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ABSTRACT

Objective: To describe the systematization of the Nile tilapia cultivation process using a computer system for
production and marketing traceability based on ISO 12877:2011 standard and web technologies.
Design/methodology/approach: A documentary and field investigation were conducted to learn about the
Nile tilapia production process currently applied; traceability was evaluated based on Double T and Maria
del Carmen study cases, aquaculture farms located in the municipalities of Manzanillo and Armeria located in
the state of Colima, México; the process was contrasted with the ISO standard and the system was developed
and implemented.

Results: A Traceability System that records backward, internal, and forward procedural activities in the
cultivation and marketing of tilapia. The system improves food safety control by registering lot care based on
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Findings/conclusions: The system was developed taking into consideration the necessary indicators for an
ISO certification. Hence, aside from simplifying the registration and consultation of information, the producing
company has the benefit of earning a certification for the aquaculture production process, creating additional
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INTRODUCTION

§Stima;ed§g::ica‘i°“ date: Nile tilapia (Oreochromis niloticus) was the fifth most produced species worldwide in
eptember,

2017, representing more than four million tons, due to its high consumer acceptance and

misork i ficensed ndezg its nutritional value (FAO, 2017). In the same year, Tilapia imports in México were the
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e e PN Ol tcational licensel highest compared to other species, with only more than one million tons (CONAPESCA,

oI 2017), making evident a strong competition for national producers. However, issues such

) o ne as the poor application of technology in production processes and the unfavorable climatic
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conditions that prevail in many states of the Mexican Republic have harmed national
production (Pea et al., 2016). Despite this, in the past decade, national aquaculture
production grew slightly over 2% (CONAPESCA 2010; CONAPESCA 2018).

On the other hand, even with government programs such as those of SENASICA
aimed at food safety, it is essential to trace food products through the traceability chain
and raising awareness among producers about safe food production (Chavez et al., 2019),
giving them a competitive advantage and being one of several mandatory conditions for
those who wish to export their products to new markets (Huerta and Sandoval, 2018);
In addition, it promotes the growth of national aquaculture output, the advantages of
producers and the decrease of imports, as well as the enhancement of food quality and
safety in Mexico (Herrera et al., 2013). Despite this, the latter are compromised by the
communication complexity between those involved in the supply chain, and how weak
each link in the supply chain may be (Yu, 2020). Consequently, it is necessary to integrate
information systems that allows more effective data organization, storage, and analysis,
thereby improving confidence and transparency in food products (Nikolaus, 2020). For this
purpose, food traceability systems were created and thus, scientific publications related to
traceability have increased by 41 percent annually over the last two decades, demonstrating
how producers in various countries around the world have incorporated technology into
the supervision of cultivation processes (Callejas and Alvarez, 2020).

ValorMar R&D, a fisheries and aquaculture value chain traceability platform from
Portugal, integrates business processes to identify the required data to be collected and
processed centrally (Rosado, 2019). The food traceability system in Jiangsu, China,
incorporates a count of expired and recycled food, to predict food safety issues (Cao,
2017). In Panama, a digital platform model based on blockchain is proposed to optimize
agricultural supply chain processes by establishing smart contracts enabling the creation of
an online market between costumers and producers, removing the need for intermediaries
(Caballero and Rivera, 2019). In Sonora, Mexico, SITAGAN, a software developed
for cattle producers, is used to maintain a punctual record of production history such
as breed, day of birth, birth weight, among others (Valdez et al., 2011). On the other
hand, new technological solutions have been created, such as traceability systems based
on video monitoring (Mao, 2015), as well as the use of RFID technologies for effective
data input, protecting their veracity (Zhao, 2014). However, most of these solutions lack
standards, generating diverse outcomes, limiting efficient and transparent information
flow in supply chains, hence the importance of a system based on international standards

(Senk et al., 2013).

MATERIALS AND METHODS

In this applied research, a web system was designed based on the international standard
ISO 12877:2011 for the traceability of Nile tilapia farms in the state of Colima, México,
and implemented with open-source technologies, using the Double T farm and the Maria
del Carmen farm as case studies; the first is in Armeria and the second in Manzanillo, both

municipalities of Colima.
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The literature review showed the need to adopt a standardized norm. ISO 12877:2011
of the ISO Technical Committee ISO / TC 234, Fisheries and aquaculture (ISO, 2011) was
recognized as the current instrument to monitor and trace tilapia production. It applies
to the following food industry operators: fish feed production; breeding, hatcheries; fish
farms; live fish transporters; processors; transporters and stockists; traders and wholesalers;
retailers and caterers. Therefore, the traceability information system presented focuses on
the operators: Breeding, which generates fish eggs from broodstock as the final product;
Hatcheries, which receive fish eggs and maintain them during the hatching stage and
beginning of the artificial feeding stage, increasing their size and weight, until they are
considered fry; Fish farms, which accept the fry and keep them throughout the growth stage
until they reach commercial sizes, to facilitate sale to the customer or company involved
in processing the fish for different reasons; and Live fish transporters who transport fry or
juvenile tilapia. They are required to identify themselves fiscally, register the location of
their establishments, keep records of inputs, partners, suppliers, commercial units received
and shipped, identify and register the diseases that have occurred in tilapia production and
the treatments applied to cure them, all of this for the benefit of food quality and safety.

In addition, a field investigation was carried out using the farms listed in abstract
section as a case study, and a semi-structured interview was used to determine which of
the ISO standards’ requirements are met on these farms. Table 1 lists the most relevant
indicators proposed in the ISO standard, indicating with a v' those already considered by
the producers and with an X those that were not.

Subsequently, the main needs in the production processes were identified and matched
with the indicators of the ISO standard, specifically for tilapia breeding and fattening,
highlighting the accuracy of the data, the increase in the frequency of records related
to batches produced, physical-chemical parameters, inputs, customers, personnel, and
suppliers, which help to monitor the behavior of production and improve the organization

of the farms in terms of attention to the production process.

Table 1. Indicators evaluated in the interview.

Indicator Maria del DobleT
Carmen Farm Farm
Identification and registration of the commercial lot v v
Species record for each commercial lot v v
Record of the average temperature per day v v
Record of the starvation period. X X
Record of the tank where the batch was kept v v
Record of oxygen v v
Record of diseases presented X X
Record of treatment used for the diseases presented X X
Record of feeding v v
Record of batch delivery to other businesses X X
Record of reception of batches with their respective technical data sheet X X
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Considering all of the foregoing, the conceptual model of the traceability system was
developed in line with the criteria of the ISO standard stated above, which is shown in
(Figure 1).

As can be seen in Figure 1, the conceptual model considers two actors: the administrator
who oversees enabling and validating production-related activities; and the general user
(employee), in responsibility of documenting specific production activities. It consists of
three modules: backward, internal, and forward traceability; it maintains the records
according to the ISO 12877:2011 standard in a centralized database, having a connection
to databases of alternate projects that are responsible for automating the recording of

physicochemical and feed parameters.

RESULTS AND DISCUSSION

The development of the web system for tilapia traceability, based on documentary
and field research, made it possible to achieve the objective of systematizing tilapia
farming through the implementation of a computerized system that allows identifying the
traceability of tilapia farming according to the operators established by ISO 12877: 2011
as Breeding, Hatcheries, Fish farms and Transport of live fish; and the traceable elements
(commercial unit and shipped unit) are accessible via technical sheets automatically
generated by the system, in which there is the option to download a QR code containing
the same information, to simplify information management, as illustrated in (Figure 2) and
(Figure 3).

As can be seen, Figure 2 shows the description of the unit shipped, i.e., the name of the
sending and receiving producer, as well as the date shipped, quantity shipped, species and
its unique logistic identifier.
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Figure 1. Conceptual Model of the Tilapia Traceability Web System.
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Ficha Técnica

Empresa de origen (Granja de peces): GRANJA DOBLE T

Identificador tnico logistico: L2011370359624DT
Unidades comerciales dentro de la unidad logistica; C20113129765380T
Fecha y hora de Envio: 16/12/2020 9:18 AM
Especie: ONILOTICUS STIRLING

Volumen de unidad enviada: 50 Kg

Empresa de destino (Procesador): RESTAURANTE DORA LUPITA

GRANJA DOBLE T © 2020 . doblet@gmail.com Versién 1.0

Figure 2. Technical data sheet of the unit sent.

380T | Ficha Técnica

Empresa de origen (Criaderos): ACUICOLA MARIA DEL CARMEN

Unidad recibida de donde genera esta unidad: L2011289327516MC

Identificador tnico comercial: C2011312976538DT

Unidades enviadas que tienen parte de esta unidad: L20113703596240T

Volumen de salida unidad comercial: 50 Kg.
Promedio de temperatura: 24.33 °
Alimentos utilizados: WINFISH
Enfermedades:

Fecha de siembra: 10/11/2020 9:10 AM
Especie: ONILOTICUS STIRLING

Peso promedio: 200 gramos

Tanque: TANQUE-23

GRANJA DOBLE T © 2020 . doblet@gmail.com Version 1.0

Figure 3. Commercial unit data sheet.

In Figure 3, the data described in the technical data sheet correspond to the commercial
unit, including planting date, average temperature, diseases recorded, name of the food
used during production, as well as the unique identifier of that commercial unit, which is
constituted in accordance with the standard. The ISO 12877:2011 standard provides a
generic basis for traceability, giving flexibility for companies to add lot-specific information,
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which helps them to trace the origin of the lot quickly and easily, having unique IDs with
standardized format. The system allows obtaining the technical file of the unit shipped,
for which the user must follow the corresponding method according to the type of food
business operator performed. This is the case of the Fish Farm operator, who registers the
supplier’s identification data, such as name, RI'C, e-mail, among others. Once registered,
the unit received can be created, with its respective unique identifier; subsequently, the
system allows adding the new commercial unit for the business operator, specifying the
amount of fry used for that unit, as well as the corresponding percentage used of the
unit received. As shown in (Figure 4), the information required by the standard such as
physicochemical parameters, cleanliness, feed, diseases, and treatments corresponding to
the diseases presented during the production stage in the commercial unit is enabled to
be recorded.

The fish farm operators know that the species is ready for sale when it has the specific
weight and size desired, generally when above 300 g; when this happens, the employee
authorized to make the sale must ensure that the business associate or customer to
whom the unit will be sent is registered, otherwise the system automatically generates
the unique logistic identifier as part of the shipping process; at the same time the user
must indicate which commercial units will be loaded, and the approximate percentage
and kilograms of tilapia; finally, the current unit is placed on hold to add additional
commercial units; if this is not the case, the user can archive the dispatched unit by
simply pressing a button. As part of the dispatch process, the system is responsible for
creating the required records to register the commercial units that were sent in their
totality, as well as the dispatched unit itself, in order to enable the traceability data
sheet for each unit.

GRANJADOBLE T

HEMBER LERDO

Mostrar 10 & registros por pagina Buscar: | Buscar registros

Nimero
Identificador
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23 STIRLING
Mostrando registros de 1 al 1 de un total de 1 registros Anterior Siguiente

de

GRANJA DOBLE T © 2020. dot mail.com Versién 1.0

Figure 4. Commercial fish farm units.
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Table 2. Comparison of traceability systems found.
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Displays traceability data to the general public. Yes Yes Yes No No Yes No
Enables predictive analytics with artificial intelligence or other
P Y 8 No Yes Yes No Yes Yes No
technology.
It has inventory management and accounting modules. Yes Yes Yes Yes - - Yes
Generates specific reports for each lot or product Yes Yes Yes Yes - Yes Yes
Its construction is based on a traceability standard. No Yes No No - - Yes

No information on the functionality evaluated is specified.

To conclude, in Table 2 the functionalities of the proposed system are compared by way
of discussion with respect to the systems presented in the literature review.

However, it was observed that the design of the systems analyzed in the literature
review depends mainly on the technological needs required and not on following a
standard, which is considered a disadvantage. The web system for the traceability of
tilapia production and marketing in aquaculture farms stands out because it is based on
an international standard, requiring the producer to keep records in accordance with
the standard.

CONCLUSIONS

The web system for traceability of farmed tilapia presented, whose added value is
through the articulation with ISO 12877:2011, has been implemented for usage at
Doble T and Acuicola Marfa del Carmen farms to align their farming processes with
international traceability standards. Unlike the information record stored in notebooks,
with this system the availability of data is permanent. The data is organized, centralized
and its processing allows the traceability of a production batch to be evidenced by
means of technical data sheets compressed in QR codes with the most relevant data of
a produced batch or of a shipped batch, which is considered essential because several
produced batches can be broken down, being the produced batch the basic unit during the
production stage. The traceability of the cultivation processes implemented by the system
provides producers with the required information to cover the indicators of a possible
certification of their processes and increase the reliability of their customers. As future
work, the processes marked in the standard for processors, transporters and warchousers,
traders and wholesalers, retailers and catering companies will be incorporated into the
information system. In addition, an evaluation of the impact of the implementation of
the system after its release will be carried out to identify possible areas for improvement
and scalability.
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