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Abstract

The interaction between tyrosine-decarboxylase and proteolytic activities of aLactobacillus curÕatus and Staphylococcus
xylosus, respectively, on biogenic amine production during the ripening and the storage of dry fermented sausages was
investigated. Water content, pH, proteolysis parameters, microbial counts, and biogenic amine contents were monitored in
spontaneously and starter fermented sausages. The use of proteolytic staphylococci as starter resulted in a higher content of
non-protein nitrogen and total free amino acids. Tyramine was the main amine produced in all batches. However,
tyrosine-decarboxylase activity of theL. curÕatus starter strain was weak and yielded lower amounts of tyramine than those
produced by the wild microflora in the control batch. Association between tyramine production and proteolysis could only be
established in a defectively dried batch. Putrescine and cadaverine accumulation was efficiently reduced in the starter-media-
ted fermentation, in agreement with the lower development of enterobacteria. Phenylethylamine and tryptamine were only
detected in the spontaneously fermented sausages, while histamine, spermine and spermidine did not vary during the
ripening. Biogenic amine levels and related parameters showed significant changes during the storage of dry sausages
depending on the temperature and the batch. As a general rule, changes in the pH, proteolysis, microbial counts, and
biogenic amine contents were stronger at 198C than at 48C. The results suggest that refrigeration would be advisable for
preventing further accumulation of biogenic amines during the storage of dry fermented sausages.q2001 Elsevier Science
B.V. All rights reserved.

Keywords: Biogenic amines; Proteolysis; Starter cultures; Fermented sausages

1. Introduction

Biologically active amines are basic compounds
whose formation and degradation are the result of
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the metabolic activity of most plants, animals, and
microorganisms. Some of the biogenic amines usu-

Žally found in different foods such as fish products,
.cheese, wine, beer, and fermented sausages are the

aromatic monoamines histamine, tyramine, tryp-
tamine, and phenylethylamine, which possess va-

Žsoactive and psychoactive properties Brink et al.,
.1990 . These amines are of concern in relation to

human health since they may cause several toxico-
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logical symptoms such as pseudo-allergic reactions
Ž .histaminic intoxication , food-induced migraines,
and hypertensive crisis due to the interaction be-
tween monoamines and monoamine-oxidase in-
hibitor drugs. Normally, there is no hazard for a
healthy consumer, whose monoamino- and diamino-
oxidases will carry out the catabolism of biogenic
amines. However, toxicological reactions may occur
after the intake of food containing relatively large
amounts of biogenic amines. Moreover, several fac-

Žtors such as alcohol and other amines diamines
.putrescine and cadaverine , individual sensitivity, in-

activation of detoxification mechanisms due to ge-
netic deficiencies, gastrointestinal diseases or MAOI
treatments, potentiate the toxicological effects of bio-

Žgenic amines Brink et al., 1990; Marine-Font et al.,´
.1995 . Hence, it is difficult to evaluate the toxicity

degree of biogenic amines in food, and thus, to
establish toxic threshold levels for these food micro-
components. Formation of carcinogenic nitrosamines
constitutes an additional toxicological risk related to
biogenic amines, especially in meat products that

Žcontain nitrite and nitrate as curing salts Marine-Font´
.et al., 1995 .

Formation of biogenic amines in food generally
occurs due to decarboxylation of the precursor amino
acids by substrate-specific enzymes of microbial ori-
gin. Therefore, biogenic amines are also of concern
in relation to food spoilage because they may result
from decarboxylase activity of spoiling microbial

Žflora during the storage of food Vidal-Carou et al.,
.1990; Halasz et al., 1994 . In dry fermented sausages,´

besides the active growth of several microbial popu-
lations, the acidification and the proteolytic pro-
cesses occurring during sausage fermentation make
the environment particularly favourable for biogenic
amine production. Nevertheless, a large variability in
the profile of biogenic amines and their concentra-
tions has been reported for retail fermented sausages
ŽBrink et al., 1990; Hernandez-Jover et al., 1997b;´

.Bover-Cid et al., 1999b .
The factors that influence biogenic amine produc-

tion in fermented meat products have to be identified
to avoid hazardous amounts of such microcompo-
nents. Production of amines in meat and meat prod-
ucts has been related to pseudomonads, enterobacte-

Žria, enterococci and lactobacilli Halasz et al., 1994;´
.Bover-Cid et al., 2000b . Hygienic quality of raw

materials affects both initial microbial charge and
proteolysis, and thus, it constitutes one of the most
important critical control points to reduce biogenic

Žamine production Maijala et al., 1995; Paulsen and
.Bauer, 1997 . Also, biogenic amine accumulation

may be controlled through the addition of a selected
starter culture to fulfil the fermentation process
ŽMaijala et al. 1995; Hernandez-Jover et al., 1997a;´

.Bover-Cid et al., 1999a, 2000a . Starters usually
Ž . Žconsist of one single starter or several mixed

. Žstarter strains of lactic acid bacteria LAB, such as
.lactobacilli and pediococci , micrococci, andror co-

agulase-negative staphylococci. Metabolic activity of
these bacterial groups is essential for the desirable
changes determining the particular characteristics of
dry fermented sausages. Lactic acid bacteria repre-
sent the most important group of starter organisms,
since they are well adapted to the meat fermentation
environment and are involved in all changes occur-
ring during the ripening process. Lactic acid produc-
tion reduces the pH, having a preservative effect and
facilitating the drying process, development of the
curing colour, and cohesion of dry sausages. Micro-
cocci and staphylococci also play an important role
in sausage ripening by contributing to the develop-
ment of the typical flavour as a result of their
proteolytic and lypolitic activities. Catalase produc-
tion by micrococci and staphylococci protects from
colour changes and rancidity, while nitrate and nitrite
reductases aid to the reddening and reduce residual

Ž .nitrite content Hammes and Knauf, 1994 . Techno-
logical conditions applied for sausage manufacture,
such as temperature, relative humidity, diameter, for-
mulation, as well as microbial interactions affect the
growth and activity of microbial flora, both initially
present in raw materials and also added as starter
culture. Furthermore, the production of biogenic
amines in dry fermented sausages can also be af-

Žfected by the proteolytic microbial flora Halasz et´
.al., 1994; Paulsen and Bauer, 1997 . Finally, the

amounts of precursor amino acids resulting from the
proteolysis and the capability of decarboxylating
them by bacterial populations may also be affected
by such processing conditions.

The addition of a negative amine-producer starter
culture to carry out a controlled fermentation could
be an advisable practice to prevent excessive amine
accumulation. However, several studies failed to
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demonstrate the efficiency of the starter cultures to
reduce amine production during sausage fermenta-

Žtion Buncic et al., 1993; Bauer et al., 1994; Paulsen
.and Bauer, 1997 . Therefore, the aim of the present

work was to investigate the interaction between the
tyrosine-decarboxylase activity of aLactobacillus
curÕatus strain and the proteolytic activity of

ŽStaphylococcus xylosus both as constituents of a
.mixed starter culture on biogenic amine production

throughout the ripening of dry fermented sausages.
The effect of an inadequate sausage drying process
on the formation of biogenic amines was also exam-
ined. Besides the ripening period, the influence of

Ž .storage at two temperatures 48C and 198C in both
spontaneous fermented and starter-mediated sausages
was studied.

2. Material and methods

2.1. Fermented sausages

Sausage manufacture was carried out in the pilot-
Žplant of the Meat Technology Center CTC-IRTA,

.Monells, Girona, Spain , whilst and the Food Micro-
biology and Biotechnology Unit of this centre pro-

Žvided the starter cultures. Sausage mixture 10
.kgrbatch was made from shoulder pork meat and
Ž .back fat bacon in proportion of 50:50, and 2.5%

sodium chloride, 0.4% dextrose, 0.3% black pepper,
0.05% sodium ascorbate, 0.02% potassium nitrate,

Žand 0.01% sodium nitrite ingredients and additives
.were from Sanofi Bio-Industries, Barcelona, Spain .

Pork meat and fat were ground to a 6-mm particle
size and divided in three portions for the different
batches. In the control batch, no starter was added
Ž .NS batch , thus it followed a spontaneous fermenta-
tion. The other two batches were processed through a
starter-mediated fermentation, with a mixed starter
culture consisting of the tyrosine-decarboxylating
Ž .tyramine-producerL. curÕatus CTC371, combined
with the proteolytic and amine-negative startersS.

Ž .xylosus CTC3011 for batch CX-1 orS. xylosus
Ž .CTC3037 for batch CX-2 . These strains have been

previously tested as starters for sausage manufacture
and showed good technological and sensorial proper-

Ž .ties Garriga et al., 1996; Hugas and Roca, 1997 .
Starter cultures suspended in 500 ml of cool water

Ž .58C were added to achieve a final concentration of
6 Ž .10 colony forming units CFUrg sausage for each

bacterial strain. Each mixture was homogenised and
Žstuffed into artificial collagen casings approximately

.250–300 grsausage and diameter-4 cm . In batch
CX-2, a non-adequate drying process occurred be-
cause casings were not well conditioned before the
stuffing step, and thus, casings did not allow the
normal water evaporation during ripening. Sausage
surfaces were imbibed in a mould spore suspension

Žof Penicillium candidum Rhone-Poulenc Texel SA,ˆ
.Dange Saint Roman, France . All sausages were´

placed in the same room under the same environ-
mental conditions during ripening: 158C and 70–80%
relative humidity for 21 days. The end-products of
each batch were stored in two different chambers
regulated at 48C and 198C, respectively, for 20 fur-
ther days.

2.2. Sampling

Duplicate samples of raw meat mixture just be-
Ž .fore stuffing time zero and three sausages from

each batch were sampled at different times through-
Žout the ripening process days 2, 3, 7, 14 and 21 of

.ripening , and after 20 days of storage at two differ-
Ž .ent temperatures 48C and 198C . Values of pH,

water content, non-protein nitrogen, free amino ni-
trogen, microbial counts, and biogenic amine con-
tents were determined in triplicate at each sampling
point.

2.3. Analysis

Values of pH were measured directly using a
Ž .microcomputerized pH meter Crison 507, Spain

inserting the electrode into the centre of the sausage.
Water content was determined by drying the sample
at 100–1058C until constant weight was reached.

Ž .Non-protein nitrogen fraction NPN was determined
by the Kjeldahl method, previously extracted from

Ž5–10 g of sausage with 0.6 N perchloric acid Di-
.erick et al., 1974 . Total free amino acids as alpha-
Ž .amino nitrogen AAN were analysed according to

the Sorensen method by titration with formaldehyde¨
Ž .AOAC, 1995 .

For microbial analysis, 10–15 g of sausage with-
out casing were cut into small pieces and placed into
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Ža sterile Stomacher bag. Sterile diluent 0.1% of
Ž .Bacto Peptone Difco, Detroit, MI, USA and 0.85%

Ž .of NaCl Merck, Darmstadt, Germany in deionised
.water in a proportion of 1:9 was added and the

Žmixture was homogenised using a Stomacher Lab
.Blander, Seward, London, UK . Serial of decimal

dilutions was prepared with the same diluent. Enter-
obacteriaceae were enumerated on Violet Red Bile

Ž .Dextrose Agar Merck incubated with a double
Ž .layer at 308C for 24 h; LAB on MRS Merck

incubated at 308C for 48 h anaerobically; coagulase-
Ž .negative staphylococci on Mannitol Salt Agar Difco

at 308C for 48 h; and enterococci on Kanamycin
Ž .Aesculin Azide agar Oxoid-Unipath, Madrid, Spain

at 378C for 48 h.
Biogenic amines were extracted from 5–10 g of

sample with 0.6 N perchloric acid and determined
spectrofluorimetrically as ortho-phthalaldehyde
derivatives by ion-pair high performance liquid chro-

Ž .matography Hernandez-Jover et al., 1996 .´

2.4. Statistical analysis

Statistical analysis was performed using SPSS
Ž6.0.1 for Windows software SPSS, Chicago, IL,

.USA . The one-way analysis of the variance
Ž .ANOVA was used to examine the statistical signif-
icance of the changes throughout the ripening. The
Mann–WhitneyU test was applied to investigate the
significance of the differences found in the end-prod-

Ž .ucts 21 days of ripening among batches as well as
the influence of the storage at different temperatures.

3. Results and discussion

3.1. Ripening of fermented sausages: effect of a
tyramine-producing L. curÕatus strain combined with
a decarboxylase negatiÕe S. xylosus strain

Water content decreased in all three batches, al-
though the moisture of samples from batch CX-2

Ž .was significantly higher p-0.05 than that of sam-
Ž .ples from the batches NS and CX-1 Table 1 . The

defective conditioning of artificial casings before
stuffing the sausages did not allow a proper water
evaporation and resulted in a faulty drying process of
CX-2. Values of pH decreased after the third day of

fermentation. Due to lactic acid production mainly
by the L. curÕatus added as starter culture, pH of the

Ž .starter-mediated batches CX-1 and CX-2 decreased
Ž .faster and it attained a lowerp-0.05 final value

than in sausages spontaneously fermented NS batch.
ŽValues of pH of defective dried sausages batch

.CX-2 were slightly higher, though not significantly,
than those of batch CX-1 sausages. Proteolysis re-

Ž .lated parameters NPN and AAN showed a different
Žbehaviour during the fermentation of sausages Table

.1 . Values of NPN oscillated throughout the ripen-
ing, while AAN contents showed a gradual increase
over the processing. The starter-mediated batches

Ž .showed higher p-0.05 NPN and ANN values
than the spontaneously fermented batch, likely as a
result of proteolytic activity of the starter cultures.

Changes of microbial counts during the ripening
of the three batches are summarised in Table 2.
Counts of LAB and coagulase-negative staphylo-
cocci were initially higher in batches with starter
culture due to the inoculation of bothL. curÕatus
and S. xylosus starter strains. During sausage ripen-
ing, LAB numbers increased and reached levels up
to 8 log CFUrg of sausage in all batches. Sponta-
neously, fermented batch NS showed slightly higher

Ž .LAB final counts than batch CX-1 p)0.05 and
Ž .CX-2 p-0.05 , probably because wild LAB flora

found lower initial number of competing microor-
Ž .ganisms e.g. staphylococci from starter cultures .

Coagulase-negative staphylococci increased in the
Ž .spontaneously fermented batch NS and in the

starter-mediated fermented batch CX-1. Control NS
Ž .batch showed lower p-0.001 coagulase-negative

counts than batches in which staphylococci were
added as starter culture. However, staphylococci
numbers found in batch CX-2 were slightly lower in
the final product than in the initial samples. Proba-
bly, the higher water content of this batch did not
favour their development, since staphylococci are
halotolerant bacteria that grow at relatively high
concentrations of salt. Enterococci and Enterobacte-
riaceae numbers were similar in the meat mixtures
Ž .time zero of the three batches. Enterococci counts
increased during the ripening and final enterococci
numbers showed statistical differences amongst

Ž .batches. Lower counts p-0.05 of enterococci
were observed in the starter-mediated batches be-
cause starter was able to reduce their development
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Table 1
Ž . Ž . aChanges in mean values and standard deviation numbers in parentheses of water content, pH, and nitrogen fractions NPN and AAN during ripening of the three batches of

dry fermented sausages

Ž . Ž . Ž .Day Water content % pH NPN mgr100 g dm AAN mgr100 dm

NS CX-1 CX-2 NS CX-1 CX-2 NS CX-1 CX-2 NS CX-1 CX-2

Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .0 62.28 0.58 62.53 0.32 62.92 0.11 6.03 0.02 5.96 0.02 6.00 0.01 2.82 0.35 3.99 0.24 3.74 0.09 1.41 0.09 1.43 0.01 1.49 0.02
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .2 58.81 0.43 58.64 0.26 59.84 0.34 5.95 0.01 5.97 0.01 5.98 0.00 4.67 0.10 4.50 0.14 4.15 0.45 1.49 0.08 1.44 0.03 1.52 0.17
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .3 57.26 0.59 57.34 0.34 58.81 0.51 5.96 0.02 5.94 0.01 5.96 0.01 3.91 0.05 2.86 0.31 4.04 0.36 1.46 0.01 1.45 0.07 1.59 0.02
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .7 47.86 2.46 50.11 0.55 55.71 0.41 5.71 0.03 5.47 0.01 5.51 0.01 3.69 0.32 4.70 0.10 4.65 0.30 1.57 0.07 1.55 0.06 1.58 0.07
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .14 36.73 1.00 42.23 0.34 50.41 1.45 5.33 0.01 5.27 0.01 5.30 0.00 3.39 0.03 3.30 0.24 3.40 0.23 1.67 0.02 2.08 0.04 2.30 0.05
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .21 32.97 0.25 36.04 1.21 46.03 2.07 5.37 0.01 5.27 0.01 5.30 0.01 3.19 0.06 4.07 0.27 3.92 0.10 2.25 0.14 2.40 0.12 2.58 0.08

aNS: spontaneously fermented without starter culture; CX-1: starter-mediated fermentation withL. curÕatus CTC371 andS. xylosus CTC3011; CX-2: starter-mediated
fermentation withL. curÕatus CTC371 andS. xylosus CTC3037.
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Table 2
Ž . Ž . aChanges in microbial counts, mean of log CFUrg and standard deviation in parentheses , during ripening of the three batches of dry fermented sausages

Day Lactic acid bacteria Coagulase-negative staphylococci Enterococci Enterobacteriaceae

NS CX-1 CX-2 NS CX-1 CX-2 NS CX-1 CX-2 NS CX-1 CX-2

Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .0 3.69 0.08 5.67 0.11 6.07 0.47 3.81 0.00 5.47 0.09 5.72 0.01 1.87 0.09 1.69 0.09 1.63 0.15 2.35 0.14 3.05 0.00 3.37 0.16
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .2 4.54 0.13 7.58 0.30 7.69 0.16 2.91 0.30 5.40 0.05 5.78 0.06 2.81 0.15 2.48 0.19 2.47 0.08 3.54 0.16 3.51 0.18 3.40 0.12
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .3 6.08 0.10 8.39 0.12 7.45 0.26 2.89 0.06 5.41 0.01 5.79 0.03 2.89 1.11 2.67 0.38 2.61 0.10 3.32 0.20 3.22 0.04 3.26 0.07
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .7 8.76 0.09 8.30 0.04 8.24 0.07 3.83 0.10 5.20 0.05 5.61 0.02 5.90 1.10 4.42 0.06 5.11 0.11 3.35 0.09 3.12 1.24 2.02 0.19
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .14 8.74 0.05 8.42 0.09 8.56 0.06 4.62 0.41 4.44 0.04 5.21 0.06 5.24 0.32 3.89 0.13 5.28 0.46 1.95 0.25 1.64 0.60 1.14 0.83
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .21 8.71 0.05 8.38 0.44 8.00 0.39 5.17 0.30 6.12 0.56 5.49 0.16 5.16 0.09 3.32 0.28 4.73 0.25 3.57 0.22 nd 0.43 0.61

aNS: spontaneously fermented without starter culture; CX-1: starter-mediated fermentation withL. curÕatus CTC371 andS. xylosus CTC3011; CX-2: starter-mediated
fermentation withL. curÕatus CTC371 andS. xylosus CTC3037.
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even in the defective drying batch. Batch CX-2
Ž .showed higher p-0.05 enterococci numbers in

comparison with those of the batch CX-1. A slight
increase of the Enterobacteriaceae was observed in
the spontaneously fermented sausages, while a dras-
tic reduction occurred in starter mediated sausages.
The reduction was stronger in batch CX-1 than in the
defective dried batch CX-2, but also in this case, the
addition of starters clearly yielded sausages with

Ž .significant lower p-0.05 numbers of enterobacte-
ria compared to those of the control batch.

During ripening of fermented sausages, a gradual
biogenic amine production occurred from the first
week of the process, coinciding with the pH de-

Žcrease. Tyramine was the main amine produced Fig.
.1 . The occurrence of tyramine has been generally

associated with meat fermentation and correlated
with the pH drop in the non-inoculated sausages
Ž .Bover-Cid et al., 1999a, 2000a . Mixed starter cul-
ture of L. curÕatus and S. xylosus of batch CX-1

Ž .was able to significantly p-0.05 reduce tyramine
accumulation in comparison to sausages manufac-

Ž .tured without starter culture NS . Therefore,
although the starter strain ofL. curÕatus was previ-
ously found to possess tyrosine-decarboxylase activ-

Ž .ity Bover-Cid et al., 2000a , the production of tyra-
mine by this bacterium was weak during the ripening
of sausages. In fact, the amounts of tyramine yielded
in batch CX-1 were half those produced by the wild
fermenting microbial flora in the control batch NS. A
larger tyramine production by this strain ofL. curÕa-

Ž . Ž .Fig. 1. Changes in tyramine TY , cadaverine CA and putrescine
Ž .PU levels during ripening of the three batches of dry fermented
sausages. NS: non-starter spontaneous fermentation; CX-1:
starter-mediated fermentation withL. curÕatus CTC371 andS.
xylosus CTC3011; CX-2: starter-mediated fermentation withL.
curÕatus CTC371 andS. xylosus CTC3037.

Ž .tus was found in Bover-Cid et al. 2000a when it
was used as single starter culture. Counts of LAB
were similar in all batches inoculated withL. curÕa-
tus as single or mixed starter culture, reflecting a
comparable development of the starter. However, in

Ž .the case of the batch CX-1 mixed starter , the
presence of a high charge of the amine-negative
staphylococci could reduce tyrosine-decarboxylase
activity of L. curÕatus. By contrast, the amounts of
tyramine in the starter-mediated fermented CX-2
batch were similar to those found in the NS batch.

ŽHence, environmental changes such as pH or water
.activity can affect bacterial metabolism, resulting in

different end products without significant changes in
Ž .bacterial numbers Demeyer et al., 1986 .

Although strains of a tyramine-producingLacto-
bacillus and proteolytic staphylococci were com-
bined for sausage manufacture, no correlation be-
tween NPN and tyramine production was observed
in CX-1 and CX-2 batches. Moreover, despite both
starter-mediated batches showed slightly higher free

Ž .amino acid contents AAN compared to the NS
batch, only in the case of the defective dried batch
Ž .CX-2 the difference was statistically significant
Ž .p-0.05 and could be associated with a higher

Žtyramine production. In previous work Bover-Cid et
.al., 1999a , proteolytic staphylococci as single starter

attenuated the tyramine production in comparison to
a spontaneously fermented batch. Neither could any
correlation be established between tyramine and pro-
teolysis related parameters. Thus, not only the pres-
ence of free amino acids and decarboxylase activity
would be important for biogenic amine production
but other factors, such as water activity and interac-
tions with other bacterial groups, might also modu-
late biogenic amine production by bacteria.

The diamines cadaverine and, to a lesser extent,
putrescine were the other biogenic amines produced
during the ripening, although their accumulation
started later and more slowly in comparison with
tyramine production. Inoculation of mixed starter
cultures resulted in a strong reduction of both di-
amines, final contents being lower than 2 mgrkg dry

Ž .matter dm in batches CX-1 and CX-2. The higher
controlled microbial charge and the lower pH
achieved in starter-mediated batches could efficiently
reduce the growth of enterobacteria and thus lysine-
and ornithine-decarboxylase activity of such Gram-
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negative bacteria responsible for cadaverine and pu-
trescine formation, respectively. The production of
these diamines in the spontaneously fermented batch
Ž .NS , with given numbers of enterobacteria, and the
insignificant diamine production in the started-medi-
ated batches, practically free of these microorgan-
isms, corroborate the association between diamine
accumulation and Enterobacteriaceae growth.

Contents of histamine did not show variation
throughout the ripening, its content being lower than
0.4 mgrkg dm. Usually, histamine is also related to
enterobacteria activity, but results of this study seem
to indicate the presence of other factors to explain
the occurrence of high levels of histamine found in

Ž .some fermented sausages Bover-Cid et al., 1999b .
A minor production of less than 1 mgrkg dm of
phenylethylamine and tryptamine was only observed
during the last week of the spontaneous fermentation

Ž .process NS batch . These results agree with other
Ž .previously published Bover-Cid et al., 1999a, 2000a

in which those minor amines appeared in the latest
steps of the sausage ripening. Starter addition was
also shown to avoid the production of those biogenic
amines because starters were able to outgrow the
wild microbial flora, which are usually amine-pro-
ducers.

The physiological polyamines spermine and sper-
midine were the main amines in raw materials and
their contents did not change significantly through-
out the ripening nor among batches. Mean levels of
spermine of 51.2"3.7 mgrkg dm and those of
spermidine 6.3"0.6 mgrkg dm were within the

range normally found in meat and meat products
ŽHernandez-Jover et al., 1997b; Bover-Cid et al.,´

.1999b . These polyamines are not believed to be
Žproduced by bacteria during sausage ripening Paul-

sen and Bauer, 1997; Bover-Cid et al., 1999a,b,
.2000a . Otherwise, the origin of polyamines is the

meat used as raw materials. Polyamine contents may
decrease during ripening because they could be con-
sumed by the fermenting microflora as nitrogen

Ž .source as Bardocz 1995 suggested.´

3.2. Influence of the storage temperature in sponta-
neously fermented and starter-mediated sausages

No significant change of water content of sausages
Ž .stored under refrigeration 48C was observed,

whereas a small decrease of the sausage water con-
tent occurred during the storage at 198C of all three

Ž .batches Table 3 . After the storage, the defectively
Ž .dried batch CX-2 still showed unusually high water

Ž .content. Values of pH rose significantlyp-0.05
during the storage of sausages and especially in the

Ž .samples maintained at 198C p-0.05 , whose pH
did not differ among batches at the end of the
storage. An increase of the pH often occurs during
the last period of ripening or storage due to the

Žliberation of ammoniacal compounds Demeyer et
al., 1986; Armengol et al., 1994; Bover-Cid et al.,

.1999a . The evolution of proteolytic related parame-
ters depended on the batch and the temperature of

Ž .the storage Table 3 . In the non-starter fermented
Ž .sausages batch NS , NPN and AAN values slightly

Table 3
Ž . Ž . ŽMean values and standard deviation in parentheses of water content, pH, nitrogen fractions NPN and AAN , and microbial counts log

.CFUrg , of fermented sausages after 20 days of storage at different temperatures

Control L. curÕatus CTC371 L. curÕatus CTC371
Ž . Ž . Ž .without starter S. xylosus CTC3011 CX-1 S. xylosus CTC3037 CX-2

48C 198C 48C 198C 48C 198C

Ž . Ž . Ž . Ž . Ž . Ž . Ž .Water content % 34.44 1.73 31.38 4.45 37.42 1.52 35.33 0.09 44.23 0.82 42.49 0.55
Ž . Ž . Ž . Ž . Ž . Ž .pH 5.50 0.03 5.76 0.04 5.33 0.01 5.72 0.04 5.35 0.00 5.77 0.03

Ž . Ž . Ž . Ž . Ž . Ž . Ž .NPN mgr100g dm 3.61 0.23 3.84 0.63 3.85 0.17 3.64 0.09 5.06 0.40 4.92 0.58
Ž . Ž . Ž . Ž . Ž . Ž . Ž .AAN mgr100g dm 2.21 0.04 2.44 0.09 2.42 0.09 1.90 0.03 3.20 0.12 4.18 0.08

Ž . Ž . Ž . Ž . Ž . Ž .LAB 8.82 0.10 8.46 0.19 8.60 0.08 8.55 0.00 8.70 0.11 8.43 0.11
Ž . Ž . Ž . Ž . Ž . Ž .Staphylococci 6.90 0.27 7.00 0.10 5.12 0.05 6.62 0.19 6.01 0.56 6.90 0.10
Ž . Ž . Ž . Ž . Ž . Ž .Enterococcus 5.05 0.03 4.76 0.32 2.82 0.06 2.90 0.13 5.83 0.23 5.60 0.16
Ž . Ž . Ž .Enterobacteriaceae 1.81 0.19 nd 1.42 0.08 nd 0.33 0.47 nd

nd: not detected.
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increased during the storage at 198C, and to a lesser
Ž .extent also at 48C p-0.05 . Sausages of batch

CX-1 showed a decrease of the NPN at both temper-
atures and of the AAN only at 198C. By contrast, a
relatively intense proteolysis occurred at 198C in

Ž .batch CX-2 resulting in a much higherp-0.05
contents of NPN and AAN in comparison with the
end-product before the storage. Probably, the higher
moisture favoured the activity of both endogenous
and microbial proteolytic enzymes, especially at the
highest storage temperature.

Bacteriological examination showed high counts
Ž .of surviving LAB up to 8 log CFUrg in all groups

studied. Except for sausages of batch CX-1 stored at
48C, a significant increase of staphylococci occurred
in all three batches and especially at the higher

Ž .temperature 198C . By contrast, a reduction of ente-
rococci was observed in the control and the CX-1
batches, while in the defective dried batch entero-
cocci, were able to reach counts higher than 5.5 log
Ž .CFUrg . Enterobacteriaceae significantly decreased
during the storage of the control sausage batch and
maintained low counts in the starter-mediated
batches.

Biogenic amine contents during storage were in-
fluenced by the temperature and the presence of

Žstarter culture depending on the type of amine Fig.
.2 . An increase of the tyramine levels during storage

Žwas observed in the control sausages at both tem-
.peratures and the starter-mediated sausages stored at

Ž .198C. The changes were only significantp-0.05
in the case of the starter mediated batches. The steep
increase of tyramine contents of CX-2 sausages can

Ž .be related to the higher total free amino acids AAN
and water content of this batch. The temperature of

Ž .198C slightly higher than the ripening temperature
might have stimulated a further tyrosine-decarboxy-
lase activity mainly of the starterL. curÕatus strain
added as starter culture. An increase of cadaverine,
phenylethylamine and tryptamine contents was also
observed during storage of spontaneously fermented
sausages at 198C. Although the increase was statisti-

Ž .cally significant p-0.05 for tryptamine and
phenylethylamine, their contents were lower than 1.5
mgrkg dm. It is remarkable that phenylethylamine
could be observed in the defective dried sausages of
batch CX-2 stored at 198C, but not in sausages of
batch CX-1. Likely, the increase of enterococci

Fig. 2. Contents of tyramine, cadaverine and putrescine in three batches of dry fermented sausages after 20 days of storage at different
temperature. CX-1: starter-mediated fermentation withL. curÕatus CTC371 andS. xylosus CTC3011; CX-2: starter-mediated fermentation

Ž .with L. curÕatus CTC371 andS. xylosus CTC3037 bars indicate standard deviation .
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counts in this batch, which are commonly related to
tyramine and phenylethylamine production, might
have contributed to the increase of those biogenic
amines. By contrast, contents of cadaverine and pu-
trescine of the starter-mediated sausages did not vary
over the storage at any temperature. Neither were
levels of histamine influenced by the storage.

Production of biogenic amines during the storage
of fermented sausages might be related to residual
decarboxylase activity. Refrigeration temperatures
may reduce the residual microbial and enzymatic
activities, and thus, lesser changes were observed at
48C in comparison with those observed at 198C.
Room temperature is usually used to store this kind
of fermented sausages since they are considered
stable products due to their acidity and low water
activity. However, the results of the present work
suggest that refrigeration would be more advisable
for preventing further biogenic amine accumulation
during the storage of dry fermented sausages.

Contrary to the ripening process, polyamines
spermine and spermidine showed a clear and similar
decrease in the three batches of sausages during
storage, being stronger at 198C than under refrigera-
tion. Nevertheless, polyamine contents were not dif-
ferent among batches, thus starter cultures had no
influence on polyamines. Mean values of polyamine
levels found in sausages stored at 48C were 45.3"
4.1 mgrkg dm for spermine and 6.6"0.2 mgrkg
dm for spermidine, whereas those observed at 198C
were 38.2"2.6 and 5.7"0.5 mgrkg dm for sper-
mine and spermidine, respectively. These results
agree with the suggestion that such polyamines might
be degraded and used as nitrogen source for the

Ž .microorganisms Bardocz, 1995 .´
The use of a mixed starter culture was effective to

reduce the accumulation of biogenic amines during
both the ripening and the storage of dry fermented
sausages, even using aLactobacillus strain possess-
ing the capability to produce tyramine.
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