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Abstract

The aimed of this review is to highlight the importance of sustainable vegetarian protein sources in a world with a
growing population in which dietary principles have also changed. This involves using sustainable non-animal protein
sources. Nevertheless, the quantification of the nutritional quality of food sources also involves the normalization of the
essential amino acid content with the protein content. For this, new methods for the determination and analysis of
proteins individually or simultaneously with amino acids are needed, with possible advantages such as being simple,
inexpensive, fast and accurate, etc. In this review, we try to summarize the benefits of a sustainable vegetarian diet (vich
source of proteins), but also the importance of the continued development of simpler and faster methods to determine
protein quality and content. The use of spectrophotometric methods for the measurement and analysis of proteins is of
major interest, as they are generally simple, fast and with high sensitivity, as well as the adaptation of traditional

methods such as the traditional biuret reagent.
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INTRODUCTION

Our food systems play a major role in global
greenhouse gas (GHG) emissions, making them
a key target for addressing the climate crisis
(Poore & Nemecek, 2018). Given the many
elements of a sustainable food system (e.g.,
water, biodiversity, energy use, and food
security), a holistic approach is clearly needed
to achieve sustainability (Béné et al., 2019).
Knowing that food system represents 20 to
30% of the global GHG emissions (Chai et al.,
2019), we may understand that promoting
sustainable  foods that have minimal
environmental impact, we can enhance health
and contribute to the well-being of local
communities. According to the official United
Nations website, these foods are grown,
produced, and distributed in ways that protect
natural resources, prevent pollution, and reduce
greenhouse gas emissions.

Although the technological innovations in
agricultural sector, food availability and
security ~ have increased  significantly
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(Kalmpourtzidou et al., 2022), diets with low
vegetable, fruit, wholegrain and high in red and
processed meat intake are dominant worldwide
(Springmann et al., 2018; Kalmpourtzidou et

al., 2020).
Sustainable food features include local
sourcing, minimized food waste, organic

farming methods, and low water and energy
usage. Shifting towards plant-rich diets is
expected to deliver benefits for human health,
the environment, and animal welfare (Allenden
et al., 2022).

Proteins are the building blocks of life. The
basic structure of protein is a chain of amino
acids - protein foods (plant and animal sources)
are broken down into parts called amino acids
during digestion. A balanced diet, rich in
carbohydrates, proteins, and lipids, is crucial
for supporting physiological functions and
maintaining good health. Among these,
proteins are particularly important as they are
essential macronutrients for cell growth and
repair in the body. The demand for protein
sources has been rising, especially among



athletes, who seek to increase muscle mass and
prevent muscle breakdown. While animal
proteins are highly digestible, they may not
always be accessible or widely consumed due
to factors like high cost or lifestyle choices
(such as vegetarianism and veganism). As a
result, scientists and the food industry are
actively exploring alternative protein sources,
including plant-based and fungal proteins.

It is known that vegan diets might reduce the
risk of premature mortality, NCDs, and
excessive weight gain (Moreno et al., 2021).
However, it is important to keep in mind that
the health benefits of any diet partly depend on
the variety of foods consumed and the way in
which food is stored, processed, and prepared
(Comerford et al., 2021). Complete proteins,
typically found in animal-based sources, are
highly bioavailable, but also contribute to
environmental harm and an increased risk of
diet-related chronic diseases. In recent years
there has been growing awareness about the
health benefits of replacing animal-based
proteins  with  plant-based  alternatives,
particularly in developed countries. Higher
protein quality per meal in the vegan scenario
is possible when smart combinations are made
by also replacing other meal components and
real-life practice shows that people usually
replace an animal-based product with a similar
plant-based alternative, without making other
changes within the same meal (Gehring et al.,
2021). Key challenges to improve the
consumer acceptability and market value of
plant-based proteins would be in achieving

nutrient equivalency and enhance
bioavailability = and  digestibility = while
maintaining the same  physicochemical

properties, taste, texture, as animal proteins
(Ulhas et al., 2023).

Standardized analytical methods are essential
for accurately determining the protein and
amino acids content in food. Various methods,
such as Kjeldahl, Lowry, Bradford, and total
amino acid content analysis, are employed
across different food industries to quantify
protein levels. Accurate measurement of
protein content is crucial, as it often influences
the economic value of food products and can
affect the financial viability of emerging
industries focused on alternative protein
production.
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MATERIALS AND METHODS

In order to achieve our goals, we used the
method of documentation on site and on line,
both letric and electronic sources, and start to
identifying, accessing and selecting of several
significant scientific results from the area of
our proposed topic, published in different
journals indexed in WOS, Clarivate Analytics,
Scopus and Springer databases.

The most valuable were highlighted in the
present review and were also cited and
included in the references chapter.

RESULTS AND DISCUSSIONS

Methods for protein and amino acids
determination

The methods used for quantitative protein
determination can vary significantly in terms of
relative response factors, matrix dependency,
sensitivity, ~ sample  preparation  effort,
instrumentation, cost, duration, and sample size

(ranging from picogram to  kilogram)
(Reinmuth-Selzle et al., 2022).
Spectrophotometric  methods for protein

determination and analysis are highly valued
due to their simplicity, speed, and high
sensitivity. These protein assays have many
uses in the food, plant breeding, pharmaceutical
and biomedical industries, as well as in forensic
science and a variety of other research fields
(Mihalcea et al., 2024). However, the
measurement of the nutritive quality of food
samples also requires the nominalization of
essential amino acid content to that of protein
(Mihalcea et al., 2024).

The most commonly used methods for
measuring protein content in foods include the
Kjeldahl method, Dumas method, and direct
measurement techniques, like UV-spectroscopy
and refractive index measurement, each have
their own set of advantages and disadvantages.
The Kjeldahl method is a reference technique
for protein quantification in food, but it is time-
consuming and requires large protein amounts
(typically 5 g), making it less suitable for small
sample sizes (Wang et al., 2016). The Kjeldahl
method involves the digestion of food with a
strong acid so that nitrogen is released, which
is then quantified using a titration technique
(Hayes, 2020). Protein quantity is calculated



from the nitrogen concentration of the food
using a conversion factor (usually 6.25,
equivalent to 0.16 g nitrogen per gram of
protein), which is the standard method for
protein measurement but has its disadvantages
(Hayes, 2020). As discussed previously by
Maehre et al. (2018) and Harrysson et al.
(2018), it does not measure true protein and the
conversion/correction factor of 6.25 is not
suitable for all protein types and should be
corrected based on the amino acid composition
of the protein in question. Several studies have
determined species-specific nitrogen
correction/conversion factors. For instance, a
conversion factor of 5.6 is recommended for
shrimp and fish, 5.4 for cereal products, and
459 for red seaweed. However, other
researchers have suggested conversion factors
of 4.9 for fish and 4.7 for flour (Macehre et al.,
2018).

The Dumas method is fast and chemical-free
but costly to set up and lacks accuracy as it
does not measure true protein, while UV
spectrophotometric methods such as the Biuret,
Bradford, and Lowry methods are easy to use,
inexpensive, and capable of quantifying small
amounts of protein (Hayes, 2020). However,
they can give false positive protein readings
depending on the sample preparation method
used and solubility of the test sample; while
direct amino acid analysis involves hydrolysis
of the protein with HCI and subsequent
quantification of the amino acids using HPLC,
but unfortunately is required initial investment
in HPLC equipment, hydrolysis step and is
time consuming but is the most accurate
method (Hayes, 2020).

Protein content is a critical factor in the
technological  performance of products.
Currently, the ISO standard method for
determining protein content is the Kjeldahl
method, which is time-consuming and requires
specialized instrumentation. For this reason, the
use of rapid methods to quantify protein would
greatly facilitate the monitoring (Hueso et al.,
2022). Methods as Bradford assay, Dumas
method and the bicinchoninic acid assay (BCA)
have been taken into consideration. For a milk
sample, the protein content obtained from
Bradford assay and Dumas method was
consistent with Kjeldahl values (Hueso et al.,
2022). In contrast, BCA protein levels were
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significantly different when compared to
Kjeldahl and no method was proved to be
suitable for protein determination in permeate
samples (Hueso et al., 2022). In comparison
with the official method, the Bradford assay
provided the best quantitative results and is
recommended for a quick, economical, and
easy determination of total protein content in
milk and retentate samples, as its simple
protocol requires neither expensive equipment
nor experienced analysts for data acquisition
(Hueso et al., 2022).

Another example of an improved method is the
modification of the traditional biuret reagent by
replacing copper sulfate and Seignette salt with
an alkaline alcohol solution and insoluble
copper phosphate, which requires only about
50 mg of biological material to quantify three
different components in each sample (Mihalcea
et al., 2024). The method offers several
advantages, including simplicity, low cost,
speed, and accuracy. It involves weighing a
single sample to determine both protein content
and essential amino acids, lysine and
tryptophan in the same biuret supernatant. It is
important that new methods for the
simultaneous determination of protein and two
of the most important amino acids, lysine and
tryptophan, are emerging.

Amino acids (AAs) are essential nutrients for
life, playing a crucial role in maintaining vital
body functions, including protein synthesis,
healthy growth, tissue repair, and balanced
metabolism. The most of AAs, except
tryptophan, phenylalanine and tyrosine, lack a
strong chromophore (Yuliarti et al., 2021), such
as no ultraviolet absorption and no
fluorescence. For example, the amino acids
composition in the samples of some herbal raw
materials was studied by gas chromatography-
mass spectrometry (GC-MS) method (Savych
et al., 2021). Good results were obtained
analysing the amino acids composition of
Centaurium erythraea Rafn. and Gentiana
cruciata L. by HPLC method with a pre-
column  derivatization  9-fluorenylmethyl
chloroformate (FMOC) and o-phthalaldehyde
(OPA) (Budniak et al, 2021). A new
hydrophilic  interaction  chromatography
(HILIC) method for free amino acid analysis
in honey samples was developed, involving
pre-column derivatization with dansyl chloride



(Dns-Cl), sample pretreatment with modified
QuEChERS extraction, and liquid
chromatographic analysis with UV detection
(Kirkan & Aydogan, 2021). Therefore, AAs are
always determined by derivatization to increase

detection sensitivity, but there are some
drawbacks, such as complex derivatization
procedure, incomplete derivatization,
derivative instability, reagent interference,

expensive reagents and long analysis time
(Wada et al.,, 2021; Figueroa et al., 2023).
Therefore, a quick, simple and accurate
analytical method for amino acid is needed
(Chen et al.,, 2021). A direct method for
determining amino acids in plants using
HILIC and HPLC-MS/MS was established,
with sample extraction completed in 10
minutes, making it simpler, faster, and more
environmentally friendly, while the
determination of 21 underivatized amino acids
was completed in 15 minutes with satisfactory
recovery, precision, and stability (Chen et al.,
2021).

Thin-layer ~ chromatography  (TLC) is
classically wused for routine separations,
identification of the individual amino acids or
vitamins, and their quantitative determinations.
With the advent of the automated multiple
development (AMD) technique all steps from
application to mixing solvents, development,
and drying can be automated. Although such
automation is obviously expensive, it is a
prerequisite for the wider use of HPTLC in the
pharmaceutical industry (Mohammad et al.,
2012). High performance thin layer
chromatography (HPTLC) involving the use of
smaller average particle size of adsorbent in the
preparation of TLC plates provides faster
separations with reduced zone diffusion and
enhanced sensitivity (Mohammad et al., 2012).
An analytical method for the direct
determination of amino acids (methionine,
proline, glycine, histidine, arginine, and lysine)
in biologics was developed using hydrophilic
interaction HPLC with UV detection, offering
the advantages of simplified sample
preparation by eliminating the derivatization
step and enabling simultaneous selective
quantitative determination of multiple amino
acids (Runova et al., 2021).

This  ultrasound-assisted acid  hydrolysis
procedure using HPLC-UV offers a reliable
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and efficient alternative for AA analysis in
plant-based proteins, offering significant cost
and time savings (Custodio-Mendoza et al.,
2024).

Kowalska et al. (2022) studied and optimized
the simple extraction of flours samples
followed by free amino acids determination
procedures; the conditions of amino acids
derivatisation reaction with ninhydrin for
chromatographic determination of free amino
acids sum.

The drawbacks of HPLC methods are the usage
of high volumes of toxic solvents and sample
derivatization (Pukle$ et al., 2024). Listed
drawbacks led to a trend where such products
are often analyzed by analytical methods
developed by the industries themselves, even
though they have not been standardized or
validated (Gilani et al., 2008). Capillary
electrophoresis (CE) is often preferred over
HPLC as a faster and more environmentally
friendly analytical technique, commonly used
for analyzing pharmaceuticals and
biopharmaceuticals. (Costa et al., 2019;
Piestansky et al., 2021).

Microchip electrophoresis (ME) devices have
proven to be powerful tools for analyzing
amino acids (AAs), offering advantages such as
low cost, rapid analysis, minimal sample and
reagent consumption, and effective separation,
establishing their importance in analytical
science (Pukles et al., 2024). Compared to CE,
the method optimization is more demanding
due to the short separation path (Tima et al.,
2007).

Sustainable sources of dietary protein

In the European Union, food proteins are
predominantly animal-based, primarily from
meat and dairy products; almost all soy but also
a larger part of pulses and cereals consumed in
the European Union are used for animal
nutrition (Detzela et al., 2021). The global
population is expected to surpass 9 billion by
2050, driving a substantial rise in the demand
for food, particularly protein-rich foods and
animal feed (Godfray et al., 2010). The rising
awareness about the relevance of high-quality
proteins in the diet has encouraged the
researchers and nutritionists to search for eco-
friendly and sustainable protein sources
(Kumar et al., 2021).



Innovation and interest in both novel protein
sources such as plant, algae, and mycoprotein,
and their respective processing technologies
have been rising steeply (Rolland et al., 2020).
Some common alternative protein sources for
vegan diets include legumes (lentils, chickpeas,
peas, and beans), grains (quinoa, barley, and
bulgur wheat), nuts and seeds (almonds, chia
seeds, and pumpkin seeds), mycoprotein
(single cell protein from fungus) and algal
proteins (Kaur et al., 2021; Zeng et al., 2022;
Qin et al.,2022).

Animal based proteins such as dairy, meat,
poultry, and eggs are considered complete
proteins because they contain all of the
essential amino acids in sufficient amounts
(Ulhas et al., 2023). Alternative proteins, on the
other hand, are often considered incomplete
proteins because they may lack one or more of
the essential amino acids (Gorissen et al.,
2018). For example, legumes such as beans,
lentils, and chickpeas are high in lysine, while
grains such as rice and quinoa are high in
methionine and cysteine (Hertzler et al., 2020).
Most of cereal species have low protein quality
due to their small amounts of lysine and
tryptophan  (Babu & Prasanna, 2014).
Therefore, by combining these different plant-
based proteins, an individual can obtain a
complete protein source that provides all of the
essential amino acids needed for optimal health
(Gorissen et al., 2018). For consumers not
interested in vegan or vegetarian alternatives,
meat hybrids, which replace a fraction of meat
(e.g., 20% to 50%) with plant-based proteins,
could offer a low-threshold option for more
sustainable food consumption (Profeta et al.,
2021).

Plant-based protein sources including legumes,
seeds and nuts, and by-products/waste from
food production have been studied and utilized
to simulate meat and other analogues (Tachie et
al., 2023). Some seeds such as pumpkin,
sunflower and hemp have also been used to
produce alternative eggs, cheese and flour
products respectively (Watson, 2021). Meat,
egg, dairy products, bakery products (snacks),
beverages, and dietary supplements have been
developed from plant and alternative protein
sources (Bunge, 2022).

Due to the fact that demand for sustainable
sources of dietary protein is steadily growing,
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providing dietary protein to a growing world
population with rising living standards requires
the development of sustainable protein sources
other than animal meat (Yuliarti et al., 2021).
Sesame meal holds significant potential as a
source of plant-based protein. Because of its
unique amino acid composition, high in
methionine and cysteine, and low in lysine,
means that consuming it together with soybean
protein provides a more complete profile of
essential amino acids (S’a et al., 2022). Sesame
meal is a by-product rich in protein, produced
during the industrial extraction of sesame oil
which is currently treated as waste. That it
could help meet this need if high quality
protein could be extracted from the meal in an
environmentally friendly way; the usually
method of traditional alkali-soluble acid
precipitation  extraction process produces
proteins with poor functionality and harmful to
the environment (Cao et al., 2023).

Hempseed protein is another nutritious and
sustainable alternative, offering a rich source of
amino acids. It has gained increasing attention
for its sustainability and nourishment;
therefore, hempseed protein is an excellent
potential protein ingredient to be applied to
food systems to add nutritional value and
promote environmental sustainability (Dong et
al., 2024). From a nutritional standpoint,
hempseed protein isolate encompasses a
complete profile of all the essential amino acids
required by adults according to FAO/WHO
standards and presents potential bioactive
peptides after digestion (Mamone et al., 2019).

Microalgae and macroalgae (Seaweed) are
traditional food sources in many cultures, some
algal species can have comparable or even
higher protein content compared to traditional
meat, milk, egg, or plant protein sources
(Boukid et al., 2022; Fleurence et al., 2018).
Laver (Porphyra spp.) is one of the most
commonly cultivated seaweeds, typically
consumed in its dried form. Seaweed is not
only nutritionally excellent, as it is rich in
protein, dietary fibre, and vitamin B, but is also
used as a raw material for various foods such as
sushi and gimbap (Wada et al., 2021). Red
seaweeds, including laver, are known for their
wide-ranging protein content, varying from
2.7 % to 47 % (Figueroa et al., 2023). The
protein content is the most important quality



indicator of laver. Laver’s high protein content
not only provides nutritional value, but the
amino acids such as taurine, alanine, and
glutamic acid derived from this protein are also
the basis for its distinctive flavour (Jeong et al.,
2023). Additionally, dried laver is produced by
grinding raw laver and then drying it, which
results in minimal visual differences based on
its composition and gives it a characteristic
black colour (Kim et al., 2024). Consequently,
it is challenging to determine the protein
content of dried laver without specific
quantitative methods such as Kjeldahl Method
(Kim et al., 2024).

Legumes have been the world's second most
important source of staple food after cereals as
“poor man's meat”. To date, several legumes
have been studied and proposed as protein
alternatives for human consumption and among
them: soybean is the most prominent in terms
of economics (Cheng et al., 2019). Knowing
that soy protein is rich in all the nine amino
acids that are necessary for human nutrition
(Kudetka et al., 2021), plant-based meat
alternatives have commonly been based on
products derived from soy due to its high
protein content (Cober et al., 2022). Heaving a
higher protein level than both cereals and
potatoes, they are filled with all the important
amino acids that the human body needs (Guo et
al., 2023). It can be utilized as a replacement
for animal proteins in the food sector since it
has nutritional and biological benefits similar to
those of animal proteins (Huang et al., 2019).
However, natural soy protein isolate contains a
large number of hydrophobic groups, which
seriously  affects  the  solubility  and
emulsification of soy protein, resulting in its
functional properties not being able to be well
developed, limiting the application of soy
protein in industry (Arfat & Benjakul, 2013).
Phosphorylation of sodium tripolyphosphate
reduces protein molecule size and increases
intermolecular interactions, making it a
dispersing additive in food processing and
offering a reference for developing functional
properties of industrially modified soy isolate
proteins in the food industry (Guo et al., 2023).
Wheat gluten, also known as 'seitan,' is used as
a binding agent combined with soy to create
plant-based meat. The unique viscoelastic
properties of wheat gluten allow it to form a
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resilient gel making it useful in the preparation
of thickeners, fortifiers, and texturing agents
(Pietsch et al., 2019). Chickpea is also a rich
source of dietary protein (17-22%), has low
allergenicity, high solubility and bio-
functionality making it an interesting candidate
as an alternative ingredient for plant-based
meat (Boukid et al., 2021). In addition to
chickpea, pea protein has also drawn interest
from researchers as a potential additive in
alternative meat products (Lu et al., 2020).

Extensive research has been conducted on
several underutilized legumes with similar
nutritional properties to soybean; one of these
legumes is velvet beans (Baby et al., 2023).
Though it is rich in protein (27%),
complementary amino acid pattern to that of
cereal grains exerts health beneficial properties,
including antiparkinsonian, antidiabetic, and
anticancer properties, it is limited for human

consumption due to the presence of
antinutrients (Baby et al., 2023).
Pulses (beans, peas, lentils, cowpeas,

chickpeas, pigeon peas, etc.) being the second
most important food source for humans,
following cereals, play a key role in human
nutrition, being rich in proteins, complex
carbohydrates, essential vitamins, minerals, and
phytochemicals, while being low in fats. Pulses
are also considered the most suitable for
preparing protein ingredients (Concentrates and
isolates) because of their high protein content,
wide acceptability and low cost.

Protein content of different pulses varies with
genotypes, germination, environmental
conditions and application of fertilizers during
growth and development (Singh, 2017;
Isticioaia et al., 2020). The pulse proteins have
essential amino acids composition
complementary to cereals and are naturally
gluten-free, thus, safe for the patients suffering
from gluten intolerance/allergies (Shevkani et
al., 2019).

Applications in which pulses are used includes
bakery and pasta (because of the essential
amino acid content complimentary to cereals
makes them particularly suitable for improving
the protein quality of cereal-based foods
(Shevkani et al., 2019), imitation milk and bean
curds (preparation of non-dairy/imitation milks,
beverages and bean curds), meet products (the
effect of incorporation of lower levels of (1.5,



2.5 and 5%) chickpea protein concentrates on
the properties of cooked sausage and reported
that chickpea proteins not only reduced
cooking yield and lipid oxidation but also
increased color stability, total antioxidant
capacities, protein content and acceptability by
consumers (Ghribi et al., 2018), encapsulation
material and edible/biodegradable films.

The seeds of flowering plants typically store
significant amounts of seed protein, including
storage proteins and lectins. The amount of
protein found in seed varies from 10% (in
cereals) to 40% (in certain legumes and
oilseeds) of the seed dry weight, which forms a
major source of dietary protein (Liu et al.,
2017). The 16 proteins identified in faba bean
were mainly composed of glutamic, arginine,
lysine, glycine, leucine, cysteine, and
methionine, which are essential to human life
(Liu et al., 2017). The flours are essential and
the most commonly used raw material for
bakery products, however, due to the properties
of proteins in gluten-free flours, their usage is
limited (Kowalska et al., 2022). On the other
hand, the nutritional properties of gluten-free
flours are their main advantage due to the well-
balanced composition of the amino acids with
high biological value (Ciesarova et al., 2021).
Another rich source is found in fresh and
preserved mushrooms which have been
appreciated by humans since ancient times for
their organoleptic, nutritional and medicinal
properties (Wani et al., 2010). Although they
are low in calories, mushrooms are a good
source of high-quality protein, amino acids,
dietary fibre, vitamins (vitamin B2, folate and
niacin), as well as many healthy minerals (iron,
calcium, phosphorus, potassium, selenium, zinc
and copper) and phenolic compounds (Mattila
etal., 2001).

Although not a source of plant protein, fish by-
products, such as frames, trimmings, and
viscera from commercial fish species, are rich
in proteins and could serve as an economical
source of bioactive peptides and functional
protein hydrolysates for the food and
nutraceutical industries (Nikoo et al., 2023).
Despite this necessity, within the seafood
sector, the increased use by-products is
happening relatively slowly because the
seafood industry focuses on its primary raw
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materials and products that require minimal
processing (Wassef et al., 2023).

Sustainable diets and environmental impact
Sustainable diets focus on enhancing public
health, food security, and reducing the
environmental impact of the food system by
promoting a plant-based diet and reducing the
consumption of animal products (Lonnie &
Johnstone, 2020). Meat and dairy, the main
protein sources in an omnivorous diet,
contribute the most to the food-related
ecological footprint (Borkent et al., 2024). The
food systems underlying these diets are
responsible for a third of global greenhouse gas
emissions (Crippa et al., 2021) and influence
several other environmental indicators (Willett
et al., 2019). A transition to a more sustainable
diet-one that contains more plant-based
products and less meat, could increase food
availability while releasing the burden on the
environment (Chen et al., 2019).

Studies suggest that the environmental impact
of food production is higher for omnivorous
diets and lower for vegetarian/vegan diets
(Moreno et al., 2021). Fortunately, the
alternative protein market is rapidly growing as
consumers are becoming more conscious of the
impact of their food choices (Kaur et al., 2021).
The effects of food production on climate
change have led to decreased agricultural yields
and increased food insecurity in some regions
of the world (Rockstrom et al., 2009). This,
combined with the rapidly growing global
population, makes current food systems
unsustainable. According to the WRI, a
combination of changes will be required to
reduce the impact of our diets on the
environment, including a shift in our food
choices, changes in food production (sourcing
and transformation), and reductions in food
losses and waste (World Resources Institute,
2018).

Although the environmental impact of animal-
sourced foods can be reduced by reducing our
consumption of red meat, further benefits can
be gained from changes in farming practices,
such as recycling manure as fertilizer for crops,
converting manure into biogas, and/or feeding
cattle on grasslands instead of (or alongside)
animal feeds (Moreno et al., 2021).



In terms of plant-sourced foods, agricultural
practices increasingly rely on the use of
chemical fertilizers to restore nutrients to the
soil, thereby enabling farmers to plant just 1
crop, without the need for rotational cropping
(Lacour et al., 2018; Partal et al., 2020, 2023).
The urgent need to shift to plant-rich diets is
now considered a vital strategy in achieving a
global sustainable food system and in
combating an important driver of climate
change (Allenden et al., 2022). Both collective
and individual level, food behaviours and food
choices represent major levers of action against
the ongoing environmental disaster (Rabés et
al., 2020).

CONCLUSIONS

The development of new methods for the
determination of protein and amino acids is
essential for the advancement of research and
the food industry, with multiple positive
implications, such as: increased accuracy and
reliability (more accurate determination of
protein and amino acid content, essential for
assessing the nutritional quality of food
products), fast and efficient (modern methods,
such as spectrophotometric and machine
learning techniques, provide fast and efficient
results, saving time and resources in
laboratories and industries), wide applicability
(these new methods are versatile and can be
applied to a wide range of food products),
promoting  healthy diets (the correct
determination of proteins and amino acids is
essential for creating food products with
adequate nutrient content) and innovation and
sustainability (the development of these
methods can support research into alternative
protein sources, such as plant protein or protein
from sustainable sources, contributing to
innovative solutions to global food challenges).
The use of protein from sustainable sources is
not only a necessity to protect the environment
and ensure a balanced diet, but also an
opportunity to encourage more responsible and
affordable agriculture.

In conclusion, progress in the development of
protein and amino acid determination methods
is essential to improve food quality, production
process efficiency and nutritional sustainability
on a global scale.
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