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Abstract: In the last few years, pineapple (Ananas comosus) has grown to be considered one of
the most important fruits worldwide due to its high production and consumption. However,
inadequate disposal of the waste it generates, which represents up to 67% of its total weight, can
have environmental impacts. Therefore, this study focuses on the degradation of organic waste
produced in the industrialized processing of pineapple waste (rinds, crowns and cores), which
undergo a process of vermicomposting at a laboratory level. The methodology used included the
pre-composting process and vermicomposting through Californian red worms using mixes tested in
three different proportions of pineapple waste (PR) and load material (LM) made up of vegetable
waste and eggshells. Testing revealed that the pre-composting process for this waste was feasible as
a first stage of the degradation process; the characteristics of the pre-composted material allowed
a favorable adaptation for both the worms and general degradation. It also showed efficiencies in
the removal of organic carbon between 36.40% and 45.78%. Results also showed the total nitrogen
content remained between 1.2% and 2.2% and the carbon/nitrogen relation (C/N) had values under 20
as required for high-quality vermicompost.

Keywords: pineapple; agro-industrial waste; vermicomposting; pre-composting

1. Introduction

Pineapple is a tropical fruit rich in nutrients; it is highly valued in international markets because
of the fabrication of agro-industrial products and because it can be planted all year long with good
irrigation systems. This tropical fruit was second place in worldwide production at 28% in 2017, along
with mango, avocado and papaya, it had an average annual growth of 3.6%; Costa Rica is its main
exporter [1].

The use of this fruit leads to different products such as dried pineapple, juice, nectar, pulp, frozen
pineapple, gelatin, marmalades, candy and vinegar [2]. The fruit is made up of pulp, its most useful
part, and a rind, crown and core, which are waste. This waste makes up 65% to 67% of the total weight
of each pineapple produced [2,3].

Therefore, direct dumping of this organic waste leads to multiple different negative environmental
impacts such as soil and water pollution through the filtration of leachates it generates [4]. To avoid this,
waste may be reused or submitted to physical, chemical, biological, thermal or mixed treatments, among
which we can find feeding animals, crushing, composting, anaerobic digestion and vermicomposting.

Of the treatments mentioned, vermicomposting is presented as a viable alternative to degradation
and stabilization of organic matter, as it results in excellent quality humus that provides immediate
results due to the fact that plants absorb its nutrients faster [5]. Because this is an affordable and
sustainable option for the use of the aforementioned organic waste and a practice that seeks better
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organic matter content, it is one of the best options as a substitute for conventional fertilizers that can
be harmful to soil [6].

The literature consulted shows few studies on treatment of pineapple waste, especially through
the vermicomposting process [7]; what is referred to as waste in these cases consists of pineapple rinds,
but not crowns and cores. Not enough information has been reported on the pre-composting process
for this type of waste and even though there are some studies on vermicomposting that include all
pineapple waste, it is necessary to study the different mixtures available along with other types of
waste so as to enrich and balance nutrients, thus verifying the feasibility of the degradation process for
this fruit.

Taking all this into account, the main objective of this research is to determine operational
conditions for the degradation of different mixtures of pineapple waste along with other materials
through pre-composting and vermicomposting at laboratory level.

2. Materials and Methods
2.1. Characteristics of the Substrate

2.1.1. Pre-Composting

The substrate was made up of pineapple waste (rinds, crowns and cores) only, however, by
separation from other waste (vegetable waste from lettuce, chard, cabbage, spinach, celery, cress,
broccoli and egg shells), which is called “load material” for this work.

2.1.2. Vermicomposting

The substrate was made up of pineapple waste and load material that was obtained from markets,
bakeries and restaurants in the study area. For this research, 10 kg of pineapple were used, finely
chopped to make degradation easier [5,8] and 10 kg of vegetable waste was added along with 1 kg of
eggshells as loading material [9]. Vegetable waste was also chopped and the eggshells were washed
with soap and water and were allowed to dry in sunlight for 24 h [10] and were later crushed in a
sealed bag with a rolling pin.

2.2. Pre-Composting Process

A 11.4 L plastic vessel was used as a reactor and it was perforated at the bottom to allow the
filtration of the leachate, which was collected in a second vessel. The upper part of the reactor was
covered with a mosquito net to avoid the presence of insects and rodents.

For the development of the pre-composted material, the diced pineapple waste was kept in a
reactor during a previously decided span of 30 days, which is a function of the material’s characteristics
so as to be able to go on to the process of vermicomposting. The reactor’s operation type was
intermittent, that is to say, the material was added and mixed in perfectly, allowing it enough time for
the reaction to take place [11]. Every third day, the waste was sprayed with clean water to maintain
it within the required range of humidity [12]; to assure this, the ‘fist test’ was used [13]. This is a
practical method that involves taking a sample of the substrate in your hand and squeezing, no water
must come out from in between your fingers, and you should be left with a brittle lump in your hand.
The reactor was placed at an approximate 5% inclination to make drainage of the leachate towards its
container easier.

Waste was mixed every three days to allow it to aerate and to avoid compacting the homogenized
substrate sample [8], every week changes were observed in the sample’s physical conditions. The reactor
used to treat the load material was also a plastic container with a diameter of 70 cm and a height of
17 cm. The bottom of this vessel also had perforations to allow the filtration of the leachate, which
was collected in another plastic vessel beneath it. As with the pineapple, netting was placed over
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the top. Pre-composting of the load material took place three days before it was incorporated in the
vermicomposting process due to the high rate of degradation of the vegetable waste used [14].

2.3. Vermicomposting Process

For these process four reactors were used. These were plastic vessels with the dimensions
32 cm long, 9 cm wide and 20 cm high, with a total volume of 5.76 L. The bottoms of these vessels
were perforated as well to allow the escape of leachates that were collected in other containers with
netting covers.

A first layer of soil was added to each of the four reactors [15]; this layer was 1 kg and was
distributed 3 cm deep. Afterwards the mixtures of pineapple waste (PW) and load material (LM) were
prepared and weighed with the following proportions.

Control reactor CR = 50% PW + 50% LM, no earthworms
Mixture reactor M1 = 50% PW + 50% LM + 50 earthworms
Mixture reactor M2 = 60% PW + 40% LM + 50 earthworms
Mixture reactor M3 = 40% PW + 60% LM + 50 earthworms

Afterwards, the pineapple waste layer and the load material were added to each reactor, at a depth
of approximately 5 cm, depending on the necessary amounts in each reactor to comply with the
aforementioned proportions for the mixes.

Earthworms (Eisenia foetida) were added to reactors M1, M2 and M3, with the exception of reactor
CR, due to its use as a control sample. In addition, for each reactor 3 kg of waste were included.
The number of earthworms necessary was then calculated approximately 60 days from the start of
the process; each earthworm has an estimated weight of 0.75 g and taking into account that each
earthworm can degrade its own approximate weight in waste per day [16]; this resulted in an amount
of 50 earthworms per reactor. The waste was then mixed manually to assure homogenization [8], it
was sprayed every third day to maintain an adequate degree of humidity in the reactors, using the
“fist test” as in the pre-composting process. Every three days the substrate was manually mixed for
aeration, which assured the earthworms were feeding uniformly on the organic waste. This operation
in the reactors was intermittent, as during the pre-composting process.

2.4. Physicochemical Parameters and Sensory Specifications

During the pre-composting and vermicomposting processes temperature, pH, humidity, organic
matter, total organic carbon and total nitrogen were determined in triplicate and the sensory
characteristics (colour and smell) were also registered at the beginning, during and at the end
of the process as per local norm, that establishes vermicompost (worm casting)—specifications and
test methods [17-19].

2.5. Statistical Analysis

Data generated (organic matter, total organic carbon and total nitrogen) were subjected to analysis
of variance (ANOVA) and pair wise comparison using the Tukey test (p < 0.05). The JMP 8.0 Software
Package program was used.
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3. Results and Discussion
3.1. Pre-Composting Process

3.1.1. Temperature

The temperature behavior of the pineapple waste, along with environmental temperatures in the
6 weeks that made up the pre-composting process can be observed in Figure 1. An initial value of
30 °C can be observed; within the first few days this value increased to 31.5 °C, it later decreased to
27 °C between the first and second week. The waste’s temperature was maintained at an average
with a gradient difference of 4 to 7 °C above environmental temperature (14 to 21 °C); this was caused
by heat generated by the waste due to microbial activity [20,21]. Starting on the third week, waste
temperature decreased toward values closer to environmental temperature, indicating a tendency
toward stabilization, which is in agreement to what is reported by [8,22,23], who state that during
the last weeks of the process, the temperature decreases until it reaches environmental temperature.
During the pre-composting process, temperature values of the waste were found within the range of
18 to 55 °C reported by Acosta et al. [24] and Nair et al. [25].

—8-PW —e—Environmental Temperature
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Figure 1. Pineapple waste temperature (PW) behavior and environmental temperature during the

pre-composting process.

3.1.2. pH

Figure 2 shows pH behavior of the pineapple waste during pre-composting, and an initial value
of 6 was observed. During the first days pH decreased to 5.5 due to the generation of organic acids
and a consequent production of CO, [20] and later increased to 7 as a result of the conversion of
organic nitrogen to ammonium and ammonia, producing a certain degree of alkalinity to tend toward
stabilization due to the fact that pH rises and the waste is alkanized to finally be stabilized in values close
to neutral [8], whereas other authors mention that a progressive alkalinization of the waste is produced,
due to the loss of organic acids and the generation of ammonia originated from protein decomposition
and in the last phase the pH tends to neutral values due to the formation of humic compounds which
have buffer properties [20]. Throughout the pre-composting process, pH was maintained within the
range of 5.5 to 8.5 [8,24,26].
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Figure 2. pH behavior of pineapple waste during the pre-composting process.

3.1.3. Humidity

Figure 3 shows humidity behavior during the pre-composting period, results initially showed a
value of 80%; humidity was maintained between 79 and 82.8% during the process, which coincides
with values reported by literature [25,27]. Humidity is an important control parameter in the process
due to the fact that values outside of the reported range may generate anaerobiosis if it is excessive,
whereas a lack of humidity inhibits the microorganisms involved in the pre-composting process [8].
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Figure 3. Humidity behavior in pineapple waste during the pre-composting process.

3.1.4. Organic Matter (OM)

The initial content of organic matter (OM) in the pineapple waste was 85.1% (Table 1), similar to
the 84.8% to 96.1% range for waste made up of banana peels and vegetables [28]; the 82.8% to 90.2%
for sugar cane bagasse [29] and 82.6% for tomato cultivation waste [30]. At the end of the process, OM
content was reduced to 68.88% due to mineralization and carbon loss, therefore leading to a removal
efficiency of 19.06%, due to the microorganisms” adaptation phase for the degradation of substrate,
which is characteristic of this type of preliminary treatment to waste. Additionally, the low removal
could have taken place due to the pineapple crowns within the waste that are made up of a cellulosic
material that is slow to degrade [31]. Huang et al. [28] obtained a final vlue of 39.1% of OM, for which

the removal efficiency was 56.77%.
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Table 1. Initial and final characterization of the pinapple waste in the pre-composting process.

Parameter Initial Value Final Value
Organic matter (%) 85.1 +1.87 68.88 + 1.40
Total organic carbon (%) 49.36 + 0.69 39.95+ 1.0
Total nitrogen (%) 3.1 +£0.05 1.5+0.03
C/N relation 15.92 26.63

Mean values (mean + standard deviation (SD), n = 3).

3.1.5. Total Organic Carbon (TOC)

The fresh waste’s initial TOC percentage was 49.36% (Table 1), close to the 43.3% to 46% for
vegetables and greens [32] and between the 47.68% to 51.33% for rice straw and paper waste [33].
At the end of pre-composting, the TOC value was 39.95%, therefore the removal percentage was
19.06%, similar to removal efficiencies determined by [34,35]. Other authors report that at the end of
the process, they obtained TOC values within the range of 33.8% to 35.7%, with a removal efficiency of
21.93%, similar to the value obtained in this study. [32]. The decrease in the carbon content was the
result of the organic matter mineralization by the microorganisms [36-38]. In the literature consulted a
study which presented an initial value of 31. 8% for domestic and gardening waste was found and at
the end of the pre-composting it reported a value of 27.1% having as a consequence a removal efficiency
of 14.77% [34].

3.1.6. Total Nitrogen (TN)

The pineapple waste’s initial total nitrogen concentration was 3.1% (Table 1), similar to the
2.7% values for tomato waste [30] and 2.38% for fruit and vegetable waste [15]. At the end of the
pre-composting process, the concentration obtained was 1.5%, and therefore TN removal was at 51.61%.
This decrease was originated due to the dragging of TN in the leachate generated during the process.
Pérez et al. [35] and Lazcano et al. [39] also found a reduction of TN within the pre-composting process.

3.1.7. Carbon/Nitrogen (C/N) Relation

Carbon/nitrogen (C/N) relation at the end of the pre-composting process was 26.63 (Table 1) due
to the low removal of organic carbon because it is a preliminary treatment. In a study of thermophilic
pre-composting for domestic waste, Frederickson et al. [40] found a C/N relation of 34. Furthermore,
Nair et al. [25] found values between 25 and 30 after a pre-composting of kitchen waste. The ideal
initial relationship for the development of vermicomposting is in the range of 20 to 35 [5]. Therefore,
the C/N relation obtained in the pre-composting process has the required values to allow the waste to
be processed through vermicomposting.

3.1.8. Sensory Characteristics of Pre-Composting

Figure 4 shows three images of pineapple waste during the pre-composting process, the original
substrate was yellow to light brown in color, as time went by it turned to a dark brown color. These
characteristics are in accordance with Lopez and Sainz [41] who have indicated that the end of the
process leads to a dark colored organic matter originated by heat absorption due to its degradation. At
the beginning of the experiment, pineapple waste gave off penetrating odors, with time these smells
dissipated, leading to an odor free product at the end of the pre-composting process, it also presented
a porous texture as in FAO [8].
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Figure 4. Evolution of pineapple waste during pre-composting.

3.2. Vermicomposting Process

3.2.1. Temperature

Figure 5 shows temperature behavior during the 9 weeks of the experimental vermicomposting
process; the initial temperature of the four mixes remained between 20 and 23 °C while environmental
temperature presented an initial 20 °C value. The temperature range for this process was less than what
was shown during pre-composting; this too coincided with information reported by Jack and Thies [42],
who mentioned the temperature during the pre-composting process is higher due to microorganisms
generating heat.

Temperatures for this experiment were maintained between 15.5 and 25 °C and these values were
found to be among the range where Eisenia foetida can grow and reproduce from 12 to 35 °C as reported
by various consulted authors [5,43-52].

Environmental temperature (14 to 22 °C) was maintained beneath the temperatures registered in
the waste mixes and was equaled at the end of the vermicomposting process, indicating its stabilization.
Therefore, the variations and values registered for temperature during the process were favorable for
earthworm development.
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Figure 5. Behavior of mixture and environmental temperature during the vermicomposting process.
322 . pH

pH behavior of the different pineapple waste mixtures during the vermicomposting process is
shown in Figure 6. The initial pH values for the reactors were 6.5 (CR); 6 (M1); 6.5 (M2) and 6.5 (M3)
within a neutral range. pH levels dropped in all mixes except M2, which remained constant, during the
first week. Later pH values increased, remaining above 6, which indicated a probable mineralization of
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protein process with the generation of ammonia [32], to continue in a range between 6 to 7, as opposed
to M2 that increased up to 7.5 between weeks 3 and 5 to drop down later. The last weeks the M3's
pH level increased to 7.5, whereas the rest remained between 6 and 7. pH values for all four reactors
during the vermicomposting process remained within the 5 to 7.5 range, which coincided with other
consulted studies [38,50,53-56]. Final pH values for reactors M1, M2 and M3 (7.1, 6.3, 7.5 respectively)
were above that of the CR (6.2), possibly due to intestinal calcium found in the earthworms that can
stabilize pH levels [48]. Therefore, pH levels showed evidence of stability in the degradation process
via vermicomposting [57].

o 2 ® . a2
5
4
0 1 : 3 4 5 6 7 8 9
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Figure 6. pH behavior of mixes during the vermicomposting process.

3.2.3. Humidity

Figure 7 shows humidity behavior in the four samples during the vermicomposting process, where
it can be appreciated that it remained between 60% and 83.3%, which is within the 50% to 90% range
reported by different authors [5,45,48-50,52,56,58-60]. If the humidity is above this range, undesirable
anaerobic conditions are favored [5]. Moisture is critical for the survival of earthworms because it
facilitates the absorption of oxygen, in addition, this parameter is important because it evaporates easily
inside the body cavity’s earthworm, especially in dry environments [45,49]. There is an important
relationship between the humidity in organic waste and the growth rate of earthworms [48].
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Figure 7. Behavior of humidity in the mixes during the vermicomposting process.
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3.2.4. Organic Matter

Initial values of OM content for all four mixtures were 57.89% (CR) and (M1); 51.46% (M2) and
52.84% (M3) (Table 2). At the end of the process, final OM values were 31.39% (CR); 32.07%(M1);
32.73% (M2) and 31.39% (M3) (Table 3) similar to values found for domestic waste within the range of
34.81 and 34.92% [61], whereas for fruits and vegetables the reported value was of 41.9% [62]. Based
on the aforementioned data, percentages of removal for OM were 45.78% (CR); 44.60% (M1); 36.40%
(M2) and 40.59% (M3) showing most of the removal in CR and M1. These values are similar to those
reported in literature which are within a range of 30 to 56%, with OM removal percentages which
are between 30 and 45% [30,49,62,63]. The OM contents at the beginning of the vermicomposting
process were significantly different between reactors CR and M1 in comparison to reactors M2 and
M3, although the final values of OM in all four reactors did not present significant differences. This
implies that there was no effect in the reduction of OM due to the differences between the percentages
of pineapple waste and the load material in each of the mixes.

Table 2. Characterization of the four pre-composted mixtures of pineapple waste and load material
before vermicomposting.

Parameters CR M1 M2 M3
Organic matter (%) 57.89 + 0.61a 57.89 + 0.61a 51.46 + 0.94b 52.84 + 0.84b
Total organic carbon (%) 33.58 + 0.36a 33.58 £ 0.36a 29.85 + 0.55b 30.65 + 0.49b
Total nitrogen (%) 4.25 +0.08a 4.25 +0.09a 3.5 + 0.06b 3.7 + 0.08b
C/N relation 79 7.9 8.53 8.28

CR = Control reactor 50%PW-50%LM; M1 = Reactor 50%PW-50%LM; M2 = Reactor 60%PW-40%LM and M3 =
Reactor 40%PW-60%LM. Mean values (mean + SD, n = 3), followed by different letters are statistically different
(analysis of variance (ANOVA); Tukey’s test, p < 0.05).

Table 3. Characterization of the four pineapple waste and load material mixtures after vermicomposting.

Parameter CR M1 M2 M3
Organic matter (%) 31.39 + 0.44a 32.07 £0.0.61a 32.73 £ 0.40a 31.39 £+ 0.68a
Total organic carbon (%) 18.21 + 0.25a 18.60 = 0.35a 18.98 + 0.23a 18.21 + 0.39a
Total nitrogen (%) 1.5 + 0.03a 1.9 + 0.04b 1.2 £ 0.02¢ 2.2 +0.03d
C/N relation 12.14 9.79 15.81 8.28

CR = Control reactor 50%PW-50%LM; M1 = Reactor 50%PW-50%LM; M2 = Reactor 60%PW-40%LM and M3 =
Reactor 40%PW-60%LM. Mean values (mean + SD, 1 = 3), followed by different letters are statistically different
(ANOVA; Tukey’s test, p < 0.05).

3.2.5. Total Organic Carbon

Initial total organic carbon values were 33.58% (CR) and (M1); 29.85% (M2) and 30.65% (M3)
(Table 2); within the 25.45 to 56.07% range [30,33,36,61,64—66]. At the end of the vermicomposting
process TOC values were 18.21% (CR); 18.60% (M1); 18.98% (M2) and 18.21% (M3) (Table 3). These
values were found within the range reported in the literature which were 15.75 to 38% [33,53,56,61,62,65].
Based on the aforementioned data, TOC removal percentages in the vermicomposting process for
the four mixes were 45.78% (CR) 44.60% (M1); 36.40% (M2) and 40.59% (M3), which coincides with
consulted studies [32,33]. As is the case with the OM sample, initial TOC contents for all four reactors
before the vermicomposting process showed significant differences between CR and M1 reactors with
respect to M2 and M3, while final values were not significantly different from each other.

3.2.6. Total Nitrogen

Initial concentrations for all four mixtures at the beginning of the vermicomposting process
were 4.25% (CR) and (M1); 3.5% (M2) and 3.7% (M3) (Table 2), which coincided with various
authors [32,33,59,61,62,65]. At the end, concentrations were 1.5% (CR); 1.9% (M1); 1.2% (M2) and 2.2%
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(M3) (Table 3). The aforementioned concentrations were found to be within the range established by
local norm for earthworm hummus from 1 to 4% [54]. Likewise, they are among the values from 1.2%
and 4.2% obtained by multiple authors [32,33,59,61,62,65,67]. In all the mixes TN decreased, which
was also reported by different authors [56,62,64]. This decrease in TN concentration was related to
nutrient loss through the leachate as reported by Huang et al. [15]. This TN decrease may also have
presented itself due to the de-nitrification process that occurred within the earthworm’s digestive
tract [28] as well as ammonium volatilization [36]. According to the aforementioned data, removal
percentages of TN during the vermicomposting process for all four mixes were 64.71% (CR); 55.29%
(M1); 65.71% (M2) and 40.54% (M3). Initial concentrations of TN in the CR and M1 reactors presented
significant differences in comparison to reactors M2 and M3, the final concentrations were significantly
different between all four reactors. The highest value was M3 with a 2.2 + 0.03 concentration followed
by M1 with 1.9 + 0.04.

3.2.7. C/N Relation

Final values for the C/N relationship in the four mixes were 12.14 (CR), 9.79 (M1), 15.81 (M2)
and 8.28 (M3). These values resulted under 20, as per local norm for earthworm compost [54], they
also supported what has been reported by different authors [30,32,33,53,56,61,64,68-71]. Iglesias and
Pérez [72] concluded a C/N relation beneath 20 can be considered a necessary condition for compost
maturity, but values under 12 are more adequate to guarantee the degree of maturity.

3.2.8. Sensory Characteristics of Vermicomposting

Figure 8 shows the different shades observed in one of the mixes at the beginning, during and
at the end of the vermicomposting process. In the literature a large size of particle is reported at the
beginning of the vermicomposting, whereas at the end of the process it has a fine consistency, with loose,
granular and uniform structure [9,46]. The literature mentioned that throughout the vermicomposting
process the soil color darkened [5,23,46,51,55,73]. During the last weeks the odor was imperceptible as
has been reported in the literature. [5,18,23,46,51].

Figure 8. Tonalities observed in one of the mixes at the beginning, in the middle and at the end of the

vermicomposting process.

4. Conclusions

In this research, it was demonstrated that the substrate degradation of pineapple waste (rinds,
crowns and cores) was feasible and favorable through the vermicomposting process, as evidenced by
the final characteristics of the vermicompost.

Removal percentages of total organic matter and organic carbon in the pre-composting of the
pineapple waste were low, but similar to values reported by different studies, likely due to the
adaptation of microorganisms to the type of substrate for degradation.

Vermicomposting was as an adequate process for degradation of pineapple waste, due to the load
material made up of vegetables and eggshells, which allowed for the balance of the nutrients required
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by microorganisms and earthworms. All four mixes showed characteristics of OM, TOC, TN and the
C/N relation of a quality vermicompost; however, the M3 reactor was the best option. Therefore, future
research will need to analyze in depth the behaviour of this kind of agro-industrial waste and the
chemical routes in their degradation as well as test new mixes.
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