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abstract
The physico-chemical, biochemical and microbiological changes in raw fermented beef products, 
manufactured from semitendinosus (sT), semimembranosus (sm), psoas major and minor (pm) 
muscles during ripening were evaluated. The accumulation of free fatty acids (1550, 2660, 1850 
mg/kg) and the increase of lactobacilli (about 0.2 log cfu/g) had an effect on the ph. The low ph 
(4.9) reduced the coagulase-negative cocci population (0.2 log cfu/g) and affected the free amine 
groups content (185.2 and 25 µm Gly/kg) in the pm with the lowest fat content (2.9%). at the end 
of the ripening process the sT contained a similar quantity of water, protein, fat and proteolysis 
products as the sm, however small peptides were generated in all products. The release of vola-
tile compounds could be affected by the drying mainly due to the increase of fat (free fatty acid 
transformations) and activity of bacterial cells (amino acid transformations, fermentation under 
aerobic or anaerobic conditions). The results of a two-way analysis of variance for physico-chem-
ical, biochemical and microbiological attributes showed that all the analysed factors significantly 
influenced the level of the evaluated variables in the ST, SM and PM products (P<0.01) excluding 
the type of product and its effect on the fat, ash, 2-phenylethylamine and putrescine content, ph 
and the coagulase-negative cocci count in the sT and sm. The interactions between the type of 
product and the ripening period were highly significant, with the exception of the yeasts and the 
LAB, existing in the external and internal layer of the products. 
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Aroma, tenderness and colour are the major quality attributes of raw fermented 
meat products. They are dependent on the physico-chemical, biochemical and micro-
biological changes which occur during ripening. The qualitative and quantitative 
composition of volatile aroma compounds is dependent on the chemical content, 

*The study was supported by Grant No. NN312305740 from the Polish Committee of Scientific Re-
search in the Department of Animal Products Technology, University of Agriculture, Kraków, Poland.
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the presence of acidifying and denitrificating microflora as well as on the pH values.  
The compounds occurring as a result of free fatty acids oxidation as well as the ac-
tivity of coagulase-negative cocci are regarded as the main source of aroma precur-
sors (Ansorena et al., 2000; Spaziani et al., 2009; Wójciak and Dolatowski, 2012; 
Węsierska et al., 2013 a, b). Low values of pH create the environment for biochemi-
cal changes which alter the microstructure and water activity (Lücke, 2000) as well 
as microbiological activity which determines the final colour of raw meat products 
(Węsierska et al., 2013 b). The presence of fat influences the texture, oral sensation 
and juiciness, and salt determines the flavour, water holding capacity, and colour 
(Olivares et al., 2009). The connection between the biochemical properties and the 
origin (country, region, recipe, climate conditions, “house microflora” activity) has 
been partly described, for example for Italian (Moretti et al., 2004; Casaburi et al., 
2007; Di Cagno et al., 2008; Spaziani et al., 2009), Spanish (Salgado et al., 2005; 
Larrea et al., 2006), Portuguese (Roseiro et al., 2008), French (Lebert et al., 2007; 
Rason et al., 2007), Turkish (Dalmis and Soyer, 2008; Kilic, 2009) and Chinese 
(Zhao et al., 2008) raw meat products. Most of them have been fabricated from 
pork cuts as various sausages. Even though Olivares et al. (2009) and Węsierska et 
al. (2012 a, b) atempted to acquire knowledge about the generation of aroma com-
pounds through the different ripening stages, there is no specific information on the 
endo- and exogenous biochemical changes in beef fermented products during the 
ripening, in spite of their advisable chemical and histological composition. It proved 
reasonable to analyse beef muscles: m. semitendinosus, m. semimembranosus and 
mm. psoas major and minor due to the differences in their chemical composition, 
texture attributes and other properties of quality, changeable during the postmor-
tem cold ageing (Koohmaraie et al., 1988; Klont et al., 1998; Lefaucheur and Ger-
rard, 2000; Kołczak et al., 2005, 2008). The objective of this study was to evaluate 
changes in the physico-chemical, biochemical and microbiological properties of raw 
fermented beef products, ripened as entire primal cuts of m. semitendinosus (ST), 
m. semimembranosus (SM) and mm. psoas major and minor (PM) by the traditional 
meat fermentation method.

material and methods

processed meat product 
Three raw smoked beef cuts (ST, SM and PM), reclaimed from black-and-white 

cattle, were manufactured in a small-scale plant using a genuine ripening room and 
climate conditions. The meat and spices were obtained from local producers (Podla-
sie region, Poland). The smoking procedures and spice compositions were kept con-
fidential. The meat cuts were preserved and aromatized by dry salt and non-iodinated 
rock salt and seasoned for one week in cool storage premises at a temperature of 
4–7°C. Nitrite curing was not practised. The excess salt was removed by drenching 
for about 24 h (the intended NaCl content was about 3.5% in ready-to-eat products). 
The ST, SM and PM were turned over during the salting, soaking and washing proc-
esses. After draining, the products were smoked with cold smoke and ripened at 
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18–20°C for 1 week and at 12–15°C for a further 3 weeks in a ripening room with  
a relative humidity of 80–85%. The ready-to-eat ST, SM and PM products assumed 
the shape of a flattened cylinder and were characterised by a soft, resilient consist-
ency. The meat was dark-red in the cross-section. The flavour was salty, character-
istic for raw fermented meats, dependent on the variety and proportions of spices 
used (the aroma of bay leaf, pepper and juniper was distinguishable). Three batches 
of production were carried out. Three products, as the replications in each batch, 
wrapped in a greaseproof paper and packed into thermo-insulated bags in cooling 
conditions (4–6°C), were immediately distributed by a courier to various partner 
laboratories for analysis for up to 24 h. 

sampling
Samples were primarily collected just before the smoking procedures, after dry 

salting (time zero). The cuts were next sampled at different times throughout the 
ripening process (after the 2nd and 4th week of the ripening). The content of water, 
protein, fat, NaCl, soluble nitrogen, free amino groups, free fatty acids and microbial 
counts was determined in duplicate at each sampling point. Samples for microbio-
logical analysis were taken from the surface (a depth of up to 2–3.5 cm) as well as 
from the internal layers of the products. Each layer was treated as different habitat 
with heterogenous physico-chemical conditions. At first, three 10 g slices from each 
product, without casing, were weighed aseptically, cut into small pieces and placed 
into sterile stomacher bags. 90 ml of a sterile diluent (Peptone Water, Biocorp) was 
added and the mixture was homogenized using a laboratory blender (Stomacher 80, 
Seward). The series of decimal dilutions was prepared with the same diluent ac-
cording to Polish and European standards PN-A-82055-6,16,17:1994 and EN-ISO 
6888:2001/A1:2004. Thereafter, three 20 g slices were taken for pH and water activ-
ity measurements. After removing the casing, the remainder was comminuted us-
ing a kitchen blender (Multiquick Professional, Braun) to obtain a homogenous raw 
meat mixture for all physico-chemical and biochemical investigations. The collected 
samples were analysed immediately according to relative standards. 

analysis 
The chemical composition was determined according to the following recom-

mended methods: water content by drying samples to stable weight (Polish standard 
PN ISO 1442:2000); total nitrogen content by the Kjeldahl method (Polish standard 
PN-75-A-04018:1975/Az3:2002) with the set type 322 (Büchi); fat content by the 
Soxhlet method (Polish standard PN ISO 1444:2000); ash content (Polish standard 
PN ISO 396:2000) and NaCl content by the Mohr’s method (Polish standard PN ISO 
1841-1:2002). The water activity was controlled by the LabMaster-aw (Novasina), 
following the instructions; the pH was measured with a pH-meter type CP-411 and 
electrode type PP-3 (Elmetron) in a water homogenate (meat:water 1:3). The free 
amino groups content was evaluated by the Kuchroo et al. (1983) method using 2, 
4, 6-trinitrobenzenesulfonic acid (TNBS) (Sigma). The free amino groups were de-
termined in water and phosphotungstic acid (PTA). The quantity of the groups was 
indicated from the standard curve prepared with glycine. The quantity of free fatty 
acids was evaluated using a gas chromatograph (Agilent Technologies 6890N) with 
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a mass detector (Agilent Technologies 5973). Analysed chemicals were extracted 
using a mixture of hexane and 2-ethyl ether (1:1; v/v), adsorbed on aluminium oxide 
and next liberated from stationary phase by diisopropyl ether with 6% formic acid. 
The conditions of separation: chromatographic column 60 m × 250 µm × 0.25 µm, 
temperature of column from 140°C (5 minutes) to 240°C (4°C/min), carrier gas – 
He (20 cm3/s), injection 1 µl, 260°C, split 100:1. The TBA index was determined 
by the spectrophotometric method (Rosmini et al., 1996). The absorbance was read 
at a wavelength of 530 nm. Thiobarbituric acid (TBA) was a reagent in malondial-
dehyde (MDA) assay. The TBA index was expressed in mg of the MDA per kg of 
the product. Biogenic amines were derivatised with dansylchloride, as previously 
described by Paulsen and Bauer (2007). 90 g of 10% (w/v) trichloroacetic acid was 
added and suspended with an Ultra-Turrax T25 basic homogeniser for 2 minutes to 
10 g of the minced sample (IKA, Germany). The suspension was filtered through 
a folded paper filter of a 0.45 µm pore size. The clear filtrate was used for chemi-
cal analysis. The dansylated amines were separated using the HPLC method (high 
performance liquid chromatograph Hewlett Packard 1050 with UV/WIS detector, 
Rheodyne dispenser, LiChroCART HPLC 3 Purospher RP-18 5 µm 25 cm column 
and Hewlett Packard 3396 Series II integrator). The amines were detected by UV/VIS 
absorption (Waters 996 at 254 nm). The bacteriological examination was carried 
out as follows: the microbiological analysis of the total plate count in mesophilic 
conditions (Plate Count Agar, Biocorp, 30°C/48–72 h); yeasts (Chloramphenicol 
Lab-Agar, Biocorp, 22°C/48 h), Lactobacilli rods (MRS Lab-Agar, Biocorp, acetic 
acid was used to reduce the pH to 5.4, 30°C/24–48 h, in an anaerobic chamber with  
a 20% CO2 enriched atmosphere – Sheldon Manufacturing, Inc.); Micrococcus sp. as 
well as a coagulase-negative and positive Staphylococcus sp. determination (Baird 
Parker Lab-Agar with a yolk emulsion and/or without sodium tellurite, RPF Suple-
ment, Biocorp – cocci classified on the basis of coagulase activity, 37°C/24 h), Bacil-
lus cereus (Mossel’s Bacillus cereus Selective Lab-Agar with a yolk emulsion and 
polymyxine A, Biocorp – species classified on the basis of the mannitol fermentation 
capacity, 30°C/24–48 h). Additional isolation and identification of the bacteria from 
the raw materials using the ATB system, Rapid ID 32 A and ID 32 Staph tests, was 
conducted following the procedure of the National Committee for Clinical Laborato-
ry Standards (Body et al., 2003). The volatile aroma compounds were extracted from 
the water homogenate incubated at 50°C to obtain a solid phase extraction (PME) 
using carboxen/polydimethylsiloxane (CAR/PDMS) and carbowax/divinylbenzene 
(CW/DVB) phases. These compounds were analysed using gas chromatography-
mass spectrometry methods and the NIST commercial spectrum library. The contents 
was expressed as relative concentration of volatile aroma compounds in particular 
period of ripening for each product individually. The effect of the type of products 
and the time of ripening on the physico-chemical, biochemical and microbiologi-
cal properties was tested by the analysis of variance (ANOVA) with one-factor: the 
ripening period (levels: weeks 0, 2, 4) and two-factors: the ripening period (levels: 
weeks 0, 2, 4) and the type of product (levels: ST, SM and PM muscles). The Scheffe 
and Duncan post-hoc tests were used for the comparison of means (the significance 
of differences was investigated at P<0.05 and P<0.01). 
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results 

physico-chemical properties
The elementary chemical composition of ready-to-eat beef products was in 

the normative range for raw fermented hams and loins (Polish standards PN-A-
82007:1996 and PN-A-82031:2005), however, the salt content was higher than the 
normative values (3.5–7.0%) and amounted to 8.5–9.5%, depending on the product 
(Table 1). A decrease in water content during the 4-week ripening (P<0.01) was si-
multaneous in all products with an increase of protein (P<0.01), fat (P<0.01), NaCl 
(P<0.01) and ash (P<0.01) content of about 4.0%, 1.8%, 2.9% and 2.9%, respective-
ly (Table 1), although the ST final product contained a similar quantity of water, fat, 
NaCl and ash as the SM. The products dried evenly and consequently, the aw (water 
activity) gradually decreased to 0.85–0.89, according to the product. In ST and PM 
products the aw decreased similarly by about 0.02 (P<0.05) during the first two, and 
by 0.04 (P<0.01) during the last two weeks of ripening, while in SM by about 0.1 and 
0.2, respectively (Table 1). The gradual decrease of the pH was observed in all beef 
products (Table 1). Although the pH values of ST and PM products remained almost 
the same during the first two weeks, after the 2nd week of ripening they decreased to 
5.16 and 4.87, respectively.

Proteolytic, lipolytic and oxidative changes
A dynamic increase of the protein degradation products (P<0.01) was noted be-

tween the 2nd and 4th weeks of the ripening in all beef products (Table 2). The 
amount of free amino groups dissolved in water determined the majority of typical 
proteolysis products; the amino groups dissolved in PTA proved a low-molecular 
fraction of singular amino acids as well as di- and tripeptides (Kuchroo et al., 1983). 
An almost 4-fold increase of free amino groups soluble in water (P<0.01) was ob-
served in all the smoked meats. ST and SM products contained a similar amount of 
free amino groups soluble in water and in the PTA at the end of processing while 
the PM product – significantly less. Small peptides and volatile compounds were 
generated at the end of the ripening in all products. The advancement of proteolysis 
was also confirmed by more than a 2-fold increase (P<0.01) in the proportion of 
soluble to total nitrogen in all the ripened meats (Table 2). The gradual increase of 
the total free fatty acids was observed in all beef products (Table 2) although dif-
ferent acids were affected in different stages of ripening – the amounts of palmitic, 
stearic and oleic acids were 4- to 13-fold higher (P<0.01) depending on the product, 
as compared with the initial quantity. The most dynamic lipolysis was noted in the 
ready-to-eat SM where the total content of the free fatty acids was markedly higher 
as compared with the ST and PM products. The amounts of myristic (P<0.01) and 
linolenic acids in the ST and PM final products were almost twice as low as in the 
SM. No acids with shorter C<6 or longer C>20 chains were noted. The value of 
the TBA index decreased (P<0.01) during the ripening of all three raw fermented 
smoked meats (Table 2). 
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amount of biogenic amines
The changes in the amount of biogenic amines are summarized in Table 3. Tryp-

tamine was not found in the ST, SM and PM products. A histamine increase (P<0.01) 
in the SM and PM products was noted as compared to their initial values. The con-
tent of histamine in the ST product increased (P<0.01) during the first two weeks 
and decreased insignificantly during the last two weeks of ripening. Putrescine was  
not found at the end of the ripening, however, at the beginning it amounted to  
2.1–2.4 mg/kg, depending on the product. Cadaverine and tyramine increased sig-
nificantly (P<0.01), from 1.2 and 6.5 mg/kg to nearly 2.6 and 7.2 mg/kg of the SM 
product and from 0.9 and 6.1 mg/kg to nearly 1.5 and 7.2 mg/kg of the PM product, 
respectively. 

microbial composition
A gradual increase in the count of aerobic bacteria, yeasts, LAB, coagulase-

negative cocci and bacilli (P<0.01) was observed in the external and internal layer 
of all products during the ripening process (Figure 1 a, b, c, d, e). The count of the 
aerobic and aerotolerant bacteria was comparable despite the heavy conditions in the 
external layers, the flow from the slight drying of the products during ripening. Sta-
phylococcus aureus and moulds were not found in any of the products. The follow-
ing strains were isolated from the ST, SM and PM products: aerotolerant anaerobic 
bacteria (Lactobacillus xylosus, Lactobacillus acidophilus, Propionibacterium ac-
nes, P. granulosum, Peptonibacterium saccharomyces), anaerobic bacteria (Clostrid-
ium bifermentans, C. clostridioforme, C. glycolicum, C. histolyticum, C. ramosum, 
C. sporogenes, C. subterminale, C. tyrobutyricum, Eggerthella lenta, Finegoldia 
magna, Gemella morbillorum) and aerobic bacteria (Staphylococcus xylosus, Bacil-
lus cereus, B. subtilis). 

Volatile compounds
The profile of volatile compounds was different for each analysed product and 

changed during the ripening process (Table 4). Fifteen volatile aroma compounds 
were detected in the ST and PM products as well as fourteen in the SM product. The 
majority of them were common for all the analysed products. Following Schmidt 
and Berger (1998), Meynier et al. (1999), Olivares et al. (2009) and Spazziani et al. 
(2009), the volatile compounds were grouped depending on their most likely sourc-
es: lipid oxidation and microbial metabolism products. The results of lipid oxidation 
in the ST, SM and PM were: aldehydes (pentanal, 2-pentanal, hexanal, octanal), 
alcohols (1-penten-3-ol, 3-methyl-3-buten-1-ol, 2-methyl-2-buten-1-ol) and ketones 
(2-pentanone, 2-butanone, 2-heptanone). Bacteria cells activity could affect: amino 
acids transformations (3-methyl-1-butanol) and saccharide fermentation (methyl 
acetate, ethyl acetate as well as butanoic acid) or free fatty acids transformation 
(2-butanone, 2-pentanone, pentanal, hexanal and 2-heptanone). 

Two-way analysis of variance
The results of a two-way analysis of variance of physico-chemical, biochemi-

cal and microbiological attributes in ripened products (Table 5) showed that all the 
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analysed factors significantly influenced the level of the evaluated variables in the 
ST, SM and PM products (P<0.01) excluding the type of product and its effect on the 
fat, ash, 2-phenylethylamine and putrescine content, pH and the coagulase-negative 
cocci count in both layers of the ST and SM. The interactions between the type of 
product and the ripening period were highly significant, with the exception of the 
total bacteria count (P<0.05) in the external layer, yeasts and the LAB in both layers 
(not significant). 

Figure 1. Microflora growth dynamics (mean, standard deviation) in raw fermented beef products  
(ST, SM and PM) during ripening (0, 2 and 4 weeks): a – total count of aerobic bacteria, b – yeasts,  

c – lactic acid bacteria, d – coagulase-negative cocci, e – Bacillus cereus
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Table 4. The overall effect of the ripening on the volatile compounds of the ST, SM and PM products
Product1 ST SM PT

ripening period  
(week) 0 2 4 0 2 4 0 2 4

Volatile compounds (% of total)
Methyl acetate 0.84 7.79 6.55 1.10 2.76 2.49 - 2.60 2.71
2-Butanone 1.29 5.58 1.16 - - - - 5.87 2.73
Ethyl acetate 1.96 9.63 9.84 13.62 13.33 22.85 - 12.55 14.03
2-Butanol 7.16 19.19 19.53 16.22 22.74 30.41 - 20.93 26.95
2-Pentanone 5.45 10.54 12.91 5.10 18.11 12.83 - 16.26 16.51
Pentanal 2.41 5.86 6.35 - 4.59 2.85 - 4.84 7.00
1-penten-3-ol 1.94 4.18 4.69 2.10 4.90 3.67 - 3.33 2.59
3-Methyl-3-buten-1-ol 2.15 2.83 5.88 36.09 13.29 2.64 - 2.39 5.24
3-Methyl-1-butanol 2.44 2.44 6.72 2.10 2.31 1.48 - 2.97 5.57
2-Methyl-2-buten-1-ol 1.43 1.86 2.68 2.13 1.79 0.93 - 1.14 1.64
Hexanal - 2.05 5.17 6.41 1.12 0.61 - 0.80 4.74
2-Pentanal - 1.79 2.62 - 4.88 6.50 - 0.31 0.46
2-Heptanone 58.49 18.37 10.54 4.10 5.18 10.74 - 4.52 6.02
Butanoic acid 2.88 2.74 2.71 3.71 3.00 1.06 - 1.30 1.61
Octanal 11.65 5.55 3.10 3.81 2.03 1.01 - 0.63 1.46

1Products manufactured as individual unit from m. semitendinosus (ST), m. semimembranosus (SM) or 
mm. psoas major and minor (PM).

(-) Not detected.

Table 5. The least squares means from the two-factor analysis of variance of the physico-chemical 
properties, in relation to the type of product and the ripening period

Product1 Ripening period (week) Source of variance2

ST SM PM 0 2 4 P RP P × RP
Chemical composition (%):
Water 59.99 Aa 59.60 Bb 60.86 Cc 64.49 Aa 62.36 Bb 53.59 Cc ** ** **
Protein 27.70 Aa 26.41 Bb 27.23 Cc 25.51 Aa 26.18 Bb 29.65 Cc ** ** **
Fat 3.26 Aa 3.11 Aa 2.08 Bb 2.00 Aa 2.60 Bb 3.84 Cc ** ** **
NaCl 7.82 Aa 7.67 Bb 7.24 Cc 6.15 Aa 7.57 Bb 9.01 Cc ** ** **
Ash 9.82 Aa 9.92 Aa 8.81 Bb 8.13 Aa 9.40 Bb 11.02 Cc ** ** **
aw 0.88 Aa 0.90 Bb 0.91 Bb 0.92 Aa 0.90 Bb 0.87 Cc ** ** *
pH 5.64 Aa 5.65 Aa 5.52 Bb 5.90 Aa 5.74 Bb 5.16 Cc ** ** **

1Products manufactured as individual unit from m. semitendinosus (ST), m. semimembranosus (SM) or  
mm. psoas major and minor (PM).

2Product (P), Ripening Period (RP), Product and Ripening Period interaction (P × RP).
A–C – different letters in the same row for each product indicate significant differences between means at 

P<0.01.
a–c – different letters in the same row for each product indicate significant differences between means at 

P< 0.05.
** “F” values significant at P<0.01. 
* “F” values significant at P<0.05. 
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discussion

The gradual decrease of aw during the last two weeks of ripening could be a con-
sequence of the drying process as well as of the micro-structural and compositional 
modifications in the products during ripening (Martín-Sánchez et al., 2011) – the wa-
ter easily evaporated since the isoelectric point was reached. The breakdown of some 
low molecular components by enzymatic reactions, in particular by lytic activities in 
tissues, could additionally favour the reduction of aw (Patrignani et al., 2007; Martín-
Sánchez et al., 2011). The results of this study confirm the literature reports of Soyer 
et al. (2005) that the lowest pH is observed in raw fermented products with a lower 
fat content. The increase of the free fatty acids together with the lactic acid bacteria 
development could influence the highest pH decrease in the SM during the first two 
weeks of ripening (Spaziani et al., 2009). In ready-to-eat products, acids followed the 
following order: oleic, palmitic, stearic, palmitooleic, myristic, linoleic and linolenic. 
A similar tendency was described by Patrignani et al. (2007) and Martín-Sánchez et 
al. (2011). According to Ansorena et al. (2000) and Lücke (2000), the longer chain 
free fatty acids (C14–C18) found in the analysed beef meats, together with products 
of proteolysis, could have become the precursors of volatile aroma compounds. The 
low level of TBA index could be the effect of the anti-oxidative activity of smoke 
components and spices as well as the development of Lactobacillaceae populations 
(Meynier et al., 1999). The activity of microflora was confirmed by the amount of 
biogenic amines. The absence or low level of tryptamine, 2-phenylethylamine and 
putrescine testify to the good quality of the raw meat used (Kalač, 2006; Lorenzo 
et al., 2007; Stadnik and Dolatowski, 2010). The amount of tyramine can be con-
nected with a level of 2-phenylethylamine. According to Suzzi and Gardini (2003) 
this phenomenon is an effect of the non-specific activity of the microbial tyrosine de-
carboxylase. The range of the 2-phenylethylamine amount was lower than tyramine 
and histamine in the ST, SM and PM products during ripening. A similar tendency, 
described by Kalač (2006), was explained by an increased temperature and the in-
correct conditions in the ripening room. The presence of spermine and spermidine, 
even in high amounts in meat and meat products, is not alarming (Lorenzo et al., 
2007; Stadnik and Dolatowski, 2010). Suzzi and Gardini (2003) concluded that the 
increase of tyramine and spermine amounts can be the effect of the dynamic growth 
of LAB and denitrifying microorganisms. Among others, tyramine may occur as  
a result of Enterococcus activity (Ansorena et al., 2002). The microorganisms origi-
nated from ST, SM and PM products constituted the “house microflora” (Leroy et 
al., 2006). The presence of spore-forming Clostridium, Gemella and Propionibacte-
rium sp. indicated the possibility of fresh meat contamination during the initial post-
slaughter treatment (skinning, contact with the digestive system mucous membrane) 
or during salting. Hughes et al. (2002) emphasized the special role of microorganism 
enzymes in the further degradation of the short-chain peptides and in releasing amino 
acids. Proteolytic activity of aerobic cocci was already found by Molly et al. (1997) 
and Olesen et al. (2004) who proved the important role of Staphylococcus carnosus 
and Staphylococcus xylosus in shortening the time of maturation of fermented sau-
sages and in the degradation of proteins and some amino acid chains (isoleucine, 
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leucine and valine) into aldehydes, alcohols and acids, precursors of volatile aroma 
compounds. The percentage of some volatile compounds (methyl acetate, ethyl ac-
etate and butanoic acid) indicated the highest bacterial activity in the second week 
of ripening. The percent of 3-methyl-1-butanol gradually increased during ripening. 
Berdagué et al. (1993), Stahnke (1995), Demeyer et al. (2000), Leroy et al. (2006), 
Olivares et al. (2009) and Węsierska et al. (2012, 2013 a) emphasized the special role 
of the pH decrease in the generation of volatile aroma compounds, determined by the 
type of muscle, technical parameters of the manufacturing process as well as the na-
ture of the biochemical changes, e.g. the increase of myofibril and sarcoplasmic pro-
tein solubility, proteolysis, dehydration, lipolysis, fat oxidation, reduction of nitrates 
(V) to (III), nitrosomyoglobin development and finally fermentation, involving lactic 
acid bacteria: Lactobacilli rods and lactic acid cocci: Streptococcus sp., Lactococcus 
sp., Pediococcus sp. and Enterococcus sp.

In conclusion, a decrease of water content (10–11%) and an increase of protein 
(3.7–4.5%), fat (1.5–2.0%) and ash content (2.5–3.6%) are associated with the phe-
nomenon of slight drying during the ST, SM and PM ripening process. The ready-
to-eat ST product contains a similar quantity of water, fat, salt and ash as the SM. In 
spite of the least loss of water, the largest increment of balanced protein content is 
observed in the PM product. The accumulation of free fatty acids and the develop-
ment of the lactobacilli populations cause the pH value to decrease to 4.9–5.4. The 
lowest pH is indicated in the PM with the lowest fat content (2.9%). Additionally, 
the acid medium can inhibit the development of coagulase-negative cocci in the ST 
and SM or even reduce it after the 2nd week of ripening in the PM by about 0.1–0.2 
log cfu/g in the entire meat volume. For this reason, fractions of peptide degradation 
are probably 20–50% lower in the PM in comparison with the ST and SM. Small 
peptides and volatile compounds were generated at the end of the ripening process 
in all the products. Reducing the tendency of the TBA index can be considered a 
consequence of the anti-oxidative activity of the spices, smoke components and the 
lactobacilli development. The largest decrease of the TBA index is noted in the ST 
and SM products, by about 1.1 and 1.7 mg/kg, respectively, with the most dynamic 
growth of lactic acid bacteria during the first 2 weeks of ripening. The increase of 
tyramine and spermine amounts can be the effect of the dynamic growth of lactoba-
cilli. A considerable part of the “house microflora” includes the species fermenting in 
the presence of air or in the anaerobic conditions – in the presence of nitrogen. The 
release of volatile compounds from the matrix, among others 3-methyl-1-butanol, 
methyl acetate, ethyl acetate, butanoic acid, 2-butanone, 2-pentanone, pentanal, hex-
anal and 2-heptanone, can be affected by the development of microflora. The drying 
process, mainly due to the continual rise of fat and its transformation during ripen-
ing, is responsible for the presence of 2-butanone, 2-pentanone, pentanal, hexanal 
and 2-heptanone.
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