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packed and stored under refrigeration, by assessing the microbiological safety, physicochemical stability and sen-
sory quality. Lamb loin cuts (Longissimus dorsi) were irradiated with 1.5 kGy and 3.0 kGy. The samples, including
control, were stored at 1 + 1 °C during 56 days. Samples were analyzed on zero, 14, 28, 42 and 56 days by their
microbiological and physicochemical characteristics. Sensory quality was carried out on day zero. The results
showed a reduction (p < 0.05) in the microbial load of the irradiated samples. The acceptance of lamb loins
was not affected (p > 0.05) by the radiation doses. Thus gamma irradiation at 3.0 kGy was effective in reducing
the content of microorganisms, without harming the physicochemical characteristics evaluated.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The Brazilian agribusiness has great potential to develop lamb
production due to the increasing demand for lamb meat (Ledo et al.,
2012). Despite a progressive increase in consumption, lamb meat is
marketed mainly as frozen cuts, especially in the state of Sdo Paulo,
Brazil. To meet the increasing demand for convenience products, an
alternative would be to offer the lamb meat as chilled cuts (Fernandes
etal, 2012).

However, chilled meat has a much shorter shelf life than frozen
meat, which could represent serious problems in product distribution.
There are three main factors that reduce the shelf life of meat, including
lamb. The most important is microbial growth, which can affect not only
the color, but also the safety of the meat. The other two factors are the
oxidative stress effects on myoglobin, which cause color deterioration
and lipid oxidation, leading to rancidity. All these factors contribute to
additional side effects, such as the formation of undesirable odors and
flavors (Duong et al., 2008).
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As an attempt to avoid those problems, gamma radiation can be ap-
plied to reduce the count of spoilage microorganisms and extend the
shelf life of meat and meat products during refrigerated storage (Hui,
2001). Treating food using ionizing energy is a well-known process
that focuses primarily on improvement of safety for a wide range of
products, extending its useful life (Arvanitoyannis, 2010; Diehl, 2002;
Farkas, 1998, 2006; Stefanova, Toshkov, Vasilev, Vassilev, & Marekov,
2011). When biological materials are exposed to gamma irradiation,
the atoms/molecules of the material eject electrons, producing ions
and free radicals. Free radicals are produced when a molecule is split
into two atoms each, retaining its respective electrons. They can damage
DNA in fast growing cells (bacteria, fungi, insect eggs, parasite larvae
and sprouting vegetables) causing defects in the genetic instructions.
The effects of ionizing radiation on living organisms depend on the
total dose absorbed, the rate of absorption and the environmental con-
ditions (temperature, atmospheric gases) during irradiation (Brewer,
2004).

The advantages of ionizing radiation for food preservation include
the high efficiency on bacterial inactivation, the unaltered chemical
composition of the product and the significant thickness of the material,
which can be treated after packing in containers (Lawrie & Ledward,
2006; Zhou, Xu, & Liu, 2010). According to the International Commis-
sion on Microbiological Specifications for Foods (ICMSF, 1986), the
limit for total microbial count for cuts of meat is 10’ CFU-g~ !, since
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higher microbial loads lead to sensory loss due to off-flavors, off-odors
and slime. Thus, the application of this technique in vacuum packed
meats has been reported by several authors (Ahn et al., 2004; Houser,
Sebranek, & Lonergan, 2003; Jo, Lee, & Ahn, 1999; Krizek, Matejkova,
Vacha, & Dadakova, 2012; Lacroix, Smoragiewicz, Jobin, Latreille, &
Krzystyniak, 2000, Zhu, Mendonca, & Ahn, 2004) using doses ranging
from zero to 20 kGy in meat and meat products.

According to Aymerich, Picouet, and Monfort (2008), radiation pas-
teurization (radurization), which refers to the inactivation of non-spore
bacteria, with a low absorbed dose requirement (1-10 kGy) is appropri-
ate for foods, including meats. A maximum dosage of 10 kGy represents
a low amount of energy (equivalent to that needed to raise water tem-
perature by 2.4 °C); this is why the technology is considered non-
thermal, thus preserving the freshness and the nutritional quality of
the meat and meat products when compared with thermal methods
(Ahn et al., 2004; Aymerich et al., 2008).

The aim of this study was to investigate how different low-doses of
gamma radiation affected the shelf life of the vacuum-packed lamb
meat when stored under refrigeration, assessing its microbiological
and physicochemical stability and sensory quality.

2. Material and methods

The lamb loin samples (Longissimus dorsi), weighing from 150 to
250 g, were obtained from a local slaughterhouse, following animal wel-
fare standards and good manufacturing practices, established by the
Ministry of Agriculture, Livestock and Food Supply, Brazil (Brasil,
2003). The meat was acquired from various animals of the same
breed, race and conditions of breeding and the samples were brought
to the laboratory in coolers, packed with ice and took approximately
10 min.

All samples were individually vacuum-packed using 180 x 370 mm
multilayer EVA/PVDC plastic bags; 48 to 62 um thickness; O, permeability
of 30 cm®-m~2-day (1 atm/23 °C/0% RU) and water steam permeability
of 10 g-H,0-m™2-day (1 atm/38 °C/90% RU) (model BB494, CRYOVAC,
Jaguariuna, Brazil). The packed meats from all treatments were kept at
14 1 °Cfor 56 days.

2.1. Irradiation process

The irradiation process was accomplished by a Cobalt-60 irradiator,
multipurpose commercial compact, located at the Institute of Nuclear
Energy Research (IPEN), in the city of S3o Paulo, Brazil. A dose rate of
12 kGy-h~! in static mode was used. Samples were packed side by
side in coolers to minimize changes in temperature, during the process
dosimeters were fixed in the front and back of the coolers. To ensure
uniformity of irradiation, an inversion of 0°~180° was carried out. The
treatments were zero (control), 1.5 and 3.0 kGy. These low doses
were chosen in an attempt to eliminate/decrease microbial proliferation
and cause less impact on the physicochemical characteristics and sensory
acceptance as a goal at that moment.

2.2. Evaluation of the lamb loins

Microbiological, physicochemical and sensory parameters were
evaluated, the three irradiation treatments were assessed at five storage
intervals: zero, 14, 28, 42 and 56 days, except the control treatment,
which was analyzed only until the 28th day of storage because of micro-
biological spoilage. Sensory analysis of the three treatments was evalu-
ated only at the beginning of storage (day zero).

2.2.1. Microbiological analysis

The total count of anaerobic psychotropic microorganisms was per-
formed according to Johnston and Tompkin (1992). The presence of
Salmonella was identified using a rapid pre-enrichment method
(AOAC 2003.09). Staphylococcus aureus was determined using the

AOAC 2003.11 method. Coliforms at 45 °C was determined using the
AOAC 998.08 method (Horwitz, Latimer, & Association of Official
Analytical Chemistry — AOAC, 2007). Lactic acid bacteria were analyzed
as described by Hall, Ledenbach, and Flowers (2001), Kennedy, Buckley,
and Kerry (2004) and Lauzurica et al. (2005). Anaerobic mesophilic
bacteria were determined as described by Brasil (2003).

2.2.2. Physical and chemical analyses

A portable colorimeter (HunterLab, MiniScan XE, Reston, USA) was
used for measuring objective color using the L*, a* and b* scales of the
CIELab system. A D65 illuminant was used at an observation angle of
10° and a cell opening of 30 mm. The readings were obtained at three
different points, 30 min after the exposure of the samples to the
atmosphere.

The pH was measured, in triplicate, using a pH meter (model
HI-99163, Hanna Instruments, Sdo Paulo, Brazil) with a combined elec-
trode for perforation of meat. The samples used for both color and pH
analyses were assessed for lipid oxidation using the thiobarbituric
acid reactive substances (TBARS) assay, according to Vyncke (1970).
The results were expressed as milligrams of malonaldehyde (MDA)
per kilogram of sample (mg-kg™").

The chemical composition of the samples was measured using the
methodology of Horwitz et al. (2007) to measure moisture (950.46),
mineral residue (ash) (920.153) and protein (981.10). The lipid content
was determined as described by Bligh and Dyer (1959).

The cook loss (CL) was evaluated as described by Koohmaraie
(1996). The samples were cooked using an electric oven at 180 °C
until the internal (geometric center) temperature reached 72 °C. CL, as
a percentage, was determined using the following equation:

Initial weight—final weight

L= Initial weight

-100.

After cooking, the samples were cut parallel to the muscle fibers
into ten pieces measuring 2 x 1 x 1 cm. The forces required to
shear these cuts, in kilograms, were determined using a Warner
Bratzler texturometer.

2.2.3. Sensory analyses

Sixty-three consumers were recruited, students, professors and
employees of the Faculty of Animal Sciences and Food Engineering, an
enjoyment of lamb meat was the only selection criterion. The con-
sumers read and signed a consent form before they performed the
tests. An acceptance test using a 9-point hedonic scale for the consump-
tion of cooked samples was performed to evaluate the sensory quality of
the samples at time zero.

Tests were conducted in individual booths illuminated by white
light, as described by Meilgaard, Civille, and Carr (1991). Samples
were cooked, as described in Section 2.2.2, and were stored in an oven
at 60 °C for up to 30 min. A randomized complete block design was
used and the samples were served to the participants individually,
inside disposable plastic cups coded with three-digit numbers. The
panelists assessed the aroma, texture, juiciness, flavor and overall
quality.

2.3. Statistical analyses

Statistical analyses were performed using Statistical Analysis
Software SAS Institute Inc., (2006). The studies were analyzed by
contrast means in order to compare treatment groups. A classification
of the following contrasts was performed:

Contrast 1
Y; = (control) vs (irradiated samples), zero day until 28 days.
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Contrast 2

Y, = (1.5 kGy) vs (3.0 kGy), zero day until 28 days.
Contrast 3

Ys = (1.5 kGy) vs (3.0 kGy), 42 days until 56 days.

With this classification, it was possible to analyze the effect of time,
treatment, as well as the interaction between them. After that, the anal-
ysis of variance (ANOVA) was performed for each contrast of each
variable, in order to distinguish the samples. Three replicates were per-
formed for each treatment at each storage time.

3. Results and discussion
3.1. Chemical composition

The chemical composition of the samples is shown in Fig. 1. The
values are close to those found in several studies, which reported values
ranging from 74.05% to 76.2% for moisture, 18.85% to 20.6% for protein,
1.08% to 1.15% for ash and 2.1% to 2.4% for lipids (Bonagurio, Pérez,
Furusho-Garcia, Santos, & Lima, 2004; Pinheiro et al., 2008; Zapata
et al., 2011; Zeola, Silva-Sobrinho, Neto, & Marques, 2004).

3.2. Microbiological stability

Salmonella sp. was not detected in any sample, indicating agreement
with the Brazilian legislation (Brazil, 2001). The limits for S. aureus and
coliforms at 45 °C, established by the Brazilian legislation, are below
10* CFU-g~'and 5 x 10® CFU-g~ !, respectively. Therefore, samples
from all treatments met the limits, since the counts during storage
were always <10 est. CFU-g~ ! of sample. Similar results were found
by Fernandes et al. (2012), in vacuum packed lamb loin during storage
at4+£1°C

Results for lactic acid bacteria, mesophiles and psychotropics are
presented in Table 1. For all microorganisms there were decreased ini-
tial counts for irradiated samples compared with control. This was ex-
pected because gamma radiation is widely known to reduce initial
microbial counts. The differences between the control and 3.0 kGy sam-
ples was 3.74 log cycles for lactic acid bacteria, 4.0 log cycles for
mesophilic anaerobes and 3.58 log cycles for psychotropic anaerobes.
Regarding mesophilic anaerobes, a difference (p < 0.0001) for treat-
ment effect in contrast 1 (control versus irradiated samples) was ob-
served. There was a significant difference (p = 0.039) for contrast 2 as
the 1.5 kGy and 3.0 kGy samples presented differences in microbial
growth during the 28 days of storage. However, these differences
weren't noticed in contrast 3, between the irradiated samples.

1.24 £ 0,04 .54 £0.08

19.9+0.2
@Moisture = Lipids B Protein OAshes

Fig. 1. Composition of meat. Means are expressed as percentages, followed by standard
error for the different components (moisture, lipids, protein and ashes) of meat.

Table 1
Microbial load for control and irradiated meat.

Microorganism Time Irradiation doses
(days) o trol 1.5 kGy 3.0 kGy
Lactic acid bacteria 0 582 + 1124 242 £ 198" 208 £ 1.71°
(log(CFU-g~ 1)) 14 7.80 + 0.84%% 442 + 1.84" 267 + 232"
28 850 + 0.76°° 678 + 1.11° 543 + 1.14
42 - 6.69 + 1.60° 6.52 + 0.77°
56 - 651 £ 1.62° 595 + 1.22°
Anaerobic mesophilic 0 633 £ 092" 412 &+ 1.05"* 233 £ 1.90%
(log(CFU-g— 1)) 14 8.06 + 095 569 + 0.64°® 2,68 + 141
28 9.05 4+ 0.74°° 701 + 1.00° 574 + 1.05°
42 - 699 + 1.42° 6.78 + 092°
56 - 6.77 + 1.67° 6.8 + 1.08"
Anaerobic psychrotrophic 0 550 + 1.62** 239 4 1.95"* 192 + 1.81%
(log(CFU-g~ 1)) 14 748 + 076 585 + 038" 4.05 + 1.17¢
28 824 + 062°C 642 £ 0.73°¢ 545 + 0.82°
42 - 733 £021° 636 + 0.80°
56 - 743 £031° 633 £ 057

Values expressed as means =+ standard error. CFU-g~! = colony forming units per gram.

Different lowercase letters on the same row indicate significant differences (p < 0.05)
in treatment and capital letters within the same column indicate significant differences
(p < 0.05) in time relative to the microorganism.

Similarly, lactic acid bacteria presented a difference (p < 0.0001) for
treatment effect in contrast 1. However, no significant difference
(p > 0.05) between irradiated samples throughout storage was found.
Considering the time of storage, there was a significant effect (p =
0.0019), with microbial growth for all treatments between zero and
28 days. Also, the mesophilic anaerobic, limit of 107 CFU-g~! was not
reached. For anaerobic psychotropics, contrast 1 presented a significant
difference (p < 0.0001) between control and irradiated samples. Con-
trast 2 was also significant (p = 0.0262). Moreover, there was a
significant effect of time (p < 0.0001) as counts increased over time.

Most irradiated samples did not exceed 107 CFU-g~!, which is the
limit set by ICMSF (1986) as the total microbial count on meat. However,
the dose of 1.5 kGy was not enough to fully inhibit the growth of the
microorganisms as this limit was reached at 28 days of storage for
mesophilic anaerobes and at 42 days for psychotropic anaerobic
bacteria.

It can be observed that the non-irradiated lamb loin had a maximum
shelf-life of 14 days under chill conditions, presenting counts above
107 CFU-g~ !, On the other hand, samples irradiated with 3.0 kGy had
counts below 107 CFU-g~ ! even after 56 days These results are similar
with those found by Park et al. (2010), who concluded that gamma
radiation may be more effective for reducing bacterial counts compared
to electron beam irradiation for beef burgers.

Table 2
Objective color (L, a*, b*) for control and irradiated meats.

Color Time (days) Irradiation doses

Control 1.5 kGy 3.0 kGy

L* 0 4131 + 267 3852 + 267 37.00 + 2.67
14 3773 + 218 37.19 &+ 2.18 3338 &+ 2.18
28 37.67 + 218 36.61 & 2.18 3553 + 2.18
42 - 38.88 + 2.18 37.95 + 2.18
56 - 3843 + 2.18 38.56 + 2.18

a* 0 558 £ 2.12 6.96 + 2.12 6.11 £ 2.12
14 10.16 + 1.73 935+ 1.73 9.04 + 1.73
28 714 +£ 173 820 + 1.73 878 + 1.73
42 - 1046 + 1.73 864 £ 1.73
56 - 1319 £ 1.73 997 £ 1.73

b* 0 890 + 1.19° 9.79 + 1.19° 922 + 1.19°
14 1325 £ 097° 1221 £ 097° 10.17 £ 097°
28 1048 + 0.97° 11.66 + 0.97° 1128 + 097¢
42 - 1324 + 097 11.77 £ 097
56 - 12.78 + 0.97 13.61 £ 097

Values expressed as means =+ standard error. Different lowercase letters on the same
column indicate significant differences (p < 0.05) in time of storage.
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pH, shear-force, cook loss and TBARS? for control and irradiated meat.

Analysis Time (days) Irradiation doses
Control 1.5 kGy 3.0 kGy
pH 0 557 + 0.1° 5.56 4+ 0.1* 568 + 0.1°
14 53+ 0.1° 535+ 01° 5514 0.1°
28 52 + 0.1¢ 513 + 0.1¢ 525 4 0.1¢
42 - 513 £+ 0.1¢ 532 + 0.1¢
56 - 515 £ 0.1¢ 507 £ 0.1¢
Shear-force (kg) 0 258 + 0.62 234 + 0.62 246 + 0.62
14 2.01 + 0.62 322+ 062 298 + 0.62
28 242 + 062 231 £ 0.62 2.88 + 0.62
42 - 247 + 0.62 324 + 0.62
56 - 237 £ 062 242 + 0.62
Cook loss (%) 0 22.6 £ 355 2577 £ 3.55 22.64 £+ 3.55
14 25.65 £ 355 27.17 £ 355 2557 + 3.55
28 2877 £ 355 2352 £ 355 25.84 + 3.55
42 - 28.29 4+ 355 23.01 & 3.55
56 - 2472 £ 355 29.30 + 3.55
TBARS? (mg MDA®/ 0 0.15 £+ 0.05 0.09 + 0.05 0.09 + 0.05
kg sample) 14 0.04 £ 0.05 006 + 005  0.03 + 0.05
28 0.19 £ 0.05 0.17 £ 0.05 0.17 £ 0.05
42 - 0.08 + 0.05 0.05 + 0.05
56 - 0.06 + 005  0.04 & 0.05

Values expressed as means + standard error. Different letters in the same column indicate
significant differences (p < 0.05) in time storage.

¢ TBARS = Thiobarbituric acid reactive substances.

> MDA = Malondialdehyde.

3.3. Physicochemical stability

The physicochemical parameters are presented in Tables 2 and 3. No
significant difference (p > 0.05) was observed in most cases indicating
that gamma radiation did not cause undesirable changes to the physico-
chemical characteristics of lamb loin.

The objective colors (L a* and b*) were not different (p > 0.05)
among treatments, indicating that the irradiation did not cause pigment
oxidation (Table 2) although b* (yellow) showed an increase over time
(p<0.05), up to 28 days, for all samples (Fig. 2).

These results are similar to those obtained by Yang et al. (2011), in
which samples of beef hamburgers un-irradiated or irradiated with
2.5 kGy prior to storage at 4 °C for 7 days were evaluated. For the irradi-
ated samples, they reported no significant difference in L*, while a* and
b* showed an initial decrease on day zero, and then remained constant.
These authors did not detect significant changes in b* during storage,
differing from the present study, but reported significant increases in
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y =-0.00844x" + 0.30202x + 9.30333, R" = 1
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0 14 28
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Fig. 2. Evolution of b* value during the 28 days of storage. The dotted line indicates a
square regression with the equation in the bottom of the figure with R? = 1.
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5,2 T
5,1
y = 5.58944 - 0.01464x, R’ =0.99946
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0 14 28
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Fig. 3. Evolution of pH meat during the 28 days of storage. The dotted line indicates a linear
regression with the equation in the bottom of the figure with R?> = 0.99946.

L*, while a* values remained unchanged over the 7 days. Luciano et al.
(2009) concluded that b* increased over 14 days of refrigerated storage
in high oxygen atmospheres in the meat of lambs fed a concentrate diet
and a diet with added tannins.

There was no significant difference (p > 0.05) in pH among treat-
ments, with a mean value of 5.33 (Table 3). All samples showed a signif-
icant decrease (p = 0.0002) in pH over time (Fig. 3), presumably due
the growth of lactic acid bacteria, as their metabolism consumes cellular
glycogen and lactic acid is released, causing acidification (Cayré et al.,
2003). According to Gongalves, Zapata, Rodrigues, and Borges (2004),
the desirable pH for lamb meat is in the range of 5.4 and 5.9, close to
the values found in this experiment.

No differences were observed among treatments (p > 0.05) or over
storage time (p > 0.05) for cook loss and shear force (Table 3), demon-
strating that irradiation did not affect those parameters. The average
cook loss was 25.60%, close to values found by Fernandes et al. (2012),
who obtained a mean value of 24.33% and also found no difference in
lamb loin stored at 4 °C under vacuum over 28 days. Similar results
were found by Gongalves et al. (2004), who evaluated the effect of sex
and maturation time on lamb Longissimus dorsi and Semimembranosus
muscles, from intact males and castrated males and females, when
stored at 2 °C for 14 days. This study reported no significant effect of
time, with values ranging from 17.67 to 24.59%. The shear force of the
lamb meat did not differ (p > 0.05), with mean values close to those
reported by Gularte, Treptow, Pouey, and Osério (2000), 2.6 kgf and
2.3 kgf for lamb males and females, respectively.

There were no significant differences (p > 0.05) among treatments
or throughout storage regarding lipid oxidation (Table 3), showing a
mean value of 0.094 mg of MDA per kg of sample. Although gamma
radiation is a pro-oxidant factor, the low doses used in this experiment
did not cause significant changes which might be related to the low fat
content (2.54%) of the samples.

3.4. Sensory acceptance

The results of the acceptance test with 63 panelists are shown in
Table 4. No significant difference (p > 0.05) was found among samples,
thus gamma radiation did not damage the sensory characteristics of the
meat.

Park et al. (2010) conducted sensory evaluation of vacuum-packed
hamburgers irradiated with doses of 0, 5, 10, 15 and 20 kGy followed
by accelerated storage at 30 °C for 10 days. They found no difference
(p > 0.05) in color, chewiness and flavor for samples irradiated with
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Table 4
Sensory acceptance of control and irradiated meat.

Attribute Irradiation doses

Control 1.5 kGy 3.0 kGy
Aroma 6.78 + 134 6.71 £ 1.52 6.89 + 1.36
Texture 740 4+ 147 7.16 £ 1.55 744 £ 125
Juiciness 743 £ 133 7.34 + 141 740 + 1.26
Flavor 727 +£ 137 7.20 £+ 1.20 7.20 £+ 1.30
Overall quality 725+ 129 7.19 + 123 725 + 1.15

Values of the respective attribute, expressed as means + standard error. No statistically
significant differences (p > 0.05) were found in these attributes.

gamma rays at 10.0 kGy and overall quality when using 5 kGy. Similarly,
Miyagusku, Chen, Leitdo, and Baffa (2003) evaluated slices of chicken
breast without skin or bone and concluded that 3.0 kGy irradiation in-
creases shelf life from 5 to 22 days without modifying the sensory
attributes.

4. Conclusions

A dose of 3.0 kGy extended the shelf-life, from 14 to 56 days, of lamb
loin stored at 1 °C, by reducing microorganisms without harming the
physicochemical characteristics or consumer acceptance of the meat.

References

Ahn, H. J,, Kim, J. H., Jo, C, Lee, J. W., Yook, H. S., & Byun, M. W. (2004). Effects of gamma
irradiation on residual nitrite, residual ascorbate, color, and N-nitrosamines of cooked
sausage during storage. Food Control, 15(3), 197-203.

Arvanitoyannis, . S. (2010). Irradiation of food commodities: Techniques, applications, detection,
legislation, safety and consumer opinion (1st ed.) (707 pp.).

Aymerich, T., Picouet, P. A., & Monfort, ]. M. (2008). Decontamination technologies for
meat products. Meat Science, 78, 114-129.

Bligh, E. G, & Dyer, W. . (1959). A rapid method of total lipid extraction and purification.
Canadian Journal of Biochemistry and Physiology, Ottawa, 37(8), 911-917.

Bonagurio, S., Pérez, J. R. O., Furusho-Garcia, I. F,, Santos, C. L., & Lima, A. L. (2004). Revista
Brasileira de Zootecnia, 33(6), 2387-2393.

Brasil (2001). Leis, decretos, etc. Resolu¢do RDC n° 12, 02 de janeiro de 2001 da Agencia
Nacional de Vigilancia Sanitéria. Aprova o Regulamento Técnico sobre Padrdes Microbioldgicos
para Alimentos (pp. 45-47). Brasilia: Didrio Oficial (10 de janeiro de 2001, Se¢do 1).

Brasil (2003). Métodos analiticos oficiais para analises microbiolégicas pra controle de
produtos de origem animal e dgua. Instrugdo normativa n°62, de 26 de agosto de
2003. do MAPA — Ministério da Agricultura e Pecuéria e Abastecimento.

Brewer, S. (2004). Irradiation effects on meat color — A review. Meat Science, 68(1), 1-17.

Cayré, M. E., Vignolo, G., & Garro, 0. (2003). Modeling lactic acid bacteria growth in
vacuum-packaged cooked meat emulsions stored at three temperatures. Food
Microbiology, 20, 561-566.

Diehl, J. F. (2002). Food irradiation — Past, present and future. Radiation Physics and
Chemistry, 63, 211-215.

Duong, D. Q., Crandall, P. G., Pohlman, F. W., O'Bryan, C. A,, Balentine, C. W., & Castillo, A.
(2008). Improving ground beef safety and stabilizing color during irradiation using
antioxidants, reductants or TSP. Meat Science, 78, 359-368.

Farkas, J. (1998). Irradiation as a method for decontaminating food — A review.
International Journal of Food Microbiology, 44, 189-204.

Farkas, J. (2006). Irradiation for better foods. Trends in Food Science and Technology, 17, 148-152.

Fernandes, R. P. P,, Freire, M. T. A,, Guerra, C. C,, Carrer, C. C,, Balieiro, J. C. C,, & Trindade, M.A.
(2012). Estabilidade fisico-quimica, microbiolégica e sensorial de carne ovina embalada
a vacuo estocada sob refrigeracdo. Ciéncia Rural Santa Maria, 42(4), 724-729.

Gongalves, L. A. G., Zapata, J. F. F.,, Rodrigues, M. C. P., & Borges, A. S. (2004). Efeitos do sexo
e do tempo de maturagdo sobre a qualidade da carne ovina. Ciéncia e Tecnologia de
Alimentos Campinas, 24(3), 459-467.

Gularte, M.A,, Treptow, R. O., Pouey, ]. L. F., & Osorio, J. C. (2000). Idade e sexo na maciez
da carne de ovinos da raga corriedale. Ciéncia Rural, 30(3).

Hall, P. A, Ledenbach, L., & Flowers, R. S. (2001). Compendium of methods for the micro-
biological examination of foods. In F. P. Downes, & K. Ito (Eds.), Acid-producing
microorganisms (pp. 201-207) (4th ed.). Washington: APHA.

Horwitz, W., Latimer, G. W., & Association Of Official Analytical Chemistry — AOAC
(2007). Official methods of analysis (18th ed.). Gaithersburg: AOAC
International.

Houser, T. A, Sebranek, J. G., & Lonergan, S. M. (2003). Effects of irradiation on properties
of cured ham. Journal of Food Science, 68(7), 2362-2365.

Hui, Y. H. (2001). Handbook of meat and meat processing (pp. 381-398) (2nd ed.).

ICMSF (1986). International commission on microbiological specifications for foods.
Microorganisms in foods 2: Sampling for microbiological analysis: Principles and specific
applications (pp. 127-278) (2nd ed.) (1986).

Jo, C, Lee, ]. 1, & Ahn, D. U. (1999). Lipid oxidation, color changes and volatiles production
in irradiated pork sausage with different fat content and packaging during storage.
Meat Science, 51(4), 355-361.

Johnston, R. W., & Tompkin, R. B. (1992). Meat and poultry products. In C. Vanderzant, &
D. F. Splittstoesser (Eds.), Compendium of methods for the microbiological examination
of foods (pp. 821-835). Washington: APHA.

Kennedy, C., Buckley, D. ], & Kerry, J. P. (2004). Display life of sheep meats retail packaged
under atmospheres of various volumes and compositions. Meat Science, 68(4),
649-658.

Krizek, M., Matejkova, K., Vacha, F., & Dadakova, E. (2012). Effect of low-dose irradiation
on biogenic amines formation in vacuum-packed trout flesh (Oncorhynchus mykiss).
Food Chemistry, 132(2012), 367-372.

Koohmaraie, M. (1996). Biochemical factors regulating the toughening tenderization
processes of meat. Meat Science, 43(S1), S193-5901.

Lacroix, M., Smoragiewicz, W., Jobin, M., Latreille, B., & Krzystyniak, K. (2000). Protein
quality and microbiological changes in aerobically- or vacuum-packaged, irradiated
fresh pork loins. Meat Science, 56, 31-39.

Lauzurica, S., De La Fuente, J., Diaz, M. T., Alvarez, L, Perez, C., & Caneque, V. (2005). Effect
of dietary supplementation of vitamin E on characteristics of lamb meat packed
under modified atmosphere. Meat Science, 70(4), 639-646.

Lawrie, R. A., & Ledward, D. A. (2006). Lawrie's meat science (7th English ed.). Cambridge
England: Woodhead Publishing Limited.

Ledo, A. G., Silva-Sobrinho, A. G., Moreno, G. M. B,, Souza, H. B.A., Giampietro, A., Rossi, R. C,,
& Perez, H. L. (2012). Caracteristicas fisico-quimicas e sensoriais da carne de cordeiros
terminados com dietas contendo cana-de-agticar ou silagem de milho e dois niveis de
concentrado. Revista Brasileira de Zootecnia, 41(5), 1253-1262.

Luciano, G., Monahan, F. ]., Vasta, V., Biondi, L., Lanza, M., & Priolo, A. (2009). Dietary
tannins improve lamb meat colour stability. Meat Science, 81, 120-125.

Meilgaard, M. C,, Civille, G. V., & Carr, B. T. (1991). Sensory evaluation techniques. Boca
Raton: CRC Press.

Miyagusku, L., Chen, F., Leitdo, M. F. de F., & Baffa, 0. (2003). Avalia¢do microbiolégica e
sensorial da vida atil de cortes de peito de fangos irradiados. Ciéncia e Tecnologia de
Alimentos, 23, 07-16.

Park, J. G., Yoon, Y., Park, J. N., Han, I. ]., Song, B.S., Kim, J. H., Kim, W. G., Hwang, H. ], Han,
S.B., & Lee, J. W. (2010). Effects of gamma irradiation and electron beam irradiation
on quality, sensory, and bacterial populations in beef sausage patties. Meat Science,
85, 368-372.

Pinheiro, R. S. B,, Jorge, A.M.,, Francisco, C. L., & Andrade, E. N. (2008). Composi¢do quimica
e rendimento da carne ovina in natura e assada. Ciéncia Tecnologia de Alimentos,
Campinas, 28(Supl.), 154-157.

SAS Institute Inc. (2006). Base SAS® 9.1.3 procedures guide, second edition, volumes 1, 2, 3,
and 4. Cary, NC: SAS Institute Inc.

Stefanova, R, Toshkov, S, Vasilev, N. V., Vassilev, N. G., & Marekov, I. N. (2011). Effect of
gamma-ray irradiation on the fatty acid profile of irradiated beef meat. Food
Chemistry, 127, 461-466.

Vyncke, W. (1970). Direct of the thiobarbituric acid value in trichloroacetic acid extracts
of fish as a measure of oxidative rancidity. Fette Seifen Anstrichmittel, Leifekden, 72(12)
(p1-84-1087).

Yang, H. S, Lee, E. ], Moon, S. H., Paik, H. D., Nam, K., & Ahn, D. A. (2011). Effect of garlic,
onion, and their combination on the quality and sensory characteristics of irradiated
raw ground beef. Meat Science, 89, 202-208.

Zapata, ].F. F., Nogueira, C. M., Seabra, L. M. ],, Zapata, ]. F. F, Nogueira, C. M., & Seabra, L. M. J.
(2011). Composigao centesimal e lipidica da carne de ovinos do nordeste brasileiro.
Ciéncia Rural, 31(4).

Zeola, N. M. B.L, Silva-Sobrinho, A. G. S., Neto, S. G., & Marques, C. A. T. (2004).
Composigdo centesimal da carne de cordeiros submetidos a dietas com diferentes
teores de concentrado. Ciéncia Rural, 34(1).

Zhou, G. H., Xy, X. L, & Liu, Y. (2010). Preservation technologies for fresh meat — A review.
Meat Science, 86, 119-128.

Zhu, M. ], Mendonca, A, & Ahn, D. U. (2004). Temperature abuse affects the quality of
irradiated pork loins. Meat Science, 67(4), 643-649.


http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0175
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0175
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0175
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0185
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0185
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0015
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0015
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0020
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0020
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0190
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0190
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0195
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0195
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0195
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0200
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0200
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0200
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0030
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0035
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0035
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0035
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0040
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0040
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0045
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0045
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0050
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0050
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0055
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0060
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0060
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0065
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0065
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0065
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0205
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0205
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0210
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0210
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0210
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0215
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0215
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0080
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0080
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0220
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0225
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0225
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0225
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0230
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0230
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0230
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0090
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0090
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0090
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0095
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0095
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0095
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0100
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0100
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0100
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0105
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0105
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0110
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0110
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0110
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0115
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0115
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0115
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0120
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0120
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0235
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0235
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0235
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0130
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0130
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0135
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0135
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0240
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0240
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0240
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0245
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0245
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0245
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0250
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0250
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0250
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0150
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0150
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0155
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0155
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0155
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0255
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0255
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0255
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0160
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0160
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0160
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0260
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0260
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0265
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0265
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0270
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0270
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0170
http://refhub.elsevier.com/S0309-1740(14)00035-7/rf0170

	Irradiated vacuum-packed lamb meat stored under refrigeration:
Microbiology, physicochemical stability and sensory acceptance

	1. Introduction
	2. Material and methods
	2.1. Irradiation process
	2.2. Evaluation of the lamb loins
	2.2.1. Microbiological analysis
	2.2.2. Physical and chemical analyses
	2.2.3. Sensory analyses

	2.3. Statistical analyses

	3. Results and discussion
	3.1. Chemical composition
	3.2. Microbiological stability
	3.3. Physicochemical stability
	3.4. Sensory acceptance

	4. Conclusions
	References


