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ABSTRACT

Background: Excessive amounts of stools accumulated in intensive poultry production systems
can create enormous pollution problems due to the large amounts of toxic substances they
generate. The opportunities to reuse these wastes may interest researchers, breeders, and farmers.
Aim. To offer specialists and others who might be interested, abridged and updated information
about chicken manure, its negative effect on the environment, and some efficient uses.
Development: Intensive poultry production systems generate large amounts of stools on the soil,
creating huge pollution problems, due to the substances they produce, which pollute the soil and
water. Moreover, the development of potentially pathogenic microorganisms poses a threat to
human and animal health. The existence of promising technology that can turn stools from free-
range birds into goods with added value and energy not only benefits human and animal health,
but also the economy.

Conclusions: Hen manure is one of the most pressing environmental pollution issues, but it
offers multiple opportunities to be used for the benefit of man. Hence, the minimization of
wastes, prevention of pollution, and recycling, should be present in the daily practice of intensive
poultry production systems, to guarantee the health of workers, consumers, and the environment.
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INTRODUCTION

In Cuba and other developing nations, poultry rearing has grown quickly. These intensive poultry
production systems can create enormous pollution problems, due to large amounts of polluting
substances that also originate massive amounts of stools on the soil. Undoubtedly, one of the
main problems is the undesirable smell of the farming residues (Mullo, 2012; Gohil, Budholiya,
Mohan, Prakash, 2020).

Fresh hen manure contain hydrogen sulfur (H.S), and other organic compounds that harm the
inhabitants near poultry farms (Rodriguez, 2017; Prasai, Walsh, Midmore, Jones, Bhattarai,
2018). The sensation of filth that comes along with residue dumping, as well as the emergence of
apparent symptoms of environmental degradation, may even be the source of disease
transmission.

The transformation of hen manure through different treatments generates an alternative to
provide added value to an abundant residue in poultry productions, and reduce the negative
environmental impact from the lack of processing (Bragachini, Huerga, Mathier, and Sosa, 2015).
Additionally, it increases the efficiency of poultry farms, by reducing the proportion of wastes
upon transformation into a farm sub-product with commercial value (Agbabiaka et al., 2020).

Furthermore, processed hen manure may also increase crop production, and consequently,
supplies to the population, by improving productivity and the nutritional quality of crops. It
provides food safety, and increases crop nutrient contents, and it limits the need to increase
cropland area, preserving the soil by preventing degradation, and improving the quality of human
life (Quifiones, 2017).

Minimizing wastes, preventing pollution, and recycling, are part of the daily practice. In other
words, this is a more serious reasoning into producing without leaving wastes (Arévalo, Puglla,
and Danilo, 2018; Fahimi et al., 2020).

Besides, proper implementation of bird stool recycling as a dietary supplement for ruminants, and
some monogastric animals, like pigs, or as fertilizer for several crops, is a practice that cuts down
costs of production, by providing protein, phosphorus, calcium, and other minerals, along with
organic elements (Arévalo et al., 2018).

Knowing the effect caused by this residue on the environment favors the adoption of measures
aimed to increase the sustainability of productivity in aviculture, and ensure the health of farmers,
consumers, and the environment. This issue has been repeatedly discussed at the United Nations
Food and Agriculture Organization, whose goal for human survival, is summarized in the
expression “One Health” (FAO, 2016).
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Therefore, the aim of this review is to offer specialists, and others who might be interested,
abridged and updated information about hen manure, its negative effects on the environment, and
some of the most efficient uses.

DEVELOPMENT

ORGANIC RESIDUES ON POULTRY FARMS
Hen manure

Hen manure is the mix of feces and urine from hens or caged chickens, along with the
indigestible portion of food, cells from the mucosa of the digestive apparatus, products from
gland secretion, microorganisms from the intestinal biota, several mineral salts, feathers, and a
minimum percentage of foreign material (Arévalo et al., 2018).

As a result of intensive production, the poultry industry has the potential of producing not only
eggs and meat, but also quality organic waste material like hen manure (Cajamarca, Almeida,
Diaz, Berrones, 2018). This material has a potential to increase crop production, some of the most
important include nutrient contribution, such as N, P, and K, and an increase in the organic matter
of the soil.

The terms hen manure and chicken manure are not synonyms, so it is important to define them:

e Hen manure: The excreta from layer hens that accumulate during the production of eggs, or
during development periods for this type of birds, mixed with food wastes and feathers. The
bedding material may or may not be considered.

e Chicken manure: The excreta from broilers, from the beginning until they exit farms, which is
mixed with feed wastes, feathers, and bedding material.

Knowing the amount and composition of hen manure and bedding produced with different
poultry production practices is essential for efficient and environmental management. To quite a
few farmers that rely on outdated principles, manure is the best fertilizer of all (Rodriguez, 2017).
Although manure has a significant relevance, with many qualities and advantages, the
inconveniences of this fresh fertilizer should be mentioned as well. Therefore, hen manure should
be transformed using different treatments (Ali, Bashir, Ali, Bashir, 2016; Tullo, Finzi, Guarino,
2019).

Hen manure is traditionally used as a fertilizer; its composition depends primarily on the diet and
bird lodging system (Nieto and Gonzalez, 2018). Hen manure from floored houses contains a mix
of stools and absorbing material that could be wood shave, dry grass, peel, and others, which are
used for bedding. This mix remains in the shed throughout the entire productive cycle.

Journal of Animal Prod., 32 (3), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e3611



Effects of Hen Manure on the Environment, and Possibilities of Reutilization

Effect of bird stools on the environment

The application of fresh hen manure can cause a considerable increase of biological activity in
the soil, whereas the stools of approximately a week old has a very high revitalizing effect on the
soil (Kantarli, Kabadayi, Ucar, Yanik, 2016).

In Poland, one of the main poultry production leaders in Europe, according to Drozdz et al.
(2020), the number of poultry farms has progressively increased for a decade, and in turn, has
produced even greater amounts of stools from free-range birds, which must be properly handled,
either on the site using available technology, or using a more centralized approach. A similar
situation takes place in leading poultry production countries, such as The United States, Canada,
and Brazil.

Once on the soil, phosphorus, for instance, is released through the action of phytases produced by
the microorganisms of this system. Then it moves through rivers and lakes, and causes
eutrophication of water currents and water reservoirs (Owamah, Alfa, Onokwai, 2020).

Under these circumstances, a speedy growth is observed in alga, along with a depletion of water
oxygen contents, which causes lethality of aquatic species. The sensation of filth that comes
along with the dumping, and the appearance of evident signs of environmental degradation are
other factors that affect life quality of humans (Rodriguez, 2017).

When handling animal feed, according to Arévalo et al. (2018), production operations are not
properly implemented; the discharge of nutrients, organic matter, pathogens, and the emission of
gases from wastes, may lead to significant pollution of essential resources to life (water, soil, air).
Mullo (2012), classified the effects that poultry wastes cause to the environment, and it was
generalized as this: the ones affecting the atmosphere, soil, and water.

ATMOSPHERE SOIL WATER
PH variation Lixiviation
Bad smell Salinity Eutrophication
Suffocating gases Heavy metals Fecal pathogens
Irritating gases Pathogens Pollution
Denitrification
Aerosols Excess NO, and NO,
K (Tetany)

Water retention

Figure 1. Poultry wastes in the environment (Source: Mullo, 2012).
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In birds, more than 50% of N in the feed is excreted as uric acid, so one advantage could be the
inhibition of conversion to ammonia, besides multiple combinations of nutritional management,
lodging system, treatment choices, and residual disposal, so it can reduce environmental
pollution, which leads to sustainable growth in the long run (Daniyan, Daniyan, Abiona, and
Mpofu, 2019).

Throughout poultry production, a number of needs go beyond productive requirements.
Therefore, the implementation of recycling strategies that enable environmental sanitation, and
allows for nutrient recirculation that contributes to better balance between man and nature leads
to greater economic benefits, increasing efficiency and productivity during production (Riaz,
Wang, Yang, Li, and Yuan, 2020).

Figure 2. Accumulation of excreta (Source: The authors).

The environmental impact of considerable volume of waste is highly significant, and endangers
the future of humans. Therefore, implementation of strategies in recycling management is
required. These strategies will contribute to the disposal of such wastes, and their use, either by
direct use as animal feed, or through recovery and production of energy and fertilizers
(Choudhury, Felton, Moyle, and Lansing, 2020).

If these residues are inappropriately handled, they may have a negative impact on the
environment (Barreto, 2019). Some of the problems derived from inappropriate residue use are
described below:

Soil

When hen manure is applied to the soil inappropriately, the first effect is a mechanical action
consisting in compression by capping the pores of the soil, thus decreasing the draining capacity
of the land (Rodriguez, 2017).
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Then, a chemical action takes place, with structural degradation of the soil, caused by the high
contents of salts and nutrients, due to progressive accumulation of residues. It triggers a
biological action consistent in the development of potentially pathogenic microorganisms to man
and animals (Owamah, Alfa, and Onokwai, 2020). Finally, organic matter and nutrient excess
may lead to a decline in oxygen levels (up to anaerobiosis) in the environment, hindering
nitrogen mineralization. Moreover, plants absorb nitrogen in greater amounts than what can be
assimilated, causing the accumulation of nitrates, that generate poisoning (Barreto, 2019;
Choudhury et al., 2020).

Waters

Because of the high presence of microorganisms (MO) and hen manure nutrients, if the latter is
disposed of (or otherwise, is drained by the waters from cleaning) in rivers, springs, and the water
table, they cause eutrophication issues, consisting in a dramatic decrease of oxygen, since it is
used for oxidation of organic matter and nutrients. Galarza, Ortiz, and Morales (2016), agreed
with Ramirez (2015), in that with the depletion of oxygen, aquatic life disappears. Likewise,
ammonium and nitrite contents produce toxicity that affects aquatic organisms.

Human and animal health

The life quality of populations near poultry farms depends on responsible residue management
(Irigoyen, 2018). Therefore, it is a matter of social, business, and professional responsibility, an
ethical issue that may compromise the future.

Improper excreta disposal also favors the development of potentially pathogenic microorganisms,
which, in turn, can transmit diseases like rotavirus, colibacillosis, gastrointestinal parasites,
salmonellosis, and others (Cajamarca et al., 2018).

Furthermore, and equally important, the inclusion of fresh wastes, like hen manure in the diet of
animals is a spread practice among national poultry farmers; however, it promotes cross
propagation of different diseases among species, due to pathogens that can be carried in the stools
(Choudhury et al., 2020; Owamah et al., 2020).

Economic impact

Poultry farms may face social and legal issues, as a result of smelly air and the proliferation of
flies. Accordingly, the most convenient action is to find a way to address them. Hen manure
composting is an adequate procedure that brings economic benefits.

There are “direct” costs associated to the implementation of measures to address problems caused
by pollution from residues. Regarding water for consumption, the cleaning costs are notoriously
increased (it requires 10 g of chlorine per nitrogen gram) (Galarza et al., 2016).
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The legislation of industrial countries facing serious pollution problems compels farmers who sell
certain residues to characterize it biologically and physicochemically, to know its production
volumes, and to implement stabilization that ensures the final product is biochemically and
environmentally safe, as the purchaser, will be compelled to use this product properly through
fertilizing plans. Hence, an important program like environmental protection, depends both on
collective and personal responsibility and solidarity.

Furthermore, its use as feed generates high economic revenues. It was demonstrated by Marshall
(2000) in Cuba, in stabled fattening lambs on a basic diet of low quality hay, protein supplement
containing hen manure, and soymeal, which produced gains of 130 g/animal/day, at a cost of $
2.12/kg live weight, and a cost-benefit ratio of $ CUP 1.42, with 75% supplementation. It
improved efficiency in 18% compared to the system implemented in the fattening facility.

Hence, the study of promising technologies that can turn stools from free range birds into goods
with added value and energy not only ensures human and animal health, but also the economic
factor.

Hen manure quality

The quality of hen manure is mainly determined by the type of feed, bird age (young birds
produce less stools due to lower consumption of feed in early stages), the amount of wasted
feeds, the amount of feathers, air temperature, and ventilation of the facility (Mullo, 2012). The
permanence time of birds in the house is also important, in relation to the emission of
ammoniacal odors, and the treatment given to the hen manure during drying (Miah et al., 2016).

The highest quality hen manure comes from caged layers, and then from floor layers, or facilities
for breeding or developing (Rodriguez, 2017; Choudhury et al., 2020; Owamah et al., 2020).
However, it also depends on factors like the bedding type used, storage time, and the percent of
moisture, etc. (Bragachini et al., 2015), apart from different periods in which hen manure is
accumulated, in which humidity contents, organic matter, nitrogen, and crude energy decrease
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Figure 3. Stools from caged layers (Source: The authors).

Production hen manure

A posture bird has demonstrated to excrete 35.8-40.8 g of feces on average, containing 75%
water, which is a factor to add to the work burden, without reporting income to the farm (Galarza
et al., 2016). Therefore, hen manure is suggested to undergo dehydration and recycling before
use as a source of feed for ruminants.

UTILIZATION OF HEN MANURE
Curing

Birds excrete their stools with urine, which provide these droppings with greater contents of
nitrogen than other species that perform the two functions separately. When hen stools are used
as feed for ruminants, or as a crop fertilizer, special attention must be paid to what is known as
excreta “curing”. This practice is recommended by several specialists who coincide in that drying
must be in the shade, thus preventing contamination with flies (Bragachini et al., 2015).
Accordingly, nets are placed on top of it to prevent the presence of the insects, though allowing
air circulation to complete fermentation by hen manure maturation and “curing”.

Main uses
As animal feed

By partially replacing soymeal by hen manure as diet supplement in stabled fattening sheep,
Marshall (2000) achieved remarkable results, with up to 130 g/animal/day gains.

Several factors are involved in the chemical composition of hen manure, such as diet
composition, age, and physiological status of the birds, since it is especially rich in protein and
minerals. However, the high contents of fibers from the bed, and non-protein nitrogen (NPN)
found in the feces of birds, make it more appropriate for consumption (Bragachini et al., 2015).

Sanitized hen manure makes a product ready for the consumption of other species, namely cattle.
Trials conducted by Arango (2017) showed that the protein average was 22%, within the
expected range (18-23%) for this product. The ash contents do not cause laxative effects on
cattle, since the percentage is lower than the maximum allowed. Moreover, the above-mentioned
author says that with the application of this product in the diet of bovines, a residue is being
reused, making it economical and sustainable. Mixed with molasses (another residue), it
improves palatability in a 80:20 ratio, which is a positive choice, due to high consumption, and as
a source of energy.
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Used as organic fertilizer

Although the possible uses of compost are wide and diverse in farming, its value can be
summarized in three variants: fertilizer, organic or humic amendment, and peat for cropping. The
main use is determined by the final goal of application: to supply nutrients to crops (fertilizer),
increase humus levels in the soil (organic amendment), or use it as a substrate (partial or total) for
crops (FONCODES, 2017).

An organic fertilizer often creates the basis for successful use of mineral fertilizers. The
combination of organic fertilizer/organic matter, and mineral fertilizers, offers ideal
environmental conditions for that crop (Arango, 2017). The utilization of hen manure as an
organic fertilizer after drying (cured) makes a solid product with a considerable value as a
fertilizer (Quifiones, 2017).

Composting (Mullo, 2012; Nieto, and Gonzalez, 2018), is the ideal alternative, since it stabilizes
organic matter, ensures proper use of the fertilizing property of hen manure, which is expressed
in its contribution to normal crop development, and in the recovery of highly degraded soils.

Production of biogas

Biogas is a flammable and renewable gas, which is produced by the transformation of organic
matter by methanogenic bacteria, under anaerobic conditions, which can replace fossil fuels or
biomass (burning wood), so it can be used to produce electricity and heat (Suarez, Sosa,
Martinez, and Curbelo, 2017).

The production of biogas from hen manure aims to reduce its negative impact on the
environment. Hence, the effects of greenhouse gas emissions are reduced, energy can be
generated, and fertilizers can be produced (Burguet, 2016; Rodriguez, 2017; Choudhury et al.,
2020; Owamah et al., 2020).

A biogas system consists in tightly-closed bioreactors filled with biodegradable solid organic
residues (hen manure), which have high contents of organic matter treated for decomposition
through an anaerobic process that generates biogas (Belduma, 2015; Miah et al., 2016;
Choudhury et al., 2020).

A comprehensive review of hen manure utilization shows coincidence with the reports made by
Irigoyen (2018) and Choudhury et al. (2020), who assured that it is one of the most
thoroughgoing fertilizers with the best nutrients for the soil. It can be noted considering the
nitrogen, calcium, and phosphorus is provides.

According to Miah et al. (2016), Irigoyen (2018) and Owamah et al. (2020) it is one of the main
productive problems to tackle by the aviculture sector to achieve sustainability of intensive
breeding. Still pending is an objective analysis of every farm, and the strong determination to
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address the mitigation tasks demanded; the technologies, management recommendations, and
tools are already available. The issue to address by poultry rearing professionals is the ethical
conflict that emerges due to economic grounds, and the solutions recommended.

CONCLUSIONS

Hen manure disposal is one of the most pressing environmental pollution issues. Hence,
minimizing wastes, preventing pollution, and recycling, should be present in daily intensive
poultry practices in production systems to guarantee the health of workers, consumers, and the
environment.

The existence of promising technology reduces the negative effects of stools from free-range
birds on the environment, turning the excreta into products with added value and energy.
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