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AbstrAct
Pulp and mucilage constitute the most abundant by-products of the processing of coffee and inadequate handling produces high-rates of pollution. 
Considering that in nature there is a large variety of cellulolytic microorganisms which can intervene in the degradation of coffee pulp, the inclusion of a 
native microbial cellulolytic consortium was assessed. The sample for isolation consisted of coffee pulp and soil from a humid forest at more than 2,000 
masl. Nutrient agar was used as a means of isolation for bacteria, and malt agar for fungi, supplemented with 50% soil extract and 1% carboxylmethylb-
cellulose. This achieved the isolation of 118 strains of bacteria and 114 of fungi. Cellulolytic activity was established using the filter paper test, assessing 
and selecting only those that presented higher glucose production, among them 12 strains of fungi and 11 strains of bacteria. To obtain the microbial con-
sortium, randomized blends were performed for both fungi and bacteria, again assessing the production of glucose. The bacterial consortium was made 
up of Ochrobactrum pseudo grignonense, Paenibacillus lauruscon and Bacillus xiamenensis and the fungal consortium by Fusarium sp., Penicillum sp., 
Cylindrocarpon sp. The optimal treatment achieved a complete degradation of the pulp in 28 days, that would contribute to the recovery and conservation 
of the coffee ecosystem. The main interpretation was that a wet environment at more than 2,000 masl is still suitable for coffee composting but different 
bacterial and fungi consortia were found to support other recent work done with one type of consortium.

Key words: Carboxymethylcellulose (CMC); Cellulose; Coffee pulp; Degradation; Microbial consortium; Meters above sea level (masl).

     1 INTRODUCTION     

Coffee pulp represents around 42% of fresh fruit weight, 
being the most voluminous by-product of the humid beneficiary. 
Every two tons of coffee produces approximately a ton of pulp; 
therefore, it is important to minimize the risks and environmental 
impact from its mishandling Duangjai et al. (2016). The high 
volume of pulp can be an environmental problem, taking into 
account that in many cases, it is poured into bodies of water, so 
that the microorganisms present will make a greater demand for 
oxygen for decomposition and thus lead to asphyxiation of the 
aquatic biota Serna-Jiménez et al. (2018). The pulp represents 
a pollutant load equivalent to 20 kilograms of chemical oxygen 
demand (COD) per 100 kg of gold coffee Didanna (2014) which 
is an annual population equivalent of 0.96 per person, while the 
mucilage, liquid residue, represents between 5% and 14% of the 
weight of the fruit, e.g. Bressani (1978), Didanna (2014). Further 
studies found that the pulp has almost triple the contaminant 
load compared to the mucilage Zambrano-Franco and Isaza-
Hinestroza (1998) and Geremu, Tola and Sualeh (2016) say that 
coffee pulp is highly polluting and toxic to its concentration of 
caffeine, mineral salts, amino acids, tannins, phenols and other 
polyphenols. Finally, only 9.5% of the weight of the fruit is used 
to prepare the infusion of Arabic coffee (Calle-Velez, 1977).

Considering that several studies have been carried out 
for decades to take advantage of coffee waste and by-products, 
this study focuses on the decomposition of pulp.

The pulp is rich in organic matter and is an ideal 
substrate for the microbiological process. Coffee pulp fertilizer 
is preferably used to establish new coffee plantations and for 
nurseries, mainly the pulp of ripe coffee that have higher 
mineral content (Velasquez et al., 2021). Vásquez de Diaz 
and colleagues have indicated that the process of degradation 
of coffee pulp under natural conditions without handling, 
normally takes 5 to 9 months, time to reach the degree of 
maturity to perform biotransformation, mineralization or 
complete degradation of the coffee pulp (Vásquez de Díaz; 
Prada; Mondragon, 2010), similar to the time on other organic 
remains such as tree pruning Heck et al. (2013). On the other 
hand, on a sewage sludge compost around 3 month tales to 
have a total organic carbon around nine times total nitrogen at 
around 650 masl (Diniz et al., 2016).

Zaldívar and colleagues found that protein content 
and release of reducing sugars on filter paper permitted an 
estimation of the growth dynamics and metabolism of each 
fungus (Zaldívar et al., 2001), reviewed later by (Shokrkar, 
Ebrahimi, Zamani, 2018). Based on fungal growth, a 
considerable fraction of the extracellular protein present in the 
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culture medium corresponded to the enzymes that carry out the 
degradation of the substrate, in this case the cellulase complex. 
In some fungi the enzyme complex is deficient in the amount or 
activity of any of the three types of enzyme, which causes poor 
cellulose hydrolysis. Mantilla and Pineda carried out work on 
the isolation of cellulolytic bacteria from termite intestines 
(Nasutitermes nigriceps) with prebiotic characteristics in grass 
degradation using carboxymethyl cellulose (CMC) obtained 
that the production of reducing sugars. They observed that the 
BTN6 and BTN8 bacteria presented a similar trend. Following 
an increase in the concentration of these sugars in the first 48 
hours, the BTN8 bacteria was more efficient with a subsequent 
decrease in these concentrations at 72 hours of incubation 
Mantilla and Pineda (2013). The aforementioned authors 
also demonstrated the importance of soil microorganisms for 
organic degradation, because it has a diversity of properties 
in their great microbial richness. However, some available 
studies were found on the characterization of the microbiota 
present in them that were useful in the process of optimal 
degradation of tons of waste such as those generated by the 
post-harvest processing of coffee and in particular coffee pulp.

The identification of microorganisms that accelerate the 
composting process would help coffee farms to advance the 
decomposition in less than 90 days using coffee by-products 
in the production of organic fertilizer according to Technical 
Standards in Colombia (Instituto Colombiano de Normas 
Tecnicas y Certificacion - INCOTEC, 2004). For fungal 
degradation of the pulp, the first reports pointed at Penicilllium 
sp. (Schwimmer; Kurtzman; Heftmann, 1971), Aspergillus sp. 
(Mazzafera, 2002) and also found systematically at a lower 
rate Cylindrocarpon sp. (Alvindia; Acda, 2013) and also for 
Fusarium sp. (Nayak et al., 2013).

However, a recent study of fungal contamination found 
97.57% associated with Aspergillus sp. and Penicillium sp. 
(Viegas et al., 2017). Therefore, some authors have explored 
the acceleration of pulp decomposition, e.g. Sánchez and 
colleagues with nitrogen in 28 days with different species of 
earthworm Sánchez, Olguin and Mercado (1999), Raphael 
and Velmourougane with Eudrilus eugeniae and Perionyx 
ceylanesis in a time period of 112 days and 165 days, 
respectively Raphael and Velmourougane (2012).

In contrast, there has recently been increased research 
using several bacterial strains for cellulose degradation. 
For example, Paenibacillus sp. were found as part of a 
growing microbial consortium in a mixed residue of diesel 
and chromium sludge Vrdoljak et al. (2005) and also has 
seen a strain useful in cellulose degradation Wang et al. 
(2008) and recently the Bacillus sps. was found on enzyme 
production capacity mainly in amylase nitrate reductase 
cellulase, xylanase and protease, which were studied for the 
degradation of sugar in cellulose but not in coffee Utekar and 
Deshmukh (2019).

Moreover, most of the research was done below 2,000 
masl (e.g. bacteria and yeast at two altitude França, et al. 
(2016) and season response in bacteria Siles and Margesin 
(2017). Some recent research has looked at consortia across 
different masl (e.g. bacteria Siles; Margesin, 2016).

Therefore, the present research focused on fungi and 
bacteria consortia above 2,000masl to gain further insight 
compared to the few previous studies on microbial consortia 
studies. This research aimed at identifying soil microorganisms 
with cellulose degradation capacity and groups them in an 
optimal microbial consortium for the degradation of coffee 
pulp at 2,300 masl.

2 MATERIAL AND METHODS

2.1 Soil Sampling
Sampling activity occurred in the jurisdiction of San 

Luis del Nuevo Retiro, Cajamarca, Perú (Coordinates UTM 
728126 E, 9373449 N, approximately 2300 masl) which is a 
cloud forest. A simple sample was made, in which a volume 
of wet soil (~ 0,500 kg) was obtained at a depth of 0.00-0.10 
m with a sterile shovel and stored in a black polyethylene 
bag (Nasco Whirl-Pak) and taken to the laboratory and stored 
in refrigeration (3.3 to 5 °C). Only 0.010 kg from sampling 
was used to make the dilutions for isolation. The sample was 
collected on May 2013.

2.2 Sampling coffee pulp residue
Coffee pulp was extracted from the wet benefit of 

coffee plantations located in the center of La Lima, La Coipa 
district, San Ignacio province, Cajamarca region in Peru. 20 kg 
of one-week old Catimor coffee pulp was extracted.

2.3 Primary isolation of cellulose degrading 
microorganisms

In the process of primary isolation of fungi and soil 
bacteria, 6 different solid culture media were prepared at pH 
6.0 for bacteria, and pH 5.0 for fungi replacing glucose with 
CMC as the only source of carbon. Culture media were: V8 
agar medium (Moros et al., 2009) containing 0.500 L of V8 
juice, 0.020 kg CMC, 0.020 kg of agar and 0.500 L of soil 
extract; half potato dextrose agar (PDA) containing 0.200 kg 
of PDA agar, 0.020 kg of CMC and 0.500 L of soil extract; 
malt agar medium, containing 0.020 kg of malt extract agar, 
0.020 kg of CMC and 0.500 L of soil extract; salt base agar 
medium, containing 0.003kg L of yeast agar-extract, 0.020 
kg CMC and 0.500 L of soil extract; cellulose agar medium, 
containing 0.020 kg of agar, 0.020 kg of CMC and 0.500 L of 
soil extract, and nutritive agar used only for bacterial growth. 
In the fungal growth media, 10-5 kg L-1of streptomycin was 
also added. Further results are summarized in Figure 1.
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For soil extract preparation, ,0.4534 kg of soil with 1 
liter of water were kept under stirring for 48 hours, filtered 
with several layers of gauze and carried at a volume of 
1 liter with water, KH2PO4 was subsequently added and 
finally autoclaved.

For sowing, 0.010 kg of soil was diluted in 0.100 L 
of sterile distilled water, making dilutions up to 10-7 and 
0.0001 L of diluted soil. This was then disseminated on the 
medium using a sterile Drigalski handle and incubating the 
plates at room temperature. Observations occurred at 24, 48 
and 72 hours.

Following the growth period, colonies of bacteria 
and fungi were transferred to test tubes with a solid medium 
containing peptone agar (for bacteria) or malt agar (for fungi) 
plus soil extract and 1% CMC as the only source of carbon. 
Tubes were incubated at 25 °C and those that grew were 
selected. For the selection of fungi, 1% congo red was applied 
disseminating the dye on the surface (Sazci; Erenler; Radford, 
1986). Only those that formed yellowish halos were selected 
Kasana et al. (2008) and more recently in Sajith et al. (2014).

2.4 Compatibility test and cellulolytic capacity of 
consortia

The strains with the highest glucose production were 
selected to be confronted to determine their antagonism, using 
the direct dual confrontation test (Barbosa; Meza, 2009; Parra-
González et al., 2009).

Later, there were measured the presence or absence of 
the inhibition halo being positive those that did not show halo 
of inhibition. For the tests, in the case of bacteria they were 
plated on peptone agar plates and for fungi on malt agar plates.

The selected consortium groups were then evaluated for 
their overall cellulolytic capacity, by sowing each combination 
in 20 mL of peptonized broth as indicated above.

2.5 Preparation of inoculum for degradation of 
coffee pulp at laboratory level

The cellulolytic activity of the strains of bacteria and 
fungi selected were tested in one week old catimor coffee 
pulp. For inoculum preparation, strains of each consortium 
were sown in nutritive agar (bacteria) and in malt agar (fungi), 
supplemented in both cases with 1% CMC. Then, 3 kg of 
coffee pulp was placed in four tanks, two of which were to 
first inoculate the bacteria and left for 7 days. After this time 
the fungi were inoculated. In the other two deposits, both fungi 
and bacteria were inoculated simultaneously. As a control, one 
deposit of only coffee pulp was placed.

The inoculum was prepared by diluting the strains 
in chopped broth and then 0.010 L was inoculated into each 
sample observing the deposits daily.

2.6 Morphological characterization of the selected 
microorganisms

Morphological and molecular characterization of the 
selected microorganisms was carried out in the laboratories of 
the Universidad Nacional Agraria La Molina in Lima, Perú. 

For the identification of fungi in Petri dishes, colonies 
were seeded containing the PDA culture media, V-8 agar 
and incubated at 24 °C for 5 to 8 days, with microscopic 
identification from the spores formed and then, a staining was 
done Gram staining was performed to observe cell morphology 
and bacterial identification.

2.7 Molecular characterization of the selected 
microorganisms

For this, genomic DNA was isolated and its 16s rRNA 
gene was amplified using a universal primer in a Master 
cycle® thermal cycler. The programs followed were initial 
denaturation of the DNA strands at 94 °C for 2 minutes, 
annealed with primers at 55 °C for 1 minute and extended for 
10 minutes at 72 °C. Approximately 1500 bp of the PCR product 
was purified to remove dNTPS and unincorporated primers 
prior to sequencing using the PCR purification kit (Quiagen).

In the 16s rDNA gene sequencing analyzes, amplified 
chains were sequenced by a DNA sequencer -3037xl DNA 
analyzer using the BigDye® terminator v3.1 cycle sequencing 
kit. The aligned sequences were converted to dendograms using 
the sequence analysis software version 5.2. These sequences 
were compared with the sequences in the NCBI database using 
BLASTN. The most similar sequences were matched by E core 
and aligned by CLUSTAL W2 for multiple alignments. Finally, 
the phylogram was constructed using the MEGA5 software.

Figure 1: Number of colonies by culture. Left: of fungi. Right: 
of bacteria.
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Regarding the 8B consortium bacteria were identified 
by comparative analysis with 16s Ribosomal gene sequences, 
deposited in the Gen Bank, Paenibacillus lautus and Bacillus 
Xiamenensis. This consortium has been used with other types 
of substrates, such as garden litter with the aim of obtaining a 
type of alcohol, or using household organic waste to use them 
as a bio-fertilizer, achieving complete degradation in 5 days.

2.8 Statistical analysis
Frequency tables were designed in Ms. Excel 

version 2010 and statistical analysis of variance (ANOVA) 
with Matlabanova1 and anovan commands were used to 
compare isolation of cellulose degrading microorganisms and 
cellulolytic capacity of compatible consortia. The BLASTN 
program was used for molecular identification.

RESULTS

2.9 Isolation of cellulose degrading microorga-
nisms

Selection of cellulolytic microorganisms was 
determined by visual inspection of hydrolysis halos. Ramírez 
and Coha found that dilution allowed the generation of 
separate colonies, and each colony can come from a single 
cell or from a cluster (viable unit) which will be counted as 
a bacterium P. (Ramírez; Coha, 2013).  On this basis, these 
plates were not only used for counting microbial populations 
but also for the isolation of organisms. A selective or non-
selective medium can be used depending on the nature of the 
microorganisms to be isolated.

In the present research, for dilution of fungi, from 
which a better result was obtained than utilizing PDA agar, as 
observed in Figure 2. Bearing in mind the significant ANOVA 
results (p > 0.0021 @ F = 3.056), the Malta Agar medium 
supplemented with 1% CMC obtained the best isolation of 
cellulolytic fungi. 

For the isolation of bacteria, culture media were 
supplemented with 1% CMC at pH 6. Regarding the media 
used the modified nutrient agar revealed the highest growth of 
bacterial colonies.

Figure 1 has shown the primary isolation of fungal 
colonies (left part) and bacteria (right part) developed in the 
laboratory. In total, 118 colonies of bacteria and 114 colonies 
of cellulose degrading fungi were obtained. 

From 114 colonies of fungi planted in medium with 1% 
CMC, 81 colonies formed yellowish halos (Figure 2).

2.10 Cellulolytic capacity of bacterial and fungi 
isolated

In a second selection of bacteria and fungi with 
cellulolytic activity, each strain was activated in the presence 
of filter paper as the carbon source. 19 strains of bacteria and 
21 fungi were selected (Table 1 and 2), observing greater action 
lithic in fungal exudate (up to 57.39%) with respect to bacterial 
exudate (10.41%). This result was directly proportional to the 
presence of glucose evaluated in the medium, the presence 
of glucose in the fungi being greater. Of the 19 strains of 
fungi isolated, strain H15 and H26 showed high cellulolytic 
activity which makes them excellent biological candidates for 
composting. Among the colonies of selected bacteria, strains 
B26 and B38 showed great potential.

Regarding bacterial and fungal strains selection with 
greater cellulolytic activity Tables 1 and 2 have shown the 
strains of bacteria and fungi degraded by filter paper (Watman 
No. 1) to glucose, selecting 21 colonies from the initial 68 at the 
beginning. The percentage of degradation of filter paper was 
also observed: strain B16 with higher degradation (10.41%), 
and strain B20 with a lower degradation percentage. In fungi, 
19 strains of a total of 81 were selected. Table 2 reveals that 
the H26 strain exhibited the highest degradation percentage 
(57.39%) and the H222 strain the lowest degradation (0.04%).

Figure 2: A: Fungal growth and the Congo red test where the yellowish halo is shown. BA: Growth of bacteria in medium having 
the only 1% carboxymethylcellulose carbon source.
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2.11 Cellulolytic capacity of compatible consortia
Figure 3A and Figure 3B have shown the compatibility 

tests for bacteria and fungi performed in our laboratory. 
Supplementary Table 1 showed the combinations of 
bacterial and fungal strains without halo of inhibition and 
by which they became candidates to prepare a microbial 
consortium to degrade coffee pulp. In this test, the strains 
showing the highest production of glucose were confronted 
(Tables 1 and 2), of which the first 11 strains of bacteria 
and 12 strains of fungi were shown. These combinations 
were again evaluated in their cellulolytic capacity by 
measuring the level of glucose production by the glucose 
oxidase / peroxidase method (Table 3). Unlike fungi, the 
growth of all bacterial groups were evaluated. In the case of 
bacterial groups, the 8CB combination maintained a glucose 
level above 5*10-6kg dL-1at 30 days, and interestingly the 6CB 
and 7CB combinations remained almost constant at 30 days 
however, in all cases of combinations, glucose production was 
decreasing. In the case of fungus combinations, only the first 
7 combinations were evaluated. Moreover, 1CF combination 
showed a gradual increase in glucose up to 30 days compared to 
the other combinations. Finally, 4CF combination maintained a 
high glucose production in the first 15 days (11.3*10-6kg dL-1). 

Given all these results, the 8CB and 1CF consortia were selected 
to confront these microorganisms with coffee pulp waste.

Sowings were done separately from both fungi and 
bacteria, making 3 readings in the spectrophotometer at 15, 
28 and 42 days. Results of glucose production were obtained: 
for bacteria (Table 3), the sample that had the 5CB and 8CB 
consortia in the first 15 days, glucose production reached 
14.7781 and 15.3859 *10-6kg dL-1, respectively, which then 
decreased to 0.0433 and 5.044 *10-6kg dL-1 respectively (Table 
3). Therefore, consortium 8CB was selected.

The results obtained in this work were very similar to the 
trend reported by Mantilla and Pineda (2013), with a tendency 
to reduce production of reducing sugars at 42 days, which 
could be due to the specific bacterial enzymes on cellulose and 
hemicellulose no longer being active for the remaining bonds, 
which is why it manifests itself with a reduction in reducing sugars. 
Therefore, the greatest bacterial activity occurred after 15 days 
(Table 3) and the bacterial consortium with the best conditions is 
8B. However, despite the variations observed with respect to the 
production of reducing sugars by the selected bacteria, ANOVA 
showed that there was a significant difference between glucose 
readings at different times (p = 0.034 , F = 7.08). In contrast, for 
fungi this difference was not significant (p = 0.8672, F = 0.14).

Table 1: Glucose production by strains of selected bacteria (*10-6 kg dL-1).

N◦ Wight paper(*10-6kg) Strain Glucose
*10-6kg dL-1

Non-degraded 
paper (*10-6kg) Non-degraded paper (%) Degradation

(%)
1 300.00 B26 31.53 268.47 88.59 10.41
2 300.00 B38 29.98 270.02 89.11 9.89
3 300.00 B51 19.28 280.72 92.64 6.36
4 300.00 B6 19.08 280.92 92.71 6.29
5 300.00 B27 18.05 281.95 93.04 5.96
6 300.00 B64 17.82 282.18 93.12 5.88
7 300.00 B10 16.73 283.27 93.48 5.52
8 300.00 B32 16.39 283.61 93.59 5.41
9 300.00 B47 14.99 285.01 94.05 4.95

10 300.00 B23 14.38 285.62 94.26 4.74
11 300.00 B18 14.09 285.91 94.35 4.65
12 300.00 B36 13.61 286.39 94.51 4.49
13 300.00 B13 13.45 286.55 94.56 4.44
14 300.00 B35 12.21 287.79 94.97 4.03
15 300.00 B17 11.92 288.08 95.07 3.93
16 300.00 B24 11.34 288.66 95.26 3.74
17 300.00 B22 11.22 288.78 95.30 3.70
18 300.00 B37 11.07 288.93 95.35 3.65
19 300.00 B37 11.07 288.93 95.35 3.65
20 300.00 B25 10.33 289.67 95.59 3.41
21 300.00 B20 0.24 299.76 98.92 0.08
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Table 2: Glucose production by the selected fungal strains (*10-6kg dL-1).

N◦ Wight paper(*10-6kg) Strain Glucose
*10-6kg dL-1

Non-degraded 
paper (*10-6kg)

Non-degraded 
paper (%)

Degradation
(%)

1 300.00 F26 173.91 126.09 41.61 57.39
2 300.00 F15 106.43 193.57 63.88 35.12
3 300.00 F43 23.17 276.83 91.36 7.64
4 300.00 F11 23.09 276.92 91.38 7.62
5 300.00 F14 22.68 277.32 91.52 7.48
6 300.00 F92 21.87 278.13 91.78 7.22
7 300.00 F14a 20.53 279.47 92.22 6.78
8 300.00 F51 20.21 279.79 92.33 6.67
9 300.00 F91 19.89 280.11 92.44 6.56
10 300.00 F63 19.36 280.64 92.61 6.39
11 300.00 F252 18.83 281.17 92.79 6.21
12 300.00 F6 18.79 281.21 92.80 6.20
13 300.00 F151 17.74 282.26 93.15 5.85
14 300.00 F6 17.58 282.42 93.20 5.80
15 300.00 F22 15.71 284.29 93.81 5.19
16 300.00 F31 15.47 284.53 93.89 5.11
17 300.00 F51 15.19 284.81 93.99 5.01
18 300.00 F24 12.47 287.53 94.88 4.12
19 300.00 F222 0.12 299.88 98.96 0.04

Figure 3: A: Fungi Colony showing their compatibility  B. Bacteria colony showing their antagonism.

Table 3 has shown three moments of glucose production 
in the degradation of filter paper by the combinations of 
selected fungi, which has contrasted bacteria results.

On the one hand, the consortium of 1H strains in the 
first 15 days exhibited a production of 4.4448 *10-6kg dL-1, 
which increased to 13.7288 mgdL-1 after the time elapsed. In 
the third reading, production was standardized. On the other 
hand, the 4H consortium, which started with 11,283 *10-6kg 
dL-1, fell to 7,109 *10-6kg dL-1. Therefore, the 1H consortium 
was chosen. 

Zaldívar et al. (2001) found that Trichoderma viridae 
is one of the best cellulolytic fungi produces low activity of 
β-glucosidase, accumulating cellobiose and then inhibiting 
activity of the entire degraded complex (Zaldívar et al., 2001). 
Similar activity could have occurred in the present research. 
Consortia were found to increase first and then lower, whilst some 
other consortia did the opposite (Table 3), which may be due to less 
activity of the cellulolytic complex, due to the presence of some 
metabolite. An alternative hypothesis would be to see whether a 
statistical difference existed between the times, we found that, 
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according to ANOVA, no significant difference existed (p > 0.14). 
Therefore, degradation maybe occurring at a greater extent, only 
until the second sampling time in selected strains.

Due to the glucose production results shown in Table 
3, the best performing consortia were: Bacteria Consortium 
(8CB): B18, B26, B51, B10, B27, B64, B6, B38

Fungi Consortium (1CF): H14, H63, H92, H91, H51.

be evidenced at 28 days, which confirmed the degradative 
capacity of both selected microbial consortia.

This degraded product was analyzed, finding 
concentrations of3. 47% N, 0.99% P2O5, 0.67% K2O. As 
for the degradation time, this result was similar to that 
obtained by Vásquez de Díaz, Prada and Mondragon 
(2010) i.e. microorganisms that act on biodegradable matter 
degraded the pulp (in piles) in 40 days (Vásquez de Díaz; 
Prada; Mondragon, 2010). In natural conditions and without 
handling, this process normally takes 5 to 9 months, during 
which the degree of maturity is reached, when performing the 
biotransformation, mineralization or complete degradation 
of the coffee pulp.

2.13 Characterization of the selected micro-
organisms

In order to know the microbial components, 
morphological and molecular characterization of the strains 
forming the consortium 8CB and 1CH was performed. 
Supplementary Table 2 shows the morphological 
characteristics and Table 4 the identification by sequencing 
the 16s ribosomal gene:

Bacteria: C B18, C B26, C B51, C B10, C B27, C B64, C B6, CB38
Fungi: CF 14, CF 63, CF92, CF91, CH51

Table 4 shows the scientific names of the results of 
identification, missing identifying two colonies of bacteria 
(H92 and H14a) and one of fungus (B10).

Five strains of bacteria were characterized by 
biochemical identification tests such as Bacillus circulans and 
Bacillus cereus, and from the fungal strain bank nine strains 
were identified by characteristics compatible with the genera 
Trichoderma sp., Penicillium sp., Fusarium sp., Verticillium 
sp., Mucor sp.  and Aspergillus  sp.  Here, bacterial strains 
have shown growth and formation of glucose.

3 DISCUSSIONS

3.1 Isolation of cellulose degrading micro-
organisms

Silva and colleagues studied 80 isolated strains, of 
which 30 strains showed higher growth rate in malt agar 
medium and were evaluated for ligninas production. As an 
alternative hypothesis the proposed means for fungal isolation 
were PDA, malt agar, V8 agar, salt base agar and cellulose 
agar (Silva et al., 1990), which differed from the present 
work. Ferrer-Marcelo and colleagues used malt agar as a 
means of propagation and to obtain an abundant sporulation 
in cane bagasse fungi (Ferrer-Marcelo et al., 2011). Silva and 

Table 3 Glucose production by selected consortia of bacterial 
and fungal strains having the filter paper as substrate.

CODE Glucose Production
1st read (15 days)

(*10-6kg dL-1)
2nd read (25 days)

3rd read 
(30 days)

1CB 5.0147 5.0305 2.1665
2CB 2.1654 8.5748 2.6352
3CB 5.5465 5.5641 0.5640
4CB 6.1164 6.7455 0.1299
5CB 14.7781 11.6414 0.0433
6CB 5.8125 3.468 4.4604
7CB 4.7108 3.4299 3.8546
8CB 15.3859 8.0770 5.0440
9CB 6.0784 5.2592 0.8229
10CB 4.6348 6.4406 2.5553
1CF 4.4448 13.6815 13.7288
2CF 5.3566 5.9071 6.5546
3CF 3.7990 4.8400 4.1089
4CF 11.283 11.3100 7.1090
5CF 4.6340 5.7546 3.5219
6CF 7.6360 3.7729 5.4133
7CF 4.5208 3.2012 5.1198

2.12 Preparation of microbial consortium for the 
degradation of coffee pulp at laboratory

In order to evaluate the degradation capacity of 
coffee pulp for the 8CB and 1HB consortia selected above, a 
laboratory test was carried out inoculating in 10 mL volume. 
The set of strains of each microbial consortium were grown 
in plastic tanks to which 3 kg of coffee pulp were added 
and incubated at 24-28 °C. The mix had a composition with 
proportion 4:1:1 (coffee pulp: guano islands: rok phosphate). 
The tests were done first to inoculate the bacterial consortium, 
followed after 7 days by the fungal consortium. In the second 
test the two consortia were inoculated simultaneously. As a 
control, coffee pulp containers were inoculated with only 
0.010 L of distilled water. At 24 hours the foul odor was 
already produced by coffee pulp, which was higher in the 
first container with bacteria and fungi inoculated together. 
This evidenced an ongoing fermentation process of the 
microorganisms. In both vessels a degradation of 90% could 
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colleagues also used this medium for the isolation, selection 
and characterization of ligninolytic fungi (Silva et al., 1990). 
Therefore, the results of fungi isolation of other authors 
support the results of this work.

an extension of the previously reported works, and can even 
be carried out at an environmental temperature close to that 
found in equatorial countries and dependent on the season.

Extending the discussion of the isolation results to 
similar amount of fungal and bacterial strains were explored 
and discussed:

The use of coffee pulp for composting requires having 
at hand this set of microorganisms that efficiently and quickly 
degrade one of the main polluting products of the coffee 
beneficiary, e.g. Salazar, Acuña, De Salcedo (2009) and 
Duangjai et al. (2016).

Several studies of isolation of cellulose degrading 
microorganisms (Kausar, et al., 2010; Guerra; Florez; Rosero, 
2015; Sahu et al., 2019), have shown differences in the number 
and capacity of microorganisms to degrade cellulose according 
to their original habitat. According to our results, there is a 
high number of fungal colonies isolated with the malt medium 
agar and V8 agar, while the nutrient agar medium favored the 
growth of a greater number of bacterial colonies using CMC 
as the only carbon source. Moreover, not all bacteria and fungi 
have the same cellulose degradation capability, whereby the 
isolates shown represent only colonies that generally showed 
greater degradation capacity, and thus were selected in order to 
better exploit their potential in a microbial consortium (Brossi 
et al., 2016). In addition, fungi appeared to predominate in the 
sampled soil, which may be due to the type of forest soil obtained 
where layers of decomposing organic waste, resulting from the 
fall of the phytomass of native trees under permanent shade, 
are well-known for fungi as the microbial dominant component 
(Carvajal; Valbuena; Rosero, 2012).

Other research supports our findings. For example, 
Ramirez and colleagues with native strains of Trichoderma 
reesei, Cladosporium herbarum and Aspergillus niger (to 
clarify, these are not seen later in Table 4) evaluated in vitro 
the cellulases produced in the presence of clear halos around 
of the colony when 5% congo red was added as a revealing 
agent, resulting in the recovery of 65 fungal colonies of the 
species studied (Ramírez; Bran; Uribe, 2012).

Similarly, Moreno and Vélez recommended the Congo-
CMC red-based method in screening for cellulolytic fungal 
bioprospecting as it was faster and produced a more sensitive 
response than DNS Moreno and Vélez (2011).

3.2 Cellulolytic capacity of bacterial and fungi 
isolated

Venegas and Suárez studied potential enzymes 
and microorganisms through a screening of cellulose and 
hemicellulose degradation found from 65 isolates. In result, 
46 of them were able to grow in culture media containing 
15% CMC as the source of carbon substrate Venegas and 
Suárez (2004). On the other hand, in the present study at 1%, 

Table 4 Summary of the identification of the selected strains 
that were part of consortia.

Fungi Bacteria
Strain Identiftcation* Strain Identiftcation*
H14 Fusarium sp. B26 Ochrobactrum

pseudogrignonense
H92 No identified (Micelioestéril) B38 No identified

H14a No identified B51 Paenibacillus lautus
H51 Fusarium sp. B6 Bacillus xiamenensis
H91 Penicillum sp. B27 Ochrobactrum

pseudogrignonense
H63 Cylindrocarpon sp. B64 Ochrobactrum

pseudogrignonense
B10 No identified
B18 Ochrobactrum

pseudogrignonense
(*) Only 5 strains of 1CF fungal consortium and only 6 strains of 8CB 
bacterial consortium were identified. Results of identification were 
done by specialized laboratories of UNALM, Lima, Peru.

Cedeño and colleagues used this agar medium in the 
isolation and selection of native bacteria (Bacillus similar to 
part of our results seen below) from Manabí-Ecuador with 
cellulolytic activity, having as a carbon source a cellulose 
obtaining 30 of 93 isolates equivalent to 32.3% with positive 
response (Cedeño et al., 2015). Also, in termites, Mantilla and 
Pineda found that the presence of halos in the solid culture 
medium with CMC was an indicator that the bacteria exhibited 
enzymes digesting cellulose, having isolated 9 bacteria from 
a total of 30 strains equivalent to 33.3% (Mantilla; Pineda, 
2013). Both works differed from unlike the present work, in 
which 55 of 118 colonies were obtained equivalent to 46.6% 
with a higher positive response. The reason may be in the first 
case due to different Cedeño’s conditions and in the second 
case they were isolated from termites where the bacterial 
number was much lower than what can be found in soil.

Although Ramírez and Coha isolated strains at 45 °C 
and 50 °C (Ramírez; Coha, 2013), Vásquez and colleagues 
used enzymatic degradation in an optimal range of activity 
between 30 and 40 °C, and high thermal stability, and 
found that strain C. kusanoi L7 was good in degradation of 
lignin (Vázquez et al., 2019). Following this trend of lower 
temperature, in this work 25 °C produced both qualitative 
and quantitative results. Therefore, the present results are 
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in addition to xylan, oat flakes and apple pectin dissolved in 
mineral solution and agar.

The present results are related to those obtained by Zapata 
and Castellanos (2014). Zapata and Castellanos determined the 
enzymatic activity using pieces of Watman filter paper No. 1 in 
50 mM citrate buffer (pH 4.8) as a substrate. The mixture of the 
reaction consisted of 0.005 kg of filter paper in 1 mL of citrate 
buffer (50 mM, pH 4.8) and 50 µL of the enzyme extract. These 
samples were incubated at 70 °C for 5 minutes, then 1% CMC 
was added and incubated for 70 minutes having determined 
the amount of reducing sugars (Miller, 1959) and also citrate 
buffer at different pH (4.4 and 5.4) have worked at different 
temperatures (50 °C to 80 °C)  (Zapata and Castellanos, 
2014). Further, selected 2 strains of Bacillus sp. potential 
for hydrolase production, which was observed in the present 
research in Table 4.

3.3 Cellulolytic capacity of compatible consortia
Bearing in mind the total times, Castillo-Guerra and 

colleagues determined the compatibility for growth between 
cellulolytic fungi, by preparing medium with CMC and placing 
growth fragments of two isolates in each one at a distance of 
1 cm by incubating the culture media at 30 °C for two to three 
weeks and the growths no interference with a clear area between 
them labeled as incompatible Guerra, Florez and Rosero (2015). 
Complementing the above, Mantilla and Pineda found that the 
presence of halos in the solid culture medium with CMC was 
an indicator that bacteria have enzymes that digest cellulose. 
However, in their work they only isolated 9 bacteria from a total 
of 30 Mantilla and Pineda (2013). Castillo’s results differed from 
this research, and this may be explained by have being isolated 
from termites where the bacterial number is much smaller than 
what can be found in soil.

Considering both times and varieties of fungi (Table 3), 
the present results extended previous work (Romano et al., 
2013). On Romano research, bacteria native to Argentina were 
isolated, selected and the cellulolytic activity of three strains of 
native bacteria were evaluated. As a result, one strain was the 
only fungus whose enzymatic activity presented a tendency 
to increase to the maximum point for 7 days, and after 7 days 
more, its activity stabilized to cellulase degradation, increasing 
reducing sugars unlike soluble protein (Romano et al., 2013). 
These results were considered for the method of the present 
work, and one of the seven fungi was selected, since as time 
passed, the reducing sugars increased until standardized.

3.4 Characterization of the selected micro-
organisms

Mantilla and Pineda have observed, from microscopic 
observation with Gram staining (the technique used in 
this work) Gram (-) bacilli of different curved and straight 

morphology in 9 types (Mantilla; Pineda, 2013). Therefore, 
the staining method and the characterization supported the 
results of this work with the characteristics of the 8 strains 
reported in Supplementary Table 2

This research found, through morpho-species analysis, 
filamentous saprophytic fungi of the Fusarium, Penicillum 
and Cylindrocarpon genera making the 1CF consortium. The 
genera Penicillum and Fusarium are widely distributed, e.g. 
Carrillo (2003) and Giri et al. (2005), and have been found 
in normal moorland (Gao et al, 2012), forests (Abarca; 
Mota, 2008), and monocultures (Samaniego-Gaxiola; Chew-
Madinaveitia, 2007). Moreover, because of their cellulolytic 
capacity against phytopathogenic nematodes, they have been 
tested as antagonists (Padilla et al., 2014). Although, current 
research such as sensors materials may overcome this finding 
(Sashidhar; Dubey; Kochar, 2019).

The use of fungi for coffee pulp degradation as done 
by previous research (Bhoite; Murthy, 2015) found that 
Penicillium verrucosum (isolated from the same coffee pulp) for 
the production of tannasa, has shown an 8-10% tannin content 
and this type of fungus has a degradation potential of 66.5 ± 
0.9% degradation of tannin. Other studies demonstrated the 
potential usability of the bacterium Bacillus sp. with a chemical 
decomposition capacity of coffee pulp, finding that the variation 
in cellulose was 0.126 to 0.115 kg kg-1 DM with 0 and 28 
days respectively (Ulloa; Verreth, 2002). Therefore, degrading 
capacity of fungi found in the CF1 consortium was corroborated 
(Table 3). However, the present results have also shown a 
synergistic activity for the degradation of coffee pulp used in 
laboratory conditions. Even more, due to antioxidant activity 
of tannin and others (Moreira et al., 2005) future work may 
consider to study the beneficial health properties and possibly to 
be tested in brain activity, such current work tested coffee as a 
co-factor (Córdova-Berríos; Mugruza-Vassallo; Flores-Benites, 
2018) based on visual to temporal stimulus presentation (Torres-
Tejeda et al., 2020) extending to augmented reality experiments 
as well as on attention (Mugruza-Vassallo; Potter, 2019) and 
multitasking (Mugruza-Vassallo et al., 2021). 

3.5 Final discussion
According to previous research Vásquez de Díaz, Prada 

and Mondragon (2010), this process in natural and unmanaged 
conditions normally takes 5 to 9 months and within the ranges 
of research done decades ago Sánchez, Olguin and Mercado 
(1999). In addition, Ochrobactrum pseudo grignonense 
has recently been found in low concentration in dry coffee, 
Bressani (1978); De Bruyn et al. (2017) when this study found 
it in half of the identified bacteria (Table 4), constituting an 
extension of De Bruyn’s work, bearing in mind humidity 
2,3000 m.a.s.l. above and far from the sea. Moreover, Bacillus 
xiamenensis has been found spread to the pulp of coffee pulp, 
extending the research work Utekar and Deshmukh (2019).
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Additional work may lead to extending the study by 
Ulsido and Li (2016), they have found that the organic fertilizer 
of coffee pulp as a substrate for the growth of chickpeas 
(Cicer arietinum L.) in less time than other 3 treatments: soil 
Vegetable (Treatment I), topsoil + organic compost of animal 
manure (Treatment II), topsoil + organic compost of sawdust 
(Treatment III) (Ulsido; Li, 2016). However, Chong and 
Dumas (2012) tested with five physical granule fractions (500, 
1,000, 2,000, 4,000 and 8,000 pm) to determine the effect of 
particle size. They showed that smaller particles have higher 
rates of composting Chong and Dumas (2012). Therefore, 
combining different substrates and different physical granule 
fractions may lead to optimize composting.

Widjaja et al. (2019) studied the production of reducing 
sugar from coffee pulp residues by means of the biological 
pretreatment process in a fungi mixture culture between 
Aspergillus niger, Bacillus subtilis and Trichoderma reesei, 
followed by hydrolysis process using a mixture of pure cellulose 
and xylanase enzyme and using a varied mixture with fungal 
elements, which leads to extending the non-significant result of 
fungi Widjaja et al. (2019). In the present research, we obtained 
Fusarium sp. and Penicillum sp. found in common reports 
by Janissen and Huynh (2018) and Murthy and Naidu (2012) 
respectively. Moreover, a greater variety of species of bacteria 
from 545 increasing to 2400 m.a.s.l. was reported in high altitude 
agriculture with rainfall of at least 900 mm of annual rainfall 
(Siles; Margesin, 2016), and also recently have been explored 
in depth strain between 1800 and 2000 m.a.s.l. Junqueira et al. 
(2019) which confirms the facilitation of composting that we 
have found at 2300 m.a.s.l. in a cloud forest.

Finally, limitations of the present study were the compost 
was not solidified and tested. For example, currently works at 
the National University of Cajamarca with these consortia for 
the degradation of solid household residues for the production 
of organic fertilizers. Other works has been done using these 
bacterial microorganisms to evaluate their effect on the production 
of alcohol from tree residues that might be helpful to overcome 
some alcohol lack of production for COVID prevention.

4 CONCLUSIONS

An initial evaluation showed that more than 60% of the 
strains had a non-representative glucose production. However, 
these strains achieved the degradation of coffee pulp in Peru 
in 28 days.

Glucose production by the chosen fungal consortium 
(i.e. Fusarium sp., Penicillum sp., Cylindrocarpon sp.) was 
exponential, unlike the bacteria consortium (i.e. Ochrobactrum 
pseudo grignonense, Paenibacillus lauruscon and Bacillus 
xiamenensis)  that reduced their activity over time, meaning 
that it is possible to minimize the period of degradation of 
coffee pulp using native microorganisms degraders, and 

freeing the environment from a great burden and making the 
production of organic fertilizer from coffee pulp profitable.

The organic fertilizer obtained from coffee pulp may 
be used for the installation phase of new coffee plantations, 
in nurseries, and as fertilizer for organic coffee production. 
Furthermore, the recovery and conservation of the ecosystem 
was expected, because the process did not generate waste since 
the pollutants are completely degraded. Therefore, the next 
step is to deepen the complete identification of the isolated 
microorganisms, as well as to carry out additional studies on 
their degradative activity with other organic wastes.
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