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RESUMEN

Cambio en la fraccion de fosfolipidos de la grasa
intramuscular del lomo de cerdo (fresco y adobado) con
diferentes irradiaciones y empaquetados durante el
almacenamiento

Se ha realizado un estudio sobre el efecto de la radiacion
de electrones (E-beam) (1 y 2 kGy) en las clases de fosfolipi-
dos del lomo de cerdo almacenado a 4 y 8 °C bajo diferentes
atmosferas ( aire, vacio y diéxido de carbono). Este tipo de
estudio ha sido llevado a cabo por primera vez en este tipo
de muestras. El tratamiento estadistico combinado de distin-
tas variables muestran que se producen cambios menores
en los fosfolipidos individuales sujetos a las diferentes condi-
ciones seleccionadas (la cardiolipina y la esfingomielina se
ven afectadas por el tipo de lomo, la cardiolipina por la tem-
peratura de almacenamiento y la fosfatidiletanolamina por
las atmdsferas modificadas). El resultado mas relevante fue
que no hubo efecto de la dosis de radiacion en las diferentes
clases de fosfolipidos, por lo que la radiacion E-beam se
convierte en una herramienta util para prolongar la vida util
de la carne fresca sin producir cambios en la fraccion de fos-
folipidos de ésta.

PALABRAS CLAVE: Adobado — Clases de fosfolipidos
— E-beam — Empaquetado — Fresco — HPLC — Lomo de cer-
do — Radiacion.

SUMMARY

Changes in the phospholipid fraction of
intramuscular fat from pork loin (fresh and marinated)
with different irradiation and packaging during storage

A study on the effect of E-beam (1 and 2 kGy) on the
phospholipid classes of fresh and marinated pork loin
stored at 4°C and 8°C under different atmospheres (air,
vacuum and carbon dioxide enriched atmospheres) has
been conducted. This is the first time that a study of this
kind has been carried out on these types of samples. The
combined statistical treatment of the distinct variables shows
that minor changes (cardiolpin and sphingomyelin between
both types of loin, cardiolipin vs storage temperatures and
phosphatidylethanolamine vs the modified atmospheres)
are produced in the individual phospholipids subjected to the
different selected conditions. The more relevant result was

that no effect of the irradiation doses on the phospholipids
classes was found, so the E-beam can be considered a
useful tool to extend the shelf-life of fresh meat without
changes in the phospholipid fraction.

KEY-WORDS: E-beam — Fresh — HPLC — Irradiation —
Marinated — Packaging — Phospholipid classes — Pork loin.

1. INTRODUCTION

According to FAO statistics, pork is the most
widely produced meat in the world. Europe ranks
second in the production of pigs and pig meat, and
its production represents 22.6% of the total. The
European Union reported a consumption of about
20 million metric tons in the year 2004 (Ministerio
de Comercio Exterior, 2007). In Spain, the porcine
sector is the principal group; with a consumption of
pigs’ meat of about 62 kg / per capita / year, well
above other meats, both red and white (MARM,
2000). This acceptance is due to its sensory
characteristics, which are conferred by their lipid
composition, mainly the products from the Iberian
bred (an indigenous, black footed, fine skeleton
and long legged breed with adipogenic ability).
Most of the aroma compounds of raw and cooked
meat arise from lipid oxidation during storage and
processing (Gandemer, 2002). Lipid content has
often been reported to influence the sensory traits of
texture, tenderness, flavor, and juiciness (Candek-
Potokar et al., 1998; Lonergan et al., 2001; Huff-
Lonergan et al., 2002; Gandemer, 2002).

Food irradiation is a physical process for food
preservation based on the application of radiation
associated with enough energy to separate
electrons from molecules in food, turning them into
ions. It is a technology which has been well-known
since the 1980’s, but hardly used because it cannot
compete with heat treatments. However, it has
been observed that some of the forms of radiation,
namely accelerated electrons (E-beam), present a
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good opportunity for extending the shelf-life of meat
pieces for distribution to large distances, minimizing,
at the same time, cross contamination. Likewise,
the E-beam treatment has been ascertained to be
very useful for sanitizing ready-to-eat foods (RTE),
including pork products (Cabeza et al., 2007; Hoz
et al., 2008; Cabeza et al., 2009) since it is not
possible to apply a heat treatment to already packed
RTE foods. The efficacy of ionizing radiation to
prevent or delay the food spoilage and eliminate
vegetative pathogen organisms has been well
established. It has been reported to increase shelf
life (Mitchell, 1994) with a 0.25 to 1 kGy dose under
aerobic conditions, although adverse effects may be
produced (vitamin destruction, accelerated lipolytic
rancidity, formation of free radicals). To support this
view, we may cite the wide optimization program that
the Thayer’s group in the USA has been developing
since 1995, aimed at achieving this goal for beef
and pork (Thayer et al, 1993). Recently, it has
been demonstrated that E-beam is a very useful
procedure to both extend the shelf-life and to reach
the objective of Food Safety (FSO) in a variety
of RTE products. However, some researchers
have suggested (Ahn et al., 2000; Du et al., 2002;
Patterson and Stevenson, 1995) that the use of this
technology in meat products is limited because of
the resulting changes in the aroma, color and flavor,
which can significantly affect consumer acceptance.
Radiation could accelerate oxidation reactions and it
may produce undesirable compounds (Chen et al.,
1999; Groninger et al., 1956; Lambert et al., 1992;
Lefebvre et al., 1994; Thayer et al., 1993).
Nowadays, some of the most prevalent food
preservation technologies are modified atmosphere
packaging (MAP) and vacuum packaging. Modified
atmosphere packaging consists of changing the gas
atmosphere in the product’s environment. It extends
the shelf-life of raw meat and fish by suppressing
or slowing down the growth of gram-negative
psychrotrophic  bacteria, mainly Pseudomonas
spp. and other Gram-negative organisms, which a
cause rapid spoilage of food aerobically stored as
a result of the accumulation of end products from
metabolism (Church and Parsons, 1995; Livingston
et al., 2004). Vacuum packaging decreased the
micro-biological diversity in chilled pork during
storage, with the lactic acid bacteria (LAB) being the
dominant organism, which grows slower than the
aerobic Gram-negative, resulting in an extension of
the shelflife (Dainty and Mackey, 1992; Olsson et al.,
2003). Some of the compounds that may be affected
by the type of packaging or irradiation could be the
phospholipids (PL), which are integral compounds
of cell membranes in animal and plant tissues. They
are involved in the functioning of cell membranes
and in their ability to interact with metabolites, ions,
hormones, antibodies and other cells (Cambero et al.,
1991; Weihrauch and Son, 1983). One of the most
important factors in lipid composition is the amount of
intramuscular phospholipids in the meat for the flavor
and nutritive quality of meat products (Ali et al., 2007;
Choi, 2009; Garcia et al., 1994; Sasaki et al., 2008).

Several authors have investigated the degree of
lipid oxidation through the determination of volatile
compounds. The Maillard reaction system containing
phospholipids produced many lipid-derived volatile
compounds which give fatty aromas to cooked meat
and the characteristic coming from the interaction
of the Maillard reaction and lipids (Chiu et al., 1990;
Mottram and Whitfield, 1995). Volatile compounds
produced during the FeCl;-sodium ascorbate-
catalyzed oxidation of phospholipids and extracted
from pork muscle by high-performance liquid
chromatography were checked by Meynier et al.
(1998). The flavor contribution of triglycerides and
phospholipids to pork was also studied, showing that
the flavor differences between two different breeds
and two different defatting treatments (removing
intramuscular triglycerides or total lipids) (Huang
et al, 2010). Finally, an analytical method for the
isolation, resolution and quantification of phospholipid
classes applicable to different types of matrices, has
been developed in another study. This method has
been applied to subcutaneous fat from the Iberian pig
(Narvaez-Rivas et al., 2011), analyzing the different
phospholipid classes by HPLC.

The aim of this work is to study for the first time the
modification produced in the different phospholipid
classes from fat extracted from fresh and marinated
pork loin slices subjected to E-beam irradiation once
packed under different atmospheres. As control,
non-irradiated samples were used.

2. MATERIALS AND METHODS
2.1. Reagents and standards

Hexane, a fraction from petroleum, Multisolvent TM
HPLC ACS grade supplied by Scharlau (Barcelona,
Spain) was distilled through a fractionation column.
Chloroform, methanol, diethyl ether, ammonia solution
and 2-propanol for analysis grade were provided
by Merck (Darmstadt, Germany). A phospholipid
standard solution (ref: P3817-1VL) containing
phosphatidylethanolamine (PE), phosphatidylcholine,
(PC) phosphatidylinositol, (Pl), phosphatidylserine
(PS), and lysophosphatidylcholine (LPC) was
purchased from Supelco (Bellefonte, PA, USA).
Triethylamine, cardiolipin (CL) and sphingomyelin
(SPH) were purchased from Sigma Chemical Co.
(St. Louis, MO, USA) and were used as standard.
Chloroform and methanol, both LiChrosolv grade,
were supplied by Merck (Darmstadt, Germany) and
were used as HPLC solvents. All other materials were
analytical grade.

2.2. Samples and Sample treatment

A total of fifty-four samples of fresh and
marinated (prepared by injection of a brine
composed of salt, ascorbic acid, nitrite, garlic,
paprika and others) loin from castrated male
white pigs were used. Table 1 shows the E-beam
treatment applied and the identification code
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Table 1
Intramuscular fat from pork loin samples
Temperature Radiation Time
Code Type C) Atmosphere (kGy) (days)
1F Fresh 4 Air 0 0
2F Fresh 4 Air 1 0
3F Fresh 4 Air 2 0
4F Fresh 4 Vacuum 0 0
5F Fresh 4 Vacuum 1 0
6F Fresh 4 Vacuum 2 0
7F Fresh 4 MAP 0 0
8F Fresh 4 MAP 1 0
9F Fresh 4 MAP 2 0
10F Fresh 4 Air 0 10
11F Fresh 4 Air 1 10
12F Fresh 4 Air 2 10
13F Fresh 4 Vacuum 0 10
14F Fresh 4 Vacuum 1 10
15F Fresh 4 Vacuum 2 10
16F Fresh 4 MAP 0 10
17F Fresh 4 MAP 1 10
18F Fresh 4 MAP 2 10
19F Fresh 8 Air 0 10
20F Fresh 8 Air 1 10
21F Fresh 8 Air 2 10
22F Fresh 8 Vacuum 0 10
23F Fresh 8 Vacuum 1 10
24F Fresh 8 Vacuum 2 10
25F Fresh 8 MAP 0 10
26F Fresh 8 MAP 1 10
27F Fresh 8 MAP 2 10
M Marinated 4 Air 0 0
2M Marinated 4 Air 1 0
3M Marinated 4 Air 2 0
4M Marinated 4 Vacuum 0 0
5M Marinated 4 Vacuum 1 0
6M Marinated 4 Vacuum 2 0
™ Marinated 4 MAP 0 0
8M Marinated 4 MAP 1 0
9M Marinated 4 MAP 2 0
10M Marinated 4 Air 0 10
11M Marinated 4 Air 1 10
12M Marinated 4 Air 2 10
13M Marinated 4 Vacuum 0 10
14M Marinated 4 Vacuum 1 10
15M Marinated 4 Vacuum 2 10
16M Marinated 4 MAP 0 10
17M Marinated 4 MAP 1 10
18M Marinated 4 MAP 2 10
19M Marinated 8 Air 0 10
20M Marinated 8 Air 1 10
21M Marinated 8 Air 2 10
22M Marinated 8 Vacuum 0 10
23M Marinated 8 Vacuum 1 10
24M Marinated 8 Vacuum 2 10
25M Marinated 8 MAP 0 10
26M Marinated 8 MAP 1 10
27M Marinated 8 MAP 2 10
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assigned to each one. The lipids were obtained
from 10 grams of each sample by extraction
with chloroform-methanol (2:1 v/v) according to
the procedure described by Folch et al. (1957).
The samples were cut up into small pieces and
homogenized before extraction with 3 x 50 mL of
solvent, then 100 mL of distilled water were added.
The chloroform solution was filtered over anhydrous
sodium sulphate, and the samples were extracted
with 3 x 50 mL of diethyl ether. The extracts were
combined with the chloroform solution and then
evaporated to dryness in a rotary evaporator at
30°C under reduced pressure. The phospholipid
fraction was separated from the extracted lipids by
means of Solid Phase Extraction (SPE) according
to the method of Narvaez-Rivas et al. (2011). An
aliquot (200 mg) of the lipid extract was dissolved
in 1.0 mL of hexane and then transferred into
a silica gel bonded column, Supelclean LC-Si,
6 mL volume; 1 g sorbent (Supelco Bellefonte,
PA, USA) which was previously conditioned
with 10 mL n-hexane. The column was washed
with 10 mL n-hexane:diethyl ether (4:1 v/v), to
remove free fatty acids, and then hydrocarbons,
cholesterol esters and triacylglycerols were eluted
with 18 mL of chloroform:2-propanol (2:1 v/v).
The phospholipids were recovered with 10 mL of
methanol and finally washed with a 10 mL solution
of methanol:chloroform:water (5:3:2 v/v/v). The
recovered fraction was evaporated to dryness in a
rotary evaporator at 30°C under reduced pressure
and the residue was re-dissolved in 0.2 mL of
chloroform for the HPLC analysis.

2.3. Analysis of phospholipids

The different phospholipid classes were
analyzed by HPLC according to the method
previously described (Narvaez-Rivas et al,
2011). The HPLC system consisted of an Agilent
(Palo Alto, CA, USA) 1100 liquid chromatograph
with a quaternary pump, an autosampler with
variable injection volume (0 to 100 pL), a Peltier
furnace and an evaporative light scattering
detector Alltech ELSD 2000 (Deerfield, IL, USA).
A Chemical Station HP was used for controlling
and monitoring the system. Separation was
performed in a 100 x 4.6 mm macropores size
2.1 pm and mesopores size 13 nm Chromolith
Performance Si column Merck (Darmstadt,
Germany). The temperature of the column was
held at 25°C. A gradient elution was carried out
using different ratios of solutions A (chloroform:
methanol:ammonia solution, 80:19.5:0.5, v/v/v)
and B (chloroform:methanol:triethylamine:water,
69.53:25.58:0.49:4.40, v/v/v/v). The best separation
was obtained using the following gradient: from 0 to
5 min, B was increased from 0% to 40%; from 5to 7
min; B was kept constant at 40%; from 7 to 13 min
and was increased from 40% to 100%; from 13 to 20
min B was kept constant at 100%; from 20 to 25 min
B was decreased from 100% to 0%; a post-run time
of 5 min was done to equilibrate the column before

the next injection. The flow rate was maintained
at 1 mL min™' for 25 min and the injection volume
was 50 pL. The evaporative light scattering
detector used nitrogen as the nebulizing gas. The
optimal detector conditions were at 1.5 L min™
and 110°C.

2.4. Quantitative analysis and statistical treatment

Six phospholipid classes were identified. The
peak area of each phospholipid class was used
as an analytical signal. The quantification of each
different phospholipid class was carried out using
a calibration curve by injecting standard solutions
of the different species identified. A representative
chromatogram report of phospholipid classes from
intramuscular fat and the corresponding peak
identifications are shown in Figure 1.

The phospholipid classes identified were
considered as chemical descriptors. A data
matrix, whose rows are the samples and whose
columns are the variables, was built. Each element
of this matrix x; corresponds to the content of
phospholipid j for the sample i. Statistical analysis
based on non-parametric techniques were used,
including the Kolmogorov-Smirnov-Lilliefors test,
which was used to evaluate the normality of each
variable included in the study. Since the data
distribution was not normal, non-parametric tests
were applied. The Kruskal-Wallis test was used
to find out significant differences for the variables
with three levels. This test is a one way analysis
of variance by ranks, i.e., the nonparametric
equivalence of one way ANOVA. Kruskal-Wallis
test calculates the H parameter for comparison
with the chi-squared distribution for n-1 degrees
of freedom and p = 0.05, where n is the number
of groups being considered. When significant
differences are detected, a post hoc comparison
highlights the pairs of groups responsible for those
differences. The Mann-Whitney U test was used to
determinate the differences between two levels of
the same variable. This test is the nonparametric
alternative to the t-Student test for independent
means. The statistical parameter U was obtained
for each compound, and the respective z values
were calculated to be compared with the z value

900 4
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Figure 1
HPLC chromatogram of phospholipid fractions of intramuscular
fat from pork loin. 1: Cardiolipin; 2: phosphatidylethanolamine;
3: phosphatidylinositol; 4: phosphatidylcholine;
5: sphingomyelin; 6: lysophosphatidylcholine.
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in the normalized standard distribution. The
calculations were made using the statistical
package CSS: STATISTICA from StafsoftTM
(Tulsa, OK, USA).

3. RESULTS

Table 2 shows the mean and standard deviation
values (ng g™ of fat and relative percentage of total
phospholipid fraction) for the phospholipid classes
determined in the analyzed fat samples grouped
according to the two types of loin (fresh and
marinated). The profile obtained for the different
classes of phospholipids in fresh loin is in good
agreement with those reported by other authors
except for SPH (7.19%), which was greater than
that described in the literature (1.8%) (Meynier
et al., 1998) and the LPC (2.84%), which is rarely
described in this type of samples (Kuchmak and
Dugan, 1963) Although it has been found by other
authors in pork (Boselli et al., 2008) and in the
muscle of other animals, namely rabbit (Cambero
et al., 1991), PS was not detected. The averages
and ranges of all the samples and groups of fresh
and marinated pork loin are included in Table 3.
Evidently, the most abundant phospholipid class
was PC, with average values of 23.73 ng g'.
The other major phospholipid was PE with an
average value of 9.44 ng g™'. CL, PI, SPH and LPC

presented concentrations in the range of 1.03-2.45
ng g_'. In the case of PE, PI, PC, SPH and LPC,
samples obtained from fresh loin presented higher
average values than those from marinated loin.
The CL content was, however, higher in marinated
loin. In order to determine significant differences
between the two types of loin, the Mann-Whitney U
test was performed. The statistical parameter U was
obtained for each compound and the respective
z-values were calculated for comparison with the
z-value in the normalized standard distribution
for 95% confidence (z = 1.96). The results of this
test are also shown in table 3. It can be observed
that the obtained z-values were higher than the
critical one for all of the variables considered. The
greatest differences were found for CL and SPH,
with z-values of up to 4. The other phospholipids
presented z-values of up to 2.5 (in absolute value).

According to the results obtained for the different
phospholipid classes, the different packaging
systems of non-irradiated and irradiated pork loin
were treated separately in fresh and marinated loin.

4. DISCUSSION

As far as we are aware, studies about changes
in each phospholipid class with different irradiation
and packaging during storage have not been
previously reported.

Table 2
Mean and standard deviation values for the phospholipid classes
determined in the loin fat samples

Fresh (n = 27)

Marinated (n = 27)

Mean (ng g™') Mean (%) Mean (ng g™") Mean (%)
CL 1.41 +0.99 293 +217 3.11+£1.32 8.28 +2.16
PE 12.41 + 5.33 238.93 = 7.24 8.14 £+ 5.64 20.27 + 5.67
Pl 3.03 +1.46 5.91 +2.42 2.10 £ 0.91 5.52 + 0.65
PC 33.30 = 20.60 57.20 = 11.38 21.75 +7.92 57.64 + 4.02
SPH 3.68 +1.57 719 +2.37 2.11 £ 0.93 5.57 £ 0.77
LPC 1.40 = 0.61 2.84 +1.29 1.00 + 0.54 2.72 +1.25
Table 3

Means and ranges of phospholipid classes (ng g~') and Mann-Whitney U Test By variable.
Type Marked tests are significant at p < 0.05

All samples _ . _
(n = 54) Fresh (n = 27) Marinated (n = 27) U 4
cL* 1.87(0.00-7.07) 1.42(0.00-4.61) 3.13(1.21-7.07) 82.0000 —4.88724
PE° 9.44(1.82-31.50) 12.95(1.82-27.24) 5.52(3.30-31.50) 150.0000 3.71084
PI° 2.30(0.52-6.72) 2.69(0.52-6.72) 1.88(1.14-4.79) 196.0000 2.91505
pC? 23.73(3.80-99.24) 33.63(3.80-99.24)  20.18(10.49-41.59)  217.0000 2.55175
SPH¢ 2.45(0.94-7.50) 3.57(0.94-7.50) 1.90(1.13-5.22) 117.0000 4.28174
LPC® 1.03(0.36-2.58) 1.26(0.36-2.58) 0.83(0.42-2.32) 213.0000 2.62095

2 for p < 0.05; ° for p < 0.01; ® for p < 0.001 and ° for p < 0.0001.
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The end of the shelflife of samples
was established when the microbial load
reached the value of 107 cfu g' (Cabeza
et al., 2007). Accordingly, the shelflife of both
fresh and marinated loin stored under the selected
conditions will be different according to the
strength of the method of microbiota inhibition.
However, the statistical analysis showed that
these differences did not affect the integrity of
most of the phospholipid classes. The normality
of the variables in the comparison groups was
studied by means of the Kolmogorov - Smirnov -
Lilliefors test. In light of the results of this test, non-
parametric tests, such as the Kruskal-Wallis and
Mann-Whitney U test, were used for all between-
group comparisons.

In order to determine the significant differences
between different phospholipid classes for two time
values used and both types of samples, a Mann-
Whitney U test was performed. The statistical
parameter U was obtained for each compound
and the respective z-values were calculated for
comparison with the z-value in the normalized
standard distribution for 95% confidence.
Table 4 shows the results of this application. It can
be observed that significant differences (p < 0.01)
have been found for PI in fresh loin, showing
a lower level for shelflife. PE also presented a
reduction, but the difference between these two
states was not significant. These decreases can
be due to the oxidation of fatty acids from these

phospholipid classes. Although the fatty acid
compositions of each phospholipid class from the
subcutaneous or intramuscular fat of white pork
have not been studied, this has been done in
Iberian ham, where PE and Pl showed the highest
contents in C22:6 (n-6) and C22:6 (n-3) acids
(Narvaez-Rivas et al., 2011). This composition
could favor the oxidation of the fatty acids and the
concomitant loss of these phospholipid classes.
This effect may be attributed to the availability
of oxygen during the E-beam treatment. Ozone
(Olson 1998) and oxygen peroxide (Whitburn
et al., 1982) are produced by radiolysis of water.
Both compounds are strong oxidizing agents
which, in turn, could work together with the oxygen
in the atmosphere (not in the vacuum packaged)
for oxidizing the phospholipid fatty acids, as it is
well known that they are endowed with a high
degree of instauration. However, no differences
have been found for marinated loin, which could
be explained by the presence of ascorbic acid in
these samples since this may act as a reducing
agent.

In Table 5, the results obtained from the Mann-
Whitney U test to study the effect of temperature
are presented for both kinds of samples (fresh
and marinated). Two temperatures (4 and 8°C)
have been applied for storage. Only significant
differences (p < 0.05) are observed for CL in the
fresh loin. There are no references about the
effect of temperature in phospholipid classes. So it

Table 4

Mann-Whitney U Test according to time for both types of sample.

Marked tests are significant at p < 0.05

Fresh (n = 27)

Marinated (n = 27)

U y4 p-level U 4 p-level
CL 49.00000 —1.64590 0.099785 76.00000 0.25717 0.797046
PE 50.00000 1.59447 0.110832 80.00000 —0.05143 0.958979
Pl 29.00000 2.67459 0.007482 62.00000 0.97725 0.328444
PC 76.00000 0.25717 0.797046 78.00000 0.15430 0.877371
SPH 67.00000 0.72008 0.471475 78.00000 —0.15430 0.877371
LPC 78.00000 —0.15430 0.877371 60.00000 -1.08012 0.280088
Table 5

Mann-Whitney U Test according to temperature for both types of sample.

Marked tests are significant at p < 0.05

Fresh (n = 27)

Marinated (n = 27)

U z p-level V) Z p-level
CL 33.00000 —2.46885 0.013555 56.00000 1.285861 0.198492
PE 53.00000 1.44016 0.149822 74.00000 0.360041 0.718817
Pl 53.00000 1.44016 0.149822 44.00000 1.903075 0.057032
PC 80.00000 0.05143 0.958979 54.00000 1.388730 0.164916
SPH 76.00000 —0.25717 0.797046 51.00000 1.543033 0.122824
LPC 44.00000 —1.90307 0.057032 64.00000 0.874386 0.381909
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seems that CP fatty acids are more prone to being
oxidized, yielding a higher phospholipid molecule
fragmentation. In the marinated loin, again no
differences have been found, possibly because of
the additives used.

In addition, the effect of packaging atmosphere
(air, MAP and vacuum) has been studied by
applying a Kruskal-Wallis test. The results are
shown in Table 6 and it can be deduced that there
are significant differences (p < 0.05) between MAP
and vacuum for PE in the case of marinated loin,
with the highest mean value in MAP. This fact
has no explanation and no references about it
have been found. On the contrary, the packaging
atmosphere has no effect on phospholipid classes
from fresh loin.

Finally, several irradiation doses have been used
for both types of loin (0, 1 and 2 kGy). The effect of
this was also studied using a Kruskal-Wallis test,
whose data are presented in Table 7. No effect of
the irradiation doses (until 2 kGy) on changes in
the individual phospholipids was observed, which
is a valuable result since E-beam may be applied
as a useful tool to extend the shelf-life of fresh loin
without alterations in, perhaps, the most sensitive
molecules of the meat lipid fraction.

5. CONCLUSIONS

In this work, a study of the effects of E-beam
irradiation and packaging on the phospholipid
classes from fresh and marinated pork loin has
been carried out for the first time. The HPLC/ELSD
method is a rapid, sensitive and highly reproducible
procedure for the separation and quantification
of the different phospholipid classes in a given
sample.
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