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ABSTRACT

Objective: This work aimed to evaluate the microbiological safety of bioinputs produced in Mexico. The
main reason for this evaluation is that bioinputs are products made from the region’s manures, plant residues
and raw materials. The transformation of these raw materials is carried out by microorganisms present. The
process goes through three stages: initial, thermophilic and final. The thermophilic stage is critical because
weeds and microorganisms with pathogenic potential disappear in processes under optimal conditions.
Methodology: 1345 bioinputs samples were received from different states of Mexico. The samples were
evaluated for the presence of total and fecal coliforms and Escherichia coli under the provisions of the Official
Mexican STANDARDS, NOM-210-SSA1-2014 and NOM-114-SSA1-1994.

Results: It was possible to identify 79% of the samples with Most Probable Number values <3 of total
coliforms, fecal coliforms and Escherichia coli, the minimum permissible by the Official Mexican STANDARD
NOM-210-SSA1-2014, also identified 99% of samples free of Salmonella.

Conclusions: The results obtained allow us to conclude that the bioinputs produced in Mexico are free of
pathogens for humans, which can also be represented as innocuous bioinputs.

Keywords: Bioinputs, organic fertilizers, safety, fecal coliforms, Salmonella.

INTRODUCTION

Sustainable agriculture has various strategies that propose reducing the use of
agrochemicals (Carlise et al., 2019), complementing their application with products of
biological origin, such as bioinputs or organic fertilizers, whose production depends on
renewable sources of raw materials present in the region of elaboration (Castro & Bertsch,
2009). Organic fertilizers and bioinputs are products made from cattle manure, stubble,
plants, and microorganisms. We can find compost, bokashi, sulfocalcium broth, leachate,
and others (Cabanillas et al., 2017; Phooi et al., 2022; Geisseler et al., 2021). The main
action of these bioinputs is to improve productivity, yield and health when applied to
plants (Cabanillas et al., 2017; Goulet et al., 2021). Recycling organic waste products in
agricultural soils is one of the most economical strategies and beneficial to the environment
(Alvarenga et al., 2017; Sayara et al., 2020).

Bioinputs represent a beneficial natural fertilizer for agriculture. However, most are

made from the fecal matter of farm animals (Yun ez al., 2007). Within the intestinal tract of
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farm animals, many microorganisms with pathogenic potential are deposited in the fecal
matter when discarded by the animals (Lefebvre et al., 2006). The microbiological safety of
bioinputs or organic fertilizers can be evaluated based on some microbiological indicators.

There are various reports in which Salmonella and Escherichia coli were identified
from bioinputs (Goldstein ez al., 1988; Yun et al., 2007). This indicates that bioinputs can
potentially have pathogenic microorganisms, which can be transmitted to food.

For this reason, it is essential to detect potentially pathogenic microorganisms, such
as total and fecal coliforms Escherichia coli, which are known to cause stomach infections,
diarrhea, fever, abdominal cramps, and hemolytic uremic syndrome. In Mexico in
2017, there were more than eight thousand cases of bacterial food poisoning due to the
consumption of raw vegetables and fecal coliforms (Martinez et al., 2020). Due to this, this

work aimed to evaluate the microbiological safety of bioinputs produced in Mexico.

MATERIALS AND METHODS
Collection and storage of samples
One thousand three hundred forty-five bio-input samples were collected in different

states of the Mexican Republic; they were transported to the National Center for Genetic
Resources of INIFAP (CNRG-INIFAP) and stored at 4 °C.

Preparation of serial dilutions

From the bioinputs, serial dilutions were made. The samples were homogenized; 10 g
or 10 mL of each one was taken, depending on whether they were in a solid or liquid state,
and they were diluted in 90 mL of sterile peptone water from here. Serial dilutions were
made up to 10-7. This procedure was carried out by the Official Mexican STANDARD
NOM-110-SSA1-1994.

Determination of total and fecal coliforms and Escherichia coli

The determination of total coliforms (OCT), fecal coliforms (OCF), as well as E. coli was
carried out according to the Official Mexican Standard NOM-210-SSA1-2014, following
the method approved for the estimation. Of the density of OC'T, OCF and E. coli by the
Most Probable Number technique.

Determination of Salmonella in bioinputs

The determination of Salmonella was carried out according to the Official Mexican
Standard NOM-210-SSA1-2014, which consists of taking 25 g of the sample and
transferring it to 225 mL of selective pre-enrichment medium (medium of selenite cystine),
this was incubated for 24 h at 37 °C, and later it was streaked on Petri dishes with Brilliant
Green Agar and XLD xylose lysine deoxycholate agar, they will be incubated at 37 °C and

typical or atypical Salmonella colonies will be selected.

RESULTS AND DISCUSSION
One thousand three hundred forty-five bioinputs from different regions of the country

were received (Figure 1). Region 4, made up of Chiapas, had the highest number of samples
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for analysis, followed by Region 27, which belongs to San Luis Potosi, with 86 bioinputs,
region 11 and region 23 with 80 bio inputs (Figure 1).

The bioinputs that were received were made up mainly of leachate (28%), Mountain
Microorganisms (MM) (14%), bioles (10%), compost, humus, bocashi (8%), among others
(Figure 2). The leachates were the bioinputs that were mainly produced and collected for
the safety analysis, and this is due to their easy obtaining because they are the result of the
application of water in the vermicomposting and compost piles; this allows to maintain
the humidity of these organic fertilizers (Tejada-Gonzalez et al., 2008), it is known that the
application of leachates can be from a foliar application generating positive effects, such
as the increase in chlorophyll, macro and micronutrients in tomato, rice and corn (Tejada
and Gonzalez 2004, 2006). The MM, for their part, are made up of colonies of fungi,
bacteria and beneficial yeasts that are found in different ecosystems, such as forests, coffee
plantations, and bamboo, among others (Suchini-Ramirez, 2012); these are extracted from
the ecosystems and later reproduced in liquid cultures. It is known that applying these
can increase the nutritional value and inhibit pathogens in plants of agricultural interest
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Figure 1. Number of bioinputs received by region of Mexico.
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Figure 2. Percentages of bioinputs received from the Mexican Republic.

(Campo-Martinez et al., 2014). One of the by-products of the anaerobic fermentation of
manures 1is bioles (Cano-Hernandez et al., 2016), which are known to favor the growth
of some crops such as spinach (Spinacea oleracea) (Siura et al., 2009). These were the third
bioinputs that were received in greater quantity.

Analysis of total coliforms, fecal and E. coli

One thousand three hundred forty-five samples were analyzed to identify the presence of
total coliforms, considered bacterial indicators in samples that present fecal contamination.
According to NOM-210-SSA1-2014, with the Most Probable Numbers (MPN) technique,
MPN /g or mL. <1100 means that the microorganisms present are outside the permissible
limit and represent a human-use limitation. Of the 1345 samples, it was found that 78%
and 79% of MPN/g or mL <3 of total coliforms and fecal coliforms, respectively. £. coli, for
its part, is considered an indicator of fecal contamination, which can be found in animal
waste and food waste (Lalander ez al., 2013; Mainoo et al., 2009); in this study, we found
79% of bioinputs with <3 NMP/mL or g, 5% <23 NMP/mL or g, 4% <3.6 NMP/mL or
g (Figure 3), which means a minimum load of pathogenic microorganisms, permissible
by the standard (Figure 3). There are various reports on the high efficiency of removing
coliforms present in bioinputs at the end of the process. For example, a bovine manure
composting process was evaluated for two years, where the numbers of total coliforms and
E. coli decreased as the process progressed; this was achieved because the thermophilic
stage of the composting remained above 55 °C for 15 days (Larney et al., 2003). On the
other hand, fecal coliforms, E. coli and Salmonella were evaluated from composts obtained
from residual water sludge, finding that temperatures of 57 and 61 °C, reached during
composting, eliminated most of the pathogens present. At the beginning of the process

(Banegas et al., 2007).
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Figure 3. Percentages of MPN/mL or g of total, fecal coliforms, and Escherichia coli, present in the bioinputs.

Regarding the maximum allowable by the standard, 1% NMP/g or mL >1100 of total
fecal coliforms and 2% NMP/g or mL >1100 of fecal coliforms and E. coli were identified
in all the bio inputs analyzed (Figure 3), which indicates that this could have a potential
risk to human health. As in this report, NMP sludge composting of >1100 g_1 has been
identified in other works; these results are explained by some factors that contributed to
the high levels of pathogens, such as the large size of facilities and waste piles. Composting
and immaturity of the compost (Brinton et al., 2000) probably also intervened in the 1% of
the bio inputs we found with values >1100 NMP/mL or g.

Salmonella is considered a severe problem of the hygienic quality of compost and
bioinputs; in this work, it was found that 99% of the samples were free of it. Dominguez and
Edwards 2004 indicated that temperatures above 30 °C prevent the presence of Salmonella
in composting processes; it has also been reported that the use of worms such as Eisenia
Jetida in vermicomposting processes decreases the presence of Salmonella by up to 99%
(Brown & Mitchell, 1981), this is probably due to the antimicrobial response of gram-
negative bacteria from the gizzard to the intestinal tract of earthworms (Soobhany et al.,
2018).
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CONCLUSIONS

This research’s analysis indicates that the fermentation process in the different processes
of leachate, biol, compost, and vermicompost was efficient, reaching temperatures above
55 °C in the thermophilic stage, which is related to the decrease in total coliforms. Fecal
coliforms, E. coli and Salmonella obtained values less than 1100 NMP/mL or g, which is
allowed by NOM-210-SSA1-2014.
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