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Introduction

Abstract

Aims: To evaluate the concomitant effects of three technological variables
(fermentation temperature, NaCl and glucose added to the meat batter) on
diamines (cadaverine, putrescine and histamine) accumulation and microbial
changes during ripening of dry fermented sausages.

Methods and Results: The variables were modulated according to an experi-
mental design and predictive mathematical models were obtained. The models
indicated that the sausages were characterized by low histamine amount inde-
pendently on the applied conditions. In contrast, putrescine and cadaverine
accumulation was considerable and significantly affected by the three variables.
The microbial population dynamics suggest that lactic acid bacteria (LAB) and
microstaphylococci are favoured by increasing glucose concentration until
0-7 g kg™, while Enterobacteriaceae are negatively influenced by NaCl concen-
tration and, to a lesser extent, by fermentation temperature.

Conclusions: Data obtained showed a relationship between Enterobacteriaceae
growth and cadaverine and putrescine accumulation in sausages during
ripening. The conditions more favourable for LAB and microstaphylococci
induced a reduced growth of Enterobacteriaceae with a consequent reduced
accumulation of putrescine and cadaverine.

Significance and Impact of the Study: The use of systematic experimental
designs allows to individuate the technological conditions suitable to keep the
aminogenic microflora under control, thus reducing the risk of diamines
production during traditional fermented food manufacture.

histamine (HIS), tyramine (TYR) and 2-phenylethylamine
(PHE) are the BA responsible for the most severe acute

Biogenic amines (BA) are organic bases with heterocyclic,
aromatic or aliphatic structures that can be found in
several foods, in which they are mainly produced by
In dry
fermented sausages, BA can be present in relevant quanti-
ties. In fact, the high amounts of proteins present in these
products and the proteolytic activity during ripening
provide the precursors for the activity of decarboxylase

microbial decarboxylation of amino acids.

positive microflora (Suzzi and Gardini 2003). Usually,
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toxicological effects, which consist in vasoactive and
psychoactive reactions causing hypotension (by HIS) or
hypertension (by TYR and PHE), headache, nausea, heart
palpitation (Silla-Santos 1996; McCabe-Sellers et al. 20065
Fogel et al. 2007; Vidal-Carou et al. 2007).

The aliphatic diamines, putrescine (PUT) and cadaver-
ine (CAD) can be considered ‘natural polyamines’ if they
are formed in vegetable or animal organisms during
de novo polyamine biosynthesis (usually present in the
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deriving raw material in small amounts) while they are
considered BA when formed through the action of amino
acid decarboxylases of microbial origin (Bardocz 1995).
Although they are not considered toxic themselves, can
enhance the acute effect of aromatic BA because they can
interact with aminooxidases, the enzymes involved in the
detoxification of BA, decreasing their potential activity
towards toxic BA (Ruiz-Capillas and Jimenez-Colmenero
2004). In addition, in the presence of nitrite (an additive
usually employed in sausage formulation), they can form
nitrosoamines, which are known for their carcinogenic
properties (Ruiz-Capillas and Jimenez-Colmenero 2004).
Moreover, aliphatic diamines such as PUT and CAD,
together with the heterocyclic diamine HIS, are often
used as indicators of poor hygienic quality in some food
substrates such as meat and fish (Halasz et al. 1994;
Pons-Sanchez-Cascado et al. 2006) because their presence
beyond defined limits is the consequence of an uncon-
trolled microbial proliferation (Lehane and Olley 2000).
The decarboxylases responsible for BA formation are
widespread among Gram negative (pseudomonads,
Enterobacteriaceae) and Gram positive (lactic acid bacte-
ria (LAB), microstaphylococci) bacteria (Halasz et al.
1994; Suzzi and Gardini 2003). Even if the presence of
these enzymes can be considered a strain character, it is
well known that LAB are the major responsible for TYR
and PHE accumulation in foods, whereas HIS production
is widely diffused among Gram negative putrefactive
bacteria (Silla-Santos 1996; Suzzi and Gardini 2003).
Within pseudomonads, HIS and PUT producers have
been described (Benner et al. 2004). Enterobacteriaceae
have a relevant decarboxylating activity towards lysine
with the consequent production of CAD. In fact, relevant
amounts of this BA were produced in vitro by Enterobacter
cloacae, Serratia spp. (Bover-Cid et al. 2001), Citrobacter
freundii, Eenterobacter aerogenes (Durlu-Ozkaya et al.
2001). High amounts of CAD can be correlated with the
presence of Enterobacteriaceae having lysine decarboxyl-
ase activity in fermented foods such as cheese (Marino
et al. 2000) and fermented sausages (Bover-Cid et al.
2001, 2003). Also PUT can be accumulated in significant
amounts due to ornithine decarboxylase activity of
Enterobacteriaceae; according to the results obtained by
Durlu-Ozkaya et al. (2001) the major BA produced by
several species of this family was PUT, but many strains
can also decarboxylate lysine and histidine. Moreover,
some strains belonging to the species Hafnia alvei,
Morganella morganii, E. cloacae, E. aerogenes, Escherichia
coli, Serratia liquefaciens and Klebsiella oxytoca have been
described as able to produce high quantities of HIS
(Roig-Sagués et al. 1996; Pircher et al. 2007).
In fermented sausage production, the
imposed by a correct and controlled fermentation are

conditions
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generally sufficient to guarantee a decline of the number
of Enterobacteriaceae deriving mainly from raw material
(Bover-Cid et al. 2003). However, in some cases (e.g. raw
material with too high microbial contamination, some
spontaneous processes or improper fermentation condi-
tions) Enterobacteriaceae can not only survive but also
proliferate in such foods. Consequently, Enterobacteria-
ceae may actively contribute to the BA accumulation
mainly during the early steps of sausage production, espe-
cially if raw meat material is subjected to temperature
abuses, stored too a long period or if the hygienic prac-
tices are not properly followed (Paulsen and Bauer 1997;
Bover-Cid et al. 2000, 2003). It has been also suggested
that a considerable contribution to BA accumulation
could be derived from the activities of viable, but not
growing cells, or even from the decarboxylase enzymes
released at the beginning of the fermentation by these
contaminating flora (Halasz et al. 1994; Suzzi and Gardini
2003). However, beside the correlation between Entero-
bacteriaceae counts and BA accumulation, the factors
associated with fermented sausage production that may
particularly influence the growth of Enterobacteriaceae
and the consequent BA production have been scarcely
investigated.

In the present study, the accumulation of diamines
PUT, CAD and HIS in relation to fermentation tempera-
ture, glucose added and NaCl concentration was moni-
tored during the ripening of Salame Veronese, a
traditional dry fermented sausage from Northern Italy.
The evolution of the BA content was analysed in relation
to the presence of Enterobacteriaceae, and other techno-
logically relevant microbial groups, i.e. microstaphylococci
and LAB, by means of an experimental design which
allowed to obtain mathematical models able to describe
the concomitant effects of the three variables on BA
accumulation and microbial populations.

Materials and methods

Experimental design

The BA (PUT, CAD and HIS) production during sausage
fermentation and ripening was tested in relation to three
selected variables including fermentation temperature, ie.
the temperature of the first 3 days after stuffing (°C),
NaCl (% w/w) and glucose (g kg_l) added. The values of
these variables were modulated according to the experi-
mental design shown in Table 1.

Sausage manufacture and sampling

The dry fermented sausages (Salame Veronese) were
manufactured by a local producer in Verona (Northern
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Table 1 Experimental design used in this study

Run NaCl (%) Glucose (g kg™") Temperature (°C)
1 0 0 15
2 5-0 0 15
3 0 1-4 15
4 5-0 14 15
5 0 0 25
6 5-0 0 25
7 0 1-4 25
8 5-0 1-4 25
9 2:5 07 20
10 25 07 20
1 2:5 07 20

Italy) following the traditional procedure and recipe,
except for the selected variables modified according to the
experimental design as indicated in Gardini et al. (2008).
No starter culture was used, but the mixture was inocu-
lated with the tyraminogenic strain Enterococcus faecalis
EF37 at a level of about 10° cells g~', with the aim to
evaluate TYR accumulation, the presence of the tyrosine
decarboxylase gene and its expression as reported by Gar-
dini et al. (2008). This strain was known for its ability to
decarboxylate tyrosine and phenylalanine, but it was not
able to produce HIS, CAD and PUT (Suzzi et al. 2000).
After a 3 days fermentation at different temperatures, all
sausages were placed in the same chamber at 15°C and
ripened for 4 weeks (r.h. = 80%). Sausages from each run
of the experimental design were sampled in duplicate at
selected times during the fermentation/ripening process,
i.e. the 3rd, 5th, 19th and 30th days after stuffing.

Microbiological analysis

After aseptically removing the casing, approx. 10 g of sau-
sage were 10-fold diluted in buffered peptone water (AES
Laboratories, Combourg, France) and homogenized in a
Stomacher Lab-Blender (model 400; Cooke Laboratories,
Alexandria, VA, USA) for 2 min. Appropriate decimal
dilutions were made and LAB were enumerated by pour
plating in Man, Rogosa and Sharpe (MRS) agar (Difco
Laboratories, Detroit, MI, USA) at 30°C for 72 h in
anaerobiosis (Oxoid jars with Anaero-Gen; Oxoid Ltd,
Milan, Italy), microstaphylococci by spread plating on
Baird-Parker (Difco Laboratories) at 30°C for 48 h,
Enterobacteriaceae by pour plating in violet red bile
glucose agar (Merck, Darmstadt, Germany) with a double
layer at 37°C for 24 h.

Biogenic amine analysis

For CAD, PUT and HIS determination, sausage samples
were extracted with trichloracetic acid according to Moret
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and Conte (1996) and a dansyl chloride derivatization
was performed according to Eerola et al. (1993); there-
after, BA were quantified by means of high performance
liquid chromatography as described by Lanciotti et al.
(2007). Biogenic amine content of sausage samples
throughout the fermentation and ripening are referred to
dry matter (dm) to avoid confusion because of the
concentration effect of the drying process.

Chemico-physical determinations

The measurements of pH were performed by diluting 10 g
of sample in 10 ml of distilled water and using a Hanna
Instruments 8519 (Incofar, Modena, Italy) pHmeter. Water
activity (a,,) was measured with an AquaLab® Series 3
Aw-meter (Decagon Devices Inc., Pullman, Washington,
DC, USA). Water content, to determine the dm, was
measured gravimetrically, drying a sample aliquot to con-
stant weight at 102°C.

Statistical analysis

Second order polynomial response surface models were
fitted to each of the response variable with the statistical
package staTIsTICA (Statsoft Inc., Tulsa, OK, USA)
version 6.1; a stepwise procedure was chosen to generate
models containing only significant terms (P < 0-05) with
satisfactory determination coefficients (R?*) and adequate
probability (P) levels of F-test. Response surfaces were
drawn by keeping constant at the central value of
the experimental design the independent variables not
shown in the graphs (i.e. fermentation temperature 20°C,
NaCl concentration 2:5% and glucose added 07 g kg™ ").

Results

In the meat batter before casing, Enterobacteriaceae were
detected at a concentration of 32 log CFU g~ and
microstaphylococci at  3-4 log CFU g™, while 52 log
CFU g~' of LAB were counted, which approximately cor-
responded to the counts of the Enterococcus faecalis EF37
strain inoculated. Amounts of spermine (23 mg kg~' dm)
and spermidine (5 mg kg~ dm) were found in meat bat-
ter together with low quantity of PUT (about
12 mg kg™' dm), while CAD was not detected.

After stuffing the sausages were transferred to the fer-
mentation chambers, according to the thermal conditions
described in the experimental design, and after 3 days
were moved in the final ripening room in which they
were stored under the same temperature (15°C) until the
end of ripening. During this time, sausages were periodi-
cally analysed to determine Enterobacteriaceae, LAB and
microstaphylococci counts, as well as HIS, PUT and CAD
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content. The results of bacterial counts throughout the
manufacturing process are shown in Fig. 1 while CAD
and PUT contents are reported in Table 2. The data col-
lected at every sampling time in the different runs of the
experimental design were fitted with a quadratic polyno-
mial equation to have models describing the effects of
fermentation temperature, NaCl concentration and
glucose added to the meat mixture on the microbial
groups considered and on CAD and PUT accumulation.
Using a stepwise procedure, the equation were simplified
by eliminating from the final model the coefficient
characterized by a significance lower than 95%. The final
models obtained are reported in Tables 3 and 4.

The a, of the sausages depended of the NaCl added
and after the first 3 days of fermentation ranged between
0-98 and 0-94. At the end of ripening the a, values were
around 096 in the samples without salt, below 090 in
the sausages added with 5% of salt and about 0-94 when
2:5% of salt was added.

After the first 3 days of fermentation the pH was par-
ticularly low in the run seven of the experimental design,
characterized by the absence of salt and the higher sugar
concentration and temperature, in which it reached the
value of 5-1. In all the other runs it ranged in a narrow

Run 1 Run 2
(0% salt; 0% glu; 15°C) (5% salt; 0% glu; 15°C)

S. Bover-Cid et al.

interval comprised between 5-5 and 5-7. At the end of rip-
ening, the pH of run seven was 4-8. Also in run three,
which differed from run seven only for the fermentation
temperature (15°C), the pH decreased during ripening
(the final value was 4:85). In the other runs it ranged
from 54 to 57.

Changes in bacterial counts

According to the models showed in Table 3, after the first
3 days of fermentation carried out at different tempera-
tures, LAB counts were affected by the glucose added and
the maximum growth (more than 8 log CFU g~' at NaCl
2:5%) was observed in correspondence with the interme-
diate glucose concentration (approx. 0-7 g kg™') (Fig. 2a).
A positive effect, even if less marked, on LAB growth was
also exerted by higher temperature and lower NaCl
concentration. The effect of glucose was less evident after
19 days and was very scarce at the end of ripening
(30 days). After this time, LAB counts were mainly
affected by the initial fermentation temperature and NaCl
concentration (Fig. 2b).

Also microstaphylococci were subjected to the same
effect of glucose concentration, and the maximum counts

Run 3
(0% salt; 1-4% glu; 15°C)

Run 4
(5% salt; 1-4% glu; 15°C)
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Figure 1 LAB (M), Enterobacteriaceae (®) and microstaphylococci (A) counts during sausage ripening in the 11 runs of the experimental design.

Values are the mean of two replicates.
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Table 2 Putrescine and cadaverine contents (mg kg™") in the fermented sausages of the experimental design runs at the four sampling times,

expressed as mean of the two repetitions

Putrescine (mg kg™')

Cadaverine (mg kg™")

Run* 3 days 5 days 19 days 30 days 3 days 5 days 19 days 30 days
1 19-58 613 21583 188-31 0-00t 9-04 193-35 26119
2 16:01 6-43 428 373 0-00 5-25 079 0-74
3 18-30 6-38 63:06 6662 0-:00 13:25 72-84 84-01
4 14-09 4-81 0-93 2:21 0-:00 516 079 0-55
5 17-99 76:69 22575 244-57 3573 127-07 327-49 347-33
6 15-19 9-27 0-58 3:23 0:00 519 0-37 0-56
7 1831 6273 157-82 17299 50-45 12366 190-74 249-04
8 14-23 851 0-60 2:08 0:00 532 063 0-50
9 16-49 864 6:32 10-99 0-:00 5-27 611 393

10 13-24 7-25 6-58 1277 0:00 6:02 7-98 3-80

1 14-60 5-82 6:32 5-08 0:00 541 6:50 1-44

*See Table 1 for the NaCl (%), glucose (g kg‘w) and temperature (°C) of fermentation of each run of the experimental design.

+Below the detection limit (0-10 mg kg™").

Table 3 Coefficients of the final models obtained for viable counts of lactic acid bacteria, microstaphylococci and Enterobacteriaceae at the four
sampling times of dry fermented sausages. R? and Fisher test results (with the relative P) are also reported

Lactic acid bacteria (log CFU g™")

Microstaphylococci (log CFU g™")

Enterobacteriaceae (log CFU g7')

Variable 3 days 5 days 19 days 30 days 3 days 5 days 19 days 30 days 3 days 5 days 19 days 30 days
Constant 4-852 6-645 5-121 6-503 3-059 3-071 -3:927 4742 5911 5-143 0-448 5765
Salt —* -0329 - -0474 - - 0-957 - - -0-824 - -
Glucose 8018 1-973 - 0-644 3-878 5-585 3113 1-708 - 0734 -3-839 -8975
Temperature - - - - - - 0472 - - - 0-299 0-06561
Salt? 0-106 - -0-068 - - 0-0865 - 0-028 -0-122 - - -0-257
Glucose? -5709 -1426 - -0267 -2:803 -4-244 -2:031 -1-275 - - 1-545 5-456
Temperature? 0-006 0-003 0-005 0-004 0-005 0-006 - 0-006 - 0-004 - -
Salt*Glucose - - - -0-097 - 0- - - - 0-393 0-549 0174
Salt*Temperature  —0-041 - - 0-003 - -0-016  -0-041 -0016 - -0-026 -0052 -
Glucose* - - - - - - - - - -0-055 - -
Temperature
R? 0976 0979 0-891 0-999 0-855 0-972 0-947 0995 0758 0-999 0975 0989
F 40-622 69:648 32694 1036-24 13:790 34:154 17-826 212905 28211 568-852 39039 86-143
P 0-00047 0-00004 0-00014 0-00000 0-00253 0-00072 0-00333 0-00001 0-00049 0-00001 0-00052 0-00008

*Coefficients with P < 0-05 were excluded from the final model through a stepwise procedure.

for this microbial group after 5 days were detected again
in correspondence of 07 g kg™' of glucose added when
NaCl concentration is kept constant at 2:5% (Fig. 2¢).
Similarly to LAB, the influence of fermentation tempera-
ture determined higher growth at increasing temperature,
while the influence of NaCl concentration was less pro-
nounced. At the end of ripening (30 days), NaCl concen-
tration and glucose were the most relevant factors
influencing microstaphylococci counts (Fig. 2d).

The growth of Enterobacteriaceae was affected in the
first 3 days of fermentation only by NaCl concentration,
whose quadratic term was the sole significant factor in
the model reported in Table 2. This implies an increasing
inhibiting effect of higher concentrations of NaCl, as

© 2009 The Authors
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shown in Fig. 3a, in which Enterobacteriaceae counts pre-
dicted by the model decreased from about 6 log CFU g~ '
in the absence of salt down to 2 log CFU g~ in the pres-
ence of its higher concentration (5%) irrespective of the
temperature (and with glucose kept constant at
0-7 gkg™"). The dominant effect of salt concentration
could be observed also in the samples after 5 days of rip-
ening (Fig. 3b). In this case, Enterobacteriaceae counts
were below the detection limit at the higher NaCl concen-
tration. However, after this ripening time, an influence of
fermentation temperature and glucose added to the meat
batter could also be observed. Figure 3b shows the effects
of these two latter variables (with NaCl concentration
constant at 2:5%) which consisted in a slightly reduced

1401
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Table 4 Coefficients of the final models obtained for diamine content at the four sampling times of dry fermented sausages. R? and Fisher test
results (with the relative P) are also reported

Putrescine (mg kg™") Cadaverine (mg kg™")

Variable 3 days 5 days 19 days 30 days 3 days 5 days 19 days 30 days
Constant —158-031 401-239 55-765 —-276:356 9141 209-771
Salt 32600 - - 57-003 - -
Glucose -85-136 -947-576 -517-405 No -153-315 -608-560 -1076-322
Temperature 11-538 - 16-800 Model 19-693 21982 15-745
Salt? —* -15-920 - Availablet - - -7613
Glucose? 57-081 487-701 276-864 109-698 321-152 526-991
Temperature? - - - - - -
Salt*Glucose - 28228 23376 - - 31-466 41-044
Salt*Temperature -2:189 - -3741 - -3-937 —4-463 -3-337
Glucose*Temperature - 6:093 - - - - 8459

R? 0-989 0-972 0-989 0-999 0-999 0-999

F 91642 34-647 89738 1546-263 1755-665 1262:212
P 0-00007 0-00069 0-00007 0-00000 0-00000 0-00003

*Coefficients with P < 0-05 were excluded from the final model through a step-wise procedure.
Too many undetectable values of the dependent variable did not allow to obtain a model.

(a) (b)
B o
2 2
(@] (@]
2 g
m [a]
S 5

1

(© (d)

Figure 2 Response surface graphs corre-
sponding to LAB counts (log CFU g~") after 3
(combined effect of temperature and glucose,
a) and 30 days (combined effect of glucose
and NaCl, b) and to microstaphylococci
counts after 5 (combined effect of tempera-
ture and glucose, ¢) and 30 days (combined
effect of glucose and NaCl, d). The variable
not present in each graph is kept constant at
the mean value of the experimental design.

Microstaphylococci
(logCFU g-1)
Microstaphylococci
(logCFU g-1)

growth of Enterobacteriaceae when both glucose and tem-
perature diminished. The effects of fermentation tempera-
ture and glucose added could be observed even after
19 days: a glucose concentration of about 0-7 g kg™' was

detrimental for Enterobacteriaceae growth, as can be seen

in Fig. 3¢, relative to the role of these variables (with
NaCl at 2-5%). This behaviour was more evident after
30 days of ripening. The corresponding model underlined
the key role on Enterobacteriaceae growth of NaCl con-
centration and a pronounced Enterobacteriaceae count

© 2009 The Authors
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Figure 3 Response surface graphs corre- 8 5y
sponding to Enterobacteriaceae counts % E 4
(log CFU g~") after 3 (combined effect of 3 % 3
temperature and NaCl, a), 5 (combined effect % L 2
of glucose and temperature, b), 19 (combined E !

effect of temperature and glucose, ¢) and
30 days (combined effect of glucose and
NaCl, d). The variable not present in each
graph is kept constant at the mean value of
the experimental design.

reduction at the intermediate glucose concentration, as it
can be seen from Fig. 3d.

Cadaverine, putrescine and histamine

Histamine was detected sporadically and in low amount
during all the ripening time of sausages. It was under the
detection limit in all the runs of the experimental design
after the first 3 days of fermentation. In contrast, it was
found in all the runs after 5 days. However, it was
detected in small and uniform amounts, ranging from
491 to 565 mg kg~' dm. Also in the samples at the end
of ripening, HIS was detected in almost all the conditions
considered, but in amounts always lower than
1:90 mg kg~' dm. For these reasons, no significant model
could be obtained for this BA, whose quantitative
presence had no health implication in the fermented
sausages.

Putrescine was already present (12:70 mg kg~' dm) in
the meat batter used for sausage production just before
stuffing (Table 2). After 3 days, the amount of PUT
detected in the sausages remained essentially constant
independently on the run of the experimental design with
values ranging from 1324 and 19-58 mg kg™' dm. After
5 days, PUT drastically increased (up to a mean of
76 mg kg™') in two runs of the experimental design (i.e.

© 2009 The Authors
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Enterobacteriaceae
(logCFU g-1)

(d)

cnuNWRUION®

Enterobacteriaceae
|(IogCFU g
NN

runs five and seven). The resulting predictive model
(Table 4) described a strong influence of all the three vari-
ables considered on PUT accumulation. In particular, PUT
decreased markedly with the decrease of fermentation
temperature and the increase of NaCl concentration. The
effect of glucose added is shown in Fig. 4a, in which its
combined effect with NaCl is represented at a fermentation
temperature of 20°C after 5 days of ripening. The amount
of PUT was limited by the addition of about 0-7 g kg™ of
glucose in the meat mixture, while the extreme values of
glucose (0 and 1-4 g kg™") favoured its accumulation.

In the successive sampling time (19 days), four combi-
nations of the experimental design (run one, three, five
and seven) were characterized by the presence of PUT
amounts with averages ranging from 6306 to
22575 mg kg~ dm, while in the remaining runs the con-
tent of PUT was below 10 mg kg™' dm. There were no
significant differences between PUT content after 19 and
30 days. Consequently, the role played by the variables on
PUT was very similar, their qualitative effect being almost
overlapped to that observed after 5 days. In Fig. 4b, the
combined effect of glucose and temperature on PUT
accumulation after 19 days is shown and the inhibiting
role of the presence of 0-7 g kg™ ' glucose already observed
after 5 days was further enhanced, while the effect of the
fermentation temperature was rather limited. Figure 4c,
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Putrescine t5 (ppm)

Putrescine t19 (ppm)

Putrescine t3

Figure 4 Response surface graphs corresponding to putrescine
accumulation (mg/kg) in dry fermented sausages after 5 (combined
effect of glucose and NaCl, a), 19 (combined effect of glucose and
temperature, b) and 30 days (combined effect of NaCl and tempera-
ture, ¢). The variable not present in each graph is kept constant at
the mean value of the experimental design. The variable not present
in each graph is kept constant at the mean value of the experimen-
tal design.

S. Bover-Cid et al.

concerning PUT accumulation in relation to NaCl con-
centration and fermentation temperature (glucose added
is constant at 07 gkg™'), shows a wide area (NaCl
concentration higher than 2-3%) in which the model
predicts absence of PUT accumulation.

The effects of fermentation temperature, NaCl concen-
tration and glucose added on CAD accumulation were sim-
ilar to those described for PUT. Despite CAD was absent in
the meat batter, after 3 days this diamine was found in
amounts higher than 35 mg kg~' dm in two combinations
of the experiment (i.e. runs five and seven) (Table 2). As
observed for PUT, CAD accumulated in significant
amounts especially in the runs one, three, five and seven
during ripening. At the end of the process, CAD was more
abundant than PUT, with amounts ranging from 84 to
347 mg kg~' dm in these mentioned runs. The resulting
models describing the effects of the three independent vari-
ables on CAD are reported in Table 4. The significant terms
in the final models were very similar for PUT and CAD
(even the same in the models after 5 days) suggesting a
similar influence. The surface graphs obtained from CAD
equations were drawn to represent the conditions which
determine its absence at the end of ripening, i.e. the values
of fermentation temperature, NaCl concentration and
glucose added that predict the accumulation of 0 mg kg™
of CAD, according to the models. Figure 5 reports the
surface graphs corresponding to 5, 19 and 30 days, respec-
tively. After 5 days (Fig. 5a), it was already clear the effect
of the intermediate glucose concentration (about
0-7 g kg™') added before fermentation. After this period,
even without salt, such concentration guaranteed the
absence of CAD accumulation at temperature below 17°C.
To obtain the same results at higher temperature, an
increasing NaCl concentration was needed. Figure 5b,c
depicted an almost identical situation. Also in this case,
there was a protective action against CAD accumulation of
an initial intermediate glucose addition. However, to
obtain the absence of CAD, the presence of at least 1% of
NaCl was required at the lower temperature (15°C). This
amount increased for higher fermentation temperature.

Discussion

In fermented sausages, the presence of BA is extremely
variable and can range from few to several hundreds of
milligrams per kilogram (Suzzi and Gardini 2003; Lator-
re-Moratalla et al. 2007). The accumulation of these sub-
stances in fermented foods depends, in first instance, on
the qualitative and quantitative composition of the micro-
bial community colonizing the food, and particularly in
relation to the occurrence of the decarboxylase activity

© 2009 The Authors
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Figure 5 Response surface graphs representing the values of the
three independent variable (temperature, NaCl and glucose) for which
the models predicted the accumulation of 0 mg kg™ of cadaverine.
The figure reports the graphs obtained after 5 (a), 19 (b) and 30 (c)
days.
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within this population. The same microbial community
can play a relevant role in the hydrolysis of proteins and
peptides providing precursors for BA formation (Paulsen
and Bauer 1997; Bover-Cid et al. 2001; Ruiz-Capillas and
Jimenez-Colmenero 2004). In this perspective, all the
factors able to change the composition of this community
can influence also the BA accumulation. Moreover, many
of the same factors influencing the microbial growth can
also regulate the decarboxylase activity influencing, in
turn, the aminogenic potential (Suzzi and Gardini 2003;
Vidal-Carou et al. 2007).

The sausages considered in this study were characte-
rized by the presence of low HIS amounts independently
on the condition. Histidine decarboxylase activity is par-
ticularly widespread among aerobic Gram negative spoil-
age micro-organisms, especially associated with seafood
products (Lehane and Olley 2000), even if it has also been
found among Enterobacteriaceae with a variable
frequency (Halasz et al. 1994; Roig-Sagués et al. 2002;
Pircher et al. 2007) and, with a lower incidence, among
LAB (Roig-Sagués et al. 1996; Garai et al. 2007) isolated
from different food commodities. However, in the partic-
ular case of meat products, the histidine decarboxylase
ability seems to be constrained to some strains of a
reduced number of species which are not commonly
found in meat, but only due to specific contaminations
(Maijala and Eerola 1993; Paulsen and Bauer 1997; Vidal-
Carou et al. 2007). Therefore, the responsibility for HIS
formation would be shared by specific strains of species
belonging to both enterobacteria and LAB, which seems
to occur rarely in fermented sausages. Certainly, the low
amounts of HIS found in the present work, in spite of
the growth level reached by Enterobacteriaceae and LAB,
indicates the low diffusion of this decarboxylase among
the micro-organisms colonizing the sausages.

By contrast, PUT and CAD accumulation was consider-
able and significantly affected by fermentation tempera-
ture, NaCl concentration and glucose added to the meat
batter. The presence of these BA in fermented foods are
mainly attributed to the activity of enterobacteria (Bover-
Cid et al. 2003; Pircher et al. 2007). In fact, their accumu-
lation was higher in the conditions that favour the growth
of these micro-organisms, such as low salt content and
higher fermentation temperatures.

The important role of NaCl on PUT and CAD presence
quantified in this study was qualitatively pointed out in
Portuguese sausages (Roseiro et al. 2006), in which a rela-
tionship between increasing NaCl concentration and
reduced BA accumulation was described. A similar find-
ing was reported for Feta cheese (Valsamaki ef al. 2000),
although it was not clear if the effect of NaCl was mainly
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because of the inhibition of aminogenic micro-organisms,
decarboxylase activity or proteolytic events.

Temperature can influence both the growth of decarb-
oxylating population and the decarboxylase activity (Suzzi
and Gardini 2003). Processing temperature was shown to
be an important technological parameter significantly
influencing the levels of PUT, CAD as well as tyramine
accumulated in dry fermented sausages, although it
strongly depended on the type of micro-organisms used
as starter culture (Maijala et al. 1995). However, in this
study, given that different temperatures were applied only
in the first 3 days of fermentation, the effects of its varia-
tion were limited to the selection of the microbial popu-
lation which, in turn, determined the aminogenesis
throughout all the ripening period.

The intermediate glucose concentration added to the
meat batter before stuffing determined the high LAB
growth as well as the lower Enterobacteriaceae prolifera-
tion from the first days of ripening, playing a fundamen-
tal role on the relationships between these two important
microbial groups. The dynamics of LAB and Enterobacte-
riaceae suggest that LAB are favoured from increasing
glucose concentration until about 0-7 gkg™'. In other
words, LAB are able to use small amounts of sugar more
efficiently than enterobacteria gaining an ecological
advantage subtracting this easily metabolizable sugar to
Enterobacteriaceae. At glucose concentration higher than
0-7 g kg~', LAB progressively lose this advantage probably
because of the abundance of sugar which can not be com-
pletely metabolized by LAB and become available also for
enterobacteria. The equilibrium between these two micro-
bial groups is established in the first days of fermentation,
but it persists during all the ripening period influencing
also PUT and CAT accumulation. In fact, sausages with
the intermediate glucose concentration resulted in the
lowest PUT and CAD presence. Noteworthy, in this study
no selected starter culture was used. On the contrary, a
tyraminogenic E. faecalis strain was inoculated at a con-
centration of 10> CFU g~' in the meat batter with the
aim to study the TYR accumulation dynamic (Gardini
et al. 2008). The comparison between LAB counts regis-
tered here and the enterococci counts previously reported
in the same sausages indicates that enterococci were an
important component of LAB population under these
experimental conditions. In this perspective, it is not sur-
prising that the conditions that minimize PUT and CAD
concentration determined the maximum TYR content
(Gardini et al. 2008) .

Conclusions

The data reported in this study indicates a relationship
between Enterobacteriaceae growth and PUT and CAD

S. Bover-Cid et al.

accumulation in sausages during ripening. From a quanti-
tative point of view, the growth potential of these micro-
organisms is mainly influenced by NaCl concentration
and, to a lesser extent, by fermentation temperature. The
fermentation temperature during the first 3 days influ-
enced the microbial community composition throughout
all the ripening period. A similar influence was exerted by
glucose added, which was presumably consumed within
few days. The conditions more favourable for LAB and
microstaphylococci growth induced a reduced growth of
Enterobacteriaceae with a consequent reduced accumula-
tion of PUT and CAD. These data suggest that starter
culture without decarboxylase activity and characterized
by a prolonged persistence in the sausage microbial com-
munity as well as the application of suitable conditions
able to favour their proliferation from the first step of
sausage manufacturing, could guarantee a reduced accu-
mulation of BA produced by Enterobacteriaceae, even in
the presence of low salt amounts.
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