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ABSTRACT

The ““elimination” of chemical additives used in a wide variety of foods is demanded, while “natural’ additives are
seen as a benefit for both quality and safety. Researchers are looking for new sources of ingredients and/or additives.
The aim of this work was to study the effect of 1) the addition of 5.00% citrus fibre washing water (CFWW) and 0.02%
rosemary essential oil (REO) or 0.02 % thyme essential oil (TEO) and 2) storage conditions on the chemical, microbe-
ological and sensorial properties of mortadellas, a bologna-type sausage. CFWW + REO or CFWW + TEO samples
stored in vacuum packaging showed the lowest TBA values. The resulting products were packed either in vacuum,
modified atmosphere or air pouches and stored for 24 days. Lipid oxidation was assessed by the TBA method, while a
quantitative descriptive analysis was carried out for sensory evaluation. Microbiological counts were also determined.
CFWW + REO samples stored in vacuum packaging showed the lowest counts of aerobic and lactic acid bacteria. The
sensory evaluation provided similar scores for CFWW + REO and CFWW + TEO samples. The lowest scores were
obtained for control mortadella stored in air packaging. The addition of citrus fibre washing water and spice essential
oils is a technologically viable alternative in emulsified meat products, since they improve customer acceptance and
have desirable effects as regards oxidative stability and reduced microbial growth, which contributes to prolonging
their shelf-life.
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1. Introduction foods consumed in Europe could be classified as func-
tional [5].

The addition of ingredients rich in bioactive com-
pounds may have a technological purpose too: mainly
the inhibition of lipid oxidation, a very important prop-
erty especially in meat products. Natural and synthetic
antioxidants have been commonly used to inhibit the
development of oxidative reactions in meat products [6]

such as dried herbs and essential oils, have also been suc-

The industrial transformation of fruits generates large
quantities of co-products rich in bioactive compounds
that may well be suitable for other purposes [1]. Some of
these products have been recognized by several organi-
zations (FDA and EFSA) as possessing proven health
benefits. Depending on the availability of a suitable
technology, these co-products can be converted into
commercial products for use as raw materials for secon-

dary processes (intermediate foods ingredients), as oper-
ating supplies, or as ingredients in new products [2].
From a technological and scientific point of view, many
of these bioactive compounds present in the co-products
have been shown to have a beneficial role on human
health [3]; improving the physiological functions of the
organism and permitting the design and optimisation of
foods that prevent or diminish the risk of certain chronic
diseases [4]. It has been estimated that 5.00% of the
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cessfully used to reduce lipid oxidation in the same
products [7].

The process of obtaining dietary fibre from orange
juice co-products also generates a series of co-products,
among them the washing water used since the process
uses large quantities of water, an aspect which, besides
being of economic importance, is important from an en-
vironmental point of view [8]. One way of minimizing
the consequences of this problem would be to re-use the
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water used in the above washing process, since it still
contains many compounds potentially beneficial both
from a technological and health-related point of view and,
once “treated”, it could be re-used to reduce overall wa-
ter consumption [1].

One component present in aromatic plants and spices,
and which may act as a natural antioxidant, is the corre-
sponding essential oil. In general terms, essential oils are
composed of > 70 components, principally polyphenols,
terpenes, monoterpenes and sesquiterpenes, and are re-
sponsible for many of their functional (antioxidant, anti-
bacterial, anti-inflammatory, anti-ulcerous, anti-carcino-
genic, etc.) properties [9]. Nowadays, essential oils and
their components are gaining increasing attention be-
cause of their relatively safe status, their wide acceptance
by consumers, and their potential multi-purpose func-
tional uses [10]. Spice essential oils, added at suitable
concentrations, do not change the sensory properties
(color, taste or flavor) of the food matrix in which they
are incorporated as supplement [11].

The aim of this work was to study the effect of 1) the
addition of citrus fibre washing water (CFWW) and
rosemary essential oil (REO) or thyme essential oil (TEO)
and 2) storage conditions (air, modified atmosphere and
vacuum packed) on the chemical, microbiological and
sensorial properties of mortadellas, a bologna-type sau-
sage. Traditional formula was used as control sample and
experimental mortadellas contained 5.00% CFWW and
0.02% REO or 0.02% TEO.

2. Materials and Methods
2.1. Sausage Manufacture

Mortadellas were manufactured according to a tradi-
tional formula (only the meat percentage adds up to
100.00% while the percentage of the other ingredients
are related to the meat): 50.00% lean pork meat and
50.00% pork backfat; 15.00% water (ice, w/w), 3.00%
potato starch (w/w), 2.50% sodium chloride (w/w), 300
mg/kg sodium tripolyphosphate, 500 mg/kg sodium
ascorbate, 150 mg/kg sodium nitrite, spices (0.01% black
pepper, 0.005% nutmeg and 0.2% garlic powder). This
original mixture was used as control, while to assess the
influence of the concentration of the citrus fibre washing
water (CFWW), and thyme (TEO) or rosemary (REO)
essential oil, the water content (5%) of the control for-
mula was replaced by CFWW (5.00%) and TEO or REO
were added (0.02%). The citrus fibre washing water was
obtained by the method described by Fernandez-Ginés
et al. [12] and thyme and rosemary essential oils were
supplied by Ravetllat Aromatics (Barcelona, Spain).

The products were prepared in the IPOA research
group pilot plant, using industrial processing techniques.
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Frozen raw material of animal origin, except pork back-
fat, were transferred to the cutter (Tecator 1094 Homo-
geneizer, Tekator, Hoganéds, Sweden) with the sodium
chloride to extract salt-soluble proteins; after comminu-
tion, the other ingredients and additives were added. The
pork backfat, previously divided into 10 x 10 x 10 cm
cubes, was then added. After homogenization, the mix-
ture was stuffed into Fibran-Pack (Fibran, Girona, Spain)
artificial casing 100 x 150 mm long, clipped at both ends
(Polyclip system/Niedecker, Germany) and cooked in a
water bath. The mortadellas were kept in the bath until
the coldest point reached 72°C (geometric centre of each
mortadella, which corresponds to the thickest part of the
product). A thermocouple probe (Omega Engineering,
Inc., Stamford, CT, USA) positioned in the geometric
centre of the mortadella was used to monitor product
temperature. When the endpoint temperature was achie-
ved, the sausages were immediately chilled on ice. After
reaching room temperature, the product was transferred
to the laboratory in insulated boxes containing ice. The
sausages (500 g each) were stored at 4°C until analysis.

2.2. Storage Conditions

Immediately after the mortadella manufacturing process
had finished, twenty slices (1.5 cm thick) were aseptic-
cally taken from each sausage. The trays containing the
slices were packed either in vacuum, modified atmos-
phere (MA) (80.00% N, and 20.00% CO,) or air pouches
made of polyethylene and polyamide laminate of 1.1 g/
m?/24 h water vapour permeability at 23°C, 10 cm’/ m?
/24 h nitrogen permeability at 23°C, 140 cm’/ m?*/ 24 h
carbon dioxide permeability at 23°C, and 30 cm®/ m*/ 24
h oxygen permeability at 23°C (Fibran, Girona, Spain).
The pouches were heat-sealed and stored at 4 + 1°C in a
cabinet simulating supermarket retail conditions. The ca-
binet was illuminated by a standard supermarket fluo-
rescent lamp (OSRAM, Germany). All the samples were
exposed to continuous light of 1000 lux at the surface,
measuring the light intensity using a Lutron LX-102
luxometer (Taiwan). The positions of the samples in the
cabinet were rotated every 24 h to minimize light inten-
sity differences and possible temperature variations at the
surface of the mortadellas. The packs were stored for 24
days Samples from each treatment and storage condition
were taken at 0, 6, 12, 18, and 24 days (storage time) and
analyzed on the same day.

2.3. Physico-chemical Analysis

The CIE LAB color space was selected for colour deter-
mination. The following colour coordinates were deter-
mined: lightness (L*), redness (a*, £ red-green), and
yellowness (b*, + yellow-blue). Colour determinations
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were made, at 12 =2°C by means of a Minolta CM-2002
(Minolta Camera Co., Osaka, Japan) spectrophotometer
with illuminant Dgs, 10° observer angle, 11 mm aperture
for illumination and 8 mm for measurement. American
Meat Science Association guidelines for colour measur-
ements were followed and spectrally pure glass (CRASI,
Minolta Co., Osaka, Japan) was placed between the sam-
ples and the equipment [13].

The pH was measured by blending a 5 g sample with
50 mL deionised water for 2 min. The pH of the resultant
suspension was measured with a Crison pH meter (Model
507, Crison, Barcelona, Spain), equipped with a Crison co-
mbination electrode (Cat. nr 52, Crison, Barcelona, Spain).

Texture profile analysis (TPA) was performed with a
TA-XT2 Texture Analyser (Stable Micro Systems, Sur-
rey, England). Mortadella samples were removed from
the casing, cut into cubes (1 x 1 x 1 cm) and subjected to
a 2-cycle compression test. All instrumental texture an-
alyses were conducted on chilled (4°C) samples. The
samples were compressed to 70.00% original height thr-
ough a 2-bite mechanism at a compression load of 25 kg,
and a cross-head speed of 20 cm/min. The texture profile
was determined as described by Bourne [14].

2.4. Lipid Oxidation

Lipid oxidation was assessed in triplicate by the 2-thio-
barbituric acid (TBA) test following the recommenda-
tions of Buege and Aust [15]. TBARS values were cal-
culated from a standard curve of malonaldehyde (MAD)
and expressed as mg MAD/kg sample.

2.5. Determination of Polyphenolic Compounds

Samples (2 g) were weighed into a test tube and 6 mL of
dimethylsulfoxide (DMSO) were added. The mixture
was vigorously shaken for 2 min and left for 2 h in an
ultrasonic water bath without temperature control. Then,
the mixture was filtered through an Albet nylon filter
(Albet, Barcelona, Spain) of 45 pm of pore before HPLC
analysis. The HPLC analysis was performed using a
Hewlett Packard HP-1100 instrument (Woldbronn, Ger-
many) equipped with a photodiode array detector and a
C-18 column (Lichrosphere, RP-18 250 x 4 mm, Agilent,
Woldbronn, Germany) at T = 30°C. Phenolic compounds
were analyzed in standard and sample solutions using
gradient elution at 1 mL/min with a gradient program of
0.00-20.00 min 95.00-75.00% A, 20.00-40.00 min
75.00-50.00% A, 40.00-50.00 min 50.00-20.00% A,
50.00-60.00 min 20.00% A. Using 2.50% acetic acid in
water as solvent A and acetonitrile as solvent B.

2.6. Sensory Evaluation

Non-trained panellists (15 men and 15 women, aged

Copyright © 2011 SciRes.

18-40 years) were recruited from the staff and students of
the Miguel Hernandez University, Alicante, Spain. Pan-
ellists were chosen on the basis of previous experience in
consuming traditional mortadellas. Furthermore, a pre-
paratory session was held prior to testing, so that each
panel could thoroughly discuss and clarify each attribute
to be evaluated the products. Testing was initiated after
the panellists agreed on the specifications. A Quantita-
tive Descriptive Analysis was carried out [16]. All sen-
sory work was carried out in the sensory laboratory at the
University, which fulfils requirements according to the
international Standards [17,18]. During evaluation, the
panellists were situated in private booths under incan-
descent/fluorescent light, with an intensity of approxi-
mately 350 lux. Rectangular pieces of approximately 1.5 X
2 cm were cut from the centre of mortadella slices and
were served at room temperature [19]. Each panellist
evaluated three replicates of all the treatment groups; the
sample presentation order was randomized for each pan-
ellist. Unsalted crackers and room temperature water
were provided between samples to cleanse the palate.
The sensory attributes were measured on unstructured
scales with descriptors at both ends; no standards were
provided. The attributes measured and their descriptors
were as follows: for “external evaluation”: global ap-
pearance (from conventional mortadella appearance to
unexpected appearance), colour (from extremely light to
extremely dark), shine (from dull to bright), hue (from
pale pink to brown), for “taste”: acid taste, saltiness, and
fatness (from imperceptible to extremely intense); and
for “texture”: hardness (from extremely soft to extremely
tough), juiciness (from extremely dry to extremely
moist). At the end of the test, panellists were asked to
give a score for product quality from 0 to 10.

2.7. Microbiological Analysis

Samples (25 g) were cut from the interior of the sausages
with a sterile scalpel and forceps. Samples were then
homogeneised with sterile 1.50% peptone water in a
Stomacher 400 (Colworth, London, U.K.) for 1.5 min.

Total viable counts were determined on Plate Count
Agar, Enterobacteriaceae using Violet Red Bile Glucose
Agar (VRBGA) and Lactic acid bacteria (LAB) were
counted on double layer MRS Agar at pH 5.6. In all
cases, plates were incubated at 35°C for 48 h. Psychrotr-
ophic microbiota was determined on Plate Count Agar,
and the plates were incubated at 7°C for 10 d. Culture
media were from Oxoid (Oxoid Unipath Ltd. Basingtoke,
Hampshire, U.K.).

2.8. Statistical Analysis

Conventional statistical methods were used to calculate
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means and standard deviations. Statistical ANOVA analy-
sis was applied to the data to determine differences (P <
0.05). To discover whether there were significant differ-
ences between the levels of the main factor, contrasts
(Tukey test) between means were made [20]. For the
mortadella shelf-life determination, ANOVAs with three
factors were applied for each parameter: storage time (0,
6, 12, 18 and 24 days), packaging conditions (vacuum,
modified atmosphere and air) and treatments (control,
CFWW + REO and CFWW + TEO). The Statistical
analyses were made using Statgraphics 5.1 for Windows.

3. Results and Discussion
3.1. Physico-chemical Analysis

In meat products, several factors affect consumer accep-
tability, thus in some meats, colour is the main attribute
for consumers [2, 21]. Color is a very important parame-
ter because brightness and particular shade of pink are
expected in this type of product [22]. Table 1 shows the
effect on color coordinates, redness (a*) and yellowness
(b*) of adding CFWW + TEO or CFWW + REO to
mortadellas stored in different packaging conditions.

As regards lightness (L*) neither the type of package-
ing, treatment or storage time had any effect (P > 0.05)
on this coordinate, the L* values ranging in the control,

CFWW + TEO and CFWW + REO samples from 64.65,
64.632 and 64.23, respectively, at day zero to 65.71-
65.83 (depending on the packaging) for control sample,
65.34 - 65.40 (depending on the packaging) for CFWW
+ TEO and 65.28-65.34 (depending on the packaging)
CFWW + REO samples at the end of the experiment.
The absence of any modification in this parameter may
have been due to the protective effect of the packing film
against oxygen, as mentioned by Fernandez-Ginés [12].
For the red-green coordinate (a*) the type of package-
ing had no significant (P > 0.05) effect in either the con-
trol samples or those with added CFWW + TEO and
CFWW + REO . The storage time, however, did have an
effect, and the a* value fell in the control (from 9.30 at
the outset to 6.06-6.21 at the end of the experiment, de-
pending on the packaging) in CFWW + TEO samples
(from 9.20 to 6.22-6.69, depending on the packaging)
and in CFWW + REO samples (from 9.10 to 6.12-6.62,
depending on the packaging). This coordinate is affected
by the structural integrity of the food, the content and
disposition of the pigment (water or lipid-soluble) and
surface water availability [23]. As regards the composi-
tion of the food, the water/oil relations of the product
also play an important role. This coordinate, whether
from a positive (red) or negative (green) point of view,

Table 1. Redness (a*) and yellowness (b*) colour parameters of mortadellas formulated with citrus fibre washing water and
spice essential oils, with different storage conditions, during 24 days of storage.

Time (d
Coordinate Sample S“’Ta.ge @
conditions 0 6 12 18 24
Control Air 9.33 +0.66™ 8.31 +0.29" 7.84 + 0744 7.01+0.17¢ 6.06 +0.28 4
Control MA 9.33 +0.66™ 8.43 £ 0.66™* 7.99 +£0.17° 7.09 + 0.66* 6.17+0.18%
Control Vacuum 9.33 +0.66™ 8.71 +0.52* 8.06 + 0.25™ 7.19 +£0.25% 6.21+0.38%
CFWW4TEO Air 9.33 + 0.66™ 8.31 £0.29" 7.84 +0.74 7.01+0.17* 6.06 +0.28%
a* CFWW+TEO MA 9.33 +0.66* 8.43 + 0.66™ 7.99 +£0.17* 7.09 + 0.66™* 6.17+0.18%
CEWWATEO Vacuum 9.33 +0.66™ 8.71 £0.52% 8.06 £ 0.25° 7.19 £0.25% 6.21 £0.38%
CFWW+REO Air 9.20 +0.20* 8.82 +0.28%* 8.39 +0.45% 7.35+0.31 6.22 +0.23%
CFWW+REO MA 9.20 +0.20* 8.79 + 0.52* 8.30 +£0.27° 7.43 +£0.27° 6.55+0.21%
CFWW+REO Vacuum 9.20 +0.20* 8.73 +£0.56™* 8.28 + 0.48" 7.50 +0.33°* 6.69 +0.37%
Control Air 7.27 +0.49* 7.52 +0.44* 7.67 +0.22%* 8.20 + 0.46™* 8.65 +0.25
Control MA 7.27 +0.49* 7.63 +0.13* 8.03 +£0.12 8.61 +0.20 8.68 + 0.20°*
Control Vacuum 7.27 £ 0.49* 7.71 +0.25 8.07 £ 0.09% 8.65 +0.22°4 8.74 +0.23%A
CFWW4TEO Air 727049 7.52+0.44 7.67+022%  820+046™  8.65+0.25"
b* CFWW+TEO MA 7.27 + 0.49* 7.63 +0.13% 8.03+0.12" 8.61 +0.20%* 8.68 +0.20*
CFWW+TEO Vacuum 727+£049%  771+£025%  8.07+£0.09°  8.65=022% 8.74 +0.23%
CFWW+REO Air 7.31+0.20" 7.42 +0.25 7.84 +0.70* 8.31 +0.30™ 8.61 +0.32"*
CFWW+REO MA 7.31+0.20" 7.49 +£0.33* 7.89 +0.36™ 8.29 + 0.37°A 8.55+0.19™*
CFWW+REO Vacuum 7.31+0.20* 7.51 +£0.28"* 7.92 +0.36° 8.39 +0.24* 8.48 +0.27°*

For a same coordinate, values followed by the same small letter within the same line are not significantly different (P > 0.05) according to Tukey’s Multiple
Range Test,For a same coordinate, values followed by the same capital letter within the same column are not significantly different (P > 0.05) according to

Tukey’s Multiple Range Test.
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may have a linear relationship with the concentration of
pigment [24].

For the yellow-blue coordinate (b*), the type of pack-
aging (air, MA or vacuum) had no effect (P > 0.05). In
contrast, storage time (24 d) led to an increase (P < 0.05)
in this parameter both in the control samples, which in-
creased from 7.27 at the outset to values rang- ing from
8.65 to 8.74 at the end of the experiment (depending on
the packaging), in the CFWW + TEO samples from 7.27
at day zero, increasing to 8.65-8.74 at the end of the ex-
periment (depending on the packageing) and in the sam-
ples with added CFWW + REO from 7.31 to 8.48-8.61
(depending on the packaging). The behaviour of b* de-
pends to a great extent on the food matrix, and it is rec-
ognised that changes (pH, oxidation extent, water activ-
ity, etc.) in the matrix have a great influence on this co-
ordinate in many foods [25].

As regards pH values, neither the type of packaging
nor treatment had any statistically significant effect (P >
0.05) on this parameter, while storage time was the most
influential factor. In the control, CFWW + TEO and
CFWW + REO samples, the pH decreased from 6.30,
6.26 and 6.28, respectively, at day zero until 6.15-6.16,
6.17-6.18 and 6.16, at the end of the experiment (de-
pending on the packaging). The fall in pH coincided with
the gradual growth of lactic bacteria in the samples wh-
ich could be generating lactic acid, which would lead to
the gradual decrease of pH. This agrees with the obser-
vations of Dykes et al. [26] who sug gested that the de-
crease in pH during the storage of meat products is due
to the action of lactic acid bacteria.

As regards the textural properties of the mortadellas,
neither the type of packaging, treatment or time had any
effect (P > 0.05) on hardness, whose values in the control,
CFWW + TEO and CFWW + REO samples ranged from
1417.40, 1424.04 and 1431.06 g, respect- tively, at day
zero to 1427.90 - 1430.30 g (depending on the packaging)
in the control sample, 1424.65-1431.24 g (depending on
the packaging) in CFWW+ TEO and 1428.32-1430.74 g
(depending on the packaging) in CFWW + REO at the
end of the experiment.

Cohesiveness was not affected (P > 0.05) by CFWW +
REO and CFWW + TEO addition, packaging or time. As
regards springiness, CFWW+REO or CFWW + TEO
addition and packaging had no effect (P > 0.05). As time
passed, the value of this parameter fell from 3.33 mm at
day zero to 3.27-3.29 mm (depending on the packaging)
on day 24 in the control samples, from 3.31 mm at day
zero to 3.25-3.27 mm at the end of experiment, in the
samples with added CFWW + TEO and from 3.30 mm at
day zero to 3.26-3.27 mm (dep- ending on the packaging)
on day 24 in the CFWW + REO. As in the case of hard-
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ness, the addition of CFWW + TEO or CFWW + REO,
packaging and time had no effect (P > 0.05) on gummi-
ness or chewiness.

3.2. Lipids Oxidation

Table 2 shows the effect of adding citrus fibre washing
water and spice essential oils, the packaging conditions
and storage time on the lipid oxidation of mortadella. At
day 0, the CFWW + TEO and CFWW + REO samples
showed lower oxidation values than the control in all
three types of packaging with no statistically significant
differences (P > 0.05) between either treatment. At day 6,
the lowest oxidation values recorded were in the CFWW +
TEO and CFWW + REO samples packed in vacuum
(5.32 and 5.30 mg MAD/kg sample respecttively), while
no statistically significant differences (P > 0.05) were
observed between the air packed samples. At day 12,
both CFWW + REO and CFWW + TEO samples packed
in vacuum continued to show the lowest oxidation values
(P < 0.05), while no statistically significant differences
(P < 0.05) were observed between the MA packed
CFWW + TEO sample and the MA packed control sam-
ple. At day 18, the CFWW + REO and CFWW + TEO
samples packed in vacuum continued to show the lowest
oxidation values (P < 0.05), while air packed control
sample showed the highest oxidation values. No statistic-
cally significant differences (P < 0.05) were observed
between, CFWW + TEO and CFWW + REO samples
packed in MA. At the end of the experiment (24 days),
the vacuumpacked CFWW + REO and CFWW + TEO
treated samples showed the lowest degree of oxidation (P <
0.05) of all the samples, regardless of packaging type,
while both the air-packed control sample showed the
highest values for this parameter.

Due to the high fat content, the comminuted nature of
the raw materials and the thermal processing that such
products undergo, they are prone to spoilage by lipid
oxidation. The oxidative deterioration of lipid and prot-
eins is a major concern for food technologists due to the
loss of quality associated with these processes [6]. Chop-
ping and heating may catalyze the lipid oxidation becau-
se they disrupt the cellular protective compounds contai-
ned in cell membranes such as vitamin E, electron, and
hydrogen donors [27]. The lower lipid oxidation values
mentioned above obtained in CFWW + TEO and CFWW +
REO would be due to the protecttive effect of the same,
combined with the protecttive effect of packaging which
prevents any contact with oxygen that is a major oxidiz-
ing agent. The agents responsible for the antioxidant ac-
tivity in both citrus fibre washing water and thyme or
rosemary essential oil are the bioactive compounds they
contain, and mainly, polyphenols and terpenes.
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Table 2. TBA values (mg malonaldehyde/kg sample) of mortadellas formulated with citrus fibre washing water (CFWW) and
spice essential oils, with different storage conditions, during 24 days of storage.

TBA values (mg MAD kg™ sample)

Time (d)
Sample Stsz_ge
conditions 0 12 18 24
Air 4.15+0.03* 5.41£0.00°* 6.01£0.00°* 6.52+0.06* 7.38+0.05%*
Control MA 4.15+0.03** 5.36+0.01°" 5.89:0.00% 6.31+0.00%® 6.42+0.00°"
Vacuum 4.15+0.03* 5.34+0.00°C 5.76+0.02°C 6.18+0.04% 6.26+0.00°¢
Air 4.11+0.01* 5.40+0.01% 6.00+0.01°4 6.44+0.01%° 7.08+0.01°
CFWW+TEO MA 4.11£0.01* 5.35+0.00°" 5.88+0.01® 6.28+0.01% 6.34+0.00°
Vacuum 4.11£0.01** 5.32+0.00*° 5.65+0.00°° 6.02+0.00%" 6.2240.00°"
Air 4.11£0.00** 5.40+0.01°* 6.00+£0.01°* 6.41£0.01% 7.00+£0.01°¢
CFWW+REO MA 4.11£0.00* 5.34+0.01°B¢ 5.85+0.00°" 6.27+0.01% 6.32£0.01"
Vacuum 4.11£0.00* 5.30+0.01°" 5.63+0.00%" 6.01+0.01" 6.22+0.00°"

Values followed by the same small letter within the same line are not significantly different (P>0.05) according to Tukey’s Multiple Range Test. Values fol-
lowed by the same capital letter within the same column are not significantly different (P>0.05) according to Tukey’s Multiple Range Test.

The antioxidant activity of co-products obtained from
the industrial manipulation of citrus fruit has been widely
demonstrated in meat products, whether cooked [1,24] or
dry cured [28,29]. Such activity is basically due to their
composition, especially to phenolic compounds and fla-
vonoids. The solubility of flavonoids in fats and oils is
very low and their role in the oxidation of oil is not sig-
nificant; however, they can contribute to decreasing the
oxidation of fat in food emulsions [30]. Thus, Finotti and
Di Majo [31] reported that all flavonoids show antioxi-
dant activity in hydrophilic environments, but this activ-
ity is reduced in lipophilic environments, as is the case
with neohesperidin, hesperetin and didymin, while other
flavonoids, such as naringin, narirutin or naringenin,
become pro-oxidant.

The antioxidant activity of spice essential oils in gen-
eral and thyme, and rosemary in particular, is generally
accepted [32]. Ruberto and Baratta [33] reported that
monoterpene hydrocarbons had a significant antioxidant
protective effect, with several variants due to the differ-
ent functional groups. Furthermore, some researchers
show that some essential oils rich in nonphenolic com-
pounds also have antioxidant potentials [34].

3.3. Phenolic Compounds

Table 3 shows the flavonoid content of the samples ana-
lysed. In all of them, except the controls, the only pheno-
lic compounds identified were narirutin and hesperidin,
the latter in greater concentrations. This might see con-
tradictory because in the flavonoid content of CFWW,
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the concentration of narirutin (38.91 mg/L) is greater
than that of hesperidin (33.09 mg/L) [8].

Hesperidin levels fell to a statistically significant ex-
tent (P < 0.05) between day 0 and day 24, the type of
packaging exercising a significant effect (P < 0.05) in
this respect. In the samples exposed to air the levels fell
more than in the MA and vacuum-packed samples (from
10.44 and 10.36 pg/g of sample to 8.54 and 8.49 pg/g of
sample for CFWW + TEO and CFWW + REO respect-
tively). The case of narirutin was somewhat similar, its
value falling as time progressed (P < 0.05), particularly
in air-packed samples (from 5.77 and 5.81 ug/g of sam-
ple to 3.86 and 3.91 pg/g of sample for CFWW + TEO
and CFWW + REO , respectively).

This behaviour has been related with the degree of
oxidation and the antioxidative protective effect of the
flavonoid. These antioxidant activities have been widely
demonstrated, although the mechanism of such activity is
not fully understood. Several explanations have been
provided, among them the following: the sequestration of
free radicals; hydrogen donation; metallic ion chelation;
or the flavonoids even acting as substrate for radicals
such as superoxide or hydroxyl [35,36].

Thus in air packed the polyphenols would have re-
acted more strongly with the free radicals produced,
leading to their diminution and lower concentration [24].
This idea was lent weight by the data obtained for the
oxidation and concentration of hesperidin in the MA and
vacuum packed samples, where there was, again, a cor-
relation between the degree of oxidation and concentra-
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Table 3. Flavonoid content (ug/g of sample) of mortadellas formulated with citrus fibre washing water (CFWW) and spice essential

oils, with different storage conditions, during 24 days of storage.

Time (d)
Compound Sample St(c)lr_?ge
conditions 0 6 12 18 24
Air 10.44+0.04** 9.69+0.01°* 9.01+0.00%4 8.78+0.01% 8.54+0.03%A
CFWW+TEO
CFWW+TEO MA 10.4440.04™* 9.82+0.05"8 9.58+0.02 9.02+0.03% 8.75+0.03
CFWW+TEO ] ) ]
Hesperidin Vacuum 10.44+0.04** 9.95+0.04°¢ 9.67+0.03¢ 9.15+0.04% 9.01+0.04%¢
(ng/g sample) CFWW+REO Air 10.36+0.05™ 9.65+0.02°° 9.11+0.04° 8.81:+0.02% 8.49+0.02¢4
CFWW+REO MA 10.36+0.05™ 9.75+0.05"8 9.63+0.02°F 8.97+0.04" 8.78+0.01"
CFWW+REO Vacuum 10.36+0.05** 9.91+0.03"¢ 9.72+0.02°¢ 9.12+0.02% 8.98+0.02°¢
CFWW+TEO Air 5.77£0.02** 4.32+0.03" 4.18+0.04°* 4.05+0.03* 3.86£0.01°*
CFWW+TEO MA 5.77+£0.02*4 4.68+0.02°8 4.35+0.03" 4.15+0.02% 4.06+0.028
Narirutin CFWW+TEO Vacuum 5.77+0.02** 4.86+0.04°C 4.59+0.03¢ 4.29+0.02% 4.1240.03¢
(ng/g sample) Air 5.81:£0.03" 431001 422£0.01 4.09+0.04%  3.91+0.04
CFWW+REO
CFWW+REO MA 5.81+0.03* 4.71£0.02°8 4.40+0.02°" 4.19+0.02%® 4.03+0.028
CFWW+REO
Vacuum 5.81£0.03** 4.85+0.05"¢ 4.68+0.01° 4.22+0.02° 4.16£0.02°¢

For a same compound, values followed by the same small letter within the same line are not significantly different (P > 0.05) according to Tukey’s Multiple
Range Test, For a same compound, values followed by the same capital letter within the same column are not significantly different (P > 0.05) according to

Tukey’s Multiple Range Test.

tion of the flavonoid.

The rest of the phenolic compounds present in the citrus
fibre washing water, including caffeic acid, ferulic acid,
p-coumaric acid or the flavonoids eriocitrin, or neohes-
peridin or terpenes present in thyme or rosemary essen-
tial oil such as carvacrol or thymol, were gradually lost
during the elaboration process.

3.4. Sensory Evaluation

Figure 1 show the results obtained for the sensory ana-
lysis carried out at the end (day 24) of the assay. The
vacuum packed CFWW + TEO sample scored best for
appearance, while the air and MA packed control sam-
ples were least appreciated in this respect. As regards
colour intensity, vacuum packed CFWW + REO and
CFWW + TEO samples showed the highest values. As
regards shine, these were differences between the appre-
ciation of this property as measured by panellists and
instrumental means, the panellists detecting greater shine
in vacuum packed CFWW + REO sample, while the in-
strumental measurement of L* showed similar values for
all the samples.

In general, except for hue, juiciness and hardness,
greater differences were seen between the air packed
control samples for all the parameters considered, which
were more poorly marked than the samples with added

Copyright © 2011 SciRes.

CFWW + REO and CFWW + TEO. The fat character,
acid taste, salt taste and odour values were very similar
in all cases. It should be noted that, despite the marked
aroma of thyme or rosemary, this was not found

Global appearance

General quality 5 Color intensity

Juiciness Hue
Hardness Shine
Fatness Acid taste
Saltiness
— Control Air — Control MA — Control Vacuum

=~ CFWW+TEO Air —— CFWW+TEO MA —— CFWW+TEO Vacuum
— CFWW+REO Air CFWW+REO MA — CFWW+REO Vacuum

Figure 1. Results of the sensory evaluation (quantitative
descriptive analysis) carried out in the samples formulated
with different citrus fibre washing water (CFWW) and
thyme or rosemary essential oil.
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unpleasant by the panellists, who valued the samples con-
taining these essential oils almost equally with the con-
trols. The best appreciated sample was the vacuum
packed CFWW + REO sample, and the least acceptable
the control sample exposed to air.

3.5. Microbiological Analysis

In our experiment, no Enterobacteria or psychrotrophic
bacteria were found in any of the treatments (control,
CFWW + TEO and CFWW + REO), regardless of packag-
ing method or time of storage, probably as a result of the
effectiveness of the cooking and aseptic slicing process,
together with the presence of sodium chloride in the
products. Figures 2(a) and 2(b) show the effect of
treatments, packaging conditions and time on the growth
of aerobic and lactic bacteria. On day 0, the CFWW +
TEO and CFWW + REO samples showed lower lactic
acid bacteria and aerobic bacteria growth values (P <
0.05) than the control samples in all three types of pack-
aging with no statistically significant differences (P >
0.05) between the CFWW + TEO and CFWW + REO
samples. On day 12, the vacuum packed control sample,
CFWW + TEO and CFWW + REO vacuum packed
samples showed the lowest (P < 0.05) aerobic bacteria
counts (3.79, 3.62 and 3.51 log cfu/g, respectively) and
the lowest P < 0.05) lactic acid bacteria counts (2.97,
2.63 and 2.54 log cfu/g, respectively). The air packed
control sample showed the highest (P < 0.05) aerobic
bacteria and lactic acid bacteria counts in all the samples.
At the end of experiment (24 days) the vacuum packed
CFWW + TEO and vacuum packed CFWW + REO
samples showed the lowest aerobic bacteria and lactic
acid bacteria counts (P < 0.05), with no statistically sig-
nificant differences (P > 0.05) between them. The air
packed control sample showed the highest (P < 0.05)
aerobic bacteria and lactic acid bacteria counts in both
the control and treated samples.

The combination of a pH of around 6.0 and the heat
treatment, as well as storage at a 4°C, seems to be suff-
icient to produce a microbiologically stable product,
which remains stable for at least 24 days of storage. In
all the samples, the total aerobic bacteria and lactic acid
counts at the end of the experiment were below those
considered as representing a degraded product (high vis-
cosity, off-colour, off-flavours). As in the case of lipid
oxidation, the antimicrobial activity might be attributed
to the bioactive compounds present in both fibre and
essential oils, especially polyphenols and terpenes.

4. Conclusions

The addition of citrus fibre washing water and thyme or
rosemary essential oil is a technologically viable alter-

Copyright © 2011 SciRes.

6.5

55

4.5

Aerobic bacteria (log cfu)/g

35

(@

~+—Control Air

5.5 -a-Control MA
——Control Vacuun

-2 CFWW+TEO Air

2 -+ CFWW+TEO MA
-~ CFWW+TEO Vacuum
- CFWW+REO Air
——CFWW+REO MA

— CFWW+REO Vacuum

Lactic acid bacteria (log cfu)/g
> &

Time (days)] 2
(b)

Figure 2. Evolution of counts of aerobic bacteria (a) and
lactic acid bacteria (b) in mortadellas formulated with citrus
fibre washing water and thyme or rosemary essential oil,
with dif- ferent storage conditions, during 24 days of stor-
age.

native in emulsified meat products, since they improve
customer acceptance and have desirable effects as re-
gards oxidative stability and reduced microbial growth,
which contributes to prolonging their shelf-life and the
“natural” image of the products is improved. Some poly-
phenolic compounds, such as flavonoids, are also intro-
duced with the citrus fibre washing water and this may
have a beneficial effect on human health since they have
been linked with the prevention of various illnesses.
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