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The agri-food sector worldwide is the most important for life. The recent
pandemic made it clear that the best way to resist, overcome and adapt
to health problems is by maintaining a healthy, adequate and balanced diet.
Currently, food comes almost entirely from agri-food systems, the problem is
that the agri-food sector subordinated to an economic and scientific model with
very clear interests and objectives. In this sense, the aim of this work was to
carry out an analysis of the logic, dynamics and relationship between science,
technology, agri-food systems, health and wellbeing from the perspective of
Social Studies of Science and Technology. With what is intended contribute
to the debate on the future and the strategic transformation of agri-food
systems. As a first point, an exploration of the evolution and trends of science
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and technology in the agri-food sector is carried out. Next, an analysis is
developed on the importance of agri-food systems and the ways in which
they have been configured. Subsequently, the relationship between food and
health and the main implications and damage caused by the current agri-food
regime are addressed. Based on the above, some alternatives are proposed
to improve nutrition, health and wellbeing. These alternatives imply, on the
one hand, a profound reconfiguration of technological systems, orienting
them toward the reproduction of life. Secondly, and as a consequence of the
above, a reorganization of the economic and social systems. To achieve this,
it is advisable to design a policy that promotes sustainable agri-food systems
and integrate broad work and research groups that allow addressing these
problems and proposing alternatives from di�erent perspectives. Finally, it is
important to design and implement science dissemination programs on the
relationships, controversies, tensions and problems that exist between scientific
and technological development and the agri-food sector, health and wellbeing
with the aim of having a true impact on the society and a genuine social
appropriation of knowledge.

KEYWORDS

agri-food policies, diseases and agrochemicals, economic model and health, food and

health, healing and recovery of agri-food systems, social appropriation of knowledge,

sustainable agri-food systems, technological model and agri-food systems

1 Introduction

Currently, global trends such as demographic growth,
population aging, poverty, migration, and urbanization have
important implications for economic and social development and,
above all, for health and environmental sustainability (United
Nations, 2019). In addition to changes in the world’s population,
there is a growing demand for resources (water, soil, air, nutrients,
minerals, energy, among others) to ensure that present and future
generations have access to food (Dal Moro et al., 2022). Demand
for food is estimated to increase by more than 60% by 2050, putting
great pressure on agri-food systems (Gaspar et al., 2021).

Another very relevant issue for the agri-food sector is
climate change, which is generating changes in weather patterns.
Climate change refers to long-term changes in temperatures and
the recurring characteristics of the climate. One of the most
appropriate definitions involves changes in climate as a distribution
over time in relation to regimes of variable external conditions
(Werndl, 2016). From certain spheres of knowledge, it is argued
that these changes can be both natural and motivated, for example,
by variations in solar cycles (fluctuations caused by differences
in the amount of energy emitted by the sun). It is not known
with certainty to what extent natural conditions modify, affect or
contribute to climate change. The exact magnitudes of how much
humanity contributes are also unknown. However, when the speed
of changes is analyzed, it is evident that since the 19th century,
human activities have been the main driver of climate change.
Mostly due to the burning of fossil fuels such as coal, oil and gas
(Vargas-Canales et al., 2023a).

Furthermore, the 20th century was characterized by being a
period of unprecedented economic expansion and the accelerated
growth of the population after the world wars was not seen

as a problem (Bardi, 2014). However, current climate change
projections indicate that it is evolving rapidly and affecting all
biological systems in the world (Kamboj et al., 2023). The above
is important and relevant because it is directly linked to health
and the emergence of pandemics for the future (McLennan, 2022).
Likewise, derived from the growth of the population and the
demand for goods and services, the scarcity and depletion of
resources is increasingly evident. And if we add to the above the
current war conflicts and that we are expected to have more, it is
possible to infer that the future will be characterized by strong crises
and economic instability, which would put food production at risk.

In that sense, the importance of the agri-food sector for society
goes far beyond its relevance for the economy; this is the only
sector that, in a strict sense, allows the maintenance of life and
its reproduction. Furthermore, recent events showed the close
relationships that exist between the agri-food sector, health and
wellbeing (Vargas-Canales et al., 2023a). The recent pandemic
caused by the SARS-CoV-2 virus (COVID-19) made it clear that
the best way to resist, overcome and adapt to health problems is to
maintain a healthy and adequate diet. Various research has shown
that an adequate and balanced diet is important to strengthen the
immune system and prevent infections (Calder and Kew, 2002;
Calder, 2020; Calder et al., 2020; Iddir et al., 2020). This was also
the case to control the risk and persistence of COVID-19 (Villapol,
2020). That is, resisting and overcoming diseases and pandemics is
directly related to the agri-food systems (Liaudat, 2020).

In general, modern chronic degenerative diseases such as
diabetes mellitus, obesity, cancer, hypertension, cardiovascular and
cerebrovascular diseases, to name just a few, are closely related to
the foods we consume (Gallo et al., 2020; Grados et al., 2022). The
above positions the agri-food sector as the highest priority and
that we must revalue it to improve life and reduce environmental
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impacts (Vargas-Canales et al., 2023a). Currently, society faces very
complex problems that increasingly affect us and aremore frequent,
and are mainly derived from the dominant economic development
model (Vargas-Canales, 2022).

Recently a problem was identified that affects all aspects of our
lives. The presence of microplastics has been detected in water,
air and many of the products we consume. These are particles
<20µm in size that can penetrate cell membranes. This situation
puts the feeding, metabolic processes, reproduction and behavior
of organisms at risk (Hale et al., 2020). Multicolored microplastic
fragments and fibers have been found in water trapped in the
membranes of plant leaves (Fogašová et al., 2022). In humans,
microplastics are able to cross cell membranes and trigger oxidative
stress and inflammation, and have been linked to an increased risk
of death from cardiovascular diseases and respiratory diseases or
lung cancer (Vethaak and Legler, 2021).

The aforementioned events allow us to infer that global society
has reached an unthinkable level of degradation, pollution and
alteration of ecosystems. By extension, for the health and wellbeing
of all ecosystems and the effects and implications are unknown.
On the other hand, at a global level, the technologies proposed by
agriculture 4.0, 5.0, and 6.0 present good expectations of satisfying
the growing demand for food in a sustainable way, making
rational and comprehensive use of resources and conserving the
environment (Klerkx and Rose, 2020; Saiz-Rubio and Rovira-
Más, 2020; da Silveira et al., 2023b; Neves, 2023; Vargas-Canales
et al., 2023a). Of course, there are many regional asymmetries
and many barriers to its massive implementation. However,
emerging technologies in the field of life sciences, information
and communication, data sciences, artificial intelligence and
associated digital applications are significantly improving agri-food
production and productivity (Hodson de Jaramillo et al., 2023).

The development of science, technology and innovation is
essential to address the complex nature of agri-food systems,
food security, health and wellbeing. In this sense, technological
systems must be aimed at improving the health and wellbeing
of society. However, the existing relationships between science,
technology, agri-food systems, health and wellbeing are little
known, studied and valued. The above leads us to question:
what are the existing relationships between science, technology,
agri-food systems, health and wellbeing? In this sense, the
aim of this work was to carry out an analysis of the
current logic and dynamics between science, technology, agri-
food systems, health and wellbeing from the perspective of
Social Studies of Science and Technology. The above with the
purpose of generating information and evidence to develop new
lines of research and impact agri-food policies for developed
countries and especially developing countries that are affected by
these dynamics.

2 Science and technology in the
agri-food sector

In the global agri-food sector it is possible to identify the
emergence, development and exhaustion or conclusion of certain
scientific paradigms. Scientific paradigms are a shared organization
of groups, ranging from preferred analogies and metaphors

to shared examples, heuristics, ontological models, or accepted
hypotheses of the laws of nature (Anand et al., 2020). It is a kind of
methodological and conceptual universe that the scientist can use
to reinforce existing theories or develop new (Guerra et al., 2011).
These paradigms over time fill the gaps in knowledge that gave rise
to them, which causes one paradigm to exhaust or end naturally,
it is a kind of crisis, and therefore the beginning of another occurs
naturally (Kuhn, 1971). The above gave rise to what is called the
techno-economic paradigm (Pérez, 2001), which is a process that
begins with the generation of new knowledge and continues with
its application in the productive sector, its transformation into
innovation and economic growth. It is a process that is occurring
all the time on a recurring basis and is fundamental in the current
economic dynamics (Vargas Canales, 2023).

The agri-food sector has experienced changes and
transformations over time related to scientific and technological
development. At least six stages or scientific paradigms that
have revolutionized the sector can be identified (Kovács and
Husti, 2018; Saiz-Rubio and Rovira-Más, 2020; Guzev et al.,
2021). The first is identified as agriculture 1.0 (Cologne - 1940)
which was characterized as labor-intensive agriculture, with low
levels of productivity and a very low growth rate. Agriculture
2.0 (1920–2000) and was known as the Green Revolution. This
stage was characterized by the use of improved seeds, fertilizers,
agrochemicals and specialized machinery, which allowed an
impressive increase in productivity, reduction of labor and high
growth rates (Zhai et al., 2020; Vargas-Canales et al., 2022a).

Agriculture 3.0 (1990–2010) is identified as precision
agriculture and was characterized by the use of Global Positioning
System used for manual vehicle orientation, with the detection
and control of some activities such as fertilization and with the
telematics for vehicle monitoring (Kovács and Husti, 2018).
Agriculture 4.0 (2000—present), also called digital agriculture,
is based on the use of sensors, the Internet of Things, drones
(unmanned aerial vehicles), the intelligent use of data and
communications to use intelligent control devices and the
automation of facilities (Kovács and Husti, 2018; Klerkx and
Rose, 2020; Saiz-Rubio and Rovira-Más, 2020). Currently we
are transitioning to agriculture 4.0. In this sense, it is worth
mentioning that it will lead to a profound transformation in all
agri-food systems and also great uncertainty around the political
and social implications of its adoption (Fielke et al., 2019; Ingram
et al., 2022). These technologies can benefit all stages and processes
of the agri-food chain (da Silveira et al., 2023a).

Agriculture 5.0 (2010—to date) offers highly interconnected
and data-intensive computing technologies and is oriented toward
robotics and some form of artificial intelligence, autonomous
decision-making systems in real time and focuses on protecting the
environment (Ragazou et al., 2022; Vargas-Canales et al., 2022a;
Juwono et al., 2023). It is worth mentioning that agriculture 5.0
requires the massive use of data and information and agriculture
4.0 technologies (Ragazou et al., 2022; Vargas-Canales et al., 2023a).

Finally, agriculture 6.0 (2023 to date) that will provide specialized
nature-based solutions to protect, manage and restore ecosystems

in order to increase the response of productive environments and

make agri-food systems healthier (Neves, 2023; Schattman et al.,
2023). However, the benefits of these new technological revolutions
will not be shared equitably due mainly to the technological,
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economic, political, social and environmental barriers of the
different regions (da Silveira et al., 2023a,b). Therefore, it is
important to design agri-food policies and strategically establish a
political infrastructure that can address the sociotechnical problems
that may arise (Fielke et al., 2019).

In the case of the agri-food sector, the changes, transformations
and/or introduction of disruptive technologies that have occurred
are very evident over time and are related to specificmoments in the
global economy (Pivoto et al., 2018; Vargas-Canales et al., 2022a).
That is, the evolution of scientific and technological development
comes on the one hand from the accumulation of knowledge and
facts, and on the other from certain circumstances and intellectual
possibilities subject to change (Kuhn, 1971), that are linked to the
cumulative technological culture. Furthermore, to the increase in
the efficiency and complexity of tools and techniques that develop
and evolve in human populations (Vitrano, 2017; Osiurak and
Reynaud, 2019). The result of this recurring process is a gradual
rejuvenation of the entire productive structure, so that mature and
even updated industries can once again behave like new industries,
in terms of dynamism, productivity and profitability (Pérez, 2001).

However, scientific and technological development is not
completely objective, rational and innocuous, nor is it free of
interests and intentions. Science and technology is developed from
a social context and corresponds to a particular way of seeing
and understanding the world, for this reason, the development
and incorporation of technology depend on the social, political
and economic bases of a society with specific characteristics and
interests (Vargas Canales, 2023). Furthermore, it is developed in
scientific fields and communities that respond to a logic and
dynamic of organized creation (Kreimer, 2017), it is difficult to
think that the neutrality of science and technology exists (Ward,
1989).

Technology contains the genetic code of the society in which
it was developed, under the intentionality that was created and
when favorable conditions exist for its growth and development,
they tend to replicate the intentionality of the society that gave rise
to it (Reddy, 1979). Likewise, given that the origin of technology
is based on the principles and values of the society that generates
it, when technologies are transferred; cultural forms, modes of
human relationship, visions of life, etc. are transmitted (Herrera,
1978). In that sense, currently agri-food systems are subordinated
to an economic and technological model in which only efficiency,
productivity, profitability, and competitiveness matter (Vargas-
Canales et al., 2023a).

That is, it is a technological system that is configured by
neo-classical economic dynamics. Over time, agri-food systems
were restructured, responding to the purely capitalist idea
and logic. It is possible to perceive that in the agri-food
sector, scientific and technological development presents a clear
domination of the interests of certain sectors and global
actors. With very clear objectives aimed at maximizing income,
profitability and competitiveness of its capital. Even with a
vision of the Green Revolution and with the predominance
of excessive use of agrochemicals. In the current economic
dynamics, the dominant economic elites gradually seek to guide
all systems to meet their objectives, reproduce their capital and
increase their wealth (Tello and Ibarra, 2020) without giving

importance to the health and wellbeing of either society or
the planet.

Scientific paradigms and scientific communities are completely
imbued with the main premise of the dominant economic model,
the maximization of economic profit (Camacho Vera, 2023). The
development of science and technology seems to only be at the
service of large transnational capitals. The ideas of neoclassical
economics spread like a virus that was able to cross all borders
and has shown an exponential capacity to infect not only living
organisms and human beings but the economy, production,
markets, politics, institutions (Cordera Campos, 2020). These
interactions have caused a very strong distancing of science and
technology from culture, nature and society, that is, it seems that
there is a dissociation (Latour, 2007). Society is transforming its
environment, its habits and its culture (especially food) very quickly
and is moving further and further away from what is natural and
biologically appropriate and its pace of evolution and adaptation is
very slow.

3 Dynamics of agri-food systems

The agri-food sector is made up of all activities related to the
production, collection, transformation, distribution and marketing
of food for human consumption. Which come mainly from
value chains related to agricultural, livestock, forestry, aquaculture
activities, among others (Vargas-Canales et al., 2023a). The sector
is complex and is made up of multiple national and international
actors, such as farmers, input and service providers, manufacturers,
importers, processors, packers, transporters, wholesalers, retailers,
and consumers (Karwacka et al., 2020; Matthews, 2021). The
importance of the agri-food sector for society goes far beyond
the relevance for the economy of a nation given that it is the
only economic sector that allows the reproduction of life. The
food that society needs to live is produced in the agri-food sector
(Vargas-Canales et al., 2023a).

Food security and food safety are highlighting the importance
of the agri-food sector worldwide (Mizik, 2021). In addition,
raw materials for energy production, essential fibers, construction
materials, biomaterials and many essential non-food consumables
are increasingly being obtained to produce medicines, flavors
and natural colors. In recent decades, advances in these
areas have positioned the functions of the agri-food sector
as essential to improve human health and quality of life
(Vargas Canales, 2023). Currently, the agri-food system is
experiencing widespread changes in business models and the use
of technologies (Ancín et al., 2022). The change, transformation
and renewal of the agri-food sector caused by the development
and evolution of society is inevitable and in the coming
years it will experience a strong reconfiguration driven by a
greater demand for foods with very specific characteristics and
by scientific and technological development (Vargas Canales,
2023).

For some years now, the global agri-food sector has shown
growing specialization aimed at crops with greater commercial
value in the national or international market (Vargas-Canales et al.,
2020, 2022b). This intensification of specialization responds to
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the logic of the theory of comparative advantage and is the basis
of the neoclassical theory of international trade (Costinot et al.,
2015). Consequently, to continue in international markets and
be competitive, a strong comparative advantage is necessary and
a high degree of specialization increases competitive advantages
(Kang, 2018). This process of agriculturization or intensification
of agriculture began with greater dynamism in the seventies and
radically modified the forms of production, land uses and the social
subjects involved (Gárgano, 2022). This production model implies
greater use of fossil fuels, agrochemicals, fertilizers, fresh water and
drives a massive concentration of wealth (Gárgano, 2023).

The aforementioned changes gradually caused local agri-food
systems to transform and respond to the interests and needs of
other populations outside the territories where they are produced.
For example, in Mexico the production of red fruits (González-
Ramírez et al., 2020), the development of global value chains has
subordinated traditional agri-food systems. In Brazil, the demand
from global markets and the growth of the livestock value chain
has important implications for sustainability (Guéneau, 2018). In
Indonesia, supermarket demand is causing the abandonment of
traditional food value chains (Vetter et al., 2019). The above is
determined by the constant demand of societies in the global
north to consume sumptuous foods (Vargas-Canales et al., 2023a).
That is, a small part of the population that concentrates more
than 60% of the net wealth maintains an extravagant demand
and consumption of unsustainable luxury goods (Ramírez, 2016).
In this economic dynamic, the production systems have been
subordinated to the market and it does not matter if they generate
a significant environmental burden or if they transform the
territories without considering their characteristics and evolution
(Vargas-Canales et al., 2020, 2022b).

It is worth mentioning that, in pre-Hispanic times, societies
maintained a balanced diet and after the arrival of the Europeans,
the diet increased in carbohydrates and decreased in proteins.
In addition, there was a transformation of ecosystems due to
the imposition of new agricultural and livestock production
systems (Martínez Martín and Manrique Corredor, 2014). Diet
was gradually modified and the great diversity of healthy foods
and genetic diversity were lost. Ancestral communities around the
world consume a greater variety of plant and animal species (Vega
Mejía et al., 2018). It was not understood that the true treasure
of the native peoples consisted of the advanced development
and technology of their food systems, which supported a circular
worldview of the world, where human beings lived in permanent
symbiosis with their natural environment (Torres Sandoval et al.,
2023).

Currently, the technological model of the agri-food sector
is configured by the current economic dynamics of efficiency,
productivity, profitability and competitiveness. Over time it
was restructured, responding to the capitalist idea and logic. In
the agri-food sector, scientific and technological development
presents an evident domination of the interests of certain
sectors and global actors. With very clear objectives aimed at
maximizing income, profitability and the rapid reproduction of
your capital (Vargas-Canales et al., 2023a). With an increasing use
of agrochemicals, pollution and depletion of natural resources.
The modern agri-food production system depends on the
use of synthetic pesticides and generates strong negative

externalities that affect health, the environment, ecosystem
services and production systems (Elizondo, 2020; Alliot et al.,
2022).

The monopolistic concentration of transnationals and the
current market rules, with the complicity of the State, have resulted
in a handful of powerful companies controlling food production
and prices (García and Bermúdez, 2016). In the globalized agri-
food system, competition shapes social and economic relations
in the processes of production, transformation, distribution
and consumption of food (Hernández Moreno and Villaseñor
Medina, 2014). Companies reproduce objectives and interests
oriented according to the formation of dominant groups in each
place (Fracarolli, 2021). Furthermore, agri-food systems aimed at
reproducing life, rather than profit, and with it the production of
healthy, nutritious, safe and culturally appropriate foods have been
marginalized and in some cases completely dismantled (Vargas-
Canales et al., 2023a).

Changes in dietary regimes and the replacement of traditional
production systems, harmonious with nature, with industrialized
ways of growing and processing food that threaten environmental
and human health have been promoted (Bermúdez and García,
2020). In that sense, it seems that science and technology
are only at the service of transnational corporations (Liaudat,
2020) and that their approaches are the only valid ones. The
problem with the above lies in the fact that the effects and
impacts of the scientific and technological development that it
generates on social, political, economic, cultural, environmental
and, above all, health issues are not known (Vargas Canales,
2016). It is necessary to mention that we have everything to
achieve healthy and adequate food production. It is pertinent
to mention that the production of healthy, safe and culturally
appropriate foods can be achieved without many complications.
There is great agrobiodiversity, for example, Mexico is one
of the most important centers of origin in domestication and
continuous improvement of food species (Bermúdez and García,
2020).

Continuing with the previous example, Mexico has unique
ecological, climatological, cultural, social and economic
characteristics worldwide to implement sustainable, highly
productive and diversified agri-food systems; with a production
capacity 365 days a year (Vargas-Canales et al., 2023a). Derived
from the above, it is important to increase scientific capacity,
expand research collaborations between the public and private
sectors, between farmers, emerging companies in value chains
and scientific communities, share research infrastructure and
data between the south and the north global (von Braun et al.,
2023). To achieve this, it is essential to promote systemic
interactions, formalize the flows and management of information
and knowledge among interested parties, facilitate the generation
and management of knowledge and innovation (Gardeazabal et al.,
2023).

4 Food and health

Currently, more food is produced than what we as a population
require to be well fed, however, hunger persists. Food loss and
waste along distribution chains is estimated to be 31% [Food
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and Agriculture Organization of the United Nations (FAO, 2019);
United Nations Environment Programme (UNEP, 2021)]. The
FAO (Food Agriculture Organization of the United Nations,
2011) has reported for more than a decade that consumers in
industrialized countries waste an amount of food equivalent to the
total food production of sub-Saharan Africa. The above indicates
that more food is produced than is required to feed the population
and that it is a matter of distribution, not production. Without a
doubt, the agri-food sector is essential to end poverty and guarantee
food security in developing countries (Dhahri and Omri, 2020).

However, it is estimated that 821 million people in the world
do not have enough food to live an active and healthy life. The
vast majority of the world’s hungry people live in developing
countries. Furthermore, 12.9 percent of the world’s population is
undernourished (Kiliç, 2022). At the same time, there are worrying
global trends inmalnutrition, including the rapid rise in overweight
and obesity (Wells et al., 2021; Vargas-Canales et al., 2023a).
The new nutritional reality comprises a global double burden of
malnutrition, where the challenges of food insecurity, nutritional
deficiencies and malnutrition coexist and interact with obesity,
sedentary behavior and unhealthy diets and environments that
encourage unhealthy behaviors (Wells et al., 2021). For example,
in Mexico it is estimated that 4.8% of children <5 years old were
underweight, 14.2% short in height, and 1.4% wasted (Cuevas-
Nasu et al., 2021). On the other hand, the combined prevalence
of overweight (39.1%) and obesity (36.1%) affects about 8 out of
10 people aged 20 years or older (Kánter, 2021). It is important to
mention that the above is one of the main threats to society today
and has become a global challenge (Wells et al., 2021).

The origin of the above is largely due to the transformations
of agri-food systems and the drastic change in the food regime,
caused by the specific historical relationships of capitalism (Vargas-
Canales et al., 2023a). The different food regimes are directly
linked to the historical periods of capital accumulation and in
this enormous historical expansion of the capitalist market the
favorable context was given to influence taste, massify consumer
trends and modify agri-food systems (Hiramatsu et al., 2023).
Global economic cycles are what determine economic models,
science and technology systems and therefore production systems,
and to be more efficient in the reproduction of capital, low
production costs and cheap food are required. Sustainable agri-
food systems have higher production costs (He et al., 2023). It
seems like there is no way to escape modern eating. Changes in
agri-food systems transformed the eating, health and wellbeing
habits of the population. The abandonment of traditional diets,
the consumption of processed products and sugary drinks have
increased caloric income per person per day in the last 50 years.
This situation, together with the growing sedentary lifestyle, has led
to the development of obesity and diseases associated with excess
malnutrition, mainly those of cardiometabolic origin (González-
Montero De Espinosa et al., 2017).

Globalization, the loss of biodiversity, the preference for
industrialized foods instead of traditional foods andmigration from
the countryside to the city have led to a drastic change in lifestyle,
such that currently there is a distancing important between the
degree of evolution of the genome Homo sapiens and its ancestral
environment (Román et al., 2013). All of this refers to the agri-food

system, the production and consumption of ultra-processed food,
with low nutritional levels, and the appropriation of agri-food
chains by companies that are more concerned with maintaining a
long life of food, rather than food quality (Liaudat, 2020). Recently,
a clear relationship has been detected between the consumption
of ultra-processed products and mortality (Brambila-Paz et al.,
2023). Processed foods have a high environmental cost and require
enormous amounts of water and agrochemicals (Vega Mejía et al.,
2018).

Furthermore, the consumption of modern foods involves
consuming sweeteners such as aspartame, especially in light and/or
diet products, recently classified as potentially carcinogenic by
the International Agency for Research on Cancer (IARC) [World
Health Organization (WHO, 2023)]. Aspartame is one of the most
widely used artificial sweeteners in the world and is an ingredient
in more than 5,000 food products (Landrigan and Straif, 2021).
Of course, there is great controversy about its effects and there is
research that the consumption of aspartame is not carcinogenic in
humans and that the inconsistent findings of the studies carried
out can be explained by flaws in the design and conduct of the
study (Haighton et al., 2019; Borghoff et al., 2023). However, others
suggest that all national and international public health agencies
urgently re-examine the health risk assessments of aspartame as
it is considered a high priority for its carcinogenicity in humans
(Landrigan and Straif, 2021).

There are many components of food modernity, such as ultra-
processed products, the use of agrochemicals to produce and
preserve food, and monocultures, which greatly affect health and
the environment. However, this analysis has a systemic approach
and its object of study is agri-food systems and specifically an
approach is made to the chemical substances used for agricultural
and livestock production (agrochemicals, antibiotics and growth
regulators). Currently, residues are being detected in practically all
food chains of various products, such as bread, cereals, vegetable
oil, fruit juices, fruits, beer, wine, honey, eggs and others (Khazaal
et al., 2022; Rivas-Garcia et al., 2022; Ambrus et al., 2023). These
types of substances are used massively in practically all agri-food
production processes. It is worth mentioning that there has been
evidence of their effects for several years; the problem is that
they are analyzed in isolation and with little connection to the
dynamics of agri-food systems and their implications for health and
wellbeing. In this sense, a critical analysis of agri-food systems is
developed with the purpose of encouraging the development of new
research on these complex problems from different perspectives.

In the case of agrochemicals, it is true that they are contributing
to the need to increase food production in current agriculture.
More than 1,000 pesticides are used worldwide to ensure that pests
do not damage or destroy food (WHO, 2022). Pesticide uses are
not limited to agriculture, they are also used to control household
pests, disease vector insects, and home gardening. But they are
highly toxic by nature and pose serious risks to human health and
the environment (Rani et al., 2021). It is estimated that around
385 million people get sick from the use of agrochemicals in the
world and 11,000 deaths occur per year (Boedeker et al., 2020;
Bär et al., 2022). People in Asia, Latin America and Africa are
especially affected, it is where sales of agrochemicals are increasing
and regulations are very lax (Bär et al., 2022). Additionally, about
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44% of farmers and farm workers are poisoned by pesticides each
year (Boedeker et al., 2020). Exposure to agrochemicals is extremely
destructive to flora, fauna and the environment (Rani et al., 2021).

Since 1990, human poisoning by agrochemicals was seen
as a serious public health problem (Boedeker et al., 2020).
Thirty years later, there is no updated picture of agrochemical
poisoning worldwide despite the increase in their use globally
(Boedeker et al., 2020). The use of agrochemicals worldwide has
transformed in the last two decades, but social science research
has not kept pace. For example, a huge generic sector has
emerged, changes in the geographies of agrochemical production
and the dynamics of the agri-food sector have led to greater
use of agrochemicals. Furthermore, decreased effectiveness due
to resistance to agrochemicals and low institutional support for
non-chemical alternatives have also driven the intensification of
conventional systems (Mansfield et al., 2023).

The problem with the increased use of agrochemicals is the
harmful effects they generate on health and the environment.
The main long-term effects of agrotoxics can be grouped into
those that directly affect the exposed individual, such as sterility,
aplastic anemia, cancer and various disorders, and those that are
observed in their offspring (teratogenesis, mutagenesis, alterations
of the immune system and/or of the central nervous system)
(Shah, 2020; Islam et al., 2021; Rani et al., 2021). People exposed
to pesticides are at increased risk of developing several types
of cancer, including non-Hodgkin lymphoma (NHL), leukemia,
brain tumors, and cancers of the breast, prostate, lung, stomach,
colorectal, liver, and urinary bladder (Shah, 2020). Evidence on
exposure to agrochemicals indicates an increase in the occurrence
of neurological syndromes or disorders. The most common
diseases related to the neurotoxic impact of agrochemicals are
Parkinson’s and Alzheimer’s (Islam et al., 2021; Rani et al.,
2021). In addition, they are related to respiratory disorders
that are expressed in lung diseases, such as asthma, bronchitis,
hypersensitivity pneumonitis and neuromuscular respiratory
failure among agricultural workers (Rani et al., 2021).

Diabetes mellitus is one of the main causes of death and
projections agree on a growing trend of the disease and associate
it with conditions of vulnerability (concentration of the population
in urban areas, decrease in physical activity, among others) and
genetics, related to changes in genes associated with human
evolution (Vera-Cruz, 2021). However, several studies confirmed
the correlation between exposure to agrochemicals and diabetes.
Herbicides have been linked to an increased risk of developing
diabetes (Jayaraman et al., 2023). That is, continuous contact with
agrochemicals amplified the risk of suffering from diabetes (Rani
et al., 2021). Glyphosate has been shown to negatively influence
endocrine function and exposure to glyphosate has a deleterious
effect causing skeletal muscle to become insulin resistant and
eventually developing type 2 diabetes mellitus (Jayaraman et al.,
2023).

Glyphosate has long been classified as a carcinogen.
Epidemiological evidence supports strong correlations between
glyphosate use in crops and a multitude of cancers that are
reaching epidemic proportions (Samsel and Seneff, 2015).
Likewise, maintaining prepubertal exposure to glyphosate alters
testosterone levels and testicular morphology. It is a situation

similar to what occurs in amphibians exposed to atrazine,
processes of demasculinization and feminization of male gonads
occur. Atrazine is one of the most used herbicides worldwide.
The problem is that exposure to atrazine in adult amphibians
has important reproductive consequences. Males exposed to
atrazine are demasculinized (chemically castrated), are completely
feminized, exhibit depressed testosterone, suppressed mating
behavior, reduced spermatogenesis, and decreased fertility (Hayes
et al., 2010).

Other illnesses related to food modernity are the increasingly
frequent cases of psychological and/or psychiatric problems, which
are also related to agrochemicals. There is an association between
exposure to glyphosate and biomarkers indicative of neurological
damage in adults (Yang et al., 2023). For example, maternal
exposure of mice to low doses of glyphosate induced behaviors
similar to depression, anxiety, and social deficits in the offspring
(Buchenauer et al., 2023). Furthermore, exposure to pesticides
leads to alterations in the profiles of the intestinal microbiota and
problems with anxiety and depression (Matsuzaki et al., 2023).
The gut microbiota is called the second human brain, as it plays
a key role in regulating the central nervous system and has been
correlated with alterations in major depressive disorder and other
psychiatric disorders (Yang et al., 2020).

Likewise, the main malformations presented are related
to the reproductive system, nervous system, musculoskeletal
system, transverse limb deficiencies, digestive system and other
malformations such as fetal growth restrictions, cleft palate and
congenital heart diseases (Costa et al., 2021). These expressions
of damage have been documented in different regions that use
some agrochemicals massively and indiscriminately. However, it is
true that methodologically it is very difficult to establish the causal
relationship of any of these indicators with the effects of chronic
exposure to these chemical agents (Rojas et al., 2000). For example,
in Brazil the highest rates of congenital anomalies were found in the
microregions of the states with the highest grain production and
may be due to the population’s exposure to agrochemicals (Dutra
and Ferreira, 2019).

In the livestock sector, recent analyzes identify the consumption
of commercial milk as a critical risk factor for breast cancer (Melnik
et al., 2023). It is also associated with bladder and prostate cancer,
although there is much controversy about the studiess (Dong
et al., 2011; Larsson et al., 2020). Regarding the protein of animal
origin that is consumed, the vast majority has high amounts of
antibiotics. Consequently, enormous resistance of microorganisms
to antibiotics is generated over time. Antibiotic resistance is a
natural phenomenon, although misuse in humans and animals is
accelerating the process. This problem is today one of the greatest
threats to global health, food security and development. Antibiotic
resistance prolongs hospital stays, increases medical costs and
increases mortality (WHO, 2020).

Animal production uses chemicals called growth promoters
such as steroid hormones, synthetic anabolics, growth hormone,
antibiotics and the use of genetically modified foods to accelerate,
alter or modify the animals’ metabolism, growth processes
and increase the production of meat. However, the impact of
these foreign substances on the human body, including their
pharmacokinetics and effects at the molecular level, requires
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investigation before establishing their apparent safety in humans
(Fajardo-Zapata et al., 2011). The use of growth promoters always
ends up causing the appearance of residues in foods of animal
origin (Hirpessa et al., 2020). In the case of hormones, the World
Health Organization suggests that very low values in relation to
daily human production could generate unwanted physiological
effects, and cause biological alterations, alter physiological effects,
and create important changes not yet identified (Fajardo-Zapata
et al., 2011).

An important aspect to consider is the permitted or suggested
consumption so as not to put human health at risk, which is the
mean lethal dose developed by John William Trevan since 1927.
Which is defined as the amount of the dose of a substance, radiation
or pathogen necessary to kill half of a set of test animals after a
given time (Pillai et al., 2021). It is a general indicator of the acute
toxicity of a substance that in some cases could be thought to be
very high and it is difficult to reach that dose. However, living
organisms do not completely discard what they consume, much less
chemicals. Living organisms begin a process of bioaccumulation
and biomagnification of these substances (Streit, 1992), that is, it
is known that there is no complete elimination and what is known
as bound waste that accumulates over time (Beek et al., 2005). The
drawback is that it is not known when the average lethal dose could
be reached and the effects of these processes on humans are not
known. However, it can be inferred that consequences similar to
those that occur in other long-term experimental species or in the
offspring could occur. If we do not pay attention to these long-term
processes in a short time, pandemic effects could occur.

Derived from the above, the agri-food modernity that is
experienced today is an illusion that systematically sickens
everything and gradually brings us closer to imminent annihilation.
Under these conditions and only related to the diet and agri-food
systems, it is practically impossible for Homo sapiens to express the
maximum genetic potential. Society in general has a low perception
of contamination risks from the use of agrochemicals, as well as
risks to human health and the environment (Polanco Rodríguez
et al., 2019; da Silva et al., 2020). Nor does it identify the risk
associated with the consumption of animal protein, especially with
respect to antibiotics and hormones. Furthermore, the long-term
effects of changes in behavior or health are less visible and analyzed.
On the other hand, it is true that as a species we are evolving and
co-evolving and we would have to adapt to these problems. The
drawback is that Homo sapiens does not have such a rapid capacity
for evolution and adaptation. Adapting to these drastic changes and
metabolizing agrochemicals requires thousands or millions of years
of evolution.

5 Recommendations and alternatives
on food and wellbeing

The lifespan of organisms can be extended through genetic,
dietary, and pharmacological interventions, but these effects can
be nullified by other factors (Podolskiy et al., 2020). In human
beings, 120–150 years of age corresponds to a complete loss of
resilience and is the fundamental or absolute limit of human life
(Pyrkov et al., 2021). The above coincides with other analyzes that
revealed that the limits of attainable longevity for humans are

close to 138 years (Podolskiy et al., 2020). However, in order to
express the maximum genetic potential, favorable economic, social
and environmental conditions are required, which are not present
today. In addition, life expectancy decreased with the pandemic
(Schöley et al., 2022) and theoretically it should increase with all
scientific and technological development.

It is true that there is a gradual development of greater
awareness about the constant crises caused by environmental,
economic, social and health problems. That is to say, there is
consensus in the scientific community that the current model can
lead to an environmental and health catastrophe in the long term
[Comisión Económica para América Latina y el Caribe (CEPAL,
2016)]. In that sense, it is convenient to think about sustainable
production systems that improve the health conditions of the
population. The above with the purpose of moving toward a state
in which the ecosystems improve their health conditions and can
carry out all their functions normally. It is also essential to think
about a state of wellbeing that allows peace, tranquility, stability
and social satisfaction to be achieved to achieve adequate physical,
emotional, and intellectual development.

Improving food systems to make them more sustainable and
resilient must be a priority more than ever (Boyacι-Gündüz
et al., 2021). In this sense, in order to be able to propose
alternatives for the future of the agri-food sector, it is convenient
to think about some possible global scenarios. And do it with
the vision of developing better production, nutrition, protecting
the environment and improving life (FAO, 2021). Everything
seems to indicate that the future will be determined by climate
change, natural disasters, pandemics, armed conflicts and greater
economic instability (Vargas-Canales et al., 2023a). Given this
adverse scenario, the challenge for the future is to guarantee the
level of wellbeing and consumption of the population and I believe
that it could be achieved as mentioned above with scientific and
technological development, but seeking a balance in two ways.

First, by offering appropriate technologies to address current
problems. That is, technology designed in accordance with
environmental, ethical, cultural, social, economic aspects and the
needs of users (Schumacher, 1973). The second way is through
the transformation of demands. In that sense, it is necessary to
change our food culture. A food culture that in recent years has
become one of the main sources of health problems and that has
important implications for climate change (Vargas Canales, 2023).
Given these scenarios, it is necessary to reorient agri-food markets
and promote their transition toward sustainability from demand
(Borsellino et al., 2020). That is, to heal, recover and improve agri-
food systems, it is necessary to completely detoxify the current
production dynamics and resume production systems that are
based on ethics for life. Hence, a transformation of all the links that
make up the agri-food sector is necessary, from production on the
land to our mouths (Bermúdez and García, 2020).

Additionally, propose alternatives that have low costs
(economic, social, and environmental) and that can be
implemented massively in the short term. That is, they must
be affordable so that the majority of the population can benefit. For
example, currently scientific development has health alternatives
such as organ reproduction in laboratories, artificial organ
transplants, muscle-skeletal tissue transplants, novel and effective
treatments to prevent, treat and eradicate cancer, however, they are
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very They are expensive and only a small part of the population
can access them. The best way to attack current health epidemics is
through prevention. That is, given the importance and relevance
that agri-food systems have for life, health and wellbeing, it is
essential that they adequately develop their functions of producing
food. Foods that do not make the population sick, healthy foods
free of agrochemicals, antibiotics, growth regulators, among others.

Derived from the above, the alternatives to start with
the dynamics of healing, recovering and improving agri-
food ecosystems and systems require resuming many of the
technological systems that have existed, but that at some historical
moment have been abandoned. Furthermore, it is essential
to complement them with the most innovative technological
developments. These are technological strategies that start from the
same philosophical current. These are technological models and
modes of production that can achieve an adequate symbiosis with
the environment, with communities, with economies and with the
planet. If they are disseminated, promoted and supported as part
of a comprehensive agri-food policy, it is possible for production
systems to be as productive, profitable and competitive as they
are today.

The first technological system is agroecology, that which can
be conceived as a possible epistemological core for a new food
model; because, as a social and technical paradigm, it contemplates
not only a technological proposal but also for the organization of
production with a different configuration of actors, technology,
marketing, participation of the State and communities and relations
of can. Agroecology can be considered pluriepistemological since
it does not rule out scientific knowledge, but does not give it
priority over other types of knowledge (Ruiz-Rosado, 2006; Gavito
et al., 2017; Borsellino et al., 2020). Agroecology is gaining more
and more ground and has proven to contribute positively to food
security, nutrition, organization and the economy (Bezner Kerr
et al., 2021, 2022). The second is family farming, which is the
central element of the proposals to achieve the food production
that we as a society require. It is aimed at the production of foods
of animal and plant origin in small production units with family
labor, allowing the reproduction of the activity in the community
and thereby safeguarding agri-food biodiversity and the sustainable
use of natural resources. This type of agriculture encompasses more
than 90% of agribusinesses around the world and has the capacity
to produce more than 80% of the food calculated globally, as a
requirement for society to live well (FAO, 2022). It also contributes
to reducing food waste and losses, since consumers have easier
access to quality products at affordable prices (Dal Moro et al.,
2022).

The third is organic agriculture and its methods that involve
considering harmony with the environment. Organic agriculture
is a global production management system that encourages
and facilitates the health of agroecosystems, biological diversity,
biological cycles and soil biological activity. This is achieved
by harmoniously applying agronomic, biological and mechanical
methods (Céspedes, 2005). Organic agriculture in recent years has
presented a constant growth trend with an annual rate of 10–
15% with positive impacts on economic and ecological problems
(Khodakivska et al., 2020). The fourth is the social solidarity

economy, which has as its goal the conscious construction of an

economic system. They are organized through social relations
of production and exchange based on the non-exploitation of
other people’s labor, on fair exchange, reciprocity, cooperative
competition, emulation, association, and recognition of the other
as a peer, without renouncing rights and personal interests, that are
legitimate (Coraggio, 1979, 2020). It is about generating well-being
and sustainability (Belmont et al., 2022). It involves new forms of
organization and business models that are capable of creating value
but that are based on sustainable agri-food systems (Jonker and
Faber, 2021).

Finally, component number five is agriculture 4.0, 5.0 and 6.0,
these consist of including and integrating the latest developments
based on digital technologies and the care and recovery of the
environment. Agriculture 4.0 or digital agriculture is based on
the use of sensors, the Internet of Things, drones, the intelligent
use of data and communications to use intelligent control devices
and the automation of facilities (Kovács and Husti, 2018; Klerkx
and Rose, 2020; Saiz-Rubio and Rovira-Más, 2020; da Silveira
et al., 2023a). Agriculture 5.0 is a second phase of domain or
application and offers highly interconnected and data-intensive
computer technologies and is oriented toward artificial intelligence,
autonomous decision-making systems in real time and focuses
on protecting the environment (Ragazou et al., 2022; Vargas-
Canales et al., 2022a; Juwono et al., 2023). These technologies offer
several benefits and positive impacts that are obtained from their
implementation and are focused on sustainability and care for the
environment (Rolandi et al., 2021; Bellon-Maurel et al., 2022).

Agriculture 6.0 is about offering specialized solutions based
on the protection of nature, the management and restoration
of ecosystems in order to increase the response of productive
environments and make them healthier (Neves, 2023; Schattman
et al., 2023). This version of the technology is the one that
is most compatible with the previous alternatives. It generally
includes regenerative agriculture, bioeconomy, circular economy,
recovery and reuse of nutrients, the use of biofuels and bioenergy,
some proposals for economic incentives and the cooperation and
collaboration of all agents in innovation systems (Maroušek et al.,
2023; Piscicelli, 2023; Vargas-Canales et al., 2023b; Zhu et al., 2023).
The above is essential to improve global health, reduce regional
disparities and improve protection against global health threats
(Sekar et al., 2021).

Consequently, if governments invest in research and
development to strengthen these technological alternatives
and their components and if incentives and stimuli are developed
for the population to adopt and adapt these technologies, in a not
so long period of time important results could be obtained in the
processes of healing, recovering and improving agri-food systems.
To achieve this, it is necessary to design and implement national
policies in which all actors related to health policies, agri-food
production, and education and research policies participate. In
addition, integrate large transdisciplinary work and research
groups, which make it possible to address problems and propose
alternatives from different perspectives. It is advisable to develop
forms of collective work that include values and contribute to
sustainable human development (Paoli Bolio, 2019). Subsequently
define programs for the dissemination and dissemination of
problems and/or controversies in relation to science, technology,
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agri-food systems, health and wellbeing with the aim of having
a true impact on society and genuine social appropriation
of knowledge.

6 Final considerations

The relationships between science, technology, agri-food
systems, health and wellbeing are clear and very evident. That
is, the economic model determines the type of scientific and
technological development in the agri-food sector and this has
important implications for health and wellbeing. There is research
that has documented the harmful effects of technological models on
health for decades. Which allows us to infer that scientific findings
on these relationships are denied, minimized and/or marginalized
because they go against the logic of the reproduction of capital.
It is correct to doubt their veracity, objectivity, neutrality and
harmlessness, however, there is a lack of dissemination, debates and
academic and public discussions about it. Furthermore, in the face
of controversies that could have a very strong impact on health,
the precautionary principle should be adopted and it should be
prohibited before there is conclusive scientific evidence of no risk.

Food today comes from an agri-food sector subordinated to an
economic and technological model. The poison (agrochemicals and
other molecules) ends up on everyone’s plates despite regulations,
accreditations, and certifications. Some effects have been identified
exactly, others are not clear, but consequences similar to those
that occur in other long-term experimental species or in offspring
would be expected and effects in pandemic proportions would be
expected. The most affected population is those with the lowest
income and who are found in Latin America, Africa, and Asia.
In these regions, it is urgent to improve regulations related to
agrochemicals and implement training for users on their uses and
possible consequences. In that sense, the alternatives proposed are
ideal to begin with the logic of healing, recovering and improving
agri-food systems to achieve the health and wellbeing of society and
the planet.

Under current conditions, only related to the diet, it is not
possible for the human genome to express its maximum potential
and for us to be able to increase life expectancy and thereby achieve
adequate physical, emotional and intellectual development. The
above positions the agri-food sector as the most priority and as a
society it must be valued or revalued with a vision of the future,
of sustainability and based on ethics for life. Furthermore, it is
imperative to begin with a total reconfiguration of technological
models and economic relations.

The society in general has little access to information related
to these issues and little knowledge of these problems and their
origins. Consequently, there is practically no ability to influence
scientific controversies of this type. Derived from the above, it is
important to implement outreach programs and public discussions
on these topics in order to achieve a true impact on society
and genuine social appropriation of knowledge. It is essential to
promote the integration and consolidation of broad work and
research groups. Furthermore, design and implement national
agri-food policies that stimulate the alternatives raised above and
address these serious problems in which all actors in the innovation
systems participate.

The potential benefits that could be expected from the
promotion and implementation of the proposed alternatives are
multiple and in general are the following: (1) improve and
increase the diversity of foods of the population, (2) improve
nutrition through culturally appropriate diets and of better quality,
(3) maintain the community, improve social cohesion and self-
organization, (4) increase species conservation and improve animal
and plant genetic diversity, (5) increase financial autonomy and
reduce dependence on external inputs and resources, (6) reduce the
use of agrochemicals and othermolecules used for food production,
and (7) improve food security, health and wellbeing. With the
correct planning and management, it could be achieved, in the
long term and with sufficient investment in research, to satisfy the
growing demand for healthy and innocuous foods.

The limitations of this work are that it lacks a deeper analysis
of these issues and their relationships in more regions and
countries. Furthermore, it is necessary to identify the dynamics
and culture of the different agri-food systems and their advantages
and disadvantages. For future research, it is important to continue
documenting this problem and develop more research with solid
evidence on the effects of agrochemicals on health. It is essential
that the health dimension be integrated as a category of analysis in
all research, evaluate the impact of the use of agrochemicals used
in different agri-food systems on the environment and health, and
monitor the content of agrochemicals in all agri-food product
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