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ABSTRACT

This study investigated the antioxidant activity of peptides isolated from dry-cured pork loins
inoculated with probiotic strains of lactic acid bacteria (LAB). The antioxidant activity of the isolated
peptide fraction (an average of 13 kDa) was determined by radical-scavenging activities: ABTS and
DPPH, reducing power and metal chelating assay (Fe** and Cu®*). The highest antioxidant activity
was noted against ABTS and DPPH. The results suggest no influence of probiotic LAB on the relative
quantity of peptides and the lack of relationship between this parameter and antioxidant activity
measures. The differences in antioxidant activity among the tested batches may be associated with
the influence of the LAB strains on the peptides’ composition and the amino acid position in them.
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Caracteristicas de la actividad antioxidante del lomo de cerdo curado en seco
inoculado con cepas probidticas de LAB

RESUMEN

Este estudio investigd la actividad antioxidante de péptidos aislados de lomo de cerdo curado en
seco inoculado con cepas probidticas de bacteria acido-lactica (LAB). Se determiné la actividad
antioxidante de la fraccion de péptidos aislados (un promedio de 13 kDa) mediante actividad de
barrido de radicales: ABTS y DPPH, poder reductor férrico (RP) y ensayo quelante de metal (Fe** y
Cu?"). La mayor actividad antioxidante se observé contra ABTS y DPPH. Los resultados sugieren que
no existe ninguna influencia de LAB probidticas en la cantidad relativa de péptidos y la falta de
relacion entre este parametro y las mediciones de actividad antioxidante. Las diferencias en la
actividad antioxidante entre los grupos examinados podrian asociarse a la influencia de las cepas de

LAB en la composicién de los péptidos y su posicidn de los aminoacidos.

1. Introduction

Dry-cured meats are gaining immense importance among pro-
ducts of animal origin. This has been confirmed by their stea-
dily increasing number and assortment in stores. They are
valued by consumers primarily due to their characteristic fla-
vour and aroma, both of which result from distinct production
technology (Dave & Ghaly, 2011). They are also of interest to
scientists, largely due to the presence of active molecules in
them. These include not only, for example, anserine, carnosine,
linoleic acid and coenzyme Q;q, but also biologically active
peptides, that is, short sequences encoded in the structure of
the protein (Arihara, 2006). Among the various activities attrib-
uted to peptides from meat products, the antioxidant proper-
ties of these compounds draw particular attention. The
peptides, when ingested together with the product, may be
helpful in the fight against reactive forms of oxygen, thus
preventing diseases caused by oxidative stress, which is caused
by the presence of a number of highly reactive oxygen species
generally called ROS. An excess of ROS, both due to excess
production or impairment of antioxidants, or both, is harmful,
for example, changes to the oxidation of biological membrane
lipids involving free radicals have a disruptive effect at the level
of the cell and of the entire organism. As an example, proteins

are a group of molecules affected by ROS (Sarmadi & Ismail,
2010). Cleavage of the peptide bond, amino acid modification
and the formation of cross-linked peptide aggregates take
place during protein oxidation by ROS, which leads to the
formation of protein derivatives possessing highly reactive
carbonyl groups (ketones and aldehydes) that are involved in
complications in diabetes and in many age-related diseases
(Chakrabarti, Jahandideh, & Wu, 2014; Stadtman & Levine,
2003). Living organisms are protected from the effects of oxi-
dative stress by various defence systems. The ability of these
protective systems gradually decreases with age, resulting in a
disruption of the normal redox balance. Intake of antioxidant
compounds along with food helps to maintain the state of
equilibrium of pro-oxidants/antioxidants in the body
(Chakrabarti et al., 2014).

Thus, there is growing interest in food proteins and in
their constituent peptides as potential candidates for use as
antioxidative components of functional products. These pro-
ducts could be used to maintain human health, especially for
the prevention and treatment of chronic diseases which are
either caused or promoted by oxidative stress (Sarmadi &
Ismail, 2010). The most attractive characteristic of peptides,
in comparison to their synthetic equivalents, is their ability
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to exert very few side effects in humans because of their
natural origin. In this context, food proteins and the peptides
they release can be potential functional food ingredients
(Chakrabarti et al., 2014).

It has been reported that bioactive peptides acting as
antioxidants can come from a variety of natural proteins,
such as grains, legumes, milk, meat, eggs and fish, and
from various marine organisms (Sarmadi & Ismail, 2010).
Fermented food products are a good source of amino
acids and peptides which possess antioxidant properties.
They show significant antioxidant activity which may have
beneficial effects in promoting human health and in food
processing (Chakrabarti et al.,, 2014; Escudero, Mora, Fraser,
Aristoy, & Toldra, 2013; Faithong & Benjakul, 2014).

This study aimed at evaluating the antioxidative activity
of peptides isolated from dry-cured pork loins inoculated
with probiotic strains of lactic acid bacteria (LAB). Radical-
scavenging activities: ABTS ([2,2'-azinobis-(3-ethylbenzothia-
zoline-6-sulfonic acid)] and DPPH (2,2-diphenyl-1-picrylhy-
drazyl), ion-chelating activity (Fe** and Cu®*) and reducing
power (RP) of the peptide isolates were determined.

2. Materials and methods
2.1. Preparation of dry-cured meat products

The study was carried out on pork meat cuts (n = 12) of the
Polish White Large breed. Loins (m. longissimus thoracis)
were excised at 24 h postmortem from half-carcasses chilled
at 4°C at a local slaughterhouse (Lublin, Poland). At 48 h
postmortem, all loins underwent curing using a surface mas-
sage with a curing mixture (18 g of sea salt, 9.7 g of curing
salt and 0.3 g of NaNOs per kg of loin). All batches were then
kept at 4°C for 24 h to allow the curing salt to diffuse. After
the salting stage, three loins were regarded as the control
sample (C). The remaining loins were randomly divided in
three experimental batches with three loins each and inocu-
lated with 0.2% (v/w) of Lactobacillus rhamnosus LOCK900
(LOCK), Lactobacillus acidophilus Bauer £0938 (BAUER) and
Bifidobacterium animalis ssp. lactis BB-12 (BB12), respectively,
to achieve an initial level of 10°-10” CFU/g of meat. The
LOCK and BAUER strains were derived from the Collection of
Pure Cultures of Industrial Microorganisms, Institute of
Fermentation Technology and Microbiology at the
Technical University of todz BB-12 was obtained from
Christian Hansen’s collection of dairy cultures (strain deposit
number: DSM15954). These LAB strains were chosen on the
basis of publications describing attempts to apply them for
meat fermentation (Libera, Karwowska, Stasiak, &
Dolatowski, 2015; Trzaskowska, Kotozyn-Krajewska, Wojciak,
& Dolatowski, 2014). Subsequently, the meat portions were
hung at 16 = 1°C in a laboratory ageing chamber with a
relative humidity of 75 £ 5% for 21 days. Then, whole pieces
of loins were vacuum-packed and aged at 4 + 1°C for
9 months. Three independent experimental trials were
conducted.

2.2. Determination of physicochemical parameters

Active acidity (pH) was measured in a slurry made by mixing
the minced sample (10 g) with distilled water (100 mL) for
1 min using a homogeniser (Ultra-Turrax T25 Basic, IKA,
Staufen, Germany). The pH value was determined with a
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digital pH meter (CPC-501, Elmetron, Zabrze, Poland)
equipped with a pH electrode (ERH-111; Hydromet, Gliwice,
Poland). The pH-meter was standardised with buffer solu-
tions at pH 4.0, 7.0 and 9.0, prior to determination. The
oxidation-reduction potential (ORP) was measured with a
platinum electrode (ERPt-13; Hydromet, Gliwice, Poland) in
a slurry previously obtained for pH measurement. The water
activity (a,,) measurements were carried out at 20 + 1°C,
using a LabMaster-a,, instrument (Novasina AG, Lachen,
Switzerland) with a temperature-controlled measuring
chamber. Novasina humidity standards based on saturated
salt solutions were used for calibration.

2.3. Microbiological analysis

Total viable counts (TVCs) were determined using plate
count agar after incubation at 30°C for 72 h (ISO
4833-2:2013). The population of LAB (including probiotic
bacteria) was determined according to I1SO 15214, 1998.
Samples for the microbiological analyses were taken as a
cross section from the middle of the loins being tested.
Microbiological analyses were carried out at the
Eurocontrol Laboratory (Deblin, Poland). The analyses were
made in triplicate and the counts were expressed as colony
forming units (log CFU/qg).

2.4. Isolation of peptides and sodium dodecyl sulphate
polyacrylamide gel electrophoresis

The extraction was performed according to the method of
Mora, Sentandreu and Toldra (2010). Peptides isolated from
dry-cured loins were analysed using sodium dodecyl sul-
phate polyacrylamide gel electrophoresis according to the
method of Laemmli (1970), using 14% separating gel and 5%
stacking gel. A volume of 20 pl of peptides was loaded onto
the gel. Electrophoresis was conducted at a constant current
of 50 V for the stacking gel and 100 V for the separating gel
by using Mini-PROTEAN® Tetra Cell (Bio-Rad Laboratories,
Hercules, CA, USA). Gels were stained using 0.05%
Coomassie Brilliant Blue R-250 dissolved in 15% (v/v) metha-
nol and 5% (v/v) acetic acid and de-stained with 30% (v/v)
methanol and 10% (v/v) acetic acid.

2.5. Radical-scavenging activity

Scavenging activity of the peptide isolates against the DPPH
free radical was assessed according to the method of Wu,
Chen and Shiau (2003) and against the ABTS" radical cation
according to Re et al. (1999).

2.6. Determination of ion chelating activity

The method of Decker and Welch (1990) was used to inves-
tigate the ferrous ion-chelating ability of peptides. Copper-
chelating activity was measured according to the Torres-
Fuentes, Alaiz and Vioque (2011) method.

2.7. Determination of RP

The RP of the samples was determined by the method
described by Mora, Escudero, Fraser, Aristoy and Toldra
(2014).
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2.8. Statistical analysis

All assays were performed in five replicates and the results
are presented as mean + standard deviation. The data were
analysed by one-way ANOVA using SAS statistical software.
The significance of the differences between the mean values
was calculated at a significance level of p < 0.05 using T-
Tukey’s range test. For hierarchical cluster analysis (HCA), the
Ward’'s method was applied.

3. Results and discussion
3.1. Physicochemical parameters

LAB are the major producers of lactic acid, which is respon-
sible for a decrease in the pH value during the preparation of
dry-cured meat products; thus, it contributes to limiting the
growth of unfavourable microflora and to improving the
safety and quality of dry-cured meat products. Low acidity
affects the activity of enzymes involved in proteolysis. Flores,
Marcus, Nieto, Navarro and Lorenzo (1997) pointed out that
protein hydrolysis is greater in highly acidic environments.
The statistically significant differences in the pH values
(p < 0.05) between the samples (Table 1) were noted. Pork
loin batches inoculated with the probiotic strain showed
lower pH than samples that had undergone spontaneous
fermentation. The significant differences (p < 0.05) possibly
resulted from differences in lactic acid production by the
inoculated strains, with each one dominating in their respec-
tive sample; this confirms the effectiveness of LAB to acidify
the pork loins. The lowest pH value (p < 0.05) was observed
in the sample with L. rhamnosus LOCK900 (5.52), which also
had a high number of TVC and LAB (6.97 and 6.89 log CFU/g,
respectively). A similar relationship was also confirmed in the
BB12, thus suggesting that higher LAB counts corresponded
to lower pH values in the samples. These results are consis-
tent with other studies on dry-cured meat products sub-
jected to fermentation using Lactobacillus (Skwarek,
Dolatowski, & Kotozyn-Krajewska, 2014) or Bifidobacterium
(Libera et al, 2015) as the starter cultures. Other authors
found similar pH values: 5.04 in probiotic loins stored for
6 months (Neffe-Skocirska, Jaworska, Kolozyn-Krajewska,
Dolatowski, & Jachacz-Jéwko, 2015), 5.77 in probiotic neck
stored for 6 months (Libera et al,, 2015), 5.56 in probiotic
hams stored for 5 months (Skwarek et al., 2014) and 5.42 in
probiotic loins stored for 4 months (Okorn & Dolatowski,
2014).

The oxidation-reduction (redox) value is defined as a
biochemical system’s ability to accept or donate electrons.

A lower redox potential suggests greater ability to donate
electrons and to eliminate free radicals. Thus, the ORP may
be an indicator of antioxidant ingredients in the product.
The highest ORP value (p < 0.05) recorded in sample C
(292.967 mV) showing that an increase in the system’s ability
to retrieve electrons (oxidation) indicates lower content of
reducing substances in the sample. The ORP values of dry-
cured loins inoculated with probiotics were significantly
lower (p < 0.05) than those obtained for C, averaged
285.633 mV (Table 1). However, there was no significant
difference (p > 0.05) between type strains in achieved ORP
levels. These results coincide with those of other authors,
who indicated higher ORP values for samples subjected to
spontaneous fermentation as compared to dry-cured meat
products inoculated with a probiotic starter culture (Okon &
Dolatowski, 2014; Skwarek et al., 2014). The probable cause
of the reduction in ORP could have been inoculation with
LAB, which contributed to acidity reduction of the products
and resulted in activating the protease and led to acceler-
ated proteolytic changes inducing the formation of peptides
with antioxidant properties in the dry-cured meat products
(Mora et al, 2014; Faithong & Benjakul, 2014; Okon &
Dolatowski, 2014).

The availability of water is one of the most important
factors not only affecting both the growth and activity of
microorganisms, but also enzymes involved in muscle pro-
teolysis in dry-cured meat products. Water activity (a,,) may
affect biochemical reactions, such as the Maillard reaction,
degradation of vitamins, denaturation of proteins and oxida-
tion of lipids (Maltini, Torreggiani, Venir, & Bertolo, 2003).
The microbiological safety of dry-cured meat products is
directly influenced by the water activity. Microorganisms
generally grow best between a,, values of 0.980 and 0.995;
growth of pathogens is prevented at a,, of 0.85 (Dave &
Ghaly, 2011). All batches in the study reached an a,, of more
than or equal to 0.900, which indicates relatively good con-
ditions for further development of LAB (Table 1). Maximum
levels were achieved in samples C and BB12 (0.912 and
0.913, respectively); significantly lower results (p < 0.05)
were achieved for LOCK and BAUER (0.901 and 0.900,
respectively).

3.2. Microbiological analysis

Dry-cured meats are generally considered as safe products
with an extended shelf life. Their quality results from bio-
chemical, microbiological, physical and sensory changes
occurring during meat fermentation and ageing under

Table 1. Physicochemical parameters of dry-cured loins with probiotic strains of LAB (mean + standard deviation).

Tabla 1. Parametros fisicoquimicos de lomo curado en seco con cepas probiéticas de LAB (promediotdesviacién estandar).

C LOCK

BAUER BB12

pH 5.748 + 0.001°
ORP [mV] 292.867 + 0.814°
Water activity 0.912 + 0.002°

5521 + 0.003
285333 + 1.858°
0.901 + 0.001°

5.529 + 0.002°
287.767 + 2.775°
0.913 + 0.001

5622 + 0.002°
286.500 + 1.552°
0.900 + 0.001°

Different lower case letters in the same row indicate significant difference (p < 0.05).

ORP: Oxidation-reduction potential; LAB: lactic acid bacteria; C: sample without probiotic starter culture; LOCK: sample with probiotic starter culture
Lactobacillus rhamnosus LOCK900; BAUER: sample with probiotic starter culture Lactobacillus acidophilus Bauer £0938; BB12: sample with probiotic starter
culture Bifidobacterium animalis ssp. lactis BB-12.

Las distintas letras mintsculas en la misma fila indican diferencias significativas (p < 0,05).

ORP: potencial de oxidacion-reduccién; LAB: bacteria acido-lactica; C: muestra sin cultivo iniciador probiético; LOCK: muestra con cultivo iniciador probidtico
Lactobacillus rhamnosus LOCK900; BAUER: muestra con cultivo iniciador probiético Lactobacillus acidophilus Bauer £0938; BB12: muestra con cultivo iniciador
probiético Bifidobacterium animalis ssp. lactis BB-12.



certain technological conditions. This is due to, among
others, the presence of natural and/or inoculated microflora
resulting in a pH and water activity decrease, thereby limit-
ing the conditions for growth of undesirable pathogenic or
spoilage microorganisms. Fermented food products (based
on meat, fish, vegetables and dairy products) are produced
by using LAB, including probiotics.

A TVC value above 10° CFU/g indicates the presence of
the dominant microorganisms in the product, but the limits
are not applicable if LAB were used as a processing aid (HPA,
2009). In the study, the total number of live bacteria in dry-
cured loins was determined on the similar level; however, it
had significantly lower (p < 0.05) values for BAUER (Table 2).

It was determined in the study that LAB were the pre-
dominant microflora after 9 months of storage. In any case,
the level of LAB reached more than 10° CFU/g. The mini-
mum population of LAB was found for BAUER (p < 0.05).
These results are consistent with other studies on dry-cured
meat products subjected to fermentation by using a probio-
tic bacteria strain. The level of B. animalis ssp. lactis BB12 was
from 7.41 after 6 months to 6.15 log CFU/g after 12 months
of ageing (Libera et al, 2015), and L. acidophilus Bauer
reached a level of 6.82 log CFU/g after 6 months of storage
(Jaworska, Neffe, Kotozyn-Krajewska, & Dolatowski, 2011). It
is not surprising that loins without the addition of starter
cultures presented a relatively high LAB, as LAB are common
in the natural microflora of fermented meats (Jaworska et al.,
2011).

3.3. Peptide profile

In the present study, lactic acid fermentation with probiotic
strains was conducted for a period of 9 months and peptide
isolates were obtained. The Coomassie-stained protein pat-
terns of all samples do not show qualitative differences
(Figure 1). The obtained fractions had an average molecular
weight of 13 kDa and did not show the presence of larger
proteins, which excluded their participation in shaping the
antioxidant properties. The gels clearly showed peptide
bands in samples obtained after fermentation using the
Coomassie stains. The quantitative differences were deter-
mined by densitometric analysis (Figure 2) which compares
the relative quantity of peptides in each sample with the

Table 2. Number of total viable counts (TVC) and lactic acid bacteria (LAB;
log CFU/g) in dry-cured loins with probiotic strains of LAB (mean + standard
deviation).

Tabla 2. Ndmero total de recuentos viables (TVC) y bacteria acido-lactica (LAB;
log CFU/g) en lomo curado en seco con cepas probiéticas de LAB (promedio
+desviacion estandar).

C LOCK BAUER BB12
TVC  683+0.14° 697 +£0.13° 648 £0.12° 691 + 0.14%
LAB 679 +026° 689+ 027 639 +026° 690 + 0.26

Different lower case letters in the same row indicate significant difference
(p < 0.05).

C: Sample without probiotic starter culture; LOCK: sample with probiotic
starter culture Lactobacillus rhamnosus LOCK900; BAUER: sample with pro-
biotic starter culture Lactobacillus acidophilus Bauer £0938; BB12: sample
with probiotic starter culture Bifidobacterium animalis ssp. lactis BB-12.

Las distintas letras minudsculas en la misma fila indican diferencias significa-
tivas (p < 0,05).

C: muestra sin cultivo iniciador probiético; LOCK: muestra con cultivo iniciador
probidtico Lactobacillus rhamnosus LOCK900; BAUER: muestra con cultivo
iniciador probidtico Lactobacillus acidophilus Bauer £0938; BB12: muestra
con cultivo iniciador probidtico Bifidobacterium animalis ssp. lactis BB-12.
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Figure 1. SDS-PAGE electrophoresis results.

MW: Molecular weight standard (kDa); C: sample without probiotic starter culture;
LOCK: sample with probiotic starter culture Lactobacillus rhamnosus LOCK900;
BAUER: sample with probiotic starter culture Lactobacillus acidophilus Bauer £0938;
BB12: sample with probiotic starter culture Bifidobacterium animalis ssp. lactis BB-12.

Figura 1. Resultados electroforéticos de SDS-PAGE.

MW: peso molecular esténdar (kDa); C: muestra sin cultivo iniciador probiético; LOCK:
muestra con cultivo iniciador probidtico Lactobacillus muestra con cultivo iniciador
probidtico Lactobacillus acidophilus Bauer £0938; BB12: muestra con cultivo iniciador
probidtico Bifidobacterium animalis ssp. lactis BB-12.

control sample. On the basis of the intensity (Int) and the
correlation analysis, the results suggest no influence of pro-
biotic LAB on the relative quantity of peptides and the lack
of relationship between this parameter and antioxidant
activity measures.

3.4. Determination of antioxidant activity

Free radicals and reactive oxygen species have a twofold
importance in the cells of living organisms. They are impor-
tant intermediaries in the transmission of signals and play an
important role in the production of biologically active and
essential nutrients. They can also be toxic and play a causal
role in various diseases or spoilage. Therefore, the potential
of peptide isolates for protection against reactive oxygen
species was determined. Antioxidant compounds from dry-
cured loins after 9 months of ageing showed activity against
radicals, on average 76.48% in the DPPH test and 89.36% in
the ABTS test (Table 3). Considering the ability to capture
free radicals, the LAB-inoculated attempts (except for BB12)
had significantly higher activity (p < 0.05) than the C.
Isolated peptides have scavenging ability against the ABTS
radical at a higher level as compared to the DPPH radical,
which was confirmed by the results of other studies
(Faithong & Benjakul, 2014; Sachindra & Bhaskar, 2008). By
using DPPH, only hydrophobic compounds can be deter-
mined as opposed to the method using the ABTS radical,
which can determine both the hydrophobic and hydrophilic
antioxidants in the same sample (Sun & Tanumihardjo,
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Figure 2. Representative densitogram of peptide isolates after fermentation (a). The correlation (Pearson’s correlation coefficient) between relative intensity and
antioxidant activity measures of the tested samples (b).

Relative front in the range 0.75-1.00 was shown. Blackouts expressed numerically as intensity (Int).C: Sample without probiotic starter culture; LOCK: sample with probiotic starter
culture Lactobacillus rhamnosus LOCK900; BAUER: sample with probiotic starter culture Lactobacillus acidophilus Bauer £0938; BB12: sample with probiotic starter culture
Bifidobacterium animalis ssp. lactis BB-12.

Figura 2. Densitograma representativo de aislados de péptidos después de la fermentacion (a). La correlacién (coeficiente de correlacién de Pearson) entre la
intensidad relativa y las mediciones de actividad antioxidante de las muestras examinadas (b).

Se mostré un principio relativo de rango 0,75-1,00. Censuras expresadas de forma numérica como la intensidad (Int)C: muestra sin cultivo iniciador probidtico; LOCK: muestra con
cultivo iniciador probidtico Lactobacillus rhamnosus LOCK900; BAUER: muestra con cultivo iniciador probidtico Lactobacillus acidophilus Bauer £0938; BB12: muestra con cultivo
iniciador probidtico Bifidobacterium animalis ssp. lactis BB-12.

Table 3. Antioxidant capacity of dry-cured loins with probiotic strains of LAB (mean + standard deviation).

Tabla 3. Capacidad antioxidante de lomo curado en seco con cepas probiéticas de LAB (promediotdesviacion estandar).

Radical-scavenging assay lon chelation assay

Reducing power

DPPH ABTS Fe?* Cu?t Absorbance 700 nm
C 7413 + 1.46° 89.66 + 0.19° 1438 + 2.59° 52.14 + 0.88° 2.76 + 0.06®°
LOCK 76.94 + 1.41° 92.16 + 0.51° 31.27 + 6.33° 63.35 + 0.93° 2.88 + 0.09°
BAUER 79.57 + 1.07° 90.69 + 0.43° 16.04 + 4.45° 65.30 + 0.82° 1.38 + 0.07°
BB12 7527 + 1.08® 84.91 + 0.78¢ 32.43 + 4.122 55.00 + 0.62° 261 + 0.15°

Different lower case letters in the same column indicate significant difference (p < 0.05).
LAB: Lactic acid bacteria; C: sample without probiotic starter culture; LOCK: sample with probiotic starter culture Lactobacillus rhamnosus LOCK900;

BAUER: sample with probiotic starter culture Lactobacillus acidophilus Bauer £0938; BB12: sample with probiotic starter culture Bifidobacterium animalis ssp.
lactis BB-12.

Las distintas letras minusculas en la misma columna indican diferencias significativas (p < 0,05).
LAB: bacteria acido-lactica; C: muestra sin cultivo iniciador probidtico; LOCK: muestra con cultivo iniciador probiético Lactobacillus rhamnosus LOCK900; BAUER:
muestra con cultivo iniciador probidtico Lactobacillus acidophilus Bauer £0938; BB12: muestra con cultivo iniciador probiético Bifidobacterium animalis ssp.

lactis BB-12.

2007). Transition metal ions (especially copper and iron) are
actively involved in oxidative processes leading to the for-
mation of hydroxyl and peroxyl radicals (Fenton reaction and
Haber-Weiss reaction). Chelating agents have the effect of
masking for metal ions and thus, they contribute to the fight
against oxidative stress (Lee, Hwang, Heo, Lee, & Park, 2005).
The results of the chelating ability of peptides from dry-
cured loins for Cu** and Fe?* are presented in Table 3. All
samples showed the ability to chelate copper ions from
52.14% for C to 65.30% for BAUER. All samples with the
probiotic strain had higher (p < 0.05) ability to chelate
copper ions than C, and this was also observed by other
authors (Liu, Kong, Xiong, & Xia, 2010). The lowest level of
ability to chelate Fe?* was determined for samples C and
BAUER. Higher values (p < 0.05) were obtained for LOCK and
BB12, and the differences between them proved to be sta-
tistically insignificant (p > 0.05). Generally, the dry-cured

loins had better ability to chelate copper ions than iron
ions. These results correspond with other studies (Chen,
Muramoto, Yamauchi, Fujimoto, & Nokihara, 1998; Kong &
Xiong, 2006; Lee et al., 2005; Liu et al., 2010).

The RP was determined by measuring the ability to
reduce ferric iron to ferrous iron. It is expressed as absor-
bance values measured at 700 nm and ranging from 1.38 to
2.88, which corresponded with the results of another study
on dry-cured meat products (Mora et al, 2014). Higher
absorbance values indicated higher RP. The dry-cured meat
peptide isolates from C, LOCK and BB12 showed stronger RP
(p < 0.05) than BAUER.

All tested batches showed antioxidant properties as a
result of the presence of compounds capable of reacting
with ROS and therefore of creating more stable compounds.
In the available literature, several assessment tests were
made in order to clarify the specific properties of the



proteins, that is, in vitro research or a study structure versus
activity relationships of peptides (QSAR) (Zou, He, Li, Tang, &
Xia, 2016). The properties of proteins and peptides are highly
dependent characteristics of the compound’s chemical struc-
ture. Thus, the differences in antioxidant activity among the
tested batches may be associated with the influence of the
LAB strains on the peptides’ composition and the amino acid
position in them. The high capacity to react with the DPPH is
associated with the presence of hydrophobic amino acids.
Peptides containing the amino acid residues Val, Leu, lle, Ala,
Phe, Lys or Cys at the N-terminal have been reported to act
as a radical-scavenging factor (Ren et al., 2008; Suetsuna,
Ukeda, & Ochi, 2000). In addition, residues of Tyr, especially
when at the C-terminal, are very important for the activity of
the radical scavenging of peptides because of their special
design features (presence of indole and imidazole groups)
(Chen et al., 1998; Escudero et al., 2013; Saiga, Tanabe, &
Nishimura, 2003). Acidic and/or basic amino acids play an
important role in chelating Fe?* and Cu®* by peptides (Saiga
et al, 2003). Cys, His, Asp and Glu are the most frequently
reported amino acids contributing to metal chelating activ-
ity. On the other hand, some carboxyl groups (Glu, Asp) and
amino groups (Lys, Arg) in the side chains can also act as
chelating agents (Guo et al., 2014; Liu et al., 2010; Suetsuna
et al,, 2000). In addition, the position of the amino acid plays
an important role in the chelating activity. The imidazole
ring may correspond with the metal ion, showing higher
affinity when it is at the N-terminus and not at the
C-terminus (Chen et al., 1998). Therefore, the observed dif-
ferences in the chelating activity may be due to the position
of the amino acids making up the peptides. Antioxidant
activity can also be determined by the species of microor-
ganisms present in the fermented food, as demonstrated in
the study. The effect of LAB antioxidant activity can be
explained by the release of compounds with antioxidant
activity in fermentation. These microorganisms activate the
enzymatic (e.g. proteolysis, lipolysis) and non-enzymatic (e.g.
exopolysaccharides, glutathione) mechanism to protect
against oxidative damage (Kim et al., 2005; Lee et al., 2005;
Spyropoulos, Misiakos, Fotiadis, & Stoidis, 2011). Numerous
studies confirm that probiotic bacteria support the produc-
tion of antioxidant biomolecules. Wang, Wu and Shyu (2014)

DPPH

antioxidant capacity methods

02 04 06 08

distance between clusters
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report that the Lactobacillus strains had significant antioxi-
dant activity by reaction with DPPH and Fe®*. Lactobacillus
casei strains exhibited the ability to chelate Fe?* and Cu®* in
a range of 1.1-10.6 ppm and from 1.35 to 21.8 ppm, respec-
tively (Lee et al, 2005). Lactobacillus bulgaricus LB207
showed high antioxidant activity in the inhibition of lipid
peroxidation (Kim et al., 2005).

4. HCA results

Numerous antioxidant capacity assays are commonly
applied in relation to meat products. However, it is not
clear which assay is all-purpose. Measuring the antioxidant
activity of peptides is currently popular due to their biologi-
cally active properties. However, they give different results
because the investigations use different model compounds
with many side reactions and other disturbing elements
(Racz, Papp, Balogh, Fodor, & Héberger, 2015) The aim of
the study was to compare the antioxidant capacity assays by
using statistical methods (HCA) and to select the most repre-
sentative ones. The hierarchical clustering procedure results
can be displayed graphically by using a tree diagram, also
known as a dendrogram, in which all of the steps in the
hierarchical procedure are shown. Grouping and detection
of similarities and differences among the methods is also
revealed. Biglari, AlKarkhi and Easa (2009) and Patras et al.
(2011) studied the effect of long-term cold storage on anti-
oxidant compounds in dates using cluster analysis and
found it to be quite a useful technique for classification. It
should be noted that cluster analysis can report similarities
but is not able to rank the different methods, only to assume
the connections (Racz et al., 2015).

The statistical methods presented in this study are rele-
vant for a comparison of other antioxidant capacity techni-
ques. The comparison takes into account the impact of
induced fermentation to the antioxidant properties by
using probiotic or potential probiotic LAB with spontaneous
fermentation in dry-cured loin. Figure 3(a) presents the dif-
ferent clusters and connections between the antioxidant
capacity methods in the analysed samples. It compares and
clusters five antioxidant capacity methods. Two clusters
were observed in this case. Two groups were clearly

LoCK

BAUER

lactic acid bacteriastrain

00 02 04 06

distance between clusters

Figure 3. Dendrogram resulting from the Ward's method of hierarchical cluster analysis of antioxidant capacity methods (a) and lactic acid bacteria strain (b).

C: Sample without probiotic starter culture; LOCK: sample with probiotic starter culture Lactobacillus rhamnosus LOCK900; BAUER: sample with probiotic starter culture Lactobacillus
acidophilus Bauer £0938; BB12: sample with probiotic starter culture Bifidobacterium animalis ssp. lactis BB-12.

Figura 3. Resultado del dendrograma del método de andlisis de agrupaciones jerarquicas de Ward acerca de los métodos de capacidad antioxidante (a) y cepa de
bacteria acido-lactica (b).

C: muestra sin cultivo iniciador probiético; LOCK: muestra con cultivo iniciador probidtico Lactobacillus rhamnosus LOCK900; BAUER: muestra con cultivo iniciador probiético
Lactobacillus acidophilus Bauer £0938; BB12: muestra con cultivo iniciador probiético Bifidobacterium animalis ssp. lactis BB-12.



380 P. KESKA AND J. STADNIK

separated, one contained the ABTS, DPPH and Cu®* techni-
ques and the other contained the RP and Fe** methods.
Figure 3(b) presents the grouping pattern for the LAB strain
data set. The LOCK and BB12 strains clearly formed a distinct
group and the antioxidant tests for them were more closely
connected to one another. The second cluster formed C and
BAUER. This means that the results of these techniques are
more similar (related more closely) to one another in the two
separate groups. This indicates that the first cluster (LOCK
and BB12) and second cluster (C and BAUER) show different
behaviour according to the type of antioxidant test.

5. Conclusions

The effect of free radical neutralisation in dry-cured loin can
be obtained by fermentation of LAB. These data show that
dry-cured meat products exhibit antioxidant activity that can
be attributed to the ability of a proton donor, as evidenced
by the results of DPPH radical scavenging and ABTS.
Furthermore, the products showed a chelating effect and
RP and could protect against oxidative damage. Dry-cured
meat products may also be regarded as electron donors
which can react with free radicals and convert them into
more stable products, thus ending the terminal radical chain
reactions. The lack of relationship between relative quantity
of peptides and antioxidant activity measures suggests that
the differences in antioxidant activity among the tested
batches may result from the influence of the LAB strains
on the composition of the peptides and position of amino
acid in them, which needs further investigation.
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