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Simple Summary: Nowadays, there is a tendency for intensification in the sheep and goat sector to
achieve higher production levels while improving farms’ profitability. Towards this end, the adoption
of advanced technology is considered imperative. In this regard, we developed FarmDain, a novel
web-based application for sheep and goat farming to help decision-making towards efficient farm
management and planning in the dairy production value chain. In this study, FarmDain was used by
a Dairy Factory which collaborates with over 100 dairy sheep and goat farms. In the presented case
study, based on the reports provided by the app, feeding, culling and genetic selection decisions were
made, improving overall farms’ performance and profitability.

Abstract: Managing a milk zone in the dairy industry is demanding. Data necessary for efficient man-
agement are difficult to acquire because they usually must be collected in organized and standardized
ways. On the other hand, software practices constantly provide new tools that can go beyond simple
record-keeping practices and add value to the data. In this work, FarmDain is a novel web-based
application for sheep and goat management. It aims to improve milk production and processing by
digitizing the value chain in data acquisition, processing and visualization between dairy production
businesses and their milk suppliers. FarmDain uses state-of-the-art software technologies to model
the data collection process and provides a straightforward user interface to facilitate data processing
and visualization. Using the app in a case study carried out for 12 months in a dairy sheep farm
resulted in lower feeding cost per milked ewe by 5.5% when ewes were allocated into high and
low milk production groups compared to the scenario of remaining in one single group. Further-
more, based on reports provided by the app, culling and genetic selection decisions were made to
improve the overall farm performance. Similar practices were applied in all farms optimizing their
productivity, which led to increased profitability for farms and the Dairy Factory.

Keywords: sheep; goats; decision-support tool; management; dairy industry; animal food value
chains; animal health and welfare

1. Introduction

The dairy production value chain comprises highly complex consequent processes [1].
The current value and supply chains require high quantity and quality standards, usually
under periodic review and update. Meeting these standards puts substantial pressure on
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dairy farmers and their labor force [2]. Furthermore, livestock production and management
must deal with composite regulation issues and resource-demanding day-to-day proce-
dures, which entail extensive record-keeping and decision-making [3] under uncertainty.
Additionally, suboptimal productivity due to health and welfare issues, poor management
practices and lack of genetic improvement are significant opponents of sustainable farm-
ing [4]. The latter problems are exemplified in the case of the dairy sheep and goat sector,
especially in semi-intensive/extensive farming systems, characterized by a need for more
professionalization and management training [5].

Decision Support Systems (DSS) [6] could help farmers to manage their enterprises
more efficiently, achieving higher production and profitability [7]. This could benefit the
sector’s overall sustainability, providing significant benefits to the dairy industry [8]. Most
available DSS is focused on dairy cow farm management [9–16]. Although such systems
could be potentially modified to include parameters tailored to the needs of small ruminant
farming, none of the current solutions supports such capabilities. The dairy sheep and
goat sector differs regarding animal needs and management practices applied (nutritional
management, reproduction, farming systems). Hence, different methods and models would
have to be incorporated into already available DSS for the dairy cow sector.

Regarding small ruminant farming, some DSS solutions have been developed to
help farmers with specific issues such as grazing management [17], biodiversity, water,
greenhouse gas emissions [18], and animal diseases [19]. Other available tools provide
sustainability/economic performance assessments at the farm level [6,20–22] or facili-
tate individual-animal record keeping [23–26]. However, there is a notable shortage of
tools with decision-support capabilities at the farm and animal levels. At the same time,
farmers are the targeted users in all cases. Farmers’ low educational status and the lack
of user-friendliness that characterizes most of the available DSS solutions hinder their
adoption [27–29]. In this regard, DSS tools tailored to the needs of the dairy sheep and goat
sector that enable data collection for important farm and animal parameters and support
decision-making in the dairy value chain are warranted.

In this work, we introduce FarmDain, a novel web-based application developed to
facilitate standardized data collection at the farm and animal level and to incorporate
decision support tools and methods in the dairy value chain. FarmDain incorporates a
role-based user hierarchy model and can be used by individual small ruminant farms or,
more importantly, by any entity that manages several farms, such as the dairy industry.
The latter allows for higher efficiency and accuracy in data collection and interpretation
of results while also returning crucial information to the farmer for improving current
practices. Such an approach could help increase production in small ruminant farms and
benefit the overall dairy value chain. The above example is the scheme of the case study
implemented to evaluate the application’s impact on sustainable dairy sheep and goat
production. The results showed that FarmDain contributed to the process of informed
decision-making, timely problem-solving, and efficiency in dealing with the complex
operations and planning required in the dairy production value chain.

This paper is organized as follows. Section 2 describes the materials and methods
used to design, implement and test FarmDain. Section 3 introduces the results achieved
by detailing the features and functionalities of the application and how they were used to
evaluate FarmDain through the use cases presented. Section 4 discusses how the results.
Finally, Section 5 presents our conclusions.

2. Materials and Methods
2.1. System Architecture

FarmDain is a highly modular system comprising several independent components
and services (Figure 1): the Data Management Service, the Application Programming Inter-
face (API), the Authentication and Authorization Service, the Decision Support Module,
and the End-User Application.
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Although decision-making is a process that every manager utilizes, there is a lack
of structured tools in the context of Greek farming. It is noted that a lot of bookkeeping
in Greek farms is done either with analog means or with simple spreadsheets. The web
application aims to provide a streamlined, localized, and easy-to-use tool that is available
anywhere/anytime and can support farm administrators with everyday tasks and long-
term farm management. The web application aims to be the starting point of a software
platform that incorporates standardized data management and decision procedures. The
DSS process is supported by normalized inputs, predefined data transformations and
common outputs for multiple farms through a unified environment. The users have access,
through the application, to analytics and visualizations, enabling them to make data-driven
decisions more quickly and accurately.

The system architecture (Figure 1) presents the software tools and platforms that are
integrated into the tool. Through the End-User Application, the user provides the enterprise
data (e.g., data about animal characteristics, lactation data, and applied reproduction
practices). Using Application Programming Interface (API), these data are stored in the
Data Management System. Data can be utilized by the Decision Support Module in their
raw form or after data transformations such as filtering, aggregation, and summarization.
In addition, optional External data can be made available to the Data Management System
after required transformations, such as data standardization through the API. All operations
of the API are secured by the security module that utilizes the Auth0 service as a service.

As required in all management systems [30], FarmDain is easily accessible through its
web and mobile user interfaces. The application enforces security through the Hypertext
Transfer Protocol Secure (HTTPS) and encryption using the Transport Layer Security (TLS)
protocol [31]. Its modular nature follows the microservice architectural pattern. Therefore,
its components are distributed and loosely coupled. The microservice framework allows
the integration of new tools and functionalities without requiring significant modifications.
This makes the application flexible regarding extensibility and allows further expansion by
adding and connecting new components as independent services.

FarmDain follows the cloud-first approach, meaning that all its modules are easily
hosted in cloud environments which are secure, cost-efficient, and reliable in terms of either
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software or hardware failures. To this end, FarmDain uses containers, a virtualization
technology that provides lightweight, standalone, executable software components.

This attribute leads to reduced costs and minimal downtimes. Furthermore, even if a
component fails, whether software or hardware, the event rarely affects the entire system.
On the contrary, such issues are usually confined to the module they originated from, while
the rest of the application’s components remain operational.

2.2. Data Management Service

The Data Management Service is the backbone of the system. It facilitates data storage,
querying, data entry, retrieval, updates, and Role-Based Access Control (RBAC). In addition,
it is built to deploy its container. Therefore, it is highly scalable and, like all FarmDain’s
components, can be used in container orchestrator environments which automate the
deployment, management, scaling, and networking.

In this case study, we used PostgreSQL [32], an advanced Open-Source Relational
Database Management System. This choice was tailored to the specific needs addressed by
the case study, especially in building relationships between the collected data and optimiz-
ing the links between different data sources. Nevertheless, FarmDain’s architecture also
supports the integration of various data sources such as NoSQL databases (e.g., MongoDB)
or cloud-native ones (e.g., YugabyteDB, CockroachDB, etc.).

2.3. Application Programming Interface

The connection between the data layer and the End-User Application is achieved
through Application Programming Interfaces (APIs). The APIs provide standardized
functions to access the stored data and allow the application to interact with external
software components and microservices.

A standard API is usually based on the representational state transfer (REST) [33]
architecture style. The RESTful API is a well-proven way of communication between
software systems that provides a uniform interface for transferring data in a standard format
from the server to the client. However, as with every technology, REST also comes with
drawbacks or constraints that must be considered before implementation (e.g., multiplexing
multiple requests over a single TCP connection, having different resource requests for each
resource file, server request uploads, long HTTP request headers that cause delays in
webpage loading, lack of state, data over fetching/under fetching and absence of imposed
security protocols, etc.). Hence, in FarmDain, we considered an alternative approach
using GraphQL [34], developed internally by Facebook in 2012 and released publicly in
2015 [35]. GraphQL is a query language that uses the database schema to construct a
complete description of the data stored in the data layer.

During the implementation phase, as well as for deployment and testing, we used the
Hasura GraphQL Engine [36] (Figure 2).

Therefore, FarmDain also adheres to the latest full-stack application standards by
following the 3-factor app architecture pattern [37], which goes beyond a standards
microservices-oriented solution, providing low-latency real-time queries, reliable event
system and asynchronous, serverless functions. This approach forms the basis of a reliable,
modern, and salable system where business logic is handled through events. Additionally,
our approach facilitates asynchronous serverless operations that allow for minimal De-
vOps and low-cost and effective scaling [38,39]. Thus, FarmDain can incorporate multiple
remote schemas that allow the use of data from various sources. It can also provide event
triggers on database tables that allow interaction when an event occurs, allowing for more
sophisticated data pipelines when certain events occur, such as new data insertions or
data updates.
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2.4. Authentication and Authorization Service

Authentication and Authorization are interrelated concepts and form the core of
the security aspects of a software application [40]. However, developing secure, tested,
and maintainable authentication systems is very difficult because security protocols are
very difficult to implement, update and maintain by small teams. In addition, web-based
systems are constantly threatened by cyber-attacks that can harm their users and lead to
data theft and financial harm. To leverage these barriers, FarmDain uses a very popular
cloud Authentication Service nuth0 [41]. Auth0 is an authentication and authorization
solution that provides an adaptable framework for complex security requirements through
the Software as a Service (SaaS) licensing and delivery model.

Furthermore, the authentication and authorization process are based on using JSON
Web Tokens (JWT), an open standard [42] that is compact and secure. The information
contained within the JSON object is digitally signed by a unique secret key using HMAC or
RSA algorithms, and thus it can be verified and trusted.

JWTs are used for both Authentication and Authorization [43] by utilizing the ID and
Access tokens, respectively. Both are small data structures that can provide information
about the user (ID token) and the privileges assigned to the user by the administrator. The
access token is then used to give access to different resources.

The Authentication and Authorization flow, presented in Figure 3, allows a user who
requires a login to the End-User application of the platform to exchange their credentials for
an authorization code that can be validated back to the service. After validation, an access
token is returned to the application by the service, which can be used in every data request.
Thus, every request is secured and contains specific info about the caller. This allows the
API to respond with the appropriate data after internal business logic has cross-checked
the predefined data permissions.

2.5. Decision Support Tools

Data-driven DSS systems [44] facilitate the analysis of large amounts of structured
data. In FarmDain, this functionality is built within the Data Management Service and the
End-User Application. It is accessible to the end-user through distinct views of data on the
front-end application. The main feature of the DSS system delivered through the application
layer is to visualize flows and information derived from transformations applied to the
recorded data.
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2.6. End-User Application

FarmDain was developed as a web application. Its End-User Interface is the entry
point for data collection, management, and representation. Therefore, the application has
zero installation requirements since it is deployed through cloud servers and delivered
by all modern web browsers. Additionally, a web application has reduced maintenance
costs because every update happens only in the context of the server and can provide
cross-platform availability.

Development was done with Vue.js, a JavaScript Framework [45], on top of JavaScript,
HTML, and CSS tools. Vue.js is a performant, approachable, versatile framework for
building web user interfaces. This approach automates the development and reduces
the overhead of common activities during the software’s lifecycle. It also uses reusable
components (Figure 4), which are reusable blocks of code acting as building blocks for an
extensive application.

The Vue instance has a base App component mounted onto a DOM element and
organized into a tree of nested, reusable components. Thus, the End-User Application
follows the Model–View–ViewModel architecture [46], where the Vue instance component
acts as the ViewModel, handling the communication between the part responsible for the
representation of the data called View and the part that is still responsible for accessing
different data sources called Model [47].
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FarmDain uses built-in page routing, the basic functionality that allows for a respon-
sive and crisp user experience [48]. The user is directed to different pages without reloading
the whole page. This gives the feeling of a desktop application and reduces load times.
In addition, FarmDain handles state management, either on a component level or on an
application level. External libraries are not needed since the functionality is also built-in. Fi-
nally, caching minimizes server-client calls making the application faster than a traditional
web application.

The End-User Application can be delivered either as a Single Page App (SPA), a
type of application that uses only one HTML web page as a shell for all the application’s
web pages [49] or a Progressive Web Application (PWA) [50]. This gives the advantage
of reducing development to a single code base. In addition, a native-like application
(e.g., Android Application) can also be developed, if required, with reduced costs.

FarmDain can also be used from Android systems through any mobile browser
(chrome, firefox, edge etc.). Nevertheless, the approach to developing FarmDain requires
only front-end development for the mobile app since the backend (data layer and API)
is already present. Furthermore, the FarmDain application is developed as a thin client
web app. This is a type of web application that relies heavily on server-side processing
and minimal client-side resources. Since the application runs entirely in a web browser, it
can be accessed from any device with a modern web browser, regardless of the operating
system. Moreover, developing a native application first would require choosing one of the
two major vendors (android/iOS) or adding to the development and maintenance costs by
sustaining multiple code bases, one for each platform (Lines).

2.7. Collected Data

Data collection is a relatively simple process. First, FarmDain gathers and groups farm
data pertaining to sheep and goat farming, such as production, reproduction strategies,
feeding, grazing, animal health and welfare status, and laboratory analyses on the farm
and animal level (All variables are available in Dataset S1). Regarding the latter, FarmDain
extensively uses the animal ear tag as the unique identifier tagging system, which is
already legally required by livestock farms, as the core of its record-keeping protocols [9].
Furthermore, data is gathered manually whenever management decisions need to be made,
either on the farm or animal level. Thus, the collected data can provide vital insights into
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the milk value chain, as they contain various levels of information. In detail, the collected
data consists of the following:

Data on Farm Level

• General farm information: (Farm ID, location, farming system).
• Labor data (number of workers, family labor used, full-time/part-time-seasonal labor,

hours of work per month).
• Livestock data (breed type, flock size, replacement rate, total number of newborns,

total number of animals slaughtered or sold, number of deaths).
• Milk production traits and quality of produced milk (total milk production, average

milk yield per animal, lactation period length, milk composition (fat, protein, lactose,
and solids-non-fat (SNF)) and microbiological parameters including Total Viable Count
(TVC) and Somatic Cell Count (SCC)).

• Grazing and feeding practices (feedstuffs used and quantities in all production stages,
chemical composition).

• Reproduction management practices and techniques [onset of the breeding season,
the onset of lambing/kidding period, prolificacy, number of abortions, estrus synchro-
nization, artificial insemination (AI).

• Suckling period management (natural or artificial rearing).
• Milking (hand or machine milking, number of milkers, milking per day, milking

duration, use of gloves, post-dipping, cleaning and disinfection, and other practices).
• Stable (type of housing and size).
• Veterinary and general practices (electronic identification systems, claw trimming, in-

tramammary dry-treatment, anthelmintic treatment, vaccination program, genotyping
for resistance to scrapie and other diseases).

• Economic data for income and variable costs (subsidies, prices of milk, meat, feeding
and animal sales, costs of labor, utility, transportation, milking parlor, land, veterinary
and other).

• Data on the Animal level
• Animal (species, genealogy, age, lactation number).
• Welfare and health indicators (head: skin lesions, injuries or abscesses, limbs: over-

grown claws and arthritis, udder: asymmetry, skin lesions, abscesses, and fibrosis,
records of California Mastitis Test (CMT)).

• Reproduction strategies (selected breeding method, dates of (i) natural mating, (ii) AI,
(iii) entrance of males after AI, (iv) insertion of progestogen sponges, (v) rams’ ID used
in AI);

• Lambing/Kidding period (number and gender of newborns per animal, date of
weaning);

• Milk recordings (date of milk recording, daily milk yield and corresponding milk fat-,
protein-, lactose-, and SNF content).

• Ultrasound data (pregnancy, pathological findings).
• Data at this detailed level can provide valuable information about each animal and the

milk produced. This type of information is analyzed by the DSS module to provide
insights about the enterprise operation and allow for milk traceability on a very
detailed level.

Independently of the hierarchical level of data acquisition, all gathered information is
stored as database entities (tables) with predefined relationships of appropriate cardinalities.
Data are available to the End-User application of the Platform but are also available to
third-party applications that, given the appropriate permissions, can further utilize them.

Data is uploaded through the web application by the end-user. The application can
read Microsoft Excel spreadsheets provided by the user using a standard file-select browser
interface. The next step transforms the data into JSON Objects in the client and transfers
them to the data management service. The Application Programming Interface enables
this communication between the front-end application and the Data management service
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utilizing HTTP calls. It provides back responses of success or failure of the transmission
procedure.

2.8. A Case Study Application

For the demonstration of the FarmDain application, a case study from a dairy sheep
farm collaborating with the dairy industry is presented. Our aim was to increase the annual
milk production of dairy ewes through an effective nutritional plan and reproductive
management practices, improving the profitability of the farm and the Dairy Factory. This
farm comprised 174 milked ewes of the Lacaune breed reared under intensive conditions. A
veterinarian cooperating with the dairy industry visited the farm to collect data regarding
general farm and animal-level management, as asserted earlier in Section 2.7 (questions
with personal or sensitive data were not included). Furthermore, individual milk recording
was performed monthly (n = 5, every 30–45 days) during the milking period after lamb
weaning. Collected data were inserted manually into the FarmDain application and
assessed accordingly (Dataset S2). Following each milk recording and based on the average
total milk production reports provided by the FarmDain application, ewes were allocated
into a high or a low milk production group. Both groups were fed with alfalfa hay, maize
silage and concentrate feed according to INRA recommendations to meet nutritional
requirements. Feeding costs per liter of produced milk were calculated for two scenarios;
when ewes were allocated to high or low groups compared to the case ewes had remained
in a single group. In the latter case, feeding is based on average milk production, and the
ration provided does not meet nutrient requirements for protein and energy, especially
in high-producing animals, resulting in lower milk yields. Furthermore, according to
reports and statistics from the FarmDain application, ewes with the highest milk yields
were selected for AI.

3. Results
3.1. User Interface

FarmDain has a user-friendly interface for the enterprise manager, which includes
the following:

1. Login. Initially, the users must access the application with their unique credentials.
2. Farm management. New farms can be created, or already recorded farms can be

edited (Figure 5). Data collected are used to identify and describe each farm.
3. Management of farm-level data. These kinds of data input are made available to the

user after the initial farm input and provide detailed information about livestock, labor,
milk production, grazing and feeding, reproduction, milking, stabling and general
practices applied in the farm, veterinary information, and economic parameters. Data
input and editing are achieved with a unified interface and easily identified buttons
(Figure 6).

4. Management of animal data; Following the same interface, the user can provide
or edit information on the animal level Information includes general livestock info,
reproduction data, milk recordings, and laboratory and ultrasound results (Figure 7).
Milking recordings and ultrasound results can also be viewed per ranch on a different
tab for easy access.

5. Management of laboratory analysis data; The user can input or edit results about the
chemical composition of feedstuffs and milk and the microbiological profile of milk
and dairy products (Figure 8).
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Figure 8. Milk Analysis Data (1 Internal Farm Code, 2 Identifier codes, 3 Farm Codes, 4 Sample
Type, 5 Sample Code, 6 Sampling Dates, 7 Milk Fat Content (%), 8 Milk Solid Non-Fat Content (%),
9 Milk Protein Content (%), 10 Freezing Point Depression (FPD), 11 Milk Lactose Content (%),
12 Milk Density, 13 Milk Total Solid, 14 Milk Acidity, 15 Sampling number, 16 Temperature in Milk Tank,
17 Milking types, 18 Date of Milk Insertion in Milk Tank, 19 Sampling Time rom Milk Tank, 20 Time
of Microbiological Analysis, 21 Time between Sampling And Microbiological Analysis, 22 Milk pH,
23 Psychrotrophic Bacteria Concentration, 24 Total Plate Count, 25 Enterobacteriaceae Concentration,
26 Listeria Monocytogenes).

3.2. Main Features
3.2.1. Reports

After data collection, the user has access to numerous statistics. These statistics are
present in various forms, such as graphs and tables. When applicable, this information
can be filtered and grouped by farm or animal categories. The system’s reports contain
information about milk recordings and general farm management indicators. Milk statistics
include information about the average milk yield per farm. Moreover, individual data on
total, average and daily milk yield are also calculated (Figures 9 and 10).
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Additionally, FarmDain can provide reports on udder health issues and total milk
production for each animal by lactation period (Figure 11). To provide the user with a
better overview of each animal, the information depicted is further enhanced with the dates
that diseases occurred during each animal’s recorded period. In the livestock reporting
section, the user has an up-to-date view of the active and inactive (e.g., deceased) livestock
population and the total recorded livestock population.
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3.2.2. Traceability

The user is asked to input data about the milk flow to the enterprise. These include
information about the milk collection at the farm, transport, and reception at the enterprise.
Using the same standardized interface, information about collection times, storing, transfer
and pickup temperatures, milk composition and presence of antibiotics is recorded using a
stepped interface flow (Figure 12).
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In the final stage, each product lot relates to the picked-up milk and a complete path
in the form of an expandable tree is presented to the user (Figure 13).
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3.3. Case Study Results

Feeding cost per liter of produced milk was reduced by 5.5% when ewes were allocated
into high and low milk production groups compared to remaining in one single group;
the highest reduction was observed in the second and fourth (0.04 €/L) milk recording.
Moreover, 12 and 16 ewes in the flock were identified and culled early due to low produc-
tivity (<1 L/day) and udder health issues, respectively. Based on application reports, 50%
of milked ewes with the highest milk yield were selected for AI to produce genetically
superior lambs for replacement. As a result, the milk production of these ewes was higher
by 56.1% (184 L) compared to the flock’s average production.

4. Discussion

As asserted in the introduction, several challenges threaten the sustainability of the
dairy production sector. Considering these challenges, we designed and developed Far-
mDain, a web-based DSS that facilitates data collection at the farm and animal level in
dairy sheep and goat farms. The aim is to help decision-making towards efficient farm
management and planning in the dairy production value chain.

FarmDain DSS was developed within the project “Development of an integrated milk
management system, using new technologies, for quality assurance and milk product
traceability in the milk industry” (FarmDain). Specifically, the tool was designed to accom-
modate the needs of a dairy industry located in a less-favoured area of northwestern Greece.
Previous research indicated that one of the main barriers to adopting new technologies and
especially applications is the low educational status of farmers [29]. Therefore, contrary
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to other available tools, FarmDain incorporates a role-based user hierarchy model that
enables the dairy industry to be the user of the application. This approach allows for the
timely and accurate input of collected data in the application while ensuring that critical
information is returned to each farmer to establish a more efficient management plan and
make informed decisions for higher productivity and improved animal health and welfare
status.

FarmDain considers all important farm parameters, allowing for a holistic manage-
ment approach. It goes beyond other DSS tools focused on helping farmers deal with
specific problems [17–19]. Moreover, FarmDain collects data at the farm and animal level,
further differentiating it from other available solutions. Specifically, most DSS tools facilitate
management decisions through sustainability assessments based on farm data [6,20–22].
Regarding individual animal recording, available tools are limited, and only in a few
cases do they provide precision farming capabilities utilizing electronic identification
systems [23–25]. FarmDain uses the electronic ear tag as the unique identifier of each
animal. This enables accurate performance recording and monitoring of health and welfare
issues, thus facilitating genetic selection practices and culling decisions [51,52].

Moreover, this is an efficient way of ensuring the traceability of animals and their
products, which is essential for the dairy industry. Supporting traceability from farm to
industry is another important feature of FarmDain that distinguishes it from other available
DSS in the sector. Specifically, most systems regarding the traceability of dairy products
focus on collecting data at the farm during transportation or processing [25,53,54].

Based on the features described above, several impacts of the FarmDain application
can be identified. First, at the farm level, users are given an overview of all important
farm management practices (flock size, production, feeding and grazing, reproduction,
milking, veterinary practices, and economic figures). In this regard, the proposed system
facilitates the evaluation of current farm management and the uptake of decisions for
production optimization and profit maximization. At the animal level, management
and genetic selection practices are facilitated through accurate pedigree recording and
individual information on milk production (daily, average, and total), health, welfare, and
reproduction efficiency. Specifically, based on such information, (i) the most productive
animals can be identified, (ii) high and low milk production groups can be distinguished
and different feeding practices applied, and (iii) culling decisions can be made according
to milk production, reproductive performance, and health issues. Therefore, FarmDain
supports genetic improvement in dairy sheep and goat farms. The latter has been identified
as one of the most essential best practices for increasing farm profitability and the overall
efficiency of the sector [55]. Finally, FarmDain allows for the traceability of dairy products
considering information on the flow of milk from the farm to the industry, its processing
and labeling. Traceability of dairy products is mandatory within the EU (Regulation (EC)
No 178/2002) [56]. Hence, FarmDain helps the dairy industry adhere to relevant regulations
and guarantees its products’ transparency, quality, and safety [54].

Such impacts were demonstrated in our case study application. For the case study,
one farm was selected as representative of those collaborating with the dairy industry;
similar management practices were implemented in the other farms following the use of
FarmDain. Based on collected data and reports provided by the application, the farm could
identify the high from the low-producing animals, which were grouped and fed separately
according to their production level. This resulted in a decrease in feeding costs by 5.5%.
Moreover, cervical AI was implemented in the highest-producing animals (50% of ewes) to
increase genetic gain.

Additionally, animals with poor udder conformation were identified and marked
as unsuitable for keeping progeny. Finally, animals with low milk production and/or
health issues were placed and culled. Such results confirm that FarmDain can help farmers
towards more efficient farm management and higher production.

FarmDain uses a role-based user model, providing improved accuracy in data collec-
tion and interpretation. Therefore, numerical, and behavioral uncertainty [57] are addressed
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through cross-data checks, reports, and data analysis after data entry. Additionally, during
the testing phase, in which the application was under continuous scrutiny, we faced and
resolved various errors in software development, operations and system component in-
teraction. Moreover, the case study provided a solid testbed for identifying, categorizing,
and addressing random (e.g., misinterpretations in metrics of quantity parameters) and
ambiguity (e.g., human communication errors) uncertainties.

Currently, FarmDain operates in the Greek language. Therefore, one of the main
priorities for the future is to translate the application into English to enable its potential
use by other interested dairy industries in the EU. Moreover, the developing group will
continue working towards the long-term utility of the application by monitoring the
functionality of the system and maintaining the website page. Finally, to better meet the
needs of the dairy sheep and goat value chain, the possibility of including new variables
will be evaluated in collaboration with the dairy industry, the associated farmers, and
their consultants. Special emphasis will be given to including environmental sustainability
indicators that have been highlighted as imperative for adjustment of the livestock sector to
new environmental policies as well as welfare indicators related to the animal environment,
including microclimatic parameters [58].

5. Conclusions

FarmDain is a user-friendly, novel web-based application for sheep and goat farm
management and planning in the dairy production value chain. Specifically, FarmDain en-
ables data collection at the farm and animal level and provides decision support capabilities
through powerful reports with graphs that help farms to optimize their overall perfor-
mance with economic benefits. In our study, FarmDain was primarily used by the dairy
industry to manage its collaborating farms efficiently. Data collection and the following
assessment based on reports provided by the app led to identifying the main problems in
each farm and making appropriate management decisions. Hence, the overall performance
and profitability of both farms and the dairy industry significantly increased.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ani13091495/s1, Dataset S1: Total dataset with variables included in
the FarmDain decision support system; Dataset S2: Dataset of milk recordings used in the case study.

Author Contributions: Conceptualization, P.K., M.L., V.P., S.V., S.P., G.K., A.T. and G.A.; methodology,
P.K. and M.L.; software, E.T.; validation, E.T.; investigation, P.K., E.T., M.L., V.P., S.V., S.P., G.K., S.D.
and G.A.; resources, V.P., S.V., S.D. and S.P.; data curation, E.T., V.P., S.V., S.D., A.T. and S.P.; writing—
original draft preparation, E.T., V.P. and S.V.; writing—review and editing, P.K., M.L., G.A., G.K., V.P.,
S.V. and A.T.; visualization, E.T., V.P., S.V. and G.A.; supervision, G.A. and M.L.; project administration,
M.L. and G.A.; funding acquisition, P.K., M.L. and G.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was co-financed by the European Regional Development Fund of the Eu-
ropean Union and Greek National Funds through the Operational Program Western Macedonia
2014–2020 (project code: DMR1-0016238 FarmDain).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data presented in this study is contained within the article and
Supporting Material.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
study’s design; in the collection, analyses, or interpretation of data; in the writing of the manuscript;
or in the decision to publish the results.

https://www.mdpi.com/article/10.3390/ani13091495/s1
https://www.mdpi.com/article/10.3390/ani13091495/s1


Animals 2023, 13, 1495 16 of 18

References
1. Fountas, S.; Carli, G.; Sørensen, C.G.; Tsiropoulos, Z.; Cavalaris, C.; Vatsanidou, A.; Liakos, B.; Canavari, M.; Wiebensohn, J.;

Tisserye, B. Farm Management Information Systems: Current Situation and Future Perspectives. Comput. Electron. Agric. 2015,
115, 40–50. [CrossRef]

2. Douphrate, D.I.; Hagevoort, G.R.; Nonnenmann, M.W.; Lunner Kolstrup, C.; Reynolds, S.J.; Jakob, M.; Kinsel, M. The Dairy
Industry: A Brief Description of Production Practices, Trends, and Farm Characteristics Around the World. J. Agromedicine 2013,
18, 187–197. [CrossRef] [PubMed]

3. Gianni, M.; Gotzamani, K.; Vouzas, F. Food Integrated Management Systems: Dairy Industry Insights. Int. J. Qual. Reliab. Manag.
2017, 34, 194–215. [CrossRef]

4. Duguma, B. A Survey of Management Practices and Major Diseases of Dairy Cattle in Smallholdings in Selected Towns of Jimma
Zone, South-Western Ethiopia. Anim. Prod. Sci. 2020, 60, 1838–1849. [CrossRef]

5. Arsenos, G.; Vouraki, S.; Ragkos, A.; Theodoridis, A. Trends and Challenges for Sustainable Development of Sheep and Goat
Systems. In Pastoralism and Sustainable Development, Book of Abstracts; CIHEAM: Bari, Italy, 2021; p. 10.

6. Burnstein, F. Handbook on Decision Support Systems; Springer: Berlin/Heidelberg, Germany, 2008.
7. Vouraki, S.; Skourtis, I.; Psichos, K.; Jones, W.; Davis, C.; Johnson, M.; Riaguas Rupérez, L.; Theodoridis, A.; Arsenos, G. A

decision support system for economically sustainable sheep and goat farming. Animals 2020, 10, 2421. [CrossRef]
8. Balhara, S.; Singh, R.P.; Ruhil, A.P. Data Mining and Decision Support Systems for Efficient Dairy Production. Vet. World 2021,

14, 1258–1262. [CrossRef]
9. Solano, C.; León, H.; Pérez, E.; Tole, L.; Fawcett, R.H.; Herrero, M. Using farmer decision-making profiles and managerial capacity

as predictors of farm management and performance in Costa Rican dairy farms. Agric. Syst. 2006, 88, 395–428. [CrossRef]
10. Ursinus, W.W.; Schepers, F.; De Mol, R.M.; Bracke, M.B.M.; Metz, J.H.M.; Koerkamp, P.W.G.G. COWEL: A decision support

system to assess welfare of husbandry systems for dairy cattle. Anim. Welf. 2009, 18, 545–552. [CrossRef]
11. Bryant, J.R.; Ogle, G.; Marshall, P.R.; Glassey, C.B.; Lancaster, J.A.S.; Garcia, S.C.; Holmes, C.W. Description and evaluation of the

Farmax Dairy Pro decision support model. N. Z. J. Agric. Res. 2010, 53, 13–28. [CrossRef]
12. Giordano, J.O.; Fricke, P.M.; Wiltbank, M.C.; Cabrera, V.E. An economic decision-making support system for selection of

reproductive management programs on dairy farms. J. Dairy Sci. 2011, 94, 6216–6232. [CrossRef]
13. Baudracco, J.; Lopez-Villalobos, N.; Holmes, C.W.; Comeron, E.; Macdonald, K.A.; Barry, T.N.; Friggens, N. e-Cow: An animal

model that predicts herbage intake, milk yield and live weight change in dairy cows grazing temperate pastures, with and
without supplementary feeding. Animal 2012, 6, 980–993. [CrossRef] [PubMed]

14. Cabrera, V.E. DairyMGT: A suite of decision support systems in dairy farm management. In Decision Support System; InTech
Open: Rijeka, Croatia, 2012. [CrossRef]

15. Kukar, M.; Vračar, P.; Košir, D.; Pevec, D.; Bosnić, Z. AgroDSS: A decision support system for agriculture and farming. Comput.
Electron. Agric. 2019, 161, 260–271.

16. Pimpa, A.; Eiamkanitchat, N.; Phatsara, C.; Moonmanee, T. Decision support system for dairy cattle management using
computational intelligence technique. In Proceedings of the 2019 7th International Conference on Computer and Communications
Management, Bangkok, Thailand, 27–29 July 2019; pp. 181–185.

17. CSIRO. GrazPlan. Available online: https://grazplan.csiro.au/ (accessed on 18 March 2023).
18. The Cool Farm Tool. Available online: https://coolfarmtool.org/coolfarmtool/ (accessed on 28 December 2022).
19. The Ohio State University. Sorting through the Information on Sheep and Goat Parasite Control: A Decision Making Support

Tool. Available online: https://vet.osu.edu/extension/beef-sheep-resources/sheep-and-goat-parasite-control-decision-making-
support-tool (accessed on 28 December 2022).

20. Häni, F.; Braga, F.; Stämpfli, A.; Keller, T.; Fischer, M.; Porsche, H. RISE, a tool for holistic sustainability assessment at the farm
level. Int. Food Agribus. Man. Rev. 2003, 6, 78–90.

21. Meul, M.; Passel, S.; Nevens, F.; Dessein, J.; Rogge, E.; Mulier, A.; Hauwermeiren, A. MOTIFS: A monitoring tool for integrated
farm sustainability. Agron. Sustain. Dev. 2008, 28, 321–332. [CrossRef]

22. Gerrard, C.L.; Smith, L.G.; Pearce, B.; Padel, S.; Hitchings, R.; Measures, M. Public goods and farming. In Farming for
Food and Water Security. Sustainable Agriculture Reviews; Lichtfouse, E., Ed.; Springer: Dordrecht, The Netherlands, 2012;
Volume 10, pp. 1–22.

23. Agritec Software—Ovitec. Available online: https://www.agritecsoft.com/ovitec/en/ (accessed on 28 December 2022).
24. Belanche, A.; Martín-García, A.I.; Álvarez, J.F.; Pleguezuelos, J.; Mantecón, Á.R.; Yáñez-Ruiz, D.R. Optimizing management

of dairy goat farms through individual animal data interpretation: A case study of smart farming in Spain. Agric. Syst. 2019,
173, 27–38. [CrossRef]

25. Voulodimos, A.S.; Patrikakis, C.Z.; Sideridis, A.B.; Ntafis, V.A.; Xylouri, E.M. A complete farm management system based on
animal identification using RFID technology. Comput. Electron. Agric. 2010, 70, 380–388. [CrossRef]

26. Cappai, M.G.; Rubiu, N.G.; Nieddu, G.; Bitti, M.P.L.; Pinna, W. Analysis of fieldwork activities during milk production recording
in dairy ewes by means of individual ear tag (ET) alone or plus RFID based electronic identification (EID). Comput. Electron. Agric.
2018, 144, 324–328. [CrossRef]

27. Rose, D.C.; Sutherland, W.J.; Parker, C.; Lobley, M.; Winter, M.; Morris, C.; Twining, S.; Ffoulkes, C.; Amano, T.; Dicks, L.V.
Decision support tools for agriculture: Towards effective design and delivery. Agric. Syst. 2016, 149, 165–174. [CrossRef]

https://doi.org/10.1016/j.compag.2015.05.011
https://doi.org/10.1080/1059924X.2013.796901
https://www.ncbi.nlm.nih.gov/pubmed/23844787
https://doi.org/10.1108/IJQRM-05-2015-0076
https://doi.org/10.1071/AN19079
https://doi.org/10.3390/ani10122421
https://doi.org/10.14202/vetworld.2021.1258-1262
https://doi.org/10.1016/j.agsy.2005.07.003
https://doi.org/10.1017/S096272860000097X
https://doi.org/10.1080/00288231003606054
https://doi.org/10.3168/jds.2011-4376
https://doi.org/10.1017/S1751731111002370
https://www.ncbi.nlm.nih.gov/pubmed/22558969
https://doi.org/10.5772/50801
https://grazplan.csiro.au/
https://coolfarmtool.org/coolfarmtool/
https://vet.osu.edu/extension/beef-sheep-resources/sheep-and-goat-parasite-control-decision-making-support-tool
https://vet.osu.edu/extension/beef-sheep-resources/sheep-and-goat-parasite-control-decision-making-support-tool
https://doi.org/10.1051/agro:2008001
https://www.agritecsoft.com/ovitec/en/
https://doi.org/10.1016/j.agsy.2019.02.002
https://doi.org/10.1016/j.compag.2009.07.009
https://doi.org/10.1016/j.compag.2017.11.002
https://doi.org/10.1016/j.agsy.2016.09.009


Animals 2023, 13, 1495 17 of 18

28. Rossi, V.; Salinari, F.; Poni, S.; Caffi, T.; Bettati, T. Addressing the implementation problem in agricultural decision support
systems: The example of vite.net®. Comput. Electron. Agric. 2014, 100, 88–99. [CrossRef]

29. Carrer, M.J.; Filho, H.M.D.S.; Batalha, M.O. Factors influencing the adoption of Farm Management Information Systems (FMIS)
by Brazilian citrus farmers. Comput. Electron. Agric. 2017, 138, 11–19. [CrossRef]

30. Heras-Saizarbitoria, I.; Boiral, O. ISO 9001 and ISO 14001: Towards a Research Agenda on Management System Standards*. Int. J.
Manag. Rev. 2013, 15, 47–65. [CrossRef]

31. King, G.; Wang, H. HTTPA: HTTPS Attestable Protocol. In Advances in Information and Communication, Proceedings of the 2023
Future of Information and Communication Conference (FICC), San Francisco, CA, USA, 3–4 March 2022; Springer Nature: Cham,
Switzerland, 2022; Volume 2, pp. 811–823.

32. PostgreSQL: About. Available online: https://www.postgresql.org/about/ (accessed on 23 June 2022).
33. Koschel, A.; Astrova, I.; Blankschyn, M.; Schöner, D.; Schulze, K. Evaluating the RESTfulness of “APIs from the Rough”.

In Proceedings of the 15th International Conference on Web Information Systems and Technologies, Vienna, Austria, 18–20
September 2019; Volume 1: WEBIST, pp. 281–288.

34. GraphQL|A Query Language for Your API. Available online: https://graphql.org/ (accessed on 24 June 2022).
35. GraphQL. Specification Versions. Available online: http://spec.graphql.org/ (accessed on 24 June 2022).
36. Instant GraphQL APIs on Your Data|Built-in Authz & Caching. Available online: https://hasura.io/ (accessed on 26 June 2022).
37. 3Factor Canonical App. Available online: https://3factor.app/use-cases.html (accessed on 30 March 2023).
38. Sewak, M.; Singh, S. Winning in the Era of Serverless Computing and Function as a Service. In Proceedings of the 2018 3rd

International Conference for Convergence in Technology (I2CT), Pune, India, 6–8 April 2018; pp. 1–5.
39. Ivanov, V.; Smolander, K. Implementation of a DevOps Pipeline for Serverless Applications. In Product-Focused Software Process

Improvement; Kuhrmann, M., Schneider, K., Pfahl, D., Amasaki, S., Ciolkowski, M., Hebig, R., Tell, P., Klünder, J., Küpper, S., Eds.;
Springer International Publishing: Cham, Switzerland, 2018; pp. 48–64.

40. Fraser, B.Y. Site Security Handbook; Internet Engineering Task Force: Fremont, CA, USA, 1997.
41. Auth0: Secure Access for Everyone. But Not Just Anyone. Available online: https://auth0.com/ (accessed on 24 June 2022).
42. Jones, M.; Bradley, J.; Sakimura, N. JSON Web Token (JWT); Internet Engineering Task Force: Fremont, CA, USA, 2015.
43. Ruhi Velasco, E. Web Authorization and Authentication for Single Page Applications (SPAs). Autorización y Autentificación Web

para Single Page Applications (SPAs). Bachelor’s Thesis, Universitat Politècnica de Catalunya, Barcelona, Spain, 2018.
44. Power, D. Categorizing dss applications and products. In Decision Support Systems: Concepts and Resources for Managers; Greenwood

Publishing Group: Santa Barbara, CA, USA, 2002; pp. 12–21. ISBN 978-1-56720-497-1.
45. Vue.js—The Progressive JavaScript Framework|Vue.Js. Available online: https://vuejs.org/ (accessed on 25 June 2022).
46. Kouraklis, J. MVVM as Design Pattern. In MVVM in Delphi: Architecting and Building Model View ViewModel Applications; Apress:

New York, NY, USA, 2016; ISBN 978-1-4842-2213-3.
47. Kexugit Patterns—WPF Apps with the Model-View-ViewModel Design Pattern. Available online: https://docs.microsoft.com/

en-us/archive/msdn-magazine/2009/february/patterns-wpf-apps-with-the-model-view-viewmodel-design-pattern (accessed
on 25 June 2022).

48. Gavrilă, V.; Bajenaru, L.; Dobre, C. Modern Single Page Application Architecture: A Case Study. Stud. Inform. Control 2019, 28,
231–238. [CrossRef]

49. Fink, G.; Flatow, I. Introducing Single Page Applications. In Pro Single Page Application Development: Using Backbone.js and
ASP.NET; Apress: New York, NY, USA, 2014; pp. 3–13. ISBN 978-1-4302-6673-0.

50. Progressive Web Apps: Escaping Tabs without Losing Our Soul. Available online: https://infrequently.org/2015/06/progressive-
apps-escaping-tabs-without-losing-our-soul/ (accessed on 25 June 2022).

51. European Parliament. Report on the Current Situation and Future Prospects for the Sheep and Goat Sectors in the EU
(2017/2117(INI)). 2018. Available online: https://www.europarl.europa.eu/doceo/document/A-8-2018-0064_EN.pdf (accessed
on 29 December 2022).

52. Lima, E.; Hopkins, T.; Gurney, E.; Shortall, O.; Lovatt, F.; Davies, P.; Williamson, G.; Kaler, J. Drivers for precision livestock
technology adoption: A study of factors associated with adoption of electronic identification technology by commercial sheep
farmers in England and Wales. PLoS ONE 2018, 13, e0190489. [CrossRef] [PubMed]

53. Payne, F.A.; Thompson, C.; Luck, B.; Moore, J.R.; Tabayehnejad, N. Development of a milk transport security system. In
Proceedings of the Food Processing Automation Conference, Providence, RI, USA, 28–29 June 2008; p. 33.

54. Mania, I.; Delgado, A.M.; Barone, C.; Parisi, S. Traceability in the Dairy Industry in Europe; Springer Nature: Cham, Switzerland,
2018.

55. Theodoridis, A.; Vouraki, S.; Morin, E.; Koutouzidou, G.; Arsenos, G. Efficiency Analysis and Identification of Best Practices and
Innovations in Dairy Sheep Farming. Sustainability 2022, 14, 13949. [CrossRef]

56. European Commission. Commission Regulation (EC) No 2230/2004 of 23 December 2004 laying down detailed rules for the
implementation of European Parliament and Council Regulation (EC) No 178/2002 with regard to the network of organisations
operating in the fields within the European Food Safety Authority’s mission. Off. J. Eur. Union 2004, 379, 64–67.

https://doi.org/10.1016/j.compag.2013.10.011
https://doi.org/10.1016/j.compag.2017.04.004
https://doi.org/10.1111/j.1468-2370.2012.00334.x
https://www.postgresql.org/about/
https://graphql.org/
http://spec.graphql.org/
https://hasura.io/
https://3factor.app/use-cases.html
https://auth0.com/
https://vuejs.org/
https://docs.microsoft.com/en-us/archive/msdn-magazine/2009/february/patterns-wpf-apps-with-the-model-view-viewmodel-design-pattern
https://docs.microsoft.com/en-us/archive/msdn-magazine/2009/february/patterns-wpf-apps-with-the-model-view-viewmodel-design-pattern
https://doi.org/10.24846/v28i2y201911
https://infrequently.org/2015/06/progressive-apps-escaping-tabs-without-losing-our-soul/
https://infrequently.org/2015/06/progressive-apps-escaping-tabs-without-losing-our-soul/
https://www.europarl.europa.eu/doceo/document/A-8-2018-0064_EN.pdf
https://doi.org/10.1371/journal.pone.0190489
https://www.ncbi.nlm.nih.gov/pubmed/29293617
https://doi.org/10.3390/su142113949


Animals 2023, 13, 1495 18 of 18

57. Thunnissen, D.P. Propagating and Mitigating Uncertainty in the Design of Complex Multidisciplinary Systems. Ph.D. Thesis,
California Institute of Technology, Pasadena, CA, USA, 2005. Available online: https://resolver.caltech.edu/CaltechETD:
etd-01072005-162147 (accessed on 19 December 2022). [CrossRef]

58. European Commission. Communication from the Commission to the European Parliament, the European Council, the Coun-
cil, the European Economic and Social Committee and the Committee of the Regions. 2019. Available online: https://
eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF (accessed on
29 February 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://resolver.caltech.edu/CaltechETD:etd-01072005-162147
https://resolver.caltech.edu/CaltechETD:etd-01072005-162147
https://doi.org/10.7907/0FX2-AM50
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF

	Introduction 
	Materials and Methods 
	System Architecture 
	Data Management Service 
	Application Programming Interface 
	Authentication and Authorization Service 
	Decision Support Tools 
	End-User Application 
	Collected Data 
	A Case Study Application 

	Results 
	User Interface 
	Main Features 
	Reports 
	Traceability 

	Case Study Results 

	Discussion 
	Conclusions 
	References

