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Abstract

The aim of the study was to verify the quality and
microbiological safety of poultry manure, a completely natural
fertilizer, composed of the manure of hens, poultry, and other
birds. The evaluation of the quality and safety of poultry
manure was performed following a bactericidal treatment,
using different percentages of hydrated calcium hydroxide,
inhibiting the growth, proliferation, and survival of bacterial
species that can be pathogenic for humans. The evaluations
were conducted spiking known concentrations of Salmonella
spp., Escherichia coli, and Enterococcus spp. Following the
contamination, qualitative and quantitative analysis for the
research of the above-mentioned pathogens were performed.
In parallel, the variations of pH and humidity in the samples
under examination were verified. The experiments consisted
on adding different concentrations of hydrated calcium
hydroxide, with a percentage ranging from 15% to 25%,
followed by the qualitative and quantitative research of the
pathogenic microorganisms spiked in increasing ten-fold
concentrations (102, 103, 106 CFU/g). The total reduction of the
microbial load in a period of time that varies from a few hours

to a few days, depending on the microorganism under
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consideration, was observed.

Keywords: Hydrated calcium hydroxide, poultry manure, microbial reduction, Salmonella spp.,

Escherichia coli, Enterococcus spp.

Riassunto

Lo scopo della sperimentazione & stato quello di verificare la qualita e la sicurezza
microbiologica della pollina, un fertilizzante completamente naturale, costituito da letame di
galline, polli ed altri volatili.

La valutazione della qualita e sicurezza della pollina & stata valutata a seguito di un trattamento
battericida, ottenuto utilizzando diverse percentuali di idrossido di calcio idrato (o, calce
idrata), in grado di inibire la crescita, la proliferazione e la sopravvivenza di specie batteriche
che risultano patogene per 'uomo.

| test sono stati condotti mediante l'inoculazione artificiale di concentrazioni note di Salmonella
spp., Escherichia coli, ed Enterococcus spp. Successivamente alla contaminazione, sono state
condotte analisi qualitative e quantitative al fine di ricercare i patogeni sopraindicati. In
parallelo sono state analizzate le variazioni del pH e dell’'umidita nei campioni in esame.

La sperimentazione & consistita dunque nell'aggiunta di diverse concentrazioni di calce idrata,
con concentrazioni d'uso comprese nel range 15-25%, seguita dalla ricerca qualitativa e
quantitativa dei microrganismi patogeni, inoculati artificialmente con concentrazioni decimali

crescenti (102, 103, 10(6 UFC/g). Dall'analisi dei risultati ottenuti, & stata osservata la riduzione

totale del carico microbico in un periodo di tempo che varia da poche ore a pochi giorni, a
seconda del microrganismo considerato nella ricerca.

Parole chiave: Idrossido di calcio idrato, letame di pollame, riduzione microbica, Salmonella

spp., Escherichia coli, Enterococcus spp.
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Introduction

It is essential, in order to certify the quality
and safety of fertilizers, to verify compliance
with current regulations, which mainly
require the microbiological safety of soil

improvers. The legislation - EC Regulation

BORNH

142/2011, Annex Xl, Chapter |, Section 2,
Point D - establishes a detection limit for
Escherichia coli of 103 CFU/g, Enterococci of
103 CFU/g and the absence of Salmonella
spp. in 25g of the product.

Poultry manure holds a significant agronomic

value (Hutchison et al., 2004), in terms of the
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contribution of organic matter and macro,
meso- and micro-nutrients (Millner et al.,
2014), and is therefore exploited and
recovered in agriculture as an organic
fertilizer, providing the nutrients subtracted
from it to the soil with crops. The most
common industrial treatment of poultry
manure, useful for reducing humidity and
transforming the product into a safe
formulation at a sanitary level, involves
drying the matrix by rapid heating at high
temperature or slow heating at low
temperature, to lower the humidity to a
range between 10% and 15%. Poultry
manure examined is provided by Agriges srl,
a company located in the Benevento area
that produces special fertilizers for organic
and integrated agriculture, carrying out
various treatments, including bactericidal
approaches by heat treatments.

Poultry manure specimens employed in the
present study, following the bactericidal
treatment with hydrated calcium hydroxide,
intended for use in agriculture, were stored
at room temperature in aerobic conditions
(Cotta et al., 2003).

The study pointed at assessing the efficacy
of bacterial inactivation in poultry manure,
using hydrated calcium hydroxide (Ruiz et
al., 2008): experiments consisted on
artificially spiking poultry manure with known
concentrations of three pathogenic
microorganisms, verifying how hydrated
calcium hydroxide acts on the control of
bacterial growth (Wieckol-Ryk et al., 2020).
Different percentages of hydrated calcium
hydroxide were tested, in relation to the
proliferation or survival of Escherichia coli
ATCC® 25922, Salmonella Typhimurium
ATCC® 14028, and Enterococcus faecalis
ATCC®19433 (Bennet et al., 2003; Park et al.,
2003). The indicators employed in the

BORNH
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present study (Salmonella spp., Escherichia
coli, and Enterococcus spp.) play a crucial
role in monitoring the health risks connected
to fertilizers (Awasthi et al., 2018; Mohmed et
al., 2013). Such pathogens furthermore
represent the reference indicators for the
treatment of residual biomass, such as low-
risk animal by-products, and for the
agronomic use of commercial organic
fertilizer products derived from waste and
organic waste. In parallel, the variations of
pH and humidity in the samples were
verified, since substantial variations of such
parameters may support the decrease of the
microbial growth (Heinonen-Tanski, et al,
2006; Andersson et al., 2001; Nyberg et al.,
2011;
safety and quality of the final fertilizing

Soliman et al., 2018), ensuring the

product.

Materials and Methods

Microbiological analysis of poultry
manure

Before proceeding with the spiking of
poultry manure with pathogenic
microorganisms, samples were subjected to
microbiological analyses to evaluate the
presence of the pathogens in the matrix.

Microbiological analyses were carried out
using standardized protocols: samples were
weighed and homogenized, in order to
obtain the desired solution. The sub-aliquots
of the samples were homogenized in liquid
and solid enrichment media, following the
specific protocols to highlight the growth of
each bacterium, allowing subsequent
characterization and enumeration. The
parameters were investigated at a
temperature of 30-32 °C and aerobic
conditions, close to the optimal temperature
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range for the pathogens examined (ISO
16649:1:2018; I1ISO 6579:2008; 1SO
7899:2:2003) (International Organization for
Standardization 2018; International
Organization for Standardization 2008;
International Organization for
Standardization 2003). Sample analysis was
performed before the experimental protocol
was started. Salmonella spp. was not
detected, while fecal Coliforms and
Enterococci were isolated at a concentration
of about 105 CFU/g (Table 1) (International
Organization for Standardization 2003;
International Organization for
Standardization 2004; International
Organization for Standardization 2004;
International Organization for
Standardization 2008; International
Organization for Standardization 2013;
International Organization for
Standardization 2018).

Vol.1, no.3, 2021

Bacterial inocula preparation

The strains used for artificial contamination
of poultry manure were Escherichia coli
ATCC® 25922, Salmonella Typhimurium
ATCC® 14028, and Enterococcus faecalis
ATCC®. The single inocula of the three
strains were grown according to the
metabolic needs of the microorganisms.
Inocula were kept under constant stirring at
200 rpm in 40 mL of Tryptic Soy Broth (TSB,
OXOID) in sterile 50 mL tubes. To obtain a
concentration of 108 cells/mL of each
microorganism, the spectrophotometer was
used, and an absorbance value at 560 nm
wavelength was measured: a value of 0.125
O.D. indicates a reference concentration of
108 cells/mL. The inocula underwent ten-fold
dilutions, obtaining the concentrations
established for the experiment (106, 103 and
102 cells/mL).

Table 1. Results of the microbiological analyses carried out on the poultry manure samples (tere), before

proceeding with the artificial contamination using E. coli, E. faecalis, and S. Typhimurium, before treating

the matrix with hydrated calcium hydroxide.

Parameter

Concentration [CFU/g]

Reference method

Total Bacterial Count at 37°C 1,52*10¢ UNI EN ISO 4833-1:2013
Enterococci 3,25%10° UNIEN ISO 21528-2:2004
Escherichia coli 3,74*10° UNIEN ISO 16649-2:2001
Clostridium perfringens Absent UNIEN ISO 7937:2004
Salmonella spp. Absent UNIEN ISO 6579:2014
Campylobacter spp. Absent UNIEN ISO 10272-1:2017
BORNH Original Article 43
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Contamination of poultry manure and
bactericidal treatment

Aliquots of 100 g of poultry manure were
weighed and poured into 9 sterile glass
bottles with 500 mL each of sterile water.
Samples were artificially spiked with serial
ten-fold dilutions of the bacteria and
incubated with a temperature range of 30-32
°C, in aerobic conditions. The experiment
was conducted for 14 days. Before the
artificial contamination (tpre), after the
addition of hydrated calcium hydroxide (to)
and after 1, 2, 7 and 14 days from
contamination, the samples were subjected
to qualitative and quantitative
microbiological analyses in order to verify
the concentrations of the three indicators in
each sample. Analyses were conducted in
triplicate.

The experimental design is following
summarized: the manure was contaminated
with different concentrations of Escherichia
coli ATCC® 25922, Salmonella Typhimurium
ATCC® 14028 and Enterococcus faecalis
ATCC® 19433 (102, 103, 10¢ CFU/g). The
samples were incubated at 30 °C under
aerobic conditions for 16 hours and treated
as follows:

- non-treated poultry manure spiked
samples, considered as negative control
(NC)

- poultry manure spiked samples treated
with 15% hydrated calcium hydroxide

- poultry manure spiked samples treated
with 25% hydrated calcium hydroxide

- microorganisms inocula in sterile water (to
verify microbial growth without the
contribution of poultry manure).

In addition, monitoring of temperature, pH
and humidity were carried out. The
experimental model is showed in detail in
Figure 1.

BORNH
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As for Negative Control (NC) samples and
bacterial inocula, in accordance with the
company, we decided to inoculating
microorganisms in sterile water, instead of
supplemented growth media (e.g., Tryptone
Soya Broth, OXOID), in order to verify the
survival of the germs in absence of nutrients.
The resulting curve refers to the decrease of
microbial count in function of the lack of
nutrients: the graph was compared to

negative control and treated samples.

Results and Discussion

The synergistic effect of hydrated calcium
hydroxide with the variation of pH and
humidity were able to inhibit the growth and
replication of the pathogens object of the
study: therefore, a reduction in the microbial
load of Salmonella spp., Escherichia coli and
Enterococci faecalis was observed.

Salmonella Typhimurium ATCC" 14028

The analysis of manure artificially spiked with
106 CFU/g of Salmonella Typhimurium is
showed in Figure 2A. Analyzing the data of
untreated manure, shortly after the artificial
contamination, a 2-log decrease in the
microbial load was observed. At day 1 (dy),
72 hours after the artificial contamination,
the resulting microbial load of the sample
spiked with 10¢ CFU/g Salmonella
Typhimurium is 103 CFU/g, steadily
decreasing up to dis. The outcomes may
depend on an inhibiting action of the
organic and inorganic components of the
poultry manure on Salmonella spp. In poultry
manure treated with 15% and with 25%
hydrated calcium hydroxide, the microbial
load die-off was evidenced, shortly after the
application of hydrated calcium hydroxide.
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Escherichia coli ATCC®25922

4 ™\
Poultry manure + 15% HCH Poultry manure + 25% HCH
s EEE

Untrated poultry manure NC sterile water
106 103 102 10¢ 10° 102
~ J

10" : bacterial concentration, CFU/g. Sample prepared in triplicate.
HCH: Hydrated calcium hydroxide

Enterococcus faecalis ATCC®19433

Poultry manure + 15% HCH Poultry manure + 25% HCH

10° 103 102 106 103 102

Untrated poultry manure NC sterile water

’ 102 ’ 102 ‘

’ 10° ’ 103 ’ 10° ‘ ’ 103
(. - - - - - - J/
10" : bacterial concentration, CFU/g. Sample prepared in triplicate.
HCH: Hydrated calcium hydroxide
Salmonella Typhimurium ATCC®16404
e N\
Poultry manure + 15% HCH Poultry manure + 25% HCH
Untrated poultry manure NC sterile water
l . . . l ' . . . I
N\ J

10" : bacterial concentration, CFU/g. Sample prepared in triplicate.
HCH: Hydrated calcium hydroxide

Figure 1: Experimental design of the samples analysed in the study.
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Figure 2: Trend of Salmonella Typhimurium

in poultry manure starting from a
concentration of A) 106 CFU/g B) 103 CFU/g.

In the negative control, not treated with
hydrated calcium hydroxide, microbial loads
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gradually decrease, although less than in the
untreated manure samples: in fact, a
microbial load of about 104 CFU/g was
observed between dy and dia.

The analysis of poultry manure spiked with
103 CFU/g of Salmonella Typhimurium is
described in Figure 2B. In the untreated
poultry manure, a substantial decrease in the
microbial load was observed since do. The
manure treated with 15% and 25% hydrated
calcium hydroxide showed the complete
die-off of Salmonella spp. after the
application of hydrated calcium hydroxide.
In the negative control (NC) the load
gradually decreases and a microbial load of
about 102 CFU/g from d» was recorded.

The analysis of manure artificially
contaminated with 102 CFU/g Salmonella
Typhimurium is showed Figure 2C. Also in
this case, the untreated manure, and the
poultry manure treated with 15% and 25%
hydrated calcium hydroxide, registered a
huge decrease in the microbial load from
day 0.In the negative control (NC), a
microbial load < 10 CFU/g at di was
recorded.

Escherichia coli ATCC® 25922

The analysis of poultry manure artificially
contaminated with 10¢ CFU/g Escherichia
coli is showed in Figure 3A. In the untreated
manure, the microbial load was doubled, as
the artificially added concentration was
added to that already present in the manure
sample. A 1-log decrease in the microbial
load was observed from dy. At d; the
resulting microbial load is 104 CFU/g,
remaining constant until di4. Poultry manure
treated with 15% and 25% hydrated calcium
hydroxide, showed a microbial die-off, after
the application of hydrated calcium
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hydroxide. In the negative control (NC) the
microbial load remains constant, decreasing
from da.

The analysis of manure contaminated with
103 UFC/g Escherichia coli is showed Figure
3B. Analyzing the untreated manure, that,
nonetheless the previous presence of E. coli
in the sample, a 1-log decrease in the
microbial starting from d is evident. At d
the resulting load is 500 CFU/g, constant
until dqa.

The analysis of poultry manure spiked with
102 CFU/g Escherichia coli is showed in
Figure 3C. Untreated manure microbial load
decreased from dy. At dis the resulting
charge is 50 CFU/g, constant until dia.
Poultry manure treated with 15% and 25%
hydrated calcium hydroxide, showed a
microbial load of 0 CFU/g after the
application. Negative control (CN) loads
decreased from d.

Enterococcus faecalis ATCC* 19433

In samples spiked with different
concentrations of Enterococcus faecalis, a
higher survival trend was evident, also
considering that, at do, the microbial load
added artificially was summed to that
already present in the manure samples.
Indeed, Enterococcus faecalis is the only
microorganism in the study able to survive,
although for not more than 48 hours,
following the application of hydrated
calcium hydroxide to the manure.

The analysis of manure spiked with 106 CFU/
g Enterococcus faecalis is available in Figure
4AA. As for untreated manure, the decrease in
microbial load is evident already from dj. At
ds the resulting charge is 105 CFU/g. In
manure treated with 15% and 25% hydrated
calcium hydroxide, the microbial load

Vol.1, no.3, 2021
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Figure 3: Trend of Escherichia coli in poultry
manure starting from a concentration of A)
10¢ CFU/g B) 103CFU/g and C) 102 CFU/g.

decreased significantly showing a complete
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Figure 4: Trend of Enterococcus faecalis in
poultry manure starting from a concentration
of A) 10¢ CFU/g B) 103 CFU/g and C) 102
CFU/g.

die off at d,. The microbial load of the
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negative control (NC) is constant and
decreases from ds.

The analysis of manure artificially
103 CFU/g of

Enterococcus faecalis is showed in the Figure

contaminated with

4B. The untreated manure showed a
decrease in the microbial load from ds.
Microbial load of poultry manure treated
with 15% and 25% hydrated calcium
hydroxide, decreases significantly.

Analysis of manure spiked with 102 CFU/g
Enterococcus faecalis is showed in Figure
4C. The untreated manure showed a
starting microbial load < 400 CFU/g;
load resulted reduced between d; and
d1a. As for poultry manure treated with
15% and 25% hydrated calcium
hydroxide, at dj, microorganisms
decrease significantly: the microbial die-
off is obtained in 24 hours with 25%, and
after 48 hours with 15% hydrated

calcium hydroxide. In the negative
control (NC) sample, microbial load

decreases from d».

pH and Humidity

In parallel with microbiological analysis, the
variations of pH and humidity in the samples
of poultry manure treated with hydrated
calcium hydroxide were measured (Soliman
et al., 2018).

The graphs showed in Figures 5 and 6
describe the trend of the pH and humidity
parameters registered in the samples spiked
with the three pathogenic microorganisms
and subjected to bactericidal treatment,
employing different percentages of hydrated
calcium hydroxide.

The pH values of artificially contaminated
and non-treated poultry manure samples
are between 8 and 10 over time,
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Figure 5: Trend of pH in poultry manure spiked with A) Salmonella Typhimurium [ST:
Salmonella Typhimurium; NT: Not Treated; HCH: hydrated calcium hydroxide], B) Escherichia
coli [EC: Escherichia coli; NT: Not Treated; HCH: hydrated calcium hydroxide] and C)
Enterococcus faecalis [EF: Enterococcus faecalis; NT: Not Treated; HCH: hydrated calcium

hydroxide].
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Figure 6: Trend of humidity in poultry manure spiked with A) Salmonella Typhimurium [ST:
Salmonella Typhimurium; NT: Not Treated; HCH: hydrated calcium hydroxide], B) Escherichia
coli [EC: Escherichia coli; NT: Not Treated; HCH: hydrated calcium hydroxide] and C)
Enterococcus faecalis [EF: Enterococcus faecalis; NT: Not Treated; HCH: hydrated calcium

hydroxide].
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precisely between dj, with a pH at 8, and
d14, with a pH at 9. The addition of 15%
hydrated calcium hydroxide to manure
samples, artificially contaminated with
the three bacteria, causes an increase of
the pH to values between 11 (d2) and
13.1 (d14). Evaluating the samples in
which 25% hydrated calcium hydroxide
was added, pH values between 12.5 (d>)
and 13.3 (d14) were recorded.

With regards to humidity, in artificially
contaminated samples treated with
hydrated calcium hydroxide, a decrease
from an average value of 49% (d;), to
43.5% (d14) was observed.

Conclusions

The components of the manure enhance the
rapid elimination of the microbial load of
Salmonella Typhimurium (Dai Pra et al.,
2009), Escherichia coli, and Enterococcus
faecalis.

The application of hydrated calcium
hydroxide as a sanitizing and microbicidal
agent, and the consequent variations in pH
(alkaline) and humidity (which decreases)
(Nyberg et al.,2011), confirm the low risk of
survival of the indicator germs in the matrix
under examination over 24 hours following
the treatment. Analysing the obtained data,
nevertheless the pH increase strongly
inhibits the microbial proliferation and
survival, it is essential to underline that pH
higher than 8-9 may damage the manure,
following the treatment. As a practical
application, the exploitation of the treated
poultry manure as a fertilizer could be
performed by employing pH correctors,
such as citric acid (also a food supplement),
able to stabilize the pH at a 7-8 value.

BORNH
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Salmonella Typhimurium loads < 103 CFU/g
are able to survive less time than higher
loads (10¢ CFU/g), both in untreated and
treated poultry manure: the condition
contributes to reducing the microbiological
risk from Salmonella spp. Escherichia coli
and Enterococcus faecalis are able to resist
for higher time at the experimental
conditions, especially at high microbial loads
(> 106 CFU/g). Nevertheless, the survival risk
of Escherichia coli in the matrix is low,
considering that the contaminating load is
completely removed within 2 hours of
treatment with hydrated calcium hydroxide.
The survival in the treated matrix is higher for
Enterococcus faecalis, which, especially at
high concentrations (10¢ CFU/g), survives in
the hours following the treatment: however,
the microorganism is no longer detectable
within the 24 hours following the treatment
with hydrated calcium hydroxide.
Considering that the experimental protocol
included microbial loads of pathogens and
indicators far higher than those potentially
detected in real environmental conditions, it
is evident that the survival of the pathogens
and indicators is strongly limited in the
process of manure storage, following the
treatment with hydrated calcium hydroxide
at the 15% and 25% concentrations;
consequently, the risk of survival of the
microorganisms evaluated has to be
considered low.
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