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Abstract: The research and development of alternatives to meat (including fish) and dairy products
for human consumption have been increasing in recent years. In the context of these alternatives, there
is a diversity of products such as tofu, tempeh, seitan, pulses, algae, seeds, nuts and insects. Apart
from these, some products require new technical processes such as needed by milk drink alternatives,
mycoprotein and meat, cheese and fish analogues. The aim of these analogues is to mimic the
physical and organoleptic properties of animal origin products through fibrous composition and mix
of ingredients from vegetable sources using adequate technology, which allow providing similar
texture and flavor. Using a narrative approach to review literature, the objectives of this paper are to
systematize the arguments supporting the adoption of meat, eggs and dairy alternatives, to identify
the diversity of alternatives to these products on the market, including the related technological
processes, and to project the challenges that the food industry may face soon. From a total of
302 scientific papers identified in databases, 186 papers were considered. More research papers on
products associated with alternatives to milk were found. Nevertheless, there are products that
need more research as analogues to meat and dairy products. A general scheme that brings together
the main reasons, resources and challenges that the food industry faces in this promising area of
alternatives to meat and dairy products is presented.

Keywords: meat analogue; plant-based protein foods; food engineering; sustainability

1. Introduction

Meat consumption has been, for a long time, considered an essential component of
human nutrition. However, the considerable increase in production associated not only
with the increase in the human population but also with generally excessive consumption
of meat on a global scale [1] has given rise to concerns of environmental, public health and
ethical and ideological nature. The reasons pointed out by researchers as alarming in terms
of the environment are inadequate management of water resources and arable land, the
emission of harmful gases into the atmosphere [2], the reduction in biodiversity [3] and the
harmful effects of the use of antibiotics and other medicines in livestock and agriculture [4].
In terms of public health, the epidemiological relationship between the consumption of
red meat and processed meat with some pathologies, such as colon cancer [5] and cardio-
vascular problems [6], is a matter of concern. In fact, there is a broad set of plant origin
food traditionally used in the human diet worldwide, such as in the Mediterranean Diet,
representing important food sources of protein and associated with the maintenance of
good health levels. Those mentioned deleterious consequences on human health repre-
sent an incentive to reduce the consumption of products of animal origin, reinforced by
the growing ethical concern with the welfare of animals [7] and general environmental
sustainability. The food industry has shown the capability to rapidly adapt and innovate
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to meet the growing demand for more sustainable diets. This initiative is particularly
reflected in the growing market for alternative proteins, which are increasingly becoming
available to consumers. Alternative protein sources encompass everything from algae to
re-engineered plant-based products, innovative use of legumes and a variety of meat sub-
stitutes. Nowadays, there is a large range of possibilities available in the market: lab-grown
meat, plant-based meat, single-cell proteins from yeast or algae, and edible insects.

To reduce the consumption of proteins of animal origin, several strategies were created,
such as: the encouragement to define a day when meat consumption is substantially
reduced [8]; the appeal for the replacement of the consumption of meat for proteins of
vegetal origin such as beans, nuts and/or legumes; and the development of meat-like
products [9]. This paradigm sustains a tendency to search for alternatives to products of
animal origin, which requires the use of new technology, especially in meat analogues and
vegetable drinks. The use of these technologies makes it possible to bring the functional,
organoleptic and nutritional properties of meat analogues closer to products of animal
origin, through the processing of fibrous material from ingredients of plant origin, in
order to imitate the muscle tissue texture [10]. Several techniques are used, the most
used being extrusion, electrospinning and wet spinning. However, in order to reduce the
consumption of proteins of animal origin by replacing them with alternatives to meat,
it will be necessary to overcome barriers such as resistance to change due to the high
status of animal origin products represent for the consumer, as well as the established
economic interests in the value chain and the need to deepen technological knowledge for
meat analogue processing [11]. The increasing demand for protein has resulted in rapid
innovations devised by the food industry in categories such as alternative proteins, for
which nutritional content can still be improved.

Using a narrative approach to reviewing literature, the objectives of this paper are
to systematize the arguments supporting the adoption of meat and dairy alternatives, to
identify the diversity of alternatives to these products on the market, including the related
technological processes, and to project the challenges that food industry may face in near
future. To fully understand the characteristics of the alternatives to meat and dairy products
on the market, an overview of the main technological processes used in the production of
meat and dairy analogues and their basic chemical properties is provided. In this context,
meat, fish and dairy analogues, as well artificial meat, mycoprotein and vegetable drinks,
are included.

2. Materials and Methods

From a methodological point of view, a search was carried out in the b-on, PubMed®,
Science Direct databases and websites of international organizations such as the Food and
Agriculture Organization (FAO) and the World Health Organization (WHO), without limi-
tation of date or origin of studies. The keywords used were “meat analogues”, “vegetable
protein” and “meat alternatives”, and 302 articles were identified with the potentially
relevant title. Of these, and after partial (only the abstract) or full reading, 186 articles were
considered in the present narrative review. Narrative review has been frequently used by
several authors [12]. Additionally, books by an international publisher and research on
websites of some national and international organizations were considered. This article
begins by specifically identifying alternative products to those of animal origin, from the
oldest ones (tofu, tempeh, seitan, algae, legumes, insects) to the products that are more
similar to meat (artificial meat, mycoprotein, fish alternatives) as well as vegetable drinks.
Additionally, an analysis of the technologies commonly used to produce these products is
presented, as well as an individual analysis that identifies the products, which describes the
production processes and contextualizes with the nutritional information of each category
of products.
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3. Meat and Dairy Alternatives

A diverse array of alternative foods to meat and dairy products is currently available
on the market. There are long-established products such as tofu, tempeh and seitan, seeds,
legumes, beans and nuts, and others such as algae and insects. Complementarily, there
are products trying to resemble meat, which are products that aim to replace products
of animal origin, imitating their functional properties and replicating their organoleptic
characteristics. Table 1 lists the main categories of alternatives to animal origin products,
mainly based on review papers published worldwide between 2014 and 2021.

Table 1. Main categories of alternative products to animal origin, 2014-2021.

Year Main Food Categories Source

2014  Textured vegetable protein [13]

2015 Soybeans (tofu, tempeh), seitan, pulses, oilseeds, cereals and mycoprotein [14]
Soy (tofu, tempeh), seitan, rice-based products, seaweed, lupine fiber

2015 ) [15]
and mycoprotein
Soybean (tofu, tempeh), seitan, lupine fiber, rice-based products, seaweed

2016 [16]
and Quorn

2018 Soy, gluten, pulses and oilseeds [17]
Soy, gluten, rice, oats, peas, lentils, lupine, chickpeas, mung bean

2019 X [18]
and mycoprotein

2019  Soy, wheat and peas [19]

2020  Soy, gluten, peas, mung bean protein and rice [20]

2020 Soy, wheat, rice, peas, chickpeas, canola and rapeseed [21]

2020  Soy (tofu, tempeh) and seitan [22]

2020  Soy (tofu, tempeh), Quorn and artificial meat [23]

2020  Soybean, wheat, peas, lupine, rice, potatoes and microalgae [24]

2021  Soy, wheat, peas and mycoprotein [25]

2021 Soy, gluten, peas, lentils, chickpeas, rice, quinoa, buckwheat, seeds and nuts [26]

2021  Soy (tofu, yuba, tempeh, textured soy protein) and gluten [27]

In general, the reviewed papers published from 2014 until 2021 detail the composition
of the products and identify the functional properties of each ingredient in the production
of a meat analogue. A meat analogue product, in its general composition, contains water
(50-80%), textured vegetable protein (15-20%) and non-textured protein (10-25%), flavor-
ings (3—-10%), fat (0-15%), binding agents (1-5%) and colorants (0-0.5%) [28]. Other specific
ingredients may be used to improve the texture of the final product.

Table 2 identifies and characterizes the existing products, as well as their advantages
and disadvantages, supported by the available literature. In the field of advantages,
arguments around the contribution to environmental sustainability are particularly valued.
On the other hand, in the field of disadvantages, sensory and legislative aspects stand out.

It is important to adapt the technological processes of extraction of fibrous tissue from
plant-based proteins to the characteristics of foods, to obtain final products of high protein
purity. The production of meat analogues requires the use of technologies that allow the
mimicking of properties of original animal products. In Table 3, some of these technologies
are identified.
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Table 2. Meat alternatives for human consumption (adapted from [29]).

Product

Definition and/or Sources

Benefits

Drawbacks

References

Plant-based proteins

Vegetable proteins: soy (tofu, tempeh, textured soy
protein); gluten (seitan); legumes (peas, lentils,
lupine, chickpeas); seeds (rapeseed, canola)

Perception of being healthier and more
sustainable than meat. Greater
acceptance when similar to meat. More
familiar to consumers compared to
mycoprotein and artificial meat.
Products with the lowest environmental
impact within the options presented.

Meat consumption is a common habit, and the
possibility of a paradigm shift is low.

The organoleptic properties motivate resistance
to consumer acceptance.

Distribution of products on marketplace.
Possibility of banning the use of the
terminology “meat” in analogue products.

[14,17,30-40]

Land use is lower than that used in

Mycoprotelp Product obtal'ned through the fermentation of the the production of conventional Significant impact on global warming. [41,42]
(fungal protein) fungus Fusarium venenatum. .
animal products.
Product that has the greatest Pe.rceptlon of being an artificial product, which
- raises doubts about its safety.
resemblance to the original meat. Higher CO, (carbon dioxide) emissions than
Artificial meat Meat produced by growing animal cell cultures. Perceived as more efficient compared to Baer -2 [43-48]
. . meat, inefficient use of water resources and
conventional practices: lower resources . ) )
. considerable expenditure on raw materials.
needed per unit of meat. . X .
Requires a review of food regulations.
Water-soluble extracts of plant material Tasteless when not flavored.
: Concern about added sugars and sweeteners.
decomposed and extracted in water for further . . . . o
L . Perception of being more sustainable. Regulatory requirements prohibiting the use of
. homogenization: legumes (soybean, chickpeas); . ; - . PR
Vegetable drinks . . Fermentation can improve nutritional the terminology “milk” in this type of product. [49-60]
cereals (oats, rice); pseudo-cereals (quinoa, teff, . o1 . . . :
. . (bioavailability) and sensory properties. ~ Almond drink has a higher environmental
amaranth); dried fruit (almond, walnut, coconut, . ..
] impact than cow’s milk, due to the
cashew, hazelnut); seeds (sesame, sunflower). o
consequences of irrigation.
High-quality protein when soy is used. = Some products do not match the nutritional
Products derived from cow’s milk that are partially =~ Possibility of altering the lipid profile, properties of common cheeses.
or completely replaced by products of plant origin. reducing the content of saturated fats. The palm oil used in these products may come
Cheese analogues . 1 . [61-63]
Proteins (peanuts or soy); fats (soy, coconut, Longer validity. from unsustainable sources.
tapioca, nutritional yeast, nuts). Lower cost when using products of Some products contain a high content of
lower commercial value. saturated fat from coconut and palm oil.
Products, ingredients, or combination of Most alternatives are nutritionally deficient in
Fish analogues ingredients used as a substitute for fish: soy, gluten, Helps avoid overfishing. Y [64,65]

algae, mushrooms and vegetables.

proteins and essential fats (EPA and DHA).
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Table 2. Cont.
Product Definition and/or Sources Benefits Drawbacks References
The ingredient responsible for the semi-solid Highly processed.
texture of the cooked “egg” is mung bean protein. Higher content of total fat, salt and
. Lower saturated fat content. . . .
Egg analogues The yellowish color of these products comes from . . . carbohydrates in comparison with eggs. [66,67]
. . . Perceived as sustainable and ethical. .
curcumin from turmeric and carotenoids More caloric.
from carrots. Lower quality of proteins.
1 . . Source of EPA (eicosapentaenoic acid) Regu'lsfltory problems if GMOs (g'enetlcally
Products rich in proteins, carbohydrates, lipids and .. modified organisms) are used to improve the
. . and DHA (docosahexaenoic acid). o\
Algae other bioactive compounds. Some examples: composition of products. [64,68,69]
Chlorella spp., Arthrospira spp., Schizochytrium spp It does not need arable land. Acceptance may be low due to the
v v " Helps to fix CO, (carbon dioxide). .
marine flavor.
Insects are one of the most abundant
Insects Product rich in proteins, with essential amino acids  living species in the world. Repulsion in consumption due to the negative [70-74]
in their composition. Alternative protein source to perception of insects.
sustainable meat.
Table 3. Technological processes to produce meat analogues.
Protein . e er
Technology Synthesis Limitations References
Sources
A protein solution is extruded into a coagulation bath,
containing a solvent, which reduces the solubility of the
protein or promotes cross-linking and fiber formation.
The action of the solvent causes the protein precipitation,
and together with the shear forces suffered on the nozzle, .
causes the proteins to align to form stretched filaments Due to the use of many chemical reagents,
Wet spinning Soybeans, peas and fava beans ' this technique generates large amounts of waste, [10,27,75,76]

To promote cross-linking, the solvent must contain
elements such as Ca®* or provide an environment that
promotes the formation of intermolecular and
intramolecular bonds between protein chains.

The fibrous material (20 um) formed is separated from the
solvent and washed.

which in turn limits its use.
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Table 3. Cont.
Protein . e
Technology Sources Synthesis Limitations References

Technique for producing fibers with diameter in R:I?;};ﬁmir;srff:t t;1e ulS:n?f ;};{[seitﬁghnlque are
nanometer scale through high voltage. & ynotmetby pantp . .

. - For electrospinning to occur, proteins must be in an
The protein solution is pushed through a nozzle and unfolded or intrinsicallv unstructured

- electrically accelerated by the electrical potential gradient Y
Electrospinning Whey, collagen, egg and soy with respect to the srounding electrode arrangement, rather than a globular structure. [10,77-80]
 FeSp 5 & : . . Plant proteins are usually globular in their native
The jet that emerges from the nozzle extends into a fine - . .
fiber (=100 nm) while the solvent evaporates and is state, having to be unfolded, usually using heating
collected in the collector before electrospinning, preventing the formation of
’ insoluble aggregates.
Most common technique for transforming proteins,
particularly of plant origin.
Extrusion can be classified into low moisture extrusion Intensive energy requirements.
(<30%) that is mainly intended for the production of Whether materials/ingredients can be extruded
Extrusion Soy and peanuts textured vegetable protein, while high moisture extrusion ~ depends on the ratio of soluble and insoluble [10,20,27,81-86]

(>50%) is used to produce whole-muscle meat texture,
characterized by fibrous and anisotropic structure.
Other factors can influence the final product, such as:
extrusion temperature, screw speed, extrusion pressure,
energy input and die geometry.

components; too many insoluble components
disturb protein cross-linking and result in
incoherent products.

Mixture of proteins
and hydrocolloids

Soy, rice, corn and lupine

Fibrous products can be obtained by mixing proteins with
hydrocolloids that precipitate with multivalent cations.
After mixing, the fibrous products are washed and the
excess water is removed by pressing, resulting in dry
matter contents between 40% and 60%.

In this process, various combinations of hydrocolloid
proteins and multivalent cations can be used, such as
casein and alginate.

Intensive use of resources.

Despite the initial ordering in the shear direction,
the subsequent steps destroy this large range
ordering, limiting the use of minced meat products
such as burgers and schnitzels.

[10,87]
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Table 3. Cont.
Protein . e er e
Technology Synthesis Limitations References

Sources
In freeze structuring or freeze alignment, the aqueous
solution (protein paste) is frozen to be structured.
Removal of heat from a well-mixed slurry gives an
1so.trc.)p1c S tructure,.but whe'n'heat 15 removed . To obtain distinct fibrous products, the proteins
unidirectionally without mixing, the alignment of the ice . . .

. . . . should have relatively good solubility prior to
Freeze structuring Plant proteins crystal needles produces anisotropic structures. [10,88-90]

Needle size must be adapted to temperature and freezing
rate. Subsequently, the frozen product is dried without
melting the ice crystals, for example, by lyophilization, to
obtain a porous microstructure with an orientation parallel
to the proteins.

freezing, and during the freezing process, these
proteins become insoluble.

Based on the recognition that extrusion is an effective
process, but not properly defined, a technology based on
shear flow deformation was created.

The final structure obtained with this technique depends

The mechanisms underlying this process are not

Shear cell technology Soy and gluten on the ingredients and processing conditions. well understood. [91-56]
Fibrous products are obtained with calcium caseinate and
various vegetable protein blends such as soy protein
concentrate, soy protein isolate, wheat gluten and pectin.
Three-dimensional food printing is rapidly developing
with various 3D printing techniques available.
The most common is based on syringe injection. Restriction of food materials that can be
In this process, a protein solution with a high viscosity is printed directly.
extruded through a thin syringe nozzle and moved layer ~ The printed protein solution must be homogeneous
3D printi by layer to form a 3D product (for example, a and have adequate printability.
printing Algae [20,97-102]

muscle-shaped structure).

Printing is based on a pre-engineered digital template and
3D printing models must withstand cooking processes.
Printability refers to physical and chemical properties,
ensuring its fluidity out of the nozzle and the ability to
maintain and quickly harden the post-layout 3D structure.

When ordinary foods are changed by 3D printing,
food loses some nutritional value and

sensory qualities.

Lack of research in 3D printing of functional foods.
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3.1. Plant-Based Proteins

There is a set of products of plant origin that constitute an important food source
of proteins. While individually these products may have limitations in terms of several
essential amino acids and vitamin B12, their combination can meet the nutritional needs of
a healthy individual [13,29,103]. Table 4 describes the main plant origin protein sources.

Table 4. Main sources of plant-based proteins.

Food Product

Characterization and Production

Tofu

Tempeh

Miso

Soy—Conventional products
Tofu is produced from “milk” from soybeans ground in hot water, after being properly peeled. After
heating, the hard parts (Okara) are separated from the “milk”, and the protein is coagulated through
the addition of a coagulant (nigari, magnesium sulfate or calcium chloride) [104].
In the production of tempeh (paste from fermented soybeans), soybeans are peeled, soaked and
cooked. Subsequently, they are cooled and inoculated with a mold (rhizopus), which makes the
preparation ferment [104].
Miso is a fermented soybean paste, produced from cooked soybeans and mixed with other cereals,
which gives the miso paste variability (miso hatcho, miso mugi, miso genmai). After the fermentation of
the grains, the mixture is salted, obtaining a thick and nutritious paste that contains live bacteria and
ferments [104].

Soy flour, soy protein
concentrate and soy
protein isolate

Soybean—Utility in the production of meat analogues
Soy ingredients are the most commonly used in meat analogues due to their functional properties
such as water holding ability, gelling, fat absorption and emulsifying ability [17].
Soy protein isolate stands out for its high protein purity, light color and mild flavor compared to
other soy ingredients [17].

Lentils, peas and chickpeas

Lupine

Other Legumes
Protein source (15% to 40%), essentially lysine.
Air-classification is an extraction process that adapts to the characteristics of peas and lentils (wide
diameter and uniform distribution of starch) [105].
Alkaline extraction followed by isoelectric precipitation is considered the most common method in
the extraction of vegetable proteins, due to its simplicity and production of concentrates with high
protein purity. Other methodologies used are alkaline extraction followed by ultrafiltration, aqueous
extraction and saline extraction [106].
The technological challenges to optimize the production and processing of lupine protein are related
to the maintenance of lupine oil and fiber, due to the potential that fiber demonstrates in functional
foods, with oil being an attractive product due to its balanced composition of fatty acids and their
bioactive lipid content [107,108]
Given the high protein content, lupine is considered a great raw material and can be used as an egg
substitute in the production of cakes and bread [109].

Peas, lentils, lupines
and chickpeas

Other Legumes—Ultility in the production of meat analogues
The functional properties (emulsification, stabilization and gel formation) of these legumes were
studied, and it was concluded that [110-119]:
Among them, the most promising for the production of meat analogues was pea protein, which, in
the study, was structured by high moisture extrusion;
Chickpeas, lentils and lupines showed good emulsifying, foaming and stabilizing capacity;
Apart from chickpeas, these proteins have weaker gelling abilities than soybeans.

Seitan

Gluten
It is produced by preparing wheat flour, as in the production of bread dough. This mass is washed in
a colander with running water. In this process, fats and carbohydrates are removed. The washed
pasta is cooked with soy sauce (shoyu or tamari) and thus gains a hard consistency [104].

Gluten

Gluten—Ultility in the production of meat analogues
Gluten is one of the main ingredients for the formation of fibrous structures, so it is common to be
present in the composition of meat analogues [120].
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3.2. Plant-Based Drinks

The production processes of plant-based drinks show some variants depending on the
raw materials used. However, the production methods of vegetable drinks share common
operations, which are described in Table 5.

Initially, it is required to decide whether or not to peel the selected raw material. This
can be purchased already peeled or unpeeled, dry or fresh. If the raw material is purchased
fresh and with the peel, it must be placed in hot water to later remove the peel [121]. After
peeling, the preparation will need to be dried [122]. On the other hand, if the product is
received already dried, it goes directly to a dry roasting or grinding stage.

Table 5. Production stages of plant-based drinks. Adapted from [123].

Process Consideration Limitations Reference
Used in peanut, sesame and hazelnut drinks;
‘ Roast}ng increases emulsion stability and Roasting reduces acidity, total
Roasting protein solubility; solids. vrotein and fat [124-127]
It can reduce acidity, total solids, protein and P ’
fat, and avoid bitterness.
.. It is not the most recommended process; H¥gh energy. consumption.
Dry grinding e . o Higher requirements of control [128]
Wet grinding is an alternative to dry grinding. 1
compared to wet grinding.
Use of acids or bases. Using citric acid
(2% concentration at 90 °C in 2 min), the nut
is peeled;
The base commonly used is sodium
hydroxide (NaOH); Inorganic chemical compounds
Use of water is feasible, and the process takes must be used (e.g., sodium
Peeling longer (18 to 20 h). hydroxide), increasing the water [129-134]

The time depends on the raw material used.
A subsequent wash should be carried out to
remove traces of the used acid or base.

The peeling allows to remove the toxic
components present in the skin, removing the
bitter taste.

consumption and the amount of
wastewater to be treated.

Soaking in water

Used for soybeans, hazelnuts, rice, sesame,
peanuts and almonds;

Hydration (soaking) and softening of raw
materials take place.

Toxins and nutrients are released into

the water.

Time-consuming operation
(up to 24 h).
Water consumption.

[50,122,125,132,135-139]

Blanching

Used for soybeans, almonds, coconut, sesame,
peanuts, rice and quinoa;

Decreases microbial load;

Inactivates enzymes;

Steam blanching can be used (increases total
solids and protein yield).

Amount of wastewater to
be treated.

[122,134,139-147]

Wet milling

Applied to soybeans, coconut, cashew nuts,
hazelnuts, hemp seeds, almonds, walnuts
and peanuts;

The amount of water added, the grinding
temperature, the pH and the type of grinding
are some of the factors that affect the

final product.

Water consumption.

[121,127,129,132,140,141,
148-151]
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Table 5. Cont.

Process

Consideration

Limitations

Reference

Filtration

It is applied to separate the liquid from the
solid phase (cake) of the ground raw material;
Filtration with double layer gauze, muslin
cloth (25 um) or filter paper of different sizes
can be used;

Ultrafiltration is also used (hazelnut, sesame
and corn).

Ultrafiltration can be an
expensive operation.

[124,129,131,132,134,139,
141,142,150,152-156]

Addition of
ingredients

In industry, sunflower lecithin and locust bean
gums and gellan are used to increase the
stability of solutions;

Xanthan gum is commonly used as a thickener
and stabilizer;

Ascorbic acid is added to prevent oxidation;
Sweeteners (sugarcane, sugar syrup, sucrose)
and sea salt are incorporated to improve the
flavor of the preparation (some varieties may
contain vanilla or cocoa);

To improve the silky appearance, sunflower oil
and olive oil are used.

Some components can cause
allergic reactions.

Increase the cost of the

final product.

[121,122,130,137,139,146,
147,157,158]

Fortification
and enrichment

During production, different compounds are
incorporated to increase the nutritional and
organoleptic properties of the final product;
To increase the protein content, lentils can

be used;

Calcium and vitamins (A, B2, B1, B12, D2

and E) are also added to increase vitamin and
mineral content;

Calcium citrate is used to increase the amount
of calcium in the final product.

Some components can cause
allergic reactions.

These components are not
naturally present.

[50,159]

It aims to improve the stability of the product;

Homogenization At this stage, the temperature of the product Raising product temperature. [127,130,138,160,161]
can increase between 5 °C and 10 °C.
Objective of increasing the shelf life of Negative effects of temperature
Sterilization the product; on nutritional and sensorial [121,138,162-164]
Pasteurization and sterilization can be applied.  quality of products.
Aseptic e . .
packaging and Keep the lifetime of the product; Increase the chance of physical [123]

cold storage

The storage temperature must be +4 °C.

damage in the final product.

3.3. Mycoprotein

Mycoprotein is a product created from filamentous fungus (Fusarium venenatumy), used
as an alternative to meat [165,166].

The filamentous fungus is produced in reactors through continuous fermentation
processes, in which conditions are carefully controlled (e.g., pH and temperature), with
subsequent stages being important for molding the product [10]. After fermentation, the
RNA must be degraded into monomers through a heat treatment, so that it can diffuse to
the outside of the cells. Residual biomass is heated and centrifuged to obtain a slurry with
20% solids [167]. The filamentous fungus is disintegrated after this centrifugation step and,
later, other steps follow, such as molding, steaming, cooling and texturing. These steps are
necessary to obtain a fibrous product. Mycoprotein is usually mixed with a small amount
of egg albumen, a little bit of roasted barley malt extract and water, or a natural flavoring,
and blended instead of malt to give it a flavorful character. Nutritionally, its composition
is comparable to meat, with proteins of good bioavailability, low fat and high content in
fiber [15,23,168].
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Commonly, mycoprotein-derived products are marketed as sausages, hamburgers or
in small pieces [169]. Although this procedure has been around for decades, it is relatively
intensive in the use of energy and ingredients resources [42].

3.4. Edible Algae

Algae have been part of the human diet for many years, based on archaeological
evidence, predominantly in Asia (traditionally in China, Japan and South Korea). More
recently, consumption of seaweed as food has appeared in European coastal areas (e.g.,
France, Norway, Wales and Ireland) [68]. The difference between algae results from their
chemical and morphological structure. Depending on their size, algae can be classified as
unicellular microalgae or macroalgae [170,171].

Algae are considered a food rich in proteins and a source of eicosapentaenoic (EPA)
and docosahexaenoic (DHA) fatty acids, and their composition varies depending on the
species being evaluated [29]. However, digestibility and bioavailability can be disturbing
factors, as the cell wall interferes with the use of nutrients. To increase the bioavailability of
algae proteins, a pre-treatment may be necessary to help break down the cell wall. Among
the advantages of producing algae as food is its ability to fix carbon dioxide and use less
soil than the livestock industry, contributing to the preservation of the environment [29]. In
addition to these advantages, around 130 scientific and medical institutions have stated
that algae products can bring benefits to human health and the environment in the medium
term [172]. The most popular algae for human consumption are spirulina and chlorella. It
is a low-processing product, subject to dehydration and contains more than 70% protein,
including all essential amino acids [69]. Marine species are also used in the production of
food additives such as agar—agar, carrageenan and alginates. These substances are used as
natural additives as gelling agents, thickeners and stabilizers, respectively [173].

3.5. Artificial Meat

In vitro meat is obtained by harvesting cells from live animals, and their subsequent
proliferation is performed using cell engineering techniques. This methodology makes the
production of meat viable, avoiding large-scale livestock production [174].

The producing process of artificial meat begins with the removal of a small portion
of animal tissue, through a biopsy under anesthesia. Subsequently, proliferation takes
place, where stem cells are first separated from the original tissues and then developed
into other muscle tissue [175-177]. Cells are grown in a liquid medium that contains
specific nutrients such as amino acids, lipids, vitamins and salts that provide the necessary
conditions for tissue development (which may vary depending on cell species and tissue
type) [10,178]. The proliferation process doubles the cell population within 7-8 weeks and
is a continuous process that takes place in bioreactors until millions of cells are produced.
The differentiation phase begins when a sufficient number of cells have been produced and
when there are no growth factors in the medium [175]. That said, the cells fuse to form
myotubes. The cells are then submerged in a collagen gel with a central hub located in the
culture medium to form a muscle fiber in the shape of a donut. The innate ability of muscle
cells to contract provides a stimulus for muscle maturation and protein production. As an
example, it takes about 10,000 muscle fibers to produce an 85 g hamburger [179].

3.6. Alternatives to Cheese

The development of alternative products to cheese involves using fat and/or protein
sources that are alternative to that used in conventional products and seeking to simulate
the characteristic flavors of cheeses, in a product that will tend to contain lower levels
of calories, fat and cholesterol [61]. There are different formulations of alternatives to
conventional cheese. For example, there is a formulation that uses caseinates and vegetable
oils and a formulation that totally excludes milk and uses plant-based ingredients [180,181].
Among the common ingredients in these products’ processing, acids, flavoring agents and
salts are also used.
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Table 6 presents the most frequent ingredients in the composition of alternative
cheese products.

Table 6. Ingredients used in cheese analogue production (adapted from [182]).

Ingredient Function Example
Fat Desired composition and texture Butter, soy, corn
Milk proteins Desired composition and texture Casein, whey, caseinates
Vegetable proteins ~ Desired composition, lower price relative to casein Peanuts and gluten
Starch Casein substitute (lower price) Rice, potato, natural and modified corn
Hydrggollmd Desired texture and stability Sodium phosphate, sodium citrate, guar gum,
stabilizers xanthan gum
Acidifying agents pH control Organic acids, lactic, citric and phosphoric acid
Flavorings Desired flavor Smoked extract, spices, cheese-modifying enzyme
Flavor enhancers Desired flavor Salt and yeast extract
Dyes Desired color Paprika, annatto and artificial dyes
Preservatives Shelf-life extension Nisin, potassium sorbate,

calcium sodium propanoate

3.7. Alternatives to Fish

Fish consumption is recommended by institutions such as FAO and WHO, due to its
high nutritional value [183]. However, excessive consumption has negative consequences
on the ecosystem, such as the loss of species biodiversity, environmental damage and dis-
eases of marine species [184-186]. In addition, the presence of heavy metals that accumulate
in fish due to sea pollution is an added factor that leads to the development of efforts to
find alternative solutions [26]. The respective incentives motivate the search for solutions
based on plant ingredients that aspire to imitate the characteristics of fish products.

The consumer has a loyalty relationship with conventional products and, therefore,
the imitation of sensory properties is considered essential. To achieve that, it is necessary to
be able to imitate the intrinsic characteristics of fish products, which requires the simulation
of the nanometric fibrous gel structure, resulting from cellular tissues and the organization
of protein chains [26]. The common practice to do it is the use of isolated proteins or protein
concentrates from vegetable sources such as peas and soy, transformed into “surimi” gels,
through partial or total replacement of the raw material of fish or myofibrillar proteins of
fish [187-189].

In addition to the aforementioned products, there are records of the use of legumes
(chickpeas), pseudo cereals (quinoa, buckwheat), wheat (gluten), rice, tubers (potatoes),
seeds and nuts in the formulation of fish analogues [24,40].

3.8. Egg Analogues

For egg analogues, it is critical to identify a combination of plant proteins that unfolds
and aggregates over a similar temperature range as egg proteins (i.e., around 63 to 93 °C),
that produces a similar texture—temperature profile, and that produces a similar final
appearance and texture [66]. Several plant proteins are able to form gels when they are
heated above their thermal denaturation temperatures, such as pea, chickpea, bean, soybean
and sunflower, but the protein structure, protein concentration, pH, salt and temperature
conditions must be carefully controlled [66]. Egg analogues may also require several other
ingredients to simulate specific attributes of real eggs. An emulsified plant-based oil may be
included to provide desirable optical, textural, mouthfeel and flavor properties. These oil
droplets simulate some of the functional attributes normally provided by the lipoproteins
in real eggs. Natural pigments, such as curcumin or carotenoids, are typically added to
mimic the desirable yellowish color of the egg. A diversity of flavorings may also be added
to obtain an egg-like aroma and taste, such as sugars, salts, herbs, or spices [66].
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3.9. Edible Insects

Entomophagy is an ancestral custom prevalent in Southeast Asia, the African continent
and South America. In western countries, consumption is lower due to the existing cultural
bias regarding insects as food [73].

The use of insects as food has the potential to solve problems related to the inefficient
use of water resources and topsoil. In this sense, academic institutions, industries and
government institutions have made efforts in an attempt to reduce the negative perception
of insects through the development of palatable processing methods, as well as to spread
the message of the benefits of insect consumption [73].

The main benefits of insects as a food option are the protein content, capable to meet
human needs and the high production efficiency compared to other conventional food
groups, such as meat. However, insect proteins have low digestibility due to the presence
of chitin, which gives them rigidity and makes them resistant to hydrolysis by digestive
enzymes. Consequently, insoluble precipitates can be formed, which reduce the bioavail-
ability of minerals and decrease the digestibility of proteins in the small intestine [190].
Furthermore, the presence of high levels of hydrophobic amino acids provides a low
solubility and limits the use of insect proteins in food applications.

Table 7 presents the most consumed insects globally according to the existing literature.
The edible insects legally allowed to be sold can vary among countries. For example, in Eu-
ropean Union, according to the European Food Safety Authority (EFSA), the so-called insect
species Acheta domesticus, Alphitobius diaperinus, Apis mellifera, Gryllodes sigillatus, Locusta
migratoria and Tenebrio molitor can be produced, marketed and used in human foodstuffs.

Table 7. Edible insects for human food intake (adapted from [73]).

Order Common Name
Coleoptera Beetles
Lepidoptera Butterflies
Hymenoptera Ants, wasps and bees
Hemiptera Cicadas
Diptera Flies
Odonata Dragonflies
Isopters Termites
Orthopterans Locusts and crickets

The processes used in the industry are strategically outlined in view of the difficulty
caused by the negative perception of the consumer regarding this type of products, which
encourages opting for processing methods that transform the insects into powder or flour.
In this way, it is possible to minimize visual associations and increase palatability and
consequent acceptance [191]. In addition, researchers, according to the existing literature,
have investigated the functional properties of insect proteins, including gelling ability,
foaming ability, emulsifying ability and solubility [73,191].

4. Final Remarks and Future Trends

With the purpose of systematizing the main themes focused on in this work, a scheme
was built (Figure 1). Fundamentally, this framework, based on the reviewed literature, aims
to answer the why, the how and the what and take a forward-looking approach to potential
challenges that the food industry may face.
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Alternatives to meat, fish,
eggs and dairy products

* Environmental sustainability
® Functional nutrition
* Human health and well-being

¢ Animal welfare

* Use of plant-based products
* Training of professionals
* Nutrition literacy

*¢ Food innovation

* Algae

® Meat, fish, eggs and cheese analogues
* Vegetable drinks

® Artificial meat

* Insects

* Mycoprotein

* Plant-based proteins

* Skills development

—m— * Food processing techniques

* Consumer acceptance

Figure 1. Outlook about main issues related to alternatives to meat, fish, eggs and dairy products in
the food industry.

Some topics that were not deeply discussed in this paper, such as training of pro-
fessionals, nutrition literacy, and consumer cultural acceptance, are included in Figure 1
because they are also closely related to these large thematics around alternatives to meat
and dairy products in the food industry. In particular, a broad investment in the nutrition
literacy of consumers and in the education of health professionals is essential to promote
change in dietary choices.

In terms of public health, the epidemiological relationship between the consumption
of red meat and processed meat with some pathologies and the potential of alternatives
to meat, such as plant-based diets, for the prevention of chronic diseases and to improve
people’s health and quality of life is of utmost importance in public health policies directed
to healthy diets, alongside sustainable and inclusive economic growth. It even reinforces
the health and nutritional value of some traditional food practices as the high content of
vegetables in the Mediterranean diet or the consumption of edible insects in the Asia Pacific
region, creating a synthesis between culture and diet practices and the concern to transition
to more environmentally sustainable food production systems.

The “European Green Deal. Farm to Fork” (2020) of the European Union is an example
of a strategy for food sustainability through a fair, healthy and environmentally friendly
food system, generating benefits for producers, consumers, environment and climate.

The alternatives to meat and dairy products can contribute to the protection of natural
resources and to economic sustainability and are adjusted to a culture of animal protection
compared to the practices most used today. At the same time, some thinking has to be done
about the usage of those food products and the technology involved in their production.
As an example, the development of meat-like products has to be analyzed in terms of the
real change in diet attitude. Will products that mimic meat be seen as transitional products
to a real plant-based diet? Are they culturally similar products in that transition? Are they
just pleasure products mimicking the sensory characteristics of meat?

Challenges to society and the food industry are inevitable. These include the efficiency
of industrial procedures and consequent cost for consumers, the emergence of innovative
new processes, the diversification of available analogues in the market, the regulatory



Foods 2022, 11, 2053

15 of 22

References

framework for restaurants and food delivery, sustainable practices in the supply-chain,
profitable return of economic investment and toxicological surveillance and safety.

The food industry may face some other challenges. The openness to meat-alternative
products may be improved by tasty food products, leading to optimizing existing technolo-
gies and innovation to improve the organoleptic properties and nutritional composition of
meat analogues. Another challenge is to manage the quality of information presented to
the consumer. The information must be objective for a conscious and knowledgeable food
choice and realistic as to the real contribution to the consumer’s health and wellbeing. It is
also needed to encourage consumers to really reduce the consumption of animal products.
Finally, there is a challenge to create incentives for consumers to consider integrating meat
alternatives products into their diet, which might include the cost of acquisition of these
food products.

5. Conclusions

The food industry, in response to growing consumers’ concerns about environmental
sustainability, public health and ideological nature, has been making progress with the
development of an increasingly diverse set of meat and dairy alternatives, such as meat
analogues and plant-based drinks. To pursue this purpose, technological processes are
being studied and improved. However, despite the evolution, technological approaches
need to be optimized to improve cost-effectiveness, reinforce the environmental and sus-
tainable viability of high-quality plant-based protein ingredients and increase acceptance
of those food products by the consumers. The investment to be made by the industry needs
to be supported and reinforced by an investment in social and cultural change towards
consumer acceptance of food alternatives to meat and dairy products.

When comparing the different plant-based categories, it can be underlined that it
is possible to use protein from plant sources and produce alternative protein-rich food
products, guaranteeing the necessary balance between environmental sustainability, animal
welfare, functional nutrition and human health and wellbeing. For a more comprehensive
consumption of alternatives to meat and dairy products, continuous work will be crucial to
encourage consumers to opt for these products, progressively replacing products of animal
origin and their derivatives.

Author Contributions: M.L., G.B., LR., R.C. and J.L. contributed to the conceptualization, inves-
tigation and writing of the original draft; J.L., LR. and R.C. contributed to the resources and
writing—review; G.B., R.C. and ]J.L. contributed to the supervision, project managing, resources
and writing—review. All authors have read and agreed to the published version of the manuscript.

Funding: EQVEGAN project—European Qualifications & Competences for the Vegan Food Industry
621581-EPP-1-2020-1-PT-EPPKA2-SSA-EQVEGAN. European Education and Culture Executive Agency.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors have no conflict of interest.

1. FAO. FAO Statistical Yearbook 2014. Europe and Central Asia Food and Agriculture; FAO: Budapest, Hungary, 2014; Volume 5,

ISBN 9788578110796.

2. Steinfeld, H.; Gerber, P.; Wassenaar, T.; Castel, V.; Rosales, M.; De Haan, C. Livestock’s Long Shadow: Environmental Issues and
Options. Food and Agriculture Organization (FAO). Available online: http://books.google.com/books?hl=pt-BR&Ir=&id=1B9
LQQkm_qMCé&pgis=1 (accessed on 14 June 2021).

Machovina, B.; Feeley, K.J.; Ripple, W.J. Biodiversity conservation: The key is reducing meat consumption. Sci. Total Environ.

2015, 536, 419-431. [CrossRef]


http://books.google.com/books?hl=pt-BR&lr=&id=1B9LQQkm_qMC&pgis=1
http://books.google.com/books?hl=pt-BR&lr=&id=1B9LQQkm_qMC&pgis=1
http://doi.org/10.1016/j.scitotenv.2015.07.022

Foods 2022, 11, 2053 16 of 22

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.

Phillips, I.; Casewell, M.; Cox, T.; De Groot, B.; Friis, C.; Jones, R.; Nightingale, C.; Preston, R.; Waddell, J. Does the use of
antibiotics in food animals pose a risk to human health? A critical review of published data. J. Antimicrob. Chemother. 2004,
53, 28-52.

Bouvard, V.; Loomis, D.; Guyton, K.Z.; Grosse, Y.; El Ghissassi, F.; Benbrahim-Tallaa, L.; Guha, N.; Mattock, H.; Straif, K.; Stewart,
B.W.; et al. Carcinogenicity of consumption of red and processed meat. Lancet Oncol. 2015, 16, 1599-1600. [CrossRef]

Micha, R.; Wallace, S.K.; Mozaffarian, D. Red and processed meat consumption and risk of incident coronary heart disease, stroke,
and diabetes mellitus: A systematic review and meta-analysis. Circulation 2010, 121, 2271-2283. [CrossRef]

Mills, C.W.; Paul, B. Thompson, From Field to Fork: Food Ethics for Everyone. Environ. Values 2016, 25, 762-764. [CrossRef]

De Boer, J.; Schosler, H.; Aiking, H. ‘Meatless days’ or ‘less but better’? Exploring strategies to adapt Western meat consumption
to health and sustainability challenges. Appetite 2014, 76, 120-128. [CrossRef]

Hoek, A.C.; Luning, P.A.; Weijzen, P,; Engels, W.; Kok, FJ.; de Graaf, C. Replacement of meat by meat substitutes. A survey on
person- and product-related factors in consumer acceptance. Appetite 2011, 56, 662—-673. [CrossRef]

Dekkers, B.L.; Boom, R.M.; van der Goot, A J. Structuring processes for meat analogues. Trends Food Sci. Technol. 2018, 81, 25-36.
[CrossRef]

Aiking, H. Future protein supply. Trends Food Sci. Technol. 2011, 22, 112-120. [CrossRef]

Green, B.N,; Johnson, C.D.; Adams, A. Writing narrative literature reviews for peer-reviewed journals: Secrets of the trade.
J. Chiropr. Med. 2006, 5, 101-117. [CrossRef]

Wild, E; Czerny, M.; Janssen, A.M.; Kole, A.P.W.; Zunabovic, M.; Domig, K.J. The evolution of a plant-based alternative to meat:
From niche markets to widely accepted meat alternatives. Agro Food Ind. Hi. Tech. 2014, 25, 45-49.

Malav, O.P; Talukder, S.; Gokulakrishnan, P.; Chand, S. Meat Analog: A Review. Crit. Rev. Food Sci. Nutr. 2015, 55, 1241-1245.
[CrossRef]

Joshi, V.; Kumar, S. Meat Analogues: Plant based alternatives to meat products—A review. Int. ]. Food Ferment. Technol. 2015,
5,107. [CrossRef]

Kumar, S. Meat Analogs “Plant based alternatives to meat products: Their production technology and applications”. Crit. Rev.
Food Sci. Nutr. 2016. online ahead of print. [CrossRef]

Kyriakopoulou, K.; Dekkers, B.; van der Goot, A.]. Plant-Based Meat Analogues. In Sustainable Meat Production and Processing;
Elsevier: Amsterdam, The Netherlands, 2019; pp. 103-126, ISBN 9780128148747.

Bohrer, B.M. An investigation of the formulation and nutritional composition of modern meat analogue products. Food Sci. Hum.
Wellness 2019, 8, 320-329. [CrossRef]

McHugh, T.; Avena-Bustillos, R. How Plant-Based Meat and Seafood Are Processed. Food Technol. 2019, 73, 83-84, 87.

Sha, L.; Xiong, Y.L. Plant protein-based alternatives of reconstructed meat: Science, technology, and challenges. Trends Food Sci.
Technol. 2020, 102, 51-61. [CrossRef]

Sun, C; Ge, ].; He, J.; Gan, R; Fang, Y. Processing, Quality, Safety, and Acceptance of Meat Analogue Products. Engineering 2021,
7,674-678. [CrossRef]

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

Ismail, I.; Hwang, Y.H.; Joo, S.T. Meat analog as future food: A review. J. Anim. Sci. Technol. 2020, 62, 111-120. [CrossRef]
Boukid, F. Plant-based meat analogues: From niche to mainstream. Eur. Food Res. Technol. 2020, 247, 297-308. [CrossRef]
Beniwal, A.S.; Singh, J.; Kaur, L.; Hardacre, A.; Singh, H. Meat analogs: Protein restructuring during thermomechanical processing.
Compr. Rev. Food Sci. Food Saf. 2021, 20, 1221-1249. [CrossRef] [PubMed]

Kazir, M,; Livney, Y.D. Plant-Based Seafood Analogs. Molecules 2021, 26, 1559. [CrossRef] [PubMed]

Zhang, T.; Dou, W.; Zhang, X.; Zhao, Y.; Zhang, Y.; Jiang, L.; Sui, X. The development history and recent updates on soy
protein-based meat alternatives. Trends Food Sci. Technol. 2021, 109, 702-710. [CrossRef]

Egbert, R.; Borders, C. Achieving success with meat analogs. Food Technol. 2006, 60, 28-34.

Alcorta, A.; Porta, A.; Tarrega, A.; Alvarez, M.D.; Pilar Vaquero, M. Foods for plant-based diets: Challenges and innovations.
Foods 2021, 10, 293. [CrossRef]

Pohjolainen, P.; Vinnari, M.; Jokinen, P. Consumers’ perceived barriers to following a plant-based diet. Br. Food J. 2015, 117,
1150-1167. [CrossRef]

Piazza, J.; Ruby, M.B.; Loughnan, S.; Luong, M.; Kulik, ].; Watkins, H.M.; Seigerman, M. Rationalizing meat consumption. The
4Ns. Appetite 2015, 91, 114-128. [CrossRef]

Michel, F; Hartmann, C.; Siegrist, M. Consumers’ associations, perceptions and acceptance of meat and plant-based meat
alternatives. Food Qual. Prefer. 2021, 87, 104063. [CrossRef]

Corrin, T.; Papadopoulos, A. Understanding the attitudes and perceptions of vegetarian and plant-based diets to shape future
health promotion programs. Appetite 2017, 109, 40-47. [CrossRef]

Bryant, C.J. We can’t keep meating like this: Attitudes towards vegetarian and vegan diets in the United Kingdom. Sustainability
2019, 11, 6844. [CrossRef]

de Koning, W.; Dean, D.; Vriesekoop, F.; Aguiar, L.K.; Anderson, M.; Mongondry, P.; Oppong-Gyamfi, M.; Urbano, B.; Luciano,
C.A.G;; Jiang, B.; et al. Drivers and inhibitors in the acceptance of meat alternatives: The case of plant and insect-based proteins.
Foods 2020, 9, 1292. [CrossRef] [PubMed]


http://doi.org/10.1016/S1470-2045(15)00444-1
http://doi.org/10.1161/CIRCULATIONAHA.109.924977
http://doi.org/10.3197/096327116x14736981715940
http://doi.org/10.1016/j.appet.2014.02.002
http://doi.org/10.1016/j.appet.2011.02.001
http://doi.org/10.1016/j.tifs.2018.08.011
http://doi.org/10.1016/j.tifs.2010.04.005
http://doi.org/10.1016/S0899-3467(07)60142-6
http://doi.org/10.1080/10408398.2012.689381
http://doi.org/10.5958/2277-9396.2016.00001.5
http://doi.org/10.1080/10408398.2016.1196162
http://doi.org/10.1016/j.fshw.2019.11.006
http://doi.org/10.1016/j.tifs.2020.05.022
http://doi.org/10.1016/j.eng.2020.10.011
http://doi.org/10.1111/1541-4337.12610
http://doi.org/10.5187/jast.2020.62.2.111
http://doi.org/10.1007/s00217-020-03630-9
http://doi.org/10.1111/1541-4337.12721
http://www.ncbi.nlm.nih.gov/pubmed/33590609
http://doi.org/10.3390/molecules26061559
http://www.ncbi.nlm.nih.gov/pubmed/33809067
http://doi.org/10.1016/j.tifs.2021.01.060
http://doi.org/10.3390/foods10020293
http://doi.org/10.1108/BFJ-09-2013-0252
http://doi.org/10.1016/j.appet.2015.04.011
http://doi.org/10.1016/j.foodqual.2020.104063
http://doi.org/10.1016/j.appet.2016.11.018
http://doi.org/10.3390/su11236844
http://doi.org/10.3390/foods9091292
http://www.ncbi.nlm.nih.gov/pubmed/32937919

Foods 2022, 11, 2053 17 of 22

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

Clune, S.; Crossin, E.; Verghese, K. Systematic review of greenhouse gas emissions for different fresh food categories. J. Clean.
Prod. 2017, 140, 766-783. [CrossRef]

Soret, S.; Mejia, A.; Batech, M.; Jaceldo-Siegl, K.; Harwatt, H.; Sabaté, ]. Climate change mitigation and health effects of varied
dietary patterns in real-life settings throughout North America. Am. J. Clin. Nutr. 2014, 100 (Suppl. 1), 4905-495S. [CrossRef]
[PubMed]

Sanchez-Sabate, R.; Sabaté, ]. Consumer attitudes towards environmental concerns of meat consumption: A systematic review.
Int. ]. Environ. Res. Public Health 2019, 16, 1220. [CrossRef]

Aschemann-Witzel, ].; Gantriis, R.F.,; Fraga, P.; Perez-Cueto, FJ.A. 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. 2020, 1-10. [CrossRef]
Kumar, P.,; Chatli, M.K.; Mehta, N.; Singh, P.; Malav, O.P.; Verma, A K. Meat analogues: Health promising sustainable meat
substitutes. Crit. Rev. Food Sci. Nutr. 2017, 57, 923-932. [CrossRef]

Souza Filho, P.E; Andersson, D.; Ferreira, J.A.; Taherzadeh, M.]. Mycoprotein: Environmental impact and health aspects. World J.
Microbiol. Biotechnol. 2019, 35, 147. [CrossRef]

Smetana, S.; Mathys, A.; Knoch, A.; Heinz, V. Meat alternatives: Life cycle assessment of most known meat substitutes. Int. J. Life
Cycle Assess. 2015, 20, 1254-1267. [CrossRef]

Chriki, S.; Hocquette, J.E. The Myth of Cultured Meat: A Review. Front. Nutr. 2020, 7, 7. [CrossRef]

Bryant, C.; Barnett, J. Consumer acceptance of cultured meat: A systematic review. Meat Sci. 2018, 143, 8-17. [CrossRef]
Siegrist, M.; Stitterlin, B.; Hartmann, C. Perceived naturalness and evoked disgust influence acceptance of cultured meat. Meat
Sci. 2018, 139, 213-219. [CrossRef]

Alexander, P; Brown, C.; Arneth, A.; Dias, C.; Finnigan, J.; Moran, D.; Rounsevell, M.D.A. Could consumption of insects, cultured
meat or imitation meat reduce global agricultural land use? Glob. Food Sec. 2017, 15, 22-32. [CrossRef]

Lynch, J.; Pierrehumbert, R. Climate Impacts of Cultured Meat and Beef Cattle. Front. Sustain. Food Syst. 2019, 3, 5. [CrossRef]
Bhat, Z.F,; Fayaz, H. Prospectus of cultured meat—Advancing meat alternatives. J. Food Sci. Technol. 2011, 48, 125-140. [CrossRef]
Silva, A.R.A.; Silva, M.M.N; Ribeiro, B.D. Health issues and technological aspects of plant-based alternative milk. Food Res. Int.
2020, 131, 108972. [CrossRef]

Sethi, S.; Tyagi, S.K.; Anurag, R K. Plant-based milk alternatives an emerging segment of functional beverages: A review. J. Food
Sci. Technol. 2016, 53, 3408-3423. [CrossRef]

Ritchie, H.; Reay, D.S.; Higgins, P. The impact of global dietary guidelines on climate change. Glob. Environ. Chang. 2018, 49,
46-55. [CrossRef]

Grant, C.A.; Hicks, A.L. Comparative life cycle assessment of milk and plant-based alternatives. Environ. Eng. Sci. 2018, 35,
1235-1247. [CrossRef]

Leialohilani, A.; de Boer, A. EU food legislation impacts innovation in the area of plant-based dairy alternatives. Trends Food Sci.
Technol. 2020, 104, 262-267. [CrossRef]

Tangyu, M.; Muller, J.; Bolten, C.J.; Wittmann, C. Fermentation of plant-based milk alternatives for improved flavour and
nutritional value. Appl. Microbiol. Biotechnol. 2019, 103, 9263-9275. [CrossRef] [PubMed]

Palacios, O.M.; Badran, J.; Spence, L.; Drake, M.A.; Reisner, M.; Moskowitz, H.R. Measuring Acceptance of Milk and Milk
Substitutes among Younger and Older Children. J. Food Sci. 2010, 75, S522-S526. [CrossRef] [PubMed]

Palacios, O.M.; Badran, J.; Drake, M.A.; Reisner, M.; Moskowitz, H.R. Consumer acceptance of cow’s milk versus soy beverages:
Impact of ethnicity, lactose tolerance and sensory preference segmentation. J. Sens. Stud. 2009, 24, 731-748. [CrossRef]

Villegas, B.; Carbonell, I.; Costell, E. Acceptability of milk and soymilk vanilla beverages: Demographics consumption frequency
and sensory aspects. Food Sci. Technol. Int. 2009, 15, 203-210. [CrossRef]

Schyver, T.; Smith, C. Reported attitudes and beliefs toward soy food consumption of soy consumers versus nonconsumers in
natural foods or mainstream grocery stores. J. Nutr. Educ. Behav. 2005, 37, 292-299. [CrossRef]

Schiano, A.N.; Harwood, W.S.; Gerard, P.D.; Drake, M.A. Consumer perception of the sustainability of dairy products and
plant-based dairy alternatives. J. Dairy Sci. 2020, 103, 11228-11243. [CrossRef]

McCarthy, K.S.; Parker, M.; Ameerally, A.; Drake, S.L.; Drake, M. A. Drivers of choice for fluid milk versus plant-based alternatives:
What are consumer perceptions of fluid milk? J. Dairy Sci. 2017, 100, 6125-6138. [CrossRef]

Bachmann, H.P. Cheese analogues: A review. Int. Dairy J. 2001, 11, 505-515. [CrossRef]

Gesteiro, E.; Guijarro, L.; Sanchez-Muniz, EJ.; Del Carmen Vidal-Carou, M.; Troncoso, A.; Venanci, L.; Jimeno, V.; Quilez, J.;
Anadon, A.; Gonzalez-Gross, M. Palm oil on the edge. Nutrients 2019, 11, 2008. [CrossRef]

Saswattecha, K.; Kroeze, C.; Jawjit, W.; Hein, L. Assessing the environmental impact of palm oil produced in Thailand. ]. Clean.
Prod. 2015, 100, 150-169. [CrossRef]

Caporgno, M.P.; Mathys, A. Trends in Microalgae Incorporation into Innovative Food Products with Potential Health Benefits.
Front. Nutr. 2018, 5, 58. [CrossRef] [PubMed]

Nethravathy, M.U.; Mehar, J.G.; Mudliar, S.N.; Shekh, A.Y. Recent Advances in Microalgal Bioactives for Food, Feed, and
Healthcare Products: Commercial Potential, Market Space, and Sustainability. Compr. Rev. Food Sci. Food Saf. 2019, 18, 1882-1897.
[CrossRef]

McClements, D.J.; Grossmann, L. The science of plant-based foods: Constructing next-generation meat, fish, milk, and egg
analogs. Compr. Rev. Food Sci. Food Saf. 2021, 20, 4049-4100. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jclepro.2016.04.082
http://doi.org/10.3945/ajcn.113.071589
http://www.ncbi.nlm.nih.gov/pubmed/24898230
http://doi.org/10.3390/ijerph16071220
http://doi.org/10.1080/10408398.2020.1793730
http://doi.org/10.1080/10408398.2014.939739
http://doi.org/10.1007/s11274-019-2723-9
http://doi.org/10.1007/s11367-015-0931-6
http://doi.org/10.3389/fnut.2020.00007
http://doi.org/10.1016/j.meatsci.2018.04.008
http://doi.org/10.1016/j.meatsci.2018.02.007
http://doi.org/10.1016/j.gfs.2017.04.001
http://doi.org/10.3389/fsufs.2019.00005
http://doi.org/10.1007/s13197-010-0198-7
http://doi.org/10.1016/j.foodres.2019.108972
http://doi.org/10.1007/s13197-016-2328-3
http://doi.org/10.1016/j.gloenvcha.2018.02.005
http://doi.org/10.1089/ees.2018.0233
http://doi.org/10.1016/j.tifs.2020.07.021
http://doi.org/10.1007/s00253-019-10175-9
http://www.ncbi.nlm.nih.gov/pubmed/31686143
http://doi.org/10.1111/j.1750-3841.2010.01839.x
http://www.ncbi.nlm.nih.gov/pubmed/21535626
http://doi.org/10.1111/j.1745-459X.2009.00236.x
http://doi.org/10.1177/1082013208105166
http://doi.org/10.1016/S1499-4046(06)60159-0
http://doi.org/10.3168/jds.2020-18406
http://doi.org/10.3168/jds.2016-12519
http://doi.org/10.1016/S0958-6946(01)00073-5
http://doi.org/10.3390/nu11092008
http://doi.org/10.1016/j.jclepro.2015.03.037
http://doi.org/10.3389/fnut.2018.00058
http://www.ncbi.nlm.nih.gov/pubmed/30109233
http://doi.org/10.1111/1541-4337.12500
http://doi.org/10.1111/1541-4337.12771
http://www.ncbi.nlm.nih.gov/pubmed/34056859

Foods 2022, 11, 2053 18 of 22

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.
91.

92.

93.

94.

Hettiarachchy, N.; Kannan, A.; Schifer, C.; Wagner, G. Gelling of Plant Based Proteins. In Product Design and Engineering;
Wiley-VCH Verlag GmbH & Co. KGaA: Weinheim, Germany, 2013; pp. 221-245.

Bocanegra, A.; Macho-Gonzélez, A.; Garcimartin, A.; Benedyi, J.; Sanchez-Muniz, EJ. Whole alga, algal extracts, and compounds
as ingredients of functional foods: Composition and action mechanism relationships in the prevention and treatment of type-2
diabetes mellitus. Int. ]. Mol. Sci. 2021, 22, 3816. [CrossRef] [PubMed]

Geada, P.,; Moreira, C.; Silva, M.; Nunes, R.; Madureira, L.; Rocha, C.M.R.; Pereira, R.N.; Vicente, A.A; Teixeira, ].A. Algal proteins:
Production strategies and nutritional and functional properties. Bioresour. Technol. 2021, 332, 125125. [CrossRef]

Stork, N.E.; NE, S. How Many Species of Insects and Other Terrestrial Arthropods Are There on Earth? Annu. Rev. Entomol. 2018,
63, 31-45. [CrossRef]

Lee, HJ.; Yong, H.I; Kim, M.; Choi, Y.S.; Jo, C. Status of meat alternatives and their potential role in the future meat market—A re-
view. Asian-Australas. |. Anim. Sci. 2020, 33, 1533-1543. [CrossRef]

Kim, T.-K,; Yong, H.I,; Jeong, C.H.; Han, S.G.; Kim, Y.-B.; Paik, H.-D.; Choi, Y.-S.; TK, K.; HI, Y,; CH, J.; et al. Technical Functional
Properties of Water- and Salt-soluble Proteins Extracted from Edible Insects. Food Sci. Anim. Resour. 2019, 39, 643-654. [CrossRef]
Kim, TK.; Yong, H.I; Kim, Y.B.; Kim, H.W.; Choi, Y.S. Edible insects as a protein source: A review of public perception, processing
technology, and research trends. Food Sci. Anim. Resour. 2019, 39, 521-540. [CrossRef]

Looy, H.; Dunkel, EV.; Wood, ].R. How then shall we eat? Insect-eating attitudes and sustainable foodways. Agric. Human Values
2014, 31, 131-141. [CrossRef]

Mu, B.; Xu, H.; Li, W;; Xu, L.; Yang, Y. Spinnability and rheological properties of globular soy protein solution. Food Hydrocoll.
2019, 90, 443-451. [CrossRef]

Liu, P; Xu, H.; Zhao, Y.; Yang, Y. Rheological properties of soy protein isolate solution for fibers and films. Food Hydrocoll. 2017,
64, 149-156. [CrossRef]

Nieuwland, M.; Geerdink, P; Brier, P; Van Den Eijnden, P.; Henket, ] T.M.M.; Langelaan, M.L.P.; Stroeks, N.; Van Deventer, H.C,;
Martin, A.H. Food-grade electrospinning of proteins. Innov. Food Sci. Emerg. Technol. 2013, 20, 269-275. [CrossRef]

Moreira, ].B.; Lim, L.T.; da Rosa Zavareze, E.; Dias, A.R.G.; Costa, ].A.V.; de Morais, M.G. Antioxidant ultrafine fibers developed
with microalga compounds using a free surface electrospinning. Food Hydrocoll. 2019, 93, 131-136. [CrossRef]

Moreira, J.B.; Lim, L.T.; da Rosa Zavareze, E.; Dias, A.R.G.; Costa, ].A.V.; Morais, M.G. de Microalgae protein heating in acid /basic
solution for nanofibers production by free surface electrospinning. J. Food Eng. 2018, 230, 49-54. [CrossRef]

Mattice, K.D.; Marangoni, A.G. Comparing methods to produce fibrous material from zein. Food Res. Int. 2020, 128, 108804.
[CrossRef] [PubMed]

Aréas, ].A.G. Extrusion of food proteins. Crit. Rev. Food Sci. Nutr. 2009, 32, 365-392. [CrossRef]

Pietsch, V.L.; Biihler, ].M.; Karbstein, H.P.; Emin, M.A. High moisture extrusion of soy protein concentrate: Influence of
thermomechanical treatment on protein-protein interactions and rheological properties. J. Food Eng. 2019, 251, 11-18. [CrossRef]
Caporgno, M.P,; Bocker, L.; Miissner, C.; Stirnemann, E.; Haberkorn, I.; Adelmann, H.; Handschin, S.; Windhab, E.J.; Mathys, A.
Extruded meat analogues based on yellow, heterotrophically cultivated Auxenochlorella protothecoides microalgae. Innov. Food Sci.
Emerg. Technol. 2020, 59, 102275. [CrossRef]

Zhang, J.; Liu, L.; Jiang, Y.; Shah, F; Xu, Y.; Wang, Q. High-moisture extrusion of peanut protein-/carrageenan/sodium
alginate/wheat starch mixtures: Effect of different exogenous polysaccharides on the process forming a fibrous structure. Food
Hydrocoll. 2020, 99, 105311. [CrossRef]

Pietsch, V.L.; Emin, M.A.; Schuchmann, H.P. Process conditions influencing wheat gluten polymerization during high moisture
extrusion of meat analog products. J. Food Eng. 2017, 198, 28-35. [CrossRef]

Grahl, S.; Palanisamy, M.; Strack, M.; Meier-Dinkel, L.; Toepfl, S.; Morlein, D. Towards more sustainable meat alternatives: How
technical parameters affect the sensory properties of extrusion products derived from soy and algae. J. Clean. Prod. 2018, 198,
962-971. [CrossRef]

Kweldam, A.C. Method for the preparation of a meat substitute product, meat substitute product obtained with the method and
ready to consume meat substitute product. U.S. Patent No. US7998518B2, 16 August 2011.

Consolacion, EL; Jelen, P. Freeze Texturation of Proteins: Effect of the Alkali, Acid and Freezing Treatments on Texture Formation.
Food Struct. 1986, 5, 33-39.

Castro Lugay, J.; Kim, M.K. Freeze alignment: A novel method for protein texturization. In Utilization of Protein Resources; Food &
Nutrition Press: Westport, CT, USA, 1981; pp. 177-187.

Edward Middendorf, J.; Hans Waggle, D.; Cornell, A. Protein Food Product. U.S. Patent No. US3920853A, 18 November 1975.
Manski, ].M.; van der Goot, A.].; Boom, R.M. Advances in structure formation of anisotropic protein-rich foods through novel
processing concepts. Trends Food Sci. Technol. 2007, 18, 546-557. [CrossRef]

Krintiras, G.A.; Gobel, J.; Bouwman, W.G.; Jan Van Der Goot, A.; Stefanidis, G.D. On characterization of anisotropic plant protein
structures. Food Funct. 2014, 5, 3233-3240. [CrossRef]

Van den Einde, R.M.; Bolsius, A.; Van Soest, J.J.G.; Janssen, L.P.B.M.; Van der Goot, A.].; Boom, R. M. The effect of thermomechanical
treatment on starch breakdown and the consequences for process design. Carbohydr. Polym. 2004, 55, 57-63. [CrossRef]
Dekkers, B.L.; Nikiforidis, C.V.; van der Goot, A.]J. Shear-induced fibrous structure formation from a pectin/SPI blend. Innov.
Food Sci. Emerg. Technol. 2016, 36, 193-200. [CrossRef]


http://doi.org/10.3390/ijms22083816
http://www.ncbi.nlm.nih.gov/pubmed/33917044
http://doi.org/10.1016/j.biortech.2021.125125
http://doi.org/10.1146/annurev-ento-020117-043348
http://doi.org/10.5713/ajas.20.0419
http://doi.org/10.5851/kosfa.2019.e56
http://doi.org/10.5851/kosfa.2019.e53
http://doi.org/10.1007/s10460-013-9450-x
http://doi.org/10.1016/j.foodhyd.2018.12.049
http://doi.org/10.1016/j.foodhyd.2016.11.001
http://doi.org/10.1016/j.ifset.2013.09.004
http://doi.org/10.1016/j.foodhyd.2019.02.015
http://doi.org/10.1016/j.jfoodeng.2018.02.016
http://doi.org/10.1016/j.foodres.2019.108804
http://www.ncbi.nlm.nih.gov/pubmed/31955765
http://doi.org/10.1080/10408399209527604
http://doi.org/10.1016/j.jfoodeng.2019.01.001
http://doi.org/10.1016/j.ifset.2019.102275
http://doi.org/10.1016/j.foodhyd.2019.105311
http://doi.org/10.1016/j.jfoodeng.2016.10.027
http://doi.org/10.1016/j.jclepro.2018.07.041
http://doi.org/10.1016/j.tifs.2007.05.002
http://doi.org/10.1039/C4FO00537F
http://doi.org/10.1016/j.carbpol.2003.07.004
http://doi.org/10.1016/j.ifset.2016.07.003

Foods 2022, 11, 2053 19 of 22

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Grabowska, K.J.; Zhu, S.; Dekkers, B.L.; De Ruijter, N.C.A.; Gieteling, J.; Van Der Goot, A.J. Shear-induced structuring as a tool to
make anisotropic materials using soy protein concentrate. J. Food Eng. 2016, 188, 77-86. [CrossRef]

Grabowska, K.J.; Tekidou, S.; Boom, R.M.; van der Goot, A.]. Shear structuring as a new method to make anisotropic structures
from soy-gluten blends. Food Res. Int. 2014, 64, 743-751. [CrossRef]

Wang, L.; Zhang, M.; Bhandari, B.; Yang, C. Investigation on fish surimi gel as promising food material for 3D printing. . Food
Eng. 2018, 220, 101-108. [CrossRef]

He, C.; Zhang, M.; Fang, Z. 3D printing of food: Pretreatment and post-treatment of materials. Crit. Rev. Food Sci. Nutr. 2019, 60,
2379-2392. [CrossRef] [PubMed]

Dick, A.; Bhandari, B.; Prakash, S. 3D printing of meat. Meat Sci. 2019, 153, 35—44. [CrossRef] [PubMed]

Godoi, F.C; Prakash, S.; Bhandari, B.R. 3d printing technologies applied for food design: Status and prospects. J. Food Eng. 2016,
179, 44-54. [CrossRef]

Chen, J.; Mu, T.; Goffin, D.; Blecker, C.; Richard, G.; Richel, A.; Haubruge, E. Application of soy protein isolate and hydrocolloids
based mixtures as promising food material in 3D food printing. J. Food Eng. 2019, 261, 76-86. [CrossRef]

Ben-Arye, T.; Shandalov, Y.; Ben-Shaul, S.; Landau, S.; Zagury, Y.; Ianovici, I.; Lavon, N.; Levenberg, S. Textured soy protein
scaffolds enable the generation of three-dimensional bovine skeletal muscle tissue for cell-based meat. Nat. Food 2020, 1, 210-220.
[CrossRef]

Guide, A.E. Accelerating Consumer Adoption of Plant-Based Meat; The Good Food Institute: Washington, DC, USA, 2020; pp. 1-111.
Centro Vegetariano. Introdugio ao Vegetarianismo, 2nd ed.; Centro Vegetariano: Coimbra, Portugal, 2005; ISBN 972-8967-15-2.
Swanson, B.G. Pea and lentil protein extraction and functionality. J. Am. Oil Chem. Soc. 1990, 67, 276-280. [CrossRef]

Lam, A.C.Y,; Can Karaca, A.; Tyler, R.T.; Nickerson, M.T. Pea protein isolates: Structure, extraction, and functionality. Food Rev.
Int. 2018, 34, 126-147. [CrossRef]

Pakarinen, A.; Maijala, P.; Stoddard, F.L.; Santanen, A.; Tuomainen, P.; Kymaéldinen, M.; Viikari, L. Evaluation of annual bioenergy
crops in the boreal zone for biogas and ethanol production. Biomass Bioenergy 2011, 35, 3071-3078. [CrossRef]

Kalogeropoulos, N.; Chiou, A.; Ioannou, M.; Karathanos, V.T.; Hassapidou, M.; Andrikopoulos, N.K. Nutritional evaluation and
bioactive microconstituents (phytosterols, tocopherols, polyphenols, triterpenic acids) in cooked dry legumes usually consumed
in the Mediterranean countries. Food Chem. 2010, 121, 682-690. [CrossRef]

Dervas, G.; Doxastakis, G.; Hadjisavva-Zinoviadi, S.; Triantafillakos, N. Lupin flour addition to wheat flour doughs and effect on
rheological properties. Food Chem. 1999, 66, 67-73. [CrossRef]

Aluko, R.E.; Mofolasayo, O.A.; Watts, B.M. Emulsifying and Foaming Properties of Commercial Yellow Pea (Pisum sativum L.)
Seed Flours. J. Agric. Food Chem. 2009, 57, 9793-9800. [CrossRef] [PubMed]

Berghout, ].A.M.; Boom, R.M.; van der Goot, A.J. Understanding the differences in gelling properties between lupin protein
isolate and soy protein isolate. Food Hydrocoll. 2015, 43, 465—472. [CrossRef]

Karaca, A.C.; Low, N.; Nickerson, M. Emulsifying properties of chickpea, faba bean, lentil and pea proteins produced by isoelectric
precipitation and salt extraction. Food Res. Int. 2011, 44, 2742-2750. [CrossRef]

Ladjal-Ettoumi, Y.; Boudries, H.; Chibane, M.; Romero, A. Pea, Chickpea and Lentil Protein Isolates: Physicochemical Characteri-
zation and Emulsifying Properties. Food Biophys. 2016, 11, 43-51. [CrossRef]

Toews, R.; Wang, N. Physicochemical and functional properties of protein concentrates from pulses. Food Res. Int. 2013, 52,
445-451. [CrossRef]

Osen, R.; Toelstede, S.; Wild, F.; Eisner, P.; Schweiggert-Weisz, U. High moisture extrusion cooking of pea protein isolates: Raw
material characteristics, extruder responses, and texture properties. |. Food Eng. 2014, 127, 67-74. [CrossRef]

Osen, R.; Schweiggert-Weisz, U. High-Moisture Extrusion: Meat Analogues. In Reference Module in Food Science; Elsevier:
Amsterdam, The Netherlands, 2016.

Aydemir, L.Y.; Yemenicioglu, A. Potential of Turkish Kabuli type chickpea and green and red lentil cultivars as source of soy and
animal origin functional protein alternatives. LWT—Food Sci. Technol. 2013, 50, 686—694. [CrossRef]

Boye, ].; Zare, F.; Pletch, A. Pulse proteins: Processing, characterization, functional properties and applications in food and feed.
Food Res. Int. 2010, 43, 414-431. [CrossRef]

Chapleau, N.; de Lamballerie-Anton, M. Improvement of emulsifying properties of lupin proteins by high pressure induced
aggregation. Food Hydrocoll. 2003, 17, 273-280. [CrossRef]

Don, C; Lichtendonk, W.; Plijter, ].].; Hamer, R.J. Glutenin macropolymer: A gel formed by glutenin particles. J. Cereal Sci. 2003,
37,1-7. [CrossRef]

Manzoor, M.F. Nutritional and Sensory Properties of Cashew Seed (Anacardium occidentale) Milk. Mod. Concepts Dev. Agron. 2017,
1, 1-4. [CrossRef]

Kohli, D.; Kumar, S.; Upadhyay, S.; Mishra, R. Preservation and processing of soymilk: A review. Int. J. Food Sci. Nutr. 2017,
2, 66-70.

Aydar, E.F,; Tutuncu, S.; Ozcelik, B. Plant-based milk substitutes: Bioactive compounds, conventional and novel processes,
bioavailability studies, and health effects. J. Funct. Foods 2020, 70, 103975. [CrossRef]

Ahmadian-Kouchaksaraei, Z.; Varidi, M.; Varidi, M.].; Pourazarang, H. Influence of processing conditions on the physicochemical
and sensory properties of sesame milk: A novel nutritional beverage. LWT—Food Sci. Technol. 2014, 57, 299-305. [CrossRef]


http://doi.org/10.1016/j.jfoodeng.2016.05.010
http://doi.org/10.1016/j.foodres.2014.08.010
http://doi.org/10.1016/j.jfoodeng.2017.02.029
http://doi.org/10.1080/10408398.2019.1641065
http://www.ncbi.nlm.nih.gov/pubmed/31313590
http://doi.org/10.1016/j.meatsci.2019.03.005
http://www.ncbi.nlm.nih.gov/pubmed/30878821
http://doi.org/10.1016/j.jfoodeng.2016.01.025
http://doi.org/10.1016/j.jfoodeng.2019.03.016
http://doi.org/10.1038/s43016-020-0046-5
http://doi.org/10.1007/BF02539676
http://doi.org/10.1080/87559129.2016.1242135
http://doi.org/10.1016/j.biombioe.2011.04.022
http://doi.org/10.1016/j.foodchem.2010.01.005
http://doi.org/10.1016/S0308-8146(98)00234-9
http://doi.org/10.1021/jf902199x
http://www.ncbi.nlm.nih.gov/pubmed/20560631
http://doi.org/10.1016/j.foodhyd.2014.07.003
http://doi.org/10.1016/j.foodres.2011.06.012
http://doi.org/10.1007/s11483-015-9411-6
http://doi.org/10.1016/j.foodres.2012.12.009
http://doi.org/10.1016/j.jfoodeng.2013.11.023
http://doi.org/10.1016/j.lwt.2012.07.023
http://doi.org/10.1016/j.foodres.2009.09.003
http://doi.org/10.1016/S0268-005X(02)00077-2
http://doi.org/10.1006/jcrs.2002.0481
http://doi.org/10.31031/mcda.2017.01.000501
http://doi.org/10.1016/j.jff.2020.103975
http://doi.org/10.1016/j.lwt.2013.12.028

Foods 2022, 11, 2053 20 of 22

125.

126.
127.

128.

129.

130.

131.

132.

133.
134.

135.

136.

137.

138.

139.

140.
141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Chavan, M,; Gat, Y.; Harmalkar, M.; Waghmare, R. Development of non-dairy fermented probiotic drink based on germinated
and ungerminated cereals and legume. LWT—Food Sci. Technol. 2018, 91, 339-344. [CrossRef]

Ilyasoglu, H.; Yilmaz, F. Preliminary investigation of yoghurt enriched with hazelnut milk. Int. Food Res. ]. 2019, 26, 631-637.
Zaaboul, F.; Raza, H.; Cao, C.; Yuanfa, L. The impact of roasting, high pressure homogenization and sterilization on peanut milk
and its oil bodies. Food Chem. 2019, 280, 270-277. [CrossRef]

Mikinen, O.E.; Wanhalinna, V.; Zannini, E.; Arendt, E.K. Foods for Special Dietary Needs: Non-dairy Plant-based Milk Substitutes
and Fermented Dairy-type Products. Crit. Rev. Food Sci. Nutr. 2016, 56, 339-349. [CrossRef]

Cui, X.H.; Chen, S.J.; Wang, Y.; Han, ].R. Fermentation conditions of walnut milk beverage inoculated with kefir grains. LWT—Food
Sci. Technol. 2013, 50, 349-352. [CrossRef]

Quasem, ].M.; Mazahreh, A.S.; Abu-Alruz, K. Development of Vegetable Based Milk from Decorticated Sesame (Sesamum indicum).
Am. J. Appl. Sci. 2009, 6, 888-896. [CrossRef]

Chen, Y;; Lu, Y;; Yu, A.; Kong, X.; Hua, Y. Stable mixed beverage is produced from walnut milk and raw soymilk by homogeniza-
tion with subsequent heating. Food Sci. Technol. Res. 2014, 20, 583-591. [CrossRef]

Kizzie-Hayford, N.; Jaros, D.; Zahn, S.; Rohm, H. Effects of protein enrichment on the microbiological, physicochemical and
sensory properties of fermented tiger nut milk. LWT—Food Sci. Technol. 2016, 74, 319-324. [CrossRef]

Kluczkovski, A.; Lima, N.; Oliveira, M.K. Brazil nut powdered milk properties. J. Food Process. Preserv. 2017, 41, e13147. [CrossRef]
Maghsoudlou, Y.; Alami, M.; Mashkour, M.; Shahraki, M.H. Optimization of Ultrasound-Assisted Stabilization and Formulation
of Almond Milk. J. Food Process. Preserv. 2016, 40, 828-839. [CrossRef]

Aboulfazli, F; Shori, A.B.; Baba, A.S. Effects of the replacement of cow milk with vegetable milk on probiotics and nutritional
profile of fermented ice cream. LWT—Food Sci. Technol. 2016, 70, 261-270. [CrossRef]

Alozie, Y.; Yetunde, A.E. Nutritional and Sensory Properties of Almond (Prunus amygdalu Var. Dulcis) Seed Milk. World J. Dairy
Food Sci. 2015, 10, 117-121.

Bernat, N.; Chafer, M.; Chiralt, A.; Gonzélez-Martinez, C. Hazelnut milk fermentation using probiotic Lactobacillus rhamnosus GG
and inulin. Int. ]. Food Sci. Technol. 2014, 49, 2553-2562. [CrossRef]

Bernata, N.; Chéfera, M.; Chiralta, A.; Laparrab, ].M.; Gonzalez-Matrineza, C. Almond milk fermented with different potentially
probiotic bacteria improves iron uptake by intestinal epithelial (Caco-2) cells. Int. . Food Stud. 2015, 4, 49-60. [CrossRef]
Padma, M.; Jagannadarao, P.V.K.; Edukondalu, L.; Ravibabu, G.; Aparna, K. Physico-Chemical Analysis of Milk Prepared from
Broken Rice. Int. |. Curr. Microbiol. Appl. Sci. 2018, 7, 426-428. [CrossRef]

Seow, C.C.; Gwee, C.N. Coconut milk: Chemistry and technology. Int. J. Food Sci. Technol. 1997, 32, 189-201. [CrossRef]
Pardeshi, I.L.; Murumbkar, R.P.,; Tayade, P.T. Optimization of Process for Spray Drying of Soymilk and Sprouted Soybean Milk.
J. Grain Process. Storage 2014, 1, 13-20.

Bolarinwa, LE; Aruna, T.E.; Adejuyitan, J.A.; Akintayo, O.A.; Lawal, O.K. Development and quality evaluation of soy-walnut
milk drinks. Int. Food Res. J. 2018, 25, 2033-2041.

Diarra, K.; Nong, Z.G.; Jie, C. Peanut milk and peanut milk based products production: A review. Crit. Rev. Food Sci. Nutr. 2005,
45,405-423. [CrossRef]

Karshenas, M.; Goli, M.; Zamindar, N. The effect of replacing egg yolk with sesame-peanut defatted meal milk on the physico-
chemical, colorimetry, and rheological properties of low-cholesterol mayonnaise. Food Sci. Nutr. 2018, 6, 824-833. [CrossRef]
[PubMed]

Kundu, P.; Dhankhar, J.; Sharma, A. Development of Non Dairy Milk Alternative Using Soymilk and Almond Milk. Curr. Res.
Nutr. Food Sci. J. 2018, 6, 203-210. [CrossRef]

Maria, M.E; Victoria, A.T. Influence of Processing Treatments on Quality of Vegetable Milk from Almond (Terminalia catappa)
Kernels. ACTA Sci. Nutr. Health 2018, 2, 37-42.

Pineli, L.L.O.; Botelho, R.B.A.; Zandonadi, R.P.; Solorzano, J.L.; de Oliveira, G.T.; Reis, C.E.G.; Teixeira, D.D.S. Low glycemic
index and increased protein content in a novel quinoa milk. LWT—Food Sci. Technol. 2015, 63, 1261-1267. [CrossRef]

Aidoo, H.; Sakyi-Dawson, E.; Abbey, L.; Tano-Debrah, K.; Saalia, FK. Optimisation of chocolate formulation using dehydrated
peanut-cowpea milk to replace dairy milk. J. Sci. Food Agric. 2012, 92, 224-231. [CrossRef]

Dhakal, S.; Giusti, M.M.; Balasubramaniam, V.M. Effect of high pressure processing on dispersive and aggregative properties of
almond milk. J. Sci. Food Agric. 2016, 96, 3821-3830. [CrossRef]

Maleki, N.; Khodaiyan, F.; Mousavi, 5.M. Antioxidant activity of fermented Hazelnut milk. Food Sci. Biotechnol. 2015, 24, 107-115.
[CrossRef]

Wang, Q.; Jiang, J.; Xiong, Y.L. High pressure homogenization combined with pH shift treatment: A process to produce physically
and oxidatively stable hemp milk. Food Res. Int. 2018, 106, 487-494. [CrossRef] [PubMed]

Dhakal, S.; Liu, C.; Zhang, Y.; Roux, K.H.; Sathe, S.K.; Balasubramaniam, V.M. Effect of high pressure processing on the
immunoreactivity of almond milk. Food Res. Int. 2014, 62, 215-222. [CrossRef]

Okon, E.; Ojimelukwe, P. Potentials of Coconut Milk as a Substitute for Cow Milk in Cheese Making. J. Adv. Microbiol. 2017, 4,
1-9. [CrossRef]

Ermis, E.; Giines, R.; Zent, I.; Caglar, M.Y.; Yilmaz, M.T. Characterization of hazelnut milk fermented by lactobacillus delbrueckii
subsp bulgaricus and streptococcus thermophilus. J. Food 2018, 43, 677-686. [CrossRef]


http://doi.org/10.1016/j.lwt.2018.01.070
http://doi.org/10.1016/j.foodchem.2018.12.047
http://doi.org/10.1080/10408398.2012.761950
http://doi.org/10.1016/j.lwt.2012.07.043
http://doi.org/10.3844/ajassp.2009.888.896
http://doi.org/10.3136/fstr.20.583
http://doi.org/10.1016/j.lwt.2016.07.067
http://doi.org/10.1111/jfpp.13147
http://doi.org/10.1111/jfpp.12661
http://doi.org/10.1016/j.lwt.2016.02.056
http://doi.org/10.1111/ijfs.12585
http://doi.org/10.7455/ijfs/4.1.2015.a4
http://doi.org/10.20546/ijcmas.2018.702.054
http://doi.org/10.1046/j.1365-2621.1997.00400.x
http://doi.org/10.1080/10408390590967685
http://doi.org/10.1002/fsn3.616
http://www.ncbi.nlm.nih.gov/pubmed/29983945
http://doi.org/10.12944/CRNFSJ.6.1.23
http://doi.org/10.1016/j.lwt.2015.03.094
http://doi.org/10.1002/jsfa.4563
http://doi.org/10.1002/jsfa.7576
http://doi.org/10.1007/s10068-015-0016-0
http://doi.org/10.1016/j.foodres.2018.01.021
http://www.ncbi.nlm.nih.gov/pubmed/29579952
http://doi.org/10.1016/j.foodres.2014.02.021
http://doi.org/10.9734/JAMB/2017/34537
http://doi.org/10.15237/gida.GD18022

Foods 2022, 11, 2053 21 0f22

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.
166.

167.
168.

169.

170.
171.

172.

173.

174.

175.
176.

177.
178.
179.
180.
181.
182.
183.
184.

185.

186.

187.

Balogun, M.A.; Kolawole, EL.; Joseph, ].K.; Adebisi, T.T.; Ogunleye, O.T. Effect of fortification of fresh cow milk with coconut milk
on the proximate composition and yield of warankashi, a traditional cheese. Croat. ]. Food Sci. Technol. 2016, 8, 10-14. [CrossRef]
Codina-Torrella, I.; Guamis, B.; Ferragut, V.; Trujillo, A.]. Potential application of ultra-high pressure homogenization in the
physico-chemical stabilization of tiger nuts” milk beverage. Innov. Food Sci. Emerg. Technol. 2017, 40, 42-51. [CrossRef]

Hasan, N.A. Almond Milk Production and Study of Quality Characteristics. . Acad. 2012, 2, 1-8.

Codina-Torrella, I.; Guamis, B.; Zamora, A.; Quevedo, ].M.; Trujillo, A.J. Microbiological stabilization of tiger nuts” milk beverage
using ultra-high pressure homogenization. A preliminary study on microbial shelf-life extension. Food Microbiol. 2018, 69, 143-150.
[CrossRef]

Jeske, S.; Bez, J.; Arendt, E.K.; Zannini, E. Formation, stability, and sensory characteristics of a lentil-based milk substitute as
affected by homogenisation and pasteurisation. Eur. Food Res. Technol. 2019, 245, 1519-1531. [CrossRef]

Briviba, K.; Gréf, V.; Walz, E.; Guamis, B.; Butz, P. Ultra high pressure homogenization of almond milk: Physico-chemical and
physiological effects. Food Chem. 2016, 192, 82-89. [CrossRef] [PubMed]

Gul, N.; Qureshi, LM.; Elahi, A.; Rasool, I. Defense against Malicious Users in Cooperative Spectrum Sensing Using Genetic
Algorithm. Int. ]. Antennas Propag. 2018, 2018, 2346317. [CrossRef]

Khuenpet, K.; Jittanit, W.; Hongha, N.; Pairojkul, S. UHT Skim Coconut Milk Production and Its Quality. SHS Web Conf. 2016,
23, 03002. [CrossRef]

Lee, S.W.; Rhee, C. Processing suitability of a rice and pine nut (Pinus koraiensis) beverage. Food Hydrocoll. 2003, 17, 379-385.
[CrossRef]

Anis, S.F,; Hashaikeh, R.; Hilal, N. Microfiltration membrane processes: A review of research trends over the past decade. J. Water
Process Eng. 2019, 32, 100941. [CrossRef]

Derbyshire, E.; Ayoob, K.T. Mycoprotein: Nutritional and Health Properties. Nutr. Today 2019, 54, 7-15. [CrossRef]

Finnigan, T.J.A. Mycoprotein: Origins, production and properties. In Handbook of Food Proteins; Elsevier: Amsterdam, The
Netherlands, 2011; pp. 335-352.

Wiebe, M.G. Quorn™ myco-protein—Overview of a successful fungal product. Mycologist 2004, 18, 17-20. [CrossRef]

Huang, S.; Wang, L.M.; Sivendiran, T.; Bohrer, B.M. Review: Amino acid concentration of high protein food products and an
overview of the current methods used to determine protein quality. Crit. Rev. Food Sci. Nutr. 2018, 58, 2673-2678. [CrossRef]
Wiebe, M. Myco-protein from fusarium venenatum: A well-established product for human consumption. Appl. Microbiol.
Biotechnol. 2002, 58, 421-427. [CrossRef]

Scieszka, S.; Klewicka, E. Algae in food: A general review. Crit. Rev. Food Sci. Nutr. 2019, 59, 3538-3547. [CrossRef]

Wehy, J.; Sheath, R.; Kociolek, J.P. (Eds.) Freshwater Algae of North America, 2nd ed.; Elsevier: Amsterdam, The Netherlands, 2015;
ISBN 9780123858764.

Charles, C.N.; Msagati, T.; Swai, H.; Chacha, M. Microalgae: An alternative natural source of bioavailable omega-3 DHA for
promotion of mental health in East Africa. Sci. Afr. 2019, 6, e00187. [CrossRef]

Koyande, A K.; Chew, K.W.; Rambabu, K.; Tao, Y.; Chu, D.T.; Show, P.L. Microalgae: A potential alternative to health supplemen-
tation for humans. Food Sci. Hum. Wellness 2019, 8, 16-24. [CrossRef]

Edelman, P.D.; McFarland, D.C.; Mironov, V.A.; Matheny, ].G. In vitro-cultured meat production. Tissue Eng. 2005, 11, 659-662.
[CrossRef] [PubMed]

Post, M.J. Cultured meat from stem cells: Challenges and prospects. Meat Sci. 2012, 92, 297-301. [CrossRef]

Wagers, A.].; Conboy, .M. Cellular and Molecular Signatures of Muscle Regeneration: Current Concepts and Controversies in
Adult Myogenesis. Cell 2005, 122, 659-667. [CrossRef]

Cheung, T.H.; Rando, T.A. Molecular regulation of stem cell quiescence. Nat. Rev. Mol. Cell Biol. 2013, 14, 329-340. [CrossRef]
Froggatt, A.L.W. Meat Analogues Considerations for the EU; Chatham House: London, UK, 2019.

Post, M.J. Cultured beef: Medical technology to produce food. . Sci. Food Agric. 2014, 94, 1039-1041. [CrossRef]

Kiely, L.J.; McConnell, S.L.; Kindstedt, P.S. Observations on the Melting Behavior of Imitation Mozzarella Cheese. . Dairy Sci.
1991, 74, 3568-3572. [CrossRef]

Shaw, M. Cheese substitutes: Threat or opportunity? J. Soc. Dairy Technol. 1984, 37, 27-31. [CrossRef]

Badem, A.; Gurkan, U. Cheese Analogues. J. Food Dairy Technol. 2016, 4, 44-48.

Morales, L.E.; Higuchi, A. Is fish worth more than meat?—How consumers’ beliefs about health and nutrition affect their
willingness to pay more for fish than meat. Food Qual. Prefer. 2018, 65, 101-109. [CrossRef]

McClements, D.J. Future foods: A manifesto for research priorities in structural design of foods. Food Funct. 2020, 11, 1933-1945.
[CrossRef] [PubMed]

Rockstrém, J.; Williams, J.; Daily, G.; Noble, A.; Matthews, N.; Gordon, L.; Wetterstrand, H.; DeClerck, F.; Shah, M.; Steduto,
P, et al. Sustainable intensification of agriculture for human prosperity and global sustainability. Ambio 2017, 46, 4-17. [CrossRef]
[PubMed]

Uddin, M.E.; Kebreab, E. Review: Impact of Food and Climate Change on Pastoral Industries. Front. Sustain. Food Syst. 2020,
4,200. [CrossRef]

Borderias, A.].; Tovar, C.A.; Dominguez-Timén, F.; Diaz, M.T.; Pedrosa, M.M.; Moreno, H.M. Characterization of healthier mixed
surimi gels obtained through partial substitution of myofibrillar proteins by pea protein isolates. Food Hydrocoll. 2020, 107, 105976.
[CrossRef]


http://doi.org/10.17508/CJFST.2016.8.1.02
http://doi.org/10.1016/j.ifset.2016.06.023
http://doi.org/10.1016/j.fm.2017.08.002
http://doi.org/10.1007/s00217-019-03286-0
http://doi.org/10.1016/j.foodchem.2015.06.063
http://www.ncbi.nlm.nih.gov/pubmed/26304323
http://doi.org/10.1155/2018/2346317
http://doi.org/10.1051/shsconf/20162303002
http://doi.org/10.1016/S0268-005X(02)00121-2
http://doi.org/10.1016/j.jwpe.2019.100941
http://doi.org/10.1097/NT.0000000000000316
http://doi.org/10.1017/S0269915X04001089
http://doi.org/10.1080/10408398.2017.1396202
http://doi.org/10.1007/s00253-002-0931-x
http://doi.org/10.1080/10408398.2018.1496319
http://doi.org/10.1016/j.sciaf.2019.e00187
http://doi.org/10.1016/j.fshw.2019.03.001
http://doi.org/10.1089/ten.2005.11.659
http://www.ncbi.nlm.nih.gov/pubmed/15998207
http://doi.org/10.1016/j.meatsci.2012.04.008
http://doi.org/10.1016/j.cell.2005.08.021
http://doi.org/10.1038/nrm3591
http://doi.org/10.1002/jsfa.6474
http://doi.org/10.3168/jds.S0022-0302(91)78549-4
http://doi.org/10.1111/j.1471-0307.1984.tb02278.x
http://doi.org/10.1016/j.foodqual.2017.11.004
http://doi.org/10.1039/C9FO02076D
http://www.ncbi.nlm.nih.gov/pubmed/32141468
http://doi.org/10.1007/s13280-016-0793-6
http://www.ncbi.nlm.nih.gov/pubmed/27405653
http://doi.org/10.3389/fsufs.2020.543403
http://doi.org/10.1016/j.foodhyd.2020.105976

Foods 2022, 11, 2053 22 0f 22

188.

189.

190.

191.

Kudre, T.; Benjakul, S.; Kishimura, H. Effects of protein isolates from black bean and mungbean on proteolysis and gel properties
of surimi from sardine (Sardinella albella). LWT—Food Sci. Technol. 2013, 50, 511-518. [CrossRef]

Luo, Y;; Kuwahara, R.; Kaneniwa, M.; Murata, Y.; Yokoyama, M. Effect of soy protein isolate on gel properties of Alaska pollock
and common carp surimi at different setting conditions. J. Sci. Food Agric. 2004, 84, 663—671. [CrossRef]

Marono, S.; Piccolo, G.; Loponte, R.; Di Meo, C.; Attia, Y.A.; Nizza, A.; Bovera, F. In vitro crude protein digestibility of Tenebrio
molitor and Hermetia illucens insect meals and its correlation with chemical composition traits. Ital. |. Anim. Sci. 2015, 14, 338-343.
[CrossRef]

Bubler, S.; Rumpold, B.A ; Jander, E.; Rawel, H.M.; Schliiter, O.K. Recovery and techno-functionality of flours and proteins from
two edible insect species: Meal worm (Tenebrio molitor) and black soldier fly (Hermetia illucens) larvae. Heliyon 2016, 2, e00218.
[CrossRef]


http://doi.org/10.1016/j.lwt.2012.08.018
http://doi.org/10.1002/jsfa.1727
http://doi.org/10.4081/ijas.2015.3889
http://doi.org/10.1016/j.heliyon.2016.e00218

	Introduction 
	Materials and Methods 
	Meat and Dairy Alternatives 
	Plant-Based Proteins 
	Plant-Based Drinks 
	Mycoprotein 
	Edible Algae 
	Artificial Meat 
	Alternatives to Cheese 
	Alternatives to Fish 
	Egg Analogues 
	Edible Insects 

	Final Remarks and Future Trends 
	Conclusions 
	References

