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Abstract 

The indiscriminate disposal of wastewater from slaughterhouses causes 

problems. This scoping review aims to identify the interest and 

implications of the PENTApropeller stakeholders —business, academy, 

government, society, and the environment— in the management of 

wastewater from slaughterhouses. PRISMA-ScR was used to collect and 

analyze studies during 2020-2024. The explicit stakeholders identified are 

academy, government, and industry, with a participation of 76.92%, 

15.39%, and 7.69%, respectively, while society and the environment are 

implicit stakeholders that are considered by the explicit ones. Teachers 

and students generate and apply knowledge that, through government 

funding, can develop management strategies at the laboratory level and 

disseminate the results. By linking with the private sector, these results 

can be leveraged into technological developments, with the backing of 

compliance with government regulations. The environment is an actor 

composed of academy, industry, and government, as the beneficiary of 

strategies that remove the physical and chemical parameters that affect 

it. Society does not have a direct presence, but its intervention derives 

from academy's intention to address risks to human health. Finally, 

comprehensive collaboration between stakeholders is essential in the 

development of sustainable multidisciplinary and transdisciplinary 

strategies among PENTApropeller stakeholders, for the benefit of 

humanity and the environment. 
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Resumen 

La disposición indiscriminada de las aguas residuales de los mataderos 

genera afecciones. Esta revisión de alcance tiene el objetivo de identificar 

el interés y las implicaciones de los actores de la PENTAhélice —empresa, 

academia, gobierno, sociedad y medio ambiente— en la gestión de las 

aguas residuales de los mataderos. PRISMA-ScR se utilizó para recabar y 

analizar estudios durante 2020-2024. Se identificó que los actores 

explícitos son la academia, el gobierno y la industria con una participación 

del 76.92%, 15.39% y 7.69%, respectivamente; mientras que, la 

sociedad y medio ambiente, son actores implícitos que son considerados 

por los explícitos. Los profesores y alumnos generan y aplican 

conocimiento que mediante el financiamiento del gobierno puede 

desarrollar estrategias de gestión a nivel laboratorio y divulgar los 

resultados, y al vincularse con el sector privado estos resultados pueden 

potencializarse en desarrollos tecnológicos, con el respaldo en el 

cumplimiento de la normatividad que enmarca el gobierno. El medio 

ambiente es un actor integrado por la academia, industria y gobierno, 

como beneficiario de las estrategias que remueven parámetros 

fisicoquímicos que lo afectan. La sociedad, no evidencia de una presencia 

directa, sino su intervención deriva de la intención de la academia por 

atender el riesgo en la salud humana.  Finalmente, la colaboración integral 

entre los actores es fundamental en el desarrollo de estrategias 

sustentables multidisciplinarias y transdiciplinarias entre los actores de la 

PENTAhélice, en beneficio de la humanidad y del medio ambiente. 
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1. Introduction 
 
 

The wastewater cogenerated in the slaughterhouses by the production 

process of processing and disposal of meat for human consumption 

contains a high organic load that favors the development of pathogenic 

microorganisms, it also contains parasite eggs, and pesticide residues 

that were present in the animal during its feeding, chlorine from the 

cleaning of the facilities, brine, among other components. So, wastewater 

from slaughterhouses turns out to be a potentially toxic contaminant of 

soil and water, which is presented by the decomposition of organic matter. 

In (Shi et al., 2023), is mentioned that the high concentration of organic 

matter without sufficient treatment is a factor of serious contamination of 

the natural environment. In addition, wastewater, due to its rapid 

decomposition, releases methane, thus generating unpleasant odors that 

attract harmful fauna ―e.g., flies, cockroaches, rats― that transmit 

diseases; in addition to this, they generate the formation of leachate that 

drags pollutants into surface waters or infiltrates aquifers, which 

ultimately deteriorate the aquifers that are a source of water for human 

consumption and agriculture, thereby affecting the environment (FCPSR, 

2006). Mainly in developing countries, the indiscriminate disposal of 
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wastewater from slaughterhouses causes waterborne diseases (dos 

Santos Pereira et al., 2024). 

Worldwide, wastewater from slaughterhouses is considered to be 

one of the most polluted (Mkilima et al., 2024). In addition, due to their 

characteristics, they are the focus of antibiotic-resistant bacteria and 

antimicrobial residues (Savin et al., 2020). In Mexico, according to the 

“Agri-Food and Fisheries Information Service” (AFFIS) in its 2023 report, 

it mentions that there are 1,198 slaughterhouses, of which 903 are 

municipal (Inspection Type of the Secretary of Health, ITSH), 174 are 

private and 121 federal (Federal Inspection Type, FIT) (MARD & AFFIS, 

2023). Depending on the type of activity to be carried out, the equipment, 

and the purpose for which the slaughterhouse was created, these are 

classified into FIT slaughterhouses and ITSH slaughterhouses. The ITSH 

slaughterhouses are known as “municipal slaughterhouses” for the 

disposal of meat for the consumption of the inhabitants of the 

municipality; while the FIT slaughterhouse, which in addition to complying 

with the basic services of the ITSH, offers an industrialization of meat 

products for large-scale marketing at the national level and for export 

(INAP, 2019). 

According to the standard “Products and services. Sanitary 

specifications in establishments dedicated to the slaughter and processing 

of animals for supply, storage, transport, and sale. Sanitary specifications 

for products”, the slaughterhouse is considered to be any establishment 

intended for the slaughter and slaughter of animals for slaughter; with a 

slaughter capacity of at least 28 head of large livestock, 56 head of small 

livestock or 1,000 domestic birds per day, either individually or combined 

(Secretaría de Salud, 2004). The slaughter considers the livestock 

species: cattle, pigs, sheep, goats, horses and poultry (MARD & AFFIS, 
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2023). Slaughterhouses are public services, provided to individuals by 

municipalities; to provide facilities for the adequate slaughter of animals 

that people will later consume. The National Institute of Public 

Administration (INAP), defines the “municipal slaughterhouse” as an 

entity owned by the municipality focused on the slaughter of animals for 

consumption as food for part of the population; in areas such as landing 

pens ―receives the cattle to be slaughtered― and deposit ―protects the 

cattle for slaughter after the ownership, sanitary and fiscal requirements 

have been met―, and slaughter (involves the slaughter, removal of visors 

and the cutting of meat), through the efficient use of personnel, 

equipment, and necessary tools (INAP, 2019). 

According to the General Law for the Prevention and Integral 

Management of Waste (GLPIMW), waste is any solid or semi-solid, liquid 

or gas material that an owner or possessor discards. Also, throughout the 

production process of the slaughterhouse, various wastes are generated; 

in this sense, and considering the classification of the GLPIMW, it is 

possible to establish that special handling waste and hazardous waste are 

generated (FAEP, 2015). The main waste generated in slaughterhouses is 

wastewater, blood, and rumen content; these being of large volume and 

highly polluting; in addition to this, municipal slaughterhouses generally 

do not have adequate waste separation systems, which causes a mixture 

of waste with a high organic load, and which unfortunately in some cases 

is dumped indiscriminately into public drainage, aquifers or the 

environment. The main composition of wastewater from this sector 

includes blood, excrement, rumen content, fat, feathers, and bones. In 

the document “Risk Assessment of Municipal Slaughterhouses and 

Slaughterhouses” of the Federal Commission for the Protection against 

Sanitary Risks (FCPSR), the average values of the main components of 
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wastewater are presented according to the FCPSR (FCPSR, 2006). The 

animal´s blood, urine, and excrement produce Nitrogen (N) in the 

wastewater; while the alkaline pH of the wastewater, other compounds in 

the wastewater, and ammonium (NH4-N), generate ammonium hydroxide 

(NH4OH); organic matter originates from water that in contact with 

carcasses, excrement, and blood, among other elements; from the 

undigested stomach contents Phosphorus (P) is produced; likewise, 

sodium (Na) is generated from the excrement and food present in the 

animal's stomach, as well as from the pickling process (Ibidem). In 

addition, veterinary pharmaceuticals and surfactants may be present 

(Sandoval et al., 2024) toxic to aquatic life (Sandoval & Salazar, 2021). 

Municipal slaughterhouses consume a large amount of water. Water is 

mainly used in the processes of receiving and handling livestock, in 

stunning and slaughter, for evisceration, in post-mortem inspection, and 

in carcass detailing and washing. According to (Quiroga et al., 1994) the 

water needed for the slaughter and slaughter process, for larger animals 

is 1,000 liters; for pigs, the need is 450 liters; while 100 and 20 liters are 

used, for sheep goats, and poultry, respectively. The slaughterhouse is 

considered to be the second largest consumer of water within the livestock 

processing value chain (Teo et al., 2023). 

The wastewater cogenerated by slaughterhouses has been treated 

from various approaches. Generally, wastewater treatment can be 

developed by electrocoagulation, membrane separation, advanced 

oxidation, physicochemical processes and biological treatments (Aziz et 

al., 2019). Biological processes have the characteristic that they are long-

treatment, polymeric, include adjunct growth processes, and operate at 

high rates of organic load (Derakhshan et al., 2023). In (Kothari et al., 

2024), the treatment of wastewater from slaughterhouses is presented 
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using a biological approach, i.e., bioremediation, which includes 

phytoremediation. The Microbial Fuel Cell and Electro-Fenton schemes are 

combined to treat slaughterhouse wastewater; separately, the two 

treatments report good results; however, better efficiency is obtained 

with integrated treatment that improves water quality, but is not suitable 

for human consumption (Mkilima et al., 2024). In (Shi et al., 2023), a 

treatment system that uses fungi and algae is described, Chlorella sp. 

DT025 and Penicillium sp. A treatment that uses electrocoagulation with 

aluminum and iron electrodes is described in (Sandoval et al., 2024). In 

(Ramírez-Montoya et al., 2023), anaerobic treatment is improved in the 

treatment of slaughterhouse wastewater using carbon as a methanogenic 

enhancer. 

In addition, in (Feng et al., 2009), the development of an Anaerobic 

Carrier Reactor with Baffles, which is made with bamboo carriers in 

treating slaughterhouse wastewater, is described. In (Fedorov et al., 

2023), the use of Hydrodynamic Cavitation in the activation of sodium 

percarbonate and ozone (O3) is described, thereby degrading the 

recalcitrant 1.4-dioxane. A novel biochar coupled with nano-valent copper 

(nZVCu/BC), in wastewater remediation is described in (Iqbal et al., 

2021). In (de Nardi et al., 2008), a Dissolved Air Flotation (DAF) system 

and two Up-flow Anaerobic Sludge Blanket reactors are presented. In 

(Dosta et al., 2008), a Sequencing Batch Reactor is presented for the 

biological removal of Chemical Oxygen Demand (COD), Suspended Solids, 

and N, including a coagulation/flocculation step. In (Ramadan et al., 

2023), an Anaerobic Membrane Bioreactors is used in the treatment of 

poultry slaughterhouse wastewater. A strategy that integrates Anaerobic 

Digestion and Electrocoagulation is described in (Adou et al., 2022). 

Advanced oxidation processes were used in the treatment of wastewater 
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from a poultry slaughterhouse, namely iron salts, potassium persulfate, 

titanium dioxide, and hydrogen peroxide (Kanafin et al., 2022). Two 

strategies involving the use of ozone in wastewater treatment involve: (i) 

preozonation followed by a UVC/H2O2 process, and (ii) simultaneous 

application of O3/UVC/H2O2 (Alfonso-Muniozguren et al., 2021). In (Bingo 

et al., 2021), an integrative approach is presented that considers an 

Expanded Granular Sludge Bed (EGSB) bioreactor together with a 

submerged Ultrafiltration (UF) membrane. A simple and combined 

electrochemical oxidation treatment is presented in (Terán Hilares et al., 

2021). 

In (Sandoval & Salazar, 2021), the electrochemical treatment 

scheme for the purpose of generating electricity is described. In (Zahedi 

et al., 2021), methane is produced as part of anaerobic wastewater 

treatment. Wastewater from slaughterhouses is remediated and biomass 

is produced, using various concentrations of wastewater, in (Azam et al., 

2020). The treatment of wastewater from slaughterhouses and the 

culture of microalgae Chlorella vulgaris using acid precipitation (H2SO4) 

in both discontinuous and continuous processes, is described in (Terán 

Hilares et al., 2021). Previous studies show that there are strategies 

developed to address the management of solid and liquid waste, 

cogenerated by the process of slaughterhouses, considering strategies for 

the redesign of products and processes. However, it is a reality that the 

multiple problems derived from the generation, and management of 

wastewater are not isolated situations but integral. 

However, a scheme that can meet this need is the context of the 

Mexican Innovation Model: The PENTApropeller and Open Innovation (see 

Figure 1), which emerged in 2019. The PENTApropeller, as a Mexican 

model of linkage between industry, academy, and government, scales its 
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impact, through the incorporation of society and the environment; 

through the generation of innovation that transforms reality, as a 

responsible economic development scheme, with which it is possible to 

face priority national problems. The PENTApropeller presents a vision of 

the SECIHTI (Secretaría de Ciencia, Humanidades, Tecnología e 

Innovación) of cutting-edge technological change and open innovation in 

a virtuous and harmonious way of the five sectors of the innovation 

ecosystem. And well, the model of the PENTApropeller of Mexico can be 

scaled up internationally. 

 

 Academy

 Government

 Industry

 Society  Environment

 

Figure 1. PENTApropeller model from SECIHTI. 
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So, it is a reality that there are multiple efforts that emerge from 

different stakeholders in wastewater management; however, it is unclear 

what kind of information is available in the literature on the holistic 

involvement of actors in the development of strategies for the 

management of slaughterhouse co-generated wastewater. That is why a 

scoping review was carried out to systematically map the research in this 

area with the aim of identifying and analyzing, if in the development of 

slaughterhouse wastewater remediation strategies, the main actors 

―PENTApropeller: academy, government, industry, society, and 

environment― involved and interested in the development of such 

strategies are considered in a holistic and integral way, that maintain and 

enhance the socio-economic development of humanity without 

compromising the environment; as well as their integration and 

intervention in the development of these strategies, likewise, it is 

interesting to identify the degree of intervention of the actors evidenced 

in the dissemination of results through scientific publications, and the way 

in which they interact with each other; as well as identifying the existing 

knowledge gap. The following research question was asked: What has 

been reported in the literature about the holistic intervention of the actors 

involved in wastewater management? 

This scoping review is aimed at researchers and technology 

developers, who design and generate wastewater management 

strategies; and at all those interested in the development of 

environmental conservation policies and schemes, from a holistic 

perspective. This review can be the basis for developing more in-depth 

and detailed reviews. The review adopts a strategy of backward analysis 

of secondary data from the published contributions. Scoping review, as a 

strategy, allows for systematic search, selection, and synthesis of existing 
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knowledge to map key concepts, types of evidence, and knowledge gaps 

of this phenomenon. The approach used guarantees a formal and 

structured review, which allows for the extraction and analysis of reliable 

information on the implications of the stakeholders that must be 

considered in the development of strategies for remediation and 

conservation of natural resources considering a revaluation of treated 

wastes, under a holistic perspective of the stakeholders. Finally, Section 

I contains the Introduction; the rest of the document is organized as 

follows: Section II Material and Methods, describes the methodology used 

to identify and collect the studies; Section III Results, presents the 

findings identified in the studies reviewed; Section IV Discussion, presents 

the main reflections of the evidence of the studies; finally, Section V 

concludes the scoping review study of the implications of stakeholders in 

the development of strategies for the maintenance and conservation of 

the ecosystem, under a holistic perspective. 

 
 

2. Material and Methods 
 
 

A Scope Review (Gómez, 2023; Mak & Thomas, 2022) was carried out as 

a systematic methodological framework aligned with the statement of the 

Preferred Reporting Items for Systematic reviews and Meta-Analyses 

PRISMA for Scoping Reviews (PRISMA-ScR) (Tricco et al., 2018). It is not 

the objective of the scoping review to assess the quality of the literature, 

but to identify the depth and breadth of the literature on the interest and 

involvement of the actors of the PENTApropeller. The protocol was 

prospectively registered in the Open Science Framework on December 31, 

2024 (https://osf.io/eu63v/) (Montiel-Rosales et al., 2024); while the 

PRISMA-P Preferred Reporting Items for Systematic review and Meta-
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Analysis Protocols (PRISMA-P) were used for its drafting, and it was 

reviewed by the research team. 

The inclusion and exclusion criteria of the studies were aligned with 

the PICO scheme (P: population, I: intervention, C: comparator, O: 

outcome) (Prill et al., 2021). The studies, to be included in the review, 

had to consider the development of strategies for the management of 

cogenerated wastewater by the production process of the 

slaughterhouses, considering the incorporation of at least three actors 

identified by the PENTApropeller. The review considered articles published 

in peer-reviewed journals, during the period from January 2020 to 

December 2024, that were written in English, in addition to including the 

perspective of stakeholders in wastewater management. Experimental 

studies at laboratory and field level were included, with quantitative 

results of the efficiency of the contaminant removal system. On the other 

hand, studies that did not fit into the conceptual framework of the study 

were excluded, e.g., simulation models, and evaluation of hypothetical 

cases. The literature search for the scoping review was not limited by 

discipline or subdiscipline; but review studies, conference proceedings, 

books, book chapters, non-peer-reviewed articles, and intellectual 

property registrations were not considered. 

The identification of the studies was carried out by searching the 

databases: Web of Science (WoS), Scopus, ScienceDirect, SpringerLink 

and Google Academic; during the period from January 2020 to December 

2024. The search strategies were designed and perfected by the research 

team, through discussions.  On December 23, the following databases 

were consulted: WoS (Clarivate, 2024), Scopus (Elsevier, 2024b), 

ScienceDirect (Elsevier, 2024a), SpringerLink (SpringerNature, 2024), 

and Google Academic (Google, 2024). With the intention of considering 
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relevant studies within the review, the authors decided to include several 

databases. The search results were exported to Mendeley Cite v1.67.0 

(Elsevier Ltd., 2024), where duplicates were removed. 

The search strategy was peer-reviewed, using the Peer Review of 

Electronic Search Strategies (McGowan et al., 2016). Key terms were 

used in the search closely related to the study framework; this selection 

of terms was made jointly and in agreement by the authors. Similarly, the 

search strategy for each database was designed and reviewed by the 

authors; for this purpose, the Boolean operators “AND”, “OR” and “NOT”, 

were used to define the search code made up of keywords. Due to the 

characteristics of each database, codes were designed for each one (see 

Table 1). 

With the intention of obtaining an objective review, all authors 

individually reviewed all studies. We selected only those studies that were 

relevant to the scoping review; to do this, the authors sequentially 

evaluated titles, abstracts, and keywords. Only those studies that met the 

inclusion criteria were considered as part of the review; while all those 

studies irrelevant to the PICO scheme were excluded. Once the potential 

studies were defined, the full text was read individually by each author. 

However, when there were disagreements about study selection and data 

extraction, the authors agreed to include or exclude them. 
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Table 1. Search strategies. 

Database Search Algorithm 

WoS 

ABS-KEY (“Slaughterhouses” AND “Wastewater” OR “Water Treatment” OR 

“Water Treatment System” OR “Water Treatment Technologies”) AND NOT 

TITLE (“Review” OR “Literature” OR “Bibliometric”) AND ALL FIELDS (“Academy” 

OR “Government” OR “Industry” OR “Society” OR “Environment”) 

Scopus 

ABS-KEY (“Slaughterhouses” AND “Wastewater” OR “Water Treatment” OR 

“Water Treatment System” OR “Water Treatment Technologies”) AND NOT 

TITLE (“Review” OR “Literature” OR “Bibliometric”) AND ALL (“Academy” OR 

“Government” OR “Industry” OR “Society” OR “Environment”) AND PUBYEAR 

AFT 2020 

ScienceDirect 

ABS-KEY (“Slaughterhouses” AND “Wastewater” OR “Water Treatment” OR 

“Water Treatment System” OR “Water Treatment Technologies”) AND NOT 

TITLE (“Review” OR “Literature” OR “Bibliometric”) AND ALL FIELDS (“Academy” 

OR “Government” OR “Industry” OR “Society” OR “Environment”) 

SpringerLink 

(“Slaughterhouses” AND “Wastewater” OR “Water Treatment” OR “Water 

Treatment System” OR “Water Treatment Technologies”) AND (“Academy” OR 

“Government” OR “Industry” OR “Society” OR “Environment”) AND NOT 

(“Review” OR “Literature” OR “Bibliometric”) 

Google 

Scholar 

(“Slaughterhouses” AND “Wastewater” OR “Water Treatment” OR “Water 

Treatment System” OR “Water Treatment Technologies”) AND (“Academy” OR 

“Government” OR “Industry” OR “Society” OR “Environment”) 

 

Subsequently, data from the studies were extracted equally among 

the authors with double verification. To do this, a knowledge management 

foundation was built in Microsoft® Excel® for Microsoft 365 MSO (version 

2411 build 16.0.18227.20082) of 64-bit (Microsoft Corp., 2024). While 

managing the references of the retrieved studies, Mendeley Cite v1.67.0 

was used (Elsevier Ltd., 2024). The authors jointly developed a form that 

resulted in a knowledge management base on the characteristics of the 
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studies, integrated into categories, namely, “Publication characteristics”, 

“Slaughterhouse and wastewater treatment system features”, “Actors 

involved in the PENTApropeller”, “Physicochemical parameters reported”, 

“Biological parameters reported”, and “Other”. All authors independently 

recorded data extracted from studies in the database, the results were 

discussed, and the form was iteratively updated. 

The objective of the scoping review is to explore the implications 

and interactions of stakeholders in the development of waste 

management strategies. In this sense, hermeneutics was used as a 

method of text interpretation to interpret the information from the 

studies, while the quality of the knowledge synthesis method was 

evaluated collaboratively among the authors. The information 

concentrated in the knowledge management base was synthesized 

according to its relevance and presented in the form of tables and graphs 

using Microsoft® Excel® for Microsoft 365 MSO (version 2411 compilation 

16.0.18227.20082) of 64 bits. 

 
 

3. Results 
 
 

The parameters for screening were defined jointly by the authors. The 

inclusion and exclusion criteria were defined based on the PICO 

framework (see Table 2); this approach improved the quality of study 

selection. 
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Table 2. Inclusion and exclusion criteria. 

PICO Inclusion Criteria Exclusion Criteria 

Population 

Studies that evaluate the 

performance of wastewater 

management systems, cogenerated 

from slaughterhouses 

Studies that evaluate the performance of 

wastewater management systems, cogenerated 

from processes other than slaughterhouses, 

e.g., agro-industrial, alcohol, textile, mining 

Intervention 

Studies that show the measurement 

of physicochemical and/or biological 

parameters, the interest in reducing 

the implications of wastewater on the 

environment and society 

Studies that show hypothetical results based on 

assumptions 

Comparator 

Efficiency of the treatment system for 

co-generated wastewater from 

slaughterhouses 

None 

Outcome 

Studies developed in direction and 

collaboration by the main actors of 

the ―PENTApropeller: academy, 

government, industry, society, and 

environment― 

None 

 

The search parameters and the inclusion and exclusion criteria have 

been established. Search algorithms based on Boolean operators (see 

Table 1) were entered into the databases. Initially, 31,009 studies were 

identified ―WoS with 9,969, Scopus with 7,781, ScienceDirect with 30, 

SpringerLink with 7,049, and Google Scholar with 6,180―. Duplicate 

articles were removed and removed for other reasons, such as 30,863 

studies. In addition, 53 were excluded. While 11 studies could not recover. 

Finally, 37 paper reviews, 3 empirical studies, and 29 not relevant were 

excluded. Therefore, 13 articles were considered for the review because, 

during the screening process, the objective was to identify studies that 
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showed an explicit or implicit interrelationship between at least two actors 

in the PENTApropeller. 

To this end, each article was read in its entirety and, working in 

pairs, the actors and their involvement were identified. Any disputes were 

resolved with the intervention of a third author. The 13 studies were 

considered for scoping review ―WoS with 4, Scopus with 3, ScienceDirect 

with 2, SpringerLink with 2, and Google Scholar with 2―. Figure 2 shows 

the selection process of the studies considering previously established 

search strategies and eligibility criteria. 
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Figure 2. Selection of studies. 

Records identified from:
WoS (n = 9,969)
Scopus (n = 7,781)
ScienceDirect (n = 30)
SpringerLink (n = 7,049)
Google Scholar (n = 6,180)

Records removed before screening:
Duplicate records removed (n = 17,913)
Records removed for other reasons (n = 12,950)
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Once the studies were identified, a knowledge management base 

was built with the features of interest for the recovery of the studies 

(Table 3). 

 

Table 3. Variables of interest by category. 

Category Variables 

Publication characteristics 
“Year”, “Publisher”, “Journal”, “CiteScore”, “Impact Factor”, “Title”, and 

“Objective” 

Features of the slaughterhouse 

and wastewater treatment system 
“Treatment Technology”, “City”, “Country”, and “Type of Animal” 

Actors involved in the 

PENTApropeller 
“Academy”, “Government”, “Industry”, “Society”, and “Environment” 

Reported physicochemical 

parameters 

“Temperature”, “Electrical Conductivity (EC)”, “Total Solids (TS)”, “Volatile 

Solids (VS)”, “Total Suspended Solids (TSS)”, “Totally Dissolved Solids 

(TDSs)”, “Total Chemical Oxygen Demand (tCOD)”, “Soluble Chemical 

Oxygen Demand (sCOD)”, “Fats, Oils, and Grease (FOG)”, “Alkalinity”, 

“Turbidity”, “pH”, “Biological Oxygen Demand (BOD)”, “Total Organic 

Carbon (TOC)”, “Total Nitrogen”, “Total Phosphorus”, “Ammonium 

nitrogen (NH4-N)”, “Nitrate-nitrogen (NO3-N)”, “Ammonia (NH3)”, 

“Sulphate”, “Nickel”,  “Zinc”, “Copper”, “Cadmium”, “Sludge”, “Sludge 

(normalised per functional unit)”, and “Wastewater” 

Reported biological parameters 

“ESKAPE Bacteria”, “ESBL-producing E. coli”, “Antimicrobial residues”, 

“Total microbial number”, “Total Coliform Count (TCC)”, “Fecal Coliform 

Count (FCC)”, “Thermo-tolerant coliform bacteria”, “Pathogenic flora”, 

“Salmonella coliphages”, “Spores of sulfite-reducing clostridia”, 

“Pseudomonas aeruginosa”, “Staphylococcus aureus”, and “Enterococcus” 

Others 
“1H NMR (Nuclear Magnetic Resonance) relaxometry”, “1H NMR 

diffusometry”, and “Methane” 
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The objectives of the 13 retrieved studies, as well as the main 

features describing the cogenerated wastewater treatment system, are 

shown in Table 4. From this table, it can be seen that 30.77% report 

wastewater from poultry slaughterhouses, 15.38% from buffalo, 7.69% 

from a slaughterhouse that slaughters cattle and pig, chicken, and pig, 

and finally 30.77% of the studies do not specifically report the type of 

animal slaughtered in the slaughterhouse under study. 

 

Table 4. Identification of the scope of each study. 

No. Objective Treatment Technology 
Type of 

Animal 
Reference 

1 

Evaluate the performance of a 

laboratory-scale, multi-stage 

integrated plant for Poultry 

Slaughterhouse Wastewater (PSW) 

treatment 

An eco-flush dosed bio-physico pre-

treatment unit for fats, oil, and grease 

(FOG) hydrolysis prior to the PSW being 

fed to a Down-flow Expanded Granular 

Bed Reactor, coupled to a Membrane 

Bioreactor 

Poultry 
(Dyosile et al., 

2021) 

2 

Pre-treated in conventional aerobic 

biological Wastewater Treatment 

Plant (WWTP) on-site; and 

additionally operates a physical-

chemical WWTP using flotation and 

precipitation (flocculation) 

Assess the presence of ESKAPE bacteria, 

ESBL-producing E. coli, and antimicrobial 

residues in wastewater and process water 

that accumulates in the delivery and dirty 

areas of two pig slaughterhouses, as well 

as in their internal wastewater treatment 

plants. In addition, its subsequent 

dissemination through municipal 

wastewater treatment plants to receiving 

water bodies was investigated 

Pig 
(Savin et al., 

2020) 
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No. Objective Treatment Technology 
Type of 

Animal 
Reference 

3 

Model alternative wastewater 

treatment technologies and evaluate 

their performance from an 

environmental perspective in the 

context of decentralized wastewater 

management in a slaughterhouse 

Screening; Coagulation & Flocculation; 

Dissolved Air Flotation; Membrane 

Bioreactor; and Advanced Oxidation 

Process 

NA* 
(Teo et al., 

2023) 

4 

To evaluate the efficiency, 

relaxometry and diffusometry of 1H 

low-field NMR and VIS-nearIR 

spectroscopy in the analysis of 

contaminated wastewater during the 

treatment process in the 

slaughterhouse 

Advanced 1H NMR relaxometry and 

diffusometry methods and VIS-nearIR 

spectroscopy 

Chicken 
(Crainic & 

Fechete, 2024) 

5 

Investigate the performance of a 

three-stage PSW treatment system at 

the laboratory scale 

Multi-stage PSW treatment system 

consisting of an aerobic pre-treatment 

tank, an EGSB bioreactor coupled with a 

submerged UF membrane 

Poultry 
(Bingo et al., 

2021) 

6 

Finding the most effective 

photochemical system for the 

treatment of real wastewater with 

complex matrix, considering the total 

removal of organic carbon 

Advanced oxidation processes Poultry 
(Kanafin et al., 

2022) 

7 
Remove microbial from poultry 

slaughterhouse wastewater 

Electrolysis, ultrafiltration, and ultraviolet 

radiation 
Poultry 

(Meiramkulova 

et al., 2021) 

8 

Evaluate the feasibility of livestock 

slaughterhouse wastewater treatment 

by integrating chemical coagulation 

processes and the electro-Fenton 

process 

Chemical Coagulation and Electro-Fenton NA 
(Bazrafshan et 

al., 2022) 
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No. Objective Treatment Technology 
Type of 

Animal 
Reference 

9 

Evaluate the performance and 

suitability of the slaughterhouse 

wastewater treatment plant design, 

and propose upgrades to improve the 

efficiency of the treatment process 

Rotary and static screens, an equalization 

tank, a DAF system, aeration tanks, and 

clarifiers 

Buffalo 
(Rajpal et al., 

2022) 

10 

Evaluating a Pilot-Scale FBBR (Fixed-

Bed Biofilm Reactor) for 

Slaughterhouse Wastewater 

Treatment in Rural Communities 

FBBR 
Cattle, 

Pig 

(Marín-Peña et 

al., 2024) 

11 

Evaluate the efficiency of using 

carbonized sawdust as a low-cost 

natural adsorbent for slaughterhouse 

wastewater treatment and determine 

optimal conditions to achieve 

maximum efficiency 

The treatment process involves three 

stages: adsorption using activated 

carbon, which is derived from sawdust, 

followed by sedimentation, and finally, a 

slow sand filter with a modified layer of 

woven textile cotton 

NA 
(Elkady et al., 

2024) 

12 

Separate wastewater streams from 

individual slaughter 

processes/operations based on the 

nature of the similarity; and, design, 

implement, and evaluate the 

performance of an improved primary 

wastewater treatment system 

Hydrasieve (500 μm) and externally fed 

rotary drum filter (EFRDF, 200 μm); a 

primary clarifier; a skimming tank; and 

dissolved air flotation 

Buffalo 
(Shende et al., 

2022) 

13 

Evaluate the efficiency and 

performance of Internal Circulation 

Anaerobic Granular Sludge Reactor 

(ICAGSR) in terms of organic 

contaminant removal and biogas 

production using granular anaerobic 

sludge 

ICAGSR NA 
(Hellal et al., 

2024) 

* Not Available. 
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Furthermore, Figure 3 shows the behavior of the number of 

publications per year, depending on the established search period (5 

years). From the graphic analysis, it is possible to identify that 61.54% of 

the studies reviewed were published in 2022; this situation reflects that 

the PENTApropeller model is related to the interests of the scientific 

community and that at the end of the review period this approach is 

strengthened. 

 

 

Figure 3. Behavior of study publications during the search period. 
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Figure 4 shows the distribution of recovered studies in various 

countries around the world. In this sense, South Africa, Kazakhstan, 

India, and Egypt, report 15.38% each; while Germany, Netherlands, 

Romania, Iran, and Mexico contributed 7.69% of the studies retrieved, 

each. While at the continental level, Asia accounts for 38.46% of the 

contributions, followed by Africa with 30.77%, Europe with 23.08%, and 

finally America with 7.69%. 
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No. Country Studies
1 South Africa 2
2 Kazakhstan 2
3 India 2
4 Egypt 2
5 Germany 1
6 Netherlands 1
7 Romania 1
8 Iran 1
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Figure 4. Distribution of studies in the world. 
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The retrieved studies were analyzed by identifying the interest and 

involvement of the actors of the PENTApropeller ―academy, government, 

industry, society, and environment―, for each study (see Figure 5). From 

this analysis, it was identified that it is directly the academy, made up of 

professors-researchers, students and academic entities, who is the main 

actor interested and involved in the development of strategies for the 

efficient management of wastewater from slaughterhouses. In 

collaboration with the academy, there is evidence of a close relationship 

with the industry, in this case the slaughterhouses, who allow the studies 

to be developed in their facilities by improving their processes, with a 

clear goal: to improve production efficiency without affecting the 

environment or society ―in some cases―. Likewise, the actors; academy, 

government and industry directly consider the environment as a main 

actor on which the strategies that are developed, by remedying the 

aversions that humanity generates for its socioeconomic development 

activity on the environment. In addition, some of the studies reflect that 

the development of strategies indirectly considers society, because they 

seek to improve the wastewater treatment process of slaughterhouses 

with the intention of reducing the risk of occupationally exposed personnel 

to the bacteria that are generated by exposure to the effluent. In the 

same way, there is evidence of an intrinsic participation of government 

entities in the development of strategies, their main participation being 

through calls on which research projects are financed. Finally, it is evident 

that to date there is no direct interest in the part of society in 

collaboration, in the development of strategies that contribute to a more 

sustainable society. 
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Figure 5. Direct and indirect interest and implications of the actors of 

the PENTApropeller. 

 

Figure 6 shows the relationship identified of the actors of the 

PENTApropeller, in each of the studies. As mentioned above, some studies 

reflect a direct interest and involvement; while, in other cases, this 

relationship is indirect but exists; likewise, there is evidence of a lack of 

consideration of actors in some studies. It was clearly identified that no 

study holistically considers the actors of the PENTApropeller, in the 

development of strategies. Only two studies, 15.38%, when indirectly 

considering some actors, achieve an approach to a holistic approach. 
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Figure 6. Interrelationship between the actors. 

 

From the scoping review, it was identified that 76.92% of the 

studies are led by actors from the academy, 15.39% by entities directly 

dependent on the government, and the rest are developed from the 

industrial sector ―private―, as organizations that provide services to 

other interested actors (Figure 7). 

A concurrence analysis of the retrieved studies was carried out with 

the intention of identifying the relationship of the most relevant terms of 

the studies; VOSviewer version 1.6.20, released on October 31, 2023, 

was used for this analysis (Jan van Eck et al., 2023). Titles and 
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abstractions were analyzed, omitting the structure of abstracts and 

copyright statements. 

 

 

Figure 7. Actors of the PENTApropeller, who lead the development of 

strategies of the reviewed studies. 

 

The complete count method was used. With a minimum threshold 

of occurrence of 2; while, to select the most relevant terms, a relevance 

score was calculated. In total, 125 terms were selected and analyzed, the 

main ones being “Treatment”, “System”, “Watewater”, “Removal”, 

“COD”, “FOG”, “Removal efficiency”, “Slaughterhouses” with an 

occurrence of 22, 17, 14, 13 and 10 (see Figure 8). 

 

Academy, 
76.92%

Government, 
15.39%

Industry, 7.69%
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Figure 8. Map of co-occurrences of study terms. 

 
 

4. Discussion 
 
 

It is a reality that there are strategies developed and used in 

slaughterhouses that have responded to previous contexts; however, the 

new demands for the care, conservation and regeneration of the 

environment and the development of humanity free of the risk of 

acquiring diseases due to exposure to co-generated pollutants from 

production processes, make it necessary to develop schemes that are 

capable of optimal remeasurement; i.e., strategies must be able to 
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maximize efficiency in the removal of toxic pollutants, and have the 

capacity to minimize the risk of generating damage to the environment 

and society; this with a vision of recovery and reuse as an input in the 

same or another value chain and thus reduce -in the best of cases- 

eliminate the negative impact on the ecosystem. So, it is necessary that 

these strategies be developed in a holistic way, by the main stakeholders; 

as proposed by the PENTApropeller model -academy, government, 

industry, society, and environment-. 

In this study, it has been clearly identified that the actors in the 

PENTApropeller -academy, government, industry, society, and 

environment- are interested in addressing the problems arising from 

inadequate wastewater management practices, either explicitly or 

implicitly. This finding is noteworthy in this study because, when 

evaluating the implications of the actors in the treatment of wastewater 

generated from the animal slaughter process, most of the scientific 

contributions come from academy (76.92%), followed by government 

(15.39%) and, finally, industry (7.69%). 

Of the five actors, 60.00% have an explicit interest, while the other 

actors -society and the environment- have an implicit contribution. 

The PENTApropeller from its actors, contributes from the (a) 

academy, with the generation of knowledge, solves complex problems 

with science and technology, as mentioned (Abulibdeh et al., 2024; 

Ellemers, 2021; Scholz, 2020); the (b) industry, by allowing processes to 

be applied and changed, improves the efficiency of its production systems 

by minimizing the risk of causing collateral problems through the 

development and use of technology (Paschek et al., 2022; Raihan et al., 

2024; Villar & Khan, 2021); the (c) government, which promotes the 

development of technologies through financing, and which through the 
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development of regulatory schemes has the capacity to improve the 

quality of life of societies (Budi et al., 2020; Udeagha & Ngepah, 2023; 

Wirba, 2024); the (d) society, which as an entity of the ecosystem has 

the capacity to evaluate whether strategies are in harmony with the 

development of humanity's activities, without affecting it (Upreti, 2023; 

Zhanbayev et al., 2023; Zorpas, 2024); and, the (e) environment, which, 

being the space in which the life of society takes place, requires its 

conservation (Anthony, 2024; Luna-Nemecio et al., 2020; Mishra et al., 

2021). However, with regard to slaughterhouses, the use of water as a 

resource is significant; therefore, proper management is an alarming 

need. In this sense, it coincides with (Madeira et al., 2023), that within 

the global agenda, the circularity of the by-products generated by 

wastewater treatment is found. This is a strategy, which is becoming 

increasingly emphasized, to reuse co-generated waste from value chains 

and revalue it as raw material or inputs in the same chain or another value 

chain, so that the benefits of the components of the waste are reused, at 

the same time, in which the damage that can be caused to the 

environment is minimized, by an indiscriminate disposition. Therefore, 

wastewater from slaughterhouses must be disposed of through the use of 

adequate, efficient, and economically viable treatments, coinciding with 

(Kothari et al., 2024). In addition to this, the treated water can be 

revalued and used by the same or another value chain, which benefits 

from the components of said effluent. 

Finally, it is considered that the development of strategies from a 

holistic perspective of the PENTApropeller actors can contribute to 

improving the quality of the environment and humanity, by providing 

wastewater treated in an environmentally friendly way in an efficient and 
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easily adaptable and scalable way, to sectors interested in adopting the 

developed technology. 

The academic community generates, applies, and disseminates the 

knowledge developed in universities, as cited in (Aguinis et al., 2021; de 

Jong & del Junco, 2024; Hargreaves, 1999; Hutchinson & Huberman, 

1994; McGrail et al., 2006); as part of academic processes inspired by 

the professional responsibility to share the results derived from the 

development of research projects. This situation is decisive in its 

leadership in the publication of studies. So, it is a reality that it is the 

members of the academy themselves who seek and generate links with 

industry to highlight the potential of the knowledge developed by 

professors and students. In this sense, industry is the strategic ally of 

academy, as it provides resources for this achievement, as mentioned by 

Goldfarb (2008). 

The contributions between academy and industry are highly 

enriching because there is solidity in the generation and application of 

knowledge, since applications are validated at the implementation site 

and not at the pilot or laboratory level; academics have the opportunity 

to test hypotheses and assumptions derived from concepts and ideas. The 

close relationship between academics and corporate society enriches the 

contribution. 

We agree with Evans (2010a) that academy has the experience to 

share research findings and exploit them to the fullest, while industry 

manages its resources and ideas with a long-term approach; this 

cooperative work, while limiting the number of academic products, 

increases the reception of manuscripts in the initial phase. However, the 

number of academic products is limited because industry is more 
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interested in appropriating and commercializing research results, as 

mentioned by Tijssen (2004). 

The government plays an important role in academy by funding 

scientific activity, as noted by Evans (2010b). Unfortunately, this 

cooperation between industry and government is almost non-existent. 

Government agencies focus on enforcing the law, in the case of the 

regulatory industry. Therefore, we agree with C. Meerts (2020) and C. A. 

Meerts (2018) that the inclusion of the public sector in the private sector 

implies a violation of corporate security, as it is monitored and supervised 

by the state, a situation that directly affects the operational autonomy of 

the private sector. 

Government publications focus on disseminating the context of 

public policies, in line with Vilkins and Grant (2017), and on government 

transparency, as cited by Zuccolotto et al. (2014). 

Furthermore, it coincides with Yang et al. (2023) in that corporate 

publications alone receive fewer views and citations, whereas when there 

is collaboration between corporate entities and universities, views and 

citations are higher. 

The development of efficient strategies has great benefits. In the 

first instance, on (a) society, since the proper management of the 

polluting wastewater emanating from the slaughterhouse will contribute 

to minimizing the diseases that are attributed to wastewater 

contamination -e.g., cholera, dysentery, typhoid fever, poliomyelitis-. In 

the second instance, it benefits the (b) environment, since the system of 

removal of pollutants from wastewater and the reuse of treated water 

within the value chain of the slaughterhouse or another sector with a 

reverse logistics approach supported by the practice of Circular Economy, 
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will allow the discharges of treated water to have the least possible 

negative impact on flora and fauna. In addition, (c) slaughterhouses 

benefit, because this will allow them to make the use-reuse of the water 

system within the value chain more efficient, while at the same time 

allowing them to contribute to reducing the water footprint due to the 

discharge of polluting water, finally contributing to an improvement of 

processes from the Circular Economy approach. In fourth place is the (d) 

academy, which benefits from the generation and application of 

knowledge emanating from the professors and students of the 

Universities, who develop innovative technologies to provide solutions to 

real problems. While, ultimately, the (e) government benefits from the 

development of its own technology generated by its citizens, so that these 

are for the use of the country without the need to pay for a technology 

transfer from abroad. All this from the methodological proposal that seeks 

to optimize and revalue the waste generated in the slaughterhouse and 

its potential for use in the same or another value chain of interest, in this 

case, the agricultural sector and its performance will be analyzed. 

 
 

5. Conclusions 
 
 

This study addressed a scoping review to identify and analyze the 

interests and implications of the actors of the PENTApropeller -academy, 

government, industry, society, and environment-. The review identified 

that academy is the main actor directing research projects, which address 

the development of strategies that pursue the efficient management of 

wastewater cogenerated by slaughterhouses. It is necessary to review 

other productive sectors to identify if there is any scheme of interaction 

between actors interested in the development of strategies that improve 
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the quality of life of society and the environment. This review highlights 

that (a) the adequate management of the water supply -i.e., where it is 

used, when needed, and uncontaminated- as well as; and (b) the 

efficiency of systems for removing pollutants from the ecosystem; they 

are important for the good development of public health and the 

environment, as a strategy that contributes to the achievement of 

sustainability. 

Just because society and the environment do not frame the 

dissemination of explicit contributions does not mean that they are not 

interested in the use, treatment, and reuse of water in slaughterhouses. 

This study has identified that explicit actors consider implicit actors in 

their studies. So, it is necessary to strengthen and increase the 

participation of society and the environment in studies. 

Academy develops strategies in the interest of generating and 

applying knowledge and considers the environment and society to be in 

its interest; but it is sometimes limited by government support. In 

addition, the scaling up of technological developments is complex due to 

the lack of links with the private sector, as the industry is secretive in its 

operations due to certain information confidentiality policies. 

The government develops strategies to improve the quality of life of 

its citizens by offering quality services and considers the environment and 

society to be in its interest; however, it is sometimes limited by the 

knowledge available to its members and by resistance to change from 

some industries that lack a vision of continuous improvement and 

investment to update production processes. 

Industry develops strategies with a view to improving its production 

processes, reducing costs, and increasing its competitive margin, and 
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considers the environment and the government to be in its interest due 

to regulatory compliance. However, it is sometimes limited by a lack of 

knowledge of the needs of society and the environment and ultimately 

lacks the perspective of knowledge developed by academy. 

To strengthen this framework, it is desirable for industry to allow 

academy to apply the knowledge it generates, through government 

funding support, by issuing calls for proposals for the development of 

high-impact research projects. 

The explicit actors must encourage society to participate 

substantially in the development of solution strategies; the context and 

tacit knowledge that society experiences are of utmost importance in 

enriching contributions. Similarly, industry must strengthen the link 

between the public and private sectors, allowing both academy and 

government to strengthen productive operations. 

So, in each of these areas, the environment must be taken into 

account by the PENTApropelle stakeholders so that the development and 

implementation of solution strategies are efficient and effective under a 

sustainability approach. 

The lack of a holistic perspective among PENTApropelle 

stakeholders can lead to fragmented solutions. Therefore, for a 

wastewater treatment strategy in slaughterhouses to be efficient, it must 

not only rely on the available treatment technology, but also on the 

integration of individual and shared interests in the design and adoption 

of strategies by the stakeholders involved. 

This literature review lays the foundation for the development of 

studies interested in strengthening wastewater treatment systems 
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holistically, considering water use, treatment, and reuse in 

slaughterhouses, thereby assisting the decision-making process. 

Finally, this study lays the foundations for the development of 

schemes that allow the integration of a framework for the actors of the 

PENTApropeller in a multidisciplinary and transdisciplinary way in 

common harmony between the actors, which promotes the development 

of robust transversal strategies with social and environmental impact. Due 

to the current context of the development of society, it is necessary to 

develop alternative strategies that allow remedying and reducing the 

negative impacts of waste under a sustainability approach. 
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