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15.1 Introduction
Throughout the year civilizations had to evolve their way of life for 

survival, going from a nomadic life involving hunting of animals and 
fruits gathering for food to transform to perform in a sedentary civili-
zation, in a specific territory dedicated to animal husbandry and agri-
culture (Howey and Frederick, 2016).

This generates new challenges such as the storage or reserve of 
raw materials for future uses to respond to a shortage due to envi-
ronmental, cultural variability, etc. In the particular case of food stor-
age is more complicated by the perishable nature that characterizes 
them. An important and fundamental tool that has been used since 
the beginning of civilizations is the fermentation of food to produce 
new products, as well as their preservation (Marsh et al., 2014). This 
ancestral technology can be defined as the process where microorgan-
isms or metabolites have been used to produce desirable biochemical 
changes (Blandino et al., 2003; Quintero-Salazar et al., 2012). The first 
records date from 6000 AC in the Middle East that is very likely to hap-
pen by accident.

The fermentation process in food was artisan and without any 
knowledge about microorganisms’ key role, which can be native 
therefore the microflora present in the substrate, in the environment 
or added with knowledge (Battistini et al., 2017). The first processed 
foods were bread, cheese, wine, and then extended to many others, 
this process in addition to serving as conservation improved the flavor,  
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aroma, texture, nutritional value if as other attractive properties of 
these (Narzary et al., 2016).

Fermented foods are produced around the world using various 
manufacturing techniques, raw materials, and microorganisms, it is 
estimated that there are around 3500 foods worldwide (Misihairabgwi 
and Cheikhyoussef, 2017). In Mexico there are more than 200 fermented 
products. Although there are different genera and species of microor-
ganisms that are used for production, there are only four main pro-
cesses of fermentation: alcoholic, lactic acid, acetic acid, and alkaline 
fermentation (Valderrama et al., 2018; De Roos and De Vuyst, 2018).

Fermented beverages are other products of high relevance in civ-
ilizations, it is believed that the first fermented food was the grape 
(Vitis vinifera) to produce wine, as this fruit is easily contaminated, 
and the conditions and characteristics make this process optimal 
(Hugenholtz, 2013). Fermented drinks have played an important role 
in ancient cultures as they are related to food, culture, religion, poli-
tics, and economics (Bostan and Mahmooda, 2010; Murakami, 2016). 
The production processes have been passed from generation to gener-
ation, which has preserved as natural and cultural wealth.

Fermented beverages are widely accepted worldwide since they 
represent an important part of the products produced and consumed 
in the world. Their great attractions are related to the varieties of flavor 
that are produced, thanks to the varied concentrations of organolep-
tic factors that contribute to a large extent to the volatile compounds 
(Hugenholtz, 2013). Variations can occur between species, in the ma-
turity of the raw materials (fruits, stems or grains, raw or cooked) used, 
and in the metabolism of the microorganisms (yeast and bacteria) used 
for the manufacture of the specific beverage (Ruiz and Rodarte, 2003).

Mexico is a country that has a wide and varied cultural richness, 
due to various factors such as: its location, its extreme reliefs, contrast-
ing ecosystems that represent a wide source of raw materials such as a 
wide range of fruits, cereals, roots, and cacti grains (Ibarrola-Rivas and 
Granados-Ramírez, 2017). This has helped for centuries the diversifi-
cation of a wide range of products as well as the quality in them, a proof 
of this is the production of food and beverages considered worldwide 
as a world heritage site. There is an extensive list of fermented tradi-
tional beverages which are distributed by the different and so varied 
reliefs, climates, and ecosystems of the national territory (Fig.  15.1), 
depending on the production of particular raw material of the re-
gions as well as the resources of each one. In this chapter, 10 of the 
most popular fermented drinks produced and consumed in Mexico 
are discussed: tequila, mezcal, sotol, bacanora, pulque, tejuino, co-
lonche, pozol, tepache, and tuba presenting the elaboration process, 
denomination, its origin and distribution, as well as particularities of  
each of them.
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15.2 Fermented Beverages
15.2.1 generalities

Beverages are essential for the population since it is a primary need 
so they have constant contact with them, these can be defined as all 
those liquids that the human being ingests including water, the main 
objective is to quench thirst and in some cases provide nutrients or 
calories in Mexico approximately 21% of the total energy consumed 
by adolescents and adults comes from beverages (Rivera et al., 2008; 
Valderrama et al., 2018). The beverage industry is a branch that is in 
constant development and innovation to meet the needs of the mod-
ern population, however there is a lot of history and traditions be-
hind this industry. The drinks can be classified into two large groups. 
Nonalcoholic and alcoholic beverages.

15.2.2 nonalcoholic Beverages
These as its name indicates are free of alcohol among which stand 

out: milk, coffee, juices and juices of fruits and vegetables, and car-
bonated beverages that are loaded with carbon dioxide to give effer-
vescence to the liquid as sodas and mineralized waters, also tea and 
infusions, the latter being the most consumed beverage through-
out the terrestrial globe only after water. Water forms the basis of all  

Tequila Sotol Mezcal Bacanora Pulque Tesjuino Colonche Tepache Tuba Pozol

Fig. 15.1 geographical distribution of the production of traditional fermented beverages in mexico.
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beverages, which contain other compounds such as CO2, flavors, and 
sugars (Pelvan and Özilgen, 2017). The purposes of this chapter is not 
to delve into this type of beverages.

15.2.3 alcoholic Beverages
Alcoholic beverages are understood to contain to some extent ethyl 

alcohol, which have been consumed since ancient times (Blandino 
et  al., 2003). They are comprised of different types of beverages, of 
which they are classified as fermented beverages and distilled fer-
mented beverages that differ by their method of elaboration, level of 
graduation that they reach, and their appearance.

Fermented beverages are produced as a result of an anaerobic 
process in which the sugar is hydrolyzed forming two products: ethyl 
alcohol and carbonic anhydride. This biotechnological process is pro-
duced owing to the intervention of microorganisms usually yeasts such 
as Saccharomyces that process carbohydrates of the raw material for 
consumption and survival that the ethanol produced is in fact a sec-
ondary product, a metabolic by-product that even the microorganism 
does not need or search for and all this with the help of its entire range 
of metabolites such as the enzymes produced, which help concretize 
the transformation process (Blandino et al., 2003). These are produced 
as result of fermentation of different substrates including fruits such 
as grapes, apples, citrus, among others, cereals such as barley, corn, 
wheat, rice, etc.

15.2.3.1 Distilled Beverages
These beverages have a base, thanks to the ferment that is exposed 

to a distillation process. This is a process where it is sought to con-
centrate on the alcohol obtained from the biotechnological process 
through evaporation due to heating and then to condensation as a re-
sult of cooling that manages to eliminate water and some other com-
pounds by concentrating on the degree of alcohol between 15% and 
45%. The drinks with these characteristics are whiskeys, rum, brandy, 
gin, liqueurs, and a group called brandy where we can find drinks like 
tequila and mezcal (Mosedale and Puech, 1998).

15.3 Traditional Fermented Beverages in 
Mexico
15.3.1 distilled Fermented Beverages
15.3.1.1 Tequila

Tequila is a Mexican product obtained from the fermentation of 
sugars and distillation of agave juice (Agave tequilana Weber blue 
variety) (Nava-Cruz et  al., 2015; Villanueva-Rodríguez et  al., 2016), 
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its production and commercialization are verified and certified by 
the Mexican Tequila Regulatory Council (CRT) (Alemán-Nava et al., 
2017; Nava-Cruz et  al., 2015). According to official Mexican stan-
dards (NOM-006-SCFI-2005), tequila is defined as: “Regional alco-
holic beverage distilled from must, directly and originally prepared 
from the material extracted in the factory premises of an Authorized 
Manufacturer which shall be located within the territory specified in 
the Declaration for the Protection of Appellation of Origin Tequila 
(also called the Denomination of Origin Tequila—DOT)” (Mexican 
Secretariat of Economy, 2006). In this way, DOT means that tequila 
can be produced only in certain areas. Similar term is used in the 
European Union “protected designation of origin.” This includes 181 
counties belonging to five Mexican states, such as, 125 from Jalisco, 
8 from Nayarit, 7 from Guanajuato, 30 from Michoacan, and 11 from 
Tamaulipas. With tequila designation of origin (DO), the product 
counts with international protection around the world with DOT reg-
istrations in countries like Canada, Costa Rica, Peru, European Union, 
China, among others (CRT, 2016).

Tequila is prepared from the heads of the Agave tequila Weber 
blue variety; the production begins when agave plants are ready to 
be cut for beverages production, that is, when they are 8–10 years old. 
Inflorescence is removed to concentrate sugars into the stem, and 
then the head is extracted from the ground (in México the head is also 
known as “piña”). Then, heads are transported to distillery in which 
a sample is analyzed to determine the reducing sugar content along 
with many other parameters to facilitate cooking (Pinal et al., 1997). 
The next phase is the cooking, where several biochemical reactions are 
involved. This step hydrolyzes the complex carbohydrates into simple 
sugars because these cannot be solubilized in water and they are not 
fermented, after this sugar extraction is made and stem residues are 
separated. When fermentation ends, and must have reached an alco-
holic content of 5%–7%, distillation is undertaken in copper or stain-
less tanks or in columns. This process is conducted in two ways: where 
the first one is known as destroying; when the vinazas are eliminated 
from water (“heads” and “lines”), and the product obtained is named 
ordinary tequila with 25–30°GL. The second distillation is termed 
rectification and has the objective to concentrate ethanol and make 
separate the heads and lines, having at the end a 45–50°GL. The final 
content must be from 35 to 45°GL (NOM-006-SCFI-2005). Depending 
on the process after distillation, the liquor is named White tequila, 
youth or old gold, rested, and old extra (Campos-Montiel et al., 2013).

Depending on the percentage of sugars coming from agave used in 
the production of tequila, it is categorized in two ways: the first one is 
agave is 100%, in which fermentation is not susceptible to be enriched 
with other sugars compared to those obtained from tequilana Weber 
blue variety and its denominated as “100% de agave,” “100% puro de 
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agave,” and “100% agave.” The second category is Tequila, the product 
in which must is susceptible to be enriched and mixed jointly prior to 
fermentation with other sugars until a proportion not higher than 49% 
of the total reducing sugars expressed in mass units is reached. This 
maximum enrichment up to 49% of total reducing sugars expressed in 
mass units cannot be performed with sugars coming from any other 
agave variety. In all, 51% of the total reducer sugars can be increased 
with sugars extracted from the Agave tequilana Weber blue variety 
(CRT, 2016). Also, based on the characteristics of the process subse-
quent to distillation, tequila is classified as silver, young or gold, aged, 
extra aged, and ultra-aged (CRT, 2016).

The Secretariat of Agriculture, Livestock, Rural Development, 
Fisheries, and Food (SAGARPA, for its acronym in Spanish) reported 
that the annual export of this product reaches about 184.4 million liters 
to more than 740 international destinations, making these traditional 
Mexican drinks the most representative of our country. Reported sales 
were 182.9 million liters in 2015, and an increase (between January 
and August 2016) in exports of 133.7 million liters. This represents an 
annual growth of 4.7 in the volume of tequila sold abroad. The top 25 
export destinations for tequila are: United States, Germany, Spain, 
France, Japan, South Africa, United Kingdom, Colombia, Brazil, 
Canada, Panama, Latvia, Singapore, Greece, Australia, Italy, Turkey, 
Chile, United Arab Emirates, China, Russia, Belgium, the Philippines, 
South Korea, and the Netherlands. According to statistics reported by 
the CRT, it is mentioned that together these 25 nations represent ex-
ports for about 129.3 million liters of this drink (SAGARPA, 2016).

For the preparation of tequila, from January to August 2016, 632.2 
thousand tons of agave were used, which means an increase of 18.1%, 
during the year 788.9 thousand tons of agave were used for 228.5 mil-
lion tequila liters production in the country. With this, it is pointed 
out that Mexico has 181 municipalities with DOT in five states, which 
protects this national beverage and makes exclusive its elaboration in 
the country and was the first product to obtain this distinction at the 
national level (SAGARPA, 2016).

15.3.1.2 Mezcal
Mezcal is a name that comes from the nahuatl mexcalli “baked 

agave,” provided to traditional distilled alcoholic drinks produced in 
many rural areas of Mexico, from some northern states up to south 
states. These liquors are obtained from the fermented sugars of the 
cooked stems of species of the genus Agave, commonly named “ma-
guey” (Aguierre-Dugua and Eguiarte, 2013).

In mezcal production are used from more than 14 maguey species 
and the main used species are Agave salmiana, Agave angustifolia, Agave 
cupreata, Agave esperrimia Jacobi, Agave webericela, Agave durangensis, 
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and Agave potatorum (Aguierre-Dugua and Eguiarte, 2013; Hinojosa, 
2010; Mendoza, 2007; Villanueva-Rodrigues and Escalona-Buendia, 
2012). Actually Mexico produces annually 365 thousand tons of agave 
(Nava and Martínez, 2014).

Mezcal is an alcoholic beverage with a different odor and taste, col-
orless, or slightly amber when it is rested or aged in oak wood, consid-
ered a traditional drink consumed widely on both mundane and ritual 
occasions. According to what is established in NOM-070-SCFI-1994, 
it is considered mezcal, the regional alcoholic beverage obtained by 
distillation and rectification of musts prepared directly and originally 
with sugars extracted from mature agave heads. One particular, and 
very valuable characteristic of the mezcal industry is that it has pro-
duction exclusivity, called the DO. As the DO is a distinctive sign re-
ferring to a geographic region, this product cannot be appropriated 
individually or privately, which means that it is an element of National 
Heritage (Avilés et al., 2017; de Leon-Rodrígues et al., 2008; Nava and 
Martínez, 2014).

At the national level, mezcal has denomination of origin for nine 
states of the Mexican Republic: Durango, Guerrero, Guanajuato, 
Michoacán, Oaxaca, Puebla, San Luis Potosí, Tamaulipas, and 
Zacatecas. Each of these regions has endemic maguey, which makes 
the mezcals have different characteristics like flavor, color, texture, 
and smell. The protected name of the mezcal is linked to the area 
of its manufacture: Mezcal from Oaxaca, Mezcal from Guerrero, etc. 
(Villanueva-Rodrigues and Escalona-Buendia, 2012).

Oaxaca is the “home of mezcal” and the main reference in Mexico 
that coalesces the image and promotion of mezcal and its importance 
lies in being the main producer of mezcal (66%), in addition has the 
best participation in the following indicators: maguey plants (36.8 mil-
lion), number of maguey producers (13,231), mezcal factories (590), 
and volume of mezcal packaged for export (49%) (Avilés et al., 2017).

One of the main characteristics of mezcal is its artisanal production 
process, which has been transmitted from parents to children. For its 
elaboration are cultivated magueyes or wild, and other raw materials, 
it is presumed that during the process of fermentation and distilla-
tion neither chemicals are added, or other substitutes are used, which 
guarantees the production and consumption of a natural mezcal and 
that in agreement with the NOM. 070 it has the category of 100% agave. 
The general process for mezcal production is integrated in various 
steps: harvesting and cutting agave, cooking, mashing, or milling to 
obtain agave juice rich in sugar, fermentation, first distillation, second 
distillation, cask maturation (if the mezcal is rested or aged), and fi-
nally the bottling. In contrast to tequila, mezcal fermentation is carried 
out using the whole mash from the agave heart, including the fibers 
(Hinojosa, 2010; Kirchmayr et al., 2017; Martínez-Gándara, 2008).
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The difference between mezcals, mainly in the flavor, comes from 
the different agave species used, which have many variety of terpenes 
compounds, the fact that the agave leaves can be used in mezcal fer-
mentation, the variations in the ripening stage of agave, the cooking 
of agave that can be in ground holes with burning wood and heated 
stones that produces furans and smoky volatiles and are retained in 
the agave, and some herbs or other natural materials (e.g., worms) can 
be added to enrich the volatile profile of mezcal (Villanueva-Rodrigues 
and Escalona-Buendia, 2012).

The main products in the mezcal fermentation process are: eth-
anol, methanol, n-propanol, 2-butanol, and acetic acid (Hinojosa, 
2010; Villanueva-Rodrigues and Escalona-Buendia, 2012). The 
main by-product generated in the mezcal production is the agave 
bagasse as a solid residue and vinasses, from which 15 kg of bagasse, 
on wet basis, and between 8 and 15 L of vinasses are generated by 
every liter of mezcal produced. In Mexico, 141 tons of bagasse and 
about 8 million liters of vinasses monthly are produced. The solid 
residue can be used as source of energy in mezcal factories, where 
most of the time mezcal production is the only viable economic 
activity. In mezcal production, vinasses is possible and also the re-
covery of many polyphenol compounds, some organic acids (lactic 
and acetic acid), melanoidins and inorganic species such as sulfates 
and phosphates salts (Hinojosa, 2010; Robles-González et al., 2012; 
Salazar et al., 2016).

The mezcal marketing, whose incursion into international markets 
is relatively recent, in 2015 reached a marketing volume of 1.9 million 
liters to destinations such as the United States, Germany, Spain and 
the United Kingdom, with sales estimated at 16.7 millions of dollars 
(SAGARPA, 2017).

15.3.1.3 Sotol
Sotol is an alcoholic beverage, the processes to obtain this bever-

age is by distillation of fermented musts of heads or pineapples (De la 
Garza-Toledo et al., 2008) from plants of the genus Desylirion native 
from Chihuahua, Mexico desert and has been used as a food or med-
icine source for more than 7000 years. This plant from the Nolinaceae 
family is succulent, polycarpic, and perennial, sotol leaves are thin, 
stiff, and narrow, the plant core is known as “head or pineapple” and 
has a weight from 20 to 40 kg in mature plants (Cruz-Requena et al., 
2013; Pardo-Rueda et  al., 2015). The plant can survive under cold 
winter and extreme summer and lives up to 150 years (Cruz-Requena 
et al., 2013). At present, they are the raw material for the production of 
the Sotol (Melgoza Castillo and Sierra Tristán, 2003). The plants grows 
in regions of the Mexican desert, the Mexican Institute of Industrial 
Property granted the protection of the denomination of origin to the 
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states of Chihuahua, Durango y Coahuila, located to the north of 
Mexico (Lachenmeier et al., 2006; Melgoza Castillo and Sierra Tristán, 
2003). Nowadays, about 16 species have been identified, and the state 
of Coahuila six or seven species have been recognized (Cruz-Requena 
et al., 2013).

Sotol is constituted by carbohydrates such as fructose, glucose, su-
crose, and fructooligosaccharides, and fructosyl polymers. Also, sotol 
stores inulin-type fructans as the major carbohydrate. The fructans in 
sotol have been categorized as graminans and branched neo-fructans 
and its prebiotic effect has been demonstrated (Leach and Soboli, 
2010). Due this important feature of these carbohydrates, different ex-
traction methods of water-soluble carbohydrates from sotol have been 
evaluated (Pardo-Rueda et al., 2015), the extracts of sotol (Dasylirion 
leiophyllum) under pre-enzymatic treatment at 40°C have been re-
ported, and the presence of inulin, sucrose, glucose, and fructose sug-
ars have been demonstrated.

There are some studies about the characterization of the Sotol 
(De la Garza-Toledo et  al., 2008) studied the sugar content of raw 
material of Dasylirion cedrosanum, the plant was collected from 
different areas and different years seasons. The authors reported 
that the total sugar content (g/L) of sotol pineapples is 24.54–37.92, 
in function of the location where the plants were collected. On the 
other hand, De la Garza et  al. (2010) studied the chemical profile 
of six commercial sotols by solid-phase microextraction-gas chro-
matography. The authors reported that the principal compound de-
tected was ethanol in concentrations of 769.7–1713.75 mg/mL and 
methanol of 102.376–296.32 mg/mL. Another compounds such as 
ethyl acetate, propanol, 1-butanol, and 3-hydroxy butanol were de-
tected in the analysis of six commercial sotols. Also, Cruz-Requena 
et al. (2013) characterized chemical and molecular properties of the 
sotol plants (male and female) and the authors reported that no sig-
nificant differences between pines of male and female plants were 
found in the chemical characterization, and no difference in alco-
hol percentage values were detected between fermented male and 
female plants.

Of all recognized species of Dasylirion, only two species have fea-
tures and properties to be used in the industry; D. cedrosanum and 
Dasylirion durangensis (De la Garza-Toledo et al., 2008).

The global market of sotol is limited because of its chemical com-
position is scarce and confused (De la Garza et al., 2010); however, 
the liquor demand has increased at domestic and international level 
because of the consumption and production (Cruz-Requena et  al., 
2013). The study of characterization of plant, sotol beverage, and 
responsible microorganisms in the fermentation process have been 
carried out.
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15.3.1.4 Bacanora
Bacanora is a regional alcoholic beverage from the state of Sonora, 

its name being derived from the town of Bacanora in the eastern part 
of the state, this distillate is elaborated mainly in the mountain re-
gions of Sonora (Bahre and Bradbury, 1980; Millán-Soto et al., 2016). 
This spirituous beverage can be considered as variety of mescal; et-
ymologically, the word mescal, or mescal, derived from the Nahuatl 
metl, maguey and izcalli, boiled, meaning boiled maguey (Mapes and 
Basurto, 2016a,b).

According to the NOM-168-SCFI-2004 “Bacanora 100% Agave,” 
is a product obtained from the distillation and rectification of must, 
prepared directly and originally with the sugars extracted from the 
grinding of mature heads of Agave angustifolia Haw., hydrolyzed by 
cooking, and subjected to fermentation alcoholic with yeast. Bacanora 
can be white, rested, or aged (Álvarez-Ainza et al., 2015) (Ley de fo-
mento para la producción, industrialización y comercialización del 
bacanora del estado de Sonora).

Denomination of origin was considered “illegal” for a period of 
77 years. It did not have the permission or the support of the state or 
national government for its production, nevertheless, clandestine pro-
duction continued a small scale, maintaining the tradition and taste of 
the beverage. It was until in 1992 they were issued a series of norms to 
be able to develop the industry again.

With a letter filed on May 28, 1999, at the Federal Delegation of 
the Secretariat of Commerce and Industrial Development, located in 
Hermosillo, Sonora, and received by the Mexican Industrial Property 
Institute on June 30, 1999, the Government of State of Sonora, ap-
plied to the Mexican Institute of Industrial Property for the General 
Declaration of Protection of the Bacanora Denomination of Origin 
(General declaratory of protection to the designation of bacanora or-
igin 2016).

In October 2000, the Institute agreed to issue a declaration of pro-
tection to the “Bacanora” denomination of origin, which is confined to 
35 municipalities in the east and in the state of Sonora and was pub-
lished a month later in the Official Gazette of the Federation (NOM-
168-SCFI-2004; Salazar, 2007).

In the small vinatas of the sierra, the bacanora is produced in an 
artisanal way. Precisely, what distinguishes the bacanora from other 
mezcales is the procedure followed in the second distillation of the 
liquid, commonly known as rectification, but in Sonora it is called “re-
saque.” During the resaque, the person in charge of supervising the 
elaboration of the bacanora—called “vinatero” in Sonora, the first dis-
tillate is collected in a container, which comes out of the alembic: they 
are the heads, which has very high alcohol content. As soon as one 
notices that, in the flowing liquid, a group of small superficial bub-
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bles that take time to break, the so-called pearls-form, the container 
is changed. Finally, when he perceives that the bubbles disappear 
quickly, he changes the container again, because the last thing that 
is obtained from the distillation—the so-called tails—is composed al-
most entirely of water. The last step is to try the bacanora and mix it 
with the heads to adjust its alcohol content, or, as the vinatero say, to 
“compose” it. It will be with the palate how, in the last instance, the fla-
vor and the graduation of the bacanora will be defined which, in gen-
eral, is between 40 and 50 degrees (Núñez, 2001; Gutiérrez-Coronado 
et al., 2007).

Bacanora steps of production described by Salazar and Mungaray 
(2009) are presented in the following:
(A) Agave collection/selection. Plants that reach at least 8 years of age 

are selected.
(B) Jimado. Once the agave plants mature after several years of 

growth, they are harvested by removing the pointed blades with 
a manual cutting instrument (coa), until leaving the plant core, 
which is called pineapple or maguey head.

(C) Cooking or Tatema of the “pineapples” (heart of the agave). 
Once the “pineapples” were fried, they are placed in a natural 
oven, which consists of a circular excavation forming a large 
container covered with stone and mud. Previously, rocks with 
firewood were heated until they reach “bright red” color. The 
cooking process is completed in 2–4 days. The purpose of this 
process is to convert the starches and carbohydrates by hy-
drolysis into digested sugars for the yeast in the fermentation 
process.

(D) Grinding. The cooked “pineapples” are pulverized or cut into 
pieces to facilitate the extraction of the juice or handmade by 
blows. The product is placed in containers with water to start its 
fermentation.

(E) Fermentation. It is the process by which the sugars contained in 
the must are converted into ethyl alcohol. For this, the presence of 
yeasts, microscopic fungi that are found naturally in the “pineap-
ples” sewn of mezcal, is used. The ground maguey pulp is placed 
in barrels or casks with water, which are covered immediately af-
ter the weather and left to ferment for 4–5 days.

(F) Distillation and condensation. It is the process by heating the fer-
mented agave musts so that their more volatile components go to 
steam. These are returned to a liquid state by condensation and 
by cooling, homogeneous and high-quality alcohol is naturally 
obtained.

(G) Standardization. It is the process by which an experienced vintner 
combines the product obtained in the different stages of the dis-
tillation to determine the quality of the bacanora.
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15.3.2 non-distilled Fermented Beverages
15.3.2.1 Pulque

Pulque, metoctli, iztac octli, or poliuhqui octli as it was known by the 
aztecs, is one of the oldest traditional non-distilled alcoholic fermented 
beverages in Mexico. It is believed that this beverage has their origin in 
Mesoamerica. The hypothesized is that the pulque was used as a dietary 
supplement and risk-buffering food in ancient Teotihuacan (150 B.C. to 
A.D. 650) (Correa-Ascencio et al., 2014). The pulque was consumed in 
religious ceremonies, for its nutritional, health-promoting properties, 
and alcoholic content (Valadez-Blanco et  al., 2012). It is a beverage 
white, viscous, slightly acidic, and with an alcoholic content between 4 
and 7°GL (Escalante et al., 2016).

The pulque is produced by fermentation of sap (aguamiel) ob-
tained from the plant Maguey, mainly from the species Agave atro-
virens and Agave americana; however for its production other species 
can also be used as Agave ferox, Agave mapisaga, and Agave salmiana 
(Torres-Maravilla et  al., 2016). The fermentation process is sponta-
neous traditionally carried on by the natural flora present in the sap 
(indigenous microorganisms), even if it is possible using a previously 
fermented pulque as a starter.

The production of pulque takes place in four general stages: (1) 
maguey castration, (2) scraping and aguamiel extraction, (3) seed 
preparation, and (4) pulque fermentation. In maguey castration, the 
embryonic floral peduncle that surrounds the floral bud in the ma-
ture plant (5–10 years of growth) of maguey is destroyed. The central 
leaves of the plant are eliminated to leave a hole in the center of the 
plant. After this process, the plant is left in a maturation process for 
3  months. In scraping and aguamiel extraction, the cavity surface is 
scrapped to promote the production of sap. The sap (aguamiel) flows 
and accumulates in the cavity. The aguamiel accumulated is extracted 
twice per day. This liquid is stored in plastic containers. In seed prepa-
ration, the inoculum is prepared for fermentation, in general, this is a 
portion of previously produced pulque. In this stage, 2 L of fermented 
pulque are added to 20 L of fresh aguamiel, it is incubated at room 
temperature for 1–4 weeks until the desired acidity and alcohol char-
acteristics are obtained. And finally, in pulque fermentation, the fresh 
aguamiel is filtred and transferred to any container for their fermenta-
tion. The aguamiel is fermented during 12–24 h in wood, clay, or more 
commonly, in plastic containers (Escalante et al., 2016).

Exits different parameters to determine the quality and degree 
of fermentation in the pulque among which are the viscosity, due 
to exopolysaccharide synthesis by the microorganism, the acidity, 
and alcohol content. These parameters are related with the kind of 
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fermentation that takes place during the process: viscous, acid, and 
alcoholic fermentation. The process is static and it is realized under 
non-aseptic conditions, therefore the beverage has a big population 
of microorganisms (Giles-Gómez et  al., 2016). These microorgan-
isms are a mixture of bacteria and yeasts such as Zymomonas mobilis, 
Lactobacillus spp., Saccharomyces cerevisiae, Leuconostoc mesenteroi-
des, Leuconostoc kimchii, Candida lusitaneae, Kluyveromyces marx-
ianus, Microbacterium arborescens, Flavobacterium johnsoniae, 
Acetobacter pomorium, Gluconobacter oxydans, and Hafnia alvei 
(González-Vázquez et al., 2015).

No standardized process exists for pulque production because 
producers do not control even basic variables such as temperature, 
inoculum, pH, Brix, among others. In artisanal production, the fer-
mentation process changes due to geographic ubication, weather 
conditions, aguamiel quality, etc. Likewise, the final fermentation 
time is decided by the person skilled in pulque, but there are no de-
fined parameters for this (Gómez-Aldapa et al., 2012). In spite of this, 
currently there are two Mexican standards related to the production 
of pulque. These are the NMX-V-022.1972-AGUAMIEL-HIDROMEL 
and the NMX-V-037-1972-PULQUE MANEJADO A GRANEL. The 
NMX-V-022.1972 refers to the quality of the mead for pulque produc-
tion, while the NMX-V-037-1972 defines the alcohol content and the 
permitted pH limits that pulque must have for direct consumption 
(Escalante et al., 2016).

During the production of pulque many products are obtained that 
may be of interest in other industries. These include: honey of maguey, 
inulin, industrial alcohol, vinegar, gums, sour drinks, syrups, fruit, and 
fiber juices known as Ixtle (SAGARPA, 2015).

In the early to mid of the 20th century, pulque represented a po-
tential economic resource in central Mexico, and it is still consumed 
in the region, although there is not much information about its mi-
crobiological stability (Gómez-Aldapa et al., 2011). It is important to 
mention that the main pulque producer is the state of Hidalgo, which 
in 2010 produced more than 206 million liters of pulque, equivalent to 
82% of the total national production, followed by Tlaxcala with 13.3% 
and the State of Mexico with 2.58% (SAGARPA, 2015, 2017).

The consumption of pulque at the national level is low, mainly it 
is consumed in the states of Guadalajara, State of Mexico, and Puebla. 
Currently, there are different export plans to send pulque to different 
countries in America, Europe, and Asia. However, at the moment only 
agave with 21% alcohol products are exported to the United States 
(179,630 L/year) and Spain (8397 L/year) (Breña Cervantes et al., 2010). 
Therefore, being able to export to other countries represents a viable 
alternative to encourage pulque production at the national level.
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15.3.2.2 Tejuino
Tejuino (Tesgüino, Teshuino, pozolli) is a traditional alcoholic bever-

age from northern and northwestern Mexico elaborated with nixtamal-
ized corn mass fermented, so it contains probiotics. For this reason it is 
considering a functional food (Lacerda Ramos and Schwan Freitas, 2017).

Some authors called the fermented maize beer from northern 
Mexico (Applbaum and Levi, 2003), they evaluated the ethnographic 
contexts and found that the Tejuino is sacred drink among Rarámuri 
native Chihuahua Mexico people and their consumption reveals the 
organic social bonds in relations of production and exchange. Other 
native Mexican people in Mexico who consume tejuino are the yaquis, 
pimas, tepehuanos, and huicholes (Elizondo, 2016). Despite this bev-
erage have been since the pre-Columbian civilization, it is still part of 
the actual Mexican culture. One drink of tejuino of 750 mL contains 
12 g of alcohol (Panduro et  al., 2017). Nutritionally the tejuino con-
tains 74% of moisture, 2% of protein, 0.2% of crude fiber, 2.5 mg of iron, 
0.03 mg of thiamine, 0.03 mg of riboflavin, and 0.29 mg of niacin, be-
sides ethanol, lactic, and acetic acid (Wacher-Rodarte, 1995).

Tejuino is derived from “tecuin” that mean heart beating (Elizondo, 
2016). Tejuino is a cold bittersweet beverage very refreshing that is 
served with lemon juice, a pinch of salt and shaved ice shell or lemon 
sorbet. The most of trade of tejuino is informal because it does not 
have an establishment, their distribution is through the “tejuineros,” 
people who adapted their bicycles to carry the containers and ice to 
prepare the drinks (Elizondo, 2016).

The first probiotic isolated from tejuino from Chihuahua, Mexico 
was Bacillus megaterium in 1974 (Ulloa et al., 1974). Recently, probi-
otic bacterial strains such as Weissella cibaria, Leuconostoc citreum, 
Bacillus safensis, Pseudomonas brenneri, Pseudomonas psychrophila, 
Chryseobacterium bovis, Acetobacter tropicalis, Brochothrix thermo-
sphacta, Corynebacterium calluane, Kurthia gibsonii, and Pantoea 
vagans, have been isolated from tejuino from Jalisco, Mexico (Silva 
et  al., 2017). Yeast as Candida guilliermondii, Hansenula anomala, 
Saccharomyces kluyveri, Saccharomyces cerevisiae, has been isolated 
from Chihuahua, Durango, Jalisco, Nayarit, Oaxaca, Sinaloa, and 
Sonora, Mexico (Romero-Luna et al., 2017).

The probiotics have the capacity to produce a wide range of  prebiotics 
compounds, thus Pantoea anthophila strains isolated from tejuino 
were studied as β-galactosidase producers and were found that probi-
otics synthesized several galactooligosaccharides (GOS), mainly the di-
saccharides such as allolactose [Gal-β(1 → 6)-Glc] and 6- galactobiose 
[Gal-β(1 → 6)-Gal]; and the trisaccharides as 3′-galactosyl-lactose 
[Gal-β(1 → 3)-Gal-β(1 → 4)-Glc], 6-galactriose [Gal-β(1 → 6)-Gal-β(1 → 6)-
Gal], 3′-galactosyl-allolactose [Gal-β(1 → 3)-Gal-β(1 → 6)-Glc], and 6′- 
galactosyl-lactose [Gal-β(1 → 6)-Gal-β(1 → 4)-Glc] (Yañez-Ñeco et al., 2017).

http://www.sciencedirect.com.proxy.infosal.uadec.mx/topics/agricultural-and-biological-sciences/acetic-acid-bacteria
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Its production has been inherited from generation to generation 
in families as part of the culinary art (Elizondo, 2016) and vary among 
the ethnic groups. The process of the elaboration is artisanal, the pro-
cessing time and the amount of ingredients can be different, but the 
hydration of nixtamalized corn mass, sugar addition, cooking-boiling, 
and fermentation are four essential steps for its production (Fig. 15.2). 
In Mexico brown sugar cane or unrefined brown sugar are the princi-
pal sweeteners used, and these have an important metabolic role for 
the fermentation process and sensory properties. The race of corn is 
another important factor for the sensory properties of tejuino and has 
reported the use of Apachito and Blue native corns for its production 
(Suárez et al., 2013).

The sugar is metabolized by tejuino biota by three pathways: 
Embden Meyerhof Parnas, hexose monophosphate, and Entner 
Doudoroff. During fermentation, the tejuino biota have an im-
portant function in the development of the sensory properties. So, 
Saccharomyces cerevisiae is the principal alcohol producer, this yeast 

Fig. 15.2 Flow diagram used in the artisan production of the mexican corn 
fermented beverage (tejuino).
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is maintained on the surface of the utensils. Homolactic and hetero-
lactic bacteria produce organic acids as lactic and acetic which confer 
to tejuino its distinctively refreshing and sour flavor. The other yeasts 
generate organic compounds that contribute to turbidity, aroma, fla-
vor, and viscosity (Sangwan et al., 2014). Actually, there does not exist 
information about the by-products from tejuino processing, prices, 
and international market.

15.3.2.3 Colonche
It is prepared by spontaneous fermentation of the juice of prickly 

pears (tuna) of several cactus species, particularly Opuntia strepta-
cantha Lem. (cardon tuna), O. orbiculata Salm-Dyck (tuna pintadera), 
and O. leucotricha D.C. (Duraznillo). It is a traditional drink that con-
sumes indigenous people from Chihuahua and Sonora, especially the 
Tarahumaras and Yaquis, as well as the mestizos of Zacatecas and San 
Luis Potosí, Querétaro, Guanajuato, and Hidalgo, but only in the sea-
son of the year when the nopales produce fruits (Mapes and Basurto, 
2016a,b).

The aztecs called this drink “nochoctli” (from Nahuatl, “nochtli,” 
tuna and “octli,” wine). While the word “colonche” comes from Nahuatl 
“coloa” which means stoop, because of its alcohol intake effect (Mapes 
and Basurto, 2016a,b).

The colonche is defined as a pleasant-tasting alcoholic beverage 
resulting from the fermentation of red tunas (Hamdi, 1997). It has a 
sweet flavor due to the presence of unfermented sugars (7%–9% of 
sugars), with a certain degree of viscosity and low alcohol content 
(4%–5%), but which over time acquires a sour taste (Díaz, 2001).

Colonche is made from the pulp of the prickly pears and the juice 
is obtained by crushing the fruits, the juice is boiled, it is left to cool 
and it is added into an old or tibico colonche (constituted by dextran’s 
and yeasts which develop in the nopal stalks and are used as starter 
cultures) to begin fermentation which is monitored trying to avoid an 
overproduction of organic acids which can alter the flavor and other 
characteristics of colonche making it less pleasant to drink (Herrera, 
2007; Mapes and Basurto, 2016a,b).

No process has been developed for the preservation of this drink 
that undergoes bacterial alterations quickly (Díaz, 2001). Therefore, it 
must be consumed at the exact point of fermentation before its flavor 
is undesirable. There is lack of scientific and technological informa-
tion on the processing of the colonche and on the microbial flora that 
participates in the respective biotechnological processes. It is based 
on the hypothesis that it is a mixed natural fermentation where both 
yeasts and various harmful bacteria intervene, often causing unpleas-
ant odors and tastes (Díaz, 2001).
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Several yeast strains have been isolated from colonche fermen-
tation such as Saccharomyces cerevisiae, Torulopsis, Candida valida, 
and Candida colliculosa, being Saccharomyces cerevisiae the most 
found described in this product (Ulloa and Herrera, 1990; Bravo, 
1991). Lactic acid bacteria (LAB) have been found to intervene during 
fermentation, but the strains have not been identified yet.

León (2010) made a comparative fermentation to produce colonche, 
one fermentation was performed spontaneously, and the present micro-
flora was isolated, while other fermentation was conducted with con-
trolled parameters (prickle pear juice was pasteurized, Saccharomyces 
cerevisiae was inoculated, and the temperature was controlled). The 
result of the spontaneous fermentation was an alcoholic strength of 5.8 
degrees, total soluble solids of 4.20°Brix, citric acid production, pH 3.92, 
and Aspergillus niger and Saccharomyces cerevisiae strains were isolated. 
As the result of the controlled fermentation the net percentage of alco-
holic degree was 6% alcoholic strength, with the following physical char-
acteristics: red color, bittersweet taste and alcohol, and pleasant smell of 
sugar and alcohol, resulting a drink is suitable for human consumption 
from O. streptacantha, concluding that if the fermentation is performed 
under controlled conditions, high-quality product can be obtained, 
standardized to commercialize this antique Mexican beverage.

15.3.2.4 Tepache
Tepache is a mildly alcoholic non-distilled-beverage with pre-

hispanic roots, traditionally consumed and elaborated in Mexico. 
Tepache is consumed principally in entities as Mexico city, but di-
verse variants are prepared and consumed along Mexican country as: 
Hidalgo, Puebla, Morelos, San Luis Potosí, Oaxaca, Jalisco, and Nayarit, 
although their processes varies, in ancient times was prepared with 
maize, it is made from fruits such as pineapple (Ananas spp.), apple 
(Malus communis), and orange (Citrus aurantium) (Bamforth, 2014; 
Herrera Suárez, 2003; Mapes and Basurto, 2016a,b) and has also been 
reported their production from other raw materials as jobo (Spondias 
mombin) or timbiriche (Bromelia karatas) (Godoy et al., 2003).

Tepache is prepared through traditional methods from pineapple 
peels and flesh, brown sugar, water, and spices, this kind of artisanal 
fermentation occurs in wood barrels, at room temperature during 
1–4  days, contrarily to distilled beverages. Alcohol is not desirable 
like main product, but in tepache a low ethanol concentration (<1%) 
is generated, with a partial sugar consumption providing a sweet 
taste, with production of lactic, acetic, and other volatile compounds 
enhancing their organoleptic characters, although if fermentation is 
prolonged a sour and disgusting flavor is generated due to acetic acid 
(Corona-Gonzalez et al., 2013; Moreno Terrazas Casildo, 2005).
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It has been demonstrated that this kind of fermented bever-
age is a rich source of microorganism due to the spontaneous and 
noncontrolled nature of the process, but some microorganisms 
has been identified as Bacillus megaterium, Bacillus subtilis, and 
yeast such as Saccharomyces cerevisiae, Pichia membranifaciens, 
Candida boidinii, and Candida inconspicuous (Mapes and Basurto, 
2016a,b). Tepache is a drink that can relive environmental prob-
lems through the reutilization of pineapple shell produced by can-
ning industries for their transformation in a beverage for human 
consumption, with nutrients and vitamins from fermenting micro-
organisms (Romero-Luna et  al., 2017) and has also reported the 
presence of bacteria from genera Lactobacillus with potential in 
bacteriocin production, making the beverage as remarkable source 
of antimicrobial compounds (de la Fuente-Salcido et al., 2015), and 
also the presence of strains as Leuconostoc mesenteroides with po-
tential in bacteriocin and dextran production, finally a extracellular 
polymer with wide properties including prebiotic activities (Sarwat 
et al., 2008).

15.3.2.5 Tuba
The tuba is a drink that is obtained by the fermentation of the sap 

of different palms, in Mexico mainly from Cocos nucifera. This bev-
erage, also called “palm wine,” and its preparation was introduced 
by the Spaniards to Mexico from the Philippines, along with the 
palm tree in the 16th century. The term Tuba is a word of Philippine 
origin, whose name designates the liquid that emanates from the 
sap of the palm (Velazquez-Monreal et al., 2011). On the other hand, 
the natural constituents of the sap include macronutrients, micro-
nutrients, and phytochemicals (so-called “phytonutrients”) namely, 
sucrose and other polysaccharides, vitamins, minerals, amino ac-
ids, organic acids, phytohormones, and phenolic compounds (Yuan 
et al., 2013).

The coconut tree Cocos nucifera is distributed in tropical and sub-
tropical regions of Africa, the Caribbean, and South America. Its great-
est variability occurs in Southeast Asia and secondly in the Caribbean. 
In Mexico there are two contrasting types of coconut, in terms of ge-
notypic characteristics, “niu kafa” (wild type) and “niu vai” (domes-
ticated type), distributed all over the coasts of the Atlantic and the 
Pacific oceans, respectively, both introduced independently by the 
Spanish in the 16th century (Granados and López, 2002; Manivannan 
et al., 2018). Cocos nucifera L. is widely distributed in islands and trop-
ical coastal areas around the world, between 26°C north and south lat-
itudes; also, can be found at heights of up to 1200 masl. It is a tropical 
plant that thrives best in climates without marked seasonal fluctua-
tions, with an average temperature higher than 20°C, average annual 
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rainfall of 1000–1800 mm, being able to withstand greater rainfall in 
well-drained soils (Granados and López, 2002). The name “tuba” cor-
responds to the sap extracted from plants. Each palm tree, in its ma-
ture stage, can provide 1–2 L per day of fresh sap and tuba is sold in a 
price between 1.8 and 2.7 euros per liter, depending on establishment, 
distributor, or its presentation (Rosado, 2002).

The newly obtained sap fermentation product is brown, but ac-
tion of the microorganisms clarifies it, producing a white color. It 
maintains its color and its distinctive flavor until 2 h after being har-
vested. After about 5 h the fermentation process begins. The tuba is 
commonly consumed served with nuts, or mixed with fruits, water 
or sugar (called “tuba compuesta,” composed tuba) (Gutiérrez Solís, 
2016; Rosado, 2002). If the tuba is left undisturbed for 8 days, it be-
comes a tasty vinegar very useful in the local cuisine, and excellent 
for the pickling of vegetables used in the famous bread soup, served at 
weddings and baptisms. Freshly fermented is a refreshing drink, and 
after fermentation is used to make vinegar or brandy. It is rich in sug-
ars, vitamin C, phosphorus, amino acids, and minerals; in addition, 
it is auxiliary against the gastritis and the parasites. The fermentation 
process is quick and begins immediately after the sap collection; 2 h 
later, the produced wine is aromatic, soft, and sweet and may con-
tain a 4% of alcohol (Velazquez-Monreal et al., 2011). The fermenta-
tion process is started by yeast (principally Saccharomyces cerevisiae) 
(Stringini et al., 2009).

Besides in the Philippine-original tuba Saccharomyces chevalieri 
is the principal microorganisms responsible of fermentation (Kozaki, 
1979), Mexican tuba contains 158 cultivable bacterial strains including 
LAB, mesophilic aerobic bacteria and yeast including Lactobacillus 
lactis and Enterococcus faecium (Romero-Luna et al., 2017) that have 
been identified as bacteriocin-producing strains (de la Fuente-Salcido 
et al., 2015) responsible for beverage production and related to its fla-
vor and aroma, besides conferring indirect probiotic properties to the 
product (de la Fuente-Salcido et al., 2015).

Due to its rapid fermentation process, the fresh produced tuba is 
commercialized daily; if there is some product that cannot be sold, a 
thermal process must be performed to stop fermentation in order to 
avoid vinegar formation. In the same way, sap collected at noon hours 
is commercialized on the next day so it needs to be thermal processed 
too (Velazquez-Monreal et al., 2011).

In a commercial way, the Mexican tuba is a poorly known product 
because of its consumption principally by local costumers in relatively 
less settlements. Nevertheless, tourists can be of good opportunity in 
publishing this beverage due to the relationship between its produc-
tion in tropical places and the constant touristic traffic in those places 
(Rosado, 2002).
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15.3.3 nonalcoholic Fermented Beverages
15.3.3.1 Pozol

In Mexico maize (Zea mays ssp. may) is one of the most produced 
and consumed crops, with economic, social, and cultural importance 
(Sweeney et al., 2013), their vast diversity allows their use in a large 
variety of foodstuffs (Mapes and Basurto, 2016a, b), as fermented bev-
erages like Pozol.

Pozol is a nonalcoholic beverage, traditionally consumed in 
southeast Mexico, trough Maya region, especially in Chiapas, 
Tabasco, Campeche, Yucatán, Quintana Roo, and Oaxaca; by ethnic 
and mestizo populations (Mapes and Basurto, 2016a,b; Ulloa et al., 
1987; Wachner, 2014), firstly for its preparation, maize grains are ex-
posed to multistep process, called nixtamalization, which consists in 
cooking the grain in a calcium oxide solution (0.5%–2% w/w), after it 
is cooled in the water being cooked, washed to remove the pericarp 
and excess of alkaline solution for subsequent grounding (Villada 
et al., 2017), from this, a dough is formed into balls and wrapped in 
banana leaves for their posterior spontaneously fermentation at am-
bient temperature for 2–7 or even more days; the resulting dough is 
suspended in water and consumed as a refreshing drink, or in other 
cases used traditionally for relive conditions as diarrhea and fever 
(Cárdenas et al., 2014; Méndez-Albores et al., 2004; Wachner, 2014), 
with diverse variants in their consume, adding grounded cacao 
grains, sugar, honey, coconut pulp, or a set of dry, toasted, and milled 
chili (Wachner, 2014).

In this class of fermented foods has been identified a wide variety 
of microorganism coexisting during fermentative process as LAB, am-
ylolytic lactic acid bacteria (ALAB), other class of bacteria, yeast, and 
filamentous fungi (Ben Omar and Ampe, 2000), but the mechanism 
through the fermentation performs remains unclear (Cárdenas et al., 
2014), due to uncontrolled manner of preparation; however several 
species are always present where usually LAB represent between 90% 
and 97% of microflora, where genera as Lactobacillus, Streptococcus, 
Leuconostoc, and Weissella predominates (Castillo-Morales et  al., 
2005), and other important issue in this fermented beverage is that 
their low fermentable sugar content in non-fermented dough that 
varies from 0.1 to 0.7 g of sugar per 100 g of nixtamalized dough due 
to the nixtamalization process, and therefore, starch in this fermenta-
tion comes crucial, where ALAB plays a key role; studies indicates at 
early stages, 40% of this class of bacteria are present, where strain as 
Streptococcus bovis, in particular, predominates and is presumed that 
this bacteria provides glucose and low-molecular weight maltooligo-
saccharides to non-amylolytic flora during the first stage in fermen-
tative process (Díaz-Ruiz et al., 2003), other studies make remarkable 
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facts that generation of other carbon sources such as xylooligosac-
charides (XOS) during nixtamalization process can be exploited for 
non-amylolytic bacteria such as Weissella confusa isolated from Pozol 
samples (López-Hernández et al., 2017).

It has been reported that this class of artisanal fermentation can 
produce not only desirable organoleptic changes, but can also promote 
health benefits after consuming them, acting as prebiotic and probiotic 
strains sources; López-Hernández et al. (2017) recently proposed genera 
such as Weissella ssp., as potential probiotic, and in situ XOS production 
potential acting as prebiotics, or the isolate of bacteria with potential 
in prebiotics productions such as Leuconostoc citreum (Olivares Illana 
et al., 2002). Some studies present the Pozol and other Mexican maize 
products has the potential as protective in collateral effects of high su-
crose intake in rats (Muñoz Cano et al., 2013), and other studies have 
reported that the regulation in lipid profile effect in maize LAB fermen-
tation products (Banjoko et al., 2012), although the isolation of bacterial 
strains with antimicrobial substances production in solid fermentation 
providing protection against pathogens such as Escherichia coli (Ray 
et al., 2000), and enhancing nutritional characteristics as nitrogen con-
tent compared to non-fermentable dough (Haard, 1999).

15.4 Commercial and Market Opportunities
Approximately there may be around 5000 varieties of common and 

uncommon fermented foods and alcoholic beverages in the world 
(Tamang et al., 2017). In Mexico, there are around 200 fermented foods 
and beverages, but only a few have been investigated (Romero-Luna 
et al., 2017), this has generated that only a few drinks are produced in an 
industrialized way. However, it is important to emphasize that traditional 
Mexican drinks are more than just tequila, this without underestimat-
ing the great commercial contribution that tequila has won in the world, 
there is currently great potential to commercially exploit many beverages 
that are currently only produced by hand in some regions of the country.

Mexico is a country that traditionally consumes alcoholic beverages 
and this market is very important in the country’s economy, the per cap-
ita consumption of alcoholic beverages in Mexico will accelerate by an 
average of 2.6% between 2014 and 2019 (Loreto, 2017). In the world, the 
Mexican alcohol market is in the seventh position and its production 
volume is constantly growing (Ramirez, 2017), so in the next few years, 
Mexico will be able to occupy the sixth position of world production.

Among the trends of consumption of alcoholic beverages of the 
population, domestic products are of special interest; these are craft 
wines, craft beer highlighting mainly agave alcoholic beverages such 
as tequila and mezcal. Although previously, mezcal was considered a 



626  Chapter 15 TradiTional FermenTed Beverages in mexico

cheap alternative to tequila and aimed at low-income groups, the mod-
ernization of production techniques has produced a very high-quality 
mezcal, successfully marketed among a new base of local consumers 
(Loreto, 2017), this aspect opens a door for the future market of non-
traditional alcoholic beverages that are produced in an artisanal way. 
However, the potential for national commercialization and future ex-
ports will depend on the fulfillment of hundreds of factors demanded 
by the market, for example: the standardization of the technologies 
used in the fermentation, the fermentation techniques used by the 
ethnic communities show that they have been trapping the indigenous 
microflora to obtain a spontaneous and energy-efficient technique for 
bioconversion in useful edible products (Narzary et al., 2016).

Currently, there is no control of microorganisms involved in the 
process, so there may be a risk to the health of consumers, in this sense, 
researchers and investors should make efforts for the introduction of 
technologies that imply the improvement of quality, the improve-
ment of the process, and the improvement of the raw material, the 
production of hygienic and pure microbial starter cultures (Narzary 
et al., 2016). Traditional Mexican drinks are also a source of probiot-
ics (Romero-Luna et al., 2017), so that fermented beverages can have 
beneficial effects on health, an intensive collaborative research work 
is needed, for the standardization and commercialization of these fer-
mented products due to their flavor and high nutritional value.

It is important to highlight that the commercial potential of Mexican 
alcoholic beverages will directly benefit rural populations where raw 
materials are traditionally produced, many of these people have low 
incomes, which would also have a significant contribution to the pov-
erty reduction. This would contribute to the sustainability of the re-
gional economy by promoting the livelihood of the rural population.

Another challenge associated with the industrialization and 
commercialization of fermented beverages in Mexico is the natu-
ral availability of the substrate, for example, the agave, which is the 
raw material used in many fermented beverages, takes 7  years to 
reach maturity (Escalante et  al., 2016). Also, the standardization of 
stable processes for obtaining fermented products is a necessity, in 
the artisanal production of pulque since the honey water collection 
is done daily and not in a single process (as in the case of tequila or 
mezcal). This generates many uncontrollable factors such as the be-
ginning of fermentation and the microorganisms that participate in it. 
Despite this, several companies developed by pulque producers from 
the states of Puebla, Tlaxcala, and Hidalgo export pulque to Europe, 
Central America, and the United States. The United States is the main 
pulque market, mainly in cities where there are large settlements of 
Mexican immigrants (Jaurez Rosas, 2015). However, the studies that 
were carried out showed that the industrial processes implemented to 
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standardize production (pasteurization, the addition of preservatives, 
antioxidants, and texturizing agents) also affected the sensory and 
functional characteristics traditionally presented by an antral drink 
(Escalante et al., 2012), so this must be a point of consideration in fu-
ture commercial and industrialization initiatives.

There is no doubt about the great cultural contribution that Mexico 
has given the world and that makes Mexican cuisine declared by 
UNESCO as a world heritage, and alcoholic beverages are part of that 
gastronomic tradition. In Mexico ancestral communities use fermented 
foods and beverages for their stimulating, functional and nutritional 
characteristics, a way to rescue this cultural heritage is to industrialize 
the production of beverages (Romero-Luna et  al., 2017), to improve 
traditional technologies and offer greater added value while rescuing 
cultural heritage. Different types of microorganisms that also produce 
nutraceutical compounds can be isolated (Narzary et al., 2016). To guar-
antee the commercial success of the Mexican alcoholic drinks, a new 
scientific investigation must be carried out to demonstrate the main 
functional properties of beverages and microorganisms, modifying the 
traditional production to ensure a quality product, without the bever-
ages losing their autochthonous characteristics (Escalante et al., 2016).

15.5 Perspectives
Mexico is a country with a wide diversity of flora and fauna. Its 

natural wealth has been exploited in the different industries such as 
cosmetic, pharmaceutical, and food. However, the alcoholic beverage 
industry is another area with potential application. The Tequila, Sotol, 
Pulque, Mezcal, among others, are a traditional alcoholic beverage, 
their production is based on the fermentation process.

There are some reports about the characterization of the microbial 
community present in the fermentation of these beverages realized 
the characterization of the bacterial present during the fermentation 
of pulque, and the authors reported that the principal microorganisms 
presents during the process were of genus Lactobacillus, Lactococcus, 
Zymomonas, Erwinia, etc. On the other hand, the characterization of 
volatile compounds of the alcoholic beverage has been studied (De 
la Garza et  al., 2010). However, the detailed study of the microbiota 
present during the fermentation process can be carried out to evaluate 
its possible potential in the production of compounds with biotech-
nological application. Also, the compounds produced by microor-
ganisms present in fermentation, could be added to the beverage and 
give to it an extra value. Likewise, the carbohydrates present in the raw 
material of the beverage, such as glucose, sucrose, fructooligosaccha-
rides, etc. could be used in the food industry.
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For thousand years microorganism has been used for improving 
the nutritional, sensory, and safety properties in food, including bever-
ages. In beverage fields, Mexico has a broad diversity, despite the most 
worldwide popular beverages. Their diversity also includes a set of tra-
ditional beverages not widely known, generally result from empirical 
knowledge and transmitted from generation to generation, some has 
been carried out through, noncontrolled process depending on envi-
ronmental conditions, as humidity, temperature, and also the avail-
ability of multiple raw materials (Lacerda Ramos and Schwan Freitas, 
2017). Such represent a source of interest compounds and health ben-
efits, contributing to develop new products and expanding knowledge 
in food science and in a few cases food industry residue exploitation, 
improving with nutritional and functional properties from traditional 
and millenary beverages, although it is necessary to most extensive in-
vestigation for promoting and understanding their benefits, microbial 
interactions, and production process (Romero-Luna et al., 2017).

15.6 Final Remarks
In the history of Mexico, from pre-Hispanic times to the present, 

alcoholic beverages have been a cultural reference and a bastion of 
national gastronomy. The drinks used by our ancestors have a great 
potential to generate development and wealth to the new popula-
tions through industrial exploitation. To continue with the research 
directed to the characterization of the microorganisms associated 
with the production of traditional fermented beverages in Mexico is 
recommended, this is to improve the initial cultivation and develop 
a high-quality product. The use of starter cultures would guarantee 
hygienic processing. This information would be very useful in the de-
sign of innovative fermentation equipment which also contributes to 
improving working conditions and profits for rural populations. New 
alternatives for the use of by-products and waste generated in fermen-
tation must also be generated; for this, biorefinery tools can be used. 
The new investigations should also be oriented to the characterization 
of the probiotic potential of ancestral drinks and of all the microorgan-
isms that naturally participate in the fermentation.
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