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ABSTRACT

The structural, functional and regulatory role of proteins makes them vital macro biomolecules, without
which life cannot exist. Humans obtain dietary proteins as a source of amino acids from plants and animals.
Though animal proteins provide all essential amino acids, they pose serious issues of carbon and water
foot print, risk of diseases, loss of biodiversity due to unethical killing. The animal based protein production
is neither cost-effective nor environmentally sustainable. The plant based proteins are incomplete proteins,
and their production is limited by various factors such as land, water, climate, seed genotype. With ever
increasing population, the food affordability, food safety, protein energy malnutrition and human health
along with climate change are the global challenges in the near future.  To suffice the needs of the growing
population it is imperative to search new protein sources and evaluate their neutraceutical value. This
review focuses on the sources and significance of plant based proteins and other alternatives available.  The
alternatives for plant based proteins include Mushrooms, Single Cell Proteins and Mycoproteins, The
production of the alternative for plant based proteins is cost –effective, eco-friendly with significant amount
of protein yield, which will be affordable to all in a sustainable manner.
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Introduction

Proteins are the building blocks of the cells that
carry out structural, functional and regulatory func-
tions. Dietary proteins are the source of amino acids
for animals and human beings. Protein deficiency in
human greatly impairs the health and well being of
the individuals. Proteins are long polypeptide
chains comprising of twenty different amino acids.
Based on the human dietary requirement  the amino
acids are classified as Essential and Non- essential
amino acids. Non-essential amino acids   such as ala-
nine, arginine, asparagine, aspartate, cysteine,
glutamate, glutamine, glycine, proline serine and
tyrosine   are synthesized in the body via glucose
breakdown and transamination reactions. The other

nine amino acids (Phenylalanine, Valine, Tryp-
tophan, Threonine, Isoleucine, Methionine, Histi-
dine, Leucine and Lysine) cannot be synthesized
and therefore have to be obtained from the diet.
Therefore they are classified as essential amino acids
(Litwack, 2018). The human diet chiefly consists of
carbohydrates, proteins and fats. Dietary proteins
are obtained from plants and animals. The plant
proteins either contain very low or lack in any of the
essential amino acid and therefore form the incom-
plete proteins. The animal proteins contain all amino
acids and in proper amount the body needs, hence
forms the complete protein. We therefore have to
depend upon animals for these essential amino ac-
ids.

Studies have reported that by 2050, the global
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population is presumed to exceed 9 billion
(Verstraete et al., 2016). This will create a tremen-
dous demand for food, feed and fibre. The need for
meat based proteins will result in increased animal
breeding, their unethical killing and high cost mak-
ing it less affordable to the poor. Also the animals
may be diseased or infected and meat from such
animals can be unsafe to human health (Sun-
Waterhouse, et al., 2014).  Increased meat production
will considerably affect carbon and water foot prints
and therefore is highly environmentally non sustain-
able. For these reasons, there is a gradual shift from
animal to plant based protein. Plant based proteins
have rich nutrient value, are cost effective and their
production is eco friendly; therefore   help to sustain
the life and environment. To address the global is-
sues of protein requirement for improving the health
status of humans there is an urgent need to explore
new sources of through sustainable approaches.
This review focuses on the significance of plant
based proteins and adoption of other alternative
forms that will help to achieve the sustainable devel-
opment goals.

Materials and Methodology

The present review is based upon the the critical
analysis of the literature and the information from
the  various journals and online searches at Google
scholar, pubmed, Science direct etc.

Sources of Plant based proteins

Plant based proteins may lack or may have very less
amount of a particular essential amino acid in a
same plant species. It may not provide the essential
amino acid in the required amount the body needs.
The amino acid composition in plant protein of the
same species   may also vary due to variation in to-
pography, climatic and edaphic conditions, agricul-
tural practices and different varieties used (Goldflus
et al., 2006).

The various sources of plant proteins are (Sun-
Waterhouse et al., 2014)

Cereals: These include wheat, rice, millet, maize etc.
that forms the staple food throughout the world.
Legumes: They include Pea, soyabean, faba bean,
chick pea, cow pea etc. Soyabean contains almost all
essential amino acids. The protein content in Pigeon
pea is rich in sulphur containing amino acids.

Pseudocereals: The Dicotyledonous plants like
Quinoa, buckwheat and amaranth are considered as
pseudocereals, rich in essential amino acids
(Alvarez-Jubete et al., 2010)

Seed: They include such as seeds such as flax, Chia,
Sesame, Cucurbita, Watermelon, Musk seeds. It has
been reported that Flax seeds and Chia seeds do not
contain lysine (Anaya et al., 2015) whereas a high
proportion of leucine and arginine is found in water-
melon seeds (Kaul, 2011).
Nuts: They are Walnut, Chestnut, Hazel nut, al-
monds and peanuts that contain high quality lipid
and fatty acids and also rich in proteins. Pequi al-
monds are rich in sulphur containing amino acids
but lacking lysine, whereas Baru almonds are rich in
essential amino acids. Valine and lysine are absent
in peanuts.

The agricultural crop production is limited by the
availability of land and water. These limitations
have to be addressed and therefore the other alter-
native forms of plant based proteins needs to ex-
plore.

Alternative protein sources

Mushrooms: the Zero fat food

Although the mushroom industry has grown  rap-
idly, the most preferred edible mushrooms are
Shiitake mushroom (Lentinula edodes), followed by
oyster mushroom (Pleurotus sp) and button mush-
room (Agaricus bisporus) out of the 2000 species  of
Mushrooms growing worldwide.  Mushrooms are
the fruiting bodies of white rot fungi belonging to
Basidiomycetes. They grow on agricultural waste,
forest litter, on soil, dung, tree trunks and dead
wooden logs. They help to recycle nutrients and
have significant health benefits. Mushrooms contain
all essential amino acids, high protein, carbohy-
drates and Vitamins. They are a very good source of
minerals and dietary fibres (Bano and
Rajarathanum, 1988). They are a low-calorie food,
help to boost immunity,  prevents cancer and slows
down aging (Satyaveer and Rajanna, 2022). The ag-
ricultural and the forest by-products can be utilized
for mushroom cultivation.
Single Cell Proteins:  The term Single cell protein
refers to the purified proteins isolated from the mi-
croorganisms and / or the bulk of dried cells of mi-
croorganisms like bacteria, algae, yeast and fungi
with high protein content. They are rich in proteins
with various essential amino acids (lysine and me-
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thionine)   and vitamins (Jacob-Lopes et al., 2006).
SCPs are used in animal feed and nutrition, as

food additives (vitamin and aroma carriers and
emulsifying agents), as starter culture (baker’s and
brewer’s yeast) and in paper and leather processing
industries. They do not require large land surface
and large water supply for its production (Mekonen
and Hoekstra, 2014). SCP production utilizes the
bio-degradable agro industrial residues, high energy
resources (methanol, natural gas), sulfite waste li-
quor and Carbondioxide as substrates to produce
tons of proteins. Depending upon the microorgan-
ism and the choice of substrate, submerged or solid
waste fermentation can be carried out. After fermen-
tation the biomass is harvested and further purified.
Thus this is a cost- effective and eco- friendly ap-
proach that can be advanced for combating the pro-
tein need (Anupama and Ravindra, 2000;
Vermeulen et al., 2012).

(Souza Filho et al., 2019). Mycoprotein provides high
proportion of essential amino acids dietary fibre and
antioxidants, along with selenium and zinc and also
a little amount of sodium. Many studies have re-
ported that the consumption of Mycoproteins helps
to promote muscle synthesis, lowers blood choles-
terol and controls blood sugar levels (Dunlop et al.,
2017). Large scale production of Mycoproteins using
lignocellulosic residues as substrate will help to fight
hunger in the coming years (Souza Filho et al., 2019).

Conclusion

Plant based proteins are safe for consumption and
highly sustainable compared to animal based pro-
teins. There is an urgent need to spread awareness
among people regarding the amino acid composi-
tion in proteins, the alternative forms of plant based
proteins available and the intake of right combina-
tions of plant foods to fight protein malnutritition.
Cost- effective, environment friendly production of
Single cell proteins, Mycoproteins and Mushrooms
by using agro- industrial waste and forest waste as
substrates for microorganisms with minimal water
and land requirement   is a sustainable approach for
easy protein accessibility and good health.
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