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Abstract Humanity has been used microbial biomass for food production and now;
for biofuels, drugs, and other useful compounds. Different microorganisms are
employed in the production of biomass ranging from bacteria, yeast, fungi, and
algae which are used to produce food, bioactive compounds, enzymes, hydrolysates,
among others. Due to the accelerated population growth in the world and the need to
meet its nutritional requirements, the search for alternatives that help to solve this
social problem is one of the most pressing tasks.

Several studies have demonstrated the nutritional value of microbial biomass
related to a high protein content, an excellent source of vitamins and minerals
necessary for a quality diet. The production of unicellular biomass has been carried
out through submerged and solid-state fermentations. For the production of biomass,
the design of various culture media has been considered, where different sources of
carbon, nitrogen, pH, and aeration level have been some of the evaluated variables
that favor the yields of protein production. The use of various agro-industrial waste
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as carbon source in the biomass production could contribute in solving a problem of
accumulation of waste causing soil contamination. This chapter describes the state of
the art of unicellular biomass production, microorganisms used, types of fermenta-
tion, carbon sources used, agro-industrial residues used as substrate, characteristics
of biomass produced and other related topics.

Keywords Unicellular biomass - Microbial protein - Agro-industrial waste -
Fermentation

11.1 Introduction

The use of biomass has been reported since ancient times. There are records of the
use of yeast to produce food since 7000 BC. Currently the use of this material has
different purposes, besides the production of food it can be used to produce biofuels
as a good option to replace fossil fuels (which are one of the main causes of global
warming), and other useful compounds and medicines as well (Zabed et al. 2019;
Pérez-Torrado et al. 2015).

Biomass is a product derived from biological material such as plants, animals, and
microorganisms, which is composed mainly of carbon, hydrogen, oxygen, and
nitrogen (Balaman 2019; Houghton 2008). From another perspective, bioactivity is
the process of catalysis to transform a raw material into a desired product, either a
protein or some other useful compounds. Microorganisms are employed to produce a
specific product or products from macromolecules from the culture medium (Liibbert
2017).

The biomass production by non-photosynthetic microorganisms is affected by
several factors; the substrate used in the fermentative process, treatments to modify
the availability of the substrate to the microorganism, the bioreactor utilized, oper-
ational conditions, and downstream processing for separation and purification
(Moo-Young and Gregory 1986; Reihani and Khosravi-Darani 2018).

The microbial biomass has different uses in a wide range of applications, for
example; in food industry can be used as a Single-Cell Protein (SCP), which is
expected to become an auxiliary source of food in the near future. Henceforth; SCP
can help to suffice the food demand related to the accelerated growth of the
population. It is therefore necessary a twofold increase in the amount of food
produced, since by 2050, it is estimated that the number of inhabitants on the planet
will increase from 7 billion to 9 billion (Spalvins et al. 2018; Rasouli et al. 2018;
Objetivo 2011). Another application is the extraction of various compounds, for
example, lipids, carotenoids, oligosaccharides, free polyphenols, and folates which
are added to foods to increase their nutritional value (Catchpole et al. 2010; Rai et al.
2018).

Moreover, biorefinery is one of the fields where the use of biomass has had a great
boom, promoting the research in the development of analogous fuels, which are
expected to replace fossil fuels, one of the main factors that related to the climate
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change on the planet. For example, different yeasts use carbon sources to modify the
composition of fatty acids as well as the accumulation of triglycerides present in the
cell (Faife-Pérez et al. 2012; Shields-Menard et al. 2018). Oleaginous yeasts can
reach between 40% to 70% of lipids in their cellular structure, allowing be a good
raw material for biodiesel conversion and its implementation as a fuel.

11.2 Fermentation

One of the main forms to produce biomass is through fermentation. Biotransforma-
tion via fermentation is the main biological procedure for biomass production. Under
optimal conditions, microorganism can double the amount of biomass in a short
period of time (Schulz and Oslage 1976). Fermentation is one of the oldest methods
in food processing which helps for their conservation for longer time. From the
biochemistry point of view; it is a metabolic process where energy is generated from
organic compounds without the involvement of exogenous oxidizing agents
(Bourdichon et al. 2012). Furthermore, the fermentation can be defined as a process
where decontamination and detoxification phenomena, of hazardous compounds
obtained from agro-industrial waste, are possible (Farinas 2015).

There are two types of fermentation, liquid/submerged or solid-state fermenta-
tion. Each one is described below.

11.2.1 Liquid or Submerged Fermentation

Submerged fermentation is a process which utilizes substrates containing free water;
such as broths and molasses. The substrate is quickly consumed, so, it is necessary a
constant replacement of the culture medium to provide new nutrients. In these
fermentation methodologies, the fermentation products may or may not be released
in the fermentation broth, it depends if they are extracellular or intracellular. (This
type of fermentation is used mainly in microorganisms that need a high moisture
content in the medium to be able to develop at an optimum level Subramaniyam and
Vimala 2012).

11.2.2 Solid-State Fermentation

Solid-state fermentation unlike submerged state fermentation, is the process
whereby a microorganism growing in a non-soluble material, serves as a physical
support and as a nutrient source, in the absence of a large amount of free water
(Couto and Sanroman 2006).
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A very important aspect of solid-state fermentation is the choice of microorgan-
ism that will be used in this type of process. The microorganisms which are most
suitable for this type of fermentation are fungi due they do not require the presence of
free water in the substrate. The second group of microorganisms are some yeasts
that, like filamentous fungi, do not require a large amount of water in the medium.
Moreover, there are certain bacteria that can develop in a solid-state medium
(Farinas 2015; Soccol et al. 2017).

In addition to energy sources, microorganisms require different nutrients to
satisfy their energetic needs. Some microorganisms use compounds with simple
structures, while others use very complex compounds. However, four types of
compounds predominate in solid medium: lipids, carbohydrates, nucleic acids, and
proteins (Kampen 2014).

To maximize the production of biomass, it is necessary to use different sources of
carbon together with a balance with nitrogen sources, minor elements, trace ele-
ments, and vitamins (Garcia-Garibay et al. 2014).

11.3 Carbon Sources

In order to survive the microorganisms, they require different nutrients to obtain
energy and produce different organic compounds through fermentation. Carbon
sources are considered a factor with great importance in the formulation of the
culture medium. Usually at laboratory scale pure sugars are utilized as carbon
sources to achieve a better performance (Yatmaz and Turhan 2018) and have a
better bioprocess control.

Historically, different materials have been used as carbon sources in substitution
of pure substrates to produce biomass. However, the use of these materials brings the
disadvantage that there may be variation in the production yield (Stanbury et al.
2017). Despite this, the usage of different agroindustry residues, as carbon source, has
been carried out giving added value to these residues (Reihani and Khosravi-Darani
2018) and to obtain microbial biomass.

The waste generated in agriculture after harvest and sequential processing creates
a severe problem of pollution. However, it is known that these residues contain a
high amount of hemicellulosic and/or lignocellulosic compounds, which can be used
as carbon sources for different fermentation processes (Patel and Shukla 2017).

11.4 Agro-Industrial Waste Used as Carbon Source

Agro-industrial waste is the most abundant renewable resource and is produced in huge
amounts every year, causing pollution, and represents an economic challenge for
companies. It is estimated that about five billion tons of this type of waste are generated
annually. So, it is necessary to use them efficiently for the development of new products
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and applications in order to reduce their impact on the environment (Bharathiraja et al.
2017; Motaung and Linganiso 2018). Agro-industrial residues are those that are not
commercialized after the harvest process, among them are mainly sugar cane bagasse,
corn residues (stems, leaves, husks, and cobs), wheat and rice straw, rice bran,
nutshells, and others. However, they can have different uses, these residues are widely
used as cattle feed and compost material and in recent years biorefinery and microbial
biomass production are the main trends to consider (Popa 2018).

These residues are also used as fodder for livestock, fuel for stoves, and water
heaters (Sarkar et al. 2012). To dispose of waste in an easy and inexpensive way,
these are often incinerated outdoors. This practice ends up being more harmful due
to air pollution and consequently soil erosion. On the other hand, waste may also be
buried avoiding air pollution. The incorporation of such residues in the soil signif-
icantly increases its quality and health; however, it is usually an expensive way,
because of the required effort and time (Singh and Singh 2012).

11.5 Composition of Agro-Industrial Waste

Agro-industrial waste consists mainly of carbohydrates, proteins, and fibers. Carbo-
hydrates are the most abundant components in these residues and within this
category are cellulose, starches, pectins, among others.

Lignocellulose, which is formed by cellulose, hemicellulose, and lignin, is one of
the main components of agro-industrial waste. Different residues come to be com-
posed of 20-30% lignocellulose, which can have a great potential for bioconversion
and fermentation (Singh et al. 2015). The composition of lignocellulose can vary
according to the species from which it is obtained, in addition to the age of the plant,
the state of maturation, or growth conditions (Sharma et al. 2019).

11.5.1 Cellulose

It is one of the most abundant biopolymers on the planet; it is a fibrous substance
insoluble in water which is found in the cell walls of plants, fungi, and algae as
structural material (Kushwaha et al. 2016). Structurally it is formed by a chain of
hundreds or even thousands of glucoses linked by a bond p 1-4 (Ummartyotin and
Manuspiya 2015) (Fig. 11.1).

11.5.2 Hemicellulose

Hemicellulose is a group of compounds found in most plants which is a renewable
resource that can be used for different purposes. Some studies of these compounds
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have been focused on the release of carbohydrate monomers through different ways,
for example, by means of chemical or enzymatic hydrolysis during production of new
biofuels as an alternative of fossil fuels (Ebringerova et al. 2005). These polysaccha-
rides are structurally formed by hexoses (galactose, mannose, and glucose) and
pentoses (arabinose and xyloses) linked by covalent bonds (Fig. 11.2). Hemicellulose
is a hydrophilic polymer and its degree of polymerization (80—200) is small compared
to the polymerization degree of cellulose (10,000). As a result of this, they show
greater chemical and thermal stability, so they are more soluble in water and the
hydrolysis process is simpler (Ummartyotin and Manuspiya 2015; Ajao et al. 2018).

11.5.3 Lignin

Lignin is one of the most abundant phenolic polymers in the world. It has a complex
structure as it combines aliphatic chains as well as aromatic compounds. The three
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Fig. 11.3 Precursor compounds of lignin: (a) P-coumaryl alcohol; (b) coniferyl alcohol;
(c) Sinapyl alcohol

main compounds of lignin are p-coumaryl alcohol, coniferyl alcohol, and sinapyl
alcohol (Fig. 11.3). Lignin forms esters and ethers with hemicellulose for the
formation of various compounds including lignocellulose (Bajpai 2017a; Chio
et al. 2019).

11.6 Sources of Nitrogen

To grow properly, microorganisms have specific nutritional requirements such as
nitrogen which is present in various molecules mainly as amino and amide groups. It
is common to find nitrogen in microorganisms in its reduced form as primary,
secondary, or tertiary amines groups, whereas the oxidized form of this element,
such as nitro or nitrous groups, is very rare (Egli 2009).

The relationship between carbon and nitrogen content in nutrient source is an
important factor that affects the microorganism growth. A deficiency in the nitrogen
content can affect the microbial biomass production yield. There are different
sources of organic and inorganic nitrogen which microorganisms can use in their
development (Li et al. 2017).

Like the carbon sources behavior, nitrogen sources have the function of stabiliz-
ing the pH in the fermentation processes. Nitrogen sources applied in fermentation
may be either inorganic or organic. In the first case, inorganic or mineral sources
include ammonium salts, ammonia, nitrates, and within the organic can be used urea,
yeast extract, corn liquor, or peptone. In addition, it is sometimes necessary to use
different mineral sources for optimal biomass growth. In the case of ammonia, which
is the nitrogen source most used by autotrophs, nitrogen is in its reduced form, which
makes it easier to assimilate (Reihani and Khosravi-Darani 2018; Ohkouchi and
Takano 2014).

From the different types of nitrogen source; ammonium salts are one of the
preferred. They are the compounds in which inorganic nitrogen can be used for
the amino acids formation, unless the same microorganism possesses enzymes or
enzymatic complexes that can form ammonium ions from different sources of
inorganic nitrogen (Atkins 2016).
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11.7 Types of Biomass

11.7.1 Biomass from Microalgae

Microalgae are microorganisms which can convert solar energy into chemical
energy through photosynthesis, have been used mainly to produce biofuels.
Recently, it is highlighted their use to produce food and pharmaceuticals. It has
been shown that algae have a large amount of mainly unsaturated lipids, proteins,
and carbohydrates, which can be used in a wide variety of markets (Priyadarshani
and Rath 2012; Vanthoor-koopmans et al. 2013; Ramanna et al. 2017). Due to the
variety of species, culture conditions and post-cultivation, there is a great potential of
biomass from algae for the production of food and biofuels (Walsh et al. 2018).
Moreover only a few microalgae species have been included in the “generally
regarded as safe” classification for food sources categorized by the US Food and
Drug Administration, with examples including Haematococcus spp., Dunaliella
spp., Chlorella spp., Arthrospira spp., and Schizochytrium spp. (Hashemian et al.
2019).

Similar to plants, the chemical composition of algae is not a constant factor since
it can be affected by various factors such as temperature, pH, salinity, lighting, CO,,
growth phase and physiological state (Paula et al. 2013).

11.7.2 Biomass of Algae as a Food Supplement

Different microalgae and macroalgae stand out for their high protein content, which
can be compared with the content of other foods such as milk, meat, eggs, and soy. In
addition, protein production yield is much higher than traditional sources, so, sea-
weed and microalgae have a production at 2.5-7.5 ton/Ha/year and 4-15 ton/Ha/year,
respectively, while other protein sources, such as soy and other known legumes, have
a production at around of 1-2 ton/Ha/year (Bleakley et al. 2017).

Nowadays, technological developments and research focus on the use of algae as
micro-ingredients, obtaining very specific benefits. Moreover, the growth of algae
biomass production suggests that the use of algae as a micro-ingredient can become
the basis of different products for livestock feed, as well as in aquaculture (Shields
and Lupatsch 2012).

Although there are different data on the use of algae as an animal supplement,
only the use of microalgae supplements had been studied. Different genera of
microalgae, such as Chlorella and Scenedesmus sp., attracted the attention of the
researchers, because they had a large amount of carotenoid compounds and crude
protein (Table 11.1). It was observed that the animals gained weight by consuming
algal biomass (Lum et al. 2013).

However, the use of Algae as biomass has some disadvantages, such as
non-absorption by the human digestive system due to the cellulose content in the
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Table 11.1 Main compounds present in the microalgal biomass (Priyadarshani and Rath 2012)

Group of compounds | Examples

Pigments/ Beta-carotene, astaxanthin, lutein, canthaxanthin, chlorophyll, phycocy-
carotenoids anin, phycoerythrin, fucoxanthin

Polyunsaturated fatty | DHA (C22: 6), EPA (C20: 5), ARA (C20: 4), GAL (C18: 3)

acids

Vitamins A, B1, B6, B12, C, E, biotin, riboflavin, nicotinic acid, pantothenate, folic
acid

Antioxidants Catalases, polyphenols, superoxide dismutase, tocopherols

Others Antifungal activity, antibacterial, antiviral, proteins, sterols

cell wall of the biomass. Secondly, they also concentrate heavy metals and
phycotoxins which can be a health problem (Nasseri et al. 2011; Kay and Barton
1991). Finally the incorporation of microalgal biomass into food products has the
challenge of sensory profiles to address to enable future food products to become
mainstream in the wider marketplace (Birch and review 2019).

In the human diet, various algae are consumed, including Spirulina and Chlo-
rella, which have been commercialized since the 1960s. Despite the nutritional
characteristics of algae, the quality of this material is also measured by the content
of compounds such as heavy metals, aromatic polycyclic hydrocarbons, toxins,
pathogens, and pesticides that can become harmful when consumed (Muys et al.
2018). Despite the nutrients offered by algae as food, the organoleptic characteristics
are not favorable, making it difficult for potential consumers to accept it. So, it is
necessary to develop new products that are pleasing to the general public (Becker
2007).

11.7.3 Biomass of Algae as Fuel

As a raw material for fuel production, algae biomass shows as an advantage the
impact to counteract the greenhouse effect on the planet: due to the high yields of
biomass production, algae are able to absorb large amounts of CO,, which is one of
the main causes of the problem of climate change (Ambat et al. 2019).

Microalgae can use the nutrients found in wastewater and carbon dioxide to
achieve biomass growth which is rich in lipids that can be used in biodiesel
production. There are several methods by which it is possible to obtain fuel from
the lipids of microalgae; one of these is transesterification catalysis (acid/base) or
another is enzymatic biocatalysis (He et al. 2018; Liu et al. 2016).
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11.7.4 Microalgae Biomass Production

Regardless of the great versatility of algae as food and as a biofuel, the cost of
production is very high, due to the complexity of their collection. It is estimated
that in the biofuels production between 20% and 30% of cost corresponds to the
collection process and algae biomass production (de Assis et al. 2019; Molina Grima
et al. 2003).

In addition to this, the spread of algae for food additives could solve the problem
of bioremediation of wastewater mainly in control of nitrogen and phosphorus
levels. Therefore, they are looking for new ways to produce them more effectively
and efficiently. It has been shown that algae are able to better assimilate the nutrients
contained in waters of this type. Several studies have shown that microalgae can
reduce between 82-92% nitrogen and 58-98% phosphorus, in addition to reducing
the chemical oxygen demand (Ambat et al. 2019; Zhou et al. 2012; Marin-Batista
et al. 2019).

In addition to the optimal parameters for the algae growth (temperature, inorganic
nutrients, such as nitrogen, phosphorus, sulfur, and water), the production of the
biomass may require control of conditions of two types: (1) the use of CO,, and
(2) the use of light (Ramanna et al. 2017). It has been studied that the limitation of
nitrogen, in addition to the combination with levels of other metals, leads to algae
stress, which is reflected in the reduction of biomass production (Singh et al. 2016).

To separate different biomass fractions, it is necessary to degrade the cell wall of
the algae. This wall protects the algae from biodegradation related to enzymatic
attacks caused by different microorganisms. Different methods have been used to
achieve the cell wall break, including physical and mechanical treatments which,
despite being able to degrade the cell wall, often get to negative yields in energy
terms: the loss of energy is greater than for biomass production. Kavitha et al. (2017)
performed pretreatments using bacteria for the degradation of cell walls in
microalgae, obtaining better yields compared to physical and mechanical pretreat-
ments, which require higher energy consumption.

11.8 Fungal Biomass Production

Currently, fungi are used for the production of secondary metabolites, which have
medicinal and industrial importance, since medicines and foods can be made with
these metabolites (Nigam and Singh 2014). In addition, they are sources of different
pigments such as carotenoids, melanin, among others (Dufossé 2018).

One of the uses of fungus is for the production of mycoprotein, which is a food
product derived from the continuous fermentation of the fungus Fusarium
venenatum, which has been noted for its high protein yield and a low amount of
fats (Denny et al. 2008), being a very interesting nutritional source compared with
other sources (Table 11.2).
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Table 11.2 Nutritional comparison of fungi biomass with other foods (Nigam and Singh 2014)

Amount | Energy Proteins | Carbohydrates | Dietary fiber | Total fat
Food (& (keal) ©® (€3] €3] (€3)
Mycoprotein | 85 72 9.4 7.7 5.1 2.6
Cheddar 30 120 7.5 0.38 0 10
cheese
Eggs 50 75 6.3 0.6 0 5
Meat 85 245 19.6 0 0 17.8
Chicken 85 130 23.1 0 0 35
Fish 85 89 19.4 0 0 0.7
Soya flour 30 131 10.4 10.6 2.9 6.2
Chickpeas 100 364 19.30 60.65 174 6.04
Green peas | 100 343 21.70 62.78 15.0 1.49

The chemical analysis of mycoprotein demonstrates a wide variety of nutrients.
This food is also combined with low-energy and high-fiber content. Mycoprotein has
a low fat content which consists mainly of unsaturated fatty acids predominantly
linoleic and linolenic acid. The fiber consists of a mixture of chitin and f-glucan that
performs physiologically as dietary fiber and does not have an adverse effect on
mineral status (Finnigan et al. 2017)

For the production of this type of food, it is possible to use different cellulosic
materials (straw, sugarcane bagasse, corn cob, etc.) as a source of carbon in the
fermentation (Moo-Young et al. 1993). However, to make use of these materials rich
in cellulose, it is necessary to implement a pretreatment for this type of material to
facilitate access of microorganisms to the available glucose.

Different substrates can be used for biomass production of these organisms.
Oshoma et al. (Marin-Batista et al. 2019) demonstrated that banana peel is a good
substrate for the production of Aspergillus niger biomass obtaining better yields than
with other substrates, like orange peel among others (Oshoma and Eguakun-Owie
2018). Alemu (Singh et al. 2016) indicates that the best process for a better yield of
biomass of filamentous fungus is the solid-state fermentation (Alemu 2013) using
agro-industrial wastes (Table 11.3).

Ugalde (Kavitha et al. 2017) lists certain filamentous fungi which can be used in
the production of biomass and thus generate foodstuffs where the genera stand out:
Aspergillus, Fusarium, Rhizopus, Trichoderma, Cephalosporium, Mucor, Monilia,
Penicillium, Spicaria, Paecilomyces, and Cunninghamella (Ugalde and Castrillo
2002) (Table 11.3).

The presence of mycotoxins in certain fungal species especially Aspergillus
parasiticus and Aspergillus flavus is a major hindrance in their use. These toxins
are known to produce many allergic reactions, diseases, and liver cancer in humans
as well in animals. Hence, it is required to eliminate contamination (Anupama 2000).

Although fungi usually grow more slowly than yeasts, the yields in biomass
production are usually similar. However, as shown in Table 11.3, they can grow in
different agro-industrial residues under very similar temperature conditions.



230 H. A. Luna-Garcia et al.

Table 11.3 Examples of fungi and yeasts grown in agro-industrial wastes

Waste used to produce Growth
Microorganisms biomass conditions References
Aspergillus niger Orange peel 32°C, 144 h Azam et al. (2014)
Fusarium Date Juice 26°C72h Fatemeh et al. (2018)
venenatum
Trichoderma Rice Straw 30 °C, 21 days Zaki and Said (2018)
ressei
Candida tropicalis | Pineapple waste 28 °C, 168 h Dharumadurai et al.

(2011)

Candida sp. Orange, Plantain, Banana 25°C,24-36 h | Adoki (2008)
Candida Vinasse 28°C48 h Dos Reis et al. (2018)
parapsilosis

11.9 Yeast Biomass

Yeasts are considered fungi; they reproduce by fission or by budding. It has been
documented that yeasts can cause some deterioration in food and beverages. It is also
possible to apply yeasts in fermentative processes for food generation. It has been
applied in agriculture, production of biofuels, medicines, chemical industry, and
even environmental protection (Jach and Serefko 2018; Fleet 2011). They are
divided into two families: Ascomycota and Basidiomycota.

Yeasts can be used for the treatment of different residues generated in various
industries; an example of this is the treatment of vinasse to produce unicellular
protein (Table 11.3). Different studies have shown that it is possible to use this waste
from the wine industry as a substrate for yeast fermentation, to reduce the pollution.
Dos Reis et al. in 2018 reported that Candida parapsilosis was grown in medium
with 5 g/L of peptone and 70% v/v of vinasse (Dos Reis et al. 2018).

It have been shown that yeasts have a resistance to different factors such as acid
and alkaline pH, antibiotics, different sterilizing agents, and they can grow on
different carbon sources ranging from carbohydrates (glucose, sucrose, and malt-
ose), biopolymers (starch, cellulose, hemicellulose, and pectin), alcohols, hydrocar-
bons, fatty acids, and organic acids (Yang and Zheng 2014).

One of the uses of yeast biomass is the obtention of different oligosaccharides due
to the presence of PB-glucan in the yeast cell wall. The p-glucan is composed of
glucoses linked by $-1-6 and -1 bonds, which gives to the cell wall some stability
and rigidity. This structure is similar to that of cellulose because, like this one, it is
also has a crystalline region and an amorphous region (Bychkov et al. 2010).
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11.9.1 Yeast Biomass as Food

Yeasts are applied to produce different functional foods and are considered a
fundamental part in obtaining of nutraceuticals. Yeasts have different applications
in the functional food industry, since they can be used as probiotics. Several studies
show that the cell wall of yeasts has a large amount of nutrients such as proteins and
B vitamins. Extracts obtained from these microorganisms are a source of metabolites
that have bioactive compounds (carotenoids, folates, and y-aminobutyric acid). Also
yeast are producers of enzymes and that the products of their viability can be
metabolites with high nutraceutical value (Rai et al. 2018).

One of the applications of yeast biomass is the production of unicellular protein,
which can be employed as a substitute for other protein sources such as soy and fish
protein used for animal feed. However, traditional production of this type of feed
requires pure strains of certain types of yeasts and crop optimization processes (Yang
and Zheng 2014). Due to the growing interest in production of unicellular protein
from raw material, i.e., from agro-industrial waste, it has become a less expensive
process (Kieliszek et al. 2017).

Nigam (Nigam 2000) demonstrated that for yeast growth in sugar cane bagasse,
the pretreatment of support by hydrolysis is necessary for a greater availability of
glucose to obtain higher biomass yield. In addition, the presence of a high amount of
amino acids such as lysine, arginine, and isoleucine is reported in the yeast biomass
(Nigam 2000).

A wide variety of yeasts has been used in the production of unicellular protein
(Table 11.4). The composition of biomass in nutritional terms is variable and rich
(Table 11.5). So, the production of unicellular protein from yeast is a viable
alternative for obtaining nutritionally rich foods.

Table 11.4 Yeasts applied for the unicellular protein production (Bajpai 2017b)

Yeasts Raw material Fermentation conditions | References
Pichia Waste brine of kimchi 12% substrate (W/v), Choi and Park
guilliermondii production 30°C,72h (1999)
Candida tropicalis | Pineapple peel 1-5% of substrate, Dharumadurai
28 ° C, 7 days et al. (2011)
Candida utilis Corn stover 20g/L,35°C,72h Ahmed et al.
(2010)
Hansenula Sugar beet stillage 30°C,48 h Shojaosadati et al.
polymorpha (1998)
Kluyveromyces Cheese Whey 34°C,28h Anvari and Khayati
marxianus (2011)
Rhodotorula sp. Lettuce brine 30°C,96 h Suntornsuk (2000)
Saccharomyces sp. | Papaw and Banana juice | 100 mL/L of substrate, Rajendran et al.
72 h, 30 °C (2018)
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Table 11.5 Nutritional composition of yeast biomass (Martinez et al. 2018)

Composition % Vitamins (mg/100 g) Minerals (mg/100 g)
Proteins 52 Thiamin 0.80 Phosphorous 2100
Carbohydrates 22 Riboflavin 4.50 Potassium 2000
Minerals 8 Niacin 55.00 Magnesium 300
Fat 7 Folic Acid 0.40 Sulfur 200
Humidity 6 Pyridoxine 8.30 Sodium 100
Raw fiber 5 Pantothenic acid 9.40 Calcium 15
Biotin 0.08 Iron 9.5
P-aminobenzoic acid 1.40 Zinc 9.3
Choline 780 Fluoride 1.2
Inositol 460 Manganese 0.7
B12 vitamin 0.0004

11.9.2 Biofuels Obtained by Yeast Fermentation

Many yeasts are known for their enzymatic complexes capable of producing ethanol
(Adelabu et al. 2019) In the production of this biofuel, it is preferable to use yeasts
instead of bacteria, due to the tolerance that they have against to different inhibitory
factors, such as, ethanol, and other organic acids.

For the production of biodiesel, from oleaginous biomass, using yeasts; three
main steps are required: (1) The culture of the microorganism, (2) The breaking of
the cell wall, and (3) The extraction of the lipids of the microorganism for their
subsequent transesterification (Yellapu et al. 2016).

11.10 Biomass of Bacteria

The biomass of certain bacteria, such as photosynthetic bacteria, is not only rich in
proteins, but also in other compounds such as, carotenoids, biological cofactors,
vitamins, among others (Shipman et al. 1975).

11.10.1 Biomass of Bacteria as Food

One of the main uses given to the biomass of these organisms is mainly for
aquaculture. Due to its high demand, the implementation of new protocols to
enhance the biomass production has been required to satisfy the consumer demand
(Kiessling and Askbrandt 1993). Different methods are used to produce unicellular
protein from photosynthetic bacteria. One of them is the use of bovine animal waste.
This type of bacteria is found mainly in wells, dykes, or other types of water sources.
Also, this type of bacteria is used in the biogas industry due to the high biogas
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production. Some residues generated are a good source of nutrients, various studies
reported that in addition to proteins, a large amount of carotenoids and vitamins
should be obtained as valuable subproduct (Vrati 1984).

To produce biomass, it is possible to use heterotrophic bacteria which can convert
phosphorus and nitrogen from waste obtained from fish farming. This type of
bacteria requires a C:N ratio between 12:15 for optimum biomass production (Jach
and Serefko 2018). Few hydrogen oxidizing bacteria can obtain good yields in the
production of unicellular protein. The production of these bacteria is carried out via
autotrophic biochemical route, in environments with CO,. Dou Junei in 2018
demonstrated that this type of bacteria has good yields at a temperature of 30 °C,
with pH 7 and using NH,HCO5 as a source of nitrogen (Fleet 2011).

Use of bacterial biomass is limited due to high cost. Harvesting is difficult due to
small size of bacteria and hence the cells must be flocculated in order to ease a higher
solid slurry obtention, prior centrifugation. Bacterial cells also have a high concen-
tration of nucleic acids (Anupama 2000).

11.11 Conclusion

The production of microbial biomass has been an alternative that has helped humanity
to meet various needs, including food and fuel production. While there is a large
amount of biomass that can be used to meet the demands of these two sectors, it is
necessary to develop new bioprocesses or to optimize some existing ones to increase
the yields of the products of interest. In addition, the development of new technolo-
gies will allow us to contribute to the solution of pollution problems caused by large
amount of agro-industrial waste, which are not used. Currently, our working group
(Bioprocesses & Bioproducts Group) has carried out research based on the use of
agro-industrial waste to obtain compounds of commercial interest, including the
production of single-cell protein hoping to contribute to meeting food needs.
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