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Abstract: This work aimed to evaluate the physical, chemical,
microbiological and parasitological parameters in a composting system of
Vegetable Solid Residues (VSR). The work was carried out during four
months and was constituted of a compost bed of 12 m® of volume and the
proportion used for its filing was of 6:1 (VSR: Sawdust). For the analysis of
the microbiological and parasitological parametersl6 sample collections
were carried out for each parameter, at weekly intervals. The presence of
Total Coliforms (TC), Thermotolerant Coliforms (TTC) and Intestinal
Parasite Eggs (IPE). Regarding the physical and chemical parameters were
analyzed: Temperature, pH and the Carbon and Nitrogen Relation (CNR).
For the physical and chemical parameters the results revealed that there was
a reduction in the CNR, with the final value of 14. The temperature
presented little increase in the first five weeks, with the average value of
38.98°C and its stabilization in the last week with average value of 29.3°.
The pH oscillated between neutrality to slightly acid. There was no
reduction in the TC, but for the TTC there was a decrease in its count of
98.54%. In relation to the IPE, the composting system was capable of
inactivating and eliminating them.
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The inadequate destination of the SVR generates
impact which causes damage to the environment and
to public health. The water contaminated by fecal
matter of human origin, for example, used in the
irrigation of vegetable gardens, contributes to the
contamination of the vegetable leaves by bacteria and
intestinal parasite eggs (Falavigna ef al., 2005), which

Introduction

One of the main hindrances to the agroindustry
development is that the processing of vegetables in
various parts of the world is associated to a significant
quantity of Solid Vegetable Residues (SVR) which are
generated by the activity, with a good portion starting
to be produced in the productive system, related

mainly to the absence or low application of good
production practices (Lin et al., 2011). Good
vegetable production practices must be related mainly
to preventive measures that minimize microbial
contamination of these products and the appropriate
destination SVR by efficient processes and cost
(Santos et al., 2012).
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accelerates its decomposition and increases the
production SVR, in addition to negative implications
to public health.

The majority of the SVR is disposed in the
environment or used in animal feed, without any
treatment, what generates legal restrictions for such
practice (Miguel et al., 2008).
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The maintenance of non-treated SVR in the soil’s
surface makes it difficult for the microbial action to
occur due to the reduced contact with the soil, resulting
in a slower decomposition (Salces et al., 2013). It is
highlighted that with the constant input of residues, a
continuous production of organic compounds of low
molecular mass is possible to occur, being its effect
continuous on the fertility (Pavinato and Rosolem,
2008). Furthermore, SVR left on the soil’s surface may
also reduce the acidity and reduce the effect of the
aluminum (Amaral ef al., 2000).

Among the expected practices for the treatment of
SVR, the process of composting to the solid residues
by the agroindustry, has demonstrated satisfactory
results, with the production of a bio-fertilizer of
economic and environmental value and an innocuous
product to public health and to the environment
(Giannakis et al., 2014).

This process has as definition a controlled,
exothermic and bio-oxidative decomposition of materials
of organic origin by native microorganisms in a humid,
heated and aerobic environment, with carbon dioxide,
water, minerals and stabilized organic matter production,
defined as compound (Barreira et al., 2006).

This compound when used in the soil offers
agronomic benefits, such as elevation of the pH,
reduction of the potential acidity and the rise in the
availability of macronutrients, besides representing a
benefit of social order, due to the final disposal
becoming less impacting on the environment
(Rodrigues et al., 2011).

In an investigation which evaluated the temperature’s
influence in the composting process of home residues on
the reduction of Escherichia coli, Salmonella sp.,
helminth eggs and enteric viruses in addition to the
heterotrophic bacteria count, indicated oscillation in the
E. coli and heterotrophic bacteria count, even after the
thermophilic stage. On the other hand, the presence of
Salmonella sp., enteric viruses or viable helminth eggs,
at the end of the process (Heck et al., 2013).

In a system which involved the treatment of bovine
manure by composting contaminated by Shigatoxigenic
Escherichia coli, the very same was capable of
eliminating the microorganism reducing the risk of
environmental contamination and dissemination of the
pathogen (Gongalves and Marin, 2007).

The composting process of chicken carcasses also
proved to be efficient in the elimination or in the
reduction of microorganisms such as Salmonella and
thermotolerant coliforms, at compatible levels with the
ones demanded by the legislation (Sanchuki ef al., 2011;
Paiva et al., 2012).

This work aimed to evaluate the physical and
chemical, microbiological and parasitological parameters
in a composting system of vegetable solid residues.
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Materials and Methods

The work was carried out during four months, in the
period between 25th August to the 7th December 2014.
For the construction of the composting system, it was
constituted of a compost bed in built in masonry (cement
block) 0.8 m high, 1.5 m wide and 10 m length,
totalizing a volume of 12 m’. The flooring was made
impermeable with concrete to prevent the contamination
due to the leachate production, which was retained in a
tank with its bottom water proofed by plastic sheeting.

The proportion used for the filling of the compost
bed was of 6:1 (VSR: Sawdust) (Maragno et al.,
2007). The sawdust was used in order to achieve the
desired characteristics for the development of the
composting process, which are usually denominated
as fillers or carbon sources. The sawdust was added in
order to adjust humidity, carbon/nitrogen ratio or
pasta texture in composting.

After the filling of the compost bed, no interventions
occurred there for 60 days and after this period weekly
turnings with the use of common shovels for the
oxygenation of the system up to its complete
stabilization were performed (Pereira Neto, 2007).

For the analysis of the microbiological and
parasitological parameters, 16 sample collections were
carried out for each parameter, with weekly intervals,
during 105 days, being the first collection carried out in
the first day of implantation of the compost bed.

The presence of Total Coliforms (TC) and
Thermotolerant Coliforms (TTC) and Intestinal Parasite
Eggs (IPE) were investigated in the composting. For the
research of TC and TTC a collection of composted
material was carried out in various points of the system
and was used to inoculate the culture media which
determined the presence of bacteria. The samples were
stored in polyethylene aseptic packaging and transported
under refrigeration, the same day, to the Microbiology
Laboratory of the Federal Institute of Science and
Technology of Sado Paulo-Sdo Roque Campus (IFSP-
SRQ) where they were processed.

The microbiological analyses were performed with
the use of the Vanderzant and Splittstoesser (1992)
technique; and Silva et al. (2007). The samples were
diluted from the dilution of 107, plated in 10 mL of the
sample in three tubes containing 10 mL of Lauryl broth
double concentration Durhan tubes; 1.0 mL of the
sample in three tubes with 10 mL Lauryl broth simple
concentration and 0.1 mL in tubes with 10 mL of Lauryl
broth simple concentration.

The tubes were incubated at 35°C+ 1°C during 24 to
48 h. After this period, Durham tubes which presented
gas in their interior were considered positive and were
compared to the combinations present in the Most
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Probable Number (MPN) table for TC. For the detection
and quantification of FC, with the use of an inoculation
loop, aliquots of the positive tubes were removed and
were reprocessed to a tube containing10 mL of EC Broth
with Durham and incubated in kiln at 45°+2°C/24-48 h.
After this period, the presence of FC was confirmed by
the presence of gas in the Durham tube and compared to
the MPN table for FC.

For the investigation of the IPE and its posterior
viability samples of approximately 100 g were collected
in various points of the composting system and were
packed in polyethylene bags in the collection site and the
material was initially taken for investigation of the IPE
to the Parasitology Laboratory of the IFSP- SRQ.

Posteriorly, for the evaluation of the viability of the
IPE found, the material was processed in the
Parasitology Laboratory of the Federal University of
Minas Gerais.

For the verification of the presence or not of IPE in
the composting process the spontaneous sedimentation
technique was used (Hoffman et al., 1934). About 250
mL of distilled water were added to the samples and they
were posteriorly filtered in four fold gauze and left to
rest for 24 h. The following day, the supernatant liquid
was discarded and the final 30 mL were transferred to a
50 mL sedimentation glass.

From the sediment obtained at the end of the tube
were collected three drops, using a plastic pipette and
they were placed between the glass slides. When
necessary, in order to differentiate the protozoan
cysts, lugol was added to the analyzed sample. Each
sample was analyzed in triplicate, using an optical
microscope, with a 10x objective and a scanning
examination was carried out for the finding and
identification of the parasites. The confirmation of the
parasitic structures was performed using a 40x
objective. The parasitic forms were identified using
the parasitology identification key (OMS, 1991).

The evaluation of the viability of the IPE was
carried out wusing the rapid staining technique
(Galvan et al., 1998), which was based on the use of
biological dyes to detect the changes of permeability
of the vitelline membrane of the IPE. These
exchanges are related to the embrionary metabolism
and to the viability, seen that a viable egg is
impermeable to certain types of dye and, however do
not stain. Whereas a IPE which has lost its viability is
permeable and stains. Thus, for the verification of the
viability of the IPE found, 10g of the samples in
which were found IPE were weighed and 100 mL of
distilled water were added to them. The solution was
filtered through an eight pm porosity membrane and
47 mm of diameter. After that, the membrane was
scraped and the solids were collected with a solution
of zinc sulphate (density of 1.21). The membrane and
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the spatula were washed with the same solution and
centrifuged at a 2500 rpm during three minutes. The
supernatant was filtered again with an eight pm
porosity membrane and 25 mm of diameter. A drop of
dye was added to the final material obtained (Trypan
Blue, Eosin Y or Safranin O) and a drop of glycerol to
increase the transparency of the sample. The viable or
not IPE were counted using 10x and 40x objectives.

The following physical and chemical parameters
were analyzed in the composting system: Temperature,
pH and the Carbon to Nitrogen Ratio (CNR).

The temperature was measured daily at a pre-
determined time, from day zero o the 105th day of the
system, with the introduction of the thermometer
during three minutes in the interior of the composting
system. For the investigation of the pH and the CNR,
sixteen sample collections were performed for each
parameter, with weekly intervals and the first collection
was carried out on the first day of implantation. The
analyses were carried out in the Chemistry Laboratory
of the IFSP- SRQ. In relation to the determination of
the pH the calcium chloride reaction test was used
(CaCl,0.01 mol L") (Raij er al, 2001). For the
determination of the carbon/nitrogen ration, the
titlemetry analytical technique was used, followed by
titration and posterior calculation (Szakacs, 2003).

For the statistical treatment of the results a
correlation matrix between the variables was performed
between the wvariables IPE, FC, pH, CNR and
temperature, with the determination of the Pearson's
correlation coefficient (r) and respective confidence
interval of 95% (CI 95%) and coefficient of
determination (R*) (Zar, 1999). The analyses were
carried out with the Bio Estat 5.03 statistic program,
with level of significance 5%.

Results and Discussion

In Table 1, the results obtained are presented in
relation to the physical and chemical parameters in the
composting system of VSR.

In relation to the average temperature parameter, it
was observed that in the first 28 days it was of 38.98°C,
slightly superior in the period from 29 to 77 days in
which it was of 34.52°C and evidenced the exothermic
stage and as a consequence there was a high enzyme
production in the composting system at the beginning
of the process. Such result was similar to what
Awasthi et al. (2015), observed in an experiment in
which different sources of organic matter were used for
composting. However, Muntjeer et al. (2014), also
investigating the temperature in the composting of VSR,
detected temperature values which reached up to 65°C in
the beginning of the system, different from the results
obtained in this study.
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Table 1.Physical and chemical parameters obtained in the composting system of vegetable solid residues in relation to temperature
(°C), carbon/nitrogen ratio and pH, expressed numerically, since the day zero up to 105 days

Day Week Temperature CNR pH

Zero 01 38.6 29 6.73
07 02 42.7 8 6.73
14 03 39.2 24 7.36
21 04 37.7 19 6.73
28 05 36.7 25 6.94
35 06 322 17 6.51
42 07 343 23 6.93
49 08 38.6 13 6.56
56 09 353 12 7.11
63 10 324 12 6.01
70 11 342 12 6.19
77 12 34.7 12 5.44
84 13 349 9 5.75
91 14 30.9 12 6.15
98 15 29.3 12 5.77
105 16 29.3 14 6.32

CNR = Carbon to Nitrogen Ratio

During the last four weeks was detected a reduction
in the values with the average result of 31.1°C,
indicating its stabilization and proximity to the
environmental temperature.

The CNR was high on day zero with a value of 29,
what is characteristic of composting systems with
organic matter rich in vegetable fiber (Guo et al.,
2013). In the following week, the result was
inconsistent, with value of eight. As for between the
third and seventh week, the values oscillated between
17 and 25, with an average result of 21.6, indicating a
small carbon consumption by the microbiota
established in the composting and beginning of the
stabilization of the organic matter. Pepe et al. (2013),
reported that in this stage of composting there is a
predominance of pectinolytic, mylolytic and
cellulolytic bacteria, capable of degrading the
vegetable fiber. In the period between the 8th and
16th week, the results oscillated between 9 and 14,
with average value of 12. Such results evidenced the
carbon consumption by the microorganisms with a
reduction of 58, 62%, when compared to the first
week and the stabilization of the organic matter, what
was confirmed by Cui and Yang (2014) where a CNR
was detected in composting of SVR with a value of
12.08. However, in a similar experiment also with the
use of SVR, Varma and Kalamdhad (2014), observed
at the end of their work a CNR of 19.

In relation to the pH, in the first eight weeks, the
results oscillated between neutrality and slightly acid.
Between the 9th and 16th week, the pH remained
slightly acid, with average value of 6.09, being then
established a favorable condition for the acidophilus
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bacteria. The system’s pH did not present tendency to
alkalinity. These results were controversial to those of
Topcagi¢ et al. (2013), who found in composting of
organic home residues associated to poultry manure in
which pH values reached results of up to 8.75, what
the authors believe that the mixture of different
sources of organic matters in the composting may be
decisive for the broad variation of the pH values.

In Table 2, are presented the results obtained in the
composting system of vegetable solid residues in relation
to the parasitological and microbiological parameters.

For the investigation of TC, the results revealed
that the composting system was incapable of reducing
their number and maintained during all the evaluated
period a value of 240 CFU mL™'. As for the FC, the
group of bacteria with the greatest environmental and
sanitary importance, it was observed that between the first
and fourth week, the value was maintained at 240 CFU
mL™', however, from the fifth week these results started
decrease, at reached the last week at 3.5 CFU mL™, what
represented a reduction of 98.54%, when compared to the
first week. These results indicate that the composting
system was capable of reducing the FC, thus making the
VSR a product with a low environmental and sanitary
impact. Avery et al. (2012) described that composting
systems are capable of reducing or eliminating bacteria
of the thermotolerant group with pathogenic potential.

It is worth mentioning that, that exclusively in the
8th and 13th week, there was an inconsistency in the
FC values with results of 240 UFC mL™'. These
results may be related to the possible contamination of
the temporary system by birds or insects arthropods
which could have their bodies FC. In future work
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similar to this, a protection against these animals must
be provided, as for example the use of screens in the
composting system.

Regarding the IPE, in the first five weeks, the
values oscillated from zero to 100. As from the 5th
Week a decrease in their count was detected and
arriving at the 13th week, with the absence of IPE in
the composting system. These results were also
confirmed by Koné et al. (2007), in a composting
system, coming from a tropical climate, was capable
of reducing intestinal parasite eggs to less than one
viable egg per gram of compound. In relation to the
investigation of the viability of the IPE in the weeks
in which they were detected, the results showed that
despite being present, they were unviable, indicating
the capability of the composting system of
inactivating the IPE. Such information is important
for the public health, for even if its present in 11 of
the 16 evaluated weeks, with counts varying from one
to 100, they were incapable of causing parasitic
infections in humans and animals.

In Table 3, are presented the results of statistic
correlation obtained between the physical and chemical,
microbiological and parasitic parameters.

Regarding the analysis of the correlation between the
IPE and the physical and chemical parameters, there was
association for the pH and CNR.

For the FC and the physical and chemical parameters,
there was association for the temperature. Such result
reinforced the importance of the temperature to reduce,
increase and maintain the FC concentration, what was
confirmed by Patel et al. (2015) where the high
temperature, above 50°C in the composting system was a
determining to reduce the FC concentration.

The variable TC was not evaluated because the same
value (240) was observed in all the weeks.

In the correlation analysis between the physical and
chemical parameters, (Table 3) there was association
between pH and CNR (p 0.0144) and pH and
temperature (p = 0.0316). These results highlighted the
strong interaction and dynamism between the physical
and chemical parameters in the composting process.
However, it was not found statistical association between
CNR and temperature (Table 3).

Table 2. Microbiological and parasitological parameters obtained in the composting system of vegetable solid residues in relation to
thermotolerant and total coliforms and intestinal parasite eggs

Day Week FC (CFU/mL) IPE(NC)
Zero 01 240.0 Zero
07 02 240.0 02
14 03 240.0 100
21 04 240.0 100
28 05 110.0 100
35 06 21.0 12
42 07 15.0 16
49 08 240.0 20
56 09 2.1 04
63 10 12.0 06
70 11 5.3 01
77 12 53 02
84 13 240.0 Zero
91 14 4.2 Zero
98 15 35 Zero
105 16 3.5 Zero

CFU = Colony Forming Units, TC = Total Coliforms, FC = Fecal Coliforms, IPE = Intestinal Parasite Eggs, CFU = Colony Forming

Units, mL= milliliters, NC = Numerical Count

Table 3. Correlation matrix for microbiological, parasitological, physical and chemical parameters in a compositing system of

vegetable solid residues

Comparisons R’ p-value
IPE and FC 0.1793 0.1020
IPE and pH 0.3172 0.0230
IPE and CNR 0.3168 0.0230
IPE and temperature 0.1566 0.1290
FC and pH 0.1242 0.1810
FC and CNR 0.0643 0.3430
FC and temperature 0.6434 0.0002
pH and CNR 0.3572 0.0144
pH and temperature 0.2892 0.0316
RCN and temperature 0.0629 0.3490

R’ = determination coefficient, FC = Fecal Coliforms, IPE = Intestinal Parasite Eggs, CNR = Carbon to Nitrogen Ratio
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Conclusion

Under the conditions that the work was conducted, it
can be concluded that the composting system:

e As from 35 days of treatment SVR, FC decreased on
average 90%

e There was no reduction of the total coliforms,
however, regarding the fecal coliforms; there was a
98.54% reduction in its count in the final of work

e For the investigation of the intestinal parasite eggs,
the composting system was capable of inactivating
and eliminating them

e Reduction in the carbon to nitrogen ratio on average
50% after 35 days of treatment SVR

e The temperature presented little increase in the
first five weeks, with the average value of
38.98°C and its stabilization in the last week with
average value of 29.3°

e In relation to the pH it oscillated between neutrality
to slightly acid
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