounds such as 5-methylfurfural, two-oxobutyl acetate, 1-furfurylpyrrole, and maltol, which contributed to desirable sensory notes of almonds, caramel, and chocolate in the cupping test. M. guilliermondii combined with the SIAF method increased the coffee score by over three points, improved the production of desirable volatile compounds (2-methylpyrazine, two-ethylpyrazine, furfuryl alcohol, and 5-methylfurfural), enhanced the perception of sweetness and the sensory complexity of Conilon coffee. Leuconostoc mesenteroides resulted in a beverage with notes of caramel, fruits, and spices in wet-processed Conilon coffee subject to SIAF method (Bravim et al., 2023; Cassimiro et al., 2023; da Silva et al., 2021; do Rosário et al., 2023).
The need for more studies to better elucidate the natural microbiota of Brazilian Canephora coffees is evident, especially for the botanical variety Robusta, which is cultivated and has stood out in the Amazon region of Brazil. Knowledge of the natural microbiota of Brazilian canephora coffees may contribute to identifying and selecting starter cultures with the potential to control coffee fermentation better, resulting in beverages with distinct sensory characteristics.
3 FERMENTATION PROCESS: DRY, WET, SEMI-DRY, AND SELF-INDUCED ANAEROBIOSIS FERMENTATION (SIAF)
In obtaining coffee beans, the fruits can be subjected to different types of postharvest processing, which influences the quality of the product. Four processes will be described below (Figure 1): dry or natural processing, wet processing, semi-dry or pulped natural processing, and self-induced anaerobiosis fermentation (SIAF).
[image: Figure 1]FIGURE 1 | Schematic representation of postharvest processing (dry, wet and semi-dry) and self-induced anaerobiosis fermentation (SIAF).
3.1 Dry or natural processing
The dry method, natural processing, is popular in Brazil, especially for C. canephora coffees. In this process, the whole fruits are placed on concrete, asphalt, or suspended terraces, under the sun, or in mechanical dryers to ferment and dry.
When drying in the sun, the product’s final quality will depend on the region’s climatic conditions concerning rainfall, temperature, relative air humidity, and insolation. In mechanical drying, parameters such as temperature and relative humidity are better controlled, promoting faster and more uniform drying.
Spontaneous microbial fermentation may occur during sun drying because yeasts and bacteria are part of the natural microbiota of the fruit (Duong et al., 2020). Mechanical drying prevents the occurrence of spontaneous fermentation since the reduction in moisture occurs more quickly. Fermentation occurs because the fruit contains mucilage, and the pulp comprises water, proteins, fibers, sugars, cellulose, pectic substances, and ash (Pereira et al., 2021).
Some studies have shown that fermentation can occur through different mechanisms, and there is still no conclusion on what causes the phenomenon in coffee. One theory is that fermentation may occur due to the action of enzymes endogenous to the fruits or by the action of microorganisms that produce enzymes such as pectin lyase and polygalacturonase (Schwan et al., 2012). These enzymes aid in the degradation of mucilage, whose components are converted into ethanol, lactic acid, butyric acid, acetic acid, and other higher carboxylic acids (Silva et al., 2000).
The fermentation occurs during the first days of drying, while drying occurs until the beans reach between 11% and 12% moisture. After drying, the beans are removed from the husks and parchment. They are stored under controlled temperature and relative humidity until the beans are distributed in the market.
3.2 Wet processing
In this process, the husks are removed, and the beans containing mucilage are placed in containers with water, where the fermentation process begins and lasts between 24 and 48 h (Silva, 2015). Next, the beans wrapped in parchment are dried in open air on wooden frames with screens, which allow spontaneous fermentation, or in mechanical dryers.
3.3 Semi-dry or pulped natural processing
The semi-dry processing method is a variation of the wet process and an intermediate between the dry and wet methods. It is also known as “cherry peeled” (CP), “natural pulping,” or “pulped coffee,” where the beans are removed from the husk but without the removal of mucilage. These beans, containing mucilage and parchment, are placed to dry in the sun, allowing spontaneous fermentation, or in mechanical dryers, where fermentation does not occur. In both processes, drying occurs until the humidity reaches 11%–12%.
3.4 Self-induced anaerobiosis fermentation (SIAF)
In this method, the whole coffee or pulped or peeled fruits, wrapped in parchment and mucilage, are placed in a closed container to maintain anaerobiosis (Pereira et al., 2022). This container does not allow air entry, and the oxygen present is consumed by the metabolism of the plant material or microorganisms, producing CO2, in addition to metabolites that influence the quality of the product.
4 USE OF STARTER CULTURES IN FERMENTATION
Starter cultures have long produced fermented foods and beverages from various products, including grains, cereals, milk, meat, soy, fruits, and vegetables (Steinkraus, 2004). The use of starter cultures contributes to a faster and more consistent fermentation process, which may improve the sensory quality of the product (Silva, 2015).
In coffee processing, the inoculation of microorganisms during fermentation is a relatively recent approach. In Brazil, studies that evaluated the use of yeasts isolated from the coffee itself to ferment Arabica coffee began in 2014 (Evangelista et al., 2014), while research on Canephora coffee (Conilon) was published in 2021 (da Silva et al., 2021). The starter cultures can be applied in all fermentation process, dry, semi-dry, wet and SIAF method.
In selecting suitable starter cultures, it is essential to consider the ability to grow and survive in the coffee environment, produce enzymes to decompose mucilage and pulp, and inhibit the growth of unwanted microorganisms such as toxigenic fungi. Furthermore, the starter culture must produce metabolites that improve the beverage’s sensory quality and do not produce toxic compounds (Silva, 2015). Besides that, the coffee’s species, variety, and processing must be considered.
Bacteria, especially LAB, yeasts, filamentous fungi, and enzymes produced by these microorganisms, can be used in coffee fermentation (Table 2). Research has shown that using yeasts and bacteria in Canephora coffees may be advantageous for inhibiting the fungal population, producing volatile compounds, improving the cup test score, and obtaining a beverage with desirable sensory notes. All these advantages add value to the product, allowing producers to receive a better sales price for coffee, as they can offer consumer market coffees with different sensory profiles. Studies with the Robusta botanical variety from Brazil still need to be conducted to evaluate both the microbiota of these coffees and the use of starter cultures in fermentation.
TABLE 2 | Country of origin, fermentation process, microorganisms or enzymes used in the fermentation of Canephora coffee and main results obtained.
[image: Table 2]5 IMPACT OF FERMENTATION ON CHEMICAL AND SENSORY CHARACTERISTICS
The postharvest processing method influences the product quality, as it affects the chemical and sensory characteristics of the coffee beans. Coffee aroma and flavor are the result of the interactions between compounds such as short-chain organic acids, aldehydes, ketones, sugars, proteins, amino acids, fatty acids, and phenolic compounds (trigonelline and chlorogenic acids) (Alcantara et al., 2021).
Some of these compounds are naturally present in fruits and, consequently, in beans, while others are produced by the metabolism of yeasts and bacteria during fermentation (Velásquez and Banchón, 2022). During fermentation, some of these microorganisms can generate volatile and non-volatile precursors, improving the sensorial quality of the beverage (Schwan et al., 2022).
Bacillus licheniformis inoculation had a positive impact on wet-processed Conilon coffee. The fermented coffee was correlated with the volatile compounds 5-methylfurfural, two-oxobutyl acetate, 1-furfurylpyrrole, and maltol that contributed sensorial notes of almonds, caramel, and chocolate (Bravim et al., 2023).
In another recent study with Conilon coffee, SIAF favored the development of Leuconostoc mesenteroides CCMA1105 and Lactobacillus plantarum CCMA 1067 (Cassimiro et al., 2023). Consequently, the production of lactic and acetic acids intensified, contributing to the beverage’s acidity. Furthermore, some esters were detected only in the inoculated treatments, such as benzene acetic acid, ethyl ester; benzoic acid, 2-hydroxy, ethyl ester-; two-ethyl hexyl salicylate, and isopropyl myristate, contributing with sweet and fruity notes.
Regarding yeasts, Saccharomyces cerevisiae was inoculated in Conilon coffee (Agnoletti et al., 2022) and Robusta coffee (Prakash et al., 2022). In Conilon coffee, the different types of fermentation studied were discriminated by differences in the concentrations of chlorogenic acids, caffeine, γ-butyrolactone, lipids, sugars, and acetic acid. In Robusta coffee, the balance of volatile and non-volatile compounds in coffee inoculated with S. cerevisiae improved sensory attributes, contributing chocolate, sweet, fruity, caramel, and floral notes.
Meyerozyma caribbica CCMA 1738 and Pichia kluyveri CCMA 1743 were inoculated in dry-processed Conilon coffee (da Silva et al., 2021). Among the volatile compounds detected, the pyrazine class was predominant. Coffee inoculated with M. caribbica showed an increase of more than one point in the score given by trained and certified tasters. Furthermore, untrained tasters could also perceive the differences in the sensorial profile of this coffee, with fruity, almondy, chocolate, and nutty notes.
In another study, the comparison was made between the inoculation of Meyerozyma guilliermondii and spontaneous fermentation over 5 days in a closed bioreactor using the SIAF method for Conilon coffee (do Rosário et al., 2023). The findings revealed an elevation in the cup test score (>3 points) and a notable enhancement in the production of desirable volatile compounds (2-methyl pyrazine, furfuryl alcohol, 5-methyl furfural), leading to an improved perception of sweetness and sensory complexity in Canephora coffee.
These studies highlight the significant impact of the fermentation process and the inoculation of microorganisms on Canephora coffees’ chemical composition and sensory profile. Thus, fermentation makes it possible to enhance and modify the flavor and aroma of the coffee, opening paths for innovation in the production process of unique Canephora coffees.
6 CONCLUSION
Understanding the microbiology and fermentation process is essential to produce high-quality coffees. The microbiota of Canephora coffee fruits plays a key role during fermentation, and different factors, such as origin, variety, and processing methods, influence it. The microorganisms naturally present in the fruit are responsible for producing volatile and non-volatile compounds that affect the flavor and aroma of the beverage, allowing the development of coffees with unique profiles.
In addition, the use of starter cultures and even coculture of yeasts and bacteria has shown promise in the fermentation of Canephora coffees. These factors contributed to producing volatile compounds, inhibiting undesirable microorganisms, and reducing fermentation time, resulting in beverages with different sensory attributes.
However, further studies on the microbiology and fermentation of Coffea canephora must be conducted to improve knowledge about the species. Thus, studies on the microbiota and selection of starter cultures are essential to understanding the dynamics of the fermentation process in Robusta and Conilon coffees, which will contribute to increasing the quality of the beverage.
AUTHOR CONTRIBUTIONS
PB: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing. JC: Writing–original draft. PM: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing–original draft. RS: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Fundação de Amparo à Pesquisa do Estado de Minas Gerais (FAPEMIG), Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES).
ACKNOWLEDGMENTS
The authors acknowledge the FAPEMIG, CNPq, CAPES, Federal University of Espírito Santo, and Federal University of Lavras by support.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Agate, A. D., and Bhat, J. V. (1966). Role of pectinolytic yeasts in the degradation of mucilage layer of Coffea robusta cherries. Appl. Microbiol. 14, 256–260. doi:10.1128/am.14.2.256-260.1966
 Agnoletti, B. Z., dos Santos Gomes, W., Falquetto de Oliveira, G., Henrique da Cunha, P., Helena Cassago Nascimento, M., Cunha Neto, Á., et al. (2022). Effect of fermentation on the quality of conilon coffee (Coffea canephora): chemical and sensory aspects. Microchem. J. 182, 107966. doi:10.1016/j.microc.2022.107966
 Alcantara, G. M. R. N., Dresch, D., and Melchert, W. R. (2021). Use of non-volatile compounds for the classification of specialty and traditional Brazilian coffees using principal component analysis. Food Chem. 360, 130088. doi:10.1016/j.foodchem.2021.130088
 Aswathi, K. N., Shankar, S. R., Seenivasan, K., Prakash, I., and Murthy, P. S. (2022). Metagenomics and metabolomic profiles of Coffea canephora processed by honey/pulped natural technique. Innov. Food Sci. Emerg. Technol. 79, 103058. doi:10.1016/j.ifset.2022.103058
 Baqueta, M. R., Alves, E. A., Valderrama, P., and Pallone, J. A. L. (2023). Brazilian Canephora coffee evaluation using NIR spectroscopy and discriminant chemometric techniques. J. Food Compos. Anal. 116, 105065. doi:10.1016/j.jfca.2022.105065
 Brando, C. H. J. (2004). “Harvesting and green coffee processing,” in Coffee: growing, processing, sustainable production (Weinheim, Germany: Wiley-VCH Verlag GmbH), 604–715. doi:10.1002/9783527619627.ch24
 Bravim, D. G., Mota de Oliveira, T., Kaic Alves do Rosário, D., Nara Batista, N., Freitas Schwan, R., Moreira Coelho, J., et al. (2023). Inoculation of yeast and bacterium in wet-processed Coffea canephora. Food Chem. 400, 134107. doi:10.1016/j.foodchem.2022.134107
 Cassimiro, D. M. de J., Batista, N. N., Fonseca, H. C., Oliveira Naves, J. A., Coelho, J. M., Bernardes, P. C., et al. (2023). Wet fermentation of Coffea canephora by lactic acid bacteria and yeasts using the self-induced anaerobic fermentation (SIAF) method enhances the coffee quality. Food Microbiol. 110, 104161. doi:10.1016/j.fm.2022.104161
 Conab Companhia Nacional de Abastecimento (2023). Boletim da Safra de Café. Available at: https://www.conab.gov.br/info-agro/safras/cafe (Accessed May 4, 2023). 
 da Silva, B. L., Pereira, P. V., Bertoli, L. D., Silveira, D. L., Batista, N. N., Pinheiro, P. F., et al. (2021). Fermentation of Coffea canephora inoculated with yeasts: microbiological, chemical, and sensory characteristics. Food Microbiol. 98, 103786. doi:10.1016/j.fm.2021.103786
 do Rosário, D. K. A., da Silva Mutz, Y., Vieira, K. M., Schwan, R. F., and Bernardes, P. C. (2023). Effect of self-induced anaerobiosis fermentation (SIAF) in the volatile compounds and sensory quality of coffee. Eur. Food Res. Technol. 250, 667–675. doi:10.1007/s00217-023-04393-9
 Duong, B., Marraccini, P., Maeght, J.-L., Vaast, P., Lebrun, M., and Duponnois, R. (2020). Coffee microbiota and its potential use in sustainable crop management. A review. Front. Sustain. Food Syst. 4. doi:10.3389/fsufs.2020.607935
 Evangelista, S. R., Silva, C. F., Miguel, M. G. P. da C., Cordeiro, C. de S., Pinheiro, A. C. M., Duarte, W. F., et al. (2014). Improvement of coffee beverage quality by using selected yeasts strains during the fermentation in dry process. Food Res. Int. 61, 183–195. doi:10.1016/j.foodres.2013.11.033
 Hamdouche, Y., Meile, J. C., Nganou, D. N., Durand, N., Teyssier, C., and Montet, D. (2016). Discrimination of post-harvest coffee processing methods by microbial ecology analyses. Food control. 65, 112–120. doi:10.1016/j.foodcont.2016.01.022
 Harada, H. (2019). Volatile compounds changes in unfermented robusta coffee by Re-fermentation using commercial kefir. Nutr. Food Sci. Int. J. 8. doi:10.19080/NFSIJ.2019.08.555745
 Martinez, S. J., Bressani, A. P. P., Dias, D. R., Simão, J. B. P., and Schwan, R. F. (2019). Effect of bacterial and yeast starters on the formation of volatile and organic acid compounds in coffee beans and selection of flavors markers precursors during wet fermentation. Front. Microbiol. 10, 1287. doi:10.3389/fmicb.2019.01287
 Murthy, P. S., and Naidu, M. M. (2011). Improvement of robusta coffee fermentation with microbial enzymes. Eur. J. Appl. Sci. 3, 130–139. 
 Pereira, P. V., Bravim, D. G., Grillo, R. P., Bertoli, L. D., Osório, V. M., da Silva Oliveira, D., et al. (2021). Microbial diversity and chemical characteristics of Coffea canephora grown in different environments and processed by dry method. World J. Microbiol. Biotechnol. 37, 51. doi:10.1007/s11274-021-03017-2
 Pereira, T. S., Batista, N. N., Santos Pimenta, L. P., Martinez, S. J., Ribeiro, L. S., Oliveira Naves, J. A., et al. (2022). Self-induced anaerobiosis coffee fermentation: impact on microbial communities, chemical composition and sensory quality of coffee. Food Microbiol. 103, 103962. doi:10.1016/j.fm.2021.103962
 Prakash, I., R, S. S., P, S. H., Kumar, P., Om, H., Basavaraj, K., et al. (2022). Metabolomics and volatile fingerprint of yeast fermented robusta coffee: a value added coffee. LWT 154, 112717. doi:10.1016/j.lwt.2021.112717
 Schwan, R., Silva, C., and Batista, L. (2012). “Coffee fermentation,” in Handbook of plant-based fermented food and beverage Technology . Second Edition ( CRC Press), 677–690. doi:10.1201/b12055-49
 Schwan, R. F., Batista, N. N., Martinez, S. J., Bressani, A. P. P., and Dias, D. R. (2022). “Coffee fermentation: new approaches to enhance quality,” in Coffee science (Boca Raton: CRC Press), 65–98. doi:10.1201/9781003043133-8
 Schwan, R. F., Bressani, A. P. P., Martinez, S. J., Batista, N. N., and Dias, D. R. (2023). The essential role of spontaneous and starter yeasts in cocoa and coffee fermentation. FEMS Yeast Res. 23, foad019. doi:10.1093/femsyr/foad019
 Silva, C. F. (2015). “Microbial activity during coffee fermentation,” in Cocoa and coffee fermentation (Boca Raton, FL: CRC Taylor and Francis), 368–423. 
 Silva, C. F., Batista, L. R., Abreu, L. M., Dias, E. S., and Schwan, R. F. (2008). Succession of bacterial and fungal communities during natural coffee (Coffea arabica) fermentation. Food Microbiol. 25, 951–957. doi:10.1016/j.fm.2008.07.003
 Silva, C. F., Schwan, R. F., Sousa Dias, Ë., and Wheals, A. E. (2000). Microbial diversity during maturation and natural processing of coffee cherries of Coffea arabica in Brazil. Int. J. Food Microbiol. 60, 251–260. doi:10.1016/S0168-1605(00)00315-9
 Steinkraus, K. (2004). Industrialization of indigenous fermented foods, revised and expanded. 2nd Editor K. Steinkraus: CRC Press) 83, 233–239. doi:10.1201/9780203022047
 Tang, V. C. Y., Sun, J., Cornuz, M., Yu, B., and Lassabliere, B. (2021). Effect of solid-state fungal fermentation on the non-volatiles content and volatiles composition of Coffea canephora (Robusta) coffee beans. Food Chem. 337, 128023. doi:10.1016/j.foodchem.2020.128023
 Van Pee, W., and Castelein, J. (1971). The yeast flora of fermenting robusta coffee. East Afr. Agric. For. J. 36, 308–310. doi:10.1080/00128325.1971.11662476
 Velásquez, S., and Banchón, C. (2022). Influence of pre-and post-harvest factors on the organoleptic and physicochemical quality of coffee: a short review. J. Food Sci. Technol. 60, 1–13. doi:10.1007/s13197-022-05569-z
 Velmourougane, K. (2013). Impact of natural fermentation on physicochemical, microbiological and cup quality characteristics of Arabica and Robusta coffee. Proc. Natl. Acad. Sci. India Sect. B - Biol. Sci. 83, 233–239. doi:10.1007/s40011-012-0130-1
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.
Copyright © 2024 Bernardes, Coelho, Martins and Schwan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/frfst-04-1377226-t002.jpg
Variety

Fermentation or type
of coffee used (whole
fruits or beans)

Microorganism or enzyme
used in fermentation

Main results

Reference

India Robusta Pulped beans Pectinase produced by Aspergillus niger | Reduction of fermentation time = Murthy and
Naidu, (2011)
Indonesia Robusta Beans 1% Kefir +2% lactose Increase in the number of | Harada, (2019)
volatile compounds
Brazil Conilon Emcaper | Whole fruits fermentation and Meyerozyma caribbica and Pichia Reduction in the fungal da Silva et al.
8151-Tropical dry processing Kluyveri isolated from Conilon coffee  population during fermentation, (2021)
Robusta, improvement in the overall
score in the cup test, and
perception of difference by
consumers in coffees inoculated
with M. caribbica
India Coffea canephora var. | Solid-state fermentation of beans Aspergillus and Mucor Higher levels of pyrazines in Tang et al.
5274 and var. coffees inoculated with (2021)
Peridenia Aspergillus oryzae and furans for
those fermented with Mucor
plumbeus
India Robusta variety Coffea | Solid-state fermentation of | Saccharomyces cerevisiae isolated from  Reduction in fermentation time, | Prakash et al.
congensis x Coffea pulped beans cocoa increase in the number of (2022)
canephora (CXR) volatile compounds,
improvement in sensory quality
Brazil Coffea canephora var. | Peeled and pulped beans (CD) | Saccharomyces cerevisiae, Klebsiella and | Higher score of natural coffee | Zani Agnoletti
Conilon and natural coffee (NC), with or lactic acid bacteria (species not inoculated with S. cerevisiaeafter et al. (2022)
without the addition of water reported) 120 h of fermentation without
addition of water
Brazil Conilon Vitoria Pulped beans wet processed | Bacillus licheniformis and Meyerozyma  Stimulation of the multiplication | Bravim et al.
for 48 h guilliermondii isolated from Conilon  of the LAB population during (2023)
coffee, separately and in coculture  fermentation and production of
volatile compounds that resulted
in positive sensory attributes in
the beverage
Brazil Conilon LB1 Whole fruits wet processed and Leuconostoc mesenteroides, Inoculation with L. Cassimiro et al.
SIAF for 72 h Lactiplantibacillus plantarum, ‘mesenteroides obtained the best (2023)
Torulaspora delbrueckii, Saccharomyces | sensory score and the beverage
cerevisiae separately and in coculture | was characterized by notes of
caramel, fruits, and spices
Brazil Conilon K61 Whole fruits in the SIAF method | Meyerozyma guilliermondii isolated M. guilliermondii increased the | do Rosdrio et al.

for 120 h

from Conilon coffee

score by over 3 points compared
to spontancous fermentation

(2023)
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