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Abstract – The ability of di fferent coagulase-

negative staphylococci (CNS) to convert amino acids 

into technologically important metabolites was 

investigated in a rich medium (brain heart infusion, 

BHI) and in dry fermented sausages. Firstly, 56 

CNS strains from five different species were tested 

for volatile and biogenic amine production after 24 h 

and 48 h of culturing in BHI. With respect to 

volatile production, most CNS strains  produced 3-

methyl butanol, albeit with considerable differences 

between species and even between strains. In 

contrast, levels of 3-methyl butanal, which was 

already present as a background compound in the 

culture medium, mostly decreased. As to the 

production of biogenic amines in BHI, 2-

phenylethylamine was the most abundant variant, 

although the average total  concentration remained 

below 100 μM after 48 h of incubation. Next, four 

CNS strains were selected and applied in sausage 

fermentations. This led to strain-dependent 

di fferences in volatile profiles, with 3-methyl  

butanol, 3-methyl butanoic acid, and 2-methyl  

butanoic acid as the most pronounced end-products 

of amino acid conversions.  
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I. INTRODUCTION 

 
In sausage fermentation, coagulase-negative 
staphylococci (CNS) are an important part of the 
fermentative microbiota and several metabolites, 
such as volatiles and biogenic amines, are 
produced through conversion of meat-derived 
amino acids [1, 2]. Staphylococcus carnosus and S. 
xylosus are two CNS species that are frequently 
added as commercial starter cultures, as they 
contribute to dry fermented sausage flavour, 
although their individual involvement may differ. 
Nevertheless, in spontaneously fermented 

sausages prepared without the addition of a starter 
culture, other CNS species are also relevant with 
respect to aroma development, but their relative 
contributions are even more uncertain [3]. Besides 
volatile compounds, amino acid conversion by 
CNS may lead to biogenic amine production, 
although a detailed overview of the ability of 
different CNS species and even strains to generate 
such compounds is lacking, in contrast to lactic 
acid bacteria (LAB), for which this is well 
described [4-6].  
 
In general, the specific amino acid-converting 
abilities of different CNS need further charting. 
Therefore, the aim of the present study was to 
evaluate the ability of different CNS strains to 
generate volatile compounds and biogenic amines 
from amino acids and to explore their inter- and 
intra-species heterogeneity when they grow in a 
rich medium, as well as to investigate the different 
capacity of CNS starter cultures to produce 
volatile compounds during sausage fermentation. 
 
II. MATERIALS AND METHODS 
 
A screening of 56 CNS strains belonging to five 
different species, namely S. carnosus (12 strains), 
S. epidermidis (6), S. equorum (16), S. 
saprophyticus (8), and S. xylosus (14), was 
performed in 30 ml of brain heart infusion medium 
(BHI; Oxoid, Basingstoke, UK) at 30°C for 48 h. 
Volatiles and biogenic amines were quantified 
after 24 h and 48 h of culturing by mass 
spectrometry after their separation through gas 
chromatography, using static-headspace analysis 
(SH-GC-MS; Agilent 6890, Agilent Technologies, 
Santa Clara, CA, USA), and through ultra-
performance liquid chromatography (UPLC-
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MS/MS; Waters, Milford, MA, USA), respectively. 
The concentrations of volatiles were calculated 
using a calibration curve, while the levels of 
biogenic amines were calculated through standard 
addition.  
For the preparation of dry fermented sausages, 
lean pork (70.5 %), pork backfat (27.0 %), sodium 
chloride (2.5 %), sodium ascorbate (500 mg/kg), 
and sodium nitrite (150 mg/kg) were used. The 
following five batches were prepared using 
different CNS starter cultures: (1) S. carnosus 833; 
(2) S. xylosus 2S7-2; (3) S. equorum DFL-S19; (4) 
S. saprophyticus FPS1; and (5) a batch without 
added CNS. All batches were inoculated with 
Lactobacillus sakei CTC 494 too. The batches 
were stuffed into casings and a fermentation 
followed by a ripening phase was performed for 
28 d. The fermentation (first two days) was carried 
out at 24 °C and at relative humidity of 94 %. 
During the ripening phase, temperature was set to 
12 °C and relative humidity to 82 % for the last 
two weeks. Samples were taken for analysis after 
0, 1, 2, 8, 14, 21, and 28 d and the volatile profiles 
were determined by solid-phase microextraction 
followed by gas chromatography coupled to mass 
spectrometry (SPME-GC-MS). 
 
III. RESULTS AND DISCUSSION 
 
The metabolite data obtained from the screening 
indicated a considerable heterogeneity among 
CNS species and strains for both volatile and 
biogenic amine production. 
 
Concerning volatile production, the leucine-
derived metabolites were the most abundant. More 
specifically, 3-methyl butanol was produced 
during culturing by most of the strains investigated. 
This amounted up to 52 μΜ for S. xylosus W1-1 
after 48 h of incubation. The average production 
of 3-methyl butanol by strains of S. xylosus was 
higher than for strains of S. carnosus, whereas 
strains of S. epidermidis were very poor producers 
(Figure 1). The average concentration of 3-methyl 
butanol increased from 24 h to 48 h for S. 
equorum, S. saprophyticus, and S. xylosus, in 
contrast to the production by the two other CNS 
species. In the initial medium background, traces 
of 3-methyl butanal, 2-methyl butanal, 2-methyl 
propanal, and 2.5-dimethyl pyrazine, all 
potentially derived from amino acids [7], were 

already present, but only 3-methyl butanal 
concentrations changed over time. However, only 
a few CNS strains led to slight increases of the 
latter compound, whereas the majority of the 
strains led to a decrease of its concentration or left 
it unaffected. This was in accordance with former 
studies, which have reported that 3-methyl butanal 
is a transient metabolite, produced during the 
exponential growth phase, which is rapidly 
oxidized to the corresponding carboxylic acid [8, 
9]. 
 

 
 

Figure 1. Average 3-methyl butanol concentrations (μM) 

per Staphylococcus species (1: S. carnosus, 2: S. 

epidermidis, 3: S. equorum, 4: S. saprophyticus, and 5: 

S. xylosus) produced in brain heart infusion medium 

after 24 h and 48 h of culturing. 

 

Regarding the biogenic amine production by CNS, 
increases in the concentrations of 2-
phenylethylamine (PEA), tryptamine, tyramine, 
histamine, cadaverine, putrescine, and agmatine 
were found. The commonly targeted biogenic 
amines in dry fermented sausages, namely 
tyramine, putrescine, and cadaverine [11], were 
found on average below 10 μM per species, in 
contrast to PEA, a biogenic amine usually present 
in low concentrations in such products [10, 11], 
which was on average produced over 65 μΜ by S. 
carnosus strains after 48 h of culturing (Figure 2). 
Strain dependency of biogenic amine production 
was found, for instance within the species S. 
saprophyticus, for which the strain FPP1 was the 
only one producing rather elevated concentrations 
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of PEA (over 50 μΜ after 48 h). Nevertheless, the 
total concentration of biogenic amines did not 
exceed 100 μM (i.e., 92 μM for S. epidermidis 
after 48 h) and thus was never approaching the 
toxicity level of 200 mg/kg of meat [12].  

 
 

Figure 2. Average PEA concentrations (µM) per 

Staphylococcus species (1: S. carnosus, 2: S. 

epidermidis, 3: S. equorum, 4: S. saprophyticus, and 5: 

S. xylosus) produced in brain heart infusion medium 

after 24 h and 48 h of culturing. 

 
Concerning the results of the sausage 
fermentations, the aroma compound analysis 
indicated differences in amino acid-derived 
volatile profiles. More specifically, differences in 
the concentrations of leucine-derived 3-methyl 
butanol and 3-methyl butanoic acid, isoleucine-
derived 2-methyl butanoic acid, valine-derived 2-
methyl propanoic acid, and methionine-derived 3-
(methylthio)-propanal were found in the five 
batches made. These metabolites are often present 
in dry fermented sausages and are considered as 
volatiles arising from microbial metabolism [13-
15]. The production of 3-methyl butanol and 3-
methyl butanoic acid differed over time when 
different CNS starter cultures were applied (Figure 
3). The most noteworthy case was the batch 
inoculated with S. saprophyticus FPS1, in which 
higher concentrations of the carboxylic acids 3-
methyl and 2-methyl butanoic acid were produced 
after both 2 and 21 days. Although application of 
different starter cultures is known to result in 
differences in aroma profiles of dry fermented 
sausages [15, 16], the link with strain-specific 

variations in volatile production and subsequent 
inter-conversions of the amino acid-derived 
compounds needs further exploration (e.g., with 
respect to the transformation of 3-methyl butanal 
into 3-methyl butanol and 3-methyl butanoic acid). 
 

 
 

Figure 3. Production of 3-methyl butanol (black areas) 

and 3-methyl butanoic acid (gray areas) expressed as 

relative abundance in arbitrary units during sausage 

fermentation, after 0, 2, and 21 days, for batches 

inoculated with Staphylococcus carnosus 833, S. 

equorum DFL-S19, and S. saprophyticus FPS1. 

 
IV. CONCLUSION 
 
Both volatile and biogenic amine production by 
CNS was species- and even strain-dependent. Yet, 
time effects as well as flavour thresholds (for 
volatiles) and toxicity levels (for biogenic amines) 
have to be taken into consideration when 
evaluating these features among potential CNS 
starter culture strains. Such differences in amino 
acid metabolism by CNS were shown to lead to 
differences in aroma formation during actual meat 
fermentations. Thus, the results obtained showed 
relevance for starter culture selection and 
development, involving both quality and safety 
issues. 
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