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a b s t r a c t

This study assessed the effects of starter cultures (Lactobacillus sakei KM5474 and Lactobacillus plantarum
KM1450) on the accumulation of biogenic amines (BAs) in Thai traditional fermented fish sausage. BAs
formation (cadaverine, putrescine, histamine, tryptamine, phenylethylamine, and tyramine) was
significantly higher in som-fug fermentation without starter culture. Accumulation of these BAs in som-
fug could reduce significantly by the incubation with of L. sakei KM5474 and L. plantarum KM1450. The
influence of the availability of free amino acids (FAAs) on BA formation during the fermentation of som-
fug with and without starter culture was also investigated. The significant differences in the amount of
some FAAs among batches would be partially attributed to the distinct proteolytic and BAs accumulation
of specific microbiota of each batch. In general, amounts of FAA were related with their corresponding
BAs. In batch control of the availability of practically all FAA precursors, BA formation could be observed.
The formation of some BAs (histamine, putrescine, cadaverine, and phenylethylamine) occurring in batch
control was related to the amounts of FAA precursors (histidine, arginine, lysine, and phenylalanine).
Starter culture L. plantarum KM1450 was more efficient in reducing BA accumulation in som-fug than that
of starter culture L. sakei KM5474, while mixed starter cultures of L. sakei KM5474 and L. plantarum
KM1450 showed the highest effectiveness in reducing BA accumulation during som-fug fermentation
compared with the sample sausage without starter culture or with monostarter culture.
Copyright © 2015, Korea Food Research Institute, Published by Elsevier. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Biogenic amines (BAs) are nonvolatile low-molecular weight
nitrogenous organic bases, derived through the decarboxylation of
corresponding amino acids, in which they are mainly produced by
microbial decarboxylation of amino acids, with the exception of
physiological polyamines. High concentrations have been found in
fermented foods as a result of a contaminating microflora with
amino acid decarboxylase activity [1]. However, BAs can also trigger
human health problems leading to palpitations, hypertension,
vomiting, headaches, and flushing, if food containing high con-
centrations are ingested. In fermented foods, certain microorgan-
isms are able to convert available amino acid precursors into BAs
via decarboxylase or deiminase activities during or following
fermentation processes. For this reason, amino acid catabolism can
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affect both the quality and safety of fermented foods [2]. The
quantity and kind of BAs formed depends on the nature of food and
particularly on the kind of microorganisms present. Enter-
obacteriaceae are particularly active in the production of BAs [3].
These microorganisms may form part of the food-associated pop-
ulation or contamination before, during, or after processing of the
food product. Therefore, microorganisms naturally present in raw
materials introduced throughout the processing can critically in-
fluence BA production during the manufacture of fermented
products [4].

Som-fug is a Thai traditional fermented food, composed of
minced fish meat, cooked rice, minced garlic, and sodium chloride.
The ingredients are mixed thoroughly and tightly packed in banana
leaves or plastic bags and let to ferment for 2e5 days at ambient
temperature (25e30�C) [5]. Som-fug can be consumed as uncooked
som-fug or cooked som-fug in the form of fried som-fug either as a
main dish or as a snack with vegetables. Uncooked som-fug con-
tains live microflorae some of which are probiotics including
Lactobacillus and Bifidobacterium. These microorganisms offer some
form of health benefits to the host such as regulating proper
an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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intestinal function and digestion and offering significant protection
against certain pathogenic bacterial infection [6,7]. Consuming
uncooked som-fug with active live cultures confer a health benefit
on the host. Som-fug contains high nutritional values with an
excellent source of protein. Freshwater fish are generally used
rather than sea fish [5,8]. The species of fishes are included rohu
(Labeo rohita), spotted featherback (Notopterus chitala), smallscale
mud carp (Cirrhinus microlepis), grey featherback (Notopterus
notopterus), and giant snake-head fish (Ophicephalus micropeltes)
[8,9].

During meat fermentation, microbial growth, acidification, and
proteolysis provide favorable conditions for BA production. BAs can
reach concentrations higher than 1,000 mg/kg [10], which consti-
tutes a health hazard. There is limited research on the toxicity of
BAs and most focus on histamine. Moreover, it is notable that
intolerance levels depend on the characteristics of the individual. It
is assumed that the intake of foods with histamine concentrations
higher than 400 mg/kg is hazardous to health [11]. It was demon-
strated that 75 mg of oral histamine provoke symptoms in 50% of
healthy individuals [12], and approximately 1,000 mg of histamine
intake is associated with severe intoxications [13]. Tyramine con-
centrations higher than 125 mg/kg have effects in healthy in-
dividuals, and an intake of 6 mg/kg is potentially toxic to patients
treated with monoamine oxidase inhibitors [14]. High concentra-
tions of tyramine in the brain have been associated with depres-
sion, schizophrenia, Parkinson's disease, and Reye's syndrome [15].
Secondary amines including putrescine and cadaverine can react
with nitrite to form carcinogenic nitrosamines [16]. There is
increasing evidence that putrescine could have a role in promoting
the malignant transformation of cells. Dietary putrescine increased
the malignancy grade of adenomas in a murine model [17]. High
levels of putrescine have also been detected in gastric carcinomas
caused by Helicobacter pylori and the putrescine levels are main-
tained though themicrobial infection is eliminated [18]. It is known
that putrescine and cadaverine enhance histamine toxicity [19].
Elevated levels (50e100 mg/L) of cadaverine and putrescine also
exert a considerable impact on the organoleptic properties. BA
production is a characteristic of certain microorganisms such as
Micrococcaceae, Enterobacteriacece, Enterococci, and Pseudomonas
species by microbial substrate-specific enzyme decarboxylation of
amino acids [20]. Therefore, BAs are also related to food spoilage
due to decarboxylase activity of spoiling microorganism during
fermentation [21]. Maijala and Eerola [22] concluded that
contaminant microbial spoilage plays an important role in tyra-
mine and histamine formation during the fermentation of sau-
sages. Putrescine is the major diamine produced by Pseudomonas,
whereas cadaverine is produced by Enterobacteriaceae [23].

BAs can be degraded through oxidative deamination catalyzed
by amines oxidase (AO) with the production of aldehyde, ammonia,
and hydrogen peroxide. Monoamine oxidases and diamine oxi-
dases have been described from some genus of the family Enter-
obacteriaceae [24]. The potential role of microorganisms with AO
activity has become a particular interest to prevent or reduce BA
accumulation in fermented foods. Mah and Hwang [25] investi-
gated the effect of Staphylococcus xylosus to inhibit BAs formation in
a salted and fermented anchovy. Reduction of tyramine during
fermentation of fermented sausages was achieved when Micro-
coccus varians was applied as a starter culture [26]. Inoculation of
Lactobacillus plantarum in sauerkraut effectively suppressed the
production of tyramine, putrescine, and cadaverine [27].

The sequential action (in the presence of an electron acceptor,
such as O2) of an AO and aldehyde dehydrogenase leads to the
production of an acid and ammonia, which can be used to support
microbial growth. Diamine oxidases can oxidase several BAs, such
as putrescine and histamine. Leuschner and Hammes [26] tested
in vitro the potential amine degradation by strains belonging to the
genera Lactobacillus, Pediococcus,Micrococcus, as well as S. carnosus
and Brevibacterium linens. They found that this enzymatic activity
can be present at very different quantitative levels. Tyramine oxi-
dase activity was strictly dependent on pH (with an optimum at
7.0), temperature, and NaCl, as well as glucose and hydralazine
concentration. Moreover, this enzyme was characterized by a
higher potential activity under aerobic conditions [28]. The AO
responsible for this degradation has its optimum temperature at
37�C and retains about 50% of its maximum activity at 20�C [29].
Many S. xylosus strains isolated from artisanal fermented sausages
in southern Italy showed the ability to degrade BA in vitro [30].
Among the strains tested, S. xylosus S81 completely oxidized his-
tamine, but it degraded, under the adopted conditions, a part of
tyramine as well. Reduction of histamine in dry sausages has been
observed in the presence of AO-positive staphylococcal starter
cultures [26]. In addition, important reduction of the concentration
of tyramine and putrescine in the presence of AO positive S. xylosus
starter cultures have been observed by Gardini et al [31]. So, the
presence and relative activity of AO should be considered as an
important characteristic in the selection of starter cultures used in
the production of fermented foods.

BAs in fermented foods are a potential risk for consumers [32].
BA formation has been found in fermented sausages [33]. BAs,
especially histamine, putrescine, tyramine, and cadaverine, have
been suggested as indicators of spoilage of some foods, such as
fresh fish, meat, and vegetables by contaminating microbial
spoilage [34]. Som-fug is a popular domestic fermented food in
Thailand. Because of increasing demands in the markets som-fug
has been continuously produced in higher amounts.

In addition, since som-fug production is important to determine
the quality and safety of som-fug for consumption. Depending on
the initial number of contamination, the occurrence of microbial
spoilage and pathogens such as Salmonella species, Staphylococcus
aureus, and Listeria monocytogenes was found especially in som-fug
with a pH higher than 4.6. Owing to inconsistency of product
quality and ambiguous product safety, improved processes of som-
fug fermentation have been developed. Starter cultures could be
applied to improve and stabilize, as well as to protect certain
pathogens and reduce BA content of the fermented product.

There is limited information on BA formation in som-fug and
only some information is obtainable on the effect of starter cultures
on BA reduction in som-fug. Therefore, the objectives of this study
were to investigate BA formation and the reduction of BA contents
in som-fug fermenting by starter cultures by comparing the effec-
tiveness of AO-positive lactic acid bacteria (LAB) as a monostarter
culture and mixed starter cultures in reducing BA accumulation
during som-fug fermentation. In addition, the changes of chemical
and microbial properties of som-fug during fermentation were
investigated.

2. Materials and methods

2.1. Selection of AO-exhibiting strains of starter culture

Overnight-tested cultures were harvested, washed with 0.05M
phosphate buffer (pH 7), and the cell pellet resuspended in 0.05M
phosphate buffer supplemented with tyramine, histamine, trypt-
amine, phenylethylamine, putrescine, and cadaverine. The cell
concentration was adjusted to 107 CFU/mL. The cell suspensions
(20 mL) were incubated in a 100 mL flask and shaken at 200 rpm at
30�C for 24 hours. Samples were taken and added to an equal
amount of 1M HCl. The mixture was boiled for 10 minutes and
centrifuged at 9,000g. The supernatant was frozen at �15�C until
high-performance liquid chromatography (HPLC) analysis.
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2.2. Som-fug preparation

Minced fresh fish (smallscale mud carp or Cirrhinus microlepis)
1 kg (58.8%), garlic 100 g (5.9%), cooked rice 500 g (29.4%), and
sodium chloride 100 g (5.9%) were mixed thoroughly, packed into a
plastic casing, and sealed before fermentation. Four separated
batches of fermented sausage were prepared without a starter
culture (naturally fermented), with Lactobacillus sakei KM5474,
with L. plantarum KM1450, and with mixed starter cultures
(L. plantarum KM1450 and L. sakei KM5474) of approximately
107 cell/g. All treatment batches were incubated at 30�C for 0 hours,
24 hours, 48 hours, 72 hours, 96 hours, and 120 hours for analyses.

2.3. Preparation of starter culture

The som-fug starter, L. plantarum KM1450 and the tyramino-
genic L. sakei KM5474 were obtained from the Department of
Biochemical Technology, School of Bioresources and Technology,
King Mongkut's University of Technology Thonburi, Thailand. Each
starter was grown separately in de Man, Rogosa, and Sharpe broth
at 30�C for 24 hours. Cells of L. plantarum KM1450 and L. sakei
KM5474 were collected by centrifugation at 12,000 rpm at 4�C for
10 minutes. The bacterial cells were harvested and washed three
times with peptone solution (0.1% w/v) and adjusted to cell con-
centrations of 107 CFU/mL and 109 CFU/mL using the same diluent,
respectively. Som-fug samples were prepared in four separate
batches according to the bacterial strains used: (1) som-fug natu-
rally fermented without starter (as control); (2) with inoculation of
107 CFU/g of L. plantarum KM1450; (3) with inoculation of 107 CFU/
g of L. sakei KM5474; and (4) with inoculation of 107 CFU/g of
L. plantarum KM1450 and 107 CFU/g L. sakei KM5474. Each batch
preparation was stuffed into casings and incubated at 30�C.

2.4. Microbiological analysis

Using aseptic techniques, 20 g of each sample (three replicates)
was homogenized in 180 mL of sterile peptone saline (sterile 0.1%
peptone saline). Following mixing at 250 rpm for 10 minutes inside
a stomacher, the suspension was serially diluted (1:10) in peptone
saline in triplicate. Total aerobic bacteria were determined by
plating sample on plate count agar (Merck, Darmstadt, Germany) at
30�C for 24e48 hours. LAB enumeration was determined with
inoculation of diluted suspensions in de Man, Rogosa, and Sharpe
agar [35] and incubated anaerobically at 37�C for 48 hours. Bacteria
numbers were expressed as logarithms of colony forming units per
gram (log CFU/g). Means and standard deviations were calculated.

2.5. Determination of trichloroacetic acid soluble peptides

Trichloroacetic acid (TCA) soluble peptide of the fermented
sausages was measured with a method described previously [36]. A
sample (3 g) was homogenized with 27 mL of 5% TCA (w/v). The
homogenate was kept in ice for 1 hour and centrifuged at 12,000g
for 5 minutes. The soluble oligopeptide content in the supernatant
was determined according to by the method of Lowry et al [37].
Results were expressed as mmol/g (dry matter).

2.6. Extraction of amino acids and BAs

Ten milliliters of 10% (w/v) TCA were added to 3-g samples, and
homogenization of the mixture was effected via shaking for 1 hour.
The extract was then filtered through Whatman No. 1 filter paper.
To remove any fat, the samples were kept at �20�C for 1 day, and
then centrifuged at 7,000g for 15 minutes. The supernatants were
collected and filtered through a 0.25-mm membrane filter.
2.7. Determination of BAs

Amines were determined using the HPLC method described by
Hern�andez-Jover et al [38]. The method is based on the formation
of ion pairs between amines extracted with 0.6M perchloric acid
from 5e10 g of sample, and octanesulfonic acid present in the
mobile phase. Separation was performed using a reversed phase
column, and then postcolumn derivatization with o-phthalalde-
hyde is followed by spectrofluorimetric detection. The method al-
lows one to quantify, by an external standard procedure, 6 BAs, i.e.,
tyramine, histamine, tryptamine, phenylethylamine, putrescine,
and cadaverine. Samples for BA determination were stored
at �15�C until required.
2.8. Determination of free amino acids

Free amino acids (FAAs) in samples were determined using
HPLC according to the method proposed by Rozan et al [39]. A 20-
mL aliquot of amino acid standard and digested sauce samples were
transferred into vials and dried under vacuum. Then 20 mL of drying
reagent containing methanol, water, and triethylamine (ratio
2:2:1 v/v) was added. Then 20 mL of derivatizing reagent containing
methanol, triethylamine, water, and phenylisothiocyanate (ratio
7:1:1:1 v/v) was added. The derivatized samples were then dis-
solved in 100 mL of buffer A that was used as a mobile phase for
HPLC. A Purospher STAR RP-18e, 5-mmcolumnwas usedwith buffer
A (0.1M ammonium acetate, pH 6.5) and buffer B (0.1M ammonium
acetate containing acetonitrile and methanol, 44:46:10 v/v, pH 6.5)
as a mobile phase set for linier gradient at the flow rate of 1 mL/
min. The injected sample volume was 20 mL and monitored at
254 nm of wavelength.
2.9. Statistical analysis

All data from the analyses were calculated to obtain their mean
values and standard deviation of three determinations. All statis-
tical analyses were done using one-way analysis of variance.
Tukey's multiple range tests was employed to make confidence
intervals for the differences between means at p < 0.05.
3. Results and discussion

3.1. Som-fug preparation

Som-fug was obtained from fermented mixture of minced fresh
fish (smallscale mud carp), minced garlic, cooked rice, and sodium
chloride in plastic casing as shown in Fig. 1A. Raw som-fug after
fermentation and fried som-fug are shown in Figs. 1B and 1C,
respectively.
3.2. AO exhibiting strains of starter cultures

Study of AO-exhibiting strains of LAB for use as starter cultures is
shown in Table 1. AO-exhibiting strains of LAB were investigated by
determination of BAs in buffer system by HPLC with o-phtha-
laldehyde derivatization. Among the seven LAB strains tested, five
lactobacilli (in particular, L. curvatus) were amine producers and
L. plantarum KM5474 and L. sakei KM1450, were nonamine-forming
strains with exhibiting AO activity. Therefore, in this study, these
two strains were used as starter cultures of som-fug fermentation to
investigate the ability of AO activity to degrade amines in vivo
during sausage fermentation.



Fig 1. Pictures of som-fug. (A) Fermented in closed transparent plastic bag. (B) Raw som-fug. (C) Fried som-fug.

Table 1
Strains exhibiting the potential to degrade biogenic amines in a buffer systemwithin
24 hours at 30�C.

Strain Percent degradation (%)

Trym Phem Put Cad Him Tym

Lactobacillus curvatus KM2633 0 0 0 0 0 0
Lactobacillus farciminis KM7642 0 0 0 0 0 4.5
Lactobacillus plantarum KM5474 2.1 3.5 11.9 4.7 6.9 17.2
Lactobacillus kandleri KM2416 0 0 0 2.7 0 0
Leuconostoc mali KM2725 0 0 0 0 0 0
Lactobacillus sakei KM1450 0 1.6 9.3 6.9 2.7 8.4
Lactobacillus reuteri KM8124 0 0 3.6 0 0 0

Cad, cadaverine; Him, histamine; Phem, phenylethylamine; Put, putrescine; Trym,
tryptamine; Tym, tyramine.
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3.3. Microbiological analysis

The differences between som-fug in counts of LAB during
fermentation are shown in Fig. 2. LAB in som-fug increased until 120
hours of fermentation. Counts of LAB in som-fug with L. sakei
KM5474, L. plantarum KM1450, and mixed cultures of L. sakei
KM5474 and L. plantarum KM1450 at 120 hours of fermentation at
30�C (8.1 log CFU/g, 8.7 log CFU/g, and 9.6 log CFU/g, respectively)
were higher (p < 0.05) than in som-fug control (7.3 log CFU/g), while
the highest LAB observed at 72 hours of fermentation were 8.4 log
CFU/g, 9.0 log CFU/g, 9.8 log CFU/g, and 7.5 log CFU/g for som-fug
with L. sakei KM5474, L. plantarum KM1450, and mixed cultures of
L. sakei KM5474 and L. plantarum KM1450 and control, respectively.

LAB counts in som-fug increased steadily during fermentation. In
the present study, total LAB counts in som-fug with starters on 120
hours of fermentation were higher (p < 0.05) in comparison with
the som-fug control. An increase of LAB in som-fugwith starters and
Fig. 2. Total count of lactic acid bacteria during fermentation of som-fug control ( )
and som-fug with Lactobacillus sakei KM5474 (✕), Lactobacillus plantarum KM1450 (D),
and mixed cultures of L. plantarum KM1450 and L. sakei KM5474 ( ). LAB, lactic acid
bacteria.
control consecutive increase until 120 hours of fermentation was
significant. The differences between som-fug in counts of total plate
count (TPC) during fermentation are shown in Fig. 3. TPC in som-fug
increased until 120 hours of fermentation. TPC in som-fug with
L. sakei KM5474, L. plantarum KM1450, and mixed cultures of
L. sakei KM5474 and L. plantarum KM1450 120 hours of fermenta-
tion at 30�C (8.74 log CFU/g, 9.42 log CFU/g, and 9.8 log CFU/g,
respectively) were higher (p < 0.05) than in som-fug control
(7.8 log CFU/g), while the highest TPC observed at 72 hours of
fermentation were 9.12 log CFU/g, 9.65 log CFU/g, 10.1 log CFU/g,
and 8.6 log CFU/g for som-fug with L. sakei KM5474, L. plantarum
KM1450, and mixed cultures of L. sakei KM5474 and L. plantarum
KM1450 and control, respectively. TPC counts in som-fug increased
steadily during fermentation. In the present study, TPC in som-fug
with starters on 120 hours of fermentationwere higher (p < 0.05) in
comparisonwith the som-fug control. An increase of TPC in som-fug
with starters and control consecutively increased until 120 hours of
fermentation was significant.
3.4. TCA-soluble peptides analysis

Fig. 4 shows that TCA-soluble peptide content of som-fug sam-
ples, the initial content was 15.4 mmol/g dry matter. It then grad-
ually increased throughout the fermentation process. The TCA-
soluble peptide content of som-fug control and som-fug with
L. sakei KM5474, L. plantarum KM1450, and mixed cultures of
L. sakei KM5474 and L. plantarum KM1450 reached 82.4mmol/g,
63.5mmol/g, 55.3mmol/g, and 49.7 mmol/g dry matter, respectively,
at the end of fermentation (hour 120). However, there was not
significant difference (p < 0.05) between the TCA-soluble peptide
content of samples inoculated with starter culture after 24 hours of
fermentation. The results was shown that som-fug control
Fig. 3. Total plate count during fermentation of som-fug control ( ) and som-fug with
Lactobacillus sakei KM5474 (✕), Lactobacillus plantarum KM1450 (D), and mixed cul-
tures of L. plantarum KM1450 and L. sakei KM5474 ( ).



Fig. 4. Total plate count-soluble peptide content during fermentation of som-fug
control ( ) and som-fug with Lactobacillus sakei KM5474 (✕), Lactobacillus plantarum
KM1450 (D), and mixed cultures of L. plantarum KM1450 and L. sakei KM5474 ( ). DM,
dry matter; TCA, total plate count.
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fermented contained TCA-soluble peptide content higher than the
other som-fug samples after fermentation for 120 hours.

Proteolysis leads to an increasing number of soluble peptides in
all som-fug samples during fermentation and leads to an increase of
amino acid content. Some of these FAAs can be subjected to
decarboxylation reactions, which are catalyzed by specific bacterial
decarboxylases and result in the formation of BAs. Staphylococci
are strongly related to proteolytic processes during meat fermen-
tation, although LAB have also shown to have proteolytic or
aminopeptidase activity on meat proteins [40]. However, som-fug
with starter cultures liberated soluble peptides at a lower rate than
that of the control. A decrease in soluble peptides of som-fug with
starter cultures (Fig. 4) showed lower proteolysis from the growth
of spoilage microorganisms. These results might be due to the
presence of a wide range of proteolytic enzyme systems in
Fig. 5. Biogenic amines accumulation. (A) Som-fug control. (B) Som-fug with Lactobacilluss
KM1450 and L. sakei KM5474 during fermentation 0e120 hours. Cad, cadaverine; Him, hist
microbial spoilage than starter cultures. In som-fug with starter
cultures, lactic acid produced by LAB starters increased the firm
texture of fermented meat and inactivated the growth of spoilage
microorganisms resulting in a decrease in proteolysis rate and also
resulting in the reduction of BA formation. BAs have been found in
several cheeses including Swiss, Emmental, Cheddar, Gouda, Blue,
Ras, processed cheese, and Hungarian hard cheese [41,42]. Kebary
et al [43] reported a positive correlation between an increase in
total FAAs with the total BAs in cheese. This indicated that lower
proteolysis caused lower BAs formation. Steidlova and Kalac [44]
found high levels of BAs in silages prepared from forages with
high content of proteins and high levels of BAs in maize silages. BAs
are also present in all natural products in which protein degrada-
tion has occurred. Thus, treatments with high proportion of soluble
peptides (highly degradable protein) were observed to be also high
in BAs. These results corresponded to this study that was also found
positive correlation between total FAAs and total BAs that came
from lower proteolysis causing lower FAAs and BAs formation.
Besides the importance of presence of FAAs, this kind of bacteria is
crucial for the formation of BAs in som-fug. The presence and
accumulation of BAs depends on many factors such as presence of
specific bacteria and enzymes, availability of substrate (FAAs),
presence of suitable cofactor, existence of a proper environment in
fermented food (higher pH, higher moisture, higher temperature,
and lower salt content), fermentation, and storage period [45].

The contents of putrescine, tryptamine, cadaverine, tyramine,
phenylethylamine, and histamine in som-fug during fermentation
are shown in Fig. 5. Highest contents of histamine and putrescine
were BAs found in som-fug control. Lowest BA contents were found
in som-fug with mixed starter culture. It was reported that hista-
mine, putrescine, and tyramine were indicated as spoilage in meat
[46]. It might be that proteolysis provides the nutrients for growth
of spoilage microorganisms during fermentation. Decreasing pro-
teolysis of som-fug with starter cultures (Fig. 4) involved in
decreasing of BA contents.
akei KM5474. (C) Lactobacillus plantarum KM1450. (D) Mixed cultures of L. plantarum
amine; Phem, phenylethylamine; Put, putrescine; Trym, tryptamine; Tym, tyramine.
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3.5. BA contents of som-fug

Occurrence of toxic compounds such as BAs is favored a high
concentration of substrates (i.e., FAAs) together with environ-
mental and technological factors (e.g., NaCl content, chemico-
physical variables, hygienic procedure adopted during produc-
tion) promoting microbial growth and the decarboxylase activity of
microorganisms [1]. In this study, a high correlation among total BA
and total FAA content was observed. Temperature markedly in-
fluences the formation of BAs, and at 30�C decarboxylases might be
still active [47]. During fermentation, the higher temperature ex-
ceeds 14e15�C the higher decarboxylase activities might release
BAs from FAAs. In this respect, processing procedures for som-fug
based on low salt addition and high fermentation temperatures
(over 20�C), may favor proteolytic and decarboxylase activities. The
high values of histamine, putrescine, and tyramine detected in
some som-fug, may be ascribed to inadequate microflora and LAB
producing BA reduction occurring in som-fug control (Fig. 5).

The toxicological level of BAs depends on the individual char-
acteristics and the presence of other amines [48]. Toxic doses of
tyramine in foods were reported in the range 100e800 mg/kg, but
average amounts of tyramine detected in analyzed samples (Fig. 5)
were below this range, even though in few samples the 100 mg/kg
value was exceeded. Putrescine has been regarded as not toxic by
itself, but as a potentiator for the toxic effect of tyramine and his-
tamine if present. However, it was probable to demonstrate a sig-
nificant relationship between the concentration of a specific FAA
and its corresponding BA in meat products [49]. Fig. 5 shows the BA
content of som-fug evidence of the effect of starters on the decrease
of the BA occurrence in som-fug after fermentation. Histamine was
always below theminimum detectable, in spite of the abundance of
their precursors (histidine) released during the process.

The concentration of tyramine was high in som-fug control
while low concentration of their precursors (tyrosine) was released
during the process. Moreover, tryptamine was absent in all the
investigated samples. The sum of vasoactive BAs (VBAs) (tyramine,
phenylethylamine, histamine, and tryptamine) lower than 200 mg/
kg has been suggested by Eerola et al [49] as a quality index (VBA
index) for fermentedmeat products. It is interesting to note that the
computed VBA index of som-fug with mixed starter cultures with
differently processed resulted appreciable samples at 120 hours of
fermentation (21.78 ± 2.46mg/kg). These results could be related to
the specific characteristics of the product as well as to the process
conditions adopted that could, in general, have limited the growth
and activity of amino acid decarboxylase-positive microorganisms
[50]. Histamine, putrescine, and tyramine were found in high
amounts in som-fug control. However, the occurrence of BAs in
som-fug control and after the fermentation could be due to the
microflora and LAB-producing BAs that could have favored their
formation during fermentation. During fermentation of som-fug
control, histamine, putrescine, and tyramine show a marked in-
crease with high amounts of their precursor, histidine, arginine and
tyrosine, respectively, were detected. In fact, arginine may generate
putrescine both via arginine deiminase pathway (ADI) leading to
ornithine [51] and their subsequent decarboxylation to putrescine,
and via arginine decarboxylation to agmatine followed by deami-
nation to putrescine and removal of urea [52]. It seems reasonable
to postulate that the large amounts of arginine could be the source
of putrescine, which subsequently may be converted in spermine
and spermidine by transamination reactions [53].

3.6. FAA contents of som-fug

FAAs were reported in Table 2 as net amounts (mmol/g dry
matter) in order to investigate the differences in contents due to
starters in som-fug during fermentation. FAAs were compared to
evaluate if the extended fermentation times gave a similar in-
crease in all of them or if different patterns were detectable. Most
single FAAs increased during fermentation with particular refer-
ence to the lipophylic ones) a rise in lypophilic valine, phenylal-
anine, and tryptophan processed following a traditional prolonged
way [54]. In the present study, som-fug showed a FAA pattern
enriched with glutamic acid, alanine, arginine, cysteine, serine,
threonine, and glycine, and most FAAs displayed a rise during the
extended fermentation. Arginine found in the most fermented
som-fug was increased, due to changes of its content by proteolysis
and rise in arginine in fermented som-fug control was higher than
fermented som-fug with starters. Arginine hydrolysis could be
hydrolyzed via the ADI leading to ammonia and ornithine. It
seemed reasonable to postulate that ADI pathway enzymes
(arginine deiminase and ornithine transcarbamylase) could be still
active during fermentation times. Arginine catabolism may be
regarded as a source of putrescine both via ADI ornithine gener-
ation [51] and subsequent decarboxylation to putrescine, and via
arginine decarboxylation to agmatine followed by deamidation to
putrescine and removal of urea [52]. The presence in som-fug of
environmental conditions suitable for decarboxylase activities
together with large amounts of arginine may be consistent with
the increase in putrescine.

The evolution during fermentation of the total FAA content, in
both the som-fug control and after inoculation with either of the
two Lactobacillus strains selected, is shown in Table 2, and
encompassed 17 different amino acids. The control som-fug showed
the highest concentration of total amino acids at a 17.9% level of
significance. The contents of total amino acids in som-fug inocu-
lated with L. sakei KM5474, L. plantarum KM1450, and mixed cul-
tures of L. plantarum KM1450 and L. sakei KM5474 increased
throughout time, but at lower rates than the control at 12.6%, 11.9%,
and 7.3% level of significance, respectively.

The contents of FAAs and BAs in control and experimental som-
fug increase significantly throughout fermentation. However, spe-
cific lactic acid strains of the Lactobacillus genus can effectively
prevent BAs from building-up excessively, putrescine and hista-
mine (for quantitative reasons, owing to its level). This may lead to
a favorable contribution to public health, especially in regions
where som-fug is frequently included in the diet. To have an overall
evolution index of the proteases action in the som-fug during pro-
cessing the TCA-soluble peptide was evaluated (Fig. 4) [55]. More
intense proteolytic activity occurred in the som-fug control. The
TCA-soluble peptide values of som-fug control are quite high
compared to those generally observed in other som-fug with
starters. This could be attributed to the microflora in som-fug
control slightly higher proteolytic activity during the process, in
comparison to som-fug applied with starters. Proteolysis contrib-
utes to texture by breakdown of the muscle structure [56].

The FAA content of som-fug during fermentation arginine, glu-
tamic acid, and histidine were the FFAsmost representative. Table 2
shows the effect of the starters treatment on the evolution of the
FAA pattern of the som-fug investigated during the fermentation: a
significant increase in the concentration of FAAs with respect to
their initial occurred in som-fug control and som-fug with starters,
resulting from the aminopeptidases activity of meat [53] as well as
microbial proteases [57].

Moreover, som-fug control seems to affect the production of
some amino acids (Table 2). After fermentation a marked increase
of alanine was observed in som-fug control. It was noticed that som-
fug with mixed cultures of L. sakei KM5474 and L. plantarum
KM1450 starters contained FAAs content lower than that of som-fug
with monoculture starter and som-fug with L. plantarum KM1450
was observed FAAs content lower than that of L. sakei KM5474.



Table 2
Amino acid content of som-fug without and with starter cultures at 0 hours and 120 hours of fermentation at 30�C.

Amino acid L. sakei þ L. plantarum L. plantarum L. sakei Control

0 h 120 h 0 h 120 h 0 h 120 h 0 h 120 h

Ala 3.32 ± 0.12Aa 3.41 ± 0.15ABa 3.44 ± 0.26Aa 3.63 ± 0.12Ba 3.37 ± 0.24Aa 4.36 ± 0.14Ca 3.59 ± 0.12Ba 4.42 ± 0.28Ca

Arg 16.26 ± 0.14Ah 17.43 ± 0.21Bb 16.43 ± 0.23Ab 17.24 ± 0.37Bb 16.21 ± 0.32Ab 18.16 ± 0.43BCb 16.32 ± 0.17Ab 18.59 ± 0.36Cb

Asp 0.94 ± 0.15Ac 1.02 ± 0.08Ac 1.18 ± 0.04Ac 1.84 ± 0.07Bc 1.07 ± 0.09Acj 1.61 ± 0.28Bcf 1.41 ± 0.05Cc 1.84 ± 0.12Bci

Cys 0.76 ± 0.09Ac 1.21 ± 0.14Bcm 0.87 ± 0.08Ad 1.02 ± 0.14Bd 1.26 ± 0.15Bc 1.28 ± 0.22BCd 1.57 ± 0.17Cch 2.05 ± 0.26Dc

Glu 4.82 ± 0.21Ad 5.22 ± 0.12Bd 4.52 ± 0.27Ae 5.27 ± 0.23BCe 5.04 ± 0.16Bd 5.61 ± 0.26Ce 4.73 ± 0.22Ad 5.72 ± 0.24Bd

Gly 6.39 ± 0.23Ae 6.14 ± 0.16ABe 5.91 ± 0.22BCf 5.48 ± 0.26Ce 6.17 ± 0.18Be 5.55 ± 0. 21Ce 5.46 ± 0.15Ce 5.16 ± 0.22Ce

His 3.14 ± 0.16Af 3.67 ± 0.17Bf 3.72 ± 0.15Bg 4.26 ± 0.09Cf 3.23 ± 0.15Af 4.37 ± 0.14Ca 3.22 ± 0.08Af 3.91 ± 0.15Bf

Ile 0.82 ± 0.07ABc 0.66 ± 0.08Ag 0.95 ± 0.07Bd 1.52 ± 0.04Cg 1.24 ± 0.06Dc 1.71 ± 0.06Ef 1.43 ± 0.14Cc 1.88 ± 0.14Eci

Leu 2.32 ± 0.09Ag 1.56 ± 0.14Bh 2.45 ± 0.18Ah 1.89 ± 0.06Cc 2.75 ± 0.12Dg 3.26 ± 0.12Eg 2.16 ± 0.17Fg 3.23 ± 0.08Eg

Lys 3.25 ± 0.07Af 3.43 ± 0.12ACf 2.76 ± 0.14Bh 3.72 ± 0.18Ch 3.67 ± 0.12Ch 4.29 ± 0.17Da 3.26 ± 0.16Af 4.46 ± 0.18Da

Met 1.22 ± 0.04ADh 1.14 ± 0.07Ac 1.47 ± 0.12BDi 0.76 ± 0.02Ci 1.16 ± 0.08Ac 1.33 ± 0.12Dci 1.35 ± 0.08Dc 1.45 ± 0.06Dh

Phe 1.26 ± 0.08Ah 1.76 ± 0.08Bb 1.42 ± 0.09ADi 1.98 ± 0.04Ec 1.54 ± 0.06Di 2.08 ± 0.14Eh 1.72 ± 0.06Bh 2.32 ± 0.12Ec

Pro 2.14 ± 0.17Ag 2.15 ± 0.04Ai 2.31 ± 0.12Ah 2.75 ± 0.08Bj 2.52 ± 0.24Bg 2.09 ± 0.15Ah 2.56 ± 0.27Bgi 2.16 ± 0.14Ac

Ser 0.67 ± 0.09Ac 0.79 ± 0.06ABj 0.82 ± 0.07ABd 1.59 ± 0.14CEk 0.91 ± 0.08Bj 1.14 ± 0.08Di 1.22 ± 0.16CDc 1.68 ± 0.18Ei

Thr 2.56 ± 0.16Ai 2.72 ± 0.05Ak 2.68 ± 0.12Ah 2.03 ± 0.17Bc 2.23 ± 0.14Bg 3.16 ± 0.14Cgj 2.51 ± 0.18Agi 3.12 ± 0.12Ccg

Tyr 2.32 ± 0.12Aj 3.04 ± 0.02Bl 2.61 ± 0.08Ch 3.16 ± 0.11Bl 2.28 ± 0.16Ag 2.9 ± 0.16Bj 2.67 ± 0.05Ci 2.41 ± 0.16ACc

Val 0.73 ± 0.05Ac 1.42 ± 0.07Bm 0.24 ± 0.03Ci 1.04 ± 0.23Dd 0.96 ± 0.04Dj 1.06 ± 0.12Di 0.34 ± 0.09Cj 1.02 ± 0.08Dj

Total 52.92 ± 0.12Ak 56.77 ± 0.10Bn 53.78 ± 0.13Cj 60.17 ± 0.14Dm 55.61 ± 0.14Ek 63.90 ± 0.17Fk 55.48 ± 0.14Ek 65.42 ± 0.17Ak

Mean values and standard deviations with different letters (a, b, c) in the same column indicate significant differences (p< 0.05) during fermentation, and different letters (A, B,
C) in the same row indicate significant differences (p < 0.05) among som-fug formula.
Ala, alanine; Arg, arginine; Asp, aspartate; Cys, cysteine; Glu,. glutamate; Gly, glycine; His, histidine; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe,
phenylalanine; Pro, proline; Ser, serine; Thr, threonine; Tyr, tyrosine; Val, valine.
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A higher concentration of glutamic acid, alanine, histidine,
phenylalanine, lysine, and threonine was detected, after fermen-
tation, in som-fug processed. Arginine was the most abundant
amino acid in all the final products, and its level was significantly
lower in subjected with starters to som-fug than those in som-fug
control.

The different profile of FAAs observed in som-fug control and
som-fug with starters may be due to a different evolution of re-
actions and processes involving both production and consumption
of amino acids that occur simultaneously during the various steps
of the fermentation process and fermentation andwhose combined
effects could give rise to an increase or, on the contrary, to a
decrease of their concentration. The aminopeptidase activity is
considered the main process implied in the FFA release in meat.
Moreover, FAA concentration could be decreased either by chemical
and enzymatic reactions where they act as substrates leading to the
formation of secondary products [54] and/or by microbial amino
acid decarboxylase activity with consequent BA production [58].

In som-fug control, an effect due to higher concentration of
decarboxylase than that of som-fug with starters, thus, their reac-
tion with the FAAs causing an increase of their BA concentration in
these samples. The fermented taste could be related to lysine and
glutamic acid, while isoleucine and aspartic acid are implied in acid
taste and unpleasant aroma [59]. In this study, the increase in
concentration of lysine and glutamic acid was observed. The
changes in the contents of FAAs observed in fermented sausages
during fermentation are given in Table 2. The total FAAs contents of
the som-fug control and som-fug with L. sakei KM5474 and
L. plantarum KM1450 and mixed cultures of L. sakei KM5474 and
L. plantarum KM1450 starter constituted 52.92 mmol/g,
53.78 mmol/g, 56.77 mmol/g, and55.48 mmol/g dry matter,
respectively (before fermentation) on 0 hours. An increase in the
contents of amino acids of som-fug with starters and som-fug con-
trol were observed 56.77 mmol/g, 60.17 mmol/g, 63.90 mmol/g,
and 65.42mmol/g drymatter during the fermentation at 120 hours,
respectively. The data showed the highest total FAA concentration
of 1,867.2 mmol/g was observed with som-fug control, whereas the
lowest total FAAs concentration of 359.6 mmol/g was observed
with som-fug with mixed cultures of L. sakei KM5474 and
L. plantarum KM1450 starters.
The hydrolysis of meat proteins generates polypeptides that can
be further degraded to smaller peptides and FAAs. This degradation
can be produced by endogenous and microbial enzymes [60]. The
increase in the total FAAs concentration was detected in all batches
[60]. The main differences in the content of total FAAs among
batches were detected during 120 h of fermentation. The amino
acids in which differences, which were primarily responsible for
the increase in total FAAs during fermentation, observed were
arginine, glutamic acid, histidine, and phenylalanine, in som-fug
with mixed cultures of L. sakei KM5474 and L. plantarum KM1450
starters, while alanine and lysine were also observed increase in
som-fug with L. plantarum KM1450 and threonine was another one
was also observed increase in som-fug with L. sakai and control.

Verplaetse et al [61] reported an increase in the total FAA con-
tent during fermentation. The change occurred during the
fermentation process indicating that the highest enzymatic activity
took place during these stages. A major release of FAAs at the
beginning of the process has been studied in coincidence with the
fermentation stage. This increase has been attributed to the higher
temperatures applied during fermentation compared to the low
temperature. Themost significant increases occurred in the content
of arginine in the sample. The decrease in the content of amino
acids may indicate their metabolism by bacteria [62].

Histamine and tyramine contents in som-fug samples varied
from 5.02e172.27 mg/kg and 3.62e112.73 mg/kg, respectively.
Histamine contents should be in the range of 50e100 mg/kg in
sausage processed according to Good Manufacturing Practice [63].
Among all samples tested, histamine and tyramine levels were
highest in som-fug control (172.27 mg/kg and 112.73 mg/kg,
respectively). Şen€oz et al [64] determined histamine content in
Turkish style sausages of 6.72e362mg/kg. The allowablemaximum
level of tyramine in foods is 100e800 mg/kg and tyramine with a
level of 1080 mg/kg is toxic [32]. Tyramine is usually the major
amine found in fermented sausages. Its production is mainly
associated with tyrosine-decarboxylase activity of microbial
spoilage [34].

In som-fug control, tryptamine was a minor BA. High content of
BAs can be found in fermented products derived from rawmaterials
with high protein content. The microbial spoilage often leads to
high concentrations of BAs [1]. Also, the higher proteolysis in som-
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fug control sample might favor the decarboxylase activity of mi-
croorganisms [65].

In contrast, the formation of some BA (tyramine) occurring in
control batch, was related to the low contents of their FAA pre-
cursors (tyrosine). Despite the high formation of tyramine and
depletion of tyrosine could have been a limiting factor for further
additional increase. However, amount of tyrosine were enough for
the strong formation of tyramine by decarboxylase positive in
control batch. In this study, L. sakei KM5474 and L. plantarum
KM1450 were decarboxylase-negative microorganisms and con-
tained AO to degrade different types of BAs. Therefore, they could
both in the presence of high FAAs not effect to the increase amount
of BAs and in the same time BAs formation during fermentation
could be degraded by their AO.

Mixed starter cultures have more benefits than monostarter
cultures in different ways as shown in this study including increase
growth rate. In mixed starter cultures, one microorganism may
produce essential growth factors to another microorganism. Com-
pounds made by mixed starter cultures might complement the
others or exclude the contaminant microorganisms by producing
certain inhibitors to eliminate undesirable microorganisms. Mixed
starter cultures might produce enzymes to protect several toxic
substances. In addition, mixed starter cultures have a variety of
genetic bases to eliminate. Therefore, the prospects of mixed starter
culture fermentations could be exploited rather than monostarter
cultures.

4. Conclusion

In summary, the levels of BAs increased significantly in som-fug
without starter during fermentation for 120 hours. Histamine,
putrescine, and tyramine were BAs mostly found in som-fug.
Monostarter culture L. sakei KM5474 could reduce BA accumulation
in som-fug, while monostarter culture L. plantarum KM1450 had
higher efficiency in reduction of BAs accumulation than that of
L. sakei KM5474. In this study, it was found that mixed starter
cultures of L. sakei KM5474 and L. plantarum KM1450 enhanced the
highest effectiveness on reduce BAs accumulation during som-fug
fermentation especially histamine. Therefore, the appropriate
starter culture could reduce BAs accumulation during the process of
som-fug fermentation.
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