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Abstract

Brazil is one of the largest producers and exporters of food in the world, but faces significant challenges in agricultural
production, especially in relation to dependence on imported fertilizers. By-products of animal slaughter, condemned by the
Health Inspection System (SIF) during the slaughter process, are classified as Animal By-products (ABPs) with a high health
risk (Cat1). Catl ABPs cannot be used for human food or animal feed, even after being treated by rendering. This biomass is rich
in nutrients but presents an imminent risk of pathogenicity. Heat treatments at high temperatures (>2500 C), in the absence
of oxygen, are more efficient at controlling pathogens. This study aims to discuss the opportunity to recover nutrients from
ABPs Cat1 from the Brazilian meat production chain as potential biomass for the production of biofertilizers. Pyrolysis shows
signs of denaturing pathogens, as it converts the biomass in a controlled environment above 5000 C. The results indicate that
every year Brazil misses out on the opportunity to recover tons of phosphorus pentoxide (P205) from the biomass of Catl
ABPs in landfills. This is in addition to the health risk and environmental impact associated with the main source gas of organic
biomass decomposition, methane (CH4), which is 80 times more polluting than carbon dioxide (CO2). Waste management is

the main challenge to achieving nutrient recovery in the Brazilian meat chain.
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Abbreviations

ABPs: Animal by Products; SIF: Federal Inspection System;
PNRS: National Solid Waste Policy; BSE: Bovine Spongiform
Encephalopathy.

Introduction

Brazil occupies a prominent position in global food
production. The country is among the world’s largest
exporters of soybeans (56%), corn (31%), coffee (27%),
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orange juice (76%), beef (24%) and chicken meat (33%),
for which 63.5 million hectares are used for agricultural
production [1]. To maintain all this food production, Brazil
is the world’s fourth largest importer of fertilizers, 85%
of the phosphate fertilizer used in national production is
imported. The low concentration of Brazilian phosphate
reserves makes local production unfeasible. The Russia-
Ukraine conflict highlighted the vulnerability of the Brazilian
production chain, which reduced the amount of fertilizer
needed to meet food production by 40%. This restriction has
had the effect of reducing crop yields and impacting on meat
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production. In 2022, the Brazilian government drew up the
National Fertilizer Plan 2022-2050 (PNF) [2] with the aim of
reducing Brazil’s dependence on imported fertilizers. Among
the solutions identified in the PNF was the need to recover
nutrients from organic biomass.

The amount of organic biomass from by-products of
food production makes it possible to circularize nutrients [3-
5] and can help minimize Brazil's dependence on imported
fertilizers. When destined for landfills, the main product of
organic biomass decomposition is methane gas (CH,) [6]
which, if left untreated, contributes to global warming, since
CH4 is 80 times more polluting than carbon dioxide (CO,) [7].

To give you an idea of this opportunity, in 2023 alone,
Brazil produced 29.6 million tons of animal protein [8].
Only 55% of the weight of live animals is used for human
consumption (Alao etal. 2017). Therestis classified as animal
by-products (ABPs). ABPs are biomass of animal origin not
intended for human consumption [9-11] either because it is
of low commercial interest or because it is unsanitary [10].

The use of ABPs is related to their health risk
classification. ABPs classified as low health risk (Cat3)
or edible, can be used in industrial formulations, such as
sausages. ABPs with a medium health risk (Cat2) are often
destined for animal feed after being recycled, if the health
and environmental safety parameters are met. Rendering
is commonly applied in Brazilian animal recycling [12].
However, ABPs with a high health risk (Cat1l) dDue to the
imminent danger of pathogenicity, it is expressly forbidden
to dispose of condemned animal waste (Cat1) as animal feed
[13]. This biomass usually comes from condemnation by the
rigorous Brazilian Federal Inspection System (SIF).

Inconsistent as it may seem, in Brazil, Catl ABPs are
still disposed of in landfills, which is an uninteresting
alternative in terms of food safety, health and the scarcity of
natural resources. This study aims to discuss the destination
and treatment of ABPs with a high health risk (Cat1) from
the Brazilian meat production chain as potential nutrient
recovery.

Health Risk Classification for Animal By-

Products

The classification of ABPs into “edible” and “inedible”
is essential for food safety regulations [14]. Edible ABPs are
intended for human consumption in industrial formulations
but can also be used in animal feed. Edibles are generally
known in Brazil as “offal” and their consumption are
more associated with local culture. Examples are brain,
tongue, heart, liver, kidneys, rumen, reticulum, tail and
mocotd. However, other edibles can also be used for human
consumption, such as lungs, spleen, spinal cord, mammary
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gland, testicles, lips, cheeks and cartilage [15].

Inedible are non-edible products that have other
destinations, for example, bovine skin or leather is destined
for the tanning industry, hooves and horns can be sent to the
tailoring industry. In addition, animals or parts of animals
“rejected by the Federal Inspection System (SIF)”, regardless
of whether they are edible or not, are necessarily classified
as Inedible for both Feed and Human Food [15].

According to the Brazilian National Solid Waste Policy
(PNRS), Law 12.305/2010, animal by-products (ABPs)
are classified as hazardous waste, i.e. the possibility of
pathogenicity poses a risk to public health and the quality
of the environment [16]. Although it is not clear whether the
PNRS applies to Edible or Inedible, it can be interpreted that
the guidelines are aimed at waste with high pathogenicity,
more prone to inedible ABPs, or in an advanced state of
decomposition, whatever the initial classification.

In addition, according to the PNRS, solid waste is
material whose characteristics make it unfeasible to
dispose of it in sewage systems, making it necessary to use
technologies that modify it and make it less aggressive to the
environment, so that it can be recycled or reused [16]. And
the final destination for ABPs necessarily observes the health
and environmental risk classification [11] according to the
health risk categories:

e Category 3 (Cat3): Low health and environmental risk.
These are ABPs that are fit for human consumption, but
“not” intended for human consumption for commercial
interest, such as bones, blood, mechanically separated
meat waste, some offal, etc., which can be used for animal
feed, provided that their industrialization meets quality
and safety parameters.

e Category 2 (Cat2): Medium health and environmental
risk. Post-mortem failures, solids with drug residues, etc.
Cannot be used for human consumption. Can be destined
for animal consumption, as long as it is associated with
a reliance on heat treatment, at high temperatures, to
possibly control pathogens.

e Category 1 (Catl): Waste classified as high health and
environmental risk. Not recommended for human
consumption or feed. These are animals Kkilled at the
production site or during transportation from the
property to the slaughterhouse. Also, material from
condemnation by the SIF including carcasses, viscera,
intestinal contents, material with pathogenicity or
imminent suspicion of pathogenicity.

The health risk classification can vary during the

production process. A carcass classified as Edible (Cat3),
when condemned by the SIF becomes part of health risk
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category 1 (Catl), and is therefore classified as inedible with
a high health risk.

According to the PNRS, the disposal of solid waste, which
includes recycling, energy recovery or landfill disposal, is the
responsibility of the producing company, in accordance with
specific regulations and to minimize environmental impacts
[16]. But responsibility for treatment does not mean free
choice on the part of companies.

The strict sanitary control for the production of animal
protein and its by-products is justified by history, such as
the bovine spongiform encephalopathy (BSE) crisis in 1999,
which resulted in a ban on the use of meat and bone meal
for animal feed [17]. Obviously, the health risk classification
has a direct impact on the hierarchical choice of methods for
disposing of, treating or recycling the biomass from ABPs
and the associated added value (Figure 1).

Figure 1: Hierarchy of the main methods of treatment, recycling and destination and adding value to animal by-products.
Source: Adapted from the Brazilian Animal Recycling Association [12].

Edible ABPs such as giblets, when classified as fit for
human consumption by the SIF, present a greater possibility
of financial return (Figure 1), especially when making up
formulations for industrialized food products, such as
nuggets and sausages.

Inedible ABPs (Figure 1) can be recycled by thermo-
conversion, usually in rendering processes. They are destined
for the pharmaceutical and nutraceutical sector, such as the
manufacture of collagens and anesthetics [18] products
for the hygiene and cleaning sector [19] biofertilizers
[20,21], biofuels [22], or even for energy recovery through
incineration [23] or composting [24].

Obviously, taking into account the limitations of health
and environmental risks, the preferred destination of ABPs is
based on the potential for adding value to this biomass (Figure
1). The greatest potential for added value per ton is related
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to industrialized edibles, followed by recycling possibilities
that have already been consolidated in the Brazilian market
[12], followed by the possibility of recovering energy, where
the potential for added value is reduced. The last alternative
is landfill disposal, where the cost of transportation and
disposal does not add value, in which case ABPs are classified
as a negative financial return for the generating company,
plus environmental liabilities and health risks.

Kinergic  Parameters for
Inactivation

Pathogen

Variations in the physicochemical characteristics and
treatment methods for ABPs interfere with the inactivation
kinetic parameters for the main pathogens [25]. Table
1 shows examples of inactivation Kkinetic parameters of
microorganisms exposed to heat treatment for the main ABP
pathogens.
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Main Pathogens Thermal Resistance Heat Ex-posure Process Reference
(°C) (min)

Salmonella 43,7 5 Rendering [26]
Escherichia coli 70 5 Ultra-high temperature [27]
Yersinia enterocolitica 50 4 Rendering [26]
Staphylococcus aureus 46 7 Rendering [27]
Clostridium perfringens 46 5 Rendering [27]
Listeria monocytogenes 45 3 Rendering [25]
Prions 134 18 Rendering [28]

Table 1: Inactivation kinetic parameters for the main pathogens contaminating meat and poultry products.

Escherichia coli 0157:H7, Listeria monocytogenes and
Salmonella spp. Table 1 are the main foodborne pathogens
that can contaminate raw and processed meat and poultry
products [25]. The fat and moisture present in animal
biomass favors the proliferation of Salmonella. Salmonella do
not multiply at refrigeration temperatures but are extremely
resistant to freezing [27]. Listeria monocytogenes, on the
other hand, can multiply at refrigeration temperatures [25].
For all bacteria, melted saturated fats probably exerted
a protective effect [25]. The pathogen Prions, which is
related to prion diseases or transmissible spongiform
encephalopathies [28] requires a longer exposure time at
higher temperatures for inactivation Table 1.

For ABPs intended for animal feed (Cat 2 and 3), health
regulations stipulate that heat treatments must be carried
out at temperatures above 133°C, for a minimum of 20
minutes, at a pressure of no less than 3 bar [10,29,30]. It is
worth noting that it is forbidden to use animal waste as cattle
feed (CFSPH, 2016), which means that the recycling of Cat 2
and 3 ABPs into meat meal, offal meal, blood meal and fats is
complementary to poultry and pig feed.

If Cat 1 ABPs are destined for the incineration process,
no prior treatment is required; for incineration, the
minimum temperature is 850°C for at least 2 seconds [31].
In incineration, there is no recovery of nutrients due to the
complete denaturation of the molecules [23].

If destined for landfill, and ABPs catl is condemned
for “confirmed” pathogenicity, the European Commission,
Regulation NO 1069/2009, article 12, recommends pressure
sterilization heat treatment prior to landfill disposal [10].

The Pyrolysis Process for Treating Abps Cat
1

One alternative for treating Cat1l ABPs to be considered
is the pyrolysis process. This consists of a thermochemical
conversionreactor thatpromotesthebreakdown ofmolecules
in a controlled temperature and vacuum environment.
In fast pyrolysis, exposing ABPs Catl for 10-15 minutes
to temperatures above 2500 C favors the denaturation of
pathogens in a uniform manner [31].

Figure 2: Pyrolysis Process for ABPs Cat 1. Source: Prepared by the authors.
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Bone char is the main output of the pyrolysis process
(Figure 2). In this research, the term Biochar was used
generically to represent the char output from the pyrolysis
process, originating from various biomasses, such as
vegetable, animal, plastic, etc. The term Bone char was used
for the biochar output of the pyrolysis process originating
exclusively from biomass of animal origin. The parameters
of the pyrolysis process such as temperature, time and
additives can be managed to increase the concentration and
bioavailability of the nutrients contained in the Bone char
Biofertilizer [32-34] which favors absorption by plants [31].
This can increase crop yields and reduce the possibility of
eutrophication.

The main nutrient available in bone char is phosphorus
(P). Bone char contains on average 13-20% of the nutrient
P [35-37] in addition to Calcium, Magnesium, Nitrogen,
Potassium and Zinc and low Cadmium (Cd) levels [38] can
contribute to the goal of reducing soil contamination by Cd
[39].

If used as a biofertilizer, biochar can generate
decarbonization credits. The carbon retained in bone char is
classified as stable, i.e. it has the capacity to remain in the
soil for a long time (= 100 years) [40]. This is an indication
of the quality of the carbon credit [35]. The method for
quantifying and qualifying retained carbon is still under
development. Compared to the low costs of rock fertilizers,
Bone char biofertilizer is not competitive. The generation
of decarbonization credits associated with the reduction of
natural reserves could make the recovery of nutrients by
pyrolysis viable [41].

Bone char can be used in ways that differ from soil
fertilization Figure 2. In intensive livestock farming, Biochar
has been tested as a feed additive for cattle [42], horses [43],
pigs [44], poultry [45] and fish [46]. Biochar added to cattle
feed increased milk production by 3.43% and protein and
fat content by 2.63-6.32%, respectively, and reduced enteric
methane gases in cattle by 30% [42], the porous property of
biochar can maintain the intestinal microbiota, thus reducing
the emission of greenhouse gases from ruminants [47].

Itis worth noting that if biochar is used as a heat source,
burning it releases part of the retained carbon, so the capture
and storage of carbon is related to the application of biochar
as a biofertilizer [48].

In short, the only justification found for Catl ABPs not
being destined for pyrolysis treatment is the lack of health
regulations for this treatment process in Brazil. However,
other authorized and safe processes, such as incineration,
should precede the alternative of landfill disposal, as
provided for in the PNRS (Figure 1).
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Future studies could contribute to the management of
waste from the meat chain, aimed at both health safety and
nutrient management, including the definition of pyrolysis
process parameters, quantification and quality of the carbon
and nutrients contained in Bone char, calorific value of Bone
char, and financial viability analysis. These and other studies
could contribute to the development of relevant regulations
and investments by the meat chain in processes that are
better for ABPs than landfill disposal.

Conclusion

Every year, Brazil misses out on the opportunity to
recover tons of the nutrient phosphorus by disposing of the
biomass from Catl ABPs in landfills. Waste management
is the main challenge to achieving nutrient recovery in the
Brazilian meat chain.
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