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Rumen content is a waste produced in slaughterhouses. This type of solid waste can cause bad 
odor and atmospheric pollution if discharged directly into the environment. Additionally, it may spread 
disease due to the nesting vectors, and the resulting leachate can lead to groundwater contamination. 
The objective of this study was to determine the suitability of rumen content, waste generated in 
the slaughterhouse of Villapinzón (Cundinamarca), as raw material for biological transformation 
into vermicompost at the Fertisoluciones facilities. The characteristics of the rumen content were 
analyzed, and during the transformation process, three volumetric capacities (T1: 5.94 m3, T2: 23.01 
m3, and T3: 16.74 m3) of compost bed were evaluated for 105 days. Through a principal component 
analysis, the data was reduced in two dimensions that explained 65.8% of the total variance; the first 
component related to the number of juvenile individuals, high pH, low moisture and temperature; 
and the second component related to numbers of adults individuals and high temperatures. The 
earthworm growth rate was determined by the food quality, as well as by bed size. Microbiological 
and physicochemical analyses were performed on the resulting vermicompost, demonstrating that the 
transformation process of rumen material into organic fertilizer, performed in Fertisoluciones facilities, 
fulfills the parameters required by the NTC5167 standard. This study showing the possibility of using 
a slaughterhouse’s solid waste and convert it into a valuable product to an industrial scale.

El contenido rumen es un subproducto producido en los mataderos. Este tipo de desecho sólido puede 
causar mal olor y contaminación atmosférica si se descarga directamente al medio ambiente. Además, 
puede propagar enfermedades debido a los vectores que puede albergar, y el lixiviado resultante puede 
conducir a la contaminación de las aguas subterráneas. Este estudio tuvo como objetivo determinar la 
idoneidad del material rumen, residuo generado en la planta de sacrificio de Villapinzón (Cundinamarca), 
como materia prima para la transformación biológica en vermicompost en la planta de Fertisoluciones. 
Se analizaron las características del contenido rumen en el proceso de transformación, y se evaluaron 
tres tratamientos diferenciados por el volumen de las camas de compostaje (T1: 5,94 m3, T2: 23,01 
m3 y T3: 16,74 m3), durante un periodo de 105 días. El pH, la humedad, la temperatura y la densidad 
poblacional de la lombriz fueron monitoreados. A través de un análisis de componentes principales, se 
redujo la dimensionalidad de los datos a dos dimensiones que explican cerca del 65,8% de la varianza, la 
primera relacionada con el número de individuos juveniles, la baja humedad y temperatura, y la segunda 
relacionada con el número de individuos adultos y temperaturas más altas. La tasa de crecimiento 
de la lombriz estuvo determinada por la calidad del alimento así como por el tamaño de la cama. El 
vermicompost obtenido se analizó microbiológica y fisicoquímicamente, demostrando que el proceso 
de transformación de material ruminal en abono orgánico realizado en la planta Fertisoluciones, está 
dentro de los parámetros de inocuidad exigidos por la NTC 5167. Este estudio muestra la posibilidad de 
utilizar un residuo sólido de matadero y convertirlo en un producto valioso a escala industrial.
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S
olid waste generation in beef cattle slaughterhouses 
causes sources of contamination. This waste 
increases the organic load in nearby effIuents since 
it is deposited into water sources or even landfills 

– a practice that promotes soil, air, and water pollution.

This situation is especially difficult since, in Colombia, 
104 of the 286 animal benefit plants have been closed, 
179 are open with definitive sanitary authorizations, and 
two have not been monitored by guvernamental entities 
yet (Triana, 2019), indicating a more considerable lack of 
regulation by state entities.

During the first trimester of 2010, approximately 30,000 
t of rumen content was produced in Colombia, a high 
contaminating organic load (Ríos and Ramírez, 2012). 
The Chemical Oxygen Demand (COD) of slaughterhouse-
generated waste is evident from their fats, proteins, salts, 
and suspended and dissolved solids. It is estimated that 
one beef cow generates approximately 4.42 kg of Biological 
Oxygen Demand (BOD5), 12.64 kg COD, and 4.08 kg of 
Total Suspended Solids (TSS) (Corantioquia, 2016).

However, rumen content, given its physicochemical and 
microbiological characteristics, constitutes the ideal raw 
material for annelid feed and vermicompost production. 
The decomposition of this material occurs through 
microbial interactions generated by the presence of 
polymers, such as cellulose, hemicellulose, lignin, and 
structural proteins, among other molecules. According to 
Jara et al. (2016), rumen content contains a significant 
microbial load, which interacts with those microorganisms 
present in earthworms’ digestive tracts (Brito-Vega and 
Espinosa-Victoria, 2009).

Pseudomonas spp. are microorganisms that inhabit the 
rumen content (Castro et al., 2018) and play an important 
role as phosphorus solubilizers (Pincay et al., 2014). 
On the other hand, the presence of Aeromonas sp. 
(40%), Bacillus sp. (37%), Photobacterium sp. (10%), 
Pseudomonas spp. (7%), and Shewanella sp. (6%) 
were reported in the digestive tract of earthworms in 
composted cattle manure at 20 °C, with 70% of moisture 
(Hong et al., 2011).

Rumen content management with earthworms aids in the 
stabilization of soil properties, enhances microorganism 

populations. Plant nutrition processes are also benefited 
by improving the fertilizers used. Adding organic material 
to the soil increases the cation-exchange capacity, 
elevates the water holding content, and simultaneously 
decreases the apparent density, which increases porosity 
(Zapata and Osorio, 2013; Blasco and Burbano, 2015).

Rumen content could be a valuable raw material for 
vermicompost preparation. According to Rafaelli et al. 
(2005), it is composed of a protein percentage of 10.40%, 
ether extract of 2.84%, a raw fiber of 34.29%, a nitrogen-
free extract of 37.21%, ash of 15.85%, neutral detergent 
fiber (NDF) of 65.14%, acid detergent fiber (ADF) of 
41.19%, hemicellulose 23.95% of lignin 14.13%, and 
cellulose of 27.05%. The aim of this research was to 
evaluate the quality, in terms of chemical, microbiological 
composition, physical condition, and enzymatic activity of 
organic fertilizer obtained from vermicomposted rumen 
content.

MATERIALS AND METHODS 
Geographical location
This study was carried out in the Fertisoluciones S.A. 
processing plant, located in the department of Boyacá, in 
the municipality of Ventaquemada, Bojirque settlement in 
a 6,400 m2 area at an altitude of 2,829 m, 05°23’46’’ N, 
73°29’00’’ W, with an average temperature of 11 °C.

Raw material characterization
The rumen content was obtained from the slaughterhouse 
of Villapinzón municipality (Cundinamarca) and was stored 
in 10 m3 piles for 120 days; the piles were covered with a 
plastic film to prevent contamination and dehydration. The 
physicochemical analyses were performed according to 
NTC 5167 (ICONTEC, 2011): Percentage of total oxidizable 
organic carbon, density, moisture content, percentage of total 
organic nitrogen, pH, C/N ratio, Pseudomonas spp. (CFU 
count was performed). Phosphatase activity was measured 
according to the method described by Anderson et al. (1975), 
using p-nitrophenyl phosphate as a substrate for the reaction, 
which was determined spectrophotometrically at 400 nm. 
Cellulase activity was determined through the method 
of Schinner and von Mersi (1990) using carboxymethyl 
cellulose as substrate; cellulase activity was measured at 
540 nm. Both enzymatic activities were measured through 
a GENESYS TM 20 spectrophotometer and expressed as 
µmol min-1 g-1 of p-nitrophenol and glucose, respectability.
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Transformation process and physicochemical analysis
The rumen content was piled into beds of three different 
volumes, corresponding to the experimental treatments: 
Treatment 1 (T1): 5.94 m3, Treatment 2 (T2): 23.01 m3, 

and Treatment 3 (T3): 16.74 m3. These were monitored 
every 15 days for a total of a 105-day evaluation period, 
i.e., seven sampling times (S1: 15 d, S2: 30 d, S3: 45 
d, S4: 60 d, S5: 75 d, S6: 90 d, and S7: 105 d). There 
were placed a Halthen thermometer in three different 
locations within the bed piles at a depth between 5 

and 10 cm. From each vermicompost bed, 23 samples 
were taken randomly following a zig-zag pattern, at a 
depth of 5 and 10 cm, which were mixed to obtain a 
composite sample of 1 kg. Then, it was separated into 
two 500-g samples. The first one was used to determine 
physicochemical characteristics, and the second 
one was used to determine the density of earthworm 
populational. The earthworm population density 
was calculated considering the capsule, juvenile, 
and adult stages (Equation 1) (Schuldt et al., 1998).

(1)

Vermicompost analysis
After 105 days, a sample of 500 g was taken to 
assess the final product qualities. Physicochemical 
characteristics, which included: color, particle size, 
pH, moisture, macronutrients (N, P, K, Ca, Mg), 
micronutrients (Mn, Zn, Na), Organic Carbon (OC), 
Cation Exchange Capacity (CEC), the CEC/OC
ratio, Electric Conductivity (EC), Water Holding 
Capacity (WHC), and the C/N density and ratio were 
evaluated. A sample of 500 g was taken to evaluate the 
microbiological quality and physic-chemical conditions 
of the vermicompost according to the NTC5167 standard 
(ICONTEC, 2011). Enterobacteria, Salmonella sp., 
mesophiles, thermophiles, molds, yeasts, nematodes, 
protozoa, and Pseudomonas spp. were quantified. 
Additionally, phytotoxic and respirometric tests were 
performed, and phosphatase and cellulase activity 
were determined. The results of the final product were 
contrasted with the NTC5167 standard (ICONTEC, 
2011), as well as other vermicomposts which have 
resulted from similar processes.

Statistical analysis
The data from Vermicompost analyses were analyzed 
through principal component analysis (PCA) to determine 
variable correlations and reduce dimensionality (Lê et 
al., 2008) (R Core Team, 2018). The number of adults, 
juvenile, and capsule individuals was employed as 
active variables, while days and treatments were used 
as supplementary qualitative variables. The Principal 
components or Dimensions were retained according to 
Kaiser’s rule (Kaiser, 1991).

RESULTS AND DISCUSSION
Raw material quality
Table 1 shows that the OC content is quite high. This 
value is due to the organic composition of this material, 
which is composed of carbohydrates (52%), lignin 
(20%), nitrogenated compounds (12%), lipids (3.5%), 
organic acids (2.5%), and other components (10%) 
(Blasco and Burbano, 2015). Thus, this is a complete 
source of nutrients required for eartworms’ metabolism 
(Espinosa-Victoria et al., 2018). High C content slows 
decomposition, which may explain the mineralization 
rate value (Table 1). Khwairakpam and Kalamdhad 
(2011) reported values of 44.8, 41.1, and 38.4% (on 15, 
30, and 45 days, respectively) in the total C content in 
a mixture of plant residues and vermicomposted cattle 
manure, it is possibly due to a decrease in carbon 
content related to earthworms activity, such as, organic 
matter oxidation; the OC value (41.1%) is similar to that 
reported here.

In the rumen-based vermicompost, the total nitrogen 
content was 2.26% (Table 1), higher than vermicomposted
materials based on manures from rabbit (1.41%), horse 
(1.51%), and chicken (1.34%) (Rotondo et al., 2009). 
These authors mention that N is in mineral and organic 
form, and its content in the vermicomposting process 
tends to decrease due to the nitrogen mineralization 
mediated by earthworms actions. This transformation 
may be related to the source of food for the cows from 
which ruminal material was obtained, or to the greater 
ingestion of tender forage with high content of structural 
proteins, which is not easily degradated and generates an 

3

3

( )
( )

earthworms bed volume m
earthworms / bed

Volume of sample extracted m
×

=
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increase in nitrogen percentage, following what Eulloque 
Guerrero (2013) stated. The increase in total nitrogen 
content is produced by mineralization and microbial fixing 
processes of atmospheric nitrogen (Camiletti, 2016). 
Simultaneously, the high organic carbon percentage of the 
ruminal material is a source of energy for microorganisms, 
and the nitrogen content contributes to the formation of 
new microbial cells (Blasco and Burbano, 2015).

Regarding density, it may be affirmed that vermicompost 
is a very light material. However, it has a high WHC, 

Table 1. Chemical, microbiological composition, and enzymatic 
activity of rumen content at the Villapinzón plant (Cundinamarca).

Parameter Value

Oxidizable organic carbon (%) 45
Density (g cm-3) 0.1
Moisture (%) 83.2
Total nitrogen (%) 2.26
pH 8.18
C/N 19.9
Pseudomonas spp. (CFU g-1) 9.5×104

Phosphatase activity (µmol min-1 g-1) 2165
Cellulase activity (µmol min-1 g-1) 2314

principally of molecules such as cellulose, hemicellulose, 
protein, and lignin, which are insoluble in water and 
permits an increase in weight. It may retain up to 83.2%, as 
determined in the analysis. This property is in agreement 
with those reported by Eulloque Guerrero (2013), who found 
that ruminal content has a moisture average near to 85%.
The pH thereof is strongly alkaline, possibly owing to the 
presence of more anions than cations, similar to Shrestha’s 
et al. (2011) findings in a rumen content composted for 
three months. Methanogenic microorganisms also help to 
maintain the pH between 7.8 and 8.2 due to their metabolic 
processes.

Rumen content reported 9.55×104 CFU g-1 of Pseudomonas 
spp., within which phosphate and cellulolytic solubilizers 
may be present. Table 1 also reports enzymatic activity for 
phosphate and cellulose. The presence of these organisms 
is a result of phosphate compounds, such as phytin, which 
are found in grain straw, in rumen content. Also, ATP 
and phospholipid molecules are affected by phosphate 
solubilizers. Since cellulose activity was found in the raw 

material, it could indicate the presence of microorganisms 
able to synthetize this enzyme, which coincides with the 
results obtained by Quintero (2014).

pH, moisture and temperature behavior during the 
transformation
Principal components (PC) or dimensions 1 and 2 were 
chosen according to Kaiser’s rule, which states that PCs 
with eigenvalues greater than one should be retained 
(Kaiser, 1991). Dimensions 1 and 2 explain 41.25% and 
24.51% of the variance, respectively. In Dimension 1, 
those with the highest weight were: juveniles, capsules, 
pH, and the moisture percentage. For Dimension 2, 
these were temperature and adults (Figure 1).

The infIuence of temperature and pH on the number of 
adult individuals is null, which may indicate independence 
between those variables within the observed values. The 
number of juveniles tends to be higher in alkaline pH and 
is not affected by humidity or temperature. Moist, warm 
environments and acidic pH tend to increase the number 
of capsules (Figure 1).

Prasanna (2016) reports that, at a temperature range of 
0-40 °C, the earthworms perform the vermicomposting 
process. However, their regeneration capacity is between 
25 and 40 °C. Ramnarain et al. (2019) showed that an 
average temperature of 27 °C, similar to the present study. 
Camiletti (2016) also showed that the vermicomposting 
process is performed on an industrial scale, as in this case, 
temperatures may increase up to 35 °C (this increase is 
controlled with the addition of water), as occurred on day 
15 for T2: 23.01 m3  and day 45 for T3: 16.74 m3. 

On the other hand, bed size does not affect the 
temperature or pH value thereof, which may occur due 
to material uniformity. However, the pH behavior may 
be related to nitrogen transformation in nitrites and 
nitrates, as well as to transformation reactions of organic 
phosphorous into orthophosphate (Camiletti, 2016).

Simultaneously, the moisture percentage trend reported 
an average of 73%, which demonstrates that the 
transformation process was carried out in optimal moisture 
conditions. This average coincides with that reported by 
Eulloque Guerrero (2013), who found that the ideal moisture 
range for vermicompost was between 60 and 90%.
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Figure 1. PCA of the different volume treatments (T1: 5.94 m3, T2: 23.01 m3, and T3: 16.74 m3) at seven sampling times (S1: 15 d, S2: 30 d, 
S3: 45 d, S4: 60 d, S5: 75 d, S6: 90 d, and S7: 105 d) of the vermicompost transformed from ruminal content. The measured variables were 
the earthworms stages (Capsule, Juvenile, Adult), Temperature, Moisture, and pH of the vermicompost.

Figure 2A shows that for the two dimensions, D1 and D2, 
extracted in day 15, the number of juveniles in alkaline pH 
conditions, with low moisture and low temperature, was the 
greatest. On day 30, the number of adults and temperature 
increased. On day 45, there was not a detectable treatment 
net effect. On day 60, something similar to the day 30 
occurred, and on day 75, the number of capsules and 
moisture percentages were high, while the number of 
individuals was low, the pH was acidic, and the temperature 
was low. On day 95, the behavior was similar to that of day 
15. Lastly, on day 105, it was similar to that of day 75 (Figure 
2B). It was observed that there are no differences between 
the three treatments in terms of the variables studied.

Earthworms’ dynamics in a substrate varies, depending 
on their diet. In this research, it was observed that on day 
15, the number of juvenile earthworms was the greatest, 
which could indicate that the proteins, amino acids, fats, 
and fiber in the ruminal content satisfy the nutritional 

requirements for the recently-hatched earthworms eggs. In 
the ruminal content, the C:N ratio was 19.9, corresponding 
to carbohydrates and organic carbon compounds (45%), 
and nitrogenated compounds (2.26% of total N). These 
contents allowed their development, as observed in the 
test. Besides, the organic residues ejected by earthworms 
increase the calcium content in the substrate, for which 
the pH increased.

Adult numbers increased on day 30, as these correspond 
to the juveniles that grew from the planted earthworms. 
According to Bravo et al. (2018), each young earthworm 
that matures may be in reproductive age between 60 and 
90 days, or day 30 in this case. This population had the 
referenced age on average. The same occurred on day 45, 
when the adult population, which hatched from the cocoons 
in the substrate. The eggs hatch between 12 and 21 days 
after oviposition, and each juvenile earthworm matured 
until reproductive age in approximately 60-90 days.
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Figure 2. Behavior of individuals corresponding to the mean values of each treatment at different sampling times in the PCA. A. Biplot generated 
from vermicompost data from three different volume treatments (T1: 5.94 m3, T2: 23.01 m3, and T3: 16.74 m3) and seven sampling times 
(S1: 15 d, S2: 30 d, S3: 45 d, S4: 60 d, S5: 75 d, S6: 90 d and S7: 107 d); B. 95% confidence ellipses surrounding Treatment and Sampling time.

For this reason, it makes sense that on day 75, the number 
of cocoons or the earthworms which had become adults 
increased. On the other hand, the number of adults and 
juveniles decreased because these migrated downwards 
within the substrate, searching for resources, as the eggs 
were placed in the processed substrate, which is feed 
for earthworms recently emerged from their cocoons. 

Figure 3 indicates the relationship between the number of 
individuals per bed for the three treatments. The values 
obtained correspond to the earthworm states capsules, 
juveniles, and adults. The T2: 23.01 m3 presented the 

highest number of individuals, as compared to the other 
two treatments. These results indicate that the larger the 
volume utilized, the higher the earthworm development. 
Besides, in that volume, there is enough available feed and 
appropriate pH, moisture, and temperature conditions. The 
values reported for the present study are higher than those 
found by Schuldt (2005), who discusses a range between 
80,000-120,000 individuals per bed, while values above 
130,000 for T1: 5.94 m3 and over 300,000 for T2: 23.01 m3 
and T3: 16.74 m3 are reported in the present study. Schuldt et 
al. (2005) also report that, when 100,000 individuals per bed 
are exceeded, the bed must be expanded to favor earthworm 

Figure 3. Number of earthworms per treatment after 105 days. T1. 5.94 m3; T2. 23.01 m3; T3. 16.74 m3.
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development. The only variable which was influenced by 
bed size was the number of individuals per bed, as that the 
larger the volume, the larger the population grew.

Vermicompost characteristics
Physicochemical parameters. The composition of the three 
treatments for the presence of Ca was higher than fresh 
manure (0.003%), manure mixed with fruit waste from oil 
palm in equal parts (0.0022%) (Hernández et al., 2008), 
and dry cow manure mixed with coffee parchment in 
equal parts (0.68%) (Contreras et al., 2014). The values 
obtained for Ca in this study were similar to kitchen 
waste (1.06%), the coffee pulp (0.84%), and cardboard 
(0.94%) (Paco et al., 2011). The Mg in waste from the 
previously-mentioned treatments was 0.38, 0.34, and 

0.37%, which is superior to the ones of this study, but for 
K, it was greatly exceeded by the vermicompost obtained 
by grape bagasse 1.4%. Cordeiro et al. (2013) found the 
following percentages: for kitchen waste, 1.73%, coffee 
pulp, 1.74%, and cardboard, 0.91%. These results are 
related to the vermicompost quality and depend on the 
raw material fed to the earthworms.

The sum of the Ca, Mg, K, and P percentages were in the 
range between 3.1-3.5, which indicates that the fertilizer 
qualifies as an organic amendment, under the NTC 5167 
standard (ICONTEC, 2011). Similarly, on the establishment 
of cationic ratios, it was observed that in the values 
encountered, there was a deficiency of Mg, Ca, and Zn, 
which is corroborated by the ash percentage, which was 

Table 2. Microbiological parameters of vermicompost analysis in three different volume treatments. 

Parameter Units T1: 5.94 m3 T2: 23.01 m3 T3: 16.74 m3

Total calcium % 1.074 1.18 1.147
Total magnesium % 0.169 0.2074 0.204
Total potassium % 0.4438 0.557 0.5684
Total sodium % 0.504 0.66 0.638
Total zinc % 0.00923 0.0114 0.0088
Cadmium ppm ND ND ND
Chromium ppm ≤0.02 6.98 ND
Nickel ppm ≤0.003 ND ≤0.1
Lead ppm ≤0.01 ND ≤0.2
Mercury ppm ND 0.170 0.13
Arsenic ppm ≤0.1 1.92 ≤0.02
Ash % 37.2 34.2 38.1
CEC meq 100g-1 77.4 77.3 78.7
CEC/CO meq 100g-1 CO 313 265 279
Total oxidable organic carbon % 24.7 29.2 28.2
Electrical conductivity dS m-1 0.33 0.33 0.34
WHC % 311 327 314
Density (20 °C) g cm-3 0.29 0.22 0.2
Total phosphorous % 1.44 1.52 1.59
Moisture % 72.9 74 71.6
Total organic nitrogen % 1.97 2.22 1.88
pH (10%) - 6.34 6.52 6.23
C/N relationship - 12.5 13.1 15
Ca/Mg relationship - 6.35 5.9 5.62
Ca/K relationship - 2.42 2.11 2.01
Mg/K relationship - 0.38 0.37 0.35
Ca+Mg/K relationship - 2.80 2.49 2.37
Particle size >2mm % dry mass 69.2 76.8 65.3
Particle size % dry mass 30.8 23.2 34.7
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below 40%. The total P reported was 1.44, 1.52, and 
1.59% respectively for T1: 5.94 m3, T2: 23.01 m3, and T3: 
16.74 m3, which corresponds to the organic and inorganic 
P. This indicates that the Pseudomonas spp. reported in 
the analyses may be phosphate solubilizers (Awasthi et 
al., 2011), considering the presence of phosphates in the 
three treatments (Table 2). However, there was a reduction 
in the activity of this enzyme, which was 2165 µmol min-1 
g-1 in the rumen content, while in the final product, it did 
not exceed 873.25 µmol min-1 g-1. However, this enzymatic 
activity may favor the availability of phosphorous for the 
plant, as well as the phosphorous found in the soil, given 
that it may be activated by the microorganisms added with 
the fertilizer (Brito-Vega and Espinosa-Victoria, 2009).

The total organic N reflected values of 1.97, 2.22, and 
1.88% for T1: 5.94 m3, T2: 23.01 m3, and T3: 16.74 m3, 
respectively, which are within the parameters established 
by the NTC 5167 standard (ICONTEC, 2011). It should 
be noted that the total organic N contained in the initial 
rumen content was 2.26%, decreased in the T1: 5.94 m3 
and T3: 16.74 m3 in the final product, and maintained 
its value in the T2: 23.01 m3 (Table 1 and 2). However, 
it is a low value compared to vermicompost obtained 
from grape bagasse (2.96%) (Cordeiro et al., 2013), 
but superior to the N contained in vermicompost from 
coffee parchment and manure (0.127%) (Contreras et 
al., 2014), and dry cow manure (0.57%) (Castillo et al., 
2000). The N quantities herein are slightly superior to 
those of vermicompost from kitchen wastes (1.25%) 
(Castillo et al., 2000), fresh manure (1.62%), and the 
50/50 fresh manure and fruit oil palm waste (1.13%) 
(Hernández et al., 2010), which indicates that wastes of 
vegetable origin retain more N that remains in the soil 
after mineralization. It may be affirmed, considering that 
C/N ratios are high and mineralization rates are low and, 
that the fertilizer completes the N circle in the soil. 

Table 2 demonstrates that the CEC was very high 
compared to other vermicomposts, such as that of 
fresh manure and the manure-fruit waste from oil palm, 
which have 43.72 meq 100g-1 and 47.24 meq 100g-1, 
respectively (Hernández et al., 2010), but are slightly 
above those of coffee parchment-manure (Contreras 
et al., 2014). This behavior implies that this material 
increases soil fertility when it is applied, by retaining 
free cations in solution. The increase thereof is variable 

in rumen content and may owe to the molecules that 
compound this material (cellulose, lignin, hemicellulose, 
protein); when breaking down, it produces smaller 
molecules, such as organic acids, amino acids, or phenols.

Total oxidable organic carbon (OC) values were 
reported at 24.7, 29.2, and 28.2% for T1: 5.94 m3, T2: 
23.01 m3, and T3: 16.74 m3, respectively, which are 
slightly lower than the NTC 5167 standard (ICONTEC, 
2011), and higher than those reported by Paco et al. 
(2011) for kitchen waste (10.85%), the coffee pulp 
(11.37%), or cardboard (11.49%). Besides, it was lower 
than vermicompost from grapevine bagasse (34.59%) 
(Cordeiro et al., 2013). The low vermicompost values 
for rumen content result in a high mineralization rate. 
Following the values reported, it would classify as a 
non-humic organic amendment, according to NTC 5167 
(ICONTEC, 2011). As a result of these two variables, the 
CEC/CO indicates that the organic matter percentage, 
which makes the cation exchange has a relationship 
over 200 being a high value for this variable.

The C/N ratio, with values of 12.5, 13.1, and 15 for T1: 
5.94 m3, T2: 23.01 m3, and T3: 16.74 m3, respectively, 
were higher than the final product of grape bagasse 
(12.6) (Cordeiro et al., 2013), the mixture of coffee 
parchment and manure (12.5) (Hernández et al., 2010), 
or pure cow manure (10.76), but lower than that of the 
mixture of manure with waste fruit from oil palm (19.2) 
(Contreras et al., 2014). Values above 12 indicate that 
the material has a slow mineralization rate that brings 
few inorganic nutrients to plants; however, it becomes 
a source of feed for the organisms in the soil, as the 
physicochemical conditions change.

None of the treatments reported high CE. In other words, 
there was no presence of salts. Similarly, compared to 
other materials, it was quite low: fresh manure (5.38%), 
palm oil fruit waste-manure (3.46%) (Hernández et 
al., 2010), and coffee parchment -manure (2.32%) 
(Contreras et al., 2014).

The WHC was high with values that reached 311-327-
314% (T1: 5.94 m3-T2: 23.01 m3-T3: 16.74 m3), according 
to the same rumen material composition. This capacity 
indicates that this material can retain three times more 
water than its weight, favoring the soil into which it is 
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applied. Hydrogen bridges retain the water, and negative 
charges are generated by the organic matter in molecules 
like amino acids, phenols, and organic acids, among others.

The moisture content of the material was more than 
70%, as shown in Table 2 (at the time that samples were 
taken). This corresponds to the ideal moisture level for 
earthworm habitats. However, it should be reduced to 30% 
via outdoor drying, which permits microbial and enzymatic 
activity and let compliance with the requirements of the 
NTC 5167 standard (ICONTEC, 2011).

The pH reported in the three treatments indicates that this 
material is slightly acidic, while Paco et al. (2011) tests 
indicate that the pH of kitchen wastes was 7.79, the coffee 
pulp was 7.48, classified as alkaline, the vermicompost 
obtained from cardboard had a pH of 7.03, and grapevine 
bagasse of 7.1 (Cordeiro et al., 2013). These values are 
neutral or almost neutral. The vermicompost’s pH obtained 
from pure cow manure was measured 6.85, while the 
50/50 mixture of manure and palm oil fruit waste was 
6.54 (Hernández et al., 2010). On the other hand, for the 
vermicompost created from parchment coffee and cow 
manure, the pH was found to be 6.6 (Contreras et al., 
2014). Values below 7.0 were classified as slightly acidic, 
and maybe a result of the presence of organic acids of low 
molecular weight.

The presence of heavy metals in Table 2 indicates that all 
of these were below the ranges required by the NTC 5167 
standard (ICONTEC, 2011). A direct relationship was not 
observed between bed size and microbial burden considering 
the different treatments evaluated. This likely originated via 
the non-homogeneous distribution of vermicompost, or in 
the sample collection process.

Microbiological parameters. Pathogenic microorganisms, 
such as yeasts, nematodes, and Salmonella sp., were not 
found on a general level. In the case of enterobacteria, the 
counts obtained from the three treatments indicates the 
none surpassed the limits established by the NTC 5167 
standard (ICONTEC, 2011). This absense is favorable, as 
high pathogen counts inhibit the growth of microorganisms 
of beneficial origin, which contribute to the added value 
of vermicompost. In the T3: 16.74 m3, a higher count 
of enterobacteria was observed. This microbial content 
is related to a higher C/N ratio. These elements are 

fundamental to the reproduction process of the various 
microorganisms, as well as enzyme production, which 
helps to degrade insoluble compounds.

Mesophilic bacteria decrease as bed size increased. This 
group of microorganisms is used as indicators to evaluate 
different types of treatments, as they serve to inoculate 
beneficial microorganisms or reduce pathogenic bacterial 
load. The data from the present study agree with that obtained 
by Pérez et al. (2008), who worked with vermicompost based 
on coffee pulp, ground coffee pulp, and sheep manure.

The concentration of Pseudomonas spp. in the vermicompost 
sample was 1.5×105 CFU g-1 in T1: 5.94 m3, 2.1×105 CFU g-1

in T2: 23.01 m3, and 1.6×105 CFU g-1 in T3: 16.74 m3 
(Table 3). This microorganism increased significantly, 
compared to rumen content, which may be related to 
the contribution of microorganisms from earthworms’ 
digestive tracts. These Pseudomonas spp. have been used 
as promotors of vegetative growth, and various strains 
can produce oxalic, fumaric, and citric acids, as well as 
phosphatases, facilitating the solubilization of organic 
and inorganic phosphorous (Awasthi et al., 2011). It 
also controls pathogenic microorganisms, producing 
antifungal and antibiotic compounds. Similarly, they 
play a more competitive part, owing to the nutrients 
available in the soil, and produce siderophores, 
organic compounds that capture iron. Besides, some 
species are considered proteolytic, according to the 
findings in similar studies carried out by García (2006).

In the case of thermophilic microorganisms, high counts 
were obtained, even when the vermicompost’s productive 
process did not exceed 30 °C. It is notable, as this 
microbial group has an optimal growth temperature of 
40 °C and beyond, and that applied in the present study 
was lower.

Moisture is a determining factor for molds because 
their metabolic processes would be greater moisture 
environments, which would yield higher numbers. However, 
for T2: 23.01 m3, which presented the greatest moisture 
levels (74%), no significant increase in molds was found. 
Nevertheless, the T1: 5.94 m3, which presented moisture 
levels of 72.9%, presented the highest numbers (6.0×103 
CFU g-1). It is important to highlight that, in the analyzed 
samples, there was no presence of yeast. This absence 
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indicates that anaerobic and alcoholic fermentations do 
not occur.

On a general level, the pH did not reflect any important 
variation, which would represent a significant difference 
in the microorganism counts obtained. The pH was nearly 
neutral. It should be considered that samples for the 
analyses were taken before the drying and sifting stages, 
which may have caused non-homogeneous distribution, 
and caused certain organic additions and accumulation 
of nutrients and microorganisms. Generally, these results 
demonstrate the quality of the product obtained under the 
NTC 5167 standard’s values (ICONTEC, 2011).

As mentioned by Espinosa-Victoria et al. (2018) and 
Brito-Vega and Espinosa-Victoria (2009), the high 
microbial content in vermicompost is due to earthworms 
have approximately 500 billion individuals in their 
intestinal tract, which affects the data obtained in the 
fertilizer. Additionally, as vermicompost does not have a 
thermophilic phase, in which, typically, these organisms 
would be eliminated, more of them are present.

The OC levels reported in Table 3 were measured 
following a test in which the processes were utterly 

anaerobic. According to what was reported by Banerjee 
et al. (2018), respiration rates are directly related to the 
stability of the worm compost, indicating that it is a very 
stable compost. The three treatments with respiration 
rates lower than 2 indicate mature vermicompost, which 
has completed the decomposition stage and does not 
present a potential phytotoxicity risk.

Table 3 showed that the final product complies with 
the NTC 5167 standard (ICONTEC, 2011), in terms 
of the presence of pathogenic microorganisms such 
as Salmonella sp., enterobacteria, nematodes, and 
protozoa. This happens because the pH is slightly 
acidic, and the stable product’s moisture level is lower 
than 30%. These conditions are not favorable for said 
organisms. However, Espinosa-Victoria et al. (2018), 
showing that in earthworms’ digestive tracts, there are 
at least 16 species of Bacillus sp., among others, which 
are ingested by way of the food they consume. It means 
that rumen content is free of these pathogens and that 
the earthworm breeding process is not contaminated.

Within the enzymatic biotransformation processes, the 
presence of the earthworm has been found to stimulate 
the activity of enzymes (Villegas-Cornelio et al., 2017). 

Table 3. Microbiological parameters of vermicompost analysis in three different volume treatments. 

Parameter Units T1: 5.94 m3 T2: 23.01 m3 T3: 16.74 m3

Mesophiles CFU g-1 5.80×107 1.60×107 5.10 ×107

Thermophiles CFU g-1 1.00×106 2.30×107 3.70 ×107

Molds CFU g-1 6.00×103 2.00×103 1.00 ×103

Yeasts CFU g-1 0.00 0.00 0.00
Nematodes and/or protozoa Absence-presence 0 0 0
Enterobacteria CFU g-1 1.00×102 2.00×102 9.00 ×102

Salmonella sp. CFU 25g-1 0 0 0
Respirometry mg CO2 g

-1 0.22 0.26 0.26
Pseudomonas spp. CFU g-1 1.5×105 2.1×105 1.6×105

Phosphatase µmol min-1 g-1 873.25 785.9 570.30
Cellulase µmol min-1 g-1 2703.0 2590.6 3206.10

However, those microorganisms that inhabit their 
gastrointestinal tract have the enzymatic machinery to 
perform this activity, and, as observed in the final product 
result, phosphate activity decreases, compared to the value 

in the rumen content. This behavior is probably due to 
earthworms in their growth and development, consume the 
phosphorous present in the raw material, and this causes 
a decrease in its enzymatic activity in the final product. In 
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contrast, for cellulase activity increases because the fiber 
content is higher when cellulose is present.

In general, it is important to consider that vermicomposting 
is attracting researchers’ attention in recent years owing 
to the reason that this method can degrade organic 
wastes and can recycle and convert valuable nutrients 
into organic fertilizers. The industrial-scale conversion 
of waste as rumen content presents several challenges; 
however, this study shows that it can be used to obtain an 
amendment that complies with the regulatory parameters 
established in Colombia, leaving open the possibility of 
exploring potential uses for earthworms which develop 
correctly on this type of material.

CONCLUSIONS
The rumen content transformed by earthworms into organic 
fertilizer shows optimal qualities regarding other solid 
wastes, which may be alternatives for the management of 
this by-product of agroindustrial processes. Earthworms’ 
growth rates are determined by the quality of the food they 
ingest, and the population rate is determined by bed size. 
In this research, a large volume bed for vermicomposting 
contributes positively to Earthworms’ development; it 
stimulates the generation of individuals. The microbiological 
and physicochemical analyses performed to demonstrate 
that the transformation process from ruminal material on 
a large scale allows getting organic amendment with good 
quality and satisfy the NTC 5167 standard’s parameters. 
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