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Resumen 

Los pseudocereales son granos pertenecientes a la familia Amaranthaceae; entre ellos se encuentran la quinua, el amaranto y el 
alforfón. Estos son buenas fuentes de macro y micronutrientes, con contenidos proteicos comparables a los de los cereales 
convencionales y excelentes propiedades nutricionales relacionadas con la proteína de alta calidad; también destacan como alimentos 
sin gluten.  
Por otro lado, estos alimentos suelen contener cantidades mínimas de sustancias llamadas antinutrientes, como fenoles, fitatos, 
taninos, entre otros, que pueden ser responsables de la mala absorción de minerales y proteínas que poseen. La fermentación es uno 
de los procesos biotecnológicos antiguo, en el que tanto en alimentos como el pan se producen con la ayuda de levaduras y bacterias 
del ácido láctico. Este proceso transforma e influye en la biodisponibilidad de compuestos y nutrientes presentes en la masa, así 
como también en sus características organolépticas. Por lo tanto, la presente revisión explora una descripción de los pseudocereales, 
a su vez su contribución nutricional y algunos anti-nutrientes que suelen estar presentes, así de cómo es el efecto de la fermentación 
en masas sin gluten. 

Palabras clave: Antinutrientes, fermentación, libre de gluten, pseudocereales, masas madre 

Abstract 
Pseudocereals are grains belonging to the family Amaranthaceae; among them are quinoa, amaranth and buckwheat. These are good 
sources of macro and micronutrients, with protein contents comparable to those of conventional cereals and excellent nutritional 
properties related to high quality protein; they also stand out as gluten-free foods.  
On the other hand, these foods usually contain minimal amounts of substances called antinutrients, such as phenols, phytates, 
tannins, among others, which may be responsible for the poor absorption of minerals and proteins they possess. 

Fermentation is one of the ancient biotechnological processes, in which both food and bread are produced with the help of yeasts and 

lactic acid bacteria. This process transforms and influences the bioavailability of compounds and nutrients present in the mass, as 

well as its organoleptic characteristics. Therefore, the present review explores a description of pseudocereals, in turn their nutritional 

contribution and some antinutrients that are usually present, as well as how is the effect of fermentation in gluten-free masses. 
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INTRODUCTION 
 

 

 

 Grain cereals are known to provide a source of dietary 

energy, which is generally considered important as an 

example: rice, wheat and corn are foods that provide about half 

of the energy source we require in our body (Sandez et al., 

2020). However, because many cereals are known to contain 

gluten, the consumption of pseudocereals, which are those that 

come from the seeds of the flowers of some plants, is 

proposed. They differ from cereals in that they are the fruit of 

herb spikes. The name pseudocereals is because, although they 

belong to plants of different families, their appearance, 

culinary use as flour or grain, and great nutritional properties 

are similar to those of cereals. There are several types, the best 

known of which are amaranth, quinoa and buckwheat which 

are rich in bioactive and nutritional components (Fig. 1). 

 Pseudocereals do not contain gluten, this is one of the 

characteristics that differ from other foods. Therefore, in 

addition to these having many health benefits, integrating them 

into our diets could be a valuable contribution to improving the 

quality of existing gluten-free foods. On the other hand, it has 

also been found that certain in vivo studies showed that 

pseudocereals have hypoglycemic effects, so they have been 

suggested as an alternative to the usual ingredients in the 

production of gluten-free products. For such reasons, the use of 

pseudocereals has increased not only specifically in people 

with celiac disease or allergy to cereals, but also widely used to 

be part of healthy diets (Sandez et al., 2020). 

 Fermentation produced by lactic acid bacteria (LAB) or 

yeasts is one of the oldest and at the same time very 

economical biotechnological processes, in which both beer and 

bread make use of this practice. This process can be used in the 

processing of cereals and pseudocereals, where spontaneous 

fermentation simply activates the natural microbes in the 

milled grains, helping to produce and preserve food. In 

addition, sourdough fermentation can influence nutritional 

quality by decreasing or increasing compound levels and 

improving nutrient bioavailability. Pseudocereal sourdoughs, 

in addition to their nutritional value, would have a 

characteristic flavor, which would facilitate, also in 

combination with other flours, the production of new foods. 

 

 
Figure 1. Nutritional and bioactive components of 

pseudocereals. 

 

 

GLUTEN IN FOODS 
 

 Gluten is a protein present in cereals such as wheat, 

barley, oats, and rye, among others, which are commonly used 

to make flour. This protein is responsible for giving the 

characteristic elasticity to the flour and, because of 

fermentation, increasing the volume of the dough. However, 

gluten is not essential in the human diet. It can be easily 

substituted by some animal or vegetable proteins when a 

gluten-free diet is required (de la Calle et al., 2020). Moreover, 

nowadays, some foods, namely pseudocereals, have been 

studied to have the appeal of being naturally gluten-free (Ruiz 

et al., 2016).  

 One of the problems with the gluten content in a food is 

that many people today cannot digest it properly due to a 

disease called celiac disease (FACE, 2018). There are many 

foods that contain gluten naturally, such as bread, pasta, pastry, 

in addition to being added to other products such as sauces or 

even certain medicines, so it can be said that it is present in 

most products of the food chain. However, gluten is added to 

have good organoleptic characteristics, to satisfy the consumer, 

due to its moldable and elastic characteristics.  

 

GLUTEN FREE FOODS, PSEUDOCEREALS 
 

 There are foods that have been found to be completely 

gluten-free, and in addition to this, they have a high content of 

nutrients that can bring benefits to our body in many ways. 

Each one has different characteristics; however, they are foods 

that help open horizons to the food industry to develop more 

nutritious foods and can satisfy the consumer.  

 Pseudocereals can be a great substitute for conventional 

flours because, in addition to being gluten-free, they provide a 

high nutraceutical content in our body. These are grains rich in 
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nutrients, belonging to the Amaranthaceae family; among them 

are quinoa (Chenopodium quinoa), amaranth (Amaranthus 

caudatus) and buckwheat (Fagopyrum esculentum). 

 Pseudocereals are composed of three important parts: 1) 

the pericarp, which consists of cellulose, hemicellulose, in 

addition to proteins, minerals and lignin; 2) the embryo, which 

contains lipids, proteins and minerals; and 3) the endosperm, 

containing starch and proteins. The three pseudocereals are 

good sources of macro- and micronutrients, are rich in proteins 

comparable to those of conventional cereals and possesses 

excellent nutritional properties related to high protein quality 

(Castro-Alba et al., 2019). These gluten-free pseudocereals, 

have attracted increased attention as foods worldwide, as they 

have high nutritional values (Sterr et al., 2009). 

 

Quinoa (Chenopodium quinoa Willd) 
 

 Quinoa cultivation dates from about 5000 to 7000 years 

ago and was a source of food for the Tiahuanacota and Inca 

cultures (Angulo et al., 2019), and was considered a sacred 

food by many cultures (Delatorre et al., 2013). Quinoa was 

stigmatized as a "wild food" by the Spanish during the colonial 

period, who ended the cultivation and banned it according to 

their religious beliefs, so other crops were imposed (Nowak et 

al., 2016). Quinoa is a herb native to South America (Sezgin 

and Sanlier, 2019) and is a species of Chenopodiaceae, 

Chenopodiaceae. Chenopodiaceae is the main genus of 

Chenopodiaceae and is widely distributed worldwide with 

about 250 species (FAO, 1985).  

 Quinoa was selected by the Food and Agriculture 

Organization of the United Nations (2014) as one of the 

important crops for food security in the 21st century due to its 

ability to adapt to different agro-ecological levels, drought 

stress and withstand temperatures from -4°C to 38°C. Is a 

water-efficient plant, tolerant and resistant to lack of soil 

moisture and that allows an acceptable production with 100 to 

200 mm of rain, considered perfect by the Food and 

Agriculture Organization of the United Nations (FAO, 1985; 

Jacobsen, 2003; Elsohaimy et al., 2015). Quinoa is nothing 

more than a seed, but with certain unique characteristics, since 

it can be consumed as a cereal, which is why it is also called a 

pseudocereal. Compared to other traditional cereals, quinoa has 

a high amount where it provides 16 g of protein per 100 g and 

offers about 6 g of fat in the same amount of food. The 

carbohydrates it contains represent 69% of its weight and 

provide 374 calories per 100 g. It is therefore an optimal source 

of energy that is released slowly because it is accompanied by 

a good dose of fiber (6 g out of 100). Likewise, quinoa is rich 

in essential minerals, such as iron (a serving of 60 g provides 

46% of the daily requirement), but also others such as 

magnesium, phosphorus, manganese, zinc, copper and 

potassium. It also provides vitamin B2 (13%) and B3 (9%). In 

addition to this, it does not contain gluten, therefore, it is an 

easy-to-digest food. Quinoa is mainly used for breakfast, 

similar to corn and potatoes. Currently, this crop is still 

marginalized by more popular and cheaper foods such as rice 

and wheat (Repo-Carrasco et al., 2003; Nowak et al., 2016). 

 

Chia (Salvia hispanica L.) 
 

 Chia is an herb of the Lamiaceae family native to 

southern Mexico and northern Guatemala (Ixtaina et al., 2008). 

Chia belongs to the genus Salvia, which consists of about 900 

species, and takes its name from the Latin word "salvere", in 

reference to the healing properties of these plants (De Falco et 

al., 2017). The proximate composition of chia is 91- 96% dry 

matter, 20-22% protein, 30-35% fat, 25-41% carbohydrates, 

18-30% crude fibre (mainly non-digestible cellulose, pentosans 

and lignin) and 4-6% ash (Angulo et al., 2019; Zettel and 

Hitzmann, 2018). Chia seed has the highest proportion of α-

linolenic acid (60%) compared to other natural sources 

(Ayerza, 1995), as well as higher levels of protein compared to 

traditional cereals such as wheat (Triticum aestivum L.) 

(McKeon et al., 2016). 

 Chia is widely used in different foods such as snacks, 

cereal bars, breakfast cereals, cookies, fruit juices, cakes, and 

yogurt (López et al., 2019). The incorporation of chia in baked 

products not only improves the nutritional value but also acts 

as a hydrocolloid substitute for egg, fat, or gluten.  Chia could 

represent an alternative source of isoflavones when 

incorporated into food, due to its high antioxidant capacity 

(Zettel and Hitzmann, 2018). 

 

Amaranth 
 

 The word Amaranthus comes from the Greek "Anthos" 

(flower) whose meaning is eternal or soothing. Amaranth 

belongs to the Amaranthaceae family and is widely used in 

both vegetables and leaves throughout the world. It has long 

been cultivated in Central and South America for more than 

5000 to 7000 years. The genus Amaranthus consists of more 

than 600 species, where the most important and used are A. 

caudatus, A. cruentus and A. hypochondriacus (Anubhuti, 

2017, Ruiz et al., 2016). 

 The plant can reach approximately 2 to 2.5 meters in 

height. The leaves are elliptic or oval, with an entire edge and 

can measure 6.5 to 15 cm (Orosco, 2013). On the other hand, 

the seeds are small and lenticular in shape; each seed measures 

approximately 1 to 1.5 mm in diameter and 1000 seeds weigh 

approximately 0.6 to 1.2 g (Fig. 2). It is characterized by 

inflorescences of very showy colors such as yellow, orange, 

pink to purple; they can be axillary or terminal, which can vary 

from fully erect to decumbent (Orosco, 2013) and is composed 

of four parts: 1) seed coat, 2) endosperm, 3) embryo and 4) 

perisperm (Teutonico and Knorr, 1985).  
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Figure 2. Parts of the amaranth seed. 

 

 Amaranth has been produced since ancient times, since 

the plant was used by ancient cultures such as the Aztecs in 

Mexico to celebrate the gods of the earth, fire, and rain, and in 

Peru by the Incas for the preparation of drinks associated with 

fertility. However, when the Spanish arrived in America, they 

decided to exterminate pseudocereals because of their religious 

complications (Rollán et al., 2019). In 2013, amaranth showed 

a great recurrence in many parts of the world such as South and 

Central America, Africa, India, China, and the United States 

(Aguilar et al., 2013). In recent years, China established itself 

as the main producer and with significant production to 

countries such as Russia, India, and Mexico. In China, 

approximately 2200-5500 kg ha-1 of grains and 90000-180000 

kg ha-1 of silage are produced, mainly used for animal feed and 

in Latin American countries such as Peru, approximately 6000 

kg ha-1 for human consumption (Corke et al., 2016). 

 In Mexico, 11 species of amaranth are cultivated, of 

which the species Amaranthus hypochondriacus, and 

Amaranthus cruentus are native to the national territory 

(Martínez, 2016). According to archaeological data, amaranth 

in Mexico was cultivated since 4000 years before Christ, as 

findings were found that A. cruentus in Tehuacán, Puebla and 

A. hypochondriacus was cultivated 500 years after Christ 

(Jacobsen, 2003). It later boomed during the time of the Aztecs 

and Mayans, who used it in beverages, medicinal treatments 

and mixed with corn to make "tortillas" (Orona et al., 2018). 

Currently, Mexico is one of the main amaranth producer 

countries, obtaining 6,804 tons in 2018. The state of Puebla 

stands out with 3,511 tons, making it the first place in 

production, followed by Mexico (1,298 tons), Tlaxcala (1,281 

tons), Morelos (411 tons), Mexico City (182 tons), Oaxaca 

(108 tons) and finally Hidalgo (13 tons) (SIAP, 2018). The 

amaranth obtained is intended for human consumption, 

commonly to produce "superfoods" such as granola, cookies, 

and yogurts (Meyerding et al., 2018), but it is also applied in 

breads, pastas, and beverages. Traditional foods in Mexico 

formulated with amaranth are "Alegria" sweets, and it is found 

mixed in beverages such as "atole" (Corke et al., 2016). 

Consumption of this grain is estimated at 4.5 g per capita 

(SIAP, 2018). 

 Amaranth is considered low in nutrients, it is resistant or 

tolerant to extreme conditions, as well as to changes in 

temperature and radiation due to its high capacity for osmotic 

adjustment (Tamayo, 2017). Amaranth, considered a 

pseudocereal, has intensive growth and very accelerated and 

effective photosynthesis regardless of the quality of the soil 

where it is grown and can survive in areas with extreme 

climatic conditions "from dry to humid environments, from 

high regions to sea level and develops in soils of all types of 

qualities" (Martínez, 2016). Amaranth can be stored for a 

longer period than corn without altering its quality. For its 

consumption, a transformation process is required that consists 

of subjecting the amaranth grain to temperatures of up to 

120ºC to inflate it. Once inflated, it is cooled and sieved to 

separate the grain that cannot be inflated. The already popped 

grain is the one that is sold as a cereal or used as an input for 

other food products (Ayala et al., 2016) 

 Amaranth is characterized by having a high agro-food 

potential since its seed, plant and leaves have nutritional values 

that surpass some commonly used cereals, so it is widely 

recommended for human and animal consumption (Martínez, 

2016). Amaranth can be used to treat various degenerative 

diseases, thanks to the fact that it has both healing and 

protective properties attributed to its high antioxidant potential. 

In addition, another benefit of amaranth is that the actions of 

the peptides contained is that it helps lower blood pressure, so 

they are considered antihypertensive peptides, while another 

group of amaranth peptides has shown to have the ability to 

inhibit the enzyme dipeptidyl peptidase IV (DPPIV); this 

enzyme is considered the target to inhibit the disease of 

diabetes. Likewise, there is preliminary research in clinical 

studies, that amaranth could control obesity, since it is able to 

reduce hormones that are related to this disease (Barba, 2020). 

On the other hand, the protein contained in amaranth does not 

contain gluten, an important point for the consumption of this 

food in the diet of celiac (Anubhuti, 2017). 

 Its high content of flavonoids and dietary fiber has a 

covalent interaction, increasing its anti-inflammatory effects 

and its positive impact on the intestinal microbiota. In addition, 

pseudocereals such as amaranth are characterized by being rich 

in many health-promoting phytochemicals, such as 

polyphenols, dietary fiber that exhibit antioxidant and free 

radical scavenging activity (Rollán et al., 2019) (Fig. 3). 
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Figure 3. Benefits of amaranth grain. 

 

 The nutritional composition of amaranth is very similar to 

the characteristics of other cereals and legumes. Among the 

beneficial actions that amaranth has, it is worth mentioning that 

the small seeds contain considerable levels of high-quality 

proteins and low levels of saturated fatty acids in the oil 

fraction (González et al., 2015) so, amaranth is considered as a 

functional food or nutraceutical (Orona, 2018). Amaranth is a 

product of vegetable origin, where its main component of 

amaranth seed is starch, representing between 50 and 60% of 

its dry weight (González et al., 2015). This seed is also an 

important source of proteins, since for every 100 g of 

amaranth, there are approximately 13 to 25 g of proteins, and 

they are also very specific when digested by the 

gastrointestinal tract, where they exert their health benefit 

(Nardo et al., 2020). The essential amino acids it contains are 

alanine, valine, leucine, arginine, phenylalanine, tryptophan, 

isoleucine, serine, and it is also rich in lysine (Anubhuti, 2017). 

The protein components consist of 40% albumin, 20% 

globulins, 25-30% glutelins and 2-3% prolamins (Venskutonis 

and Kraujalis, 2013). It has high amounts of minerals such as 

calcium, magnesium, potassium, zinc, and iron. It is rich in 

vitamins such as riboflavin, also known as vitamin B2, vitamin 

C, vitamin E and folic acid, which have been found in amounts 

2.5 times more than wheat (Anubhuti, 2017) and antioxidants 

(Rollán et al., 2019). Another benefit it has is that it has a 

digestibility of 93% (Ayala et al., 2016). 

 The lipid concentration of amaranth is 1.9 to 13%, 

highlighting linoleic, oleic, and palmitic acid (Ferreira and 

Gomes, 2010). Carbohydrates are the main constituent; starch 

is present in concentrations of 48-69% by weight (Bhat et al., 

2015), followed by sucrose, maltose and raffinose. Dietary 

fiber consists in amounts of 8-11%; it contains high 

concentrations of minerals such as phosphorus, magnesium, 

iron and calcium, as well as vitamin C and A (Corke et al., 

2016). The total dietary fiber content (soluble and insoluble) in 

the amaranth grains of A. caudatus, A. cruentus and A. 

hypochondriacus is between 7 and 16% (Corke et al., 2016). 

 

Socio-economic impact 
 

 Gluten-free foods have improved over time thanks to the 

different ingredients, additives and technologies that have been 

developed and evaluated. However, as there is still no single 

raw material, ingredient or additive that can completely replace 

gluten, the production of gluten-free products remains a 

technological challenge (Carbó et al., 2019). One of the most 

studied gluten-free foods is bread. However, it still represents a 

very big challenge for the bakery industry as it does not satisfy 

most consumers, because these commercially gluten-free bread 

are characterized by a bad taste and an unpleasant flavor; they 

have a low content of dietary fiber, micronutrients. Therefore, 

it does not provide any nutrients to consumers and being high 

in starch, they experience faster aging due to starch 

retrogradation (Carbó et al., 2019). 

 Although gluten-free has given some serious problems to 

bakers, there is a great interest in the production of gluten-free 

flours, leading to the development of new food products (Ruiz 

et al., 2016). There are pseudocereal foods such as amaranth 

and quinoa that have been cultivated for a long time and today 

are recognized for their high nutritional value and potential 

health benefits, so these foods considered pseudocereals must 

be ideal candidates to produce gluten-free products and, for 

example, in this case, can be used as a good flour option for 

bread making (Rollán et al., 2019). 

 

ANTINUTRIENTS PRESENTS IN PSEUDOCEREALS 

 

 Nuts, cereals and pseudocereals are seeds that are 

considered very energetic, nutritious, and healthy, since as we 

have seen above, they are high in carbohydrates, proteins, 

fibers, vitamins, and minerals. However, in addition to this, 

these foods also contain substances called antinutrients. 

Antinutrients are natural or synthetic compounds that prevent 

the proper absorption of foods. Consequently, these 

antinutrients reduce the beneficial contributions contained in 

foods such as pseudocereals; that is, they decrease the 

digestibility of proteins, carbohydrates, minerals, and vitamins 

(Dyner et al., 2016).  

 One of the functions of antinutrients as an "advantage" to 

these grains is that they protect them against bacterial growth 

and predators and thus ensure that the species survives, but 

they are not beneficial to humans (Félix, 2018). Within these 

compounds are flavonoids, polyphenols and phytosterols, 

which contradictorily can also have beneficial effects when 

consumed. The high phytate content in these grains 

significantly reduces the retention of calcium, iron, and zinc, as 

well as decreases bioavailability in the digestive tract (Rollán 

et al., 2019). Amaranth contains a low concentration of 

saponins that produce low toxicity compared to other grains. 

These saponins are absorbed in small amounts and produce a 

detrimental effect in the intestinal tract. However, saponins are 

antimicrobial, anticancer, lower cholesterol, as well as 



2022 Volumen 14, No. 28 

  Revista Científica de la Universidad Autónoma de Coahuila 

 

24  

modulate the immune system in addition to their anti-

inflammatory effect (Anubhuti, 2017). 

Some of the anti-nutrients that can be found in pseudocereals 

are: 

1) Phytates. They are present in the fibrous part (Cruz, 2013), 

found in very high concentrations in foods such as cereals, 

legumes, nuts and whole seeds in general (López, 2019), they 

are located in the outer covers, hence the richness in phytates 

depends on the degree of extraction to which the corresponding 

cereal is subjected. They cause a reduction in the absorption of 

minerals, especially zinc, iron, and calcium (Félix, 2018). 

2) Phenolic compounds or polyphenols. They are those that 

constitute a broad group of chemical substances, considered 

secondary metabolites of plants, with different chemical 

structures and activity. Phenolic compounds have traditionally 

been considered as anti-nutrients, due to the adverse effect of 

one of their main components, tannins, on protein digestibility 

(Martínez, 2016) leading to lower growth of livestock and 

lower egg laying by poultry (Lamuela-Raventós et al., 2004). 

Tannins are phenolic compounds found in abundance in many 

plants and fruits (Idict, 2019); these compounds are considered 

anti-nutrients, as they can form complexes with proteins, 

starch, and digestive enzymes, causing a reduction in the 

nutritional value of food (Melo and Ligarreto, 2010). It is not 

advisable to consume plants containing a high concentration of 

tannins for a prolonged period, as they inhibit the body's 

absorption of certain vitamins and minerals, such as calcium 

and iron (Idict, 2019). 

 Research on antinutrients has not only focused on their 

characterization, but also on the search for strategies to 

counteract their effect. One of these strategies is fermentation, 

which will be discussed in the following section. 

 

SOURDOUGHS 
 

 The products of the bakery industry that are totally or 

partially composed of pseudocereals are of interest, since it is 

interested to create new sensory properties, in addition to 

developing substitutes for celiac patients. This type of mother 

dough, in addition to its nutritional value, would have a 

characteristic flavor, which would facilitate, also in 

combination with other flours of different foods and give a 

greater nutritional value to the production of new types of 

bread. A desired characteristic and a prerequisite for the 

commercial production of pseudocereal stem mass is that a 

potential starter crop must be able to ferment different 

pseudocereals as well as normal cereals, that is, it may have the 

same or even better organoleptic characteristics than the 

masses characterized by normal flours. The dough consists of 

flour and water and can ferment spontaneously with lactic acid 

bacteria, which come from the native microbiota of cereals, the 

ingredients of the dough or the environment (Sterr et al., 2009). 

The main contribution of sourdoughs is the inoculation of 

active microorganisms that, together with the products of their 

metabolism, create favorable conditions for the correct 

fermentation of the bread dough, in addition to providing a 

three-dimensional structural base constituted by the preformed 

gluten network, which facilitates the development of the dough 

and incorporates air and CO2 nuclei, facilitating the best 

distribution of the gas produced during fermentation. The pH 

of a sourdough varies according to the nature of the process 

and is in the range of 3.5 to 4.3 (Conty, 2018). 

 The sourdough must represent a proportion equal to or 

greater than 5% of the total weight of flour in the final dough, 

not including additives. The following conditions must also be 

met:  

 

FERMENTATION 
 

 In colloquial terms, we can define food fermentation as 

the natural preservation of food based on biological 

degradation, which consists of using one or more 

microorganisms to carry out this preservation. This process 

consists of converting sugars into acids, gas, or alcohol, 

depending on the type of food being fermented, so that they act 

as natural preservatives (Garre, 2020). 

 Fermentation is defined as a complex process, since the 

transformation of food, whether cereal, fruit or, eventually, 

milk, is produced by the action of microorganisms in the 

environment, which, by using the available components of the 

food, can reproduce by transforming the flavor, color, odor, 

texture and even the nutritional value of the product in which 

they are growing and fermenting (Limón et al., 2015). 

 Nowadays, traditional fermentation of cereals is used as a 

food source, containing both organoleptic characteristics and 

better preservation (Betancourt et al., 2013). Fermentation is a 

metabolic process in which carbohydrates are oxidized to 

release energy in the absence of an acceptor and electrons 

(Rollán et al., 2019). Fermentation refers to the conversion of 

complex organic substrates, mainly carbohydrates, into simple 

compounds by the action of microorganisms (bacteria, fungi, 

and yeasts) (Rudnitskaya et al., 2016). It can be spontaneous 

(microorganism grows in the raw material, without external 

manipulation) or induced (microorganisms are deliberately 

added to the raw material and conditions are manipulated to 

obtain this effect) (Batt, 2016; Wolfe and Dutton, 2015). Their 

use is common in the food or functional food industry, with 

approximately 5,000 varieties of fermented foods and 

beverages being consumed worldwide (Michalak and 
Chojnacka, 2014). Its importance in food lies in food 

preservation and in its transformation, by giving it a 

characteristic aroma, flavor and texture, as well as a better 

nutritional profile (Chen et al., 2013; Di Cagno et al., 2013). 

For the microorganism it is necessary to carry out fermentation 

mainly to obtain energy, through this process it also produces 

primary metabolites, which are essential for its growth: amino 

acids, nucleotides, lipids, and carbohydrates, and under adverse 

conditions, secondary metabolites such as peptides are 

obtained (Barrios-González, 2018; Limón et al., 2015).  

 Fermentation of cereals is one of the oldest and cheapest 

biotechnological processes, where both beer and bread were 

produced with the help of yeasts and lactic acid bacteria. 
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Spontaneous fermentation simply activates the natural 

microbes in the ground grains (Poutanen et al., 2009), it helps 

to produce and preserve food as it can also be used in cereal 

processing (Rollán et al., 2019). 

 

Fermentation process 
 

 One of the oldest biotechnological processes is the 

fermentation of the acid, it is considered a strategy for the food 

industry where it is imported by the bioactive components of 

pseudocereals, where they possess various antinutritional 

factors and at the same time increasing health benefits (Rollán 

et al., 2019). During the fermentation of cereals, which in 

addition to flour, water is also a prerequisite to develop a 

mother dough, where comparing with flour, water has not been 

included as one of the factors that may have significance to 

affect the microbiome of the mother mass, however it is 

considered as a requirement that could determine the 

consistency of the mass (Lau et al., 2021). When combined 

with LAB they produce lactic and acetic acids, which generally 

tend to reduce the pH below pH 5 while yeast produces carbon 

dioxide and ethanol. When there is an interaction between 

yeasts and lactobacilli the metabolic activity of the sourdough 

mass is activated where changing conditions during 

fermentation contribute to the activation of different 

metabolites such as the enzymes present, and pH adjustment 

selectively improves the performance of certain enzymes, such 

as amylases, proteases, hemicellulases and phytases (Poutanen 

et al., 2009). There are different types of fermentation, one of 

them being natural fermentation, i.e., when environmental 

conditions allow the interaction of microorganisms and 

susceptible organic substrates, and artificial fermentation, 

when humans favor the conditions and contact referred to. The 

best-known fermentations start from pyruvate, the main ones 

are four: acetic fermentation, alcoholic fermentation, butyric 

fermentation, and lactic fermentation. 

 Lactic acid fermentation is commonly considered in food 

production to preserve food, as well as to improve its safety, 

nutritional value, and sensory properties. During fermentation, 

the production of organic acids, mainly lactic acid, leads to 

acidification of the pH, which favors the increase of 

endogenous phytase activity. Lactic acid fermentations are 

carried out by microorganisms present in the raw cultures or by 

the starter culture itself. The starter cultures most used in food 

fermentation belong to the lactic acid bacteria. Some of the 

species involved in this type of fermentation are Lactobacillus 

plantarum, which is effective in reducing the antinutrients that 

these pseudocereals may present where it produces an effect on 

fermentation with its nutritional components (Fig. 4) (Castro-

Alba et al., 2019).  In Table 1, the main effects of fermentation 

in sourdoughs are presented.  

 

 
 

Figure 4. Process and effect of fermentation of sourdough. 

 

 

Table 1. Investigation about effect of fermentation of 

sourdough 

 

Effect of fermentation in dough Reference 

Microbial quality analysis Cruz et al., 2021, 

Rudnitskaya et al., 2016 

Improved in vitro starch 

digestibility 

Poutanen et al., 2009, 

Sanchez, 2019 

Improved in vitro protein 

digestibility 

Poutanen et al., 2009 

Increase in protein content Bhat et al., 2015 

Reduction in fat content Rollán et al., 2019 

Increase in ash Bhat et al., 2015 

Reduction in fiber Bhat et al., 2015 

Antioxidant activity Anubhuti, 2017 Cruz et 

al., 2021; Tortora et al., 

2020 

Antihypertensive activity  Anubhuti, 2017 

Immunology system Cruz et al., 2021; Tortora 

et al., 2020 

 

Lactic acid bacteria 
 

 Microorganisms are found in almost all ecological niches, 

pseudocereals are usually a good medium for microbial 

fermentations. Sourdough contains, according to this decree, 

"an acidifying microflora consisting essentially of lactic 

bacteria and wild yeasts" (Sanchez, 2019).  

 The term "lactic acid bacteria" (LAB) encompasses a 

heterogeneous group of microorganisms whose defining 

characteristic is the production of lactic acid from the 

fermentation of sugars (Cruz et al., 2021). They are usually in 

the form of cocci or bacilli, are gram-positive, non-sporulating, 

immotile, anaerobic, microaerophilic or aerotolerant, oxidase, 

catalase, and benzene negative. These microorganisms lack 

cytochromes and do not reduce nitrate to nitrite, their main 

carbohydrate fermentation product is lactic acid, so they are 

acid tolerant as they can grow at very low pH. Lactic acid 

bacteria use various sugars such as glucose and lactose to 

produce acetic acid by fermentation. Some bacteria are known 

as facultative anaerobes and others as anaerobes are forced to 

be able to temporarily the intestine and in turn, survive during 

intestinal transit; in addition, due to their adhesion to the 
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epithelium, they modify the local immune response of the host 

(Cruz et al., 2021; Tortora et al., 2020). 

 Lactic acid bacteria are found in a wide variety of 

environments and can be used for multiple tasks such as food 

manufacturing and preservation as starter cultures, to control 

fermentation (Betancout et al., 2013). Lactic acid bacteria are 

gram-positive, non-sporulating, cytochrome-deficient, catalase-

negative, aerotolerant, acid pH tolerant and strictly 

fermentative. They produce lactic acid as the main metabolic 

product of carbohydrate fermentation (Rollán et al., 2019). 

These types of bacteria are considered as a group of 

microorganisms with GRAS (generally recognized as safe) that 

have traditionally developed with fermented foods. Lactic acid 

bacteria are generally found in habitats characterized as 

nutrient-rich, such as in some foods, or they can also be found 

in the normal flora of the gut, in the mouth, or in the intimate 

part of mammals (Rollán et al., 2019). Currently, what is 

known as lactic acid bacteria groups in different genera, 

bacteria of the order Lactobacillales and bacteria of the order 

Bifidobacteriales (Cruz et al., 2021). 

 For the multiplication of lactic acid bacteria, nutrients are 

needed to support their growth, such as sugars like glucose and 

lactose, as well as amino acids, vitamins, and other growth 

factors. Milk is the typical and satisfactory medium for the 

growth of lactic acid bacteria. However, other foods are also 

excellent media for the growth and production of lactic acid 

bacteria metabolites; among them are cereal masses (such as 

wheat, quinoa, and amaranth), vegetables and meats. 

Therefore, these microorganisms are generally used as starter 

cultures in the production of dairy products, such as acidified 

milk, yogurt, butter, cream, and cheeses; as well as in the 

processing of meats, alcoholic beverages, and vegetables (Cruz 

et al., 2021), as it is also very common in the bakery industry, 

and even in some pharmaceutical companies. 

 

Yeasts in the fermentation process 
 

 Yeasts have played an important role in the production of 

food and beverages by fermentation since ancient times. Yeasts 

are microscopic single-celled fungi; most reproduce asexually 

by budding and other species reproduce by multiple fission. 

True yeasts can reproduce sexually, this process involves the 

formation of ascopores. The shape of yeasts can range from 

spherical to ovoid, lemon-shaped, pyriform, cylindrical, 

triangular, and even elongated, forming a true mycelium or a 

false mycelium. They also differ in size, measuring from 1 to 

10 um wide by 2-3 um long. Observable parts of their structure 

are the cell wall, cytoplasm, vacuoles, fat globules and 

granules, which can be metachromatic, albumin or starch 

(Méndez-Zamora et al., 2020). 

 They are currently used in different areas of 

biotechnology such as the production of beer, wine, sake and 

soy products, enzymatic products, flavorings, pigments, amino 

acids, organic acids. They are also used in the field of 

environmental biotechnology as an application of 

bioremediation and degradation of pollutants, as biocontrol for 

crop protection, probiotics, and food, for the production of 

pharmaceutical proteins, hormones, vaccines and toxins, for 

research in biology and molecules, they participate in the study 

of cell biology, genomics, pathway engineering, mechanisms 

of biological systems, among others. 

 Recently, there has been a growing interest in yeasts that 

are able to grow at high temperatures, since they present 

advantages in different industrial processes with respect to 

yeasts that do not have this quality. Yeasts that are 

characterized by resisting high temperatures are called 

thermotolerant yeasts; however, there is no absolute 

temperature value, since the limits from which thermotolerant 

yeasts are considered to vary in the literature (Mejía et al., 

2016). 

 In lactic fermentation, lactate is produced as a waste 

product and less energy is achieved. Yeast has been known to 

be used for many years, and the Egyptians started using it to 

make bread and beer. Today, yeast is used in the production of 

all kinds of bakery and confectionery products, as well as in 

the production of fermented beverages. Yeast is a probiotic 

food as it offers many benefits to the organism (Acosta et al., 

2020). 

The yeast species with the most reports of thermotolerance are 

Saccharomyces cerevisiae and Kluyveromyces marxianus, the 

latter being the one that has shown the highest 

thermotolerance, besides being one of the most used in the 

food industry such as breweries or bakeries. Thanks to its high 

capacity to produce biomass, ethanol, heterologous proteins, in 

addition to the wide range of carbon sources it can metabolize, 

these characteristics make this species attractive for different 

industrial applications. Other important yeast species with 

thermotolerance, in addition to those mentioned, are 

Hansenula polymorpha, Pichia pastoris and 

Kluyveromyces fragilis (Mejía et al., 2016). 

 

Microbiota of fermented foods 
 

 It is very common that the microorganisms in a food that 

has been fermented constitute a very complex microbiota, 

since it constitutes a large number and a great diversity of 

microorganisms. In modern fermented products produced 

today, it has been possible to determine those microorganisms 

that are key in the fermentation process, so it is possible to 

guarantee the microbiological safety of a product by 

pasteurization, thus eliminating most of the pathogenic 

microorganisms it may contain, and subsequently adding those 

key microorganisms, previously cultivated in the laboratory to 

induce the fermentation process. This also makes it possible to 

control the fermentation conditions, such as temperature and, 

eventually, aeration or pH. It is important to produce the food 

under controlled conditions, including packaging after the 

fermentation process, since it is sought, first of all, to ensure 

both the safety of the product, and that the characteristics of the 

food are homogeneous from batch to batch; if the color is 

yellow, there are no greens, they must all be yellow; as well as 

that the taste, smell and appearance are the same (Sánchez, 
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2019). 

 The microbiota of "conventional" cereal sourdoughs is 

composed of stable associations of lactic acid bacteria and 

yeasts. The wild microbiota of cereals and, consequently, of 

flour, will be affected by different factors. Mainly, it is 

influenced by the climate of the country, in particular 

temperature and humidity, storage conditions, insect 

conditions, and also the application of fungicides on the feed 

(De Vuyst et al., 2005). Numerous lactic acid type bacteria 

have been identified in sourdough, the most common of which 

is the genus Lactobacillus. The LAB (acidolactic bacteria) that 

usually occur in wheat and rye sourdoughs are L. sakei 

Lactobacillus plantarum, L. pontis, L. acidophilus, L. 

alimentarius, L. fermentum (Scheirlinck et al., 2008), L. brevis 

(De Angelis et al., 2002), L. amylovorus (Moore et al., 2007), 

L. curvatus (Fasano et al., 2003). During fermentation of wheat 

or rye, mainly lactic acid and acetic acid are produced from the 

LAB present, resulting in a low pH value. In addition, the 

production of ethanol, some bacteriocins, exopolysaccharides, 

aromatic compounds and enzymes has been observed (Leroy 

and Vuyst, 2004). 

 

Benefits of fermentation in sourdoughs 
 

 Sourdough fermentation can influence nutritional quality 

by decreasing or increasing compound levels and improving 

nutrient bioavailability (Poutanen et al., 2009). Therefore, the 

nutritional and functional quality of pseudocereals can be 

improved by fermentation with lactic acid bacteria (Rollán et 

al., 2019). The use of sourdough is of increasing interest to 

improve the flavor, structure, and stability of baked products. 

Cereal fermentation also shows significant potential to improve 

and engineer the nutritional quality and health effects of foods 

and ingredients. In addition to improving the sensory quality of 

whole-grain, fiber-rich or gluten-free products, sourdough can 

also actively retard starch digestibility, resulting in low 

glycemic responses, modulate the levels and bioaccessibility of 

bioactive compounds and improve the bioavailability of 

minerals. Fermentation of cereals may produce non-digestible 

polysaccharides or modify the accessibility of the grain fiber 

complex to the gut microbiota. It has also been suggested that 

gluten breakdown may make bread more suitable for people 

with celiac disease (Poutanen et al., 2009). On the other hand, 

fermentation of pseudocereals by lactic acid bacteria has the 

ability for these bacteria to decrease anti-nutritional factors 

such as phytic acid, increase the nutritional value of 

phytochemicals such as phenolic compounds, as well as 

produce nutritional ingredients such as vitamin B (Rollán et al., 

2019). 

 Fermentation degrades molecules to transform them into 

simpler ones. In the case of bread making, yeasts transform 

starch into glucose, which is made possible by the enzyme 

amylase. There are many changes in the cereal matrix that can 

lead to improved nutritional quality. Among them is the 

production of acid, suggested to slow down starch digestibility 

and adjust the pH to a range that favors the action of certain 

endogenous enzymes, thus changing the bioavailability pattern 

of minerals and phytochemicals. This is especially beneficial in 

bran-rich products to provide minerals and potentially 

protective compounds into the bloodstream. Enzyme action 

during fermentation also causes hydrolysis and solubilization 

of grain macromolecules, such as cell wall proteins and 

polysaccharides. This changes the texture of the product, which 

can affect the absorption of nutrients and non-nutrients. New 

bioactive compounds, such as prebiotic oligosaccharides or 

other metabolites, can also be formed in grain fermentations.  

Thanks to the interaction of microorganisms present in the 

fermented masses, several properties are highlighted that 

provide several health benefits which are also listed in Figure 5 

(Lau et al.,2021). 

 
Figure 5. Health benefits of fermented foods. 

 

 

CONCLUSIONS 

 

 Fermentation is known over many years as one of the 

biotechnological methods where it involves a lot of cost for the 

fermentation of certain foods, that as pseudocereals is found a 

biotransformation of its components and interacts with its 

nutrients to obtain a functional food with many beneficial 

properties for health. Amaranth is one of those pseudocereals, 

which at the root of time has been put in the spotlight since it is 

a very economical food, in addition to the fact that it does not 

cease to arise that it has high content of nutrients, in addition to 

having antioxidant, antihypertensive, antimicrobial properties. 

When fermented, either spontaneously or with the help of 

certain microorganisms such as LAB or yeasts, 

biotransformation occurs because these microorganisms 

compete with the nutrients that amaranth has, as has also been 

seen to decrease the content of those antinutrients that are 

characteristic of poor absorption of proteins and minerals. So, 

it leads to further research about the behavior of fermentation 

with different microorganisms to understand and procreate new 

alternatives for the creation of nutritional foods. 
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