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ABSTRACT

Undoubtedly, the food industry is undergoing a dynamic process of transformation in its con-
tinual development in order to meet the requirements and solve the great problems represented
by a constantly growing global population and food claimant in both quantity and quality. In this
sense, it is necessary to evaluate the technological trends and advances that will change the
landscape of the food processing industry, highlighting the latest requirements for equipment
functionality. In particular, it is crucial to evaluate the influence of sustainable green biotechnol-
ogy-based technologies to consolidate the food industry of the future, today, and it must be done
by analyzing the mega-consumption trends that shape the future of industry, which range from
local sourcing to on-the-go food, to an increase in organic foods and clean labels (understanding
ingredients on food labels). While these things may seem alien to food manufacturing, they have
a considerable influence on the way products are manufactured. This paper reviews in detail the
conditions of the food industry, and particularly analyzes the application of emerging technolo-
gies in food preservation, extraction of bioactive compounds, bioengineering tools and other bio-
based strategies for the development of the food industry.
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1. Introduction in food, while measures are being taken to extend
the shelf life of food and to prevent the filtration of
counterfeit products in the supply chain. If there is
a need for a recall, manufacturers need to act
responsibly and proactively.

Considering the new conditions of the food
market, the industrial sector has to focus on the
need to incorporate more flexible equipment based
on bioengineering, automation and robotics, in

order to efficiently execute the line production.

Today, paying attention to consumer needs is key
to the success of the food industry. This often
involves reformulating products by using healthier
sustainable ingredients, adding proteins, vitamins
and antioxidants to foods, and labeling products as
allergen-free, gluten-free, non-GMO, - in another
case, organic and antibiotic-free. Also, caloric car-
bohydrates are increasingly eliminated or reduced
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This approach will promote the channels and tech-
nology demanded by consumers, which will bring
significant changes in the manufacture and supply
of food demanded by the population.

Another critical consideration is the regulation
of Food Safety Modernization. Beyond flexibility,
food safety and safety is a priority, capable of
conducting a highly selective classification to
reduce food waste using smaller batch processing
machinery to reduce and/or conserve energy con-
sumption, even with inspection equipment for the
detection and separation of ever-smaller foreign
particles. The new technology that will underpin
the food industry needs to be modernized in such
a way that it is agile, easy to adapt to the minor
changes in the market in real-time, focused on
strict, sustainable cleaning and must be handled
by staff and highly trained engineers, especially if
it comes to biotechnology. From a technological
perspective, that translates into faster reading
times for vision equipment, self-diagnosis for pre-
ventive maintenance, and more connectivity and
interoperability between systems, assuring food
safety, traceability and authenticity.

Companies are also looking for the Industrial
Internet of Things (IIoT) and data collection to
better manage production schedules, resources,
labor, and maintenance. With a growing and
demanding population, it is a challenge to operate
on the right scale many of the strategies and tools
that will be capital-intensive solutions, including,
in a strategy, the participation of human capital in
the development of its capacity technological or
financial capital to provide an efficient food
experience to each of the communities it serves.
This may include the production of genetically
modified (GM) crops in inland agriculture, and
throughout the course of over the next 10 years
we see a position where sensors, algorithms, data
fusion, machine perception and robotics come to
eliminate many of the jobs and performance lim-
itations of existing outdoor growing methods. It
will be a reality the existence of smaller and auto-
mated warehouses, operating closer to the city
centres, with goods fulfilled through small auton-
omous electric vehicles capable of delivering fresh
food to smaller traders or become shops. Advances
in bioscience, biotechnology and bioengineering
and materials science in conjunction with changes
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in customer preferences will have an impact on
how and where our food is produced.

The bioengineering represents an important
impulse for the production of food bio-products
and ingredients with and significant advantage in
the high nutritional quality of new functional and
intelligent foods, promoting the sustainability of
the traditional and emerging food technologies.
This review highlights the advantages and current
improvement in the tools and strategies of bioen-
gineering of microbes, animals and plants of rele-
vance in the food industry, outlining the feasible
approaches or opportunities for a modern food
processor. The critical analysis results revealed
that such bioengineered tools are essentials for
the development of new enriched foods.

2. Trends in food processing

2.1. Application of emerging technologies in
food preservation

Since food is harvested, it undergoes physical, che-
mical or biological changes that cause it to deterio-
rate. Food preservation is a methodology that avoids
contamination with microorganisms. These micro-
organisms, in addition to enzymes, are the main
agents responsible for change and should therefore
be the targets of conservation techniques [1]. Some
of the newer emerging technologies for food con-
servation, to reduce or eliminate the number of
important pathogenic microorganisms in food,
and/or for the extraction of bioactive compounds
that are useful in the food industry, are listed below.

2.1.1. High hydrostatic pressure

The high hydrostatic pressure (HHP) methodology
is mainly used to physically and chemically modify
any chemical compound present to benefit the
quality of the food; it is also known as cold pasteur-
ization or pressurization. This technology is of great
interest in the food industry for its effectiveness in
preserving food, which makes it superior to con-
ventional thermal processes [2], because the latter
inevitably cause a loss of nutritional quality and
sensory attributes. Among the alternative (non-
thermal) treatments currently known for food pre-
servation (high intensity electrical pulses, oscillating
magnetic fields, high intensity luminous pulses and
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ultrasound), HHP is considered the most viable
technique from a commercial point of view [3]
and the one that has demonstrated effectiveness in
the inactivation of bacterial spores and enzymes [4].
Among the advantages offered by treatment with
HHP over other non-thermal technologies, they can
be mentioned:

- The HHP treatment avoids the alteration of
the food, by the pressure transmitted uni-
formly and suddenly to the system, that is to
say, there are no pressure gradients. Unlike
thermal processes, HHP treatment does not
depend on the volume and shape of the sam-
ple, decreasing the time required to process
large quantities of food [5].

- HHP does not cause degradation of thermo-
labile nutrients such as vitamins (being a low
temperature technology), and does not mod-
ify the activity or presence of low molecular
weight compounds, such as those responsible
for the aroma and taste of food, compared to
traditional methods of pasteurization [6].

By treating foods by high hydrostatic pressure, they
retain their nutritional properties and organoleptic
characteristics; that is, there is no considerable loss
of properties compared to a fresh product.6 The
preservation of the quality and freshness of HHP-
processed foods is due to the fact that the pressure-
temperature-time conditions used produce small
chemical changes, while the sensory and nutritional
properties are not altered. Different studies have
proven that products processed by high pressure
maintain the characteristics of a fresh product, so
that in most cases it is difficult to identify them
from a fresh untreated product [3,4]. The HHP
system allows the destruction of microorganisms
that cause the degradation and loss of the quality
of diverse foods, generally pressures between 100 to
800 MPa or more, cause cell death in this proces-
sing system; however, the conditions of the system
have to be adapted for the different food groups to
be processed, so it is recommended that for each
type of new product, parameters such as pressuriza-
tion time and temperature, presence of one or more
antimicrobial agents, pH and water activity are
evaluated. In pressurization, pressure rise and fall
times generally vary from 1 to 5 minutes, depending

on the equipment. During processing, the pressure
compresses the food from 10 to 15%, in the range
of 300 to 700 MPa, and raises the temperature by
adiabatic heating to an approximate ratio of 3°C for
every 100 MPa of pressure applied in the system.
These changes are temporary and are restored in
depressurization to the original states. In this pro-
cess both the increase and decrease of pressure
directly influence the microbial deactivation, caus-
ing the phase transition of the lipids of the bacterial
membrane, and the rupture of the ionic bonds,
hydrophobic interactions and formation of hydro-
gen bridges, between the molecules, without affect-
ing the covalent bonds, resulting in the unfolding of
the macromolecules as proteins. This negatively
affects other structural and functional components
of microbial cells, losing viability. Since pressuriza-
tion does not act on the covalent bonds of macro-
molecules, it does not affect vitamins, pigments or
other molecules, favoring their use in the conserva-
tion of these nutrients, in comparison with conven-
tional thermal treatments. It is considered that
damage to the cell membrane is the main cause of
cell death, however, other possible causes reported
are damage to the cell wall and nucleic acids.

Xie et al [7] studied the structural characteristics,
physicochemical properties and morphological char-
acteristics of pectin treated with high hydrostatic
pressure and high-pressure homogenization. The
authors suggest that this high-pressure processing is
an efficient technique for modifying the pectin from
potato peel wastes to a thickening or stabilizing
agent, but high-pressure homogenization shows
a better effect. Another study was aimed at optimiz-
ing the individual and interactive effect of high pres-
sure operation and polarity of solvents (solvent mix)
on extraction yield, flavonoid and lycopene content
of tomato pulp. The authors concluded that high
hydrostatic pressure could be a useful tool to
improve the extraction and release of compounds
potentially beneficial to health [8]. Further, high
hydrostatic pressure treatment is used as a new
food preservation technique because of its ability to
inactivate pathogenic and spoilage bacteria and
minimize food quality loss. This study therefore
reviews the effects of sublethal (< 100 MPa) and
lethal (N100 MPa) pressures on protein synthesis,
structure and functionality in bacteria. Most notably,
high hydrostatic pressure, in conjunction with



certain enzymatic reactions, may have great potential
for biotechnological applications [9].

2.1.2. Dielectric heating

The dielectric heating has been applied as
a methodology to conservation and improve the
quality of food products. This technique uses
a range of 1-300 MHz, particularly 13.56, 27.12
and 40.68 MHz when used for commercial appli-
cations. The radiofrequency heating offers signif-
icant advantages such as faster, better quality,
more uniform heat distribution and higher
energy efficiency for solid and semi-solid foods
with a low thermal conductivity as compared to
other conventional treatment methods [10]. For
example, wheat germ is a valuable by-product of
wheat milling but is highly susceptible to lipid
rancidity induced by lipase activity. In this study
show that dielectric constant and dielectric loss
factor of wheat germ increased with increasing
temperature and moisture content. Overall, the
results obtained by Ling et al [11]. are useful in
computer simulation and optimizing process
parameters for wheat germ stabilization by radio-
frequency heating. On the other hand, non-
uniform heating is a major challenge for using
radiofrequency heat treatment in pasteurization
of low moisture food products. This study pro-
vided useful information to develop an effective
radiofrequency process as an alternative to con-
ventional thermal treatments for pasteurization of
low moisture products. Therefore, it is a novel
methodology based on radio frequency heating to
pasteurize food powder [12].

2.1.3. Pulsed light

Pulsed light is a photonic technology mainly studied
for microbial inactivation, especially in the food
technology field. It consists of the application of
pulses of high-intensity broad-spectrum light that
includes UV light. The main feature of pulsed light
technology is the production of high photon-fluxes
[13]. For example, Cronobacter sakazakii and
Salmonella spp. are foodborne pathogens associated
with low moisture foods. Chen et al [14] developed
an intense pulsed light system as an alternative novel
method to pasteurize powdered food. The aim of this
study was to investigate the microorganism inactiva-
tion in different powdered foods and a variety of
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related variables using a vibratory-assisted intense
pulsed light system. The authors concluded that the
enhanced microbiological inactivation could be
achieved using this vibratory-assisted intense pulsed
light system after multiple passes. In another study,
intense pulsed light treatment at a total fluence of
7.40 J/cm” resulted in a 7 log reduction, indicating
the potential of intense pulsed light to inactivate
bacterial spores effectively. The best results showed
that the inactivation efficiency increases after one
h pre-incubation because the numbers of vegetative
cells increased with the incubation time [15].

2.1.4. Bacteriocins
Bacteriocins are peptide substances with antimi-
crobial and bioconservative activity that are pro-
duced by different strains and play an important
role in food preservation [16]. They can be used in
a wide range of food systems and are synthesized
ribosomal and extracellularly. A large number of
bacteriocins have been isolated and characterized;
however, food biopreservation has mostly focused
on bacteriocins of lactic acid bacteria [17]. The
most important are nysin, diplococine, acidophi-
line, bulgarican, helveticine, lactaine and plantar-
icin [18]. It can be used in meat, dairy products,
canned products, seafood, vegetables, fruit juices
and beverages such as beer and wine. Its compat-
ibility characteristics in these products, as well as
its mode of action make its use in food attractive.
In recent years, pure starter cultures with bacter-
iocin-producing capacity have been applied to the
manufacture of safer fermented fish products.
Currently, most of the meat with commercially used
probiotic bacteria belongs to the genus Lactobacillus,
including Lb. casei, Lb paracasei, Lb johnsonii, Lb
plantarum and Lb rhamnosus [19,20]. Nisin is pro-
duced by different Lactococcus lactis spp. and is the
most studied bacteriocin to date and the only bacter-
iocin applied as a food additive worldwide. Salvucci
et al [21] obtained active triticale flour films by adding
bacteriocin-like substances (BLIS) produced by
Enterococcus faecium ES216 with antimicrobial activ-
ity against Listeria innocua ATCC33090. The authors
suggest that triticale flour films activated with these
bacteriocins could provide an alternative for active
food packaging applications. In another study,
a strain of Lysinibacillus isolated from spoiled fruits
and vegetable wastes was found having an inhibitory
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effect against foodborne pathogens. Subjected to the
study of different physicochemical parameters fol-
lowed by characterization based on the 16S rRNA,
a novel bacteriocin of class III was found. This bac-
teriocin was highly active against the foodborne
pathogen Bacillus pumilus (MIC-22 pg/mL). The
authors suggested that Lysinibacillus JX402121 isolate
can be utilized in the production of bacteriocin that
acts as a bio-preservative agent against different food-
borne pathogens [22]. Due to their protein nature,
bacteriocins are inactivated by proteases, including
those of pancreatic and gastric origin, due to this
during their passage through the gastrointestinal
tract are inactivated, without being absorbed as active
compounds and thus presumably harmless to the
consumer [23].

2.2, Extractive emerging technologies &
biomolecules

In recent years, the development of the food
industry has focused on generating products that
not only satisfy the need for food but also meet
consumer demand for nutrient-enhanced foods,
mainly those enriched with antioxidants and/or
compounds that promote some beneficial effect
on health. The supplementation of food has been
given by the incorporation of compounds that are
extracted through various techniques.

Green technologies have been developed as an
alternative to conventional extraction technologies
because they allow for the recovery of a greater
quantity of bioactive compounds of interest, use
shorter extraction periods (hours of reduction to
seconds), and increase the quality of extracts with
lower processing costs, or the extraction of com-
pounds that are difficult to obtain through conven-
tional techniques [24,25]. Some of these techniques
are: ultrasound-assisted extraction, ohmic heating,
high pressure, supercritical fluid extraction and
microwave-assisted extraction [26-29]. Green tech-
niques have the advantage of being more efficient
and environmentally friendly because these techni-
ques use less solvents and energy, consume less
extraction time and are simpler compared to con-
ventional techniques, and there is less degradation
of thermolabile compounds, better products and
higher yields [27-29].

2.2.1. Microwave-assisted extraction (MAE)
Extraction through microwave is based on the inci-
dence of microwave waves that generate an increase
in temperature because the energy of the waves
generates vibrations in the molecules contained in
the medium which in turn translates into increased
temperature [30,31]. The vibrations interfere with
the cell membranes generating a disruption of them
and consequently the cell content is poured causing
the release of antioxidant compounds and/or intra-
cellular bioactive compounds [32,33] (Table 1).
This methodology is characterized by the high
yields reported, as well as the decrease in the num-
ber of solvents used and the extraction times of the
bioactive compounds [34,35]. Also, it uses 95% of
the energy supplied, thus reducing environmental
pollution with shorter extraction times and lower
CO, emissions to the atmosphere [28,36].
Microwave irradiation generates electromag-
netic radiation with wavelengths between 1mm
and Im. In the electromagnetic spectrum is
between 300 and 300,000 MHz, this non-ionizing
radiation selectively transfers energy in various
substances [46]. MAE has been shown to generate
more advantages compared to conventional heat-
ing such as: fast heat transfer in a short reaction
time, uniform volumetric heating, energy effi-
ciency, low level of degradation or formation of
secondary products [47]. The difference between
conventional heating and microwave heating is
observed in heat transfer, since in conventional
heating the energy is transferred from the outer
surface of the fibres to the inside of the core by
means of conduction, so that overheating occurs
in the upper part while the inner part remains
cold, whereas the use of the microwave technique
the heat is induced at the molecular level by direct
convection, so that the energy is distributed
throughout the material [46]. The effect of heat
on plant fibres is related to reacting with the
molecules that cause ionic conduction and rota-
tion of dipoles [48], where an electric field is
generated by the transfer of ions and electrons
from the microwave, this ionic conduction gener-
ates a movement of particles, where the displace-
ment of polar molecules is based on the rotation
of dipoles. This movement is caused by the effort
to align to the existing electric field, generating
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Table 1. Methods of extraction of bioactive compounds that are used in the food industry by emerging technologies.

Method of extraction Conditions Recovered bioactive compounds References
Ultrasound assisted extraction  Extraction time of 25 min Phenolic compounds [34]
Temperature of 45°C
Ultrasound amplitude 47%
Solvent 80% methanol
Extraction time of 20 min, Temperature of 62 °C  Polysaccharides [37]
Ultrasound power of 404 W.
Extraction time of 20 min Pigments (Astaxanthin) [38]
Ultrasound power of 20 kHz
Extraction time 15-30 min Polysaccharides (alginates and carrageenans) [52]
Temperature of 50 °C
Ultrasound power of 150 W.
Microwave assisted extraction ~ Temperature of 36°C Anthocyanins [33]
Microwave power of 800 W
Extraction time of 14min Essential oil [39]
Microwave power of 600W
Extraction time 2.5 min Pectin [40]
Microwave power of 517 W
Extraction time 20 min Polyphenols [41]
Temperature 100°C
Solvent Ethanol (50%)
Supercritical Fluid Extraction Extraction time 76 min Amino acids [42]
Temperature 50°C
Temperature 53.2°C Essential oil [43]
Pressure 25.54 MPa
Temperature of 68°C Polyphenols [44]
Pressure of 205 bar
Co-Solvent Ethanol (15.5%)
Temperature of 45°C Steviol glycosides and phenolic compounds [45]

Pressure of 225 bar

a release of energy and a fast and uniform heating.
This uniformity promotes an internal diffusion
causing a fast damage to the cells of the material
as well as the diffusion of the compounds, for
which the cellular walls are broken by means of
the expansion, for the later penetration of the
solvent and the diffusion of the desired com-
pounds out of the cellular matter [49].

2.2.2. Ultrasound-assisted extraction (UAE)

The ultrasound is in the range of 20 KHz - 1MHz
and this extractive methodology is one of the most
adopted today; ultrasonic waves allow the genera-
tion of a process called gas cavitation which con-
sists of the formation of microbubbles in a liquid
medium [50,51]. The cavitation process generates
cell breakage which produces the entry of solvent
into the cell and an intensification of mass trans-
fer, promoting the release of the bioactive com-
pounds sought [52]. This methodology is widely
used in the food industry for chemical processing,
food processing, drying, emulsification, homoge-
nization, the inactivation of enzymes and patho-
genic microorganisms, sanitation of surfaces and

equipment, as well as the removal of gases in
liquids [34] (Table 1).

This technique used in vegetable sources pro-
duces an alteration of the surface, in addition free
radicals are generated that alter the lignocellulosic
matrix [53], which generates the rupture of links
in the lignin causing a division of the polysacchar-
ides that conform it [54]. UAE also offers advan-
tages over other conventional techniques such as
shorter exposure time, less use of solvents, higher
yields, high reproducibility and uses little energy
[55]. This technology is recommended for samples
containing volatile and semi-volatile organic com-
pounds as it can be performed at room tempera-
ture and normal pressure.

2.2.3. Super critical fluid extraction (SCE)

The extraction of bioactives through supercritical
fluids has taken a great interest, as they have many
advantages, especially due to the high extraction effi-
ciency [56,57]. A supercritical fluid is a substance that
is under operating conditions of pressure and tem-
perature higher than its thermodynamic critical
point. At the critical point, the properties of the liquid
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and gas phase become similar as to be indistinguish-
able, and the solvents that are in their critical point
are characterized by high diffusivity. Supercritical
fluid has the property of diffusing through solids as
a gas and dissolving materials as a liquid [58,59].
These properties make it suitable as a substitute for
organic solvents in the extraction processes. Carbon
dioxide is the most used because it is an ideal solvent
to be non-explosive, nontoxic, the requirements can
be met in addition to its removal from the extracts is
easy and fast [60,61]. Another advantage of this fluid
is that the critical conditions are reached at low
temperatures which allow thermolabile compounds
to be separated (Table 1). Extraction with supercriti-
cal fluids is considered a green extractive technology
[62]. High pressures (100-800 MPa) can easily inter-
rupt electrostatic and hydrophobic interactions
between molecules and increase mass transfer and
cell permeability rate, leading to increased release of
compounds with functional properties. This method
is very efficient for the extraction of nonpolar com-
pounds, but some solvents such as ethanol and water
could be used to increase the solubility of polar
compounds. The extraction of antioxidant com-
pounds and other bioactive compounds from plants,
fruits and agro-industrial residues through the super-
critical fluid method has been reported in recent
years.

2.3. Develepment of biomaterials & bioproducts

The development and application of biomass deri-
vate materials, so-called biomaterials, has steadily
increased over the last years. This is mainly due to
abundant use of low-cost agricultural byproducts
and coproducts and their ability to improve the
development of products that lead to the genera-
tion of new materials whose applicability in the
industry represents a real technological advantage.
The development of bioproducts is a step forward
toward ensuring that fossil resources are replaced
by sustainable natural alternatives for the produc-
tion of new highly promising materials in the food
industry. A biomaterial can be a material complete
or partly produced from a renewable resource.
There is a variety of raw materials suitable for
development for biomaterials, such as soy, wood
fibres, corn, and residues of harvesting food crops.

2.3.1. Biopolymers

Recently, the research in new biomaterials and bio-
processes has directed to the development of engi-
neering focused on obtaining polymeric materials
with application in the food industry. The vegetable
matter with abundant content of starches, sugars
and oils, represent a source of significant raw mate-
rial since from its use has been achieved the devel-
opment of biotechnological processes that allow
obtaining natural polymers with plastic properties
[63]. Biopolymers can be synthetized from different
natural sources: polysaccharides, proteins, wood,
vegetable waste materials, polylactic acid (synthe-
sized from renewable biobased monomers),
natural oils and polyhydroxyalkanoates represents
a potential source of renewable feedstocks [64,65].
Biopolymers represent, in many cases, the develop-
ment of materials of high industrial value. The
development and use of these materials has led to
the practice of bioengineering to explore relation-
ships between processes, structures and functions in
food products, designing materials and processes
that impart greater safety, improve sensorial proper-
ties, cost, efficiency and sustainability. Among the
biofilm options, we can mention recent develop-
ments that represent great potential in the food
industry. Development of bioplastic fibres from
gum arabic have shown significant antibacterial
activity, low oxygen barrier properties, potent anti-
oxidant activity and promising biodegradability
[64]. Chitosan can be used to generate polymeric
films with valuable functional properties. Mixtures
of chitosan with wood hydrolyzate were prepared
and used to form films and coatings by application
on PET film showing suitable mechanical properties
and very low oxygen permeabilities [66]. Chitosan-
based films combined with biopolymers, like poly-
saccharides, proteins, extracts or organic acids have
been developed with improved properties and char-
acteristics, like antibacterial, barrier and sensing
properties, showing great potential for food packa-
ging applications [67].

2.3.2. Bioactive packaging

The develop of functional technology, also known
as bioactive packaging, has a straight influence on
the nutritional benefits of a food product by gen-
erating healthier packaged foods. The progress in
the development of biodegradable and sustainable



matrixes have led to the integration of bioactive
substances, that in combination with biopolymers
are able to provide properties that prolongs the
storage life and enhances the margin of food
safety by altering the condition of the food allow-
ing to improve its conservation [68]. Bioactive
packaging materials would thus be capable of
withholding desired bioactive principles in opti-
mum conditions until their eventual release into
the food. Innovative functional packaging con-
cepts are devised to give answer to the current
barriers and limitations in the manufacturing
functional foods [68]. The potential of these tech-
nologies also depends on the techniques to imple-
ment it. The use of biodegradable packaging
allows the diffusion of bioactive components,
through encapsulation of the bioactive ingredients
in the packaging material. These materials can
also be used as biodegradable materials with enzy-
matic activity with the ability to transform the
food components in order to provide food quality,
reduce food waste and increase its shelf life
[69,70]. The advancement in the use of bioactive
components in packaging films is the addition of
additives. Guo et al [63] demonstrated the anti-
microbial activity of chitosan-polylactic acid
packaging films in ready-to-eat meat products.
These films, containing multiple acid solutions
in presence of lauric arginate ester, sodium lactate
and sorbic acid significantly inhibited the growth
of Listeria and Salmonella microorganisms on
during storage. Ounkaew et al [71] used polyvinyl
alcohol-starch films prepared by incorporating
combined antioxidant agents, improving the effi-
ciency of the antimicrobial packaging films.

3. Bioprocess design

As mentioned above, consumers are increasingly
demanding foods that are added to/fortified with
ingredients that promote a beneficial effect. For this
reason, obtaining and recovering high value-added
compounds in the food industry has become an
increasingly important activity. These compounds
include amino acids, enzymes, organic acids, vita-
mins, antibiotics, gums, oligosaccharides (fructo-,
malto- and xylo-, oligosaccharides), among others.
Production of chemicals via fermentation has several
advantages when compared to chemical syntheses,
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such as low-cost substrates, relatively lower tempera-
tures, lower energy consumption, better environ-
mental concerns, high purity plus ease of creating
products with tailor-made characteristics [72].
Optimization of these processes can be achieved by
bioprocess design.

Process design is the conceptual work done prior
to building, expanding or retrofitting a process plant.
It consists of two main activities, process synthesis
and process analysis. The synthesis is the selection
and arrangement of a set of unit operations capable
of producing the desired product at an acceptable
cost and quality [73]. Process analysis is the evalua-
tion and comparison of different process synthesis
solutions. The process is divided into two phases:
upstream and downstream processing accounts for
a large proportion of the production costs [72,73].

The vast majority of important decisions for
capital expenditures and product commercialization
are based on results of preliminary process design
and cost analysis [74]. In some cases, implementa-
tion of bioprocess analysis, from genetic engineer-
ing, fermentation and downstream processing to
final application testing is key to develop new
strains and processes [75].

Bioprocess design is used in virtually every biolo-
gical process, from surfactants and recombinant pro-
tein production to human stem cell culture [75-77].

3.1. Operational fermentation strategies

There are a vast number of strategies and techni-
ques to recover products from fermentation.
Generally, they can be grouped in 1) removal of
most plentiful impurities; 2) Removal of the
easiest-to-remove impurities; 3) Selection of pro-
cesses that take advantage of the differences of the
product and the impurities.

However, some of the first steps are establishing
differences between intra and extracellular pro-
ducts being simpler the recovery of the last one.
The steps for the recovery of these products are
mentioned ahead. The operations depend on the
characteristics of the final product. Usually, batch
culture is used for high-value products and con-
tinuous production and separation are used for the
production of commodity biochemicals [73].

Initial stages comprehend the purification and
concentration of the work volume. Ahead, we
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mention some of the most common strategies for
these purposes for intracellular products and later
on, for extracellular ones.

3.2. Intracellular products

Cell harvest. In these steps, the most impurities are
eliminated. Most common techniques for this pur-
pose are membrane filtration and centrifugation.
Cellular disruption. Usually, this is the second step
and it disrupts the cells to release the product.
These can be done using mill beads, high-
pressure homogenizer and osmotic shock. For
this stage is necessary to have a ‘lysis buffer’ sui-
table for minimizing product denaturation [72,74]
Cell debris removal. This debris is generated by
cell disruption and is usually removed by centri-
fugation or microfiltration. Other options are
rotary vacuum filtration, press filtration, depth
filtration, extraction and expanded bed adsorption
chromatography [72]. Soluble product. When the
product is soluble, it is recovered during cell debris
removal in the supernatant. Usually, a polishing
step is needed to remove small debris particles.
Filters can be used for this purpose. Two aqueous
phase extraction can be applied for this purpose
[78]. Insoluble product. When the product forms
inclusion bodies, it must be separated from the cell
debris, then dissolved and refolded. Fortunately,
inclusion bodies are large and dense and can be
separated by centrifugation. Product extraction/
adsorption. Product separation can be carried out
by extraction and/or adsorption [74].

3.3. Extracellular products

Biomass removal. Usually, biomass is the easiest-
to-remove impurities and it can be removed
by decantation, filtration, centrifugation, etc.
Intermediate Recovery Stages. These stages are
where the product is concentrated and further
purified. Here, the product is concentrated and
renatured to move onto the final purification
stages. These depend on the required final pro-
duct purity. Pharmaceutical products require high
purity while industrial products require lower
purity. Chromatography, two aqueous phases
extraction are some popular techniques [76,78].

3.4. Process analysis

Flowsheets of the process must be analyzed and
compare don the basis of capital investment,
manufacturing cost, environmental impact and
other criteria in order to make decisions. There
are tools for these tasks such as spreadsheets,
process simulators that allow making flowsheets
of the process [73]. The preliminary economic
evaluation of a Project for manufacturing
a biological product usually involves the estima-
tion of capital investment, estimation of operat-
ing costs and analysis of profitability. The results
of these analyzes provide information for every
step of the bioprocess design and could be used to
improve the efficiency of the process, from raw
materials, type of bioreactor and the downstream
process [72].

A flowsheet for bioprocess design is provided
ahead in Figure 1.

4, Other bio-based tools
4.1. Synthetic biology

Synthetic biology is the biomolecular synthesis or
biological systems engineering that synthesizes
complex systems based on biology, and that pro-
duces new functions that are not found in nature,
whether in organisms, food or for therapies [79].
The main difference with traditional genetic engi-
neering is that existing genomes are not modified
but provides organisms with genotypic character-
istics of industrial interest with complex systems
that can be built and designed, which show biolo-
gical functions of organisms that do not exist in
nature [80,81].

The term synthetic biology was coined to
describe a bacterium that had been genetically
engineered using recombinant DNA technology.
These bacteria are living systems that have been
altered by human intervention (synthetically) [82].
Today, that technology has allowed researchers to
do not only manipulate genes and analyze gen-
omes; they can also build a life from scratch. In
this way, natural organisms with little complexity
are used and functions required when designing
them in the existing genome are added. Some of
these modifications that are designed are genomes
modification, production and analysis of artificial
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Figure 1. Flow sheet for bioprocess design.

cells, designing cellular components, pathway
engineering and the creation of synthetic biomo-
lecules with some specific function [79,82]. Today,
synthetic biology is widely in the food industry
through the development of enzymes, tissue and
microorganisms that improve their conservation,
flavor and nutritional activity [83,84].

4.2. Impact and applications of synthetic biology
in the food industry

One of the main concerns of food companies is to
take care of the quality and biosecurity standards
of their products, as well as the quality and nutri-
tion systems of their products. Implementing effi-
cient, environmentally friendly, sustainable and
high innovation processes. It is here that synthetic
biology has been used, becoming an essential and

innovative tool in the food, dairy and agriculture
industry [85].

This technology has allowed the development of
foods with greater and better nutritional proper-
ties, including some made for each specific need of
the consumer as allergies or intolerances of some
foods. Also, it has allowed the design and produc-
tion of food with modifications of color, taste,
smell, vitamin content, fibre, protein, fat and car-
bohydrates. In addition, designs of food methods
rich in caloric content and fat, among others, have
been made to diminish them [86,87].

Likewise, synthetic biology can also be used to
create food packaging and biofilms to maintain
shelf life and preserve the properties of food (fla-
vor, color, smell and nutrients) for longer, even
keeping them free of microorganisms that affect
them or pollute [88]. On the other hand, this
technology is also used to produce fertilizers,
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plant development treatments and pesticides, due
to the use of enzymes and molecules produced
exclusively to generate that benefit to agriculture.
Also favoring the manufacturing processes of the
food industry and food safety systems in the culti-
vation fields through various molecular techniques
to treat diseases and produce biosensors for the
detection of pathogens [89,90,91].

Moreover, synthetic biology has been used like
the advantage of natural biodegradative pathways
in certain microorganisms to remediate potent
environmental contaminants such heavy metals,
actinides and nerve agents. Another approach to
control and eliminate pathogenic microorganisms
in cultures is the use of bacteriophages produced
by synthetic biology. These viruses are harmless
to humans, animals, and plants because they spe-
cifically target and kill microorganisms of inter-
est. These processes confer antimicrobial activity
because the virulent phages follow a lytic cycle
where they multiply within bacteria to finally
induced lysis of the cell [92].

For all the above, synthetic biology has become
a technology of great importance and high impact
in the food industry, agriculture, medicine and
health. It encompasses various sciences such as
biotechnology, engineering, molecular, cellular
and nutrition biology, used throughout the scien-
tific world. Therefore, it is considered a highly
recommended technology as a strategy for the
development of industries.

4.3. Bioinformatics in the food industry

In the last decade, Next-Generation Sequencing
(NGS) has become a routinely applied tool in many
fields, including the food industry, especially in food
microbiology. This technology can be used either to
determine the whole genome of a single cultured
isolate and thus be referred as ‘Whole Genome
Sequencing’ (WGS) or to generate sequences of mul-
tiple microorganisms in a biological sample, which is
known as metagenomics. These technologies are
replacing traditional microbial typing and character-
ization techniques such as serotyping, antimicrobial
resistance determination and virulence profiling due
to faster and more precise results, and even higher
discriminatory power than traditional molecular
typing [93]. WGS technology has been introduced

for surveillance of foodborne pathogens in the
United Kingdom, France, Denmark, and The
United States, allowing the detection of more and
smaller outbreaks, identification of the outbreaks
source and related cases of listeriosis [94]. On the
other hand, metagenomics has been used to predict
the presence or emergence of spoilage and pathogens
microorganisms as well as to characterize unknown
microbiota, thus being useful for food safety and
quality improvement.

NGS comprises both massively parallel and
single-molecule sequencing, which provides
short (100-300 pb) and long (10 to 50 Kb)
sequencing reads. A large amount of data gener-
ated through this technology has led to the
development of multiple software solutions and
bioinformatics specialty. The approaches to ana-
lyze these genomic data in combination with
epidemiological evidence enhances the ability to
determine the source of infection, transmission
route [95], or relatedness between strains. It can
be useful also to measure evolution within bac-
teria or to produce phylogenetic trees by the
changes in their DNA [96]. Phylogeny reflects
epidemiological relatedness: food or environ-
mental isolates that are phylogenetically closely
related are likely to be epidemiologically or cau-
sally linked [97]. However, food traceback and
epidemiological evidence must be to support the
correct interpretation.

Even standardization of techniques and well-
curated and high-quality database of genomic
sequence for pathogenic, functional microbes and
probiotics is needed for implementation of NGS
methods for food safety management [98], groups
such as the Consortium for Sequencing the Food
Supply Chain (CSESC) are putting efforts into
characterizing and quantifying the microbiome
before and after processing as well as collecting
genome information on pathogenic bacteria across
the food supply chain to assure food safety, trace-
ability and authenticity [99].

Metagenomics, coupled with new bioinformatic
tools, has become a powerful strategy in diagnos-
tics, monitoring, and traceability of products also.
In an example, its recent application in viticulture
is promising, where enology direction is emerging
to blend the industrial safety of monitored fermen-
tation with spontaneous fermentation due to the



great acceptance among consumers of wines with
distinctive autochthonous peculiarities. However,
it implies that population dynamics within the
entire winemaking process must be understood,
as well as their ecological niches, the relationship
between microbiome-wine health and micro-
biome-wine metabolome, their biological roles
and the technical basis [100].

Bioinformatics can also be used in combination
with genetic recombination technology to develop
microbial bioproduct advancements to benefic indus-
trial production un a cost-effective way. This was the
case of Meng et al [101], who developed
a recombinant Bacillus subtilis for the production of
pullulanase using different promoters to improve
yield. This enzyme is of especial interest in the indus-
trial starch fermentation for the production of alco-
hols, amino acids, high-glucose and high-maltose
syrups, which relies on pullulanase to degrade
a-1,6-glycosidic linkages to improve starch hydrolysis
[102]. Elaziz et al [103] also used bioinformatics to
generate a prediction algorithm to enhance the prop-
erties of fish products with therapeutic and industrial
roles, bioactive amino acids. Using biotechnological
approaches, the concentration level of these com-
pounds was assessed in protein hydrolyzates extracted
from tilapia fish.

5. Conclusions

This review highlighted the relevance, advantages and
current improvement in plant, animal and microbes
bioengineered tools and outlines feasible approaches
by biological and process’s bioengineering levels for
advancing the economic feasibility of food industries.
The critical analysis results revealed that the bioengi-
neering tools and strategies could be of promising
impact on the development of the food industry.
Methods to overcome and resolve the accompanying
encounters of food’s production. As a conclusion, it
also gives new insight into the challenges and possible
breakthrough of the development of food bioproducts
and new ingredients through bioengineered tools

Highlights

® Emerging and Bioengineered tools and
strategies for the development of the food
industry;
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e Integration of bioprocess, bioproducts, syn-
thetic biology and bioinformatical approaches
are discussed;

e Critically described the challenges and future
possibilities for the bioengineered tools for
food industry.
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