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Preface

The meat industry is a sector with great importance worldwide. At present, the repercus-
sions of the diet on the health and well-being of consumers condition their attitude towards
certain foods. Taking into account that both meat and meat products are important con-
stituents of the diet, the degree to which these foods are perceived as healthy determines
their image, as well as the purchase intention of consumers. In addition, not only healthy
products but high-quality products are increasingly demanded, made in a traditional way, a
specific region, with a specific species or breeds and with added value (e.g., protected with
quality marks).

This book arises from the collaboration between different institutions and centers at an
international level, which include members of the Healthy Meat network, funded by
CYTED (ref. 119RT0568). The Healthy Meat network aims to create a wide Ibero-
American network within the food sector for the production of healthier meat products
through different strategies and interventions that have an impact on reducing the con-
sumption of some nutrients, and with nutritional and health benefits for the consumers.
Therefore, each research group contributes its local and specific scientific-technological
knowledge and is transferred to the other groups of the Network in order to catalyze the
discovery or development of new ideas or solutions adapted to the specificities of each
region and oriented to obtain healthier meat products.

The publication of this book about Mediterranean meat products responds to the need
to inventory and characterize traditional meat products within each geographic region and
with high economic and social interest. In turn, this book will also facilitate the creation of
complementary work groups, taking into account essential aspects such as the scientific
knowledge they possess, the similarity of the type of products they intend to study, and the
lines of research and areas of knowledge. Finally, the publication of this book is a very useful
tool in order to standardize the manufacturing process of the main Mediterranean tradi-
tional meat products, since there are several variations between manufacturers or regions.

Therefore, the current book examines the techniques, processing conditions, and
ingredients used for meat products manufacture. A complete and comprehensive descrip-
tion of the materials and processing conditions used is made so that each meat product can
be manufactured by other researchers or industries. In addition, each book chapter includes
explanatory notes and elucidates the possible specific points to take into account for the
correct manufacture. The ultimate goal is to support the scientific community, professionals,
industries, and food companies in their aim to study and/or manufacture the main Medi-
terranean meat products. The book consists of 21 chapters.

Chapter 1 provides the complete manufacture description of one of the most popular
dry-ripened sausages, the Spanish chorizo. Moreover, the elaboration process of Chouri¢a
de carne, a very similar Portuguese sausage, is also described in Chapter 19.

Chapter 2 discusses the ingredients and processing conditions for the elaboration of
Sobrasada, a traditional meat product from the Balearic Islands (Spain).

Chapter 3 provides the necessary information for the elaboration of Botifarra, a typical
sausage from Catalonia, Aragon, Murcia, and Comunidad Valenciana (Spain). This sausage
is also known as Longaniza or Llonganiza.
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The complete processing conditions of Morcilla de Burgos, a blood sausage from the
Burgos region, in the north of Spain, are shown in Chapter 4.

In Chapter 5, all manufacturing steps and ingredients for the elaboration of Salchichén,
another important Spanish sausage, are explained.

Chapter 6 deals with the composition, ingredients, manufacturing steps, and character-
istics of Androlla and Botillo, two similar sausages from Galicia, the North-west of Spain.

In addition to the sausages, in the present book also dry-cured meat products elaborated
with whole pieces are covered. Thus, in Chapter 7, a comprehensive explanation about the
processing of one of the most important meat products worldwide dry-cured ham is
provided.

Another appreciated meat product with similar processing steps to ham is the Lacon.
This product is typical of Galicia (Spain). Chapter 8 focuses on the manufacturing steps and
the main dry-curing conditions of Lacén.

Chapter 9 provides a complete description of the ingredients, spices, materials, and
processing conditions for the elaboration of dry-cured loin. This product is produced
worldwide but is typical in Spanish. A similar dry-cured meat product is Coppa, a traditional
product from Italy, which is fully described in Chapter 14.

Chapter 10 explains the main steps in the Cecina manufacture. This product is typical of
the “Ledn” region in Spain. Cecina is a traditional product similar to Italian Bresaola (which
is fully described in Chapter 12) and Turkish Pastirma (which is fully described in
Chapter 17).

The description of the comprehensive procedure for the elaboration of Salame Felino, a
traditional salame produced in Northern Italy, is provided in Chapter 11.

Chapter 13 provides a complete description of the manufacturing process of pepperoni,
an important dry sausage worldwide, but traditionally elaborated in Italy.

Chapter 15 provides an overview of specific ingredients and processing conditions for
the elaboration of Lukanka, a popular meat product in Bulgaria, the Balkan Peninsula, and
South-East Europe, and widely appreciated for its gastronomical qualities.

Sucuk, a traditional Turkish dry-fermented sausage, is widely produced and consumed
in Turkey. Chapter 16 explains in a comprehensive way the main processing steps and
conditions for its manufacture.

Alheira is a typical Portuguese sausage whose main ingredients are poultry meat, bread,
olive oil, lard, garlic, and paprika. The full manufacturing process is shown in Chapter 18.

The formulation and the different stages of manufacturing of the Portuguese meat-
based products Paia de Toucinho and Entremeada are described in detail in Chapter 20.

Finally, the full processing conditions for the elaboration of Salpicio (a traditional meat
product from the north region of Portugal) and Paio (a traditional meat product from the
south region of Portugal) are covered in Chapter 21. These products have a long tradition of
manufacturing and are highly valued by the consumers due to their exquisite sensory
characteristics and attractive nutritional value.

Ourense, Spain José Manuel Lovenzo
Rubén Domingues

Mivian Pateivo

Paulo E. S. Munckata
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Dry-Ripened Chorizo

Irma Caro, Felix Fernandez-Soto, and Javier Mateo

Abstract

Spanish dry-ripened chorizos are highly seasoned red-colored intermediate-moisture, shelf-stable, and
ready-to-eat sausages widespread throughout Spain. The characteristic nonmeat ingredients in the chorizo
formulation are salt, paprika, garlic, and oregano. This study gathers information from scientific literature
describing the characteristics of different types of chorizo and the effects of relevant factors on chorizo
quality, technical specifications from national standards regarding chorizo formulation and making process
and knowledge and information obtained from the producers. Many chorizo varieties are produced with
differences depending on the region and the technology used in their making process. Traditional chorizos
are spontancously fermented, low-acid, and slow-ripened sausages with aw <0.9, while some industrial
chorizos are highly fermented and commercialized with higher aw. Chorizos are categorized according to
their composition (extra o average), or by the pig breed from which the pork is obtained. Other relevant
differences in chorizos are they are the possibility of dry-smoking or mold covering, the amount or type of
paprika used and sausage shape and size.

Key words Traditional meat products, Intermediate-moisture meats, Dry-cured sausages, Dry-fer-
mented sausages, Spanish chorizo

1 Introduction

Spanish dry-ripened chorizos are a group of highly seasoned, gen-
erally red in color, intermediate-moisture, shelf-stable, and ready-
to-eat sausages produced throughout Spain [1]. These dry-ripened
sausages are usually made from pork, air-dried varying from weeks
to months, and characterized by the use as ingredients of Spanish
paprika (Capsicum annuum subsp. cerasiforme and subsp. longum
fruits), called “pementon” and garlic (Allium sativum) [2—4]. A
variety of chorizo specialties are normally linked to specific Spanish
regions, such as Cantimpalos, Riojano, de Pamplona, de Requena,
to mention but a few, with some of them being granted interna-
tional or regional quality labels. Variability in chorizos results from
the quality and quantity of the raw materials used and variations in
the making process conditions. In some regions, particular varieties

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-2103-5_1,
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of these sausages are named “longaniza,” “chistorra,” or “morcon”

instead of chorizos, and there is a variety of chorizo “chorizo
blanco,” which does not contain paprika [5]. Chorizo consumption
in Spain is almost one million kg per year. Although there are still
homemade productions in the rural area, most chorizos are pro-
duced in the meat industry.

Several studies describing the quality characteristics of
dry-ripened chorizos and critical factors affecting their quality can
be found in the international literature from over the last three
decades. Chorizo chemical composition were reported by Gimeno
et al. [6], Ansorena et al. [7], and Menéndez et al. [8], and other
studies focused on the microbial population involved in chorizo
fermentation and ripening [9-11]. The effects of nonmeat ingre-
dients such as paprika [12, 13] or the use of phosphates [14]
Fonseca et al. on the chorizo drying rate, texture, color, and oxida-
tive stability have also been evaluated. Other studies have described
the differences between homemade and industrial chorizos in vola-
tile and taste compounds [15, 16] or the effect of the use of starter
or flavor-produced cultures in the chorizo sensory properties [17-
19]. Moreover, the effect of storage conditions, mainly packaging
type or temperature, on the time-related changes in chorizo quality
traits and sensory properties has been the subject of other studies
[20-22].

With regard to microbial hazards associated with chorizo con-
sumption, the growth possibilities of Staphyloccocus aurens during
the drying conditions as a function of temperature-time combina-
tion and the behavior of Listeria monocytogenes on sliced chorizo
during storage [23-25] have been studied. Listeria monocytogenes
could survive in chorizo or even grow if the levels of the hurdles to
control its growth (pH, aw, nitrites, microbial composition, storage
temperature) are not sufficiently achieved by producers.

With regards to chemical hazards, various studies have evalu-
ated the effect of different factors affecting the biogenic amine
concentration in chorizo such as water activity [26], size [27], the
use of starters [28], or the storage conditions in sliced chorizo
[29]. The studies by Lorenzo et al. [30] and Ledesma et al. [31]
also evaluated the presence polycyclic aromatic hydrocarbons in
smoked chorizos.

This chapter aims at describing in detail the formulation and
making process of chorizo by considering the information from
scientific and technical literature, national regulations and stan-
dards regarding chorizo quality, and the producers’ knowledge
and information.
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2 Materials

Dry-ripened chorizos are usually prepared with lean pork cuts, i.e.,
neck, shoulder, fatty meat cuts such as belly and lean and fatty
trimmings. The typical muscle to fat ratio in chorizo formulation
is from 70/30 to 80,20, resulting in 30-40% fat content in the
final (Table 1); a lower amount of fat would produce less succu-
lence, fast drying and hardness, while higher amounts can down-
grade the commercial quality type of chorizo (see Note 1).

Among dry-ripened chorizos, the greater part is prepared from
pork from the Duroc, Landrace and Large White pig breeds. How-
ever, approximately 15% of the chorizos commercialized in Spain
are prepared from the meat of pure Iberian breed pigs (see Note 2)
or Iberian x Duroc (up to 50%) crossbreeding pig [32]. These
chorizos are named “chorizos ibéricos” and are usually more expen-
sive than normal ones and considered high-quality ones. On the
other hand, a few chorizo varieties, usually lower in quality, include
blood, offal or boiled rinds [4, 33]. Furthermore, some specialties
are made from beef or game meat together with pork backfat [34].

The most characteristic nonmeat ingredients in the chorizo
formulation are salt, paprika, garlic, and oregano, used at
ca. 1.7-2%, 2-3.5%, 0.5-2%, 0-0.5 g/kg of the sausage mixture
[4]. The relevance of paprika, which tends to be the most abundant
nonmeat ingredient in chorizo formulation, on chorizo quality is
explained in Note 3. Other spices or condiments such as pepper,
white wine, or olive oil are also used in some chorizo varicties
[4, 35]. Most homemade and some industrial chorizos have no
other ingredients in their formulations [36]. However, it is com-
mon in industrial chorizo to use nonmeat proteins such as milk
proteins and dextrin, to improve cohesiveness, and the additives
nitrite, nitrate, and ascorbate.

Traditional chorizos are low-acid fermented sausages with a
long and slow ripening at low temperatures [37], with a final pH
of 5.5-6.2 and aw <0.9. However, some industrial chorizos are
formulated with sugars, dextrose or lactate, and microbial cultures
composed of lactic acid bacteria and Staphylococcus xylosus or
S. carnosus in order to intensity the fermentation process, reduce
the final pH and increase the presence of lipolytic and proteolytic
activity [17, 38].

The greater majority of chorizos have a red color characteristic
because of the paprika (Fig. 1), a highly seasoned flavoring, and a
20-30%-moisture range. The weights of chorizo sausage pieces are
usually between 0.4 and 1 kg, and their shapes depend on the
casing used for stuffing. Chorizos can be few-cm diameter
horseshoe-shaped, named “sarta” or “herradura” or different
diameter stick-shaped (named “vela” and “cular”). Cular chorizos
are stuffed into the pig rectum. Dry-ripened chorizos are generally
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Table 1

Dry-ripened chorizo composition (protein, fat and salt expressed as percentage of chorizo and SFA,
MUFA and PUFA as percentage of total fatty acids)

Moisture
Protein
Fat

Salt

SFA
MUFA
PUFA

29-44
14-27
30-37
2.1-3.5
40

46

14

SFA saturated fatty acids, MUFA Monounsaturated fatty acids, PUFA polyunsaturated fatty acids, Adapted from [5, 6,

16, 33]

LEAN AND
FAT MINCING

'-f

DRY RIPENING

Fig. 1 Different types of dry-ripened chorizos and a mixture of paprika and
oregano in the center of the image
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consumed raw, sliced, in baguettes (“bocadillos”) or tapas. Approx-
imately 60% of commercialized chorizo is distributed in the market
in sliced presentations and the rest as whole sausage pieces
[32]. Slices are normally vacuum packaged or packaged under
anoxic modified atmospheres.

3 Methods

The different steps in the dry-ripened chorizo making process
include meat and fat mincing, mixing the ingredients to prepare
the batter, resting of the batter for 24—48 h (optional), stutfing, and
ripening (Fig. 2):

1. Lean and fatty cuts are cut into chunks, and the chunks and
trimmings usually minced in a single step by running them
through 6-18 mm sieve plates [4].

2. The minced meat and fat are mixed with the nonmeat ingre-
dients for some minutes using paddle mixers, preferably under
vacuum, until a homogeneous and cohesive mass is formed.

3. In homemade sausages or small-scale plants where the mixing
does not work under vacuum, the batter is compacted and kept
into containers for 24-48 h under refrigeration [1], which
contribute to a reduction in the batter redox potential before
stuffing.

4. The batter is stuffed into 30-60 mm diameter pig, or beef
casings [1, 35] or artificial collagen casings and the sausages
obtained are tied with thread or metal clips.

5. The ripening in homemade and small-scale industries is per-
formed in conditioned non-automatized rooms, opening and
closing of windows depending on the weather conditions to
maintain appropriate air moisture, temperature, and air venti-
lation inside. However, in many industries, ripening is carried
out in ripening chambers with automatic control of the air
conditions. Traditional chorizos are typically slowly ripened at
temperatures under 15 °C for weeks of months, depending on
the ripening conditions, sausage composition, such as fat con-
tent, and diameter. On the other hand, industrial chorizos can
be ripened faster and, in these cases, the ripening includes a
one-to-three day fermentation step under high air moisture
and temperature (90% and 18-25 °C) to foster the growth of
lactic acid bacteria. The ripening process involves the loss of
moisture and the development of microbial and enzymatic
processes contributing to the flavor and texture of the sausage.
Dry-ripened chorizos can be considered as shelf-stable sausages
(see Note 4).
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Fig. 2 Diagram of the dry-ripened chorizo making process

6. Optionally and generally, in the regions of Spain with more

humid climates chorizos are smoked during the ripening, e¢.g.,
chorizo de Leon variety (Fig. 3), using oak firewood, with
temperatures ranging from 10 to 40 °C for some days and a
few hours per day. Smoking increases the oxidative stability of
chorizos and prevents the growth of molds (see Note 5).

4 Notes

1. According to Spanish chorizo standards, there are two quality

commercial types: extra “extra” and average “normal” depend-
ing on chorizo formulation and composition. Extra chorizos
must have a fat content in dry matter lower than 57%, except
for Pamplona chorizo and Iberian chorizo varieties, which can
have up to 65%. Moreover, extra chorizos should have more
than 30% protein-in-dry matter, a ratio collagen/total protein
lower than 0.16, and less than 2% carbohydrates, with all these
limits being more permissible for Pamplona and Iberian cho-
rizo. Finally, extra chorizos only allow for less than 1% added
proteins (nonmeat proteins, such as milk proteins) [35].

. Iberian breed pigs “cerdos ibéricos” are out-door and slow-

growing animals, traditionally reared in the Mediterranean
Dehesa ecosystem, following extensive (“de bellota”) or semi-
extensive (“de cebo de campo”) production systems [39]. Some
of the Iberian pigs are also fed on commercial feed concentrates
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Fig. 3 Dry-ripened smoked “chorizo de Leon”

and legumes under intensive systems (these are named “de cebo
1bérico”).

Iberian breed pigs or their Duroc crossbreeds are heavier
and older at slaughter than standard white pigs, and the pork
from these animals has greater subcutaneous and intramuscular
fat contents and is associated with superior eating quality.

3. The powdered paprika used in Spain can be prepared from
dried-smoked, oven-dried or sun-dried C. annuum fruits,
and is mainly produced in the regions of Extremadura and
Murcia [40]. Their flavor can be sweet, semi-hot “okal” or
hot, only being used in hot chorizo “chorizo picante” varieties.
Paprika exerts a relevant effect on the chorizo drying and
ripening process [16, 41] since it is a source of fermentable
sugars (1-2 g/kg of sausage mix), minerals, natural antioxi-
dants and fiber. Paprika is also mainly responsible for both the
characteristic chorizo flavor and redness. Spanish paprika is
highly colored, i.e., more than 100 ASTA units [12], and this
result in a high redness and yellowness in chorizo, i.e., a* and
b* color values from 14 to 24, and 9 to 18, respectively [6,42].
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4. The quality of non-packaged chorizos during storage can dete-

riorate due to either undesirable growth of molds and yeast on
the surface or sausage hardening or crust formation, depending
on whether the air humidity is too high or too low, respectively.
Autoxidation, resulting in rancid flavor development and /or in
discoloration, can also limit the chorizo shelf-life. The chorizo
color stability depends, to a great extent, on the paprika char-
acteristics, such as levels of antioxidant compounds or whether
it is used raw or previously heated paprika [12, 13].

. Some varieties of traditional chorizos, such as Cantimpalos or

Zamorano chorizo, which are non-smoked and slow-ripened,
show a spontaneously-formed homogeneous and white mold
covering, dominated by Penicillium spp. [9]. On the other
hand, the presence of molds on the chorizo surface is usually
not desirable, and then different approaches to prevent their
growth are used by producers: the use of pimaricin on the
chorizo surface, disinfection of facilities to reduce the level of
spores in the air, or lowering temperature and air moisture
during the ripening.
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Abstract

Sobrasada is a product arises from the need to store food during long periods of time, using salting
techniques to stuff meat chopped. The origin of its name is in Sicily, where a technique known as sopressa,
which means, “minced,” applied to meat to stuff. From this area, it passed to the Iberian Peninsula thanks
to maritime trade, and from Valencia it expanded to Mallorca, where it sees its greatest development from
sixteenth century. Although in the initial formula of sobrasada the pork is the main ingredient, soon after
introduces the use of paprika as a distinctive sign for the conservation of food, since the meat acquires its
characteristic red color. With the passing of time the elaboration process was perfected, and in 1993 the
Balearic Government recognizes the Specific Designation for “Sobrasada of Mallorca.” In 1996, the
European Union granted it the Indication Geographic, which establishes the processing and formulation
conditions and the minimum characteristics that guarantee the quality of sobrasada. The present chapter
describes in detail the formulation and the different stages of elaboration of Sobrasada.

Key words Traditional meat products, Pork sausage, Dry-cured products, Dry-fermented sausages,
Manufacture process

1 Introduction

Sobrasada is a raw cured sausage, made from meat selected from
pork, seasoned with salt, paprika, and black pepper. It is stuffed into
the animal gut and has a slow maturation. This product is tradi-
tional from the Balearic Islands, and is protected with the geo-
graphical indication. In traditional Mallorcan cuisine, sobrasada is
consumed in various ways: toasted in winter, or spread on bread
and raw in summer. To avoid the great heterogeneity in the pro-
ducts manufactured by each company and try to standardize these
meat products while protecting their quality and characteristics,
sobrasada is protected by Geographical Indication, which sets min-
imum criteria for formulation and processing steps that ensure the
correct quality of the final product.

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-2103-5_2,
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The first historical reference to the name sobrasada is found in a
document dated 1403 from Sicily, where a shipment of food is
described and, among these meats, sobrasadas are explicitly men-
tioned. This could place in Italy the possible origin of the name of
this sausage, although without any doubt we can affirm that of that
sausage from which it inherited the name, it has little to do with the
one currently known, since until the arrival from American lands of
the paprika no acquired the current characteristics. From the sev-
enteenth century, multiple references using sobrasada in gastron-
omy are found, acquiring great gastronomic importance from this
time and relegating its role as a system for the preservation of meat
products. In the twentieth century, processors incorporated new
equipment and technology to the sobrasada production process to
ensure the quality of the product, while preserving the character-
istics and typical presentations of sobrasadas traditionally made in
family slaughterhouses. At the end of 1993, the Government of the
Balearic Islands recognized the Specific Denomination of Sobra-
sada de Mallorca and, in early 1996, the European Union protected
the Sobrasada de Mallorca denomination with the quality denomi-
nation: Protected Geographical Indication, which extends the pro-
tection initially granted in Spain, the entire territory of the
European Union. The Protected Geographical Indication Sobra-
sada de Mallorca protects two types of sobrasada: sobrasada de
Mallorca: made with pork. Sobrasada de Mallorca de Cerdo
Negro: made exclusively with Mallorcan black pork meat and
stuffed in natural casings. Pigs are raised and fed on the island of
Mallorca according to traditional practices.

Sobrasada is manufactured using lean pork meat (30-60%) and
white fat (40-70%). The mixture (lean pork meat, white fat,
paprika, and salt) is filled into casings and ripened for several
weeks at 12-16 °C and a relative humidity between 60% and 85%
[1]. The fermentation process depends on such parameters as the
proportions and quality of the raw material, use of starters, temper-
ature and relative humidity, loss of water and microbial flora
[2]. During fermentation there is a simultaneous loss of water and
a decrease in water activity. Lipolysis and proteolysis, as in similar
meat products, are key processes during ripening of sobrasada
[3]. These biochemical events may originate from endogenous
muscle enzymes or from bacterial enzymes [4]. Lipid degrading
phenomena, implying the release of free fatty acids (FFA) and
carbonyl compounds, and denaturation and partial fragmentation
of proteins, are important in the development of the characteristic
taste and flavor of the final product.

In general, the production process consists of two well-
differentiated phases. The first is the production of the sausage
itself, which consists of the stages of mincing the raw materials,
mixing these with the other ingredients and the sausage in the
casings and a second phase, in which the maturation takes place
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and drying of the product. The chopping of the raw materials is
carried out mechanically with a crushing machine in order to
achieve a particle size of less than 6 mm (usually between 3 and
5 mm in diameter). During this operation, the muscular structure is
destroyed to a greater or lesser degree and in this way the contact of
the different ingredients is facilitated. In this stage, the develop-
ment of enzymatic activities and microorganisms is favored, due to
the incorporation of oxygen and the partial destruction of the
structures. Then the meats are mixed with the spices and salt.
Next, the dough is stuffed into casings and the curing phase begins
in the dryers, where the controlled temperature and humidity
produce a series of changes in the physical-chemical and microbio-
logical characteristics of the product. These transformations pro-
vide sobrasada with the peculiar characteristics of aroma, flavor,
consistency, color, and stability. The maturation stage of sobrasada
de Mallorca is carried out at temperatures between 14 and 16 °C
and with a relative humidity of between 70% and 85% and the
duration of the process depends on the size of the piece. During
this stage, there are basically two phenomena: one physical, drying,
and the other biochemical, the result of fermentation.

After curing, the Sobrasada de Mallorca will present the follow-
ing sensory characteristics. Irregular cylindrical shape, determined
by the morphology of the gut. Dark red surface, smooth or slightly
rough, with the absence of molds. Soft, nonelastic, adherent, cohe-
sive, unctuous, and not very fibrous pasta. When cut, its delicate red
marble appearance is observed.

On the palate it is characterized by high deformability, adhe-
siveness, and granularity. A high insoluble portion is detected. It
has a very unctuous, cohesive texture and characteristic flavor and
aroma, with a clear perception of paprika.

In addition to the above characteristics, Mallorca sobrasada
must meet one of the following conditions: “pH less than 4.5 or
“aw less than 0.91” or “aw less than or equal to 0.95 if the pH is less
than or equal to 5.2.”

The studies carried out on sobrasada products are very scarce.
In fact, the few studies carried out in this regard focus on the
chemical, physicochemical, and microbiological characterization.
Mendoza et al., [5] studied low fat, dry-fermented sausages with
different percentages of inulin and found that the addition of inulin
(up to 11.5%) improved the sensory characteristics of the product.
Further, Garcia et al., [6] manufactured batches of dry-fermented
sausage by adding either cereal DF (wheat and oat) or fruit DF
(peach, apple, and orange), at concentrations of 1.5% and 3%
(w/w). Acceptable results were obtained for sausages containing
1.5% orange DF. Additionally, and taking into account that the
fermentation and ripening process of sausages involves several pro-
teolytic and lipolytic reactions, responsible for the typical organo-
leptic characteristic of sobrasada, the study of the proteolytic and
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lipolytic were analyzed. In this sense, Simal et al. [7] reported
during ripening the microbiological, biochemical, and physical
phenomena that taken place are responsible for health quality and
safety. These phenomena such as the proteolysis and lipolysis reac-
tion, the decrease in pH and growth of lactic bacteria, the water
activity and moisture content and [8] have a great influence on the
final sensory properties of the sobrasada, such as formation of
aroma precursors, changes in color and texture and characteristics.
More recent studies reported the inclusion of carrot dietary fiber
into sobrasada and the effects on physicochemical modifications
during the ripening of sobrasada, with and without the addition
of carrot dietary fiber [9].

In others “sobrasada” studied, the breeds, feeding and casings
used in the Balearic Islands were employed. The evolution of
different groups of microorganisms also was studied: mesophylic
aerobic microorganisms, lactic acid bacteria, Enterobacteriacene,
yeasts and molds, group D Streptococcus, proteolytic microorgan-
isms and lipolytic microorganisms. It was found that the predomi-
nant flora, from the beginning to the end, was made up of lactic
acid bacteria. Conversely, Enterobacteriaceae disappeared as ripen-
ing went on, and the rest of the microbial groups studied under-
went little variation along the process. An important characteristic
of the product is the fast fall of pH, from values near 6.0 to values
around 5.3; in the first week. Different microbial communities
throughout the process of maturation of Mallorcan sobrasada,
noting a predominance of bacteria from the lactic acid between
7 and 9 days maduration which presented values of 10° cfu/g and
catalase-positive gram-positive cocci with values of 10° cfu/g. In
general, the objective of these studies is better understanding the
role of microorganisms in the release of compounds that play a vital
role in the development of the aroma and flavor of these products

[5-9].

2 Materials

According to the regulations of the Protected Geographical Indi-
cation, for the elaboration of the Sobrasada de Mallorca, the fol-
lowing ingredients must be used and in the proportions established
in the regulations of the Protected Geographical Indication.

Sobrasada is made with pork meat consisting of a homoge-
neous paste of meat and fat with small pieces of meat, easily distin-
guishable. They are mixed with seasonings and have paprika as a
typical ingredient, spices, ingredients and additives authorized,
stuffed in natural or synthetic casings, which have undergone a
process of ripening-drying, without smoking, and characterized
by its red color and its aroma and typical tastes (Order of February
27,1980; BOE 3,/21/80).
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Fig. 1 Characteristics of the casing or the container used for following presentations of sobrasada

The characteristics of the product covered by the protected
geographical indication are the following (Fig. 1).

1. Lean pork: between 30% and 60%. Pork fat: between 40 and
70% (see Notes 1-3).

2. Paprika (Capsicum annuum L. and / or C. longum D.O.):
between 4% and 7% (see Note 4).

3. Salt: between 1.8% and 2.8% (see Note 5).

4. Spices and / or natural aromas: pepper, hot paprika, rosemary,
thyme, and oregano (see Note 5).

5. The use of colorants is expressly prohibited.

6. The casings can be natural or made of collagen fiber, the latter
for pieces of less than 500 g (see Note 6).

7. Given its high fat content, the initial aw values are low (0.93)
and at the end of the process decrease to 0.88-0.83 (see Note
7).

With these ingredients and following a production process duly
specified in the PGI regulations, a sobrasada of the highest quality is
obtained, keeping intact the traditional aspects that characterize
and distinguish it.

Regarding the characteristics of the casing or the container
used, the following presentations of sobrasada are distinguished
(Fig. 1):

Pasta: Presented in tubs or by weight, it consists of uncured
raw dough. It is mainly used in kitchen, although it is also con-
sumed on bread. It does not have as intense a flavor as cured
sobrasada.

Tarrina: Sobrasada tub differs from pasta in that it has been
previously cured in the gut, to then be extracted and presented in
a tub.
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Longaniza: Stuffed in the small intestine. It is the thinnest
presentation within the sausages. Have a very fast healing process,
making it the first to be consumed.

Semirrizada: Stuffed in the large intestine in its finest parts, so
it usually has a size half. It is the most common presentation after
the sausage.

Rizada: Stuffed in the large intestine in its thick parts, so it
usually has a larger size than semi-curly.

Medio cular: Made with the first piece of the last end of the
large intestine. It is large, being able get to weigh 3 kg. It is
eaten raw.

Cular: Embedded in the last end of the large intestine, acquir-
ing a characteristic curved shape. It is big size.

Poltru: Stuffed in the first end of the large intestine, the cecum.

Bufeta: Stuffed into the urinary bladder. It can weigh 8 kg. Itis
eaten raw or stewed.

Bisbe: From the Catalan Obispo, stuffed in the stomach. It is
the largest of all sausages.

3 Preparation of Fermented Sausages

The general production process as well as the main stages will be
discussed in the following sections of this chapter.

The process consists of two different phases. In the first, the
own sausage, which consists of the stages of mincing the pork,
mixed with the other ingredients and the sausage in the guts. In
the second, the maturation and drying of the product. The tradi-
tional chopping is done by hand but with the improvement of the
production performed mechanically, with a crushing machine pro-
grammed to achieve particles smaller than 6 mm. Afterwards, the
meat is seasoned and the spices are added. The dough is stuffed into
the guts, and undergoes a process of curing in the drying rooms.

The basis of the wide variety of fermented cured raw sausages
that exist in the market is based on flexible manufacturing technol-
ogy that enables many modifications as long as adequate reductions
in pH and aw are maintained. Obtaining a quality fermented sau-
sage requires a fermentation process in which produces a decrease
in pH and a maturation stage in which the typical aroma and texture
as a result of numerous chemical and enzymatic processes that take
place. The subsequent drying phase is also essential, since in it there
is a reduction in aw which, in combination with the decrease in pH,
causes the sausage acquires its preservation capacity, in addition to
the appropriate consistency.
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4 Methods

The different phases of the manufacturing process must be carried
out in accordance with the traditional knowledge of the producers,
in order to obtain a product of the highest quality. The elaboration
process of sobrasada consists of a series of steps, including meat
selection, mincing, mixing, macerating, stuffing, and curing, which
will be carried out as described below (Fig. 2):

1. Chopping the meat and fat Fermented cured raw sausages

can have a varying degree of mince (fine, medium or thick).
The chopping operation influences the locking of the dough
and the proper consistency when cutting the final product. If
the pasta gets too hot from refrigeration insufficient or insuffi-
cient freezing of the raw material, the fat particles are disposed
of around the lean meat and the sausage remains excessively
soft because the meat particles have not been properly locked.
Likewise, it is the transfer of water to the outside during the
drying phase is greatly impaired, since the fat is distributed as a
film around the entire sausage.

2. Mixed with the rest of ingredients and additives. In addition

to meat and fat, fermented sausages contain or may contain a
series of additives that fulfill various functions during the
manufacturing process and that they participate in the charac-
teristics of the final product.

| Ingredients selection ‘

!

| Mincing ingredients ‘

!

| Mixing ingredients ‘

!

| Maceration 4-62C ‘

l

1

Dry-ripening
T2 15-182C
HR 75- 80 %

Fig. 2 Diagram of the different stages of the manufacturing process of sobrasada
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3. The addition of salt is essential for the production of cured

raw sausages. Salt improves flavor, and its technological impor-
tance is due in its influence on multiple reactions of the ripen-
ing and drying processes. Salt plays an essential role in the
binding of the pasta, since it intervenes in the solubilization
of meat proteins, allowing that form an adhesive film that
allows the meat particles to intercalate between the fat particles.
The amount of salt added depends on the type of sausage and
usually varies between 2% and 3% in the final product.

. The addition of spices, that are plant ingredients with an

aromatic character that are used usually in small quantities to
give certain flavors, aromas, and colors to meat products.

. Spices, additives, sugar, and salt are often added to the basic

meat dough and minced fat, the mixture is homogenized by
the action of a kneading machine to obtain proper distribution
of all components. The aw of the mass is reduced from 0.99 to
0.96 due to the presence of salt, curing agents and sugars and
nitrate and / or nitrite exert its inhibitory effect.

. After mixing all the ingredients, the pasta must be intro-

duced into the guts to constitute the pieces of sausage. The
casings must be permeable to water vapor and they can be
natural or artificial (fibrous, collagen).

. Fermentation: Once the fermentation stage is finished, the

sausages are placed in the curing, where the ripening process
begins and, simultaneously, the drying of the product. This
stage involves the maintenance of the sausages for variable
periods of time in controlled temperatures and humidity con-
ditions being the most common procedure 5-10 days at
18-22 °C and relative humidity between 80% and 90% fifteen
and, subsequently, they are kept at 12-15 °C and a relative
humidity of 65-80%. The duration of this last curing period is
variable, depending on the type of product and its diameter,
but usually ranges from about 20 (fast curing) to 90 (traditional
process) days. Proteolysis, started during fermentation, now
continues with action of exopeptidases, both endogenous and
of microbial origin, which release small free peptides and amino
acids. Lipolysis, initiated during fermentation, continues in this
maturation phase. In addition, the free fatty acids generated
undergo various oxidative reactions that lead to the appearance
of volatile and nonvolatile substances that contribute to the
flavor and aroma of the sausage. Finally, during this phase the
complete reduction of the residual nitrite of the fermentation,
with which the final values are usually below 10 mg / Kg of
product.

The chemical composition of the final products (after the
drying-ripening period), are specified in Table 1. Sobrasada is
commercialized in independent units. Sobrasada may be
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Proximate composition (%) and pH, Aw of dry-ripening sobrasada

Maximum% Sobrasada de Mallorca Sobrasada de Mallorca black pork
Moisture 35 30

Protein 8 13

Fat 85 80

Carbohydrates 2.5 2.5

Collagen /total protein x 100 30 20

pH <4.5 <4.5

Aw <091 <091

Aw<0.95 if pH is <5.2

authorized to be sold vacuum packed, raw or after cooking, or
in a modified atmosphere, provided that their quality and
prestige are not impaired.

5 Notes

. The raw material will come from castrated males or females.

Animals used for reproduction cannot be used to obtain sobra-
sada covered by the protected geographical indication.

. Lean pork: between 30% and 60%.
. Pork fat: between 40% and 70%.
. Paprika (Capsicum annuum L. and / or C. longum D.O.):

between 4% and 7%.

. Salt: between 1.8% and 2.8%. Spices: pepper, hot paprika. The

use of colorants is expressly prohibited.

. The casings can be natural or made of collagen fiber, the latter

for pieces of less than 500 g.

. The meats, minced and mixed with spices, are left to rest for a

few hours after slaughter, and are then stuffed into the guts of
the same pig, where they will be cured. During this phase there
is a slow transformation of the product that consists of the
fermentation of the dough, which loses part of the initial
moisture, which gives the sausage its typical texture and flavor.
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Botifarra

Jacint Arnau, Josep Dolcet, and Maria Dolors Guardia

Abstract

Botifarra (pl. botifarres) comprises a great variety of traditional meat derivatives including cooked, with
incomplete thermal treatment, aired or not submitted to any treatment, always stuffed in casings. In this
chapter, only the meat derivatives not submitted to any treatment (“fresh botifarra”) will be addressed,
which, in consequence, are classified as meat preparations. The product is presented in various forms and
receives different names such as Honganissa, langonissa, or tastet in some parts of Catalonia, and as
Honganissa fresca or longaniza in other Autonomous Communities of Spain. The composition and elabo-
ration process are different depending on whether they are made in domestic, artisanal, or industrial
conditions.

This chapter aims to describe the composition and stages of the manufacturing process in fresh botifarres
and the main characteristics of these types of products.

Key words Botifarra, Butifarra, Llonganissa, Longaniza, Fresh sausage, Ingredients, Processing,
Preservation

1 Introduction

Botifarres (in Catalan) or butifarras (in Spanish) comprise a great
variety of traditional meat derivatives including cooked, with
incomplete thermal treatment, aired (“oreados”) or not submitted
to any treatment, always stuffed in casings [1]. However, in this
chapter we will only address meat derivatives that have not been
submitted to any treatment (“fresh botifarra”), which conse-
quently should be considered as meat preparations because they
have undergone processes insufficient to modity the internal muscle
fiber structure of the meat and thus to eliminate the characteristics
of fresh meat [2]. Fresh botifarres have a shiny casing appearance
when freshly produced. They have a cherry red color typical of
bloomed meat (which tends to brown due to the natural oxidation
process), and small pieces of fat and other added ingredients are
easily distinguished (Fig. 1). The texture is granular when is fresh
and after cooking. The product is presented in several forms,

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
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Fig. 2 Rolled bofifarra

including rolled pieces prepared for barbecue (Fig. 2). Botifarras
are named as Honganissa, lUangonissa or tastet in some parts of
Catalonia, and as Honganissa fresca or longaniza in other autono-
mous communities of Spain such as Aragén, Murcia and Comuni-
dad Valenciana.

Despite the importance of these types of products, the research
literature is limited and focused mainly on food safety [3-5]. Infor-
mation related to processing is mainly related to traditional produc-
tion methods [7, 8].
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Considering the available information, the main objective of
this chapter is to describe the composition and stages of the
manufacturing process in fresh botifarres and the main character-
istics of these types of products.

2 Materials

The fresh botifarra is a meat derivative (meat preparation), result-
ing from the mixture of minced meat (mostly pork), ingredients,
additives [8] stuffed mainly in natural casings, which is cooked
before consumption.

The shape is defined by the shape of the casing, with its own
texture and roughness. The appearance depends on the type of
casing, grinding size, amount of fat, degree of blooming and
possible use of colorants. After cooking it is slightly brownish on
the surface due to the formation of Maillard reaction products.
The weight is variable and ranges from 100 to 120 g per serving.
The consistency is soft before cooking, but firm and adhering well
to the casing after cooking. The grains are easily separated during
chewing. The aroma is typical of grilled meat, including spicy notes
and a balanced sweet/salt ratio. The texture is granular and juicy.

The traditional ingredients used are meat (including ham,
shoulder, belly, and jowl), casings, salt, and spices (mainly pepper,
black and /or white) in Catalonia. In other parts of Spain, some of
the following spices are also included: anise, fennel, nutmeg, garlic,
cinnamon, and paprika for red longaniza. To increase shelf life,
sodium sulfite (E-221) or potassium metabisulfite (E-224) are
allowed [8] and often used. Some of the sugars (e.g., sugar, dex-
trose, dextrin, lactose) are sometimes included to facilitate preser-
vation and browning during cooking. Sodium ascorbate (E-301),
citrate (E-331) and spice extracts are sometimes included to
improve color and slow down oxidation. Starch and fibers are
sometimes used to reduce water losses during cooking. In some
areas, colorants such as cochineal carmine (E-120) are used to
adequate the color to consumer preferences [8]. Water is some-
times used to facilitate ingredient distribution and to increase juici-
ness. Other ingredients such as mushrooms, escalivada (grilled
pepper, onion, and aubergine), etc. are used for some specialties
[71, and sugar for botifarra dolga [9] (see Note 1) (Fig. 3).

3 Methods

Manufacturing is different if it is done at a domestic, artisanal, or
industrial level. But, in general, it consists of the selection of the
meat, mincing, mixing, stuffing, and packaging which will be car-
ried out as described below (Fig. 4, flow diagram):
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Fig. 3 Botifarra dolga (sweet sausage). (Source: Gremi de Carnissers i Xarcuters Artesans de les Comarques
Gironines)
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Fig. 4 Flowchart of the different stages of the manufacturing process of botifarra under industrial conditions

1. The selection of the meat is carried out at a maximum temper-
ature of 7 °C. However, a temperature close to the freezing
point of meat is much better to improve grinding quality, shelf
life, and to avoid smearing (se¢ Note 2). The most common
grinding size is 5-6 mm.

2. The mixing of the “meat” ingredients with water, salt, sugars,
additives, and species is made just to obtain a homogeneous
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5 Traditional dish based on grilled or fried botifarra with beans

mixture. Long mixing periods are not desired because the
product becomes too gummy after cooking.

. Then, the dough is stuffed into natural pork or sheep casings

(see Note 3). The stuffing method used should avoid the
formation of air pockets in the meat mass and the breakage of
the casing. Vacuum stuffers are used for industrial products,
including sometimes in-line grinding systems, while
non-vacuum stuffers are used in artisanal production.

. The products are then packaged according to the expected use.

Industrial products are packaged in a modified atmosphere
including O,, CO,, and N, gases (see Note 4).

. The product is consumed grilled or fried together with beans

(Fig. 5), French fries, salads, and in a sandwich or in traditional
cuisine recipes, but it could also be consumed directly after
drying (see Note 5).

4 Notes

. Botifarra dol¢a is a typical botifarra made in the Girona area

that includes only lean meat, sugar (40—45%), salt (0-2%),
lemon zest and cinnamon (Fig. 3). It is cooked slowly to
facilitate browning of the sugar/meat (Fig. 6), sometimes
including apple slices. The product can also be consumed raw
after drying.

. Smearing occurs when the fat cells break down and the fat

covers the meat particles. This produces a fatty appearance,
reduces the stability of the color and the adhesion of the meat
to the casing during cooking.
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Fig. 6 Traditional dish based on botifarra dolga with apple. (Source: Gremi de
Carnissers i Xarcuters Artesans de les Comarques Gironines)

3. The natural casings give the botifarra an appearance close to
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Abstract

Blood sausages elaboration is intimately linked to the slaughter process, which has been done throughout
the Spanish geography for centuries. These products, known as morcillas, have gone from local consump-
tion to gaining popularity and splendor, in response to a growing consumer demand for traditional and
quality products.

In these products, blood from the slaughtering process is mixed with different ingredients, depending on
the availability of the area, stuffed in natural casings and subjected to a thermal treatment. The enormous
variety of ingredients considered in its composition offers a wide range of textures, flavors, and tastes.
Morcilla de Burgosis one of the most famous and known morcillas. This product, with onion and rice in its
composition, has recently obtained a protected geographical indication (PGI), in an attempt to protect
their origin and elaboration process. In this chapter these aspects are described.

Key words Traditional meat products, Blood sausages, Morcilla de Burgos, PGI

1 Introduction

Morcilla de Burgosis a blood sausage traditionally associated to the
homemade pig slaughtering process in different villages of Burgos
region, in the north of Spain. During the slaughtering process
carried out during autumn-winter months (generally from
November to February), blood from the slaughtered pig was col-
lected, and mixed with other ingredients like onion, lard, rice, salt,
and spices [1].

Blood sausages have been made from animal blood for
thousands of years around the world although unlike other meat
products they have deserved less fame. In general, blood sausages
have been locally distributed and consumed but their recognition
was demerited in favor of other meat products like dry-cured ham,
salami, or chorizo. However, in the last decades there has been a
growing trend by consumers endorsed by authorities to recover
traditional products and processes with accredited quality. In this

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-2103-5_4,
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Fig. 1 (a) Some of the ingredients of Morcilla de Burgos (b) Typical images of Morcilla de Burgos (PGl morcilla
de Burgos, www.cardefiafood.es)

sense, food quality labels like Protected Geographical Indication
(PGI) or Protected Designation of Origin (PDO) were the tools
established by the European Union to promote and protect tradi-
tional agrifoods as a common cultural heritage of the European
population. Since the promulgation of these regulations, PGI and
PDO have given visibility and relevance to many traditional pro-
ducts, allowing the transition of hand-made productions to indus-
trial ones, with standardized protocols and supporting the
inhabitants of rural areas [2].

Morcilla de Burgos have been the first Spanish blood sausage in
receiving a Protected Geographical Indication (PGI) in August the
29th 0of 2018, in the class 1.2 (Fig. 1). Meat products [3]. The first
written references about this product date back to the beginning of
the last century where the authors Aranin 1914 [4] and Sanz Egana
in 1928 [5], describe a blood sausage elaborated in the north of
Spain with the inclusion of rice and onion. In fact, onion plays a
significant role in the elaboration of Morcilla de Burgos. According
to the oral tradition, the best onion to elaborate this morcilla is the
regional variety called Horcal or horco, even matancera or matanza,
due to the close relationship with the slaughtering activity or
matanza. This onion has been generally grown in the autumn—
winter months in the hydrographic basins of the main rivers that
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flow through the region of Burgos, when slaughtering process was
mainly done. Its bulb is white, juicy, and with a better yielding rate
comparing to other onion varieties. The higher content of sugars of
this onion gives mild sweet notes and has been the differentiating
characteristic of Morcilla de Burgos [1], comparing to other morcil-
las elaborated in Spain, where other vegetable ingredients are
considered [6].

Finally, lard (some producers include also tallow) is the last of
the main ingredients, together with different spices like black pep-
per and paprika or cumin among others, which give the peculiar and
unique flavor and taste to this product. Although the scientific
information about this product is limited, from the interest of the
producers to protect this product, several studies were developed
about physicochemical characterization [1], but also about preser-
vation by conventional techniques (vacuum, modified atmosphere)
[7] or even high processing pressure and organic acids addition
have been studied to extend the shelf life [8, 9]. The study of the
spoilage lactic acid bacteria of this product has been also a topic of
interest since the presence of several lactic acid bacteria are the
responsible of reducing the shelf life of this product [10-12].

2 Materials

According to the requirements established by the PGI [13], Mor-
cilla de Burgos a meat product obtained by stuffing a sausage and
then cooking it. It is made from the following basic ingredients:
onions from the Horcal variety, lard or tallow, rice, blood, spices,
and salt. The IGP established several limits to the proportions of
main ingredients. Horcal onion presence must be higher than 35%,
rice from 15% to 30%, blood over 12% and lard or tallow in the
10-22% range.

The characteristics of the product covered by the protected
geographical indication are the following [13]:

1. Shape and external appearance: is cylindrical in shape, between
30 and 100 mm in diameter, varying between 150 and 350 mm
in length and occasionally curved, depending on the shape of
the intestine used (se¢ Note 1). The sausage is firm and com-
pact to the touch.

2. Appearance in the cut: the predominant aspects of the sausage’s
appearance are white flecks owing to the presence of rice and
the even distribution of the ingredients. Occasionally, small
pieces of lard can be seen. Although some variations can be
observed depending on the color of the binder, the basic color
presents various shades of brown in all cases.
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Table 1
Physicochemical specifications in final product for Morcilla de Burgos

Physicochemical parameter Specifications
pH 6-7

Moisture 54-67%

Fat 15-25%"

Total sugars >3.5%"

Fiber >2.7%"

Salt 0.5-2%

“Expressed in dry matter

3. Texture: the sausage has a crumbly texture in the mouth, where
the presence of onion and grains of rice are noticeable,
although it should not be tough. It has also slightly fatty
sensation because of the fat source added.

4. Aroma and flavor: the aromas and flavors of onion and the
various spices should be perceptible.

The PGI also establish some values for physicochemical para-
meters in the final product (Table 1).

As it was previously mentioned only onion variety allowed is
Horcalvariety (Allium cepa L.) (see Note 2). In the case of rice, dry,
whole grained of short- grained Japanese varieties such as “Babin”
or “Bomba” can be used, but always belonging to the “Extra” class
and stored in hygienic conditions (see Note 3). In the case of fat
source, lard or tallow can be used, even a mixture of them (see Note
4). Related to the blood, although pig and cow are the traditional
source, sheep’s blood is also allowed in the formulation.

Regarding the spices, the use of black pepper is essential, while
other species like paprika, oregano, cumin, cloves, garlic, cinna-
mon, caraway, parsley, and aniseed are optional according to the
habitual producer recipe.

3 Methods

The elaboration of Morcilla de Burgos is relatively simple consider-
ing that five main steps can be distinguished: raw material prepara-
tion, mixing of the ingredients, stuffing, thermal treatment, and air
cooling (Fig. 2).

These steps are usually done in the same day, since ingredients
of this product, especially the use of blood, make morcilin a very
sensitive product to spoilage if cooking process is not done imme-
diately after mixing.
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Fig. 2 Diagram of the different steps of the manufacturing process of Morcilla de
Burgos

1. The preparation of Horcal onions includes peeling and chop-
ping steps, and the fat is also grinded, either frozen or chilled,
in regular portions.

2. The main ingredients are mixed with blood, salt, and spices.

3. Then the mixture is stuffed into casings: usually large intestine
from pig or small intestine from cow (se¢ Note 5). The stuffing
method requires some expertise since overfilling can provoke
the bursting of the casings during the cooking process because
of the swelling of the rice. The ends of each morcilln are stapled
or tied shut (see Note 6).

4. The cooking process is generally done by immersion in hot
water at temperatures below boiling point with gentle
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movements to about the breakage of the product. The morcil-
las are cooked for around 1 h (see Note 7).

. After the thermal processing, the product is air cooled at

8-10 °C. This step is crucial for the microbial quality of the
product. In this point, post-cooking microbial contamination
can occur and it will determine the shelf life of the product,
especially when it is vacuum packed [7-9].

According to the GPI specifications, Morcilla de Burgos can be

sold as a whole, with or without casing, in portions or slices, but
always packaged to know its origin.

This product presents a good nutritional balance and the inter-

esting contents of iron because of the blood (165.38-234.85 mg/
kg) [1] make the Morcilla de Burgos a good source of heme iron,
casily and more efficiently absorbed than inorganic iron.

4 Notes

. The external appearance in mainly determined by the origin of

the natural casing used. Morcillns elaborated with natural cas-
ings from beef are darker and more uniform than the ones
elaborated by large bowel from pigs.

. Horcal variety onion presents flattened spherical in shape,

diameter of at least 80 mm, weight greater than 100 g,
brown skin and the flesh varying from white to light
greenish-yellow in color.

. It may be precooked.
4. It is stored frozen or refrigerated below 4 °C.

. If natural casings are used, they have to be clean, well preserved

and they have to be previously washed and acondicionated.

. When morcillas are tied, enough thread is left to hang it up

to air.

. When precooked rice is use, cooking time can be reduced.
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Abstract

“Salchichon”is a traditional dry-cured sausage specialty well distributed in Spain. This sausage is processed
in artisanal or industrial techniques. It’s one of the “flagships” of Spanish meat products. According to the
Spanish Government Departments (Ministry of Agriculture) in 2019, Spaniards eat 11.41 kg/year of
processed meats and represented 25.2% of the consumed meat. In these statistics, “Salchichon” is the
second most-consumed dry-cured fermented sausage in Spain (0.42 kg/year/inhabitant), Andalusia is the
Spanish region with higher consumption of these types of meat products (12.09 kg/year/inhabitant).
“Salchichon” is the third most-consumed dry-cured meat product in Spain for this, is protected by the
Spanish Laws. “Salchich6n” cover a wide variety of dry-cured sausages (“Fuet”, “Imperial de Lorca”,
“Longaniza de Pascua”, among others”). “Salchichon” normally is elaborated using lean (shoulder, loins,
ham, and other trimmings) and fatty (backfat, belly, among others) pork meats from white and /or Iberian
pig breeds, salt, and spices.

Notwithstanding the great variety of “Salchichén” specialities, they have in common the following
processing steps: mincing (meat cuts), mixing (meat, salt and spices), stuffing (natural or artificial casing
and 8-120 mm diameter), fermentation (14-26 °C) and dry-maturation (natural, cave, artificial maturation
chambers, 3-4 days to 2 months processing times). According to its specialty, “Salchichon” has legal
regulations that guarantee product quality. They have Traditional elaboration processes mean that both
products differ enormously from one region to another, or even between different producers. Therefore,
nowadays, both sausages have a protected geographical indication, which establishes the minimum char-
acteristics and the processing and formulation conditions that guarantee the quality of the aforementioned
products.

In this chapter, formulation and the different elaboration processing steps are described.

Key words Salchichén, Dry-cured meat product, Fermented sausage, Dry-cured fermented sausage,
Spanish meat products, Research and innovation

1 Introduction

From a technological point of view, dry-cured meat products
(whole and/or comminuted, dehydrated, or fermented) are one
of the oldest meat preparations but, these meat products represent
something else. In these types of meat products, art, tradition,

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-2103-5_5,
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culture, gastronomy, food technology, innovation is combined,
without forgetting the use of local raw materials (sustainability)
and also, enhance the Circular Economy.

“Salchichon,” as other dry-cured meat products represent the
effort of thousands of years to economize and preserve meat that
could not be consumed fresh after slaughter [1, 2] for longer
periods, and through its processing, increase its shelf-life of raw
material of high nutritional [3], economic value with a great social
and cultural relevance.

Among the dry-cured sausages, “Salchichoén” represents one of
the oldest meat products, since its elaboration has been described
since Roman times, although it is also indicated in some texts that
they have Greek origin. From a cultural point of view, these meat
products are eminently Mediterranean that, regardless of the “sea-
shore” where are produced and the consumer’s religion (Christian,
Hebraic, or Muslim), that are processed, their elaboration process is
similar and only adapt the different raw materials to the “food
rules” or precepts (Halal, Kosher, Friday of lent) that the three
great religions have about them.

There is a great diversity of dry-cured sausages under the
appellative of “Salchichon” or similar (“Longaniza de Lorca,”
“Longaniza de Aragon,” “ Longaniza de Pascua,” etc., “fuet,” “espe-
tect,” among others) (Figs. 1 and 2). Most of these “Salchichon”
types have high acceptability but with low commercial distribution
or scientific studies (physicochemical, microbiological, among
others) about them [1].

They have some differences caused by the processor’s recipes,
the elaboration process (time, temperatures, dehydration condi-
tions) with different raw meat types (se¢ Note 1), and origins (the
Mediterranean or Continentals), formulations (meat/fat ratio, for-
mulation depends on the “Salchichon” type), condiments (salt,
wine, garlic, among others), spices (pepper: black or white pepper,
whole, grinded or both, garlic, among others), additives (with or
without dairy ingredients, sugars and starches, curing agents, color-
ants, etc.), meat grinding size (2-10 mm), casing diameter (10 to
200 mm) and origin (natural or artificial), smoking (only in the
northern regions of Spain) and drying (industrial, natural cham-
bers, even caves), artisanal or industrial scales (Fig. 3), small (snack
type) or length sized (1.5-2 m) (Figs. 4,and 5) [4, 5]. “Salchichon”
types had great development and innovation thanks to the spices
that came from “the New World,” that spread throughout the
world, especially in Europe. This sausage spreads in Spain and
other countries in the 1960s, caused by the western country’s
economic development, the fusion of traditional sausage “making
art” together with advances in man-made casing manufacturing
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Fig. 1 Commercial presentation of different “Salchichdn” types. (a) Artisanal “Fuet’; (b) Artisanal “Longaniza
imperial de Lorca” and (c) Industrial “Salchichon de Toledo”

Fig. 2 Packaged and unpackaged Spanish commercial samples of “Salchichon” and “Longaniza’. (a)
“Salchichon” extra semi-circular shape (65 mm); (b) “Longaniza” extra (33 mm); (c) “Salchichon” extra
round shape (65 mm)

on-going. According to Suursa & Barbut [6], the sausages were
stuffed into attractive and functional casings.

All “Salchichon” types can be eaten in all processing stages (see
Note 2). These dry-cured sausages are self-stable meat product
when rich intermediate moisture values. When this value is not
reached, heat treatment is suggested for its consumption.

Therefore, considering the abovementioned, the main objec-
tive of this chapter is to make a detailed description of the different
processing conditions (formulations, raw materials, ingredients,
times, temperatures, etc.) of the Spanish “Salchichon.”
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Fig. 3 “Longaniza seca’ elaborated with different pork breeds. (a) “White breeds” (commercial meat); (b)
“Chato Murciano” breed; and (¢) “Porco Celta” breed

“Longaniza de repisco”
(9.0 £ 0.10 m, 16-24 mm diameter)

“Fuet” salgot (2+0.1m
lenght, 30-50 mm diameter)

“Fuet” snack size (50+20 mm lenght)

Fig. 4 Length, diameter, and size of different “Salchichon” types (“Fuet’ and “Longaniza de repisco”)
commercially available in the Spanish market
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Fig. 5 Different types of commercial “Salchichon” type snacks in the Spanish market. (a) Fuet cocktail size; (b)
fuet stick size; (c) chicken Longaniza sticks size; (d) Longaniza sticks size

2 Materials

To avoid possible fraud to the consumer, Salchichon is regulated by
the Spanish Laws. For this reason, this dry-cured sausage, as well as
meat product it must comply with the provisions of 1.1 of Annex I
of Regulation 853,/2004 of the European Parliament and of the
Council of April 29, 2004. In 2014, Spanish legislation protects
“Salchichon.” Thus, the Royal Decree 474 /2014, [7], approves the
meat products quality standard. This document, according to their
elaboration process and treatment applied, classify meat products,
the composition, and quality characteristics, labeling, safety stan-
dards (to control elaboration process, critical control points during
processing, industrial auto-control rules, and traceability, are estab-
lished. In Table 1 the legal requirements for the different commer-
cial “Salchichon” types can be seen [7].

As was mentioned above, “Salchichon” can be described as a
dry-cured sausage that is made with minced lean a fatty tissues,
added with salt (marine or rock), to which curing salts (nitrites
and/or nitrates, ascorbates, erythorbates) are added with other
ingredients (see Note 3), starter cultures [3, 8, 9] among others.
In Iberian “Salchichon,” some producers even used small amounts
of paprika to improve the flavor and taste) and that after a process of
mixing and resting, it is stuffed into natural or artificial casings
(cellulose, collagen, small and large intestine from pork, beef,
veal, sheep, foal) that undergo a fermentation process (using
autochthonous microbiota or starter cultures and depending on
the “Salchichon” specialities it can be applied a smoking process)
and drying-maturation [ 10, 11]. However, the elaboration process,
as well as the main steps, are mentioned, as will be discussed in the
following sections of this chapter.
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Table 1

Commercial categories, composition, and legal requirements for the different “Salchichon” types
commercialized in the Spanish market [7]

Fat Carbohydrates Protein Collagen/ Added
Salchichon  Commercial (g/100 g (g glucose/100 g (g/100 g D. protein ratio protein
type category D.M.) D.M.) M.) (%) (9/100 g)
Commercial  Premium <57 <9 <30 <16 <1
(extra)
Salami Premium <68 <9 <22 <25 <1
(extra)
Salchichon de  Premium <50 <5 <37 <14 <1
Malaga (extra)
Iberian Premium <65 <5 <22 <25 <1
Salchichon (extra)
Salchichon <70 <10 <22 <30 <3

D.M. Dry matter

3 Methods

Among sensory properties, in “Salchichon,” one of the most
valued-added characteristics that consumers appreciated it’s the
long shelf-life (auto-stable at room temperature). This is caused
by different barriers or hurdles [12] for the spoilage microbial
growth and favors beneficial microbiota. Also, ultrastructural mod-
ifications caused by the salt effect upon myofibrillar proteins (actin—
myosin complex) and acidic gelification of those proteins by the
effect of lactic acid, generated by the microbiota metabolism
(mainly by the Lactic Acid Bacteria-LAB), curing agents such as
nitrate, nitrite, and sodium ascorbate. Nitrites contribute with the
antioxidant and antimicrobial activity in the sausages, among cured
color formation and avoid the warmed-over-flavor in this type of
sausages: Microbiota metabolism among lactic acid formation also
contributes to flavor and taste formation. The combination of these
factors provokes hurdles that also reduce the redox potential, and
generates an intermediate moisture food (water activity <0.90).
The dry-cured sausages can be described as processed meat
products that are made with minced lean a fatty tissues, added
with salt (marine or rock), to which curing salts (nitrites and/or
nitrates, ascorbates, erythorbates) are added with other ingredients
(carbohydrates: lactose, glucose, saccharose, potato starch, cooked
rice, dietary fibers; unsaturated fatty acids [8, 13] lemon juice,
wine, vinegar, nuts: almonds, walnuts, pistachios, etc.), additives
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Lean meat, pork backfat,
spices and additives

24 hours
3+ 12C

Natural or gf‘:’gﬁg.‘-?;l%l h
artificial casings E%%nv

5 hours

3t 19C

48 hours 22 £2°C —
Relative humidity: 9245% md Fermentation i

air velocity: 0.220.05 m/s

’ 22 days 12-16%22C
BLOGUEICUELEN — | Relative humidity: 88£2%
air velocity: 0.2£0.05 m/s

(
Salt; (d) Ground and whole black pepper; (e) Trimmed lean meat; (f) Grinder 8 mm plate; (g) Ground meat; (
Natural pork casings; (i) Stuffed “Salchichén” meat batter; (j) Drained “Salchichon” fresh sausages; (
“Salchichén” during fermentation stage in controlled conditions chamber; (I) “Salchichén” during the first
week on the dry-maturation stage; (m) “Salchichon” during the second week on the dry-maturation stage; (n)
Finished “Salchichén” at the end of the dry-maturation stage

(phosphates) and spices (black and white pepper, anise, cinnamon,
garlic, onion, oregano, among others) and that after a process of
mixing and resting, it is pressed into natural or artificial casings that
undergo a fermentation process (employing autochthonous micro-
biota or starter cultures and depending on the dry-cured sausages
specialties it can be applied a smoking process) and drying-
maturation [10]. In Fig. 6 the flow chart of the “Salchichon”
elaboration process can be observed.

There is not only one formulation for each Salchichon” type, all
of them are elaborated considering the producer’s traditional
knowledge or the innovation developed (fats, carbohydrates, addi-
tives reduction, new ingredients addition, among others) [5], to
satisty the consumer’s special requirements applied to this well-
known dry-cured sausage.

The “Salchichon” processing stages can be summarized as:

1. Raw material: “Salchichon,” as a meat product, is prepared
totally or partially with authorized meat (pork, beef, poultry,
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game, among others) mentioned in point 1.1 of Annex I of
Regulation 853,/2004 of the European Parliament and of the
Council of April 29, 2004, and is prepared according to estab-
lish in the European Community Food Regulations Laws.

. Mincing-Mixing: All lean and fatty cuts are ground with differ-

ent plates holes (2-10 mm) according to each sausage specifi-
cations, ingredients are incorporated and make de “Salchichén
meat batter.” In, both stages meat proteins, fats, salt, and other
ingredients start all. At this stage, important changes take place
(see Note 4). At this point, the “meat batter” is formed.

. Stuffing: The meat batter is introduced, by pressure, in a natu-

ral or artificial casing, that gives the special shape and length
(Figs. 1,2, 3,4, 5).

. Resting: is a short-term stage (12-24 h), in this stage allows

that the formulation water excess can be eliminated through
the casing pores.

. Fermentation: In this stage, temperature favored, the micro-

biota growth (“wild microbiota” or that the starter culture is
intentionally incorporated). Microbiota metabolizes “natural”
or added sugars and produces lactic acid, which reduces “Sal-
chichon” pH. Changes in pH produce several changes in the
meat batter (see Note 5) take place. From an industrial point of
view, this stage can be made in two ways: cold and warm
fermentation. Thus, “cold” fermentation (fermentation tem-
peratures are between 16 and 18 °C) and “warm” fermentation
(fermentation temperatures between 19 and 28 °C). The fer-
mentation time will depend on the “Salchichén” diameter
(1-2 days in cold fermentations to 7 days in “warm fermenta-
tions”) and sensory characteristics of the sausages. In both
fermentation types, the relative humidity in the fermentation
chamber is high (90-95%), to avoid that the surface dehydrates
and separation between meat batter and casing takes place. This
aspect must be avoided during the changes from sol to gel in
the stuffed sausage meat batter (“fresh Salchich6n”).

. Smoking: This treatment is applied in tew “Salchichon” types,

mainly in rural areas from the north of Spain (se¢ Note 6).

. Dry-maturation is the longest stage of the elaboration process.

In this stage, chemical, physical, physicochemical, microbiolo-
gical, and sensorial changes take place. From the industrial
point of view “Salchichon” must lose, at least 30% of their
original weight (“merma”). Also, water activity (Aw) is a
good indicator that the product is finished (Aw <0.90, Inter-
mediate Moisture Food) and is self-stable at room temperature
(Fig. 2). This stage is characterized by a slow and gradual
reduction in chamber humidity (90-80%), pH increase caused
by the microbiota evolution, the dynamic enzymatic activity



Table 2

Salchichoén 45

Agreements between the Spanish Health Agencies and the Meat Industry for the reduction of salt, fat,
and sugars content in Salchichon (Premium quality) until 2020

Reduced amount Average concentration Average concentration
Ingredient in meat products (%) (9/100 g) 2016 (9/100 g) 2020
Salt (NaCl) 16 3.9 3.5°
Total fat 5 41.0 38.95
Total sugars 10 4.0 3.6

*To ensure Salchichon microbiological safety, only a reduction of 10% can be applied [14]

(to produce aromatic compounds) and most notorious physical
change (sausage hardening).

The consumer’s information, according to legal requirements
tor labeling of the Spanish “Salchichon” commercial types and
another dry-cured specialty associated with this sausage, ingredi-
ents, additives and energy value (kJ and kcal) found in the Spanish
market is described in [5].

In 2019, the Spanish meat industries and the Spanish Health
authorities (Ministry of Health, Consumption and Social Welfare)
have reached an agreement (Table 2) about how to reduce the
health restrictors (salt content, sugars, saturated fats, and additives)
in the meat products. As result of this agreement, meat processors
have incorporated some practices to make meat products
healthier [14].

4 Notes

1. Traditionally, “Salchich6n-types” is made with pork meats.
There are different pork breeds (normally, “White,” “Celta,”
“Chato Murciano,” and “Iberian breeds”) that are used in
these dry-cured sausages. Also, other meat types (goat, sheep,
foal or beef meats, and games) can be used as raw material.

2. All “Salchichén-types,” can be eaten during mixing-resting
stage, at the end of the fermentation stage and in all
dry-curing stage.

3. “Salchichén-types” can be formulated with no-meat ingredi-
ents such as: (carbohydrates: lactose, glucose, saccharose,
potato starch, cooked rice, maltodextrins, quinoa flour, dietary
fibers (pea, soy, orange, lemon, apple, datepalm, tiger nut) [8];
lemon juice, white wine, vinegar, nuts: date palm, roasted
almonds, walnuts, pistachios, pine seed, chia, and sunflowers
seeds, etc.), additives (phosphates), and spices (black and white
pepper, anise, cinnamon, garlic, onion, oregano.
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4. During this stage, the biochemical, chemical physicochemical,

microbiological, physical, and sensorial changes take place.
Meat color pigments are formed and solubilization of acto-
myosin complex occurs.

. Biochemical (enzyme activities), chemical (protein and fat

hydrolysis among others), physical (color, texture) and physi-
cochemical (water holding capacity, oil holding capacity, water
activity, etc.) changes take place. Microbiota metabolism also
generates other chemicals, physical, physicochemical, and sen-
sory changes that characterize this type of meat product.

. In the drying-smoking chamber, the smoke must impinge on

the sausage indirectly. Woods used should not be damp or
green, they should not come from resinous wood (avoid the

use of pine wood or similar).
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Androlla and Botillo
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Abstract

The raising and slaughter of pigs has been a common and traditional practice in the northwestern part of the
Iberian Peninsula, including Galicia, Leon, Asturias, or northern Portugal. As a result of this, there are
multiple meat products derived from the cultural and climatic peculiarities of each region. In this sense, two
typical dry-ripening sausages of Galicia are the androlla and the botillo, although these are also widely
consumed in other regions of the northwest of the Iberian Peninsula.

Traditional production processes mean that both products differ enormously from one region to another,
or even between different producers. Therefore, nowadays, both sausages have a protected geographical
indication, which establishes the minimum characteristics and the processing and formulation conditions
that guarantee the quality of said products. With this in mind, the present chapter describes in detail the
formulation and the different stages of elaboration of both meat products (androlla and botillo).

Key words Traditional meat products, Pork sausage, Dry-cured products, Dry-fermented sausages,
Galician meat products, Atlantic-diet, Manufacture process

1 Introduction

Androlla and Botillo are two traditional dry-fermented sausages
manufactured in Galicia [1], although they are also consumed in
other regions of the northwest of the Iberian Peninsula, such as
North of Portugal, and Leon or Asturias in Spain. These products
were traditionally cured in the “lareiras” (Fig. 1), which were part
of the Galician culture (and from the North of Portugal) and were
used for curing meat products derived from pig slaughter, widely
distributed in these geographical areas and of a family nature. This
is because over time, in the different geographical areas, specific
products have been developed in accordance with their cultural and
climatic peculiarities [2].

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-2103-5_6,
© The Author(s), under exclusive license to Springer Science+Business Media, LLC, part of Springer Nature 2022
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‘ 5

Fig. 1 Typical “lareira” (a), a traditional place in Galician and North Portuguese houses for curing meat
products. Androlla appearance after dry-ripening process (b) and after cooking (c). Botillo appearance after
dry-ripening process (d) and after cooking (e)

During the last decade, and taking into account its great accep-
tance among consumers, its production has increased, although it is
still a typical meat product, made in a traditional or semi-industrial
way, following absolutely empiric traditional procedures, so there is
great heterogeneity in the products found in the markets [3]. This
means that each company or each manufacturer has a unique recipe
and probably different from other manufacturers. To avoid large
differences and try to standardize these meat products while pro-
tecting their quality and characteristics, since 2009 both are
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protected under a quality mark with Protected Geographical Indi-
cation, which sets minimum criteria for formulation and processing
steps that ensure the correct quality of the final product [4, 5].

Despite their wide consumptions, compared to other tradi-
tional meat products, the studies carried out on these two products
are very scarce. In fact, the few studies carried out in this regard
focus on the chemical, physicochemical [2, 6, 7] and microbiolo-
gical characterization [3], as well as the biogenic amine contents
[7, 8]. Additionally, and taking into account that the fermentation
and ripening process of sausages involves several proteolytic and
lipolytic reactions, responsible for the typical organoleptic charac-
teristic of these products, the study of the proteolytic, lipolytic, and
biogenic amines generation capacity of various strains of staphylo-
cocci and bacillus isolated from androlla and botillo were analyzed
[1, 9]. The objective of these studies is better understanding the
role of microorganisms in the release of compounds that play a vital
role in the development of the aroma and flavor of these products.
Moreover, the use of starter cultures containing selected indige-
nous microbiota, adapted to meat environment, guarantee pro-
ducts with reproducible organoleptic and hygienic properties
[1]. Finally, and taking into account that they are smoked meat
products, a study has been carried out on the PAH content in these
sausages [10].

Therefore, taking into account the aforementioned, the main
objective of this chapter is to make a detailed description of the
stages of the manufacturing process as well as the formulation of
the androlla and the botillo.

2 Materials

According to the regional regulation [4], Androlla is the meat
product resulting from the mixture of rib (minimum 90%) and
skin, obtained from pork cuts, suitably seasoned and stuffed in
large intestine of pigs or cattle, and which are subsequently sub-
jected to a process of smoked with oak wood ( Quercus robur L.) and
cured. The characteristics of the product covered by the protected
geographical indication are the following (Fig. 1) (se¢ Note 1):

1. Shape and external appearance: defined by the shape of the
casing, with its own texture and roughness. Casing without
tears, completely filled with the meat dough and well adhered
to it.

2. Weight: given that the casing in which it is stuffed is natural and
not calibrated, the weight will be variable, ranging from a
minimum of 0.2 kg to a maximum of 1 kg.

3. Consistency: firm and compact to the touch. The cut will
present a heterogeneous and not very tied appearance.



52 Rubén Dominguez et al.

4. Color: intense red, defined by the raw material and the season-
ings. It will not present yellowish tones that denote oxidation.

5. Aroma: intense marinated and smoked sausage. Once prepared
for consumption, the odor of cooked lean will predominate.

6. Taste: pleasant, spicy, and with a balanced sweet/salty ratio.

7. Texture: fibrous and not homogeneous, depending on the
portion that is tasted.

Similarly, Botillo, also known in some areas of Galicia as Botelo
or Butelo, is the meat product resulting from the mixture of rib
(minimum 70%) and skin, spine, lean, cheeks meat, and other bones
with meat (spine and other bones with meat should never represent
more than 15% of the total) obtained from pork cuts, suitably
marinated and stuffed in cecum, stomachs or bladders, also from
pork, which are subsequently subjected to a smoking process with
oak wood (Quercus robur L.) and cured [5]. The characteristics of
the botillo covered by the protected geographical indication are the
following (Fig. 1) (see Note 1):

As in the androlla, shape and external appearance of botillo are
defined by the shape of the casing, with its own texture and rough-
ness. Its shape will be oval, in the case of the cecum, and bag-shaped
in the case of stomachs or bladders. In this case, the weight of
botillo will be variable, since the casing in which it is stuffed is
natural and not calibrated, ranging between 0.5 kg and 2 kg in the
case of the cecum and bladders, and between 1 kg and 5 kg in the
case of stomachs. Moreover, the consistency, color, aroma, taste,
and texture characteristics must be exactly the same as those
described for the androlla.

In both cases, their consumption is carried out after cooking. It
should be noted that the main difference between both products
lies in the quantity and variations in some of the ingredients as well
as in the casing used. This determines that the botillo is a meat
product much thicker than the androlla, so that some of the stages
of'its elaboration have to be carried out for a longer time. However,
the general production process as well as the main stages are shared
for both products, as will be discussed in the following sections of
this chapter [11].

1. Main ingredients: Pork ribs and skin (se¢ Note 2).

2. In botillo formulation, also the use of spine and other bones
with meat, lean and /or cheeks meat is allowed (see Note 3).

3. Common salt, sweet and spicy paprika, garlic and, optionally,
nitrifying salt and oregano are used as seasoning ingredients/
spices (see Note 4).

4. Casings: In androlla, the allowed casing is the large intestine,
while botillo could be stuffed in cecum, stomach, or bladders.
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3 Methods

The different phases of the manufacturing process will be carried
out in accordance with the traditional knowledge of the producers,
in order to obtain a product of the highest quality. The elaboration
process of both meat products (androlla and botillo) consists of a
series of steps, including meat selection, mincing, mixing, macerat-
ing, stuffing, smoking, and curing, which will be carried out as
described below (Fig. 2):

1.

The selection of the meat is carried out at a maximum temper-
ature of 7 °C and a pH of 5.4 to 6.2.

. The mincing of the ingredients is done in pieces or regular

portions.

. Mixing the “meat” ingredients with the salt and the species/

seasoning ingredients.

. The maceration will be carried out after mixing, for a minimum

period of 12 h and at a maximum temperature of 5 °C. Dough
knead is usually carried out (see Note 5).

. Then the dough will be stuffed into large intestine (androlla) or

the cecum, stomach, or natural pig bladders (botillo) and tied
(manually or automatic). The stuffing method used should

[ Ingredient selection ]

[ Mincing ingredients ]
!

[Mixfng ingredicnts]

|
v

[ Maceration ]

!
[ Stuffing/tying ]
'

|

[ Dry-ripening ]

Fig. 2 Diagram of the different stages of the manufacturing process of androlla and botillo
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dryi

avoid the formation of air pockets between the meat mass, as
well as the breakage of the casing. Cotton twine or staple are
used for tying (see Note 6).

. Dry oak wood is used for smoking, a species of the Quercus

genus (Quercus robuyr L.) typical of the region. The minimum
smoking time will be 10 h in androlla and 30 h in botillo (see
Note 7). This process will take place in premises conditioned
for this purpose or in natural drying rooms, which allow venti-
lation control.

. Dry-curing is the final stage of the elaboration, in which the

drying and ripening process is carried out with a minimum of
5 days in androlla and 7 days in botillo, counted from the
stuffing (see Note 8). This process is carried out in locals
equipped for this purpose or in natural drying rooms, which
allow ventilation control and, therefore, achieve optimal con-
ditions of temperature and relative humidity, so that the result-
ing product acquires the traditional characteristics in terms of
color, aroma, and flavor typical of Androlla and Botillo de
Galicia.

The chemical composition of the final products (after the
ng-ripening period), are specified in Table 1. Both products

are commercialized in independent units. Androlla and botillo may
be authorized to be sold vacuum packed, raw or after cooking, or in
a modified atmosphere, provided that their quality and prestige are

not

impaired.

Table 1

Prox

imate composition (g/100 g) and main fatty acids (g/100 of fat) of

dry-ripening androlla and botillo

Androlla Botillo
Moisture 37.9-44.6 50.6-53.0
Protein 21.7 17.7-40.2
Fat 21.2-26.4 14.81-17.8
Ash 4.04 4.85
Salt 2.27-3.14 2.58-3.18
pH 5.39 5.54-5.62
SFA 37.99 36.08
MUFA 49.51 47.98
PUFA 12.51 15.93

SFA saturated fatty acids, MUFA Monounsaturated fatty acids, PUFA polyunsaturated

fatty

acids, Data obtained by published articles [2, 3, 6, 7]
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4 Notes

. The raw material will come from castrated males or females.

Animals used for reproduction cannot be used to obtain
androlla and botillo covered by the protected geographical
indication.

. The ribs must represent at least 90% in the androlla and 70% in

the botillo.

. Bones other than ribs must be less than 15% of the botillo

weight.

. These ingredients are common to both products. There are no

specific amounts, so each manufacturer mixes these ingredients
according to their own criteria.

. Although a minimum of 12 h is established, maceration periods

of 24 to 48 h are recommended [6].

. Before or after stuffing, the casing of botillo can be subjected to

a coating process with a solution of paprika and water.

. Although minimum smoking times are established, generally,

the time of the smoking process is longer, reaching 8-10 days
in the androlla and 7-15 days in the botillo [6].

. Longer drying-ripening times are recommended for the devel-

opment of more intense typical product aromas and flavors. In
the case of androlla, the drying-ripening process can take 1—-
2 months, while in botillo it would be longer than
3 months [6].
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Abstract

Dry-cured ham is one of the cured meat products consumed worldwide that is most appreciated by
consumers. Its organoleptic characteristics are responsible for this great acceptance by the consumer.
Even so, there are a great variety of factors, both intrinsic and extrinsic, that largely determine the quality
of this product. Among them, the processing and dry-cured conditions are vital for the correct develop-
ment of the typical characteristics. Both, proteolytic and lipolytic reactions and lipid oxidation during the
drying-curing step are responsible for the flavor and the texture properties of ham, which has a strong
influence on the sensory characteristics and determine the quality of the final product.

With this in mind, the present chapter describes in detail the formulation and the different stages of
elaboration of dry-cured ham. Moreover, this chapter also explains the importance of quality to dry-cured
ham manufacture.

Key words Traditional meat products, Manufacture process, Ham, Dry-cured process, Muscle food

1 Introduction

Dry-cured ham origin is not well known but the historical refer-
ences date from antiquity. The beginning of the production of ham
was centered in the Mediterranean regions due to their special
climatic characteristics, which made them suitable for a correct
curing process. However, technical advances have allowed its pro-
duction to be introduced in other regions such as China or the USA
[1]. Therefore, nowadays this product is a worldwide consumed
high-quality meat product.

According to the Spanish regulation [2], dry-cured ham is the
product made with the rear leg, which has generally been subjected
to a salting process, possibly accompanied by the addition of spices,
condiments, and additives, washing, resting or post-salting and
maturing and drying for long enough to give it its own

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-2103-5_7,
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organoleptic characteristics. As reported by the regulation, the
manufacturing process usually involves the salting of the entire
back leg with the aim to stabilize the raw material, followed by a
post-salting step in which the salt is distributed through the piece
(at low temperatures), and finally, dry-cured step in which the ham
is submitted to different drying conditions, increasing temperature
and decreasing relative humidity [3]. Through this process, the
release of free amino acids and fatty acids (from protein and lipids,
respectively) and the further conversion to other secondary pro-
ducts during oxidative and Maillard reactions giving rise the volatile
compounds and thus, the particular flavor and odor of this product
[4-6]. Also, the proteolytic reactions have a critical influence on the
texture properties of dry-cured hams, since excessive proteolysis
could produce a detrimental in the ham quality [7]. In this regard,
the correct distribution of the salt in the muscle is essential for
appropriate development of the process [3]. It is well known that
both, the content and distribution of salt throughout the piece
regulates the enzymatic reactions and also control microbial growth
[8, 9]. Moreover, the salt content also exerts an important role in
the oxidative processes during the dry-curing step, since it is
pro-oxidant [6], which influence the final flavor of the product.
Thus, salting, post-salting, and curing stages are critical steps in
dry-cured ham manufacture. However, current consumers are
aware about the effect of diet in their health, and several studies
related the high sodium intake with the development of various
diseases [8]. So, following both, consumers demand and interna-
tional health institutions recommendations, the meat industry has
proposed the partial NaCl replacement by other salts [10-16]. Nev-
ertheless, this aspect has several implications in both, nutritional
and sensory quality, since the sodium chloride replacers have differ-
ent inhibitory effects than NaCl, which affect all the aforemen-
tioned reactions [17].

On the other hand, due to the specific and characteristic man-
ufacture process or pig breeds used for the dry-cured ham produc-
tion, several quality seals and marks worldwide have been created
(Jamoén Serrano, Jamoén de Jabugo, Jamén de Guijuelo, Jamon
Ibérico, Presunto do Alentejo, Presunto de Barrancos, Presunto
de Barroso, Prosciutto di Parma, Prosciutto di Norcia, Prosciutto
Toscano, Elenski but, etc.), which are protected as Protected Geo-
graphical Indications, Protected Denominations of Origin and
Guaranteed Traditional Specialties or any other quality protected
mark [18]. This fact not only prevents fraud but also regulates and
standardizes the production process, facilitating uniformity in the
quality of the final product. In addition, within each denomination,
there is the possibility of a subclassification based on the duration of
the curing process (e.g., Bodega, Reserva, Gran Reserva, etc.).
Despite the variations between all of them, the general process is

shared.
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Therefore, taking into account the aforementioned, the main
objective of this chapter is to make a detailed description of the
stages of the manufacturing process as well as the formulation of
the dry-cured ham.

2 Materials

1. Back leg of pig (see Note 1).
2. Common salt.

3. Nitrifying salt (nitrite/nitrate) and other additives such as
ascorbate or sugar (se¢ Note 2).

4. Salting and post-salting rooms (temperature and relative
humidity controlled) (see Note 3).

5. Dry-curing room (temperature, relative humidity and air speed
controlled) (see Note 3).

6. Auxiliary materials (scales, pH meter, containers, knives, etc.)
(see Note 4).

3 Methods

The different phases of the manufacturing process will be carried
out in accordance with the traditional knowledge of the producers
and the PDO, PGI, or other protection marks specifications. The
objective of the dry-cured ham manufacture is to obtain add-value
products, without defects, sanitary secure and with genuine and
appreciated organoleptic characteristics [1]. Although little differ-
ences between producers, the manufacturing process of dry-cured
ham consist of a common series of steps, including an exhaustive
control, selection and classification of raw material, salting, post-
salting, dry-curing, and in most cases an ageing period to obtain
extra quality products, which will be carried out as described below
(Fig. 1). Though it is not common, it is important to highlight that
some manufacturers include a smoking step, as in the case of
Country Ham.

1. The selection, classification, and control of the raw meat should
be carried out at refrigerated temperatures (<7 °C). An exhaus-
tive control of pH should be carried out to prevent future
problems (PSE of DFD defects), and the pH values 24 h after
slaughter must range between 5.6 and 6.2.

2. After selection, each piece is outlined removing part of the
muscle, fat, and skin to get the desired form. Then, bleed is
made by either manual pressure or mechanical pressure remov-
ing the rest of the blood. Legs are kept in a refrigeration
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Fig. 1 Diagram of the different stages of the manufacturing process of dry-cured ham

chamber at 0-3 °C for 1 or 2 days to reduce internal tempera-
ture. Finally, pieces are classified by weight and fat level (see
Note 5).

. In order to achieve microbial stabilization, the next step is the

salting process. First, the curing salts (both common and nitri-
fying salts) are incorporated. In this case, they could be added
by the unspecified amount, in which hams are piled into a
chamber previous rubbed with a first layer of curing salts
(Fig. 2). For uniform distribution re-piling and adding of
dry-curing salt should be carried out every week with the
lower piles up and the upper ones down. The salting time is
dependent on the mass of the meat and is from 1 day up to
2.5 days per kg (generally 1 day/kg) if the meat is fresh and less
than 1 day/kg if the meat was previously frozen [12]. Another
possibility is the addition of a determinate amount of salts
(between 35 and 90 g per kg of weight), but this procedure is
longer (about 2—4 weeks) and complex. The salting process
occurs at 2-5 °C and 80-95% of relative humidity to obtain the
inhibition of undesirable microorganisms and to prevent the
external desiccation of hams. During the salting step, internal
water leaves outside and lead the salt diffusion to the internal
muscles.
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Fig. 2 Examples of hams salting using dry-salting method

4. Once the necessary time for salting has elapsed, the post-salting
process is carried out. In this step, salt is spread out uniformly
into the different muscles of the ham and cause partial dehy-
dration by osmosis. This produces control of microbial growth
and regulates proteolytic and lipolytic phenomena, which are
vital for the development of characteristic aroma and texture.
The first operation is the removal of excess salt by brushing
each piece (see Note 6), which are hanged in racks by the feet.
In order to maintain the microbiological stability, while the
water activity is >0.96 the pieces should be maintained below
5 °C, and then, the temperature could be increased to 5-8 °C.
Additionally, with the aim to prevent the formation of a crust,
high relative humidity (about 85%) should be maintained dur-
ing this step, but enough low to remove the superficial humid-
ity. In this case, also the air circulation and air speed are
important since they ensure the correct dehydration of the
pieces. The post-salting step lasts between 60 and 75 days (see
Note 7).

5. The next phase is drying-curing, in which the most important
biochemical changes takes place. In this step, the proteolytic
and lipolytic phenomena, as well as a moderate oxidative pro-
cess are the main responsible for the development of the typical
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Table 1

Proximate composition (g/100 g) of dry-cured ham

Bermudez et al. [19] Yim et al. [20] Carco et al. [21]
Moisture 35.8-46.6 53.9-56.0 50.4-50.8
Protein 73.1-80.7% 26.8-28.0 28.0-28.9
Fat 5.96-12.8° 3.24-6.17 13.3-14.6
Ash 11.4-12.4° 11.8-13.0 6.8-7.1
Salt - 14.1-17.3 5.16-5.34
pH 5.98-6.02 5.74-5.83 5.49-5.52

"Expressed as percentage of dry-matter

sensorial characteristics of dry-cured ham. In this phase, the
temperature change over time. In the beginning, about
10-12 °C and moderate-high relative humidity (~70%) is rec-
ommendable to prevent intense dehydration which could form
a crust and also affect the biochemical changes. The tempera-
ture value increases progressively until 32—-35 °C at the final of
this step. This fact ensures the correct development of flavor
and aroma of the product. The drying-curing phase duration is,
at least 3 (generally between 3 and 4 months) months, but it
can be extended to 12 months (se¢ Note 8). The proximate
composition of the final product is shown in Table 1.

. The ageing phase is optional. This step duration varies between

6 months and 4 years, in which the pieces are maintained at
18-24 °C and 70% of relative humidity. In this phase, the
biochemical and enzymatic reactions beginning previously con-
tinue for a minimum period of 10 months. At this moment, the
action of microorganisms, basically yeasts and molds, has an
important role in final flavor development. The final dry-cured
ham (Fig. 3) presents high quality and it is very appreciated by
consumers.

4 Notes

. Pieces with petechiae or/and hematomas should be removed

due to it could be originated by anomalous stunning or bone
fractures, and they can be derived in spoiling problems.

. Nitrite helps to red color development since it reacts with

myoglobin and originates nitrosomyoglobin, the typical pig-
ment of raw-cured meat products. Nitrite also inhibits the
growth of some pathogenic microorganisms such as
Clostridium.
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3 Final product after drying-curing step

. Salting and post-salting rooms need similar temperatures

(refrigerate temperature) and high relative humidity (>85%),
so the same room can be used for both steps. The case of the
drying-curing process requires high temperatures, low relative
humidity and being able to control the air speed, so specific
rooms are needed for this step.

. The typical materials used during the meat products

manufacturing process, including volumetric and gravimetric
material to measure/weight raw meat and/or ingredients, as
well as all necessary material to manage and control the
raw meat.

. A correct classification of the pieces guarantees complete con-

trol over the times necessary for salting.

. All excess salt must be carefully removed, well by brushing, and

the piece can also be washed to ensure that they are completely
free of salt.

. The time that remains in this phase depends mainly on the size

and width of each piece. The correct distribution of the salt in
this phase must ensure the stability of the piece.

. Longer drying-ripening times are recommended for the devel-

opment of more intense typical product aromas and flavors.
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Abstract

Dry-cured “lacon” is a traditional dried and ripened meat product made in the NW of Spain (autonomous
communities of Galicia, Asturias, and NW of Castilla y Le6n) from the fore leg of the pig cut at the shoulder
blade-humerus joint, following a manufacturing process very similar to that used in the manufacture of
dry-cured hams. Raw pieces are firstly dry-salted and then dried and ripened for variable times under
appropriate environmental conditions. Depending on the degree of ripening, the final product can be
consumed both raw or cooked after a desalting process. According to the aims of the book in which it is
included, in this chapter the manufacture process of the dry-cured “lacén” is described in depth also
providing very brief information on the biochemical and microbiological characteristics of the final product.

Key words Dry-cured “lacon”, Spanish traditional meat products, Manufacture process

1 Introduction

Dry-cured “lacén” is a traditional meat product made in the NW of
Spain (autonomous communities of Galicia, Asturias and NW of
Castilla y Le6n) from the fore leg of the pig cut at the shoulder
blade-humerus joint, following a manufacturing process very simi-
lar to that used in the manufacture of dry-cured hams. Raw pieces
are firstly dry-salted and then dried and ripened for variable times
under appropriate environmental conditions.

The term “lacén” is a Spanish word derived from the Latin
word “lacca” which refers to the meat product made from the fore
leg of the pig by drying and ripening processes. References to this
foodstuft are abundant in literature, mainly in books describing the
Galician traditional gastronomy [1, 2]. However, the interest for
the increase of the scientific knowledge of this meat product and for
the improvement of its quality is very recent. This product has been
manufactured, even also in the industries, following traditional
guidelines based on the empiric knowledge, with little
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standardization of the production process and with a scarce control
on the duration of the different steps and on the environmental
conditions in the manufacturing rooms. As a consequence of this
fact, the chemical and organoleptic characteristics, and therefore
the quality, of the final products were very variable. In the markets,
together with products correctly manufactured and having typical
and optimal organoleptic characteristics, there were units of rather
poor quality. This fact negatively influenced the commercial image
of this product and limited its demand by the consumers. In the last
two decades, an extensive research was performed on the biochem-
ical [ 3-6], microbiological [7], and sensory [5, 8] characteristics of
this meat product, on the biochemical [9-12] and microbiological
[7, 13-15] changes that take place during its manufacture, on the
effect of some features of the manufacture process on these changes
[10, 11, 13-19], and on the effect of the culinary treatment on its
chemical composition and nutritional value [20, 21]. This allowed
to know in depth the chemical, microbiological, and sensory char-
acteristics of this meat product and the effect on these character-
istics of some modifications made in the traditional manufacturing
procedure. Overall, this knowledge allowed the obtaining of more
homogeneous and high quality products, whit a notable improve-
ment of the image and acceptance in markets. In the Galicia auton-
omous community, this product has been distinguished with a
Geographically Protected Identity (I.G.P. Lacoén Gallego)
[22]. Although it is necessary to indicate that most of the
dry-cured “lacén” produced in Galicia is manufactured outside
the I.G.P. “Lac6n Gallego.”

In this chapter, and according to the aims of the book in which
it is included, the manufacture process of the dry-cured “lacén” is
described also providing very brief information on the biochemical
and microbiological characteristics of the final product.

2 Materials

Raw materials and additives for manufacture of dry-cured
“lacon” are:

Raw pieces: The raw piece is constituted by the pig foreleg cut
at the shoulder blade-humerus joint (Fig. 1). The foot can be
optionally eliminated although the pieces that are manufactured
under the designation “I.G.P. Lacon Gallego” must keep it. The
weight of the raw piece is very variable depending on the weight of
the carcass from which it come, the “I.G.P. Lac6n Gallego” how-
ever only qualifies raw pieces ranging from 3.5 to 6.5 kg. To obtain
final products of optimum quality, the raw pieces must be at
0—4 °C, have pH values in the 5.6-6.2 range (avoiding PSE or
DFD meats), be free of bumps, wounds, or bruises, and have been
preserved refrigerated and for short periods of time until the start of
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Fig. 1 Raw piece used in the manufacture of dry-cured “lacén”

production. The use of old or improperly stored raw pieces with the
surface too dry or with superficial microbial growth (slime) hinders
the penetration of the salt and compromises the microbial stability
of the product in the first stages of processing. Also, in order to
avoid the “boar taint” defect the pieces must come from castrated
males or from females that are not slaughtered during heat.
Regarding the pig breed from which pieces come, the
L.G.P. “Lacon Gallego” admits the breeds Celta (the autochtho-
nous Galician breed), Large White, Landrace, Duroc, and their
crosses (see Note 1). Also, according to the feeding of the pigs,
the I.G.P. “Lacén Gallego” distinguishes two classes of manufac-
tured product: “Traditional Lacon Gallego” coming from pigs fed
with traditional feed (cereals, acorns, chestnuts, and tubers) and
“Lacon Gallego” coming from pigs fed with authorized commer-
cial compound feed. Due to the negative influence on the sensory
quality of the product, the I.G.P. “Lacén Gallego” prohibits the use
of fish oils and meals and their derivatives in pigs’ feeding (sec Note
2).

Salt: For salting, coarse marine edible salt without insolubles is
used. Salt should have a medium granulometry (comprising a mix
of grains of between 2 and 6 mm thick). A too coarse salt dissolves
with difficulty and slows down the salting process. On the other
hand, too fine a salt dissolves quickly, the pieces of meat come into
direct contact with each other and the penetration of the salt into
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the interior of the pieces is made difficult. Salt composition is also
important. Nitrate and/or nitrite impurities are desirable for the
formation of the nitrosylmyoglobin pigment and the development
of the typical red color of the cured meat. Heavy metal impurities
(Fe and Cu) are undesirable because they accelerate the oxidation
reactions of the fat and exacerbate the rancidity of the finished
products.

Additives: Additives are usually used in the industrial manu-
facture. The use of some additives improve the manufacturing
process and the organoleptic characteristics of the final products.
According to the results of the research made on this subject, the
addition of glucose (2 g/kg of meat), sodium nitrite (E250)
(125 mg/kg), sodium nitrate (E251) (175 mg/kg), sodium ascor-
bate (E301) (500 mg/kg), and sodium citrate (E331) (100 mg/
kg) significantly increases the percentage of conversion to cured
meat pigments and improves the color and the odor of the final
product assessed by using sensory analysis [ 10].

3 Methods

Manufacture of dry-cured “lacon” is performed in the following
steps (Fig. 2):

Obtaining and selection of the raw pieces: After the slaugh-
ter of the pigs by the methods contemplated by the regulations, the
carcasses are ideally aired for a minimum of 24 hours at tempera-
tures of 0-5 °C and relative humidity of 80-90% before quartering.
After cutting, the pieces are examined discarding the defective ones
and later classified by weight. It is very important that the pieces of
each batch have a weight as identical as possible so that the salting
intensity as well as the subsequent dehydration and maturation
processes are homogeneous in all the pieces within the batch. The
blood in the pieces is removed in an exhaustive way to prevent
undesirable microbial growth.

Salting: Firstly, the interior side (the one without skin) of the
pieces is rubbed with the coarse salt (Fig. 3a). At this moment, the
additives, when added, are rubbed before the salt. After this, pieces
are covered with an excess of salt, stacking the pieces by alternating
layers of pieces and layers of salt (Fig. 3b). The pieces remain in
contact with the salt for a time equivalent to one day per kilogram
of weight. Experimentally, it has been observed that this salting
time is the one that results in a final product with a better sensory
quality [17]. To facilitate a correct penetration of the salt in the
pieces and to avoid an undesirable microbial growth, the salting
room must be at 2-5 °C and 80-90% relative humidity.

Brushing/washing: once finished the salting stage, the pieces
are brushed to remove the solid salt from their surface and option-
ally washed with cold or warm water. When the pieces are washed,
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1 day/kg
2-5°C
80-90% R.H.

15-90 days
12°C
75-80% R.H.

Fig. 3 Dry-salting process in the manufacture of dry-cured “lacdn”. After rubbing with coarse salt (a) the pieces
are covered with an excess of salt, stacking the pieces by alternating layers of pieces and layers of salt (b)

the water must have an optimal microbiological quality and the
pieces must be allowed to drain and dry for a period of approxi-
mately 12 h before transferring them to the post-salting rooms.
Post-salting: takes place by leaving the pieces to remain in
rooms at 2-5 °C and 85-90% relative humidity. During this
phase, the salt, which until then had remained close to the surface
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is homogeneously distributed throughout the piece. Salt assures
the microbiological stability of the meat and at the same time
controls and modulates the enzymatic activities and the physical
and chemical transformations that will be responsible for the sen-
sory characteristics of the final product. The duration of this phase
is around 15 days. The P.D.O. “Lacon Gallego” establishes a
minimum duration of 7 days for this phase.

In the traditional manufacture process, sometimes pieces were
smoked during this stage using dry oak (Quercus robur L.) wood.
Traditionally, and due to its dehydrating, antioxidant and antimi-
crobial effects, smoking was part of a combined preservation system
together with salting and dehydration. At present, smoking is
maintained as a hedonic agent that gives to the products a charac-
teristic and desirable smell, color, and flavor. When the smoking
only pursues a hedonic purpose, it is usually applied to the final
product, immediately before it is marketed. The I.G.P. “Lacén
Gallego” expressly prohibits the smoking in the pieces covered by
this denomination (se¢ Note 3).

Drying-ripening: once finished the post-salting stage, pieces
are transferred to rooms at 12 °C and 74-78% relative humidity.
During this stage, a controlled and progressive dehydration of the
pieces takes place, at the same time that the proteolytic, lipolytic,
and oxidative processes responsible for the aroma, flavor, and tex-
ture desirable and characteristic of the final product ready for
consumption. The optimal duration of this phase is 12-24 weeks
depending on the size of the pieces. The I.G.P. “Lac6én Gallego”
establishes a minimum duration of 15 days for this phase. An
excessively short drying-ripening period, which is relatively preva-
lent in the industry for reasons of economic profitability, leads to
end products with poor aroma and flavor [5], being merely salty
raw meats (see Note 4). On the contrary, the excessive prolongation
of this phase gives rise to products that are too hard and dry and
with a degree of rancidity of the fat that is unpleasant. Depending of
the degree of ripening, the final product (Fig. 4) can be consumed
raw or cooked after a desalting process.

4 Characteristics of the Final Product

Table 1 shows a summary of the values of the compositional and
physicochemical parameters, and of the parameters indicating the
degree of modification of the protein and fat components in the
dry-cured “lacén” pieces at the end of the manufacturing process.
In general, results reasonably agree among the studies carried out
and reported in the literature. The high salt contents possibly
achieved due to the low thickness of the pieces are noteworthy,
and which require a desalting of the product before its cooking
prior to consumption. Values of moisture content and water activity
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Fig. 4 Dry-cured “lacon” ready for consumption (raw or cooked)

Table 1
Chemical composition, physicochemical parameters and some characteristics of the protein and fat
fractions of dry-cured “lacon” at the end of the manufacture process

Data from Marra Data from Lorenzo Data from Veiga Data from Lorenzo

et al. [3] et al. [9] et al. [6] et al. [10]
Moisture 50.44 £ 4.14 39.62 +7.40 60.97 + 3.24 42.02 £2.81
(8/100 g)
Protein 56.40 £5.53 52.80 +£4.21 63.35 £ 3.77 58.0 £ 5.09
(N x 6.25)*
Fat® 19.73 £7.53 22.31 £ 8.04 14.76 + 4.14 20.7 £1.15
Ash? 20.66 +4.31 23.35 + 3.80 21.64 £291 15.7 £ 5.50
NaCl* 16.2 +4.18 19.50 £1.72 18.67 £ 6.52 13.1 +4.90
Total 0.58 £0.23 0.16 £ 0.04 0.03 £0.00
carbohydrates®
Hydroxyproline® 0.76 £ 0.23 0.58 + 0.07 0.70 £ 0.17
Nitrate® 41.1 £58.1 58.37 + 3.58 66.87 +26.82 39.0 £ 6.04
pH 6.14 + 0.19 6.16 + 0.14 591 +£0.22 6.40 + 0.22
Titratable acidity® 0.08 £0.03 0.72 £ 0.07 0.15 £ 0.08
Ay 0.872 £+ 0.030 0.767 + 0.052 0.91 £0.01 0.876 &+ 0.075

(continued)
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Table 1
(continued)

Data from Marra

Data from Lorenzo Data from Veiga

Data from Lorenzo

et al. [3] et al. [9] et al. [6] et al. [10]
Nitrosyl-heme 342 +245
pigments*
Total heme 279 £ 183
pigments®
P.C.c 13.5 £9.36 16.44 £+ 2.09 17.50 £ 1.27
Total nitrogen® 8.45 + 0.67 9.19 + 0.81
Non-protein 0.77 £0.17 0.74 £ 0.06
nitrogcnf
a-Amino acidic 0.39 £ 0.07 0.43 £0.01
nitrogen’
Total basic volatile 0.05 + 0.01 0.11 £ 0.04
nitrogen’
Free fatty acids® 2.33+0.17 4.99 + 0.67 2.77 £ 1.15
Peroxide value" 37.7 £10.1
Thiobarbituric acid 4.01 £1.50 10.39 + 3.18

value'

* Expressed as g/100 g of total solids

Expressed as g of glucose,/100 g of total solids

“Expressed as ppm
9Expressed as g lactic acid /100 g

€P.C. Percent conversion to cured meat pigments

‘Expressed as g/100 g of total solids
€Expressed as % of oleic acid

"Expressed as meq O,/kg of fat
‘Expressed as mg malonaldehyde/kg meat

are those that show a wider range. Differences in moisture contents
and in a,, values reported by different authors in the final products
probably mainly reflect differences in the duration of the manufac-
ture process, and above all in the duration of the drying-ripening
stage. The duration of the manufacture process is critical in the
achievement of the typical organoleptic characteristics of this prod-
uct. The shortening of the manufacture processes with very short
drying-ripening periods gives rise to products hardly ripened, and
having severe deficiencies in flavor, color, and texture [5].

The values of the different nitrogen fractions (non-protein
nitrogen, a-aminoacidic nitrogen and total basic volatile nitrogen)
indicate that the proteolytic processes taking place during the man-
ufacture of this meat product are only moderate. The high salt
contents, the low temperatures during the manufacture (never
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above 12 °C), and the intense dehydration suffered by the pieces
during the manufacture (see Note 5) appear to be the cause of the
low protein degradation observed in dry-cured “lacon” when com-
pared with other dry-cured meat products made from whole cuts
such as the hams.

The values reported for the parameters that indicate the degree
of lipolysis (free fatty acids) and the auto-oxidation of the fat
(peroxide value and thiobarbituric acid value) reveal that apprecia-
ble lipolytic and oxidative changes take place during the manufac-
ture of dry-cured “lacon.” When compared these values with those
reported for other dry-cured meat products such as hams after
similar ripening periods, data indicated a moderate lipolysis but a
strong lipid oxidation during the manufacture process of dry-cured
“lacon.” This circumstance could be related with the higher NaCl
(a recognized prooxidant agent) contents in the “lacon” and with
the lower size of the “lacon” pieces that causes an increase of the
surface per unit of weight and therefore the surface of contact with
the air, and consequently with the oxygen, during the manufacture
process.

Table 2 shows the counts of the most representative microbial
groups both in the surface and in the interior of the pieces at the
end of the manufacture of dry-cured “lacén.” As a result of the
intensity of the salting process and of the high NaCl concentrations
reached both on the surface and in the interior of the pieces, the

Counts of some microbial groups (logo C.F.U./g) in the surface and in the interior of the pieces of
dry-cured “lacon” at the end of the manufacture process. (Data from Vilar et al. [7])

Microbial group

Total aerobic mesophilic bacteria Surface 479 £ 1.55
Interior 1.99 £ 147
Salt-tolerant bacteria Surface 491 £1.52
Interior 1.69 £+ 1.66
Lactic acid bacteria Surface 345+ 098
Interior 1.25 +1.23
Molds and yeasts Surface 4.22 +1.69
Interior 117 £1.17
Enterococci Surface 0.16 £ 0.22
Interior -
Enterobacteriaceae Surface -
Interior =

—, Absencein 0.2 g
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salt-tolerant bacteria counts practically coincided with those of the
total mesophilic aerobic bacteria. Molds and yeasts also showed
high counts. Enterobacteriaceae were absent both in the surface
and in the interior of the pieces, while enterococci were present
only in the surface of one of the five batches studied.

5 Notes

. Crossbreeds with Belgian White and Pietrain are also allowed as

long as these breeds do not intervene in a proportion greater
than 25%.

. The use of fish products in pigs’ feeding determines the appear-

ance of strange, atypical flavors and aromas in the manufac-
tured “lacon” and also accelerates the lipid auto-oxidation
processes during ripening with early and excessive rancidity.

. This measure is intended primarily to avoid the variability in the

organoleptic characteristics resulting from uneven intensity of
smoking. In addition, smoking is not to the unanimous liking
of all consumers and excessive smoking could mask the genuine
and characteristic flavor and aroma of this meat product.

. The presence in the markets of insufficiently ripened pieces,

lacking the characteristic flavor and aroma, seriously damages
the image of the product.

. The intense dehydration undergo by this meat product during

the manufacture is a consequence of the particular shape of the
pig foreleg, much less thick than the hind leg used for the
manufacture of hams.
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Dry-Cured Loin

Rubén Dominguez, Mirian Pateiro, Maria Elena Sosa-Morales,
Jorge Felipe Reyes, Adriana Pazos, Gema Nieto, Paulo E. S. Munekata,
and José Manuel Lorenzo

Abstract

The dry-cured loin is one of the cured meat products consumed worldwide, and due to its excellent
organoleptic characteristics, it is most appreciated by consumers. However, the most important properties
(both, sensorial and nutritional characteristics) depend on the manufacturing process, including the type
and amount of spices used in the seasoning phase and also from the drying-curing conditions. Therefore,
although each manufacturer has its own formulation, the main phases are common, and the final char-
acteristics are similar.

With this in mind, the present chapter describes in detail the formulation and the different stages of
elaboration of dry-cured loin.

Key words Manufacture process, Loin, Dry-cured product, Muscle food, Seasoning, Ripening
process

1 Introduction

Dry-cured loins, one popular dry-cured meat product, are consid-
ered as a high quality product worldwide consumed, with an out-
standing flavor parameter [1]. The dry-cured is a typically Spanish
dry-cured meat product that is considered the noblest and valuable
piece of the pork carcass, exceeding its price even that of ham [2, 3].

The dry-cured loin could be defined as a meat product made
with the muscular package formed by the Longissimus thoracis et
lumborum muscles of the pig, in a single piece, practically free of
external fat and tendons, which has generally undergone salting,
seasoning and curing process, and stuffed in natural casings or
artificial casings, which has undergone an adequate drying-curing
process [4]. As reported, the manufacturing process usually
involves the salting of the raw loin in order to stabilize the raw
meat, followed by a seasoning step with spices (paprika, oregano,

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-2103-5_9,
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garlic, and /or other spices) and stuffing in a casing. Usually, olive
oil is also used in the seasoning step. Finally, in the drying-curing
phase the loin is submitted to different drying conditions, increas-
ing temperature and decreasing relative humidity in order to
achieve the typical characteristics of the dry-cured loin. It is impor-
tant to highlight that the duration of the drying-curing process is
shorter (usually 50-60 days) than those used for other traditional
meat products made with whole pieces (e.g., dry-cured ham,
cecina, or lacon).

Through the manufacturing process, the release of free amino
acids and fatty acids (from protein and lipids, respectively) and the
further conversion to other secondary products during oxidative
and Maillard reactions giving rise to the particular flavor and odor
of this product [5, 6]. In this regard, several authors reported a
progressive increase of both, proteolysis [1, 7, 8] and lipolysis
phenomena [9-11] during the different steps of manufacturing
process. This fact was also observed after the drying-curing process,
during the loin storage [12]. The free fatty acids and free amino
acids serve as precursors for further reactions [6] and the release of
odorant compounds [5 ], which are responsible for the characteris-
tic aroma and flavor of this product. Thus, as expected, multiple
researchers also observed that both, the content and the profile of
volatile compounds changed with the evolution of manufacture
phases [9, 10, 13]. However, not only these reactions are responsi-
ble for the aroma of dry-cured loin since it uses spices in its
manufacture process, which impart the characteristic volatiles of
these spices, mainly terpenoids [5]. Among all steps, the drying-
curing phase is responsible for the most important biochemical
changes, which determine the quality of the final product and the
sensory characteristics. In this phase, the enzymatic activity, oxida-
tive reactions and the distribution of all ingredients through the
pieces ensure the complete development of a quality product.
Additionally, the progressive moisture release produces an increase
in the hardness and improve the texture parameters of this product
[9-11]. Therefore, all steps should be carefully controlled since
variations on the typical characteristics of this product could influ-
ence consumer acceptance [9].

Taking into account the aforementioned, the main objective of
this chapter is to make a detailed description of the stages of the
manufacturing process as well as the formulation of the dry-cured
loin.

2 Materials

1. Loin (Longissimus thovacis et lumborum muscles) of pig (see
Note 1).

2. Common salt.
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. Nitrifying salt (nitrite /nitrate) (see Note 2).
. Spices (garlic, oregano, and paprika) (se¢ Note 3).
. Olive oil (see Note 3).

. Collagen casings.

N QN gk W

. Dry-curing room (temperature, relative humidity and air speed
controlled) (see Note 4).

8. Auxiliary materials (scales, containers, knives, etc.) (see Note

5).

3 Methods

The objective of the different phases of the dry-cured loin
manufacturing process is to obtain high-value products, without
defects, sanitary secure and with genuine and appreciated organo-
leptic characteristics. Although there are few differences between
producers, the manufacturing process has the next common steps

(Fig. 1):

1. After extract the muscles (Longissimus thovacis et lumborum)
from animal carcasses, the pieces (loins) are refrigerated for
48 h in a cold room between 2 and 4 °C. Each piece of loin is
properly profiled, eliminating the excess parts (pieces of meat,
excess superficial fat, etc.) to achieve the desired shape (see
Note 6).

2. The next step is the salting phase. This phase can be carried out
manually or in rotary drums. In this stage, the loins are rubbed
by massaging with 3 g/kg of the nitrification salts (nitrates and
nitrites) and then covered with excess common salt. Only in the
case that a rotatory drum is used, the loins are macerated for
approximately 20 min under refrigerated and vacuum condi-
tions. Then, in any case (manually of with rotatory drums),
they are placed in a container adding any remaining salt and
stored for 2.4 h/kg of loin (se¢e Note 7) in a refrigeration
chamber at 2—4 °C and 85-95% of relative humidity, to allow
the salt to penetrate and stabilize the product.

3. After this time, the loins were brushed to remove excess of salt
(see Note 8). The next step is seasoned with spices. For this
phase, all loins are rubbed by massaging with 15 g/kg of
paprika, 2 g/kg of fresh garlic, 0.5 g/kg of oregano, and
25 g/kg of extra virgin olive oil until a uniform distribution is
achieved. Then, the loins were kept at refrigerating conditions
(3-5 °C/85-95% of relative humidity) for 2.5 days to allow the
seasoning mixture to penetrate (sec Note 9).
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[ Selection and profiling of ] g ;
raw loin

W Common Salt
ﬁ Nitrite & nitrate
Salting : : >
2.4 hours'kg of weight

2-4°C & 85-95% RH

N Paprika, oregano,
] olive oil & garlic

s
>

) 2.5 days
3.5°C & 85-95% RH

] Collagen casing -
é

[ Stuffing

|

[ Drying-Curing }43‘ g
4-16°C
60-90% RH

Fig. 1 Diagram of the different stages of the manufacturing process of
dry-cured loin

4. The seasoned loins are then stuffed into collagen casings

(75 mm internal diameter) (see Note 10) and transferred to a
dry-cured room.

. The next phase is drying-curing, in which the most important

biochemical changes takes place, and they ensure the correct
development of the typical sensorial characteristics of dry-cured
loin. In this phase, the temperature and relative humidity
change over time (see Note 11). The initial drying-curing
conditions are set at low temperatures (4-6 °C) and high
relative humidity (85-90%). The progressive changes of the
drying-curing conditions are shown in Table 1, going from
the conditions previously described to the final conditions of
14-16 °C and 60-65%, which are maintained for one month.
In this phase, the air circulation and air speed are important
since they ensure the correct dehydration of the pieces. The
proximate composition of dry-cured loins is shown in Table 2,
while an example of final product (after drying-curing phase) is
shown in Fig. 2.
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Evolution of conditions (temperature and relative humidity) during drying-curing step

Days Temperature (°C) Relative humidity (%)
0-14 4-6 85-90
15-21 6-8 80-85
22-30 8-10 70-75
30-60 14-16 60-65
Table 2

Proximate composition (g/100 g) of loin after drying-curing process

Lorenzo & Carballo [9]

Pateiro et al. [10]

Vargas-Ramella et al. [11]

Moisture
Protein®
Fat®
Ash?

pH

36.5

81.0
3.41

15.7
5.90

34.0
72.5
11.7

5.80

38.8
73.1

4.6
17.7

5.57

*Expressed as percentage of dry-matter

Fig. 2 Dry-cured loin after drying-curing step
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4 Notes

10.

11.

. Although loin from pigs is the most common raw meat used in

the manufacture of dry-cured loin, the loin from other species
(venison, foals/horses, veal, etc.) could be used.

. Nitrite helps to red color development since it reacts with

myoglobin and originates nitrosomyoglobin, the typical pig-
ment of raw-cured meat products. Nitrite also inhibits the
growth of some pathogenic microorganisms such as
Clostridium.

. Paprika gives the characteristic external color to the dry-cured

loin. Moreover, the other spices specified in this process could
be changed by others, and the use of olive oil is optional.

. Drying-curing process requires moderate-high temperatures,

low relative humidity and being able to control the air speed, so
specific rooms are needed for this step.

. The typical materials used during the meat products

manufacturing process, including volumetric and gravimetric
material to measure/weight raw meat and/or ingredients, as
well as all necessary material to manage and control the
raw meat.

. Refrigeration temperatures must be maintained during all the

operations carried out in the processing of the loins (with the
exception of the drying-curing step), to avoid microbial prolif-
eration and ensure the quality and safety of the final product.

. The residence time to achieve the correct salting can vary. For

example, in previously frozen pieces it can be less, while in
pieces with large thicknesses this time can be increased.

. All excess salt must be carefully removed by brushing to ensure

that the pieces are completely free of salt.

. During the 2.5 days that the seasoning is left to rest, the salt is

also distributed evenly throughout all the pieces.

The diameter of the casings used to stuff the loins may vary
depending on the characteristics and size of each of the pieces.

Drying-curing must be carried out progressively, slowly
decreasing the relative humidity to avoid the formation of
superficial crusts that would lead to an incorrect drying
process.

Acknowledgments

This work was supported by Centro Tecnoléxico de la Carne de
Galicia. Thanks to GAIN (Axencia Galega de Innovacion) for



Dry-Cured Loin 85

supporting this book chapter (grant number IN607A2019/01).
Authors are members of the Healthy Meat network, funded by
CYTED (ref. 119RT0568).

References

1

. Zhou CY, Wang Y, Pan DD et al (2017) The

changes in the proteolysis activity and the accu-
mulation of free amino acids during chinese
traditional dry-cured loins processing. Food
Sci Biotechnol 26:679-687

. Purrifios L, Gémez M, Dominguez R et al

(2012) Embutidos crudo-curados de Cerdo
Celta. In: Lorenzo JM, Fernandez M (eds)
Manual del Cerdo Celta. Centro Tecnoldxico
da Carne, Ourense, Spain, pp 125-153

. Lorenzo JM, Dominguez R, Pateiro M et al

(2020) Catalogo de productos carnicos Iber-
oamericanos, red healthy meat (CYTED
119RT0568). Ourense, Spain

. BOE Real Decreto 474,/2014, de 13 de junio,

por el que se aprueba la norma de calidad de
derivados carnicos. https://www.boe.es/dia
rio_boe/txt.php?id=BOE-A-2014-6435

. Dominguez R, Purrifios L, Pérez-Santaescolas-

tica C et al (2019) Characterization of volatile
compounds of dry-cured meat products using
HS-SPME-GC/MS  technique. Food Anal
Methods 12:1263-1284

. Dominguez R, Pateiro M, Gagaoua M et al

(2019) A comprehensive review on lipid oxida-
tion in meat and meat products. Antioxidants
(Basel) 8:429

. Salazar E, Cayuela JM, Abellan A et al (2019)

Effect of breed on proteolysis and free amino

10.

11.

12.

13.

acid profiles of dry-cured loin during proces-
sing. Anim Prod Sci 59:1161-1167

. Abellan A, Salazar E, Vazquez ] et al (2018)

Changes in proteolysis during the dry-cured
processing of refrigerated and frozen loin.
LWT- Food Sci Technol 96:507-512

. Lorenzo JM, Carballo J (2015) Changes in

physico-chemical properties and volatile com-
pounds throughout the manufacturing process
of dry-cured foal loin. Meat Sci 99:44-51

Pateiro M, Franco D, Carril JA et al (2015)
Changes on physico-chemical properties, lipid
oxidation and volatile compounds during the
manufacture of celta dry-cured loin. J Food Sci
Technol 52:4808-4818

Vargas-Ramella M, Dominguez R, Pateiro M
et al (2020) Chemical and physico-chemical
changes during the dry-cured processing of
deer loin. Int J Food Sci Technol 55:1025-
1031

Gomez M, Cachaldora A, Fonseca S et al
(2018) Biochemical, oxidative, and Lipolytic
changes during vacuum-packed storage of
dry-cured loin: effect of chestnuts intake by
Celta pigs. ] Food Qual 2018:7690501

Vargas-Ramella M, Munekata PES, Pateiro M
et al (2021) Evolution of volatile compounds

during dry-cured deer loin processing. Int J
Food Sci Technol:15255


https://www.boe.es/diario_boe/txt.php?id=BOE-A-2014-6435
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2014-6435
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2014-6435

Check for
updates

Dry-Cured Cecina

Natalia Ordonez Gutierrez, Irma Caro, and Javier Mateo

Abstract

Spanish beef cecina is a traditional whole-piece dry-cured intermediate-moisture ready-to-eat meat product
produced in Northwestern Spain. A certified beef cecina produced in the province of Ledn “Cecina de
Leon” has been granted a European protected geographical indication quality label. This chapter describes
the quality characteristics of Cecina de Le6n, the raw materials and the desirable characteristics of the beef
used in the making of Cecina de Leén and explains the making process. This meat product is prepared using
beef from animals weighing over 400 kg. The beef cuts used come from the hind legs, such as the silver side
or top round. The cuts are dry salted and then hung in ripening chambers for several months. During
ripening beef cecina is dry smoked for a number of days.

Key words Traditional meat products, Intermediate-moisture meats, Dry-cured meat products,
Spanish meat products

1 Introduction

Spanish cecinas are whole-piece dry-cured intermediate-moisture
ready-to-eat meat products which could be considered as a product
similar to Italian bresaola, Turkish pastirma, or Swiss viande de
grissons. The cecina making process consists of dry-salting meat
cuts which are then ripened. Cecina cuts are dry smoked during
ripening. The aw of cecinas ranges from 0.7 to 0.9, which confers
the product microbial stability at room temperature [1]. In the
past, cecinas were widely produced in the rural areas of Spain.
However, nowadays, most cecinas are industrially produced.
There are four types of cecinas on the market depending on the
animal species whose meat is used for their preparation [2]: beef
cecina, the most popular and abundant, produced in Northwest
Spain, small-ruminant cecina—mainly goat cecina, which is typical
of the central mountain region in the province of Leon—, equine
cecina, and game cecina.

Beef cecina is made from the hind leg cuts of heavy cattle
carcasses and is dry smoked during ripening. The cuts mainly

José Manuel Lorenzo et al. (eds.), Production of Traditional Mediterranean Meat Products,
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Fig. 1 Vacuum-packaged cecina and a cecina slice ready to be consumed

used for cecina preparation are round of beef (in Spanish zapa),
thick flank or top rump (&abilia), ramp (cadera), silver side plus eye
of round (contra con redondo), and the center of the silver side
composed by the gluteobiceps muscle (centro de contra). The
cecina obtained from the last cut is called “suprema de cecina.”

Beef cecina is commercialized as whole cuts, cut portions, or
sliced (Fig. 1). Cut portions and slices of cecina are usually vacuum
packaged. In these cases, the control of aw and pH is determinant
for its shelf life. When the aw is lower than 0.9 the shelf life of
vacuum-packaged cecina cut portions could be extended up to
12 months. However, special attention should be paid to the final
aw of the cecinas which are to be sliced, vacuum packaged and then
refrigerated, since aw values higher than 0.9 do not guarantee
microbial stability [3] (se¢e Note 1). Another problem regarding
the storage of vacuum-packaged portioned or sliced cecina is form-
ing a white film on the product surface [4] (see Note 2).

The cecinas produced in Leén Province, the area in Spain
where beef cecina is mostly produced, following an authorized
procedure (Junta de Castilla y Le6n, 2012) are granted the Pro-
tected Geographical Indication (PGI) “Cecina de Leon.”
PGI-Cecina de Ledn production is about 100,000 whole cut pieces
(averaging 7 kg) per year and it has an ever-increasing demand.
More than 20% of its production is exported.

Descriptive studies on beef cecina ([5-7] and archival materials,
N. Ordoénez-Gutiérrez, June, 10, 2021) reported the following
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Table 1
Nutritive value of dry-cured beef cecina (expressed as percentage)

Moisture 45
Protein 39
Fat 9.5
Carbohydrates 0

Salt 5.3
SFA (%) 50
MUFA (%) 44
PUFA (%) 6

SFA saturated fatty acids, MUFA Monounsaturated fatty acids, PUFA polyunsaturated
fatty acids; Data obtained from [8]

composition characteristics: 40-60% moisture, 5-15% fat, 28-45%
protein, and 4-7% NaCl and a pH and aw of 5.8-6.1 and
0.86-0.92, respectively, with all those values depending on the
anatomical region (beef cut), the ripening length or whether
whole cuts or ready-to-eat slices are analyzed. The average nutri-
tional value of beef cecina is shown in Table 1. Cecina, as a dry beef
product, is rich in protein, vitamin B12, iron, phosphorus, and
zinc.

The most abundant microbial population in cecina belongs to
the Micrococcacene family, i.e., staphylococci and micrococci, with
lactic acid bacteria taking second place [4, 6]. The mesophilic
microbial concentration found in the surface of the cecina pieces
was near 107 colony forming units (CFU)/g and in the inner part
of 10°-10* CFU/g. The microbial concentration in cecina
appeared to stabilize by the end of the ripening process [6].

Considering the regulation of the PGI “Cecina de Le6n” and
the abovementioned research studies as a reference, this chapter
aims at describing the making process of beef cecina in detail.

2 Materials

Few raw materials are involved in the dry-cured beef cecina making
process. Beef cecina is made of beef cuts and common salt which is
usually coarse sea salt. Furthermore, a part of the cecinas is also
prepared using nitrites or nitrates as additives mixed with the salt.
Finally, holm oak and oak wood are normally used for the smoking
process.

The PGI-granted Cecina de Le6n is made from beef of at least
five-year-old cattle weighing more than 400 kg, with preference to
animals reared in the Castilla y Ledn region (see Note 3). The
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minimum weights of the different cuts are 8 kg for the top round,
10 kg for the silver side plus eye of round, 7 kg for the thick flank,
and 6 kg for the rump. One of the principal reasons to establish
minimum weight limits of body weight in adult cattle and beef cuts
is to assure that beef cuts have a high content of intramuscular fat
content which is responsible for tenderness, juiciness and flavor.
The PGI regulation specifies the typical sensory characteristics
that a PGI-beef cecina [9] must have. Beef cecinas have to show a
smoked, slightly-salty complex characteristic flavor and juicy and
soft texture, scarcely fibrous. The color should also be slightly dark
brown on the external surface and dark cherry to garnet red with a
slight marbling in the internal cut surface. The instrumental color
found in Cecina de Le6n ranged 20-34 for lightness (L*), 7-13 for
redness (a*), and 4-6 for yellowness (b*), and appeared to depend
on the color of the beef, the use of nitrites in the formulation and
the ripening time [3, 10], i.e., nitrites increased the a* value and
ripening time reduce the L* value and increased a* and b*.

3 Methods

The cecina making process consists of the following steps: meat cuts
are shaped and salted covered with coarse sea salt. Afterwards, the
cuts are washed with water and then ripened in chambers under
appropriate conditions. The ripening process includes a dry smok-
ing period (Fig. 2).

1. The shaping of cuts, which can be fresh, aged under vacuum or
thawed (see Note 4), is performed with a knife to remove extra
fat or large tendons and provide the cut with a better exterior
appearance.

2. The shaped cuts are covered with a layer of coarse sea salt,
forming piles by alternating the layers of beef cuts and the
layers of salt. Cuts are kept in the dry-salting rooms from 0.3
to 0.6 days per kg of beef cut under refrigerated conditions
(2-5 °C) and air-relative humidity between 80% and 90% (see
Note 5).

3. The beef cuts are removed from the piles and washed with
warm water to remove excess salt; then, the water from their
surface is allowed to drain.

4. The salted beef cuts are then hung in ventilated settling rooms
where they stay for 30-170 days at a relative humidity of
85-90% and 3-8 °C to prevent microbial growth. During this
step, named post-salting or settlement, salt, initially located
near the cut surface, penetrates the interior of the cut.

5. The partially dry-cured cuts are then hung into air-drying
chambers for c.a. more than 40 days and up to 170 days, either



Cecina 91

SHAPING OF HIND LEG BEEF CUTS

3

Fig. 2 Making process of dry-cured beef cecina

in natural drying rooms provided with adjustable opening
windows to manually regulate temperature and air humidity
and ventilation, or drying rooms with automatic control of air
conditions and ventilation. This step is carried out at 10-12 °C
and relative humidity of 75-80%. Proteolysis and lipolysis are
two relevant biochemical processes that occur during the cecina
ripening process [10, 11] (see Note 6).

6. Dry smoking occurs after the settlement at any stage of the
abovementioned 4 and 5 ripening process steps, earlier or later,
following the producer’s criterion. It is carried out in smoking
chambers or rooms exposed to smoke generated by the slow
combustion of local varieties of oak firewood. In addition to
giving cecina a touch of traditional peculiar flavor, the
smoke acts as a natural preservative, thus being capable of
dispensing of other added chemicals. The length of this step
is measured in hours and is carried out for 3-15 days with dry
smoking and no-dry smoking alternative times. It is recom-
mended to follow best practices for dry smoking meat to
maintain the levels of polycyclic aromatic hydrocarbons low in
the final product.

7. Finally, the dried-cured beef cuts are hung in drying chambers
for the final ripening period at a relative humidity between
65-80% and temperature between 12 and 20 °C. For the
length of this period, it should be considered that the total
ripening period for a standard-PGI Cecina de Leon is of at least
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7 months and for a long ripened-PGI Cecina de Le6n (named
reserva) of 12 months. In both cases, the targeted aw should be
0.9 or less to guarantee microbial stability (see Notes 1 and 7).

. At one point during the ripening process after dry smoking,

even in the final product, the cecina cut surface is manually
covered by a thin layer of animal fat such as beef tallow or pork
lard (see Note 8).

4 Notes

. During the refrigerated storage of sliced cecina under vacuum

with values equal to or higher than 0.9, which are due to a
short dry-cured period, an increase in microbial growth on the
surface of the slices could take place. Then, microbial concen-
trations could reach levels higher than 10”7 CFU /g after two to
four storage weeks, resulting in the appearance of off-flavors.

. During storage of vacuum-packaged pieces of cecina a white

film may appear on the cut surface, especially in those beef
cecinas soft with a high aw. This has been attributed to the
precipitation of small proteins and tyrosine, previously formed
by proteolysis [ 12]. A way to reduce this problem is by rubbing
the cecina cut with vegetable oil (such as sunflower oil or olive
oil) which gives the cut certain shine and disguises its whitish
appearance.

. The age and breed of the cattle used are two key factors in the

quality of beef cecina. The beef of mature over 5 years old
cattle contents high fat infiltration and thus result in a juicier
and more aromatic final product. Similarly breeds more prone
to intramuscular fat storage result in a juicier and tastier
product.

. Beef cuts for preparing cecina sometimes are previously frozen

and then thawed before salting. This process affects beef cecina
sensory properties, namely reduces color intensity and changes
in texture, attributed to disruption of tissue membranes due to
freezing [13].

. So as to control the salting process, it is necessary to consider

temperature, cut size and the amount of fat content in each cut
piece. Although a small excess of salt can make the ripening
process easier and faster, a high-quality Cecina has to have the
optimum point of salt, which could be 3-5%.

. A slow and long ripening process, with the appropriate time

which each beef cut requires, is of uppermost importance for
the cecina eating quality. Proteolysis and lipolysis, which are
mainly attributed to the action of endogenous meat enzymes
and exert relevant effects on cecina flavor and texture, should
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be sustained throughout the ripening process. These are main-
tained at suitable low rates by means of low temperature and
aw. The age of the animal is also relevant when cecinas are
subjected to a long ripening process since the proteolytic
potential in beef decreases with age and results in a cecina
with a better consistency.

. The weight loss during ripening is due to water evaporation,

and this loss in moisture and the salt absorbed during the
salting step allow for the aw to decrease to values lower than
0.90. A cut of beef cecina with an aw slightly lower than 0.90
and containing 5-7% of sea salt losses approximately 40-45% of
the initial weight, i.e., the weight of the fresh-cut before salting
[6,10].

. The coating of the cecina piece surfaces with tallow or pork lard

is carried out to protect the cecina against excessive desiccation
and to the attack of insects or their larvae, which occur mainly
in summer with high temperature. When the coating is applied
to the final product it becomes a traditional alternative to
vacuum packaging. The coating is carried out manually in
most cases, heating the fat and spreading it on the surface
with a food-grade silicone brush. There is another method
that has been developed by immersing the pieces in a tank filled
with hot liquid fat. In this case, precaution should be taken
with temperature and immersion time so as not to affect the
sensory characteristics of cecina with heat.
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