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ABSTRACT

The aim of this work was to establish the antioxidant capacity evolution in a model system of Frankfurter
type sausages with added cherry extract through the Folin Ciocalteu, pH differential, FRAP, ABTS, and
DPPH methods. Therefore, the total phenol and total anthocyanin contents, the reducing power, and
the radical scavenger activity were monitored during a two-month period of storage time in refrigerated
conditions (4 £ 1°C). A factorial experimental design was applied with two factors (cherry extract and
storage time), and comparative evaluations were made with respect to a product similarly formulated
and elaborated without cherry extract but with added sodium ascorbate (0.05%). Results showed no
significant difference (p > 0.05) with respect to the total anthocyanin content for any sausage with added
cherry extract; while total phenols, reducing capacity and radical captive activity were significantly higher
(p < 0.05) in sausages with cherry extract (for the three doses) than in the case of the sausages with no
added cherry extract. Moreover, storage time was significant for all cases, because there was a decrease
in all the studied variables related to it.
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RESUMEN

Con el objetivo de determinar la evolucién de la capacidad antioxidante de sistemas modelo de salchichas
Tipo Frankfurt adicionadas con extracto de cereza, se monitored el contenido de fenoles totales, antocianinas
totales, el poder reductor y la actividad captadora de radicales, empleando los métodos de Folin Ciocalteu,
pH diferencial, FRAP, ABTS y DPPH, respectivamente, durante dos meses de almacenamiento a
4 + 1°C. Se aplicé un disefio factorial con dos factores (extracto de cerezay tiempo de almacenamiento)
y se realizaron evaluaciones comparativas respecto a un producto testigo de igual formulacién y proceso,
pero sin inclusién del extracto y con presencia de ascorbato de sodio (0,05%). Los resultados mostraron
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que no existe diferencia significativa (p > 0,05) en el contenido de antocianinas totales para ninguna de
las dosis de extracto en las salchichas; mientras que los fenoles totales, el poder reductor y la actividad
captadora de radicales fueron significativamente mayores (p < 0,05) en las salchichas con extracto de
cereza (para las tres dosis), respecto a las salchichas testigo; ademas, el tiempo de almacenamiento fue
significativo en todos los casos, mostrindose una disminucién de todas las variables con el tiempo de

almacenamiento.

Palabras claves: radical libre, fenoles, antocianinas, tiempo de almacenamiento, antioxidante.

INTRODUCTION

Due to the fact that the Frankfurter type sausage
presents a high fat content in its composition,
it is necessary to avoid spoilage related to lipid
oxidation through the use of antioxidants during its
manufacturing. In the sausage industry, synthetic
antioxidants have been commonly included for this
purpose; nevertheless, these compounds have been
associated with toxicity and negative effects related
to human health. This fact has raised the trend of
consumers of buying natural products that prevent
spoilage and that can be added to meat products as
an alternative to replace synthetic compounds. The
use of natural products aims to look for the desirable
effect on lipid oxidation, by not affecting the quality
of the finished product, obtaining health benefits,
supporting the prevention of oxidative issues in the
organism, and avoiding products resulting from the
oxidative reaction, which are widely recognized
to be harmful (1-3). Extracts from natural fruits,
like cherry, can be used due to their potential
antioxidant effect and their rich composition in
chemical compounds that include flavonoids such
as anthocyanins, flavan-3-ols and flavonols, as well
as nonflavonoid compounds, hydroxycinnamic
acids and hydroxybenzoic acids (4, 5). It has been
reported that these phenolic antioxidants have
several positive effects on human health, such as
anti-inflammatory and anti-carcinogenic (6-8);
and they are also important for human nutrition
(9). The use of these extracts in meat derivatives is
related to their antioxidant activity in that matrix
(10), and their stability during the processing and
storage steps, which can be an indicative of their
preservation features against oxidation (11, 12),
and of potential health benefits (13). Even though
several methods have been used to measure the
antioxidant activity of extracts on meat derivatives,
only their action in inhibiting the lipid oxidation has
been researched (1, 14-22), and no direct method
has been performed on them to measure their
antioxidant capacity (23). The main objective of

this research is to determine the evolution of the
antioxidant capacity using the Folin Ciocalteu, pH
differential, FRAP, ABTS and DPPH methods on
model systems of Frankfurter type sausages with
a cherry extract addition during a storage period
of 60 days.

MATERIALS AND METHODS

Reagents

Hydrochloric acid, methanol, potassium
chloride, Folin Ciocalteu’s reagent, sodium
carbonate, ferrous ammonium sulphate, potassium
persulphate, and phosphoric acid (85% purity) were
obtained from Merck® (Darmstadt, Germany).
Sodium acetate and potassium phosphate were
obtained from Carlo Erba® (Rodano, Italy). The
monohydrated gallic acid (3,4,5—trihydroxybenzoic
acid monohydrated) and the free DPPH radical
(2,2-Diphenyl-1-picrylhydrazyl) were obtained
from Alfa Easer® (Massachusetts, United States).
ABTS (2,27-azinobis(3-cthylbenzothiazoline)-
6-sulphonic acid ammonium salt) and TPTZ
(2,4,6-Tri-2-pyridyl-s-triazine) were obtained
from TCI AMERICA® (Chuo-ku, tokyo). And
Trolox (6-hydroxy-2,5,7,8-tetramethylcromane-2-
carboxylic acid), which was used as the antioxidant
of reference, was obtained from Aldrich® (Munich,
Germany).

Raw materials

The mechanically deboned beef meat (16% fat),
the pork backfat, and the mechanically deboned
chicken meat were obtained from TECNIAGRO®
(Medellin, Colombia) and kept under freezing
(-18°C) until its posterior use. The cherry extract
powder (VEG STABLE™ CHERRY 515) highly
soluble in water, made up from evaporated cherry
juice (Prunus avium L), sugar cane (Saccharum
officinarum), and silica (E551) was bought at
TECNAS® S.A. (Medellin, Colombia), distributor
of NATUREX® INC (New Jersey, United States).
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Sausage preparation

Sausages were made under typical manufacturing
conditions in a pilot plant. Three levels of cherry
extract were used (0.3, 0.4, and 0.5%) in a standard
formulation of selected Frankfurter type sausage,
according to the Colombian Technical Standard
(NTC) 1325 (24); besides, a control product was
made with the same formulation and process but
without the extract and formulated with sodium
ascorbate (0.05%).

The frozen meat, the fat and the mechanically
deboned chicken meat were cut into pieces and
separately ground in a grinder with an 8 mm
disk (Mainca PT 98). Immediately afterwards,
the meat and the chicken meat were blended and
homogenized in a cutter (Ramon AS 40-20 L), and
the rest of the ingredients were slowly added until
getting a fine mass without exceeding 11°C. The
cherry extract (for each formulation) and the color
were previously dissolved in water at about 0°C.
Then, the mass was stuffed in a cellulose artificial
casing with a diameter of 23 mm by means of a
Vemag Robby stuffing machine, producing sausages
of approximately 40 g. The thermal process was
made in a one-car Talsa static smoking house until
reaching an internal temperature of 72°C (in about
8 minutes). The sausages were cooled down for 15-
20 minutes with running water; then, they were
hung and taken to a freezing room until reaching
an internal temperature of 2 * 2°C. The sausages
were vacuum packed (6 units per packing) in high
barrier films (upper film Cryovac 1.5 Mills, lower
film Cryovac 3.5 Mills) by means of a Tiromat
Compact 320 packing machine. The processing
of the batches of sausages was done independently
and in triplicate. The sausages were stored under
refrigeration (at 4 = 1°C) until their analysis.

Preparation of the aqueous extract of sausage

In all the performed analyses, the hydrophilic
fraction of the sausages was used, for which the
method proposed by Liu et al., 2009 (25) was
taken as a base, although some modifications
were performed. A fine mass of the sausages was
obtained through the use of a food Kitchen Aid
processor; then, 7 g of the mass was weighed, type
III water (10 mL) was added, and the mix was
stirred (IKA® C - MAG HS4 stirrer) for 20 minutes
at room temperature and away from the light. Later,
the mixture was vacuum filtered (qualitative filter
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paper Advantec® No. 2), and the obtained filtered
mix was into 25 mL of type III water. The aqueous
extract was kept at room temperature in absence
of light until its analysis was performed. For the
analysis of the ascorbic acid content, the samples
were filtered again (startolon polyamide of 0.45
wm, Sartorius Biolab® Products) for injecting them
in the HPLC.

Total phenol quantification

The concentration of the total phenols was
measured using the Folin Ciocalteu calorimetric
method described by Rojas et al., 2008 (26), even
though, a calibration curve with concentrated gallic
acid between 0 and 16 mg/L (final concentration)
was implemented.

Water (300 uL) and sodium carbonate at 20%
were added to 200 uL of the aqueous extract of
sausage. After left to stand for 5 minutes at rest, a
solution of the Folin Ciocalteu’s reagent was added
at 50%. Then, the mixture was shaken and after 2
hours at room temperature and in absence of light,
the absorbance was measured at 760 nm in an
spectrophotometer (Thermo Scientific evolution
60). Finally, the results were expressed as mg of
gallic acid/100 g of sausage.

Determination of the total anthocyanin
content

The total anthocyanin content was determined
through the pH differential method described by
Giusti and Wrolstad, 2001 (27). Two bufter systems
were used: hydrochloric acid/potassium chloride
pH 1.0 (0.025 M), and acetic acid/sodium acetate
pH 4.5 (0.4 M).

After determining the suitable dilution for
the aqueous extract (absorbance between 0.100-
1.200 at 510 nm), the corresponding buffer was
added and the absorbance was measured with a
spectrophotometer against a blank 510 and 700
nm. The absorbance was determined according to
equation 1:

A= (A/l vismax A700um)p11 1.0 (A Avis-max A700nm)pH 4.5
Equation 1.

The monomeric anthocyanin concentration
(mg/L) was calculated based on the volume of ex-
tract and molecular weight, and it was expressed as
cianidin 3-glucoside (28), according to equation 2.
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Monomeric anthocyanin (%): AXMWX ?Fx 1000
X

Equation 2.

when: A = Absorbance; MW = molecular
weight of the cianidin 3—glucoside (449.2 g/mol);
DF = dilution factor; € = molar absortivity of the
cianidin 3—glucoside (26900 L/mol cm).

The total anthocyanin concentration of
the samples was expressed in mg of cianidin
3-glucoside/100 g of sausage.

Quantification of the ascorbic acid content

The quantification was performed through
the HPLC technique, according to Gékhmen
et al., 2000 (29). For the technique, a Shimadzu
prominence 20A series equipment was used, which
had one premier column RP-C18 with having
the following characteristics: 4.0 mm of diameter,
particle size of 5 um, and a guard column with
the same stationary phase of the column. The
mobile phase was potassium monobasic phosphate
(KH,PO,) adjusted to pH 3 with H,PO4 at 87% at
a flow of 1 mL/min. A photodiode array detector
was used at 244 nm at an oven temperature of 35°C.
A calibration curve was built with ascorbic acid
between 0.01 and 1 mg/mL. The retention time
was 4.50 minutes.

Antioxidant capacity

ABTS antioxidant capacity

This process was performed according to the
methodology developed by Re et al., 1998 (30) and
described by Kuskoski et al., 2005 (28), with a few
modifications. The radical ABTS™* was obtained
through the reaction of ABTS with potassium
persulphate in buffer phosphate pH 7, incubated
at room temperature (= 25°C) in the dark for
16 h. Once the radical ABTS™* appeared, it was
diluted with buffer phosphate pH 7, until getting an
absorbance value of around 0.70 (= 0.1) at 732 nm
(wavelength of maximum absorption). The aqueous
extract was diluted in type I1I water until achieving
an inhibition percentage between 20 and 80% of the
radical in comparison with the absorbance of the
blank, after adding a quantity of sample.

The absorbance was determined through the
dilution of the radical ABTS™* at 732 nm and 25°C.
The sample (previously diluted) was added and the
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absorbance was measured again at 732 nm after 7
minutes. The synthetic antioxidant of reference,
Trolox, was tested at concentrations between 0 and
18 uM (final concentration) in methanol, in the same
conditions for building the calibration curve. The
results were expressed in TEAC o umol of Trolox/g
of sausage (antioxidant activity equivalent to Trolox).

DPPH antioxidant capacity

This determination was performed following
the method developed by Brand-Willams et al.,
1994 (31), with the modifications described by Kim
et al., 2002 (32). The absorbance measuring of the
radical DPPHe dissolved in methanol at 80%, was
done at a wavelength of 517 nm. The sample was
added and the mixture was carefully homogenized;
then, it was kept in the dark for 30 minutes. The
absorbance measurings at 517 nm were done before
the addition of the sample (A,) and after 30 minutes
(Ay). The synthetic antioxidant of reference Trolox,
in concentrations between 0 and 1 mM and diluted
in methanol at 80%, was tested under the same
conditions for building the calibration curve, thus,
expressing the results in TEAC.

FRAP antioxidant capacity

The antioxidant capacity of the sausage aqueous
extract was determined by its ability to reduce ferric
iron to ferrous iron in a solution of 2, 4, 6—tripyridyl-
2-triazine (TPTZ) prepared in sodium acetate at
pH 3.6. The reduction of iron in the TPTZ-ferric
chloride solution (FRAP’s reagent) led to the
appearance of a blue product (tripyridyltriazine
ferrous complex). The absorbance of this product
was read at 593 nm 4 minutes after the addition of
50 uL of the extract aqueous solution. The standard
curve of the antioxidant was developed using
ammonium ferrous sulphate. The results were
expressed as umol of Fe** equivalents per gram of
sausage (33).

Statistical analysis

The analysis of multifactor variance (ANOVA)
was performed to the experimental data in order
to determine significant effects (p<0.05) of the
levels of the cherry extract factor and the storage
time factor. Significant differences were determined
among the levels of the factors, by contrasts
(Tukey Test) among the means. The Statgraphics
Centurion XIV software was used to perform the
statistical analyses.
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RESULTS AND DISCUSSION

Total phenols

The evolution of the total phenol content in
time is shown in figure 1. The concentration of
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these compounds in the Frankfurter type sausage
decreased in storage as the days passed, finding
significant differences (p<0.05) between the
sausages with cherry extract content (0.3, 0.4 y
0.5%) and the control samples, but there was no
significant difference among the samples with the
three levels of cherry extract addition.
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W3 T T 1 0.3%
2% § oo E - 0.4%
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g2 2>t ] —— 05%
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%5 5 WO ]
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Figure 1. Total phenol content in Frankfurter type sausages with the addition of cherry extract during storage time.

In the freshly cooked sausages, the total phenol
content was found to be between 65 and 75 mg
of gallic acid /100 g of sausage for the control
product and the sausages with the cherry extract,
respectively. A higher contribution of phenolic
compounds is observed, which is provided by the
cherry extract to the sausages, in comparison with
the possible contribution provided by the liquid
smoke of both formulas (34). After the first 10 days
of storage, a drastic decrease of the total phenol
concentration was observed, reaching values close to
25 mg of gallic acid/100 g of sausage for the control
samples, and values close to 50 mg of gallic acid/100
g of sausage for the samples containing cherry
extract. The greater decrease in the total phenol
content in the control samples could be due to the

compounds provided by the smoke of the formula
or the ones naturally present in the sausages, both
of which are more unstable than the ones added
to the product through the cherry extract. After
the first 10 days, the concentration of total phenols
kept on decreasing but at a lower rate; this behavior
was also observed in other studies with different
phenolic compounds (25, 35-37).

Total anthocyanins

Figure 2 shows adecrease in the total anthocyanin
content for all the sausages, expressed as cianidin-3-
glucoside in time, finding no significant differences
(p > 0.05) among the samples with difterent levels
of addition of the cherry extract and the control
samples.

0,91

Total Anthocyanins
(mg of cianidin-3-glucoside/
100 g of sausage)

LA L I B B B

1 Cherry extract
4 —— Control

1 - 0.3%
rrrrrrrr 0.5%

0 10 20 30 35

40 4 50 55 60

Time (days)

Figure 2. Total anthocyanin content in Frankfurter type sausages with added cherry extract during the storage time.
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After making the Frankfurter type sausages (day
zero), a range between 0.4 and 0.7 mg of Cianidin-
3-glucoside/100 g of sausage was found for the
samples from all the cherry extract addition levels.
And, at the end of the storage process, values bet-
ween 0.1 and 0.2 mg of cianidin-3-glucoside/100 g
of sausage were found, showinga decrease between
25% and 28% with respect to the initial content.
This decrease in the total anthocyanin content can
be due to the fact that the compounds are labile and
their stability is very variable in function of their
structure and the composition of the matrix where
they are found (38). Therefore, the compounds are
affected by factors such as pH, storage temperature,
presence of enzymes, light, oxygen, anthocyanin
content, and the presence of other compounds such
as flavonoids, proteins and minerals (39).

Ascorbic acid

The ascorbic acid content in the freshly cooked
sausages goes from 3 mg/100 g of sausage for the
control samples, to 7.67 for the samples with the
highest cherry extract addition level, as it is shown
in table 1. There were no significant difference
between the control samples and the sausages with
0.3% of cherry extract addition. But, in both of
the performed analyses (day 0 and 60), there were
differences between the afore mentioned samples
and the sausages with 0.4 and 0.5% of cherry extract
in their formula; thus, the higher contribution of
ascorbic acid by the cherry extract in these sausages
is clearly observable.
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Table 1. Ascorbic acid content in Frankfurter type sau-
sage at the beginning and at the end of the storage process.

Time: 0 days Time: 60 days
(mg ascorbic acid/ (mg ascorbic acid/
100 g of sausage) 100 g of sausage)
Control 3.00" = 1.73 3.67" = 2.12
0.3% 3.67" = 1.15 6.00" = 2.00
0.4% 7.67° £ 3.52 11.33 = 1.53
0.5% 7.67° + 473 15.33" + 2.08

Figure 3 shows that the ascorbic acid content at
the end of the storage process is higher than it was at
the beginning, probably due to its likely generation
or recycling (going from dehydroascorbic acid to
ascorbic acid) when it is being reduced by enzymes
or other substances with the same properties that
can be found in the sausages (40, 41).

Antioxidant capacity

ABTS

Figure 4 shows the antioxidant capacity of the
ABTS radical of the Frankfurter type sausages,
which ranges between 2.8 and 3.1 TEAC/g of
sausage and showed a decrease in the storage process
as it was observed in the total phenol content. It
reached values of 0.8 TEAC/g of sausage for the
control product, and 1.9 TEAC/g of sausage for
the studied samples with the higher dose of cherry
extract (0.5%). These contents represent 28 and 61%
of the initial antioxidant capacity for the witness
and the sausages with cherry extract, respectively.
No significant differences were found (p>0.05)
among the sausages with extract concentrations of

0.3% and 0.4%.

N
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Time (days)

Figure 4. Antioxidant capacity (ABTS method) in Frankfurter type sausages with added cherry extract during

storage process.
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DPPH

The antioxidant capacity, from the point of view
of the capacity of scavenging the DPPH radical in the
selected Frankfurter type sausages, is shown in figure
5. It was kept relatively constant during the storage
process, ranging from 0.7 to 1.2 TEAC/g of sausage for
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the samples with cherry extract content. While, for the
control product, values between 0.3 and 0.4 TEAC/
g of sausage were found. No significant differences
among the sausages with intermediate concentrations
of the extract (0.3 and 0.4%), while for the extreme
concentrations (control samples and samples with
0.5% of extract) there were notable differences.

- 1.4 - 7 Cherry extract
& —— Control
§ 11 - T 0.3%
S %8 1 0.5%
<
w 05— _
£
& 02| _
o
=)

01 |

0 10 20 30 35
Time (days)

40 45 50 55 60

Figure 5. Antioxidant capacity (DPPH method) in Frankfurter type sausages with added cherry extract during

the storage process.

FRAP

For the reducing power analysis that was
performed by means of the FRAP method, it was
found that there was no significant difference
among the treatments with intermediate values
of added cherry extract (0.3 and 0.4%), or among
the treatments with 0.4 and 0.5% of extract.
Nevertheless, there was difference between the
samples from all treatments with added cherry

extract and the control samples. The reducing
power of the iron, expressed as ferrous ion/g of
sausage, was relatively constant during the time of
storage for all the treatments, as it is shown in figure
6. Even though, in certain days of storage, all the
treatments showed a slight increase, possibly due
to the regeneration of the compounds responsible
of these reactions through the synergistic effects
among the antioxidant compounds present in the
sausages (42).
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Figure 6. Antioxidant capacity (FRAP method)

extract during the storage time.

in Frankfurter type sausages with added cherry



258

Correlation analysis

Table 2 shows the correlation analysis among
the variables: total anthocyanins, total phenols,
antioxidant capacity with regard to the ABTS
and DPPH radicals, and reducing power (FRAP
method).

Table 2. Correlation among the compounds and the
antioxidant capacity methods.

VITAE

ABTS |DPPH| FRAP |Phenols |Anthocyanins
ABTS 1
DPPH 0.5778 1
FRAP 0.5366 | 0.6108 1
Phenols 0.8398 1 0.3178 | 0.3278 1
Anthocyanins| 0.5166 | 0.0689 | 0.2590 [ 0.5909 1

A high correlation between the ABTS method
and the total phenol content (R? = 0.8398) was
found. As a result of this, a decrease in the antioxi-
dant capacity was observed when it was measured
by means of the ABTS method at a lower total
phenol content. This results were obtained since
the ABTS method is based on the transference of
hydrogen atoms of the studied antioxidant (43, 44),
which is consistent with the way phenols work as
a scavenger free radical. This fact occurs because
phenols can be donors of hydrogen or electrons in
the finishing reactions that break the generation
cycle of new free radicals (45). A good correlation
was also found between the content of total antho-
cyanins and total phenols (R* = 0.5909) as it was
expected, due to the fact that anthocyanins belong
to the group of phenolic compounds. Moreover, a
good correlation (R* = 0.6108) exists between the
DPPH method and the FRAP method, similar to
the one reported by Hukkanen et al., 2005 (46), in
which values of R* = 0.675 were found between
these two methods. The afore mentioned fact oc-
curs since the FRAP method is based on the trans-
terence of electrons (assuming that the antioxidant
capacity and the reduction capacity are the same)
and, according to Foti et al,. 2004 (47), the DPPH
method is based on a reaction of transference of
electrons, involving more than one simple atom
of hydrogen (43, 47). Thus, it can be observed that
the correlation of the FRAP and DPPH methods,
with the content of total phenols, shows very similar
values: R* = 0.3278 and R? = (.3178, respectively,
which correspond to the way phenols react as elec-
tron donors. Additionally, in the DPPH and FRAP
methods, vitamin C can also be acting since its

Y. L. iacs b, ef al.

antioxidant mechanism is based on the transference
of electrons to exert its reducing effect, therefore
becoming the ascorbate radical (free radical very
little reactive); thus, the oxidation propagation phase
stops (48-50). Moreover, it has been proved that
vitamin C works as a synergistic when it is used
in combination with other antioxidants through
the promotion or regeneration of the antioxidant
properties of other compounds (42).

CONCLUSIONS

The addition of cherry extract to the Frankfurter
type sausages provides a high content of compounds
with a considerable antioxidant capacity, as it has
been proved in comparison with the control product
for all the times of storage studied. However,
the total phenols, the total anthocyanins and the
antioxidant capacity related to the ABTS radical
decrease during the storage process, reaching
percentages between 25 and 60% of the initial
value. The antioxidant capacity related to the DPPH
radical and the reducing power were relatively
constant during the storage process for all the
evaluated treatments. Nevertheless, the values
of the sausages with cherry extract were higher
than the values of the control sausages in both
methods. The content of ascorbic acid at the end
of the storage (60 days) showed a slight increase
when compared with the initial content, due to the
presence of possible regeneration mechanisms of
this molecule, among several others in the sausages.
The antioxidant capacity (observed in all three
methods) in the analyzed sausages is connected
to the anthocyanins and phenols content, which
suggests that the processing and storage conditions
that would help to preserve this compounds in the
Frankfurter type sausages should be sought in order
to make the possible benefits last until the very
moment consumers buy the products.
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