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This work studied the presence of nitrogen compounds with bioactive properties in Iberian pork sausages
that were manufactured using different autochthonous starter cultures (Pediococcus acidilactici MS200
and Staphylococcus vitulus RS34) and protease EPg222. Nitrogen compounds were extracted and evalu-
ated for their antimicrobial effect against spoilage and pathogenic bacteria, such as Bacillus cereus,
Escherichia coli, Salmonella choleraesuis, Staphylococcus aureus and Listeria monocytogenes, and anti-
proliferative activity on the HT-29 colon adenocarcinoma cell line. Dry-fermented sausages elaborated
with starter cultures P200S34 and protease EPg222 generate extracts that cause inhibition of the growth
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of pathogens reaching 25% inhibition of Bacillus cereus, making this a promising tool for biocontrol in the
meat industry. On the other hand, the inoculation of well-adapted starter cultures with high proteolytic
activity also increased the antiproliferative activity of these extracts, around 45% inhibition at 72 h, mainly
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1. Introduction

Iberian dry-cured sausages are high-quality products that are
traditionally manufactured with meat from Iberian pigs from
the southwest of the Iberian Peninsula. They are not heat-
treated products, and pathogenic or spoilage bacteria can be
found both during and at the end of the ripening process. Lis-
teria monocytogenes, Staphylococcus aureus, Bacillus cereus, Sal-
monella spp. and some Escherichia coli strains are common
foodborne pathogenic bacteria and are frequently isolated
from meat and meat products.'™ Despite this, the risk of the
growth of foodborne pathogens in dry-cured meat products is
considered low due to the composition of these products and
the physicochemical changes that occur during ripening.*
Therefore, the manufacturing process is crucial for reducing
the number of pathogenic microorganisms, although some
pathogens can survive this process.>®

To ensure appropriate hygiene and safety of these products,
starter cultures, that provide the desired fermentation para-
meters for sausages, are used to prevent the growth of patho-
genic and spoilage microorganisms. The most important
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due to an increase in free amino acids, such as Lys and Pro, but also small peptides.

microorganisms that have been used as starter cultures in the
manufacture of cured meat products are lactic acid bacteria
(LAB) and staphylococci.”® LAB are responsible for the drop in
pH during ripening as a consequence of organic acid pro-
duction, and can also produce small peptides called bacterio-
cins, which contribute to the safety of the final product.’
However, the effectiveness of bacteriocins in the sausage can
be influenced by a wide range of factors, such as their limited
spectrum of action, physical conditions, low production under
the manufacturing conditions, genetic instability, low
diffusion and solubility throughout the product, inactivation
by meat proteases and resistance of the target strain, as well as
interference by meat components, in particular, adsorption to
fat and meat particles or inhibition by salt and curing
agents.'”'" Consequently, research into new natural antimicro-
bial substances to control foodborne pathogens in dry-cured
sausages remains an important objective for this industry.
Many authors have demonstrated the capacity of bioactive
peptides derived from food to inhibit foodborne
pathogens.”* ™" These peptides can be produced from pre-
cursor proteins through the proteolytic actions of microorgan-
isms, and starter and non-starter cultures, or by in vitro
enzymatic hydrolysis with enzymes from microbial, animal or
plant origins, chemical synthesis or food processing.'® LAB and
staphylococci have extracellular and intracellular proteinases
and peptidases suitable for the production of bioactive pep-
tides.'”'® Proteolytic starter cultures have been used to generate
antimicrobial peptides from different food matrices."®*

This journal is © The Royal Society of Chemistry 2016
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Peptides generated during the ripening process can also
have other biological properties that may exert beneficial
physiological effects, such as antiproliferative activity toward
to cancer cells. In fact, studies with tumour and normal
human cell lines of different compounds are nowadays very
important. Cancer is one of the largest single causes of death
in both men and women.>* Frequently, resistance to anti-
cancer drugs has been observed.>® Therefore, the research and
development of more effective and less toxic drugs by the
pharmaceutical industry has become necessary, prompting a
growing interest in the identification and characterisation of
natural antitumor agents. The elimination of cancer in the
early stages is an integral part of chemoprevention, and
measuring the cytotoxic properties of a given compound
against cancer cells provides useful insight into its chemopro-
tective potential. However, no reference has been made in pre-
reports of any antiproliferative/cytotoxic effect of
fermented pork meat product-derived peptides on cancer cells.

To date, antihypertensive and antioxidant properties in pep-
tides from meat and fermented meat products have been
widely investigated; however, other beneficial effects such as
antimicrobial and antiproliferative potential have been scarcely
addressed.'>?**?" In this study, we applied starter cultures and
protease EPg222, with a demonstrated proteolytic activity,?®™>®
generate bioactive nitrogen compounds during ripening of dry
cured sausages®”® The aim of this work was to investigate
about the presence of nitrogen compounds with antimicrobial
and antiproliferative properties in dry-cured Iberian pork
sausages manufactured with different autochthonous starter
cultures and protease EPg222.

vious

2. Materials and methods

2.1. Biological material

For this work, the dry-fermented sausage “salchichén” manu-
factured as described by Casquete et al.>® In the manufacture
of dry-fermented sausages, two autochthonous microorgan-
isms, Pediococcus acidilactici MS200 and Staphylococcus vitulus
RS34, as well as the protease EPg222 were used.””*'? In total,
four different batches were prepared: a control batch without
the addition of a starter culture (Control); a second batch with
both the P. acidilactici strain and S. vitulus RS34 (P200S34); a
batch elaborated with the protease EPg222 alone (EPg222);
and finally a batch with EPg222 in combination with the
starter culture containing P. acidilactici MS200 and S. vitulus
RS34 (EPg222 + P200S34). Samples were taken from three
different sausages from each batch at 60 days and at the end
of the ripening after 90 days and the analysis were conducted
in duplicate.

2.2. Physicochemical and microbial analysis

The moisture content was measured by dehydration at 100 °C
by the ISO recommended methods.** Water activity (Aw) was
calculated using a water activity meter model FA-St/1 (GBX
FAST lab, France). The pH was determined using an electrode
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Crison model 2002 pH meter (Crison Instruments, Barcelona,
Spain). We also investigate the presence of strains inoculated at
high levels in the different batches. The Staphylococcus count
was determined in mannitol salt agar (MSA) at 30 °C for 48 h,
and lactic acid bacteria were grown in Man-Rogosa-Sharpe agar
(MRS) (Oxoid) with the pH adjusted to 5.6 at 37 °C under anaero-
bic conditions for 48 h. Ten colonies from the plates with the
highest dilutions were isolated, and 16S rRNA gene sequence
analysis was performed as described by Benito et al®*?°
Sequences were compared with the EMBL and GenBank data-
bases using the BLAST algorithm and the identities of the iso-
lates were determined on the basis of the highest score.

2.3. Nitrogen compound extraction

The nitrogen compounds were extracted according to De Kete-
laere et al®® and Bauchart et al®” Each sample (15 g) was
homogenised in 0.6 N perchloric acid using an Omni Mixer
Homogeniser. The homogenate was centrifuged for 15 min at
4000 rpm. The soluble fraction located between the upper
layer and the precipitate was filtered through Whatman no. 54
filter paper. The pH was neutralised to pH 6 with 30% KOH.
To eliminate the potassium perchlorate formed during neutral-
isation, extracts were filtered again. Finally, extracts were ultra-
filtrated through a hydrophilic 10- and 5-kDa cut-off
membrane (Pellicon XL, Millipore Corporation, Billerica, MA,
USA). The protein content of the 5-kDa permeate extracts was
determined by the colorimetric method based on a bicinchoni-
nic acid (BCA) assay kit (Pierce, Rockford, IL, USA), using
bovine serum albumin as the standard protein. The different
extracts were lyophilised and kept frozen at —80 °C until anti-
bacterial and antiproliferative activity testing.

2.4. Invitro pepsin/pancreatin-simulated gastrointestinal
(GI) digestion

Simulated GI digestion using in vitro pepsin/pancreatin hydro-
lysis was carried out according to Cing-Mars et al.*® and You
et al.*® with slight modifications. The pH of the nitrogen com-
pound extracts was adjusted to pH 2.0 with 1 M HCI and incu-
bated at 37 °C with pepsin (4% weight as received/weight of
protein in the powder (~85% protein)) for 90 min. Before pan-
creatic digestion, the pH was adjusted to pH 7.5 with 1 M
NaOH. Pancreatin was added (4% weight as received/weight of
protein in the powder (~85% protein)), and the mixture was
incubated at 37 °C for 2 h. To terminate the digestion, the test
tubes were kept in boiling water for 10 min. Finally, the protein
content of the 5-kDa permeate extracts was determined by the
BCA method using bovine serum albumin as the standard
protein and the different extracts were lyophilised and kept
frozen at —80 °C until antibacterial and antiproliferative assays.

2.5. Antibacterial activity assay

Inhibitory effects of nitrogen compound extracts before and
after GI digestion on selected potentially harmful microorgan-
isms were studied by following the ability of the target
microbes to grow in a medium containing sterilised extracts,
as described Ruiz-Moyano et al.*® Selected pathogen bacteria
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were obtained from the Spanish Type Culture Collection. The
strains were grown at least twice prior to the experiment in
Brain-Heart Infusion broth (BHI; Scharlab, Barcelona, Spain)
for 18 h at 37 °C (E. coli CECT4267, S. choleraesuis CECT4395,
S. aureus CECT976, L. monocytogenes CECT911, B. cereus
CECT131). The nitrogen compound extracts were reconstituted
in Milli-Q water at 600 ug mL™" and filter-sterilised. The test

% Antiproliferative activity = [(Absorbance negative control

was performed in 100-well flat-bottomed honeycomb plates;
247 pL of BHI broth was inoculated with 3 pL from a suspen-
sion of tested microorganisms at 10% c¢fu mL™" and 50 pL of
test fractions (final concentration: 100 pg mL™'). BHI broth
inoculated with test microorganisms and 50 pL of Milli-Q
water was used as a control. The ability of each strain to grow
in supplemented broth was evaluated by following microbial
growth at 37 °C for 24 h with an automated turbidometer
(Bioscreen C Analysis System; Labsystems, Finland). The optical
density was measured with a wide-band filter (OD 420-580 nm).
The absorbance was measured at 15 min intervals during the
incubation period preceded by 10 seconds shaking at medium
speed. The inhibitory effect of the nitrogen compound extracts
on the foodborne pathogens was determined by comparing the
turbidity readings of each strain with those obtained in the
absence of nitrogen compound extracts. The percentage inhi-
bition was calculated with the following formula:

% inhibition = (AbScontrol — AbSassay/AbScontrol) X 100

where Abscontrol 1S the optical density of the growth of the test
strain in the absence of nitrogen compound extracts and
ADbsgrain is the optical density of the growth of the test strain in
the presence of nitrogen compound extracts.

2.6. Determination of antiproliferative activity

The antiproliferative test was carried out using the HT-29
ATCC HTB-38 human colorectal adenocarcinoma cell line. The
cells were routinely grown in McCoy’s 5A medium containing
10% FBS and incubated at 37 °C in a humidified atmosphere
containing 5% CO,. Cells were seeded at 5 x 10° cells per well
in 96-well plates, and incubated in 100 pL of complete culture
medium for 24 h prior to the addition of the samples. At this
time, HT-29 cells were incubated with culture media contain-
ing nitrogen compounds at a final concentration of 1 mg mL™"
for all extracts prior to and after digestion, as described above.
Phosphate-buffered saline pH 7.4 (PBS) was used as a negative
control, whereas quercetin (Sigma, St. Louis, MO) at a final
concentration of 200 pM was used as the positive control.
Media of each treatment and control were replaced daily and
the proliferation of the cells was assessment using the colori-
metric MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazole;
Sigma) assay according to Olsen et al.*' with slight modifi-
cations, at 24, 48 and 72 h. To determine the living cells, the
medium was removed and 200 pL of non-supplemented
medium plus 50 pL of MTT solution at 5 mg mL ™" was added
to each well followed by incubation at 37 °C for 4 h. The result-
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ing blue MTT formazan precipitate was dissolved in 200 pL of
dimethyl sulfoxide (DMSO; Sigma) and the absorbance
measured at 570 nm using a Fluostar Optima microplate
reader (BMG LABTECH, Offenburg, Germany). The antiproli-
ferative effect was calculated as the percentage of growth inhi-
bition with respect to the negative control cells, according to
the following equation:

— Absorbance samples)/(Absorbance negative control)] x 100.

2.7. HLPC-ESI-MS analysis of the extracts

The nitrogen compounds presents in the extracts were ana-
lysed by HLPC-ESI-MS on an Agilent series 1100 apparatus
(Agilent Technologies, Palo Alto, USA). The chromatographic
conditions applied were as in Gémez-Ruiz et al.*> A Supelcosil
LC-18 column (SUPELCO, Bellafonte, USA) was utilised with
mobile phase (A) being a mixture of water and trifluoroacetic
acid (1000:0.37, v/v) and (B) being acetonitrile and trifluoroa-
cetic acid (1000:0.27, v/v) in a gradient of solvent B in A
increasing from 0% to 45% in 60 min, and from 45% to 70%
in 5 min at a flow rate of 0.8 mL min~". Nitrogen compounds
were distinguished on an Agilent series 6100 Series Single
Quad LC/MS (Agilent Technologies) equipped with a multi-
mode source in electrospray ionization mode by their mass
spectrum and retention time. The MS conditions were positive
ionization mode; mass range for full scan was m/z 100-1500;
capillary voltage: 2 kV; fragmentor voltage 80 V; dry gas: N,
', 250 °C and nebulizer pressure: 50 psi. Standards of
amino acids (alanine, arginine, aspartic acid, cystine, glutamic

10 min~

acid, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tyrosine, valine and
taurine), biogenic amines (cadaverine, histamine, putrescine,
tryptamine, tyramine, 2-phenylethylamine, spermine and sper-
midine) and carnitine (Sigma-Aldrich Quimica S.A., Madrid,
Spain) were used. The other nitrogen compounds detected
were tentatively identified by their mass spectra.

2.8. Statistical analysis

Statistical analysis of the data was carried out using one-way
analysis of variance (ANOVA), and the means were compared
by Tukey’s honest significant difference (HSD) test, (p < 0.05)
using SPSS for Windows, 22.0. (SPSS Inc. Chicago, IL, USA).
The functional activities were studied by variance mixed
ANOVA. The relationships between the nitrogen compounds
and the functional activities found in the extracts at the end of
the processing of the fermented meat sausages were estimated
by principal component analysis (PCA).

3. Results and discussion

Physicochemical factors, such us moisture content, water
activity (aw) and pH values, did not differ significantly
between the control, EPg222 and starter culture batches. pH
decreased from about 6.3 to 4.9 during ripening, and was 5.7
at the end of the process in all batches.

This journal is © The Royal Society of Chemistry 2016
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The moisture content decreased from initial values of 65%
to 30% at the end of ripening. Water activity ranged from
values of 0.95 to 0.82 at the end of ripening in all batches.
These results are similar to those reported by Benito et al.**

On the other hand, it was controlled the presence of the
starter culture inoculated throughout the ripening. The analy-
sis of the 16S rRNA region of isolates from the highest dilution
confirmed that belong to P. acidilactici and S. Vitulus species.
Therefore, the strains inoculated were around 10" CFU g~ ' in
the P200S34 and P200S34 + EPg222 batches.

3.1. Antibacterial activity assay

Table 1 shows the percentage of inhibition of the extracts
obtained from the different batches against E. coli CECT4267.
In general, before digestion, the activity values after 60 days
were lower than those at 90 days, although there were no sig-
nificant differences between the days of ripening, except for
the batch inoculated with P200S34 culture and protease
EPg222. During ripening of sausages, peptides and free amino
acids increased due to hydrolysis of the proteins.**** Thus, at
the beginning of the ripening, high molecular weight peptides
are generated, but over time, lower molecular weight com-
pounds are formed,*® which may be responsible for the anti-
microbial activity. Jang et al.'® showed strongly antibacterial
activity of small peptides (GFHI, DFHING, FHG, and
GLSDGEWQ) obtained from beef meat protein hydrolysates. In
addition, previous studies in water-soluble extracts obtained
from cheese have demonstrated that the antimicrobial activity
was significantly affected by the ripening time.***” Between
batches, no significant differences were observed before or
after in vitro gastrointestinal digestion, although the digestion
caused a significant increase of activity. It is important that
the bioactive compounds maintain their bioactivity as they
pass through the human digestive system and can perform
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their roles in the body.>**® Furthermore, this digestion can
generate new antimicrobial compounds from other inactive
molecules in the extract.>>*° It has also been demonstrated in
previous studies that the addition of protease EPg222 during
the curing process of meat results in the release of peptides
and free amino acids that may have functional activities.

For inhibition of the different extracts against
S. choleraesuis CECT4395, as well as against E. coli, the values
of inhibition increased from 60 to 90 days of ripening
(Table 1). After the simulation in vitro, the extract activity was
maintained or even slightly increased in the control and
P20034 + EPg222 batches from 7.5% to 12% inhibition of
growth. Numerous studies have demonstrated the high resist-
ance of Salmonella spp. to different types of antimicrobial
compounds due to the different antimicrobial resistance
mechanisms.”>*"  Although inhibition is not high against
S. choleraesuis, the results are interesting because there are few
studies that address the antimicrobial activity against Gram-
negative pathogens by meat muscle-derived peptides.>*

Table 2 shows the percentages of inhibition against
S. aureus CECT976, L. monocytogenes CECT911 and B. cereus
CECT131. The extracts obtained after 60 days of ripening did
not show any inhibition, while at 90 days, the different extracts
reached different values of inhibition. No significant differ-
ences were observed between the controls and inoculated
batches against S. aureus CECT976, L. monocytogenes CECT911.
The antimicrobial activity of the extract may be due to
low molecular weight nitrogen compounds. These compounds
are inactive in the native protein, but they can be activated
for release during the ripening of sausages.’” This could
explain why, at 60 days of ripening, there was no antimicrobial
activity and, due to the increased amount of low molecular
weight compounds throughout ripening, the activity was
higher at the end of this process. Proteolysis that takes place

Table 1 Percentage inhibition of the extracts obtained from the different batches against Gram negative bacteria Escherichia coli CECT4267 and

Salmonella choleraesuis CECT4395

60 days 90 days
Sampling time Mean SD Mean SD P
Escherichia coli CECT4267 Before digestion Control 2.8 +1.11 7.9+ 1.56
P200S34 2.7 £0.06 7.5+ 3.08
EPg222 4.3 £1.86 9.3 £2.96
P200S34 + EPg222 0.8 +0.19 11.0 £ 2.57 xxx
After digestion Control n.d. 12.4 £0.51 e
P200S34 n.d. 12.4 +1.05 xxx
EPg222 n.d. 10.8 £ 0.24 xxx
P200S34 + EPg222 n.d. 12.6 + 0.47 xxx
Salmonella choleraesuis CECT4395 Before digestion Control n.d. 5.9 +2.07% **
P200S34 n.d. 6.2 £ 0.53% **
EPg222 n.d. 8.7 + 2.20*° o
P200S34 + EPg222 8.5 +0.22° 7.5 +0.18"P
After digestion Control n.d. 12.0 + 1.36° X
P200534 n.d. 8.8 = 0.70*" aonx
EPg222 n.d. 8.4 + 0.06*° o
P200S34 + EPg222 11.6 + 2.38% 12.1+0.17°

n.d.: Not detected. “ P-values for 60 and 90 days of ripening: ***p < 0.001; **p < 0.01. *" For a given determination (column), values with different

superscript letters are significantly different (p < 0.001).

This journal is © The Royal Society of Chemistry 2016
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Table 2 Percentage inhibition of the extracts obtained from the different batches against Gram positive bacteria Staphylococcus aureus CECT976,

Listeria monocytogenes CECT911 and Bacillus cereus CECT131

60 days 90 days
Sampling time Mean SD Mean SD P
Staphylococcus aureus CECT976 Before digestion Control n.d. 14.9 +0.74 xxx
P200S34 n.d. 10.5 +0.17 HxX
EPg222 n.d. 12.5+1.34 *xx
P200S34 + EPg222 n.d. 15.1+0.94 HxX
Aft er digestion Control n.d. 15.7 +1.07 xxx
P200S34 n.d. 13.8 £ 0.45 HxX
EPg222 n.d. 16.0 + 1.42 *xX
P200S34 + EPg222 n.d. 14.8 +1.42 HHX
Listeria monocytogenes CECT911 Before digestion Control n.d. 7.4+281 *x
P200S34 n.d. 6.5+1.12 **
EPg222 n.d. 7.3 £2.39 *x
P200S34 + EPg222 n.d. 3.8+0.73
After digestion Control n.d. 0.9+1.27
P200S34 n.d. 1.8 +£2.53
EPg222 n.d. 1.7 £1.13
P200S34 + EPg222 n.d. n.d.
Bacillus cereus CECT131 Before digestion Control n.d. 16.3 +2.32% xxx
P200S34 n.d. 25.0£1.95° oxx
EPg222 n.d. 23.2+1.67° *xx
P200S34 + EPg222 n.d. 243 +1.82° *xx
After digestion Control n.d. 19.3+1.41° *xx
P200S34 n.d. 19.0+1.99? HxX
EPg222 n.d. 21.1+2.33 %P *xx
P200S34 + EPg222 n.d. 22.8+1.27° HHX

n.d.: Not detected. “ P-values for 60 and 90 days of ripening: ***p < 0.001; **p < 0.01. * For a given determination (column), values with different

superscript letters are significantly different (p < 0.001).

during ripening of meat products is influenced by the starter
cultures used® with microbial proteolysis being most impor-
tant during the last stages of ripening.>*>* Differences in the
spectrum of action, inhibitory concentration, and even influ-
ence in the anti-listerial activity by the time of ripening have
been observed by Rizzello et al.*>® and Lignitto et al.*’ in dairy
products. Moreover, different authors have reported inhibition
of L. monocytogenes growth by LAB during the ripening of dry-
cured sausages, and this antimicrobial effect was probably due
to other factors, such as organic acid production or bacterio-
cins by LAB.”>”°

Respect to activity against B. cereus CECT131 after 90 days
of sausage ripening the extracts clearly inhibited growth,
reaching values of around 25% inhibition, which is the
highest percentage of inhibition obtained with the different
microorganisms tested. The control batch showed lower
activity than the other extracts. After simulated gastrointestinal
digestion, all extract values were maintained except for the
P200S34 batch, which suffered a significant decline in activity.
B. cereus has been isolated from fresh meat and meat pro-
ducts.’”>° This microorganism grows at temperatures between
5 °C and 55 °C, and pH 4.5 to 9.3, and supports up to 7.5%
salt, which enables it to grow easily in dry-cured sausages. The
toxin production is shown to be greater at 12-15 °C than at
30 °C,° which makes B. cereus a microbiological risk to con-
sider in meat products." This antimicrobial activity against
B. cereus is interesting because few antimicrobial peptides,

2324 | Food Funct, 2016, 7, 2320-2330

such as bacteriocins produced by LAB®" or meat protein-
derived peptides,' are effective to this species.

The high proteolytic activity of EPg222 has been previously
demonstrated during ripening of pork sausages, either alone
or with high proteolytic starter cultures.”®*®°* Therefore, it is
reasonable to expect higher antimicrobial activity in nitrogen
extracts from batches containing EPg222 or P200S34, both
together or separately, due to the increased diversity of nitro-
gen compounds as a consequence of the stronger proteolysis
by the protease or microbial enzymes. In fact, the highest anti-
microbial activity was generally obtained from the extracts of
EPg222 and P200S34 + EPg222 batches. Furthermore, longer
maturation involves greater proteolysis and may also have a
positive impact on the generation of different nitrogen com-
pounds with antimicrobial activity, which was clearly demon-
strated in our results. Therefore, the results of this study show
that the control of the ripening process of dry-fermented sausages
with proteolytic starter cultures, alone or in combination with pro-
tease EPg222, can lead to the production of nitrogen compounds
with moderate antimicrobial activity, thus potentially contributing
to controlling the presence of foodborne pathogens and ensuring
the hygienic quality of this meat product.

3.2. Determination of antiproliferative activity on HT-29 cell
line

Fig. 1 shows the antiproliferative activity of the nitrogen
extracts prior to and after simulated gastrointestinal digestion

This journal is © The Royal Society of Chemistry 2016
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Fig. 1 Effect on HT-29 cell line proliferation of nitrogen compound extracts, before and after gastrointestinal digestion, obtained from dry-fermen-
ted sausage manufactured with autochthonous starter cultures and protease EPg222 after 90 days of ripening. Results are expressed as percentage
of inhibition, and the statistical significances difference bar (SSB; p < 0.05) using the Tukey HSD test between batches is shown.

against the HT-29 human colon cancer cell line. The antiproli-
ferative activity of the nitrogen extracts from dry-cured sausage
elaborated with the addition of the starter culture P200S34 and
protease EPg222, either together or separately, were compared
with control extracts from sausages without inoculation and
with the flavonoid quercetin, which has previously been
described as a compound with anticancer activity.®> No signifi-
cant differences in activity were obtained in the batches at
60 days (data not shown) and 90 days. The time of ripening
did not lead to an increase in the antiproliferative activity.
However, a significantly higher inhibition of cell proliferation
was observed with nitrogen extracts from inoculated batches
(P200S34, EPg222 and P200S34 + EPg222) throughout the
experiment than in the control batch (p < 0.05). Furthermore,
the inhibition exerted by the inoculated batches was similar to
the values obtained with the positive control (quercetin) at
24 h of the experiment. However, at 72 h, the values were sig-
nificantly lower, although they maintained moderate activity,
i.e. around 45% inhibition. The addition of highly proteolytic
enzymes and a starter culture can contribute to this process
and it is logical to expect an effect in the nitrogen compound
profile and in their biological properties. Several studies have
shown that the use of a commercial protease is an efficient
way to produce bioactive compounds from food proteins.**®*
We also investigated the effect of simulated gastrointestinal
digestion on the nitrogen compound extracts. The antiproli-
ferative activity was barely affected after the treatment on
extracts from the control and PS200S34 batches. In fact, in the
PS200S34 batch, the values of activity were practically identical
to those without digestion, although at 72 h, they were slightly
higher. However, in the batches inoculated with the enzyme
(EPg222 and P200S34 + EPg222), there was a significant
decrease in the activity, although this impact was lower in the

This journal is © The Royal Society of Chemistry 2016

batch inoculated with the enzyme alone, where at 72 h, the
activity was higher after gastrointestinal digestion. Although
these results show a negative effect of gastrointestinal diges-
tion on the nitrogen compounds related to the antiproliferative
activity at the beginning of assay, at 72 h, only a slight decrease
was observed in the P200S34 + EPg222 batch.

To date, there are no studies about the antiproliferative
capacity of nitrogen extracts obtained from fermented meat
products. Previous works have studied mainly the antioxidant
and antihypertensive properties of meat-derived peptides.”’
Jang et al.” investigated the antiproliferative capacity of pep-
tides obtained from bovine meat protein after treatment with
commercial proteolytic enzymes on breast adenocarcinoma
(MCF-7), stomach adenocarcinoma (AGS) and lung carcinoma
(A549) cell lines. The peptide GLSDGEWQ showed a remark-
able inhibition of AGS proliferation by 80%, at a dose of
0.4 mg mL™", while peptide GFHI slightly decreases the pro-
liferation of MCF-7 cells. However, a significant reduction of
cell proliferation in colon and breast cancer cell lines has been
widely described in hydrolysed protein of other food matrices,
such as fish®>®® and milk.”"7°

3.3. HLPC-ESI-MS analysis of the extracts

The analysis of the low molecular weight nitrogen compounds
of different batches at the final ripening stage allowed detec-
tion of a total of 22 major compounds, 13 of which were poten-
tially identified (Table 3). The extracts were mainly constituted
by several endogenous compounds and their degradation pro-
ducts (6), but also small peptides (9), free amino acids (6), and
biogenic amines (1) from meat protein degradation. Most of
the identified nitrogen compounds have been reported as
majority components of the NPN fraction in meat products,
including fermented sausages.”"
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Table 3 Nitrogen compounds detected by HPLC-ESI-MS in extracts of ‘salchichén’ batches at the end of the ripening process

Before SDGI“ After SDGI?
Rt Cd“ Compound ID”  m/z*  Mass fragments Min Max Mean SD Min Max  Mean SD
Natural compounds 19.33 27.21
1.9 N1 Taurine a 126.1  109.1;126.1 0.84 1.35 1.09 0.19 0.52 1.41 0.83 0.29
2.37 N2 Carnosine b 227.1  227.1;210.1 7.79 11.86 10.73 1.20 5.29 9.79 7.43 1.27
2.49 N3 Anserine b 2411 241.1;170.1 0.74 1.39 0.98 0.17 0.00 0.18  0.09 0.06
2.54 N4 Carnitine a 162.1  162.1 4.28 8.26  6.53 1.41 2.66 4.98 3.55 0.65
2.8 N5 Creatine b 132.1  132.1;115.1 n.d. 12.44  23.52 15.31 3.13
2.81 N6 Creatinine b 114.1 1144 n.d. n.d.
Amino acids and amines 46.20 55.27
2.17 Al Lysine a 147.1  130.1;147.1 1.79 7.28 5.14 1.50 6.73 12.18 9.44 1.92
2.56 A2 Proline a 116.1 116.1 2.36 9.65 5.58 2.11 0.42 11.55 3.23 3.64
6.29 A3 Methionine a 150.1  133;150.1 0.72 2.45 1.64 0.56 0.33 6.36  2.26 1.59
14.1 A4 Isoleucine a 132.1 1321 1.17 20.25 10.87 6.21 0.00 31.40 10.94 9.35
15.24 A5 Leucine a 132.1 1321 1.19 23.70 18.35 6.56 0.00 34.75 18.47 9.63
16.31 A6 Tyramine a 121.1  121.1;138.1 0.00 0.06 0.01 0.02 2.68 4.81 3.50 0.58
31.09 A7 Phenylalanine a 166.1  120.1; 166.1 3.15 791 4.61 1.49 0.86 9.19 7.43 2.18
Presumed peptides and other 20.8 17.51
compounds
2.1 P1 Compound 1 c 190.9 190.9; 380.9; 478.9; 614.9; 750.9  0.76 8.39 3.34 2.46 0.78 2.95 1.80 0.69
2.15 P2 Compound 2 c 118.1  118.1;203.1 7.10 13.63 9.89 2.25 0.94 11.70 9.74 2.90
2.23 P3 Compound 3 c 365.1 365.1 0.68 3.30 1.89 0.61 0.70 4.55 2.15 1.07
3.16 P4 Compound 4 c 146.1  146.1 n.d. n.d
3.36 P5 Compound 5 c 277.1  227.1;407.1; 504.1 n.d. n.d
4.7 P6 Compound 6 c 124.1 12441 0.00 1.91 0.16 0.55 0.00 2.33 1.55 0.57
5.63 P7 Compound 7 c 159.1  159.1;295.1 n.d. n.d
5.93 P8 Compound 8 c 137.1 1371 2.66 11.12 5.15 2.44 0.00 2.33 1.55 0.57
7.28 P9 Compound 9 c 205.1 204.1 0.26 0.56 0.37 0.10 0.00 1.04 0.72 0.25

“Code used in PCA analysis. ® Identification levels: a: standard; b: data base mass bank (http:/www.massbank.jp); c: unidentified compound.
°The most abundant fragment ions. ¢ Values expressed in percentage of the main fragment ions of the nitrogen compounds detected.

A group of nitrogen compounds that included amino acids
and amines were the most abundant compounds in the extract
profiles. The free amino acids Lys, Leu, Ile, Pro, Met and Phe,
which were detected in the studied extracts, have been described
as being among the most abundant compounds derived from
proteolytic activity during the process of sausage fermenta-
tion.”®”” The biogenic amine tyramine was also detected, which
is produced mainly by microbial decarboxylation of free amino
acids that are formed during the maturation process.”

Another group of nitrogen compounds included natural
nitrogen compounds. This group of compounds included car-
nosine (7.79-11.86% of total area) as the major component.
This compound, together with carnitine, was most abundant
in batches before simulated gastrointestinal digestion. In con-
trast, creatine (12.44-23.52% of the total area) was most abun-
dant in samples after gastrointestinal digestion.

Finally, the group of presumed peptides (a total of nine
compounds) at the final stage of ripening represented 20.8%
and 17.51% of the total area for batches before and after SDGI,
respectively (Table 3). These percentages suggest a noticeable
influence of these compounds on functional activities of the
extracts. The compounds with m/z 146, 277 and 159 were not
found in significant amounts.

In order to determine the influence of the extract com-
ponents on the activities studied, a PCA was performed with

2326 | Food Funct, 2016, 7, 2320-2330

the extract profiles of the samples obtained at the final stage
of the ripening process before simulation of gastrointestinal
digestion in vitro and their antibacterial and antiproliferative
activities (Fig. 2 and 3). Before simulated gastrointestinal
digestion, the natural nitrogen compounds and most of the
presumed peptides were mainly explained by the first axis
(PC1) of the PCA. These compounds were mainly linked to
samples of the highly proteolytic P200S34 + EPg222 batch,
suggesting a higher proportion of NPN derived from proteo-
lysis products in the extracts of inoculated batches. In fact, the
second axis (PC2) of the PCA was defined by antibacterial
activities. Methionine and lysine showed a significant corre-
lation with the antiproliferative activity. Lysine was related to
the antiproliferative activity and has been widely used in com-
bination with arginine and ascorbic acid, among others, to
inhibit the growth of cancer cell lines.”*””°

Regarding the samples after simulated gastrointestinal diges-
tion, again the natural nitrogen compounds and most of the pre-
sumed peptides were related with the first axis (PC1) of the PCA,
while activities were again mainly explained by the second axis
(PC2; Fig. 3). In this case, the relationship between the antiproli-
ferative activity and methionine and lysine was also observed.
The inoculated batches were associated with natural nitrogen
compounds, amino acids and presumed peptides, probably as a
consequence of the higher proteolytic activity of autochthonous

This journal is © The Royal Society of Chemistry 2016
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Fig. 2 PC1 and PC2 (55.4% and 13.8% of explained variance, respectively) of the PCA for the ‘Salchichén’ samples during processing. Score plot
showing the detected nitrogen compounds in the peptidic extracts and the antibacterial and antiproliferative activities, before gastrointestinal diges-
tion. Codes: N1-N6; A1-A7; P1-P9, nitrogen compounds in Table 3. AP: antiproliferative activity; AB1: antibacterial activity against Escherichia coli;
AB2: antibacterial activity against Salmonella cholerasuis; AB3: antibacterial activity against Staphylococcus aureus; AB4: antibacterial activity against
Listeria monocytogenes; AB5: antibacterial activity against Bacillus cereus.
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Fig. 3 PC1 and PC2 (33.6% and 23.5% of explained variance, respectively) of the PCA for the ‘Salchichén’ samples during processing. Score plot
showing the detected nitrogen compounds in the peptidic extracts and the antibacterial and antiproliferative activities, after gastrointestinal diges-
tion. Codes: N1-N6; A1-A7; P1-P9, nitrogen compounds in Table 3. AP: antiproliferative activity; AB1: antibacterial activity against Escherichia coli;
AB2: antibacterial activity against Salmonella cholerasuis; AB3: antibacterial activity against Staphylococcus aureus; AB4: antibacterial activity against

Listeria monocytogenes; AB5: antibacterial activity against Bacillus cereus.

microorganisms in this meat product. However, the control
samples were only associated with antibacterial activity.

In both cases, before and after simulated gastrointestinal
digestion, the antibacterial activity could be attributed to minor
nitrogen compounds, since this activity was not associated with
any of the major compounds found in the studied extracts.

4. Conclusions

The microbial population in fermented sausages significantly
influences the profile of the low molecular weight nitrogen
compounds and the functional activities. We can conclude that

2328 | Food Funct, 2016, 7, 2320-2330

starter culture P200S34 and protease EPg222 generate extracts
that cause inhibition of the growth of pathogens, making this a
promising tool for biocontrol in the meat industry. On the other
hand, the inoculation of well-adapted starter cultures with high
proteolytic activity increased the antiproliferative activity of
these extracts, mainly due to a higher amount of free amino
acids, such as Lys and Pro, but also small peptides.
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