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Sustainable food production covers a wide range of perspectives and embraces issues relating to environment,
economy and society. Sustainability of food production systems faces challenges ranging from environmental
degradation, resource competition to elevated food demands and integration of agriculture into the global
economy. Considering its far-reaching socio-economic implications, this review first provides an overview of key
characteristics that distinguish sustainable food production from conventional agricultural practices. In addition,

emerging green technologies in promoting sustainable food production are summarized. Among those modern
techniques, urban agriculture, next-generation plant-based foods and food nanotechnology are discussed in
detail. Finally, futuristic solutions and research work are proposed to provide guidance for designing sustainable

Agri-Food system.

1. Introduction

The Green Revolution, spanning from 1960 to 2000, is marked as an
exceptional phase of increased worldwide food security [1]. The period
was distinguished by a notable surge in global food production and
distribution as a result of rural agriculture intensification. This intensi-
fication is promoted by a combination of crop research advancement,
agricultural expansion, mechanization and massive use of synthetic
fertilizers, pesticides and genetically improved high-yielding crop spe-
cies [2]. Despite the advances in food production, certain negative im-
pacts on environmental and human health could not be negligible. For
instance, the transformation of forest into agricultural land or pasture
has led to the air and water pollution along with elevated greenhouse
gas emissions [3]. Excessive nitrogen and phosphorus usage has imposed
negative impacts on the aquatic environment. Eutrophication of
waterbodies arose due to agricultural watersheds runoff and nutrient
enrichment [4]. The development of inexpensive, energy-dense, low--
nutrient fast foods led to significant malnutrition in many parts of the
world [5]. Given the continuing degradation of soil and water alongside
the decline in biodiversity and ecosystem services within agricultural
landscapes, it is pivotal to refresh the concept of the Agri-Food system
and minimize their environmental footprint.

Agri-Food systems encompass the entire range of factors and

interconnected projects from food production, processing, distribution,
and consumption to disposal of food products [6]. Sustainable food
production, which is considered as philosophy of food farming system,
interacts with other key systems (i.e., energy system, trade system,
health system, etc.) and has received growing attention since last cen-
tury [7]. Fundamentally, it is rooted in values that reflect heightened
levels of awareness and empowerment, where short-term viabilities
should be in line with the long-term sustainability [8]. It is worthwhile
to notice that every operation and performance should be balanced and
co-optimized in terms of the environment, social and economic per-
spectives. Practically, the sustainable food production has the features of
reducing environmental impacts through effective utilization of mate-
rial, energy and manufacturing processes [9]. In terms of the social
aspect, sustainable food production delivers food security and nutrition
for future generations in such a way to link the local resources and the
resilient Agri-Food networks [10]. Subsequently, the economic aspect is
correlative with risk assessment and reduction, birth of enterprises,
development of low-cost and high-profit food products.

This review paper is structured as follows: in Section 1, the charac-
teristics and principles of sustainable food production are discussed to
understand its profound significance. Section 2 introduces the technol-
ogies employed for the long-term sustainability of food production.
Specifically, urban agriculture, next-generation plant-based foods, and
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food nanotechnology are discussed as three of the most emerging and
exciting technologies in food production sector. Finally, conclusions and
futuristic solutions are proposed to guide future work in this subject.

2. Characteristics of sustainable food production

Issues linked to conventional agricultural practices can be grouped
into two categories: (1) loss of wildlife to expand the arable land and (2)
intensive land use [11]. Therefore, sustainable food production has been
introduced as a method to alleviate the reliance on conventional agri-
culture [11]. Sustainable food production should be examined holisti-
cally and designed to boost three dimensions simultaneously: economic,
social and environmental. Therefore, to propose a new methodology (i.
e. gene editing techniques) or to leverage a new opportunity (i.e.
intelligent food packaging), decisions should be assessed against all
three dimensions [12,13]. Fig. 1 depicts a structural framework for the
design of a sustainable food production system [14]. Blockchain tech-
nology (BCT) based food supply chain is interwoven within three di-
mensions of sustainability: environment, society and economy. Six
themes in the sustainable food system framework are classified as: (1)
resilience and resource efficiency; (2) sustainable and healthy diets; (3)
circular economy; (4) profitability and efficiency; (5) sustainable supply
chains and fair trade; and (6) transparency, traceability and trust.
Notably, circular economy, as one of the emergent topics, plays a sig-
nificant role in resource consumption reduction, waste elimination,
economic development continuity and ensuring recycle, reuse, rema-
nufacturing, and reclamation within a closed system [15]. In addition,
life cycle assessment can be employed to support decision-making and
holistically investigate environmental impacts of emerging technologies
from “cradle to grave” within the sustainable food production system
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[16]. Despite the continuous progress, the key characteristics of sus-
tainable food production are worth more attention in view of the
increasingly complex food production challenges.

2.1. Innovation and adaptation

Compared with traditional food production, the sustainable food
production embraces emerging technologies and practices to achieve
continuous improvement [17,18]. The evolution of sustainable and
ethical food production system is guided by this characteristic in order
to fulfill the requirements of the current generation without compro-
mising the capacity of future generations to satisfy their own needs. The
characteristic of innovation and adaptation led to food production
advance in numerous ways, such as soil loss minimization, fossil fuels
usage reduction and genetic diversity maintenance [19,20].

2.2. Environmental stewardship

The second characteristic is environmental stewardship, where nat-
ural resources, such as water, land and energy, are utilized based on
designed strategies to maintain and improve the long-term availability
and stability [21,22]. It highlights the responsible and sustainable
management of natural resources to maximize their long-term perfor-
mance. It involves in minimizing environmental impact through
greenhouse gas emissions reduction, soil erosion minimization and
water conservation [23]. Strategies, such as renewable energy adoption,
synthetic pesticides and fertilizers reduction and groundwater protec-
tion, can stimulate the establishment of sustainable food production
[24].
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Fig. 1. Framework for the design of a sustainable food production system [14]. This figure was quoted and reused under the terms and conditions of the Creative

Commons public use license.
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2.3. Economic viability

The third characteristic is correlated with economic viability [24]. It
emphasizes the economic sustainability of farming and food production,
ensuring that producers can make a living while practicing sustainable
methods. Farming practice implementation, such as diverse crops and
practices, integrated pest management and conservation tillage etc., can
help reduce risks associated with crop failure and market fluctuations
[25]. In addition, processing raw agricultural products into value-added
products can boost their market value while minimizing resource
wastage. This can involve activities such as canning, packaging, and
creating specialty foods [26].

2.4. Social responsibility

The last characteristic is associated with social responsibility. Sus-
tainable food production emphasizes a fair and ethical labor practice,
including fair wages, safe working conditions and equal labor rights
[27]. In addition, biodiversity conservation and cultural preservation
should be included to protect natural resources and cultural varieties.
Furthermore, sustainable food production also calls for community
engagement to support small-scale family farming, which directly ben-
efits the local economy and reduces carbon footprint associated with
transportation [20,28]. It was reported that transportation of fruits and
vegetables could contribute up to half of the overall carbon emissions
[29]. Local food production facilitates the cultivation of food within or
near cities and shortens the food supply chain distance.

3. Green technologies for sustainable food production

Employment of green technologies in food production is significant
for creating a long-term sustainable and environmentally friendly sys-
tem via limiting resource consumption, enhancing productivity, and
minimizing environmental side impact [19,30]. A list of green tech-
nologies ensuring the long-term sustainability of food production are
illustrated in Table 1. Theoretically, it can be categorized into seven
primary groups. Many of the ideas have been proposed and employed at
the industrial level. However, it should be noted that most of the green
technologies require profound and long-term worldwide collaboration
[21,30]. The current review mainly investigates the role of urban agri-
culture, next-generation plant-based foods and food nanotechnology
since these are the three most emerging and exciting applications.

3.1. Urban agriculture

Urban agriculture is defined as a set of agricultural practices
including indoor agriculture, remote sensing, vertical agriculture, hy-
droponic, aeroponic, aquaponic and soilless agriculture, precision
agriculture etc. within the urban and peripheral area [31,32]. It is pri-
marily classified into two segments: commercial (for profit) and
gardening (non-profit), which includes various forms, productions, ac-
tivities, actors, motivations, experiences and objectives [33].

3.1.1. Features of urban agriculture

Urban agriculture touches on the three pillars of sustainable food
production: economics, society, and the environment [31]. From the
economics perspective, it contributes to a household’s income, offset
food expenditures and create jobs. Urban agriculture was found to
decrease the economic costs of waste stream by providing alternative
means for compostable waste processing [34]. From the society
perspective, urban agriculture has the feature of narrowing down
nutrient and water cycles in urban areas and moderating agricultural
production on less fertile soils [35]. Therefore, it has shown its capacity
to synergistically enhance urban food resilience and counteract urban
challenges and vulnerabilities in relation to food production, fostering
community networks and food supply chains in the agri-food business.

Journal of Agriculture and Food Research 15 (2024) 100988

Table 1
List of green technologies ensuring the long-term sustainability of food
production.

Green technologies Contents Reference

categories

Digital agriculture Data integration [102-104]
Disease/pest early warning

Robotics for precision farming

Climate forecasts

3D printing

Battery technologies

Traceability technologies

Urban agriculture Indoor agriculture

Remote sensing

Vertical agriculture

Precision agriculture

Hydroponic, aeroponic, aquaponic and
soilless agriculture

[1,40,43]

Plant-based alternatives
Cultured meat
Alternative protein sources

Alternative food sources [105,106]

Food nanotechnology Nano-enabled sensors and probes
Targeted delivery of agrochemicals
Nano-enabled smart and/or active food
packaging

Water treatment or resource recovery

[107-110]

Gene technology Whole-genome sequencing [111-113]
Genome editing

Plant phenomics

Synthetic biology

Genome-wide selection

Re-engineering photosynthesis

Disease/pest resistance

Novel nitrogen-fixing crops

Genome selection

Intensification Irrigation expansion [52,114,
Microalgae and cyanobacteria 115]

Seaweed

Resource use efficiency Resurrection plants [108,116,
Nitrogen use efficiency 117]
Next generation bioenergy solutions

By-product utilization

In addition, it can help to reduce the unequal distribution of environ-
mental burdens through global teleconnections of urban food demands
[34]. Finally, in terms of environmental benefits, urban agriculture can
play an important role in urban microclimate regulation, urban storm-
water regulation as well as reducing the energy embodied in food
transportation [36]. Moreover, it can fulfill environmental functions to
maximize urban biodiversity and degraded areas recovery, thereby
enhancing the performance of environmental services. It has been re-
ported that in highly urbanized developed nations, the interest in urban
agriculture as a sustainable alternative to traditional agriculture was
further emphasized due to its contribution as food sources in cities
where food supply had been cut during COVID-19 pandemic in 2019
[37,38].

3.1.2. New technologies for urban agriculture

Due to the limited farming area, cities were deemed as in-
compatibility with traditional agriculture [39]. Advancement in new
technologies significantly promotes the expansion of urban agriculture
with contemporary vertical farming techniques, which paves a way for
better management of space. Vertical farming is one of the urban agri-
culture techniques applied in indoor crop cultivation, where precise
controls can be achieved over factors such as lighting, temperature, and
nutrients [40]. Apart from the land and soil conservation, it essentially
reduces freshwater consumption in a cultivation setting and eliminates
the need for further sprawl of the conventional rural farms. An addi-
tional advantage of vertical farming is the absence of harmful pesticides
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and herbicides in the produced food. In a controlled indoor farming
system, the potential for pest infestation is minimized, leading to
enhanced overall sustainability [41,42].

In addition, biotechnological progress has evolved and contributed
to the development of diverse crop varieties that thrive in specific
conditions or urban settings [43]. Limited space and high operational
costs are two major challenges in terms of urban agriculture. Developing
plants with compact architecture and accelerated life cycle can be used
to address these challenges. Kwon et al. identified the regulator in to-
mato stem length and employed one-step CRISPR-Cas9 genome editing
technique to create a smaller plant size that can produce fruits within a
reduced time frame [43]. Similarly, genome editing has been applied for
the stress resistance, fruit yield and quality improvement and tomato
cultivars customization for urban agriculture applications [44,45].
Kumar et al. demonstrated that the enhanced stem thickness with
declined tiller number would be the key for the crop mainstreaming in
the urban agriculture setting. Dynamic genetic elements such as
microRNAs, transposable elements, cis-regulatory elements and epige-
netic changes can be applied to reshape the urban agriculture evolve-
ment [46].

3.2. Next-generation plant-based foods

Throughout the past few years, there is a growing trend in plant-
based foods in replacing the traditional animal-sourced food products,
such as meat, seafood, egg, and dairy products [47-49]. Different from
the conventional plant-based foods (i.e. fruits, vegetables, cereals, and
tofu), next-generation plant-based foods are the food products formu-
lated using plant-based ingredients. At present, the next-generation
plant-based foods are designed to mimic the desirable physicochem-
ical properties, sensory, quality and functional attributes of the
animal-sourced products [50]. The trend of plant-based diet was mainly
driven by the consumer concerns on the animal welfare, sustainability
and climate change since the production of traditional animal-sourced
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foods are associated with serious environmental footprints, such as
deforestation, greenhouse gas emissions and water usage, etc. [51]. One
potential solution for creating a more sustainable and efficient agricul-
tural system involves employing compounds derived from biological
sources. Among these products, microalgal and cyanobacterial biomass
(or their extracts) have attracted increasing attention due to their po-
tential sustainability and nutritional value [52]. Compared to traditional
agriculture, microalgae and cyanobacterials can be cultivated in a
controlled environment, requiring minimal land or freshwater, and can
be used as a source of various bioactive compounds, such as proteins,
polysaccharides, free fatty acids, phenolic compounds, etc.

3.2.1. Plant-based ingredients

The ingredients are considered to play a pivotal role in determining
the physicochemical, sensory and gastrointestinal characteristics of
plant-based foods [53]. Theoretically, they can be classified into three
major categories: proteins, carbohydrates and lipids. The most
widely-used proteins, carbohydrates and lipids found in plant-based
foods are illustrated in Fig. 2 [54]. Among them, protein ingredients
are typically recognized as the most significant due to their desirable
functions in emulsifying, structuring, gelling and nutritional values
[55]. Apart from the direct extraction from plants, it was reported that
plant protein ingredients can also be generated through microbial
fermentation, which is considered as an innovative and emerging field in
cellular agriculture [56]. Undergoing reshaping processes (i.e., stretch-
ing, kneading, trimming, pressing, folding, extrusion, etc.), plant pro-
teins can be used to mimic the texture of meat products [51,55].
However, when selecting a suitable plant-based protein to replace
properties of animal protein, factors such as off-flavor, solubility, sta-
bility, purity and cost are of great importance. It should also be noted
that the selected proteins are digestible and supply the entire range of
essential amino acids [57].

Carbohydrate components utilized in plant-based formulation
encompass diverse simple carbohydrates (such as sucrose and glucose)
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and polysaccharides (such as starch, fiber, gum and modified cellulose).
They can provide fundamental properties (such as reducing power,
hydration, gelation, dehydration and degradation) and functional be-
haviors (such as rheological behaviors, phase behaviors, thermos-
responsive behaviors, flavoring and coloring behaviors) in the plant-
based food matrices [54]. Therefore, carbohydrates have been re-
ported as promising texture modifier, fat replacer, animal skin and tissue
simulator in previous plan-based food studies [58-60]. Specifically,
algal, seaweeds, apples, corns and various seeds are deemed as the
common sources for plant-based carbohydrates (agar, alginate, carra-
geenan, pectin, xanthan and guar gum) [54]. Since the taste, texture and
mouthfeel of meat are closely related to the physicochemical properties
of its structural ingredients, it’s essential to deliberately combine
selected carbohydrates with other plant-based ingredients to enhance
the overall sensory values of the final product. For instance, previous
studies uncovered the possibilities of using p-cyclodextrin to mask the
off flavor of soybean proteins [61,62].

Lipids can originate from an array of plant-derived sources, such as
avocado, canola, coconut, corn, soybean and sunflower [63]. Compared
with animal lipids, in addition to the environmental sustainability, the
most favorable feature of plant-based lipids is lower saturated fat and
cholesterol-free [50,64]. Nevertheless, a major difficulty in stimulating
the physicochemical feature of animal lipids is that most plant-based
lipids are composed of high level unsaturated fatty acids with rela-
tively low melting points. Thereby, they are liquid-like under ambient
temperature and fail to mimic the sensory attributes of animal lipids
with high levels of saturated fatty acid [50]. It has been reported that
melting point of unsaturated fats could be increased through hydroge-
nation, where hydrogen atoms can link and thus decrease the number of
double bonds in the fatty acids [65,66]. However, more rigorous
research and studies are needed to optimize crystallization/melting
properties of plant-based lipids to supply the necessary mechanical
characteristics, especially for the plant-based cheese formulation.

3.2.2. Plant-based food products

A wide range of characteristics, spanning from low viscosity fluids
(milk analogs), high viscosity fluids (heavy cream or mayonnaise ana-
logs) to viscoelastic solids (meat, fish, egg, or cheese analogs) could be
found in the plant-based food sector [67]. It is critical to study the pri-
mary elements influencing the physical and chemical characteristics of
plant-based food formulation since a wide spectrum of ingredients
interacting with each other at molecular levels. McClements et al.,
summarized the physicochemical principles underlying the appearance,
texture, stability, retention/release, oral processing and sensory attri-
butes of plant-based foods [50]. They pointed out that biopolymers (i.e.,
proteins and polysaccharides) and colloids (i.e., protein aggregates, fat
droplets, fat or ice crystals, starch granules and air bubbles) are the most
important functional constituents in the plant-based foods. The nature of
biopolymers and colloidal particles, i.e. size, composition, interfacial
property, structure-functional property etc., ultimately established the
physicochemical attributes of plant-based foods [68]. For example, the
optical characteristics of plant-based milk can be improved by altering
the concentration and size of the fat droplets in the colloidal system
[69]. Polysaccharides within the plant-based milk system can play a role
in thickening the aqueous phase to provide the desirable mouthfeel and
textural attributes as a result of the extended conformations in water
[70]. Quality attributes (such as long shelf-life and limited phase sepa-
ration) can also be modulated by the addition of polysaccharides in the
plant-based milk system.

In terms of the viscoelastic solid food products, such as plant-based
cheese, rather than proteins, starches are the main functional in-
gredients due to their thickening, gelling and water-holding properties
[71,72]. Upon heating in water, a gel may be formed as a result of
swelling starch granules and increased viscosity. During cooling, water
and additional ingredients can be confined within the three-dimensional
structure established by the hydrogen bonded starch molecules. To
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further mimic the molecular interactions in dairy-based cheeses,
multivalent cations can be introduced into heat-treated plant-based
milks to fulfill a similar function to calcium in traditional milk [73].
Likewise, enzyme crosslinking is another strategy to solidify plant-based
milks, leading to their transformation into a curd-like consistency [74,
75].

3.3. Food nanotechnology

Nanotechnology encompasses the creation, design and utilization of
materials featured by critical dimensions scales ranging from 1 to 100
nm but extended up to around 1000 nm occasionally [76]. It is
considered that characteristics of nanomaterials diverge from those of
standard materials owing to the reduced dimensions, increased specific
surface areas and altered surface reactivities [77,78]. Hence, nano-
technology enables the development of novel materials endowed with
new or enhanced functional properties, which can be leveraged to
enhance the sustainable food production system.

3.3.1. Novel applications

Food nanotechnology provides opportunities to promote sustainable
food production by developing nano-enabled sensors [79], enhancing
pesticide and fertilizer performance [80] and remediation of contami-
nated soils [81]. Fig. 3 summarizes an overview of nanotechnology
applications in sustainable food production.

Biosensors refer to a combined mechanism of receptor and trans-
ducer. They are utilized for detecting the physical and chemical char-
acteristics of a target substance by utilizing biological or organic
elements that identifies and detects specific biological analytes within
the medium. Nano-enabled sensors are next generation of biosensors,
which have been designed for the non-invasive detection of contami-
nants, glucose, small organic molecules, pigment additives and adul-
terants in Agri-Food system [79,82]. Other advantages are associated
with low requirements on sample volumes and facile sample preparation
steps when compared with traditional techniques. Advances in this area
are expected to proceed since a wide spectrum of detection techniques
(i.e. electronic, colorimetric, fluorometric or mass changes) can be
provided via the nano-enabled sensor [78]. In addition, it has been re-
ported that combination with microfluidic devices and cantilever arrays,
multianalyte array sensors can be achieved to further amplify sensitivity
and selectivity, empower the detection of target analytes (i.e. an anti-
gen, target DNA, urea, glucose or a pesticide) at femtomolar level [83].

In terms of nanotechnologies for food pathogen control, the elevated
surface to volume ratio of nanomaterials (such as silver, zinc oxide, and
titanium dioxide nanoparticles) can improve the antimicrobial effi-
ciency through enhanced reactive oxygen species production [84,85]. In
addition, selective targeting to specific pathogens can be obtained
through surfaces modification with antibodies [86]. Various antimi-
crobial nanocomposites have been developed to offer extended preser-
vation during transportation and considerably prolong the shelf life of
perishable food products [87]. Moreover, there is a burgeoning area of
research focused on crafting nano-enhanced formulations for agro-
chemicals delivery [88]. The developed nano formulations improve the
stability of active ingredients and facilitate precise and controlled
release at the ideal operational concentration. Delivery of bio-fertilizer
is one of the most significant applications in the agrochemical delivery
sector [89-91]. They are fabricated as controllable and customizable
fertilizers with developed functionality and efficiency. Nano-enhanced
formulations are employed to optimize soil nutrient management,
improve nutrient absorption efficiency, alleviates nutrient resource
depletion, and thus promote a sustainable Agri-Food system cycle. In
addition, progress have also been found in nano-enabled formulation for
pheromones [92], plant growth regulators [93] and nucleic acid pesti-
cides [94] delivery using natural and biodegradable fabricated
nanocarrier.

Due to the features of the enormous specific surface area,
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nanotechnology-based materials have been employed in the area for
contaminants elimination in polluted soils. The mechanisms are mainly
involved in adsorption, redox reaction, precipitation and co-
precipitation [81,95]. In addition, nano-remediation technologies
have been proposed and discussed in recent studies [95,96]. It is
considered that with the aid of nanoparticles, biodegradation could be
amplified by hyperaccumulators and indigenous soil microbes, which
ultimately augment the potential of nano-remediation technologies. The
primary benefits include cost savings, accelerated cleanup timelines and
full decomposition of certain pollutants [96]. However, it is worth
noting that application of nanoparticles may alter the soil pH levels,
which is correlated with the soil health, plant nutrient accessibility and
microbial activity. A few recent review articles are available concerning
the application of nanomaterials for soil remediation and point out that
future work should take various factors (i.e., cost, treatment depth, soil
characteristics and subsequent toxicological effects) into account to
select the best method for soil decontamination and remediation
[97-99].

3.3.2. Barriers and overlapping challenges

Nanotechnology-enabled food production system is at the pre-
liminary phase of growth, however, it is promising in improving the
efficiency of Agri-Food system and reducing the environment pollution
[771. As discussed above, one of the main reasons of utilizing nano-
particles in the food industry is correlated with small particle size,
allowing them to breach biological barriers more efficiently compared to
larger ones. These traits are advantageous for acquiring new or
enhanced qualities in food products, however, unforeseen adverse ef-
fects demand further research and investigation. Likewise, some other
scientific challenges in engineering and technoeconomic aspects
include: (1) competition with traditional formulations in terms of per-
formance, cost, scalable manufacturing technology and potential
commercialization prospects [78]; (2) safety and public perception

considerations regarding nanomaterials utilization in water systems
[100]; (3) life-cycle issues such as biodegradability and recyclability of
original materials, manufacturing of nano-enabled structures at large
scales as well as the potential hazards of engineered nano-sized mate-
rials in the ecosystem [101]; (4) application in complex matrices/sys-
tems and unleash its potential as selective, sensitive, robust and durable
nanomaterial for use in highly complex soil, water, food or waste
matrices; (5) the long-term efficiency of nanotechnology-infused solu-
tions must be evaluated systematically [93]; (6) implementation of clear
policies and public awareness of new technologies to facilitate its
continued advancement.

4. Conclusions

The relationships among economy, social and environment have
become increasingly vital. Sustainable food production offers state-of-
the-art techniques to guarantees the long-term prosperity in the Agri-
Food sector. Characteristics, such as innovation, adaptation, environ-
mental stewardship, economic viability and social responsibility, are the
essences of the modern sustainable food production. Meanwhile, it is
noteworthy to acknowledge that elevating productivity in a sustainable
manner demands greater emphasis on innovative research, product
development and concerning education. In order to achieve continuous
success, collaborative efforts at regional, national and international
levels are needed to unleash the potential of Agri-Food system.

A variety of technologies as outlined above can be employed to
facilitate sustainable food production while securing sufficient food
supplies to satisfy the ever-growing global population. Commercial
urban agriculture, establishing itself as a crucial activity for the local
production of nutritionally adequate foods, reduces the costs in the food
supply and distribution as well as improves the access to food by the
local market. Nonetheless, the hidden complexity underneath the urban
food supplies and the teleconnections of environmental externalities
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should be considered in urban land-use planning. Importantly, the na-
ture of agriculture in one specific city should be highlighted by the
distinctive traits of that city due to its significant contributions to the
sustainable city discourse. Next-generation plant-based foods are
compositionally and structurally complex food matrixes and formulated
to mimic certain physicochemical and functional properties. Thus, it is
crucial to develop a more comprehensive study of how the composition
and structure of these foods interrelate with their cookability, appear-
ance, stability, texture, mouthfeel, flavor and gastrointestinal fate. In
addition, holistic research is required to develop food products with
enhanced nutritional values and commercial viabilities. In particular, it
is of great significance to develop plant-based foods fortified with
bioavailable forms of nutrients that might be deficient in a plant-based
diet, such as iron, vitamin B12, vitamin D, omega-3 fatty acids, cal-
cium and zinc. Inspired by nanotechnology, the sustainable food pro-
duction achieved notable breakthroughs in the development of nano-
enabled sensors and probes, food pathogen control and agrochemical
delivery etc. Key concerns for the upcoming decades involve the po-
tential adverse impacts of nano-enabled particles on both ecological
systems and human health. For example, increased absorption of spe-
cific compounds may result in bioaccumulation and trigger detrimental
effects. Therefore, deeper understanding of nano-enabled materials as
well as their circulation and accumulation throughout the whole
ecological system are demanded to ensure a safe design of sustainable
Agri-Food system.

CRediT authorship contribution statement

Bai Qu: Writing — review & editing, Writing — original draft,
Conceptualization. Zhenlei Xiao: Writing — review & editing, Writing —
original draft, Conceptualization. Abhinav Upadhyay: Writing — review
& editing, Writing — original draft. Yangchao Luo: Writing — review &
editing, Writing — original draft, Supervision, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
No data was used for the research described in the article.

References

[1] D.T. Armanda, J.B. Guinée, A. Tukker, The second green revolution: innovative
urban agriculture’s contribution to food security and sustainability—A review,
Global Food Secur. 22 (2019) 13-24.

[2] G. Conway. The Doubly Green Revolution: Food for All in the Twenty-First
Century, Cornell University Press, New York, 2019.

[3] N. Iram, E. Kavehei, D.T. Maher, S.E. Bunn, M. Rezaei Rashti, B.S. Farahani, M.
F. Adame, Soil greenhouse gas fluxes from tropical coastal wetlands and
alternative agricultural land uses, Biogeosciences 18 (2021) 5085-5096.

[4] P.A. Horta, L.R. Rorig, G.B. Costa, J.B. Barulffi, E. Bastos, L.S. Rocha, G. Destri, A.
L. Fonseca, Marine eutrophication: overview from now to the future,
Anthropogenic Pollution of Aquatic Ecosystems, Springer, 2021, pp. 157-180.

[5] O. Huse, E. Reeve, P. Baker, D. Hunt, C. Bell, A. Peeters, K. Backholer, The
nutrition transition, food retail transformations, and policy responses to
overnutrition in the East Asia region: a descriptive review, Obes. Rev. 23 (2022)
el3412.

[6] B. Notarnicola, S. Sala, A. Anton, S.J. McLaren, E. Saouter, U. Sonesson, The role
of life cycle assessment in supporting sustainable agri-food systems: a review of
the challenges, J. Clean. Prod. 140 (2017) 399-409.

[7] H. Eakin, J.P. Connors, C. Wharton, F. Bertmann, A. Xiong, J. Stoltzfus,

Identifying attributes of food system sustainability: emerging themes and

consensus, Agric. Hum. Val. 34 (2017) 757-773.

K. Hakio, T. Mattelméki, Future skills of design for sustainability: an awareness-

based co-creation approach, Sustainability 11 (2019) 5247.

[9] G.G. Dranka, P. Ferreira, A.LF. Vaz, A review of co-optimization approaches for
operational and planning problems in the energy sector, Appl. Energy 304 (2021)
117703.

[8

—

[10]
[11]
[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]
[31]
[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Journal of Agriculture and Food Research 15 (2024) 100988

H. El Bilali, C. Callenius, C. Strassner, L. Probst, Food and nutrition security and
sustainability transitions in food systems, Food Energy Secur. 8 (2019) e00154.
M.A. Altieri, C.I. Nicholls, The adaptation and mitigation potential of traditional
agriculture in a changing climate, Climatic Change 140 (2017) 33-45.

B. Purvis, Y. Mao, D. Robinson, Three pillars of sustainability: in search of
conceptual origins, Sustain. Sci. 14 (2019) 681-695.

P. Beske, A. Land, S. Seuring, Sustainable supply chain management practices and
dynamic capabilities in the food industry: a critical analysis of the literature, Int.
J. Prod. Econ. 152 (2014) 131-143.

J.F. Wiinsche, F. Ferngvist, The potential of blockchain technology in the
transition towards sustainable food systems, Sustainability 14 (2022) 7739.

M. Kouhizadeh, Q. Zhu, J. Sarkis, Blockchain and the circular economy: potential
tensions and critical reflections from practice, Prod. Plann. Control 31 (2020)
950-966.

S.M. Moni, R. Mahmud, K. High, M. Carbajales-Dale, Life cycle assessment of
emerging technologies: a review, J. Ind. Ecol. 24 (2020) 52-63.

N. Uphoff. Agroecological Innovations: Increasing Food Production with
Participatory Development, Earthscan Publications, Virginia, 2013.

L. Klerkx, N. Aarts, C. Leeuwis, Adaptive management in agricultural innovation
systems: the interactions between innovation networks and their environment,
Agric. Syst. 103 (2010) 390-400.

F. Chemat, N. Rombaut, A. Meullemiestre, M. Turk, S. Perino, A.-S. Fabiano-
Tixier, M. Abert-Vian, Review of green food processing techniques. Preservation,
transformation, and extraction, Innovat. Food Sci. Emerg. Technol. 41 (2017)
357-377.

G. Berti, C. Mulligan, Competitiveness of small farms and innovative food supply
chains: the role of food hubs in creating sustainable regional and local food
systems, Sustainability 8 (2016) 616.

M. Herrero, P.K. Thornton, A.M. Notenbaert, S. Wood, S. Msangi, H. Freeman,
D. Bossio, J. Dixon, M. Peters, J. van de Steeg, Smart investments in sustainable
food production: revisiting mixed crop-livestock systems, Science 327 (2010)
822-825.

G. Rasul, Managing the food, water, and energy nexus for achieving the
sustainable development goals in south asia, Environmental development 18
(2016) 14-25.

B.K. Williams, Adaptive management of natural resources—framework and
issues, J. Environ. Manag. 92 (2011) 1346-1353.

V. Kaswan, M. Choudhary, P. Kumar, S. Kaswan, P. Bajya, in: P. Ferranti, E. Berry,
A. Jock (Eds.), Green Production Strategies, Encyclopedia of Food Security and
Sustainability, Elsevier, 2019, pp. 492-500.

Y. Bitew, M. Abera, Conservation agriculture based annual intercropping system
for sustainable crop production: a review, Indian J. Ecol. 46 (2019) 235-249.
Q. Jin, L. Yang, N. Poe, H. Huang, Integrated processing of plant-derived waste to
produce value-added products based on the biorefinery concept, Trends Food Sci.
Technol. 74 (2018) 119-131.

L. Reisch, U. Eberle, S. Lorek, Sustainable food consumption: an overview of
contemporary issues and policies, Sustain. Sci. Pract. Pol. 9 (2013) 7-25.

L. Enthoven, G. Van den Broeck, Local food systems: reviewing two decades of
research, Agric. Syst. 193 (2021) 103226.

W. Wakeland, S. Cholette, K. Venkat. Food Transportation Issues and Reducing
Carbon Footprint, Green Technologies in Food Production and Processing,
Springer, 2011, pp. 211-236.

C.A. Edwards. The Importance of Integration in Sustainable Agricultural Systems,
Sustainable Agricultural Systems, CRC Press, 2020, pp. 249-264.

C. Eigenbrod, N. Gruda, Urban vegetable for food security in cities, A review,
Agronomy for Sustainable Development 35 (2015) 483-498.

G.A. Azunre, O. Amponsah, C. Peprah, S.A. Takyi, I. Braimah, A review of the role
of urban agriculture in the sustainable city discourse, Cities 93 (2019) 104-119.
L.J. Pearson, L. Pearson, C.J. Pearson. Sustainable Urban Agriculture: Stocktake
and Opportunities, Urban Agriculture, Routledge, 2011, pp. 7-19.

J. Langemeyer, C. Madrid-Lopez, A.M. Beltran, G.V. Mendez, Urban
agriculture—a necessary pathway towards urban resilience and global
sustainability? Landsc. Urban Plann. 210 (2021) 104055.

D. de Oliveira Alves, L. de Oliveira, Commercial urban agriculture: a review for
sustainable development, Sustain. Cities Soc. 87 (2022) 104185.

K. Ackerman, M. Conard, P. Culligan, R. Plunz, M.-P. Sutto, L. Whittinghill,
Sustainable food systems for future cities: the potential of urban agriculture,
Econ. Soc. Rev. 45 (2014) 189-206.

A.M. Shah, G. Liu, F. Meng, Q. Yang, J. Xue, S. Dumontet, R. Passaro, M. Casazza,
A review of urban green and blue infrastructure from the perspective of food-
energy-water nexus, Energies 14 (2021) 4583.

R. Fox-Kémper, C.K. Kirby, K. Specht, N. Cohen, R. Ilieva, S. Caputo, V. Schoen, J.
K. Hawes, L. Ponizy, B. Béchet, The role of urban agriculture in food-energy-water
nexus policies: insights from Europe and the US, Landsc. Urban Plann. 239 (2023)
104848.

F. Orsini, G. Pennisi, N. Michelon, A. Minelli, G. Bazzocchi, E. Sanyé-Mengual,
G. Gianquinto, Features and functions of multifunctional urban agriculture in the
global north: a review, Front. Sustain. Food Syst. 4 (2020) 562513.

K. Benke, B. Tomkins, Future food-production systems: vertical farming and
controlled-environment agriculture, Sustain. Sci. Pract. Pol. 13 (2017) 13-26.
M.H.M. Saad, N.M. Hamdan, M.R. Sarker, State of the art of urban smart vertical
farming automation system: advanced topologies, issues and recommendations,
Electronics 10 (2021) 1422.

R. R Shamshiri, F. Kalantari, K. Ting, K.R. Thorp, .A. Hameed, C. Weltzien,

D. Ahmad, Z.M. Shad, Advances in Greenhouse Automation and Controlled


http://refhub.elsevier.com/S2666-1543(24)00025-5/sref1
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref1
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref1
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref2
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref2
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref3
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref3
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref3
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref4
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref4
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref4
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref5
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref5
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref5
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref5
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref6
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref6
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref6
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref7
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref7
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref7
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref8
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref8
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref9
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref9
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref9
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref10
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref10
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref11
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref11
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref12
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref12
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref13
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref13
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref13
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref14
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref14
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref15
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref15
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref15
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref16
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref16
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref17
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref17
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref18
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref18
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref18
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref19
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref19
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref19
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref19
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref20
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref20
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref20
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref21
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref21
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref21
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref21
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref22
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref22
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref22
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref23
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref23
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref24
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref24
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref24
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref25
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref25
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref26
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref26
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref26
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref27
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref27
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref28
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref28
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref29
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref29
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref29
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref30
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref30
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref31
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref31
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref32
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref32
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref33
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref33
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref34
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref34
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref34
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref35
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref35
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref36
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref36
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref36
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref37
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref37
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref37
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref38
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref38
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref38
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref38
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref39
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref39
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref39
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref40
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref40
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref41
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref41
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref41
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref42
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref42

B. Quet al.

[43]

[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Environment Agriculture: A Transition to Plant Factories and Urban Agriculture
11 (2018) 1-22.

C.-T. Kwon, J. Heo, Z.H. Lemmon, Y. Capua, S.F. Hutton, J. Van Eck, S.J. Park, Z.
B. Lippman, Rapid customization of Solanaceae fruit crops for urban agriculture,
Nat. Biotechnol. 38 (2020) 182-188.

J. Xu, K. Hua, Z. Lang, Genome editing for horticultural crop improvement,
Horticult. Res. 6 (2019) 113.

T. Wang, H. Zhang, H. Zhu, CRISPR technology is revolutionizing the
improvement of tomato and other fruit crops, Horticult. Res. 6 (2019) 77.

K. Kumar, S.N. Mandal, B. Pradhan, P. Kaur, K. Kaur, K. Neelam, From evolution
to revolution: accelerating crop domestication through genome editing, Plant Cell
Physiol. 63 (2022) 1607-1623.

J. Aschemann-Witzel, R.F. Gantriis, P. Fraga, F.J. Perez-Cueto, Plant-based food
and protein trend from a business perspective: markets, consumers, and the
challenges and opportunities in the future, Crit. Rev. Food Sci. Nutr. 61 (2021)
3119-3128.

M.C. Onwezen, E.P. Bouwman, M.J. Reinders, H. Dagevos, A systematic review
on consumer acceptance of alternative proteins: pulses, algae, insects, plant-based
meat alternatives, and cultured meat, Appetite 159 (2021) 105058.

D.J. McClements, E. Newman, I.F. McClements, Plant-based milks: a review of the
science underpinning their design, fabrication, and performance, Compr. Rev.
Food Sci. Food Saf. 18 (2019) 2047-2067.

D.J. McClements, L. Grossmann, Properties and Functionality of Plant-Based
Ingredients, Next-Generation Plant-Based Foods: Design, Production, and
Properties, Springer, 2022, pp. 23-88.

N.R. Rubio, N. Xiang, D.L. Kaplan, Plant-based and cell-based approaches to meat
production, Nat. Commun. 11 (2020) 6276.

A.L. Gongalves, The use of microalgae and cyanobacteria in the improvement of
agricultural practices: a review on their biofertilising, biostimulating and
biopesticide roles, Appl. Sci. 11 (2021) 871.

A. Ishagq, S. Irfan, A. Sameen, N. Khalid, Plant-based meat analogs: a review with
reference to formulation and gastrointestinal fate, Curr. Res. Food Sci. 5 (2022)
973-983.

M. Huang, T. Mehany, W. Xie, X. Liu, S. Guo, X. Peng, Use of food carbohydrates
towards the innovation of plant-based meat analogs, Trends Food Sci. Technol.
129 (2022) 155-163.

D.J. McClements, L. Grossmann, A brief review of the science behind the design of
healthy and sustainable plant-based foods, NPJ science of food 5 (2021) 17.

F. Boukid, A. Hassoun, A. Zouari, M.C. Tiilbek, M. Mefleh, A. Ait-Kaddour,

M. Castellari, Fermentation for designing innovative plant-based meat and dairy
alternatives, Foods 12 (2023) 1005.

J.C. Craddock, A. Genoni, E.F. Strutt, D.M. Goldman, Limitations with the
digestible indispensable amino acid score (DIAAS) with special attention to plant-
based diets: a review, Current Nutrition Reports 10 (2021) 93-98.

K. Kyriakopoulou, J.K. Keppler, A.J. van der Goot, Functionality of ingredients
and additives in plant-based meat analogues, Foods 10 (2021) 600.

J. He, N.M. Evans, H. Liu, S. Shao, A review of research on plant-based meat
alternatives: driving forces, history, manufacturing, and consumer attitudes,
Compr. Rev. Food Sci. Food Saf. 19 (2020) 2639-2656.

B. Cui, Y. Mao, H. Liang, Y. Li, J. Li, S. Ye, W. Chen, B. Li, Properties of soybean
protein isolate/curdlan based emulsion gel for fat analogue: comparison with
pork backfat, Int. J. Biol. Macromol. 206 (2022) 481-488.

E.-J. Lee, H. Kim, J.Y. Lee, K. Ramachandraiah, G.-P. Hong, p-Cyclodextrin-
mediated beany flavor masking and textural modification of an isolated soy
protein-based yuba film, Foods 9 (2020) 818.

W. Leonard, P. Zhang, D. Ying, Z. Fang, Surmounting the off-flavor challenge in
plant-based foods, Crit. Rev. Food Sci. Nutr. 63 (2023) 10585-10606.

K. Han, K.J. Willams, A.C. Goldberg, Plant-based oils, prevention and treatment
of cardiovascular disease: Nutritional and Dietary Approaches, Humana Press,
2021, pp. 115-127.

H. Pena-Jorquera, V. Cid-Jofré, L. Landaeta-Diaz, F. Petermann-Rocha,

M. Martorell, H. Zbinden-Foncea, G. Ferrari, C. Jorquera-Aguilera, C. Cristi-
Montero, Plant-based nutrition: exploring health benefits for atherosclerosis,
chronic diseases, and metabolic syndrome—a comprehensive review, Nutrients
15 (2023) 3244.

R.L. Daniels, H.J. Kim, D.B. Min, Hydrogenation and interesterification effects on
the oxidative stability and melting point of soybean oil, J. Agric. Food Chem. 54
(2006) 6011-6015.

A. Musavi, M. Cizmeci, A. Tekin, M. Kayahan, Effects of hydrogenation
parameters on trans isomer formation, selectivity and melting properties of fat,
Eur. J. Lipid Sci. Technol. 110 (2008) 254-260.

D.J. McClements, L. Grossmann, Physicochemical and Sensory Properties of
Plant-Based Foods, Next-Generation Plant-Based Foods: Design, Production, and
Properties, Springer, 2022, pp. 155-226.

D.J. McClements, L. Grossmann, Plant-based Milk and Cream Analogs, Next-
Generation Plant-Based Foods: Design, Production, and Properties, Springer,
2022, pp. 389-442.

D. Wannasin, D.J. McClements, Optimizing the appearance of plant-based foods:
impact of pigment and droplet characteristics on optical properties of model oil-
in-water emulsions, Food Biophys. 18 (2023) 289-301.

L. Grossmann, A.J. Kinchla, A. Nolden, D.J. McClements, Standardized methods
for testing the quality attributes of plant-based foods: milk and cream
alternatives, Compr. Rev. Food Sci. Food Saf. 20 (2021) 2206-2233.

L. Grossmann, D.J. McClements, The science of plant-based foods: approaches to
create nutritious and sustainable plant-based cheese analogs, Trends Food Sci.
Technol. 118 (2021) 207-229.

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[801]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

Journal of Agriculture and Food Research 15 (2024) 100988

M. Fan, T. Wei, X. Lu, M. Liu, Y. Huang, F. Chen, T. Luo, Y. Fan, R. Liu, Z. Deng,
Comprehensive quality evaluation and interaction mechanism of processed
cheese analogues prepared from starch, protein, and oil from plant sources, J. Sci.
Food Agric. 103 (2023) 6595-6604.

S. Chikpah, M. Teye, J. Annor, G. Teye, Potentials of Sodom Apple (Calotropis
Procera) Extract as a Coagulant to Substitute Alum in Soy Cheese Production in
Ghana, Elixir Food Sci. 79 (2015) 30166-30170.

S.M.T. Gharibzahedi, M. Koubaa, F.J. Barba, R. Greiner, S. George, S. Roohinejad,
Recent advances in the application of microbial transglutaminase crosslinking in
cheese and ice cream products: a review, Int. J. Biol. Macromol. 107 (2018)
2364-2374.

A. Sayadi, A. Madadlou, A. Khosrowshahi, Enzymatic cross-linking of whey
proteins in low fat Iranian white cheese, Int. Dairy J. 29 (2013) 88-92.

Y. Luo, Food colloids binary and ternary nanocomplexes: innovations and
discoveries, Colloids Surf. B Biointerfaces 196 (2020) 111309.

D.J. McClements, Nanotechnology approaches for improving the healthiness and
sustainability of the modern food supply, ACS Omega 5 (2020) 29623-29630.
S.M. Rodrigues, P. Demokritou, N. Dokoozlian, C.O. Hendren, B. Karn, M.

S. Mauter, O.A. Sadik, M. Safarpour, J.M. Unrine, J. Viers, Nanotechnology for
sustainable food production: promising opportunities and scientific challenges,
Environ. Sci.: Nano 4 (2017) 767-781.

H. Ur Rahim, M. Qaswar, M. Uddin, C. Giannini, M.L. Herrera, G. Rea, Nano-
enable materials promoting sustainability and resilience in modern agriculture,
Nanomaterials 11 (2021) 2068.

N. Thakur, Organic farming, food quality, and human health: a trisection of
sustainability and a move from pesticides to eco-friendly biofertilizers, Probiotics
in Agroecosystem, Springer, 2017, pp. 491-515.

M. Usman, M. Farooq, A. Wakeel, A. Nawaz, S.A. Cheema, H. ur Rehman,

1. Ashraf, M. Sanaullah, Nanotechnology in agriculture: current status, challenges
and future opportunities, Sci. Total Environ. 721 (2020) 137778.

J. Yin, Y. Wang, L.M. Gilbertson, Opportunities to advance sustainable design of
nano-enabled agriculture identified through a literature review, Environ. Sci.:
Nano 5 (2018) 11-26.

C. Shipbaugh, P. Antén, G. Bloom, B. Jackson, R. Silberglitt, Nano-enabled
components and systems for biodefense, Biomedical Nanotechnology, Taylor and
Francis, 2005, pp. 113-144.

B. Qu, Y. Luo, Preparation and characterization of carboxymethyl cellulose
capped zinc oxide nanoparticles: a proof-of-concept study, Food Chem. 389
(2022) 133001.

B. Qu, Z. Xiao, Y. Luo, Y. Luo, Carboxymethyl cellulose capped zinc oxide
nanoparticles dispersed in ionic liquid and its antimicrobial effects against
foodborne pathogens, Carbohydrate Polymer Technologies and Applications 6
(2023) 100364.

J.A. Ontiveros-Robles, F. Villanueva-Flores, K. Juarez-Moreno, A. Simakov,

R. Vazquez-Duhalt, Antibody-functionalized copper oxide nanoparticles with
targeted antibacterial activity, ChemistryOpen 12 (2023) €202200241.

R. Sharma, S.M. Jafari, S. Sharma, Antimicrobial bio-nanocomposites and their
potential applications in food packaging, Food Control 112 (2020) 107086.

H. Singh, A. Sharma, S.K. Bhardwaj, S.K. Arya, N. Bhardwaj, M. Khatri, Recent
advances in the applications of nano-agrochemicals for sustainable agricultural
development, Environ. Sci. J. Integr. Environ. Res.: Process. Impacts 23 (2021)
213-239.

S.K. Sahu, S.K. Bindhani, D. Acharya, R. Padhee, Development of nano bio
fertilizer via chemical & biological synthesis, IRIMETS 4 (2022) 1-17.

A. Kalia, H. Kaur, Nano-biofertilizers: Harnessing Dual Benefits of Nano-nutrient
and Bio-fertilizers for Enhanced Nutrient Use Efficiency and Sustainable
Productivity, in: R. Pudake, N. Chauhan, C. Kole (Eds.), Nanoscience for
Sustainable Agriculture, Springer, 2019, pp. 51-73.

S. Mahaletchumi, Review on the use of nanotechnology in fertiilzers, J. Res.
Technol. Educ. 2 (2021) 60-72.

G.U. Villarreal, E.V.R. Campos, J.L. de Oliveira, L.F. Fraceto, Development and
Commercialization of Pheromone-Based Biopesticides: a Global Perspective,
Development and Commercialization of Biopesticides, Elsevier, 2023, pp. 37-56.
M. Kah, N. Tufenkji, J.C. White, Nano-enabled strategies to enhance crop
nutrition and protection, Nat. Nanotechnol. 14 (2019) 532-540.

C. An, C. Sun, N. Li, B. Huang, J. Jiang, Y. Shen, C. Wang, X. Zhao, B. Cui,

C. Wang, Nanomaterials and nanotechnology for the delivery of agrochemicals:
strategies towards sustainable agriculture, J. Nanobiotechnol. 20 (2022) 1-19.
V.D. Rajput, T. Minkina, S.K. Upadhyay, A. Kumari, A. Ranjan, S. Mandzhieva,
S. Sushkova, R.K. Singh, K.K. Verma, Nanotechnology in the restoration of
polluted soil, Nanomaterials 12 (2022) 769.

M.Y. Alazaiza, A. Albahnasawi, G.A. Ali, M.J. Bashir, N.K. Copty, S.S.A. Amr, M.
F. Abushammala, T. Al Maskari, Recent advances of nanoremediation
technologies for soil and groundwater remediation: a review, Water 13 (2021)
2186.

L.R.R. Souza, L.C. Pomarolli, M.A.M.S. da Veiga, From classic methodologies to
application of nanomaterials for soil remediation: an integrated view of methods
for decontamination of toxic metal (oid) s, Environ. Sci. Pollut. Control Ser. 27
(2020) 10205-10227.

R. Mukhopadhyay, B. Sarkar, E. Khan, D.S. Alessi, J.K. Biswas, K. Manjaiah,

M. Eguchi, K.C. Wu, Y. Yamauchi, Y.S. Ok, Nanomaterials for sustainable
remediation of chemical contaminants in water and soil, Crit. Rev. Environ. Sci.
Technol. 52 (2022) 2611-2660.

C. Ma, L. Han, H. Shang, Y. Hao, X. Xu, J.C. White, Z. Wang, B. Xing,
Nanomaterials in agricultural soils: ecotoxicity and application, Current Opinion
in Environmental Science & Health 31 (2023) 100432.


http://refhub.elsevier.com/S2666-1543(24)00025-5/sref42
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref42
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref43
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref43
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref43
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref44
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref44
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref45
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref45
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref46
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref46
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref46
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref47
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref47
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref47
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref47
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref48
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref48
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref48
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref49
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref49
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref49
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref50
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref50
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref50
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref51
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref51
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref52
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref52
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref52
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref53
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref53
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref53
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref54
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref54
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref54
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref55
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref55
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref56
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref56
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref56
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref57
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref57
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref57
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref58
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref58
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref59
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref59
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref59
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref60
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref60
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref60
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref61
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref61
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref61
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref62
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref62
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref63
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref63
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref63
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref64
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref64
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref64
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref64
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref64
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref65
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref65
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref65
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref66
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref66
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref66
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref67
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref67
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref67
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref68
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref68
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref68
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref69
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref69
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref69
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref70
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref70
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref70
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref71
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref71
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref71
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref72
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref72
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref72
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref72
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref73
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref73
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref73
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref74
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref74
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref74
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref74
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref75
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref75
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref76
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref76
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref77
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref77
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref78
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref78
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref78
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref78
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref79
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref79
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref79
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref80
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref80
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref80
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref81
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref81
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref81
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref82
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref82
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref82
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref83
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref83
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref83
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref84
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref84
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref84
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref85
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref85
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref85
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref85
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref86
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref86
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref86
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref87
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref87
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref88
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref88
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref88
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref88
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref89
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref89
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref90
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref90
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref90
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref90
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref91
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref91
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref92
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref92
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref92
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref93
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref93
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref94
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref94
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref94
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref95
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref95
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref95
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref96
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref96
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref96
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref96
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref97
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref97
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref97
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref97
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref98
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref98
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref98
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref98
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref99
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref99
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref99

B. Quet al.

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

R.D. Handy, B.J. Shaw, Toxic effects of nanoparticles and nanomaterials:
implications for public health, risk assessment and the public perception of
nanotechnology, Health, Risk & Society 9 (2007) 125-144.

I. Corsi, I. Venditti, F. Trotta, C. Punta, Environmental safety of nanotechnologies:
the eco-design of manufactured nanomaterials for environmental remediation,
Sci. Total Environ. 864 (2023) 161181.

S.K. Balasundram, R.R. Shamshiri, S. Sridhara, N. Rizan, The role of digital
agriculture in mitigating climate change and ensuring food security: an overview,
Sustainability 15 (2023) 5325.

A. Lajoie-O’Malley, K. Bronson, S. van der Burg, L. Klerkx, The future (s) of digital
agriculture and sustainable food systems: an analysis of high-level policy
documents, Ecosyst. Serv. 45 (2020) 101183.

P. Rajak, A. Ganguly, S. Adhikary, S. Bhattacharya, Internet of Things and smart
sensors in agriculture: scopes and challenges, Journal of Agriculture and Food
Research 14 (2023) 100776.

P. Qin, T. Wang, Y. Luo, A review on plant-based proteins from soybean: health
benefits and soy product development, Journal of Agriculture and Food Research
7 (2022) 100265.

D.Y. Lee, S.Y. Lee, J.W. Jung, J.H. Kim, D.H. Oh, H.W. Kim, J.H. Kang, J.S. Choi,
G.-D. Kim, S.-T. Joo, Review of technology and materials for the development of
cultured meat, Crit. Rev. Food Sci. Nutr. 63 (2023) 8591-8615.

D. Wang, S. Behura, F. Karim, A. Kazi, G. Wangila, S. Wang, Nanoscience and
nanotechnology for food and agroforestry, ES Food & Agroforestry 3 (2021) 1-3.
W. Jiang, Y. Du, C. Huang, Y. Ji, D.-G. Yu, Electrospun zein nanofibers: from food
to food, ES Food & Agroforestry 12 (2023) 863.

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

Journal of Agriculture and Food Research 15 (2024) 100988

B. Qu, Y. Luo, A review on the preparation and characterization of chitosan-clay
nanocomposite films and coatings for food packaging applications, Carbohydrate
Polymer Technologies and Applications 2 (2021) 100102.

B. Qu, Y. Luo, Chitosan-based hydrogel beads: preparations, modifications and
applications in food and agriculture sectors-A review, Int. J. Biol. Macromol. 152
(2020) 437-448.

J. Clapp, S.-L. Ruder, Precision technologies for agriculture: digital farming, gene-
edited crops, and the politics of sustainability, Global Environ. Polit. 20 (2020)
49-69.

A. Bohra, U. Chand Jha, I.D. Godwin, R. Kumar Varshney, Genomic interventions
for sustainable agriculture, Plant Biotechnol. J. 18 (2020) 2388-2405.

M. Qaim, Role of new plant breeding technologies for food security and
sustainable agricultural development, Appl. Econ. Perspect. Pol. 42 (2020)
129-150.

M.J. Blikra, T. Altintzoglou, T. Lgvdal, G. Rognsd, D. Skipnes, T. Skéra,

M. Sivertsvik, E.N. Fernandez, Seaweed products for the future: using current
tools to develop a sustainable food industry, Trends Food Sci. Technol. 118
(2021) 765-776.

D. De Wrachien, B. Schultz, M.B. Goli, Impacts of population growth and climate
change on food production and irrigation and drainage needs: a world-wide view,
Irrigat. Drain. 70 (2021) 981-995.

S. Khan, M. Ul-Islam, A. Fatima, S. Manan, W. Khattak, M. Ullah, Y. Guang,
Potential of food and agro-industrial wastes for cost-effective bacterial cellulose
production: an updated review of literature, ES Food Agrofor 13 (2023) 905.
M. Nadal, A.V. Perera-Castro, J. Gulias, J.M. Farrant, J. Flexas, Resurrection
plants optimize photosynthesis despite very thick cell walls by means of
chloroplast distribution, J. Exp. Bot. 72 (2021) 2600-2610.


http://refhub.elsevier.com/S2666-1543(24)00025-5/sref100
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref100
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref100
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref101
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref101
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref101
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref102
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref102
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref102
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref103
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref103
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref103
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref104
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref104
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref104
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref105
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref105
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref105
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref106
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref106
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref106
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref107
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref107
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref108
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref108
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref109
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref109
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref109
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref110
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref110
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref110
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref111
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref111
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref111
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref112
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref112
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref113
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref113
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref113
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref114
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref114
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref114
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref114
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref115
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref115
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref115
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref116
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref116
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref116
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref117
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref117
http://refhub.elsevier.com/S2666-1543(24)00025-5/sref117

	Perspectives on sustainable food production system: Characteristics and green technologies
	1 Introduction
	2 Characteristics of sustainable food production
	2.1 Innovation and adaptation
	2.2 Environmental stewardship
	2.3 Economic viability
	2.4 Social responsibility

	3 Green technologies for sustainable food production
	3.1 Urban agriculture
	3.1.1 Features of urban agriculture
	3.1.2 New technologies for urban agriculture

	3.2 Next-generation plant-based foods
	3.2.1 Plant-based ingredients
	3.2.2 Plant-based food products

	3.3 Food nanotechnology
	3.3.1 Novel applications
	3.3.2 Barriers and overlapping challenges


	4 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


