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Biogenic amines (BAs) are basic nitrogenous com-
pounds that are formed and degraded as a result of
normal metabolic activity in animals, plants and micro-
organism (14). Histamine (HIS), tyramine (TYR),
2-phenylethylamine (2-PHEN), cadaverine (CAD),
putrescine (PUT), tryptamine (TPT), spermidine (SPD)
and spermine (SPR) have been found in different
amounts in several cheeses, sausages and other fermen-
ted foods (1, 9, 11, 14, 15). Formation of BAs in food
requires the presence of microorganisms with amino-
acid decarboxylases enzymes, appropriate precursors
(i.e. amino-acids) and favourable conditions for both
microbial growth and decarboxylating activity (2).

Fermented foods almost invariably contain these
compounds (15, 16) and, if ingested in significant
amounts, can represent a potential hazard for human
health, especially among some high-risk groups of
consumers (9, 15). Precisely, determining toxicity
threshold of BAs in humans is difficult since the toxic
dose is strongly dependent on both the amount of BA
ingested and the variable toxicities of different BAs
(17).

HIS, TYR and 2-PHEN are among the most toxic
BAs (13) and are of particular concern because they
are directly toxic, their toxic effect does not require
metabolism or the presence of cofactors etc. HIS
poisoning produces low blood pressure, reddening of
the skin and headaches (5, 15), whereas TYR and
2-PHEN have been implicated as the initiators of food-
-poisoning symptoms in certain patients and are also
thought to have a role in diet-induced migraines (12).
Other BAs are less toxic: although SPR, SPD, PUT
and CAD are not considered toxic in their own right,
they can enhance the effect of HYS and TYR by inter-
acting with their detoxifying mechanisms (6). In some
products, such as cooked or dry sausages, these BAs
may react with nitrites to form carcinogenic nitro-
samines (4).

In addition to their toxicological effects, BA levels
can be correlated to standards of food hygiene. High
amounts of certain amines may be found in food as
a consequence of the use of poor quality raw materials
and contamination and inappropriate conditions
during food processing and storage (2, 5).
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The biogenic amine (BA) content of two typical Italian sausages (salame Toscano and salame Garfagnino),
differing only in the degree of refinement of the fat matrix, was tested at different time points throughout the
ripening process (45 days length in total). The analyses were performed by an earlier validated HPLC method.
The total BA content in salame Toscano was significantly lower compared to that in Garfagnino salami.
Tyramine, spermine and putrescine were the BA detected in greatest concentrations. Cadaverine, spermidine
and 2-phenylethylamine were detected in smaller amounts, whereas tryptamine and histamine were not
detected. In summary, BA levels for both sausage types at the end of the ripening period were low and level
variation could be accounted for by size differences in matrix particles.
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Few studies concerning the content of BAs in
Italian traditional dry sausages are reported in the lite-
rature. Parente et al. (10) showed a high variability in
the total content of BAs in artisanal Salsiccia and
Soppressata sausages. Rea et al. (11) reported that the
total content of BAs in �Lardellato� salami progres-
sively increased during ripening time. The main aim
of this work was to determine the levels of BAs at
different time points of the ripening process in Salame
Toscano (TS) and Salame Garfagnino (GS), two
Tuscan traditional dry sausages.

Material and methods
Hydrochloride HIS, TYR, 2-PHEN, CAD, PUT, TPT,

SPD, SPR, and 1,7-diaminoheptane (internal standard, IS),
dansyl chloride (derivatization agent, DCl) and proline were
purchased from Sigma-Aldrich Inc. (Saint Louis, MO,
USA); reagent grade hydrochloric acid (HCl), sodium
bicarbonate (NaHCO

3
), sodium hydroxide (NaOH), tri-

chloracetic acid (TCA) and diethyl ether from Carlo Erba
(Milan, Italy) and HPLC grade acetonitrile, acetone and
methanol from Lab Scan (Dublin, Ireland). Ultrapure
water was obtained with a Milli-Q system (Millipore,
Milan, Italy).

�Salame Toscano� (TS) and �Salame Garfagnino� (GS)
were produced according to the proper traditional method.
The same producer located in the original production area
(Lucca, Italy) manufactured both sample types. Raw mate-
rial, formulation, recipe, size and shape of both types of
dry sausage and their ripening time and conditions were
the same; the only difference between the two sausage
types was the size of the fat particles used as matrix. In TS,
the cubing lard pieces were about 0.5 ± 0.2 cm diameter
and they were not creamed with the lean meat. In GS, the
fat was ground and creamed with the lean meat. These
products contained pork meat only, refrigerated meat from
shoulders and scraps from thigh, neck and loin processing
were used. Salt, sugar (dextrose and saccharose), spices,
antioxidants (ascorbic acid) and preservatives (potassium
nitrate and sodium nitrite) were added to both the mix-
tures. No starter cultures were added. The salamis were
dried for 2 days in a drying room (25 ± 1 C°, 90% relative
humidity) before being ripened in an air-conditioned room
(12 ± 2 C°, 75% relative humidity) for the full ripening
time (45 days). The products, weighing about 500 g, were
25 cm long and 7 cm diameter. Samples, consisting of two
sausages of each salami type, were taken at day 0 (just after
the preparation), day 2 (end of drying period) and days 9,
16, 23, 30, 37 and 45 (end of traditionally proper ripening
time) and immediately transported to the laboratory under
controlled refrigerated (+4°C) conditions. Each salami type
belonged to a single batch produced at day 0. The analyses
of sausages at each collection day were carried out within
10 hours.

Sample preparation for BA determination was based on
a previously described protocol. Briefly, 10 g of sausage
was accurately weighed in a centrifuge tube, 20 ml of 5%
TCA, containing 1 mL (50 µg/ml) of IS was added and
then the mixture was homogenized with Ultra-Turrax® T25

Basic (Ika equipment, Staufen, Germany) for 5 min. The
homogenate was centrifuged at 12,000 g for 20 min at 4°C,
the aqueous layer was collected and the pellet was re-extrac-
ted using the same procedure. The two aqueous extracts
were combined, diluted to 50 ml with 5% TCA, filtered
under vacuum and centrifuged for 5 min at 14,000 g to
eliminate residual food particles.

For the derivation, 1 ml of saturated NaHCO
3
 solution

was added to a 2 ml aliquot of the diluted extract and
adjusted to pH 11.5 by adding 1 M NaOH. This mixture
was added with 2 mL of a 5 mg/mL DCl acetone solution,
incubated at 40°C for 60 min and occasionally shaken. In
order to eliminate the excess of DCl, the mixture was
treated with 400 µL of a L-proline water solution (100 mg/
ml), vortexed for 1 min and left to react in the dark for
15 min at room temperature. Two ml of diethyl ether were
then added to the sample and it was mixed and centrifuged
at 2,000 g for 5 min. The organic layer was collected and
the procedure repeated once more. The organic layers were
combined and dried under nitrogen flow at room tempera-
ture. The residue was re-dissolved in 2 ml of acetonitrile
and transferred into a vial for HPLC-UV analysis. The
chromatographic runs where carried out in gradient mode,
at room temperature, with a flow rate of 0.8 mL/min by
254 nm wavelength. Each salami was analyzed twice.

All the statistical analyses were performed by the Graph-
Pad Prism 5.0 program (GraphPad Software, Inc. CA, USA).
The normality of the data was evaluated by Shapiro-Wilk
test. The statistical differences between the two sausages
types were evaluated according to ANOVA test. Multiple
means comparison were generated as least significant
difference (LSD) at á = 0.05.

Results and discussion
The trend of total BAs and the values of single BAs,

in both salamis, are shown in Figure 1 and Table 1,
respectively.

The total content of BAs in TS sausage was signifi-
cantly lower compared to that in GS, with the excep-
tion of the values from the first two points of collec-
tion. At day 0, the total values were 141.83 ± 11.57

Fig. 1. Total content of biogenic amines detected in salame
Toscano (●●●●●) (n = 4) and salame Garfagnino (¡) (n = 4)
during ripening time. Bars represent standard deviation.
*P < 0.05
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mg/kg and 142.54 ± 15.47 mg/kg in TS and GS,
respectively. In TS, this value increased up to the
sixteenth day (157.83 ± 15.63 mg/kg) and levelled off
for the remaining ripening time (127.97 ± 18.17 mg/
kg). In contrast, the total value of BAs in GS increased
constantly during the whole ripening time to reach
a level of 418.52 ± 30.61 mg/kg.

In both kinds of sausage, CAD, SPD and 2-PHEN
were detected in smaller amounts, whereas TPT and
HIS were not detected (below the limit of quantifica-
tion (LOQ) of the method 1 mg/kg).

Nevertheless, in the present study the total amount
of BAs in both types of sausage has been identified as
low. This finding could be related to the the absence
of starter cultures, a correlation reported in earlier
studies (7, 8).

In the present study, the two types of sausages
tested differed only in the grain of the fat matrix: this
is the first time that such a parameter has been corre-
lated to BA content.

In GS the total BA content increased during the
ripening time, this finding resembles that reported in
a similar Italian sausage, �salamino italiano alla cac-
ciatora� (3). A similar progressive increase in BA con-
centration during the ripening time was also observed
in �Lardellato� salami (11). Conversely, the BA
content was constant in TS. Although several factors

could be involved in the production of BAs, this
variation could be accounted for by the difference in
the matrix grain size as this was the only significant
difference between the two types of sausages. The fine
grain in GS could provide the bacteria with a readily
accessible source of amino-acids, while the coarse grain
used in TS (and consequently less lean meat in TS) is
likely to make amino-acids less available therefore
taking more time to be processed by bacteria.

The lower dispersion showed in standard deviation
in BAs concentration, compared to other earlier stu-
dies (3, 14), might be due to the standardized condi-
tions of the two types of sausages through the manu-
facturing, processing and ripening procedures. In fact,
every single sausage was produced on the same day
and all belonged to the same production�s batch.

In both salamis the BAs detected at the highest
levels were TYR, PUT and SPR. This trend was also
found in similar studies on other Italian artisanal sau-
sages (3, 11). In the present study, the concentrations
of TYR, HIS and 2-PHEN were within or lower than
the ranges suggested as parameters for the evaluation
of good manufacture practices, these being 100-800
mg/kg, 500-1000 mg/kg and < 30 mg/kg, respectively
(13).

As far as CAD and PUT are concerned, in this study
their concentrations were found to be lower than those

Tab. 1. Content (mg/kg) of the single biogenic amines in Toscano and Garfagnino sausages (average value ± standard devia-
tion, n = 4)

egasuasonacsoT

yademiT NEHP-2 TUP DAC RYT DPS RPS LATOT

0 57.0±59.11 42.3±35.81 98.1±31.61 1 51.0±25.1 90.2±63.11 54.3±43.28 75.11±38.141

2 32.1±28.21 86.1±41.71 1 65.1±95.7 1 32.0±10.2 1 69.0±31.6 76.5±98.34 1 33.11±85.98

9 54.1±53.51 70.4±84.22 89.2±35.51 98.3±26.02 1 42.1±43.7 98.4±56.94 25.81±00.131

61 98.0±36.01 43.1±41.51 96.1±60.51 68.3±23.83 89.1±56.01 78.5±30.86 36.51±38.751

32 4.0±30.4 90.2±70.41 03.2±38.92 53.1±11.31 87.4±42.67 29.01±03.731

03 8.0±48.4 54.1±61.51 67.2±96.03 1 76.1±16.9 65.9±27.24 42.61±20.321

73 89.1±47.01 1 87.0±57.5 89.01±98.85 1 99.0±43.8 67.3±35.63 94.81±52.021

54 87.3±87.02 1 54.1±66.7 90.8±25.25 1 89.0±13.9 78.3±07.73 71.81±79.721

egasuasoningafraG

yademiT NEHP-2 TUP DAC RYT DPS RPS LATOT

0 03.1±13.31 56.3±19.91 * 98.2±99.21 * 1 43.0±89.1 * 1 62.1±79.9 30.6±83.48 74.51±45.241 *

2 1 08.0±44.9 76.2±16.41 * 1 23.1±28.7 * 1 74.0±51.2 * 1 67.1±23.6 89.5±48.35 1 00.31±81.49 *

9 05.1±80.21 43.3±93.02 * 1 99.0±54.6 * 60.5±27.38 * 1 90.1±24.8 90.8±30.07 70.02±01.102 *

61 70.1±16.11 *54.4±67.34 32.1±62.31 * *97.01±46.231 10.2±42.21 38.7±49.89 *83.72±54.213

32 *67.5±81.94 *43.2±38.42 *46.01±06.661 93.1±82.01 34.9±99.07 *65.92±09.123

03 *98.4±21.85 *98.4±59.03 *47.8±30.471 1 28.0±13.9 90.8±24.07 *34.72±38.243

73 *96.6±71.76 *78.3±36.62 *89.81±95.152 1 40.1±11.9 80.6±25.15 *66.63±20.604

54 *54.4±88.78 *56.2±85.73 *68.41±23.122 90.1±02.11 * *65.7±45.06 *16.03±25.814

Explanations: 2-phenylethylamine (2-PHEN), putrescine (PUT), cadaverine (CAD), tyramine (TYR), spermidine (SPD) and spermine
(SPR); *Value significantly different between the two types of sausages (P < 0.05)
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reported in other studies (10, 11). As suggested in other
studies (17), this finding could highlight the impor-
tance of using good quality raw material.

In contrast, the presence of SPD and SPR is consi-
dered normal in raw meat based products (2, 14, 18):
levels of these BAs identified in the current report
mirror those from a study carried out on the �salame
lardellato� (11).

In summary, the BA values at the end of the ripening
time for the two sausage types were low and variation
in the values could be accounted for the different sizes
grains used for the matrix. The easily accessible pro-
tein content present in GS and the proteolytic activity
during the ripening time could provide a better pre-
cursor for decarboxylase activity. However, higher
values in BAs are expected in commercial samples,
as the presence of BAs depends on parameters that
are more difficult to tightly control in a commercial
setting such as temperature, hygienic conditions and
handling during the shelf life of the product.
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