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Abstract

Actual healthy trends produce changes in the sensory characteristics of dry
fermented sausages therefore, new strategies are needed to enhance their aroma. In
particular, a reduction in the aroma characteristics was observed in reduced fat and
salt dry sausages. In terms of aroma enhancing, generally coagulase-negative cocci
were selected as the most important group from the endogenous microbiota in the
production of flavour compounds. Among the volatile compounds analysed in dry
sausages, ester compounds contribute to fruity aroma notes associated with high
acceptance of traditional dry sausages. However, the origin of ester compounds in
traditional dry sausages can be due to other microorganism as lactic acid bacteria,
yeast and moulds. Yeast contribution in dry fermented sausages was investigated with
opposite results attributed to low yeast survival or low activity during processing.
Generally, they affect sausage colour and flavour by their oxygen-scavenging and
lipolytic activities in addition to, their ability to catabolize fermentation products such as
lactate increasing the pH and contributing to less tangy and more aromatic sausages.
Recently, the isolation and characterization of yeast from traditional dry fermented
sausages made possible the selection of those with ability to produce aroma active
compounds. Molecular methods were used for genetic typing of the isolated yeasts
whereas their ability to produce aroma compounds was tested in different systems
such as culture media, model systems and finally on dry fermented sausages. The
results revealed that the appropriate selection of yeast strains with aroma potential may

be used to improve the sensory characteristics of reformulated fermented sausages.
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1. Introduction

Dry cured meat products constitute a wide group of products from hams to sausages
which have been consumed for a long time (Toldra and Flores, 2014). Among them,
dry fermented sausages are widely consumed worldwide due to its characteristic
flavour (Flores and Olivares, 2015). Moreover, the actual healthy trends for meat
products with reduced fat and salt contents (European Commission, Salt initiatives,
2009) may produce a significant effect on high quality products such as traditional dry
sausages. The reformulation following healthy trends may represent an added value to
the production and consumption of traditional dry sausages. However, flavour, the most
important characteristic for consumers, can be affected (Ruusunen and Puolanne,
2005).

In the last decade many studies have tried to reformulate dry fermented sausages in
terms of fat and salt reduction maintaining the sensory characteristics although little
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attention has been focused on traditional dry fermented products (Olivares et al.,
2011). These traditional fermented products are characterized by an indigenous
microbiota that produces regional specific flavours (Talon et al., 2007). Many studies
have been focused on this microbiota (Baruzzi et al., 2006; Fontana et al., 2005) as
they are involved in hygienic and sensory properties, such as lactic acid bacteria
involved in acidification while coagulase-negative staphylococci (CNS) group in the
development of colour and flavour (Ravyts et al., 2012; Talon et al., 2007). On the
other hand, the potential role of yeast in traditional sausages has not been established
yet and it is necessary to look for new strategies to improve and diversify traditional dry
sausage flavour (Ravyts et al., 2012; Talon et al., 2007) in order to counteract the
effect of the reformulation. Nevertheless, the importance of yeasts in the manufacture
of meat products has been recognized since the 70’s with the use of Debaryomyces
hansenii as starter culture for sausage manufacture (Hammes and Kauf, 1994).
Therefore, further studies on yeast diversity from fermented dry products might reveal

new yeasts with increased abilities for aroma production.

2. Flavour of dry fermented sausages

The large differences in processing produces a large variety of products with
differences in terms of sensory properties from appearance to flavour (Flores 2011a).
The differences in the sensory properties has been described by conventional
descriptive analysis (QDA) and are related to appearance, odour, texture, aroma and
taste (Benito et al. 2004; Gonzalez-Fernandez et al. 2006; laccarino et al. 2006;
Valencia et al., 2006).

Dry fermented sausage flavour is affected by many processing factors such as
different raw materials, starter cultures, smoking, etc (Leroy et al., 2006) and it is
different from the one originated through thermal meat treatment (Calkins and Hodgen,
2007; Flores, 2011b; Mottram, 1998) because of different biochemical processes
involved (Flores and Toldra, 2011, Flores and Olivares, 2015). Moreover, starter
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culture metabolism is affected by the raw material used as well as by the processing
factors mentioned (Leroy et al., 2006). The main pathways involved in flavour
development are: carbohydrate metabolism, degradation of free amino acids and fatty
acid to volatile compounds, and addition of spices (Flores and Olivares, 2015).

The fermentation of carbohydrates is mainly performed by lactic acid bacteria that
dominates the fermentation process and produces lactic acid and other aroma
compounds such as diacetyl, acetaldehyde, ethanol, acetic, propionic acids among
others (Ravyts et al., 2012).

The enzymatic generation of amino acids and free fatty acids comes from proteolysis
and lipolysis reactions (Toldra et al., 2001). In general, muscle endogenous enzymes
are responsible for these reactions specially at the beginning of the ripening process.
Microbial enzymes play an important role generating free amino acids and fatty acids
(Flores and Toldra, 2011). The further degradation of these precursors to aroma
compounds is essentially mediated by chemical and microbial reactions (Flores and
Olivares, 2015). The chemical degradation reactions consist on fatty acid autoxidation
reactions, Maillard reactions and Strecker degradation reactions. The autooxidation of
polyunsaturated fatty acids generates compounds such as aldehydes, alcohols,
alkanes, esters and carboxylic acids that evoke specific aroma notes to the dry
fermented sausages as a result of their low odour threshold values (Shahidi et al.,
1986). In Maillard reactions, an amino compound reacts with the carbonyl group of a
reducing sugar in the presence of heat being the amino acids the nitrogen source.
While these reactions have been deeply studied in cooked meat flavour (Calkins and
Hodgen, 2007) little is known about their role in dry fermented sausages mainly due to
the low temperatures that do not favour them. Nevertheless, many volatile compounds
produced from these reactions, pyrazines, furans, etc, have been described as potent
odorants in dry fermented sausages (Flores and Olivares, 2015).

Microorganisms contribute to the generation of flavour compounds by the microbial
degradation of amino acids and fatty acids. Degradation reactions are transamination
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and further decarboxylation of amino acids (branched, aromatic and linear) which result
in their respective aldehydes, alcohols or acids that impart aroma notes to the
sausages (Ordonez and de La Hoz, 2007).

The contribution of spices in dry fermented sausages is towards flavour in addition to
their impact on appearance as well as taste. In dry fermented sausages, the most
widely used spices are garlic, black pepper, paprika, onion, mustard, nutmeg, oregano,

aniseed among others (Chi and Wu, 2007).

2.1. Flavour of traditional vs industrial dry fermented sausages

The classification of dry fermented sausages based on the manufacturing processes,
traditional and industrial, produces singular attributes in the sausages, specially in
flavour. These traditional dry fermented sausages are highly appreciated by consumer
due to their singular flavour (Conter et al., 2008, Olivares et al., 2014). Generally,
European consumer’s satisfaction with pork meat products is due to its taste, easy to
prepare and consume and good price/quality relationship (Resano et al., 2011).
Although, sensory differences have been appreciated by consumers between industrial
and traditional fermented sausages, it has been described that consumers have
different expectations due to cultural and experience level that influence perception of
typical food quality (laccarino et al., 2006).

Traditional or naturally dry fermented sausages are manufactured without the use of
starter cultures but autochthonous microbiota is responsible for the sensory
characteristics. Generally these sausages reach pH values higher than 5 and are
considered as low acid sausages (Montel, 1998, Talon et al., 2007). Due to the long
ripening times applied, both nitrite and nitrate are used as curing agents although the
processing temperature must be kept low to control the growth of pathogenic bacteria.
In contrast, industrial sausages are produced with the use of starter cultures that
increase the safety and quality of the final product. Moreover, industrial sausages are
characterized by a fast fermentation process that reach low pH values (lower than 5)
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that may affect the colour and flavour due to the excessive acid taste (Flores, 2011b).
In this case, the use of nitrite as exclusive curing agent imparts an aroma character
different from those manufactured with nitrate such as traditional dry sausages (Marco
et al., 2006). In this sense, it has been proposed that the development of indigenous
starters from traditional dry fermented sausages may help to diversify sausage flavour
(Talon et al., 2007)

Recently, it has been indicated that only 3 % of the 10000 volatiles expected in foods
contribute to the aroma (Dunkel et al., 2014). In the case of dry fermented sausage,
hundreds of volatile organic compounds (VOCs) have been identified but only few of
them contribute to the aroma (Flores and Olivares, 2015). The use of olfactometry
techniques has allowed the elucidation of these aroma compounds (Stahnke, 1994). In
the last years this technique has evolved to unveil the most important odorants by the
use of specific olfactometry techniques and the calculation of odour activity values (De
Roos, 2007).

In this sense, several aldehydes, acids, sulphur and ester compounds (acetic, 3-
methyl-butanoic and butanoic acids, 3-methylbutanal and phenylacetaldehyde and the
esters; ethyl butanoate, ethyl 2-methylpropanoate) together with other compounds
derived from the smoking process and spices were described as the most potent
odorants in dry fermented sausages (Marco et al., 2007; Séllner and Schieberle, 2009).
However the composition of these aroma compounds may vary due to differences in
processing parameters (smoking process, etc..) and raw materials (meat, spices...)
used.

In contrast, the aroma of traditional dry fermented sausages was studied and many
VOCs compounds were selected for their aroma impact (Corral et al., 2014a; Gianelli
et al. 2011; Olivares et al., 2014; Schmidt and Berger 1998a,b,). It was remarkable the
high impact of compounds: ethyl 2-methylpropanoate, ethyl 2-methylbutanoate, ethyl 3-
methylbutanoate, 4-methylphenol, ethyl benzoate, benzothiazole, 2,4-decadienal (E,E),
methyleugenol and y-nanolactone (Corral et al., 2014a). When traditional and industrial
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dry fermented sausages were compared in terms of flavour, several ester compounds
were reported as responsible for the characteristic “fruity” aroma detected in traditional
dry sausages. Ester compounds were detected in both types of sausages, traditional
and industrial (table 1) and it was characteristic the low threshold values imparted by
ethyl branched ester compounds together with ethyl butanoate. These compounds
have been detected in higher proportion in traditional than in industrial dry fermented
sausages (Olivares et al., 2010) and may be the reason for its special fruity aroma
character.

The origin of ester compounds in dry fermented sausages has been mainly attributed
to CNS together with the production of branched aldehydes and methyl ketones
(Montel et al., 1998). CNS produces aroma compounds form branched chain amino
acids generating branched aldehydes that can be converted to ester compounds
imparting fruity notes as well as, through the beta-oxidation pathways CNS produces
methyl ketones. However, other microorganisms, lactic acid bacteria, yeast and
moulds, have been suggested as contributors to ester compounds (Tjener and
Stanhke, 2007) and, therefore, further research on yeast ability to produce ester
compounds during dry fermented sausage manufacturing is essential to understand

their role in flavour development.

3. Diversity of yeast in dry fermented sausages

Several studies have tried to elucidate the role of yeast as secondary microbiota in
fermented meat products. Diverse methodologies based on classical phenotypic
characterization, molecular techniques or combinations of both have been used to
investigate the yeast microbiota present in meat products (Querol et al., 2008).

The identification by classical methods of yeasts isolated from meat products
revealed the occurrence of several genera such as Debaryomyces, Candida, Yarrowia,
Pichia, Rhodotorula, Cryptococcus and Trichosporon (Romano et al., 2006; Samelis
and Sofos, 2003;). Yeast population in fermented meat products seems to change
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during processing, although variations depending on meat origin and factory
environment among others have also been reported. Evaluation of yeast diversity along
processing and ripening of sausages in different factories pointed out the presence
among others of Candida and Trichosporon species in raw meat or at the initial
ripening stages only, whereas C. zeylanoides, Y. lipolytica and D. hansenii appeared at
later stages of sausage manufacture (Encinas et al., 2000). Meat origin was also found
to have influence on yeast species at the beginning of the processing. Comparisons
between fresh or frozen beef, pork and lard revealed large variation in yeast species
from the genera Candida, Cryptococcus and Rhodotorula. Moreover, different yeast
species of additional genera Debaryomyces, Pichia and Trichosporon could be
identified at various stages of the fermentation and ripening process (Coppola et al.,
2000; Osei Abunyewa et al., 2000). These studies point out to Debaryomyces hansenii
as the most frequently and abundantly isolated yeast species. Physiological
characterization of D. hansenii has shown this yeast as highly tolerant to salt and
weakly fermentative or aerobic, able to proliferate not only in the surface but also in the
interior of dry fermented sausages (Coppola et al., 2000). However, D. hansenii is
difficult to separate from closely related species using phenotypic characters (Suzuki et
al., 2011) and a variety of DNA based methodologies are currently in use to identify
and characterize this species (Andrade et al., 2006; Corredor et al., 2003; Martorell et
al., 2005; Romano et al., 2006).

Recent utilization of diverse molecular methods has allowed fast and precise
identification of D. hansenii and other yeasts, in a culture-dependent and culture-
independent manner, from dry fermented meat products (table 2) (Rantsiou and
Cocolin, 2006, 2008). ldentification of yeasts from traditional Italian sausages by
sequencing of D1/D2 of 26S rDNA revealed C. parapsilosis, S. cerevisiae,
Sterigmatomyces elviae and Pichia triangularis until day three of the fermentation
process, which were subsequently replaced by C. zeylanoides in the middle stages. D.
hansenii was the most abundant species from the beginning till the end of fermentation
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and was the only yeast species detected by DGGE (Cocolin et al., 2006). Similarly,
identification by RFLPs of ITS1-5.8S-ITS2 of yeasts from dry sausages manufactured
in Central Italy according to traditional methodologies revealed the occurrence of
Trichosporon brassicae, Rhodotorula mucilaginosa and D. hansenii which was also
confirmed by DGGE (Aquilanti et al.,, 2007). Further studies applying DGGE in
traditional Italian salamis allowed detection of Candida psychrophila and
Saccharomyces barnettii (Silvestri et al., 2007) as well as C. zeylanoides and P.
guilliermondii (Villani et al., 2007) in addition to D. hansenii. Comparison of yeast
diversity between traditional style and industrial dry fermented sausages produced in
Spain using RFLPs of ITS1-5.8S-ITS2 demonstrated a large variety of yeast species in
the former where several species of Debaryomyces could be detected (Mendonga et
al., 2013). On the contrary, a study by Cano-Garcia et al. (2013) using D1/D2 26S
rDNA sequencing confirmed D. hansenii as the sole species found at the end of
ripening in traditional Spanish dry fermented sausages. Nevertheless, other yeast
species different from D. hansenii have also shown dominance along the fermentation
or ripening process. Yeast identification by D1/D2 of 26S rDNA sequencing of strains
isolated along the production line (raw meat, fat, machinery, surfaces, fermentation,
ripening and storage) revealed the dominance of C. zeylanoides and C. alimentaria in
most pre-ripening stages whereas Y. lipolytica was the only species isolated in the final
product (Nielsen et al., 2008). Additional studies by Andrade et al. (2010a) in Iberian
pork dry fermented sausages showed C. zeylanoides besides to D. hansenii as the
predominant species. Dry fermented sausages manufactured with meats different from
pork have also been explored for yeast diversity. Examination of yeasts along the
production, fermentation and ripening of traditional Argentinean llama sausages
pointed out the wide diversity in genera and species. This study revealed the co-
dominance of C. zeylanoides and D. hansenii at the final ripening stages, although up
to 13 more yeast species could be identified along fermentation and ripening (Mendoza
et al., 2014).
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Interest has also been paid in the exploration of the strain typing within the dominant
yeast species found in the fermentation and ripening processes. Several molecular
methods have been applied for this genetic typing. D. hansenii, C. zeylanoides and Y.
lipolytica have been explored to evaluate population diversity along the fermentation
and ripening processes. Earlier studies using analysis of M13 and RF2 RAPD-PCR
revealed a large level of heterogeneity in the patterns obtained for several strains of Y.
lipolytica isolated from traditional sausages from southern Italy (Gardini et al., 2001). C.
zeylanoides strain diversity was explored by Mendoza et al. (2014) using M13 RADP-
PCR in isolates from two productions of traditional llama meat sausages. The authors
found this species along the whole process from the initial day of fermentation to the
end of ripening. Moreover, most of the large number of strains analysed grouped in
different profiles characteristic of each production, although patterns common to both
productions and patterns present along the whole process were also found.
Nevertheless, the most extensive studies have been done on D. hansenii. In a study by
Baruzzi et al. (2006) diversity of D. hansenii from a traditional Southern Italian
processed sausage was made up to only one strain by RAPD-PCR. On the contrary, a
similar study exploring the diversity of D. hansenii strains in a traditional Italian sausage
demonstrated the concomitance but also replacement of strains along the fermentation
process (Cocolin et al., 2006). These results were in agreement with the findings of
Mendoza et al. (2014) by analysis of M13 RAPD-PCR of D. hansenii from llama
traditional sausages. Similarly, Cano-Garcia et al. (2013) demonstrated the large
heterogeneity of simultaneously occurring D. hansenii strains in finished traditional
Spanish dry fermented sausages.

The occurrence of D. hansenii as the dominant yeast in a large number of
fermentation and ripening processes for production of meat products has led to
utilization of D. hansenii as starter culture for meat fermentation since 70’s decade
(Hammes and Kauf, 1994). Selected strains of this species are now available as
starters for fermented meat products. These yeast starters develop on the surface of
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the fermented meat product contributing to the generation of desired sensory
properties (Liucke, 2000). Different approaches to follow up the inoculation and
development of the selected D. hansenii starters on different meat products have been
accomplished by different methods. Restriction analysis of mitochondrial DNA and M13
RAPD-PCR have been used to analyse the effect of the inoculation of diverse strains
from D. hansenii strains on the aroma of dry fermented sausages (Andrade et al.,

2010b, Cano-Garcia et al., 2014b, Corral et al., 2014b, 2015).

4. Potential role of yeast in meat products

Yeast in dry fermented sausages produce a protection against the detrimental effect
of oxygen and facilitate the drying process by protecting the sausage against
fluctuation in humidity (Lucke, 2000) which will produce changes in sausage
appearance. In addition, their proteolytic and lipolytic activities affect flavour
development. Their main effects of yeasts are seen by a pH increase, lactate utilization
and generation of aroma compounds (Flores et al., 2004). However, the role of yeast in
sausage flavour has not been established due to conflicting results. While several
authors reported an improvement in appearance, antioxidant effect, production of
amino acids and free fatty acids and production of flavour compounds (VOCs) (table
3), the sensory characteristics of the sausages was not always enhanced (Cano-

Garcia et al., 2014b; Selgas et al., 2003).

4.1. Yeast lipolytic and proteolytic contribution in meat products

The first studies were focused on determining the lipolytic and proteolityc activites in
D. hansenii yeasts as responsible for the generation of flavour precursors, free amino
acids and fatty acids (table 3). The presence of lipolytic activity in pork fat emulsion
inoculated with cellular extracts of D. hansenii and S. xylosus (Sorensen and
Samuelsen, 1996) was reported and it was further confirmed by the production of free
fatty acids in pork fat inoculated with D. hansenii yeast (Sorensen, 1997). Lipolysis was
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highly affected by conditions such as temperature and pH although variations in NaCl
concentrations were not significant. In addition to this lipolytic activity, D. hansenii
proteolytic activity was confirmed by the generation of peptides and free amino acids,
in different model systems containing specific substrates as myofibrillar (Rodriguez et
al.,, 1998) and sarcoplasmic proteins (Santos et al., 2001). Moreover, other yeast
species, Saccharomyces cerevisiae, isolated from Italian salami were found
responsible for extensive hydrolysis of myofibrilar proteins in a model system (Chaves-
Lopez et al., 2011). Further studies on the proteolytic potential of yeasts were focused
on the purification and characterization of the endo and exoproteolytic enzymes from
D.hansenii yeast strains isolated from traditional dry fermented sausages (Bolumar et
al., 2003a, 2003b, 2005 and 2008). Last, the glutaminase enzyme responsible for acid
neutralization by ammonium generation was purified from D. hansenii yeast (Dura et
al., 2002).

Other studies have tried to show the effect of yeast enzymatic content on the
sensory properties of dry cured products. For this purpose, yeast extracts from D.
hansenii were added to the formulation of dry fermented sausages alone or in
combination with extracts from other microorganisms (L. sake) (Bolumar et al., 2006).
The study showed an improvement in the sensory quality of dry fermented sausages
that was related to the slight effect of amino acid generation and an enhanced
production of VOCs derived from amino acids (branched alcohols and acids) and
microbial fermentation (ester compounds). Additional studies performed by inoculating
D. hansenii yeasts in real dry fermented sausages (table 4) showed the activity of the
reported enzymes, such as a high myofibrillar degradation and generation of free
amino acids in inoculated dry sausages (Dura et al., 2004a). Also, a high lipolytic
activity was confirmed by a high generation of free fatty acids in different inoculated dry

fermented sausages (Corral et al., 2015; Patrignani et al., 2007).

4.2. Yeast contribution to VOCs generation and aroma in meat models.
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In order to understand the effect of D. hansenii on sausage aroma and its ability to
produce aroma compounds, a key point is to determine yeast ability to produce aroma
compounds from model systems to real fermented sausages. The selection of a model
system resembling the real sausage fermentation conditions is necessary. In this
sense, the first meat models inoculated with D. hansenii yeast (table 3) did not show
an effect on volatile compounds (VOCs) production which was attributed to the low
survival of yeast in presence of garlic (Olsen and Stanhke, 2000). However, the ability
of D. hansenii to metabolize branched amino acids and produce VOCs (branched
aldehydes, alcohols and acids) was shown in simple models (Dura et al., 2004b) even
though it was affected by the presence of salt, lactate and low pH values. Further
studies of yeasts inoculated in model systems resembling the conditions of dry-cured
ham processing, generated high proportions of branched aldehydes and alcohols in
addition to several sulphur compounds although the production of these VOCs
depended on the yeast strain inoculated (Andrade et al., 2009a,b).

These results were in agreement with the production of volatile compounds from
different yeast strains (D. hansenii) isolated from traditional dry sausages and
inoculated in a culture media containing an alcohol and acid compound for ester
production (Cano-Garcia et al., 2013). Although not all yeast strains showed the ability
to produce volatile compounds, seven yeasts showed a different ability to produce ethyl
and methyl esters, sulphur, alcohols, aldehydes and ketones. Even though the
production of the ester and sulphur compounds seemed to be a strain trait, no
correspondence was found with their molecular profiles. The confirmation of the aroma
potential of these isolated yeasts was further studied in a meat model resembling dry
fermented sausage conditions (Cano-Garcia et al., 2014a). In this sausage model,
three D. hansenii yeasts displayed a characteristic aroma potential to produce ester
and sulphur compounds in contrast to the other isolated yeasts. But once again, the
authors did not find a correspondence between the aroma profile and the molecular
patterns of the different yeast.
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4.3. Yeast contribution to VOCs generation and aroma in meat products

On the other hand, several studies have shown the effect of different inoculated
yeasts (D. hansenii, C. zeylanoides and Y. lipolytica) on dry cured products on VOCs
production but few of them have confirmed the effect on aroma and sensory
characteristics (table 4). These studies have been done mainly in dry fermented
sausages but also in different dry cured products (ham and loins).

The inoculation of yeasts in dry cured hams has shown different effects. High levels
of long chain and branched hydrocarbons, furanones, carboxylic acids and esters
compounds were reported (Martin et al., 2006). However, yeast inoculation did not
produce an impact on flavour, only a low toasted flavour, although the hams had a
better overall acceptability. On the other hand, these authors indicated that the effect of
curing time was significantly higher than yeast inoculation on VOCs production. In
summary, they concluded that the inoculated yeast did not alter the VOCs profile when
it was compared to the hams produced with wild fungal population. Recently, Purrifios
et al., (2013a) inoculated different yeast D. hansenii, C. deformans and C. zeylanoides
on the surface of dry cured ham (Spanish Lacon) and reported a high production of
ester compounds except by C. zeylanoides. Also, the lowest production of aldehydes
was reported in the inoculated batches as a result of an antioxidant effect produced by
the inoculated yeast although no sensory results were presented.

In the case of dry cured loin (table 4), D. hansenii was inoculated on the surface of
the loins and its ability to produce VOCs was evaluated at different times of processing
(Martin et al., 2003). Again, the effect of the length of the curing process was more
noticeable than yeast inoculation on the production of VOCs. The authors reported only
a high level of cyclic and aromatic alcohols when the yeast was inoculated.

Regarding dry fermented sausages (table 4) there are many studies which have
tried to elucidate yeast contribution to aroma. In 2000, Olsen and Stahnke reported an
absence of effect on sensory and VOCs production when yeasts were inoculated in dry
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fermented sausages because they died before the ripening process ended due to a
fungistatic effect of the garlic powder used in the manufacture. In agreement, Selgas et
al. (2003) reported an absence of effect on the sensory properties of fermented
sausages inoculated with different D. hansenii and Y.lipolytica yeasts in the surface
and in the mince although these yeasts showed proteolytic and lypolitic activities.
Recently Cano-Garcia (2014b) reported an absence of aroma effect when D. hansenii
was inoculated in dry fermented sausages. The authors attributed this effect to the
interaction of D. hansenii with other starter cultures.

In contrast, several studies have reported a significant effect of D. hansenii on
sausage sensory characteristics, varying from an improvement in texture and
appearance (lucci et al., 2007) to a high preference and acceptability of the inoculated
fermented sausages (Corral et al., 2014b, 2015; Flores et al., 2004; lucci et al., 2007).
However, the elucidation of the biochemical changes produced by the inoculated
yeasts and their relation to the high consumer preference is essential. In this sense, the
identification of the aroma compounds affected can help to understand the sensory
changes. The first reported effect on VOCs and aroma by yeast inoculation (D.
hansenii) in fermented sausages indicated the inhibition of lipid oxidation products
(linear aldehydes) and promotion of ethyl ester compounds (Flores et al., 2004).
Although, when high levels of yeast were inoculated, the aroma was negatively
affected due to acid compounds generation. Yeast antioxidative effect was previously
recognized by oxygen consumption and peroxide degradation activity (Licke, 2000).
Further studies inoculating D. hansenii and Y. lipolytica in dry fermented sausages with
different mincing levels, showed a general trend to reduce aldehydes formation.
Moreover, despite the volatile profile of sausages depended on the degree of mincing,
the sausages inoculated with D. hansenii yeast were sensory preferred (lucci et al.,
2007). This study concluded on the necessity of selecting appropriate yeast strains
based on the ability to produce VOCs but depending on sausage production process
as yeast metabolism was affected by processing factors (raw materials, spices added,
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starter cultures, degree of mincing). In addition, Andrade et al. (2010a) inoculated
different D. hansenii strains isolated from dry cured hams in dry fermented sausages
(Andrade et al., 2009a,b) to study the effect on VOCs production. They confirmed their
previous results such as a high production of branched aldehydes, alcohols and acids
which were detected in yeast inoculated sausages although they did not observe an
inhibition of the lipid oxidation VOCs. Furthermore, they attributed to the activity of
yeast the generation of 3-methylbutanal as it was only detected in the inoculated
sausages. On the other hand, these authors reported a high generation of ester
compounds in inoculated sausages although this fact was not observed when these
yeasts were inoculated into dry cured hams.

In conclusion, the presence of yeasts in fermented meat products seems to be
affected by their metabolic capabilities, acid and salt tolerance, proliferation at low
temperature as well as their lipolytic and proteolytic activities. However, the main
consequence of their proliferation in fermented meat products is the generation of
diverse aroma precursors or volatile aroma compounds with a strong influence on the
final flavour of the product. Nevertheless, the ability of the yeast to affect the production

of VOCs depends on the particular metabolic abilities of the inoculated strain.

5. Yeast as aroma enhancers in reformulated dry fermented sausages.

EU meat processing industry has put in place several strategies to reduce fat and
salt in meat products due to the dietetic recommendations (Muguerza et al., 2004).
Both fat and salt reduction and the use of substitutes produce many sensory changes
in reformulated sausages and especially in terms of flavour (Campagnol et al., 2011;
Corral et al., 2013; Muguerza et al., 2004; Olivares et al., 2011). Therefore, several
strategies using flavour enhancers (amino acids, yeast extracts, glutamate and
ribonucleotides...) have been studied (Campagnol et al., 2011; Gelabert et al., 2003).

Nevertheless, inoculation of yeast strains with aroma production potential in
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reformulated sausages can be a strategy to improve and diversify sausage flavour in
order to counteract the effect of the reformulation.

Recently, the isolation of yeast strains from traditional dry fermented sausages and
their molecular and physiological characterization (Cano-Garcia et al., 2013, 2014a)
provided with several potential aromatic D. hansenii strains. These yeast strains were
considered potential aroma producers due to their ability to generate sulphur and ester
compounds in different media, from culture media (Cano-Garcia et al., 2013) to
fermented sausage models (Cano-Garcia et al., 2014a). One of the isolated yeasts
produced ester compounds (ethyl acetate, ethyl 2-methylpropanoate and 3-methylbutyl
acetate) with high aroma potential determined by the calculation of the odour activity
values (OAVs) in the assayed medium. In addition, two other yeast strains were
remarkable by their high production ability of aroma sulphur compounds (dimethyl
disulphide and dimethyl trisulfide). The volatile production was yeast dependent due to
the observed differences in sulphur compounds productions among yeast strains
although meat model composition and presence of sulphur amino acids were essential
in the production of those aroma compounds (Procopio et al., 2013). The production of
these ester and sulphur compounds would contribute with fruity and cured aroma notes
in dry fermented sausages. Therefore, two of the selected yeast strains (D hansenii P2
and M4) showing a potential aroma production were further inoculated in dry fermented
sausages. The results showed that one of the yeast strains had the ability to inhibit lipid
oxidation, reduced the formation of aldehydes and increased the production of volatile
acid compounds (Cano-Garcia et al., 2014b).

This D. hansenii strain with aroma generation potential was further applied to
reformulated dry sausages, reduced in fat and salt, to determine its ability to enhance
the aroma (Corral et al., 2014b, 2015) (Figure 1). The results showed that the
inoculated D. hansenii strain was able to compensate the changes in water activity
produced by the reformulation while it did not modify the hardness of reduced fat
batches nor the decrease in staphylococci growth observed in all reformulated
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sausages. Moreover, different patterns of consumers were found in terms of
acceptability although the sensory characteristics were affected (Corral et al., 2014b).
In summary, D. hansenii inoculation resulted in an improvement in consumer
acceptability in terms of aroma and taste although when both reductions were carried
out together it did not improve sausage acceptability. A deeper study of the
biochemical reasons for this increase in consumer preference was carried out by Corral
et al. (2015). This study confirmed the antioxidant effect of D. hansenii together with an
increase in lipolysis in the reformulated sausages, which was in agreement with the
reported lipolytic activity observed for this yeast strain (Cano-Garcia et al., 2014a). In
addition, an increase in VOCs production was observed especially in the generation of
compounds derived from amino acid degradation (3-methylbutanoic acid, methional
and benzothiazole) and ester activities (ethyl 2-methylpropanoate, ethyl 2-
methylbutanoate and ethyl 3-methylbutanoate). A descriptive aroma profile analysis of
the sausages confirmed the increase of fruity and cured notes in inoculated
reformulated sausages. The results of these studies can be observed in Figure 1 where
sausages noticeably reduced in fat and salt differed in flavour acceptance from the
ones inoculated with the selected yeast, whilst control sausages appeared in an
intermediate position. In addition, the aroma descriptors were preferently related to the
yeast inoculated sausages.

Among the different strategies used to enhance aroma in reformulated dry fermented
sausages, yeast extracts have also been used to improve the quality of reduced salt
fermented sausages (Campagnol et al., 2011). Yeast extract is an ingredient used for
flavouring in many foods and it consists of natural components of the yeast, mainly
proteins and amino acids without the cell wall. These authors reported that the high
free amino acids content of the yeast extract served as precursors of the VOCs
identified in the sausages, especially the increase in branched aldehydes, alcohols and
several sulphur compounds although they did not find ester compounds attributed to
the inhibition of the esterase activity by the low pH. In terms of sensory improvement,
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they confirmed that the sensory defects produced by KCI substitution were suppressed
by the addition of 2 % yeast extract in reformulated sausages by the aroma
improvement. In this case the metabolic activity of the yeast is inactivated and
commercial yeast extracts only acted as a source of precursors whilst the use of entire
alive yeast strains used for aroma enhancement can have different aroma impacts.
Nevertheless, as indicated above, the impact on the final aroma characteristics will
depend not only on the yeast strain used but also on the processing factors (meat
ingredients, technological parameters, presence of starter cultures) that can affect the

metabolic activity of the yeast.

6. Conclusions

In conclusion, latest studies have confirmed the aroma potential of yeast D. hansenii
strains from simple in vitro models to complex sausage models and in the manufacture
of dry fermented sausages. Despite the aroma potential of D. hansenii observed in dry
fermented sausages, the appropriate selection of yeast strains requires a metabolic
study of the yeasts together with the effect of meat processing factors. This knowledge
will provide new strategies to improve the quality of reformulated dry fermented

sausages.
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Figure legends

Figure 1. Flavour acceptance of reformulated sausages (reduced fat RF, reduced salt
RS, and reduced fat and salt RF+RS) inoculated with D. hansenii yeast (Y). Consumer
acceptance (o), aroma profile descriptors (A ) and sausage samples (o) (C:control, RS:
salt reduced, RF: fat reduced. RF+RS: salt and fat reduced and the reformulated

sausages inoculated with D. hansenii yeast; RF+Y, RS+Y and RF+RS+Y) (adapted

from Corral et al., 2014 and 2015)

30
L]
O b nRF*Y
.0 °
» %0
L 1]
. ] . . a RF+RS
e oot °* .
o RF a5 = * . ' D . *
: 1 . & Sour e % Frity
£ : e . g o2 Cheesy :
0 g, .
~ 50 40 30 :3.0. . 10 Boq'ltrol 10 . 2CU g 30 40 50
S RS * ¢ o o 2eCured g
o - . 1 I * “RF+RS+Y
o~
[ . .
*® .
L] A id
20 40 F@nm
¢ ® ® . Stable
[ ]
.30 +
PRs+Y
40

F1(26.39 %)

21



References

Andrade, M.J., Rodriguez, M., Sanchez, B., Aranda, E., Cordoba, J.J. 2006. DNA
typing methods for differentiation of yeasts related to dry-cured meat products.
International Journal of Food Microbiology, 107, 48-58.

Andrade, M. J., Cordoba, J. J., Sanchez, B., Casado, E. M., Rodriguez, M. 2009a.
Evaluation and selection of yeasts isolated from dry-cured Iberian ham by their
volatile compound production. Food Chemistry, 113, 457-463.

Andrade, M. J., Rodriguez, M., Casado, E. M., Bermudez, E. and Cordoba, J. J.
2009b. Differentiation of yeasts growing on dry-cured Iberian ham by mitochondrial
DNA restriction analysis, RAPD-PCR and their volatile compounds production. Food
Microbiology, 26, 578-586.

Andrade, M. J., Rodriguez, M., Casado, E. M., Bermudez, E. and Cordoba, J. J. 2010a.
Effect of selected strains of Debaryomyces hansenii on the volatile compound
production of dry fermented sausage “salchichon”. Meat Science, 85, 256-264.

Andrade, MJ., Rodriguez, M, Casado E, Coérdoba, J.J. 2010b. Efficiency of
mitochondrial DNA restriction analysis and RAPD-PCR to characterize yeasts
growing on dry-cured Iberian ham at the different geographic areas of ripening. Meat
Science 84, 377-383.

Aquilanti, L., Santarelli, S., Silvestri, G., Osimani, A., Petruzzelli, A., Clementi, F. 2007.
The microbial ecology of a typical Italian salami during its natural fermentation.
International Journal of Food Microbiology, 120, 136-145.

Asefa DT., Moretro T., Gjerde, RO., Langsrud, S., Kure, CF., Sidhu, MS., Nesbakken
T., Skaar, I. 2009. Yeast diversity and dynamics in the production processes of
Norwegian dry-cured meat products. International Journal of Food Microbiology, 133,
135-140.

Baruzzi, F., Matarante, A., Caputo, L., Morea M. 2006. Molecular and physiological
characterization of natural microbial communities isolated from a traditional Southern
Italian processed sausage. Meat Science 72, 261-269.

22



Benito, M. J., Rodriguez, M., Martin, A., Aranda, E., and Cordoba, J. J. 2004. Effect of
the fungal protease EPg222 on the sensory characteristics of dry fermented sausage
“salchichon” ripened with commercial starter cultures. Meat Science, 67, 497-505.

Blank, I., Devaud, S., Fay, L.B., Cerny, C., Steiner, M., Zurbriggen, B. 2001. Odor-
active compounds of dry cured meat: Italian-type salami and Parma ham. In: Aroma-
Active Compounds in Foods. Chemistry and Sensory Properties. (G. Takeoka, M.
Guntert, K.H. Engel, Eds.) pp 9-20. American Chemical Society, Washington, DC.

Bolumar, T., Sanz, Y., Aristoy, M.C. and Toldra, F. 2003a. Purification and
characterization of a prolyl aminopeptidase from Debaryomyces hansenii. Applied
and Environmental Microbiology, 69, 227 — 232.

Bolumar, T., Sanz, Y., Aristoy, M.C. and Toldra, F. 2003b. Purification and properties of
an arginyl aminopeptidase from Debaryomyces hansenii. International Journal of
Food Microbiology, 86, 141 — 151.

Bolumar, T., Sanz, Y., Aristoy, M.C. and Toldra, F. 2005. Protease B from
Debaryomyces hansenii: purification and biochemical properties. International
Journal of Food Microbiology, 98, 167 — 177.

Bolumar, T., Sanz, Y., Flores, M., Aristoy, M.C., Toldra, F. and Flores, J. 2006.
Sensory improvement of dry-fermented sausages by the addition of cell-free extracts
from Debaryomyces hansenii and Lactobacillus sakei. Meat Science, 72, 457 — 466

Bolumar, T., Sanz, Y., Aristoy, M.C. and Toldra, F. 2008. Purification and
characterisation of Proteases A and D from Debaryomyces hansenii. International
Journal of Food Microbiology, 124, 135 — 141.

Burdock, G.A. 2002. Fenaroli's handbook of flavor ingredients, 4th ed.; CRC Press Inc.:
Boca Raton, Florida.

Calkins, C.R. and Hodgen, J.M. 2007. A fresh look at meat flavor. Meat Science. 77,

63-80.

23



Campagnol, P. C. B., Santos, B. A., Wagner, R., Terra, N. N., and Pollonio, M. A. R.
2011b. The effect of yeast extract addition on quality of fermented sausages at low
NaCl content. Meat Science, 87, 290-298.

Cano-Garcia, L., Flores, M. and Belloch, C. 2013. Molecular characterization and
aromatic potential of D. hansenii strains isolated from naturally fermented sausages.
Food Research International, 52, 42-49.

Cano-Garcia, L., Rivera-Jiménez, S., Belloch, C. and Flores, M. 2014a. Generation of
aroma compounds in a fermented sausage meat model system by D. hansenii
strains. Food Chemistry. 151, 364-373.

Cano-Garcia, L., Belloch, C. and Flores, M. 2014b. Impact of Debaryomyces hansenii
strains inoculation on the quality of slow dry-cured fermented sausages. Meat
Science 96, 1469-1477.

Chaves-Lopez, C., Paparella, A., Tofalo, R. and Suzzi, G. 2011. Proteolytic activity of
Saccharomyces cerevisiae strains associated with Italian dry-fermented sausages in
a model system. International Journal of Food Microbiology, 150, 50-58.

Chevance, F. F. V., Farmer, L. J., Desmond, E. M., Novelli, E., Troy, D. J., and
Chizzolini, R. 2000. Effect of some fat replacers on the release of volatile aroma
compounds from low-fat meat products. Journal of Agricultural and Food Chemistry,
48, 3476-3484.

Chi S-P, Wu Y-C. 2007. Spices and seasonings. In: Handbook of Fermented
compounds of Meat and Poultry, 1 edn. F. Toldra, YH. Hui, I. Astiasaran, W. Nip, JG.
Mistry, BS. Reineccius, T. Sebranek, EF. Silveira, LH. Stahnke, R. Talon (eds), pp.
87 — 100. Ames, |IA, Blackwell.

Cocolin, L., Urso, R., Rantsiou, K., Cantoni, C. and Comi, G. 2006. Dynamics and
characterization of yeasts during natural fermentation of Italian sausages. FEMS

Yeast Research, 6, 692-701.

24



Conter, M., Zanardi, E., Ghidini, S., Pennisi, L., Vergara, A., Campanini, G. and Lanieri,
A. 2008. Consumers’ behaviour toward typical Italian dry sausages. Food Control, 19,
609-615.

Coppola, S., Mauriello, G., Aponte, M., Moschetti, G. and Villani, F. 2000 Microbial
succession during ripening of Naples-type salami, a southern Italian fermented
sausage. Meat Science, 56, 321-329.

Corral, S., Salvador, A., Flores, M. 2013. Salt reduction in slow fermented sausages
affects the generation of aroma active compounds. Meat Science, 93, 776-785.

Corral, S., Salvador, A., Flores, M. 2014a. Comparison of different extraction
techniques for identification of key aroma compounds in traditional dry fermented
sausages. Journal of the Science of  Food and  Agriculture,

http://dx.doi.org/10.1002/jsfa.6830

Corral, S., Salvador, A., Belloch, C., Flores, M. 2014b. Effect of fat and salt reduction
on the sensory quality of slow fermented sausages inoculated with Debaryomyces
hansenii yeast. Food Control, 45, 1-7.

Corral, S., Salvador, A., Belloch, C., Flores, M. 2015. Improvement the aroma of
reduced fat and salt fermented sausages by Debaromyces hansenii inoculation. Food
Control 47, 526-535.

Corredor, M., Davila, A.-M., Casaregola, S., Gaillardin, C. 2003. Chromosomal
polymorphism in the yeast species Debaryomyces hansenii. Antonie van
Leeuwenhoek 84, 81-88.

De Roos, K. 2007. Selecting the right flavourings for a food product. In: A. Taylor and
Hort Joanne (Eds.) Modifying flavour in food. Woodhead Publishing Limited, England,
pp. 243-273.

Dunkel, A., Steinhaus, M., Kotthoff M., Nowak, B., Krautwurst D., Schieberle, P and
Hofmann, T 2014. Nature’s chemical signatures in human olfaction: A foodborne
perspective for future biotechnology. Angewandte Chemie International Edition, 53,
7124-7143.

25



Dura, M.A., Flores, M., and Toldra, F. 2002. Purification and characterization of a
glutaminase from Debaryomyces spp. International Journal of Food Microbiology, 76,
117 — 126.

Dura, M. A, Flores, M. and Toldra, F. 2004a. Effect of Debaryomyces spp. on the
proteolysis of dry-fermented sausages. Meat Science, 68, 319-328.

Dura, M. A., Flores, M. and Toldra, F. 2004b. Effect of growth phase and dry-cured
sausage processing conditions on Debaryomyces spp. generation of volatile
compounds from branched-chain amino acids. Food Chemistry, 86, 391-399.

Encinas, J.P., Lopez-Diaz, T.M, Garcia-Lépez, M.L., Otero, A. and Moreno, B. 2000.
Yeast populations on Spanish fermented sausages. Meat Science, 54, 203 — 208.

European Commission, Salt initiatives 2009
http://ec.europa.eu/health/ph_determinants/life_style/nutrition/documents/national_sal
t en.pdf

Flores, M. 2011a. Sensory Descriptors for Dry-Cured Meat Products (Chap.11) In:
Nollet MLL., Toldra, F., (Eds.), Sensory analysis of foods of animal origin. CRC
Press, USA, pp. 173-196

Flores, M. 2011b. Flavor of Meat Products (Chap. 9) In: Nollet MLL, Toldra, F., (Eds.)
Sensory analysis of foods of animal origin. CRC Press, USA, pp 131-145.

Flores, M. and Toldra, F. 2011. Microbial enzymes for improved fermented meats.
Trends in Food Science and Technology, 22, 81-90.

Flores, M., Dura, M. A., Marco, A. and Toldra, F. 2004. Effect of Debaryomyces spp. on
aroma formation and sensory quality of dry-fermented sausages. Meat Science, 68,
439-446.

Flores M and Olivares A. 2015. Flavor (Chap. 25). In: F. Toldra (Ed.) Handbook of
Fermented meat and Poultry, 2nd Edition. John Wiley and Sons, Ltd, pp 217-225.

Fontana C., Cocconceli, P.S., Vignolo, G. 2005. Monitoring the bacterial population
dynamics during fermentation of artisanal Argentinean sausages. International
Journal of Food Microbiology, 103, 131-142.

26



Gallardo, G., Ruiz-Moyano, S., Hernandez, A., Benito, MJ., Cérdoba MG., Pérez-
Nevado F. 2014. Application of ISSR-PCR for rapid strain typing of Debaryomyces
hansenii isolated from dry-cured Iberian ham. Food Microbiology 42, 205-211.

Gardini, F., Suzzi, G., Lombardi, A., Galgano, F., Crudele, M.A., Andrigueto, C., et al.
2001. A survey of yeasts in traditional sausages of Southern Italy. FEMS Yeast
Research, 1, 161 — 167.

Gelabert, J., Gou, P., Guerrero, L., and Arnau, J. 2003. Effect of sodium chloride
replacement on some characteristics of fermented sausages. Meat Science, 65, 833-
839.

Gianelli, P., Olivares, A., Flores, M. 2011. Key aroma components of a dry cured
sausage with high fat content (Sobrassada). Food Science and Technology
International, 17, 63-70.

Gonzalez-Fernandez, C., Santos, E.M. Jordi Rovira, J. and Jaime, |. 2006. The effect
of sugar concentration and starter culture on instrumental and sensory textural
properties of chorizo-Spanish dry-cured sausage. Meat Science 74, 467-475.

Hammes, W. P. and Kauf, H. J. 1994. Starters in the processing of meat products.
Meat Science, 36, 155-168.

laccarino, T., Di Monaco, R., Mincione, A., S. Cavella, S. and Masi, P. 2006. Influence
of information on origin and technology on the consumer response: The case of
soppressata salami. Food Quality and Preference, 17, 76-84.

lucci, L., Patrignani, F., Belletti, N., Ndagijimana, M., Guerzoni, M.E., Gardini, F. and
Lanciotti, R. 2007. Role of surface-inoculated Debaryomyces hansenii and Yarrowia
lipolytica strains in dried fermented sausage manufacture. Part 2: Evaluation of their
effects on sensory quality and biogenic amine content. Meat Science, 75, 669 — 675.

Leroy, F., Verluyten, J., and De Vuyst, L. 2006. Functional meat starter cultures for
improved sausage fermentation. International Journal of Food Microbiology, 106,

270-285.

27



Licke, F.K. 2000. Utilization of microbes to process and preserve meats. Meat
Science, 56, 105-115.

Marco, A., Navarro, J. L., and Flores, M. 2006. The influence or nitrite and nitrate on
microbial, chemical and sensory parameters of slow dry fermented sausage. Meat
Science, 73, 660-673.

Marco, A., Navarro, J. L., and Flores, M. 2007. Quantification of Selected Odor-Active
Constituents in Dry Fermented Sausages Prepared with Different Curing Salts.
Journal of Agricultural and Food Chemistry, 55, 3058-3065.

Martin, A., Cérdoba, J.J., Benito, M.J., Aranda, E. and Asensio, M.A. 2003. Effect of
Penicillium chrysogenum and Debaryomyces hansenii on the volatile compounds
during controlled ripening of pork loins. International Journal of Food Microbiology,
84, 327 — 338.

Martin, A., Coérdoba, J.J., Aranda, E., Coérdoba, M.G. and Asensio, M.A. 2006.
Contribution of a selected fungal population to the volatile compounds on dry-cured
ham. International Journal of Food Microbiology, 110, 8 — 18.

Martorell, P., Fernandez-Espinar, M. T., Querol, A. 2005. Sequence-based
identification of species belonging to the genus Debaryomyces. FEMS Yeast
Research 5, 1157-1165.

Mendonga, R.C.S., Gouvéa, D.M., Hungaro, H.M., Sodré, A., and Querol-Simén, A.
2013. Dynamics of the yeast flora in artisanal country style and industrial dry cured
sausage (yeast in fermented sausage). Food Control, 29, 143 — 148.

Mendoza, L.M., Padilla, B., Belloch, C. and Vignolo, G. 2014. Diversity and enzymatic
profile of yeast isolated from traditional llama meat sausages from north-western
Andean region of Argentina. Food Research International, 62, 572-579.

Meynier, A., Novelli, E., Chizzolini, R., Zanardi, E., and Gandemer, G. 1999. Volatile
compounds of commercial Milano salami. Meat Science, 51, 175-183.

Montel, M. C., Masson, F. and Talon, R. 1998. Bacterial role in flavour development.
Meat Science, 49, S111-S123.

28



Mottram, D.S. 1998. Flavour formation in meat and meat products: a review. Food
Chemistry, 62, 415-424.

Muguerza, E. Gimeno, O. Ansorena D. and Astiasaran, |. 2004. New formulations for
healthier fermented sausages: a review. Trends in Food Science and Technology,
15, 452-457.

Nielsen, D. S., Jacobsen, T., Jespersen, L., Granly Koch, A. and Arneborg, N. 2008.
Occurrence and growth of yeasts in processed meat products — Implications for
potential spoilage. Meat Science 80, 919-926.

Olesen, P.T. and Stahnke, L.H. 2000. The influence of Debaryomyces hansenii and
Candida utilis on the aroma formation in garlic spiced fermented sausages and model
minces. Meat Science, 56, 357 — 368.

Olivares, A., Navarro, J. L. and Flores, M. 2010. Comparison of flavor components in
dry sausages obtained from comercial and non-fermented sausages from protected
origin. In C.-T. Ho, C. J. Mussinan, F. Shahidi and E. Tratras Contis (Eds.), Recent
Advances in Food and Flavor Chemistry. Cambrigde, UK: RSC Publishing, pp. 150-
156.

Olivares A., Navarro JL., Flores, M. 2011. Effect of fat content on aroma generation
during processing of dry fermented sausages. Meat Science, 87, 264-273.

Olivares, A., Navarro, J. L., and Flores, M. 2014 Characterization of volatile
compounds responsible for the aroma in naturally fermented sausages by GC-
olfactometry. Food Science and Technology International,

http://dx.doi.org/10.1177/1082013213515500.

Ordoriez, J.A. and de la Hoz, L. 2007. Mediterranean Products. In: F. Toldra, Y. H. Hui,
I. Astiasaran, W. Nip, J. G. Sebranek, E. F. Silveira, L. H. Stahnke, R. Talon (Eds.)
Handbook of Fermented Meat and Poultry. Blackwell Publishing: lowa, USA, pp 333-
348.

Osei Abunyewa A.A., Laing, E., Hugo, A., Viljoen, B.C. 2000. The population change of
yeasts in commercial salami. Food Microbiology, 17, 429-438.

29



Ozturk, 1 2015. Presence, changes and technological properties of yeast species
during processing of pastrima, a Turkish dry cured meat products. Food Control, 50,
76-84.

Patrignani, F., lucci, L., Vallicelli, M., Guerzoni, M.E., Gardini, F. and Lanciotti, R. 2007.
Role of surface-inoculated Debaryomyces hansenii and Yarrowia lipolytica strains in
dried fermented sausage manufacture. Part 1: evaluation of their effects on microbial
evolution, lipolytic and proteolytic patterns. Meat Science, 75, 676 — 686.

Procopio, S., Quian, F. and Becker, T. 2011. Function and regulation of yeast genes
involved in higher alcohol and ester metabolism during beverage fermentation.
European Food Research and Technology, 233, 721-729.

Purrifios, L., Carballo, J. and Lorenzo, J.M. 2013a. The Influence of Debaryomyces
hansenii, Candida deformans and Candida zeylanoides on the aroma formation of
dry-cured “lacon”. Meat Science, 93, 344 — 350

Purrifios, L., Garcia Fontan MC., Carballo, J. and Lorenzo, J.M. 2013b. Study of the
counts, species and characteristics of the yeast population during the manufacture of
dry cured lacén. Effect of salt level. Food Microbiology 34, 12-18.

Querol, A., Fernandez-Espinar, M. T., Belloch, C. 2008. Genetics of yeasts. In: F.
Toldra (Ed.) Meat Biotechnology. Springer Verlag, Germany, pp. 167-180

Rantsiou, K., Urso, R., lacumin, L., Cantoni, C., Cattaneo, P., Comi, G. and Cocolin, L.
2005. Culture-dependent and independent methods to investigate the microbial
ecology of Italian fermented sausages. Applied and Environmental Microbiology 71,
1977-1986.

Rantsiou, K., Cocolin, L. 2006. New developments in the study of the microbiota of
naturally fermented sausages as determined by molecular methods. International
Journal of Food Microbiology 108, 255-267.

Rantsiou, K., Cocolin, L. 2008. Fermented meat products. In: Cocolin, L. and Ercolini,
D. (Eds.) Molecular techniques in the microbioal ecology of fermented foods.
Springer Verlag, Germany, pp. 91- 118

30



Ravyts, F., De Vuyst, L. and Leroy F. 2012. Bacterial diversity and functionalities in
Food fermentations. Engineering in Life Sciences, 12, 356-367.

Resano, H., Perez-Cueto, F.J.A., de Barcellos, M.D., Veflen-Olsen, N., Grunert, K.G.
and Verbeke, W. 2011. Consumer satisfaction with pork meat and derived products in
five European countries. Appetite, 56, 167-170.

Rodriguez, M.M., Nufiez, F., Cordoba, J.J., Bermudez, M.E. and Asensio, M.A. 1998.
Evaluation of proteolytic activity of Micrococcaceae, moulds and yeasts isolated from
dry cured ham. Journal of Applied Microbiology, 85, 905 — 912.

Romano, P., Capece, A., Jespersen, L. 2006. Taxonomic and ecological diversity of
food and beverage yeasts. In: Querol, A. & Fleet, G.H. (Eds.) The yeasts Handbook.
Springer Verlag, Germany, pp. 13-53

Ruusunen, M.M and Puolanne, E. 2005. Reducing sodium intake from meat products.
Meat Science, 70, 531-541.

Samelis, J. and Sofos, N. 2003. Yeasts in meat and meat products. In: Boekhout, T. &
Robert, V. (Eds.) Yeasts in food, beneficial and detrimental aspects. Behr’'s Verlag,
Germany, pp. 234-265

Santos, N., Santos-Mendoga, R.C., Sanz, Y., Bolumar, T., Aristoy, M.C. and Toldra, F.
2001. Hydrolysis of pork muscle sarcoplasmic proteins by Debaryomyces hansenii.
International Journal of Food Microbiology, 68, 199 — 206.

Schmidt, S. and Berger, R.G. 1998b. Aroma compounds in fermented sausages of
different origins. Food Science and Technology-LWT, 31, 559-567.

Schmidt, S., and Berger, R.G. 1998a. Microbially formed aroma compounds during the
maturation of dry fermented sausage (Salami). Advances in Food Science, 20, 144-
152.

Selgas, MD., Ros, J., Garcia ML. 2003. Effect of selected yeast strains on the sensory
properties of dry fermented sausages. European Food Research and Technology,

217, 475-480.

31



Shahidi, F., Rubin, L.J., and D’Souza, L.A. 1986. Meat Flavor Volatiles: A review of the
composition, techniques of analysis, and sensory evaluation. CRC Critical Reviews in
Food Science and Nutrition, 24, 141-243.

Silvestri, G., Santarelli, S., Aquilanti, L., Beccaceci, A., Osimani, A., Tonucci, F. and
Clementi, F. 2007. Investigation of the microbial ecology of Ciauscolo, a traditional
Italian salami, by culture-dependent techniques and PCR-DGGE. Meat Science, 77,
413-423.

Sollner, K., Schierberle, P. 2009. Decoding the Key Aroma Compounds of a
Hungarian-Type Salami by Molecular Sensory Science Approaches. Journal of
Agricultural and Food Chemistry, 57, 4319-4327.

Sorensen, B.B. and Samuelsen, H. 1996. The combined effects of environmental
conditions on lipolysis of pork fat by lipases of the meat starter culture organisms
Staphylococcus xylosus and Debaryomyces hansenii. International Journal of Food
Microbiology, 32, 59 — 71.

Sorensen, B.B. 1997. Lipolysis of pork fat by the meat starter culture Debaryomyces
hansenii at various environmental conditions. International Journal of Food
Microbiology, 34, 187 — 193.

Stahnke, L.H. 1994. Aroma components from dried sausages fermented with
Staphylococcus xylosus. Meat Science, 38, 39-53.

Stahnke, L.H. 1995. Dried sausages fermented with Staphylococcus xylosus at
different temperatures and with different ingredient levels, Part IlI. Volatile
components. Meat Science, 41, 2, 193-209.

Suzuki, M., Prasad, G.S., Kurtzman, C.P. 2011. Debaryomyces, Lodder and Krejer-van
Rij In: Kurtzman, C.P., Fell, J.W., Boekhout, T. (Eds.), The Yeasts a taxonomic study
(Vol. 2). Elsevier, UK, pp. 361-372.

Talon R., Leroy S., Lebert, . 2007. Microbial ecosystems of traditional fermented meat

products: The importance of indigenous starters. Meat Science 77, 55-62.

32



Tjener, K. and Stanhke, L. H. 2007. Flavor. In F. Toldra, (Ed.), Handbook of fermented
meat and poultry. Blackwell Publishing, lowa, USA, pp 503-512.

Toldra, F., Sanz, Y., and Flores, M. 2001. Meat fermentation technology. En: Y.H. Hui,
W.K. Nip, R.W. Rogers, & A.Y. Owen (Eds.) Meat Science and Applications. Marcel
Dekker, New York, USA, pp. 537-561.

Toldra F and Flores M. 2014. Sausages, types of; Dry and semi-dry. In: C. Devine and
M. Dikeman, (Eds). Encyclopedia of Meat Sciences 2ed, Vol. 3, Oxford, Elsevier, pp
248-255.

Valencia, |., Ansorena, D., and Astiasaran, |. 2006. Nutritional and sensory properties
of dry fermented sausages enriched with n-3 PUFAs. Meat Science, 72, 727-733.

Villani, F., Casaburi, A., Pennacchia, C., Filosa, L., Russo, F. and Ercolini, D. 2007
Microbial Ecology of the Soppressata of Vallo di Diano, a traditional dry fermented
sausage from Southern ltaly, and in vitro and in situ selection of autochthonous

starter cultures. Applied and Environmental Microbiology 73, 5453-5463.

33



Table 1. Ester aroma compounds described in traditional and industrial fermented sausages.

Air threshold”
Esters LRI? Traditional sausages Industrial sausages (ppb)

pp
Propyl acetate 748 fruity, floral® apple, caramel’; 2700-11000
Ethyl acetate 638  sweet, fruity®, vegetal '+ synthetic fruity®, sweet, fruity® 5-5000
Ethyl propanoate 743 fruity® fruity® 9-45
Methyl butanoate 754 fruity™ 1-43
Ethyl 2-methylpropanoate 789  strawberry, red apple'*™ pineapple, strawberry, fruity, caramel****'*"®  0.01-0 .1
Methyl 3-methylbutanoate 804 fruity™ -
Ethyl butanoate 825 fruity, caramel'"; pineapple®; strawberry'"'*"  fruity, caramel*®'%"*; pineapple®; strawberry®'®  0.1-18
Ethyl 3-methylbutanoate 875 fruity, floral®""'*"° sour, pungent” fruity'®, floral®>®'" 0.01-0.4
Ethyl 2-methylbutanoate 871 fruity"'*™ fruity, floral>*®'* strawberry®'® 0.01-0.1
Ethyl 3-hydroxybutanoate 990  sweet, fruity'® -
Ethyl pentanoate 922  fruity, green™ fruity”®; strawberry® 1.5-5
Ethyl hexanoate 1026 pear®; Flowery, sweet'*™ sweet, fruity, cherry® 0.3-5
Ethyl benzoate 1225  fruity, herbal, humed'® fruity'® 100-150
Ethyl octanoate 1226  fuity®; toasted meat'" greasy, green®; 5-92
Ethyl decanoate 1424 fruity" citric® 8-12

2 LRI: Linear retention indices (calculated for DB-624 column).
216 References: 2. Stahnke (1994), 3. Stahnke (1995), 4. Meynier et al. (1999), 5. Schmidt & Berger (1998a), 6. Schmidt & Berger (1998b), 7.
Chevance et al. (2000), 8. Blank et al. (2001), 9. Marco et al. (2007), 10. Séllner & Schieberle (2009), 11. Gianelli et al. (2011), 12. Olivares
et al., (2011), 13. Corral et al., (2013), 14. Olivares et al., (2014), 15. Corral et al., (2014a), 16. Corral et al., (2015).
® Air thresholds were obtained from Burdock (2002).
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Table 2. Main isolated yeast identified by molecular methods in dry cured meat
products from different geographical origins.

Predominant Isolated Yeast = Meat product Country Reference

D. hansenii, C. kruseiii, W. fermented sausages Italy Rantsiou et al., 2005

saturnus and C. sake

C. zeylanoides & D. hansenii traditional sausages Italy Cocolin et al, 2006

D. hansenii traditional sausages Italy Baruzzi et al., 2006

D. hansenii dry sausages Italy Aquilanti et al., 2007

D. hansenii traditional salamies Italy Silvestri et al., 2007

C. zeylanoides, P. traditional salamies Italy Villani et al., 2007

guilliermondii & D. hansenii

C. zeylanoides & C. several meat products Norway Nielsen et al., 2008

alimentaria

D. hansenii & C. zeylanoides dry cured Iberian ham Spain Andrade et al., 20093,

2009b

D. hansenii & C. zeylanoides dry cured meat products Norway Asefa et al., 2009

C. zeylanoides & D. hansenii  dry fermented sausages Spain Andrade et al., 2010a
(from Iberian pork)

D. hansenii & C. zeylanoides dry cured ham Spain Andrade et al., 2010b
(different PDO)

Debaryomyces fermented sausages Spain Mendonga et al., 2013

D. hansenii & C. zeylanoides dry fermented sausages Argentina Mendoza et al., 2014
(from llama)

D. hansenii traditional dry-sausages  Spain Cano-Garcia et al., 2013

D. hansenii dry cured ham (Lacon) Spain Purrifios et al., 2013b

D. hansenii & C. zeylanoides dry cured Iberian ham Spain Gallardo et al., 2014

C. zeylanoides dry cured meat product  Turkey Ozturk, 2015

(beef Pastirma)

35



12
13
14
15
16
17
18
19

20
21

Table 3. Effects of D. hansenii and other yeast isolated from meat products in
different meat models.

Meat model Yeast Main effect Affected by Reference
Pork fat emulsion  cellular extracts Lipolytic activity T2, pH, Sorensen &
of D. hansenii NaCl Samuelsen,
and S. xylosus 1996
Pork fat D. hansenii Generation of free T4, pH, Sorensen,
fatty acids NaCl 1997
Myofibrillar D. hansenii Generation of Rodriguez et
proteins peptides and free al., 1998
amino acids
Myofibrillar D. hansenii Generation of Santos et al.,
proteins peptides and free 2001
amino acids
Fermented D. hansenii and C. utilis generated Olsen and
sausage meat C. utilis ester compounds. D. Stanhke, 2000
model hansenii do not have
effect on VOCs
production
Meat models with  D. hansenii Generation of NaCl, Dura et al.,
meat extract branched aldehydes, lactate, pH 2004b

alcohols and acids

Dry cured ham
meat model

D. hansenii and
C. zeylanoides

Generation of
branched aldehydes
and alcohols, and
sulphur compounds

Andrade et al.,
2009a,b

Culture media
(alcohol plus acid

D. hansenii yeast
strains

Production of ethyl
and methyl esters,

Cano-Garcia et
al, 2013

compounds) sulphur, alcohols,

aldehydes and

ketones.
Fermented D. hansenii yeast Production of ester Cano-Garcia et
sausage meat strains and sulphur al, 2014a
model compounds
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Table 4. Effects of the inoculation of yeast strains in different dry cured meat
products.
Meat Country Inoculated Main effect Sensory Reference
product Yeast effect
Dry-cured Spain D. hansenii VOCs increase Improve Martin et al.,
ham appearance 2006
and texture
Low toasted
flavour
High
acceptability
Dry cured Spain D. hansenii, VOCs increase - Purrifios et
ham (Lacon) C. deformans al., 2013a
C.zeylanoides
Dry-cured Spain D. hansenii VOCs increase - Martin et al.,
loin 2003
Dry D. hansenii VOCs increase No effect Olsesen &
fermented and C. utilis Stahnke
sausages 2000
Spain D. hansenii, Lipolytic activity =~ No effect Selgas et al.,
Y. lipolytica, 2003
T- mucoides
Spain D. hansenii VOCs increase, High Flores et al.,
Antioxidant preference 2004
effect
Spain D. hansenii Proteolytic - Dura et al.,
activity, amino 2004a
acid release,
Ammonia
decrease
Italy D. hansenii, A,, decrease, - Patrignani et
Y. lipolytica, Lipolytic activity, al., 2007
Free fatty acid
release,
Proteolytic
activity
Italy D. hansenii, VOCs increase Improve lucci et al.,
Y. lipolytica, appearance, 2007
Increase
consumer
acceptance
Spain D. hansenii VOCs increase Andrade et
al., 2010
Spain D. hansenii Antioxidant no sensory  Cano-Garcia
effect, VOCs effect etal.,, 2014b
production (acid,
sulphur, and
esters),
Spain D. hansenii Increase Positive Corral et al.,
lipolysis and sensory 2014b, 2015
antioxidant effect. High
effect, increase  consumer
VOCs derived preference.
from amino Aroma
acids and ester increased
compounds.
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