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ABSTRACT

The increased consumption of fresh-cut celery has led to the need to explore packaging alternatives for
fresh-cut celery that can meet consumer, market, and industry needs. In this study, the effect of bio-based
packaging and non-conventional atmospheres on the quality and safety of chlorine-sanitized celery sticks
stored at 7 °C was investigated. Two materials differing in permeability [a bio-based polyester (polylac-
tic acid (PLA)) and a petroleum-based polyolefin (polypropylene/low density polyethylene (PP/PE)] and
four initial gas compositions [air (A-PLA or A-PP/PE), 95 kPa O, +5 kPaN, (O,-PLA), 99 kPa N, + 1 kPa O,
(N2-PLA), and 6 kPa O, + 12 kPa CO, + 82 kPa N, (CO,-PLA)] were evaluated. Changes in headspace compo-
sition, weight loss, surface and cut end color, texture, ethanol content, appearance, and growth of Listeria
monocytogenes on inoculated celery sticks were assessed during 21 d of storage. Active MAP (CO,-PLA)
out-performed passive MAP (A-PLA) in maintaining celery stick quality but not safety. Conventional active
MAP (CO,-PLA) out-performed non-conventional active MAPs (O,-PLA and N,-PLA) in maintaining cel-
ery stick quality throughout storage, but O,-PLA suppressed L. monocytogenes growth while CO,-PLA
promoted growth during the first 10d of storage. PLA and PP/PE materials affected celery stick qual-
ity but not Listeria growth. This study shows that the initial gas composition and packaging material
both impact the quality and safety of celery sticks. Overall, the combination PLA and 95 kPa O, proved
most beneficial in maximizing both the safety and quality of celery sticks during one week of storage
at7°C.

1. Introduction

Gomez and Artés, 2005; Vifia et al., 2007; Rizzo and Muratore,
2009), pithiness development (Saltveit and Mangrich, 1996;

Consumer demand for minimally processed fruits and vegeta-
bles has increased dramatically over the last ten years, with celery
(Apium graveolens L.) being among the most desired fresh-cut
products due to its taste, texture and low caloric content (United
Fresh Foundation, 2010). Celery is also a good source of vitamins A
and C (Rizzo and Muratore, 2009) as well as potassium and dietary
fiber. However, damage and stress encountered by celery during
processing can lead to changes in color (Vifia and Chaves, 2003;
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Gomez and Artés, 2005), and loss of turgor (Prakash et al., 2000;
Vifia and Chaves, 2003; Vifia et al., 2007).

Various strategies have been developed to better maintain
celery freshness. Low temperature storage combined with high
CO,/low O, controlled atmospheres can extend the shelf life of
celery by several days (Saltveit, 1997; Suslow and Cantwell, 2000;
Gomez and Artés, 2004) as can passive modified atmosphere pack-
aging (MAP) (Vifia and Chaves, 2003; Gomez and Artés, 2005; Vifia
and Chaves, 2006; Vifa et al., 2007; Rizzo and Muratore, 2009).
However, no information has been published about the benefits
from active MAP, in which the package atmosphere is established
at the time of sealing, over passive MAP on the shelf life of fresh-cut
celery. In addition, the effect of non-conventional active packag-
ing atmospheres, including noble gases, superatmospheric oxygen,
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and nitrogen, on shelf life extension of fresh-cut produce has been
explored for some products (Allende et al., 2004; Rocculi et al.,
2005; Escalona et al., 2006; Artés et al., 2009), but not for celery.

Studies dealing with fresh-cut celery have commonly been
carried out at 4-5°C (Gémez and Artés, 2004, 2005; Rizzo and
Muratore, 2009). However, a recent study revealed serious prob-
lems in maintaining the temperature in refrigeration equipment in
food stores (Lundén et al., 2014), and surveys in the U.S. revealed
that 20% of domestic and commercial refrigerators operate at tem-
peratures around 10°C (Jol et al., 2006). For this reason, studies on
celery under real storage conditions during distribution and retail
instead of optimal ones are necessary.

Several studies have focused on the microbiological safety of
fresh-cut celery (Prakash et al., 2000; Lu et al., 2005; Kwak et al.,
2011; Vandamm et al., 2013). However, very little information has
been published on Listeria monocytogenes in celery, most likely
because fresh produce has not been traditionally considered a
special risk product (Aguado et al., 2004). Recently, L. monocyto-
genes was identified in ready-to-eat salads containing raw celery
(Cordano and Jacquet, 2009) indicating that celery occasionally
poses a risk to the consumers. Furthermore, from January to
October 2010, ten cases of hospital-acquired listeriosis in Texas
(USA), including five deaths, were traced to commercially diced
celery that was used as an ingredient in chicken salad (Gaul et al.,
2013).

Fresh-cut produce is commonly marketed in packages made
from petroleum-based materials. However, environmental con-
cerns surrounding these packages have created a need for more
environmentally friendly materials (Tharanathan, 2003). Polylac-
tic acid (PLA), a commercially produced bio-based plastic material,
is one suitable alternative for packaging of fresh produce (Almenar
et al,, 2008, 2010; Joo et al., 2011; Forney et al., 2012). PLA-based
packages are clear and highly appealing to consumers (Koutsimanis
et al., 2012). Although this material has been previously evaluated
for some types of whole and fresh-cut produce, its suitability for
fresh-cut celery packaging has not yet been assessed. Based on
the expanding market for fresh-cut celery, the objective of this
study was to compare the effect of packaging material and initial
gas composition on the quality and safety of celery sticks stored
at 7°C. One bio-based and one petroleum-based packaging film
were compared using passive atmosphere packaging, while four
different in-package gas compositions were evaluated using the
bio-based material. Finally, various quality parameters were stud-
ied and safety was evaluated in terms of L. monocytogenes growth.

2. Materials and methods
2.1. Materials

2.1.1. Celery

Celery (A. graveolens L.) was purchased from a local distributor
(Stan Setas Produce, Lansing, MI, USA), transported under refrig-
eration to the MSU School of Packaging, maintained at 7°C and
used within 2 d of delivery. Celery was visually inspected, selected,
and minimally processed with a stainless steel knife (Granton,
Sheffield, UK) into 10 cm long sticks (~20 g each). After processing,
the celery sticks were rinsed with cold tap water and stored inside
a temperature controlled chamber at 7 °C overnight. The following
day, the celery sticks were immersed in a commercial sanitizer
containing 50 mgL~! available chlorine at pH 7.5 (XY-12, Ecolab,
St. Paul, MN, USA) for 1 min at 7 °C, centrifuged for 1 min using a
batch spin dryer (SD50 LT, Heinzen Manufacturing Intl., CA, USA)
and packaged. The celery sticks were not rinsed after sanitizing,
following the current processing conditions of celery processors
in the United States, meaning some residual chlorine could be

present after processing. The sticks intended for L. monocytogenes
inoculation were treated as described in Section 2.2.7.

2.1.2. Packaging materials

Two packaging films were used: A 51 wm-thick film composed
of polypropylene (PP) and low density polyethylene (LDPE) (com-
monly used in fresh-cut produce packaging in the U.S.) and a 44-pm
thick film made of polylactic acid (PLA) coated with high molecular
weight PLA (EVLON EV-HS1, BI-AX International Inc., Wingham, ON,
Canada). Codes used for the petroleum-based polyolefin and for the
bio-based polyester from now on are PP/PE and PLA, respectively.

2.2. Methods

2.2.1. Packaging and storage

Both packaging films were formed into 20 cm length x 15cm
width bags using an impulse sealer (Ceratek, Sencorp Systems
Inc., Hyannis, MA, USA). An amount of 10-12 celery sticks
were placed in each bag (=190g per bag). Half of the PLA and
PP/PE bags were sealed without atmosphere replacement for
passive modified atmosphere packaging (MAP) (A-PLA and A-
PP/PE). The air in the remaining PLA bags was replaced with
95kPa O, +5kPaN; (O,-PLA), 99kPaN, +1kPa O, (N,-PLA), or
6kPa O,+12kPa CO,+82kPaN; (CO,-PLA) using a Multivac
flusher (Model A300/16, Sepp Haggenmiiller KG, Wolfertschwen-
den, Germany) for the active MAP treatments. As a control, celery
was packaged under the same conditions as in the passive MAP
treatment, but the bottom of the bags was partially cut off, creat-
ing a non-modified atmosphere package (coded as open bags). All
packages were stored at 7 °C until the day of testing.

2.2.2. Packaging material characterization

Oxygen, carbon dioxide, water vapor and ethanol transmission
rates were assessed for PLA and PP/PE. Oxygen transmission rate
(OTR)was determined at 23 °Cand 0% RH according to the American
Society for Testing Materials (ASTM) method D3985 (ASTM, 2005)
using an OX-TRAN® Model 2/21 (MOCON, Minneapolis, MN, USA).
Carbon dioxide transmission rate (CO,TR) was measured using a
PERMATRAN-C™ Model 4/41 (MOCON) under the same conditions.
Water vapor transmission rate (WVTR) was determined at 23 °C
and 100% RH according to ASTM method F1249 (ASTM, 2006) using
a PERMATRAN-W™ Model 3/33 (MOCON). Permeation cells made
from stainless steel were used to gravimetrically determine the
ethanol transmission rate for PP/PE and PLA using a slightly modi-
fied ASTM method E96-80 (ASTM, 1980). All testing was conducted
in triplicate.

In all cases, the permeability coefficients (kgmm~=2s-1Pa~1)
were obtained as follows:

TR x 1
P = Ap

where TR is the transmission rate value (kgm=2s-1), I (m) is the
film thickness, and Ap is the partial pressure differential across
the film (Pa). The permselectivity coefficient (8; ratio of CO, to O,
permeation) was also calculated.

2.2.3. Atmosphere composition

Progressive changes in CO,, O, and N, were monitored in
all packages using a gas chromatograph (Thermo Scientific Trace
GC Ultra, Thermo Electron S.p.A., Rodano, Italy) equipped with a
thermal conductivity detector and a Carboxen 1010 Plot capillary
column, 30 min length with a film thickness of 30 wm, and an inter-
nal diameter of 0.53 mm (Supelco, Bellefonte, PA, USA). Helium was
used as a carrier gas (3 mLmin~1). Using a syringe (SGE, Austin, TX,
USA), a 100-p.L headspace sample was collected through a silicone
septum attached to each package. Initial gas compositions were
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determined to verify correct flushing by the Multivac machine. Sub-
sequently, CO,, O,, and N, levels were monitored after 1, 3, 5, 7,
10, 14, and 21 d. New bags were used for each analysis day.

Ethanol concentration was determined after 3, 7, 14, and 21d
by injecting 1 mL headspace samples into a gas chromatograph
equipped with a flame ionization detector (Hach Carle Series 100
AGC, Loveland, CO, USA) fitted with a 2 m long, 2 mm internal diam-
eter stainless steel column packed with Chromosorb OV-103,60/80
mesh (Altech Associates Inc., Deerfield, IL, USA). Ethanol content
was expressed as microliters of ethanol per liter (WLL~1).

2.2.4. Texture

A texture analyzer (TA-XT2i, Stable MicroSystem, Godalming,
UK) equipped with a 50 kg-load cell was used to determine celery
stick firmness and toughness. The assays were performed using a
3-point bending probe (constant span length of 4 cm acting perpen-
dicularly to the celery), which was positioned horizontally with the
outer convex surface upwards, centered on the supports, and the
pressing force was applied vertically to the middle of the celery.
Each stick was flexed at a constant speed of 2mms~! until fail-
ure. Firmness (N) was calculated as the measured force at 5mm
of the load-displacement curve. Toughness (J m—3) was defined as
the area below the load-time curve. For texture measurements, all
sticks (~10 per bag, ~ 60 sticks per treatment) were analyzed.

2.2.5. Color

Celery color was determined after 0, 3, 7, 14, and 21d of stor-
age using a Minolta CR300 colorimeter (Osaka, Japan) calibrated
with a standard white plate (Y=93.84; x=0.3132; y=0.3191) and
set with a C illuminant, 2° observer. Readings taken from both the
outer convex surface and cut ends were expressed as L*, a* and
b* parameters. Hue angle (h°) was calculated using the a* and b*
parameters (h° =tan~!(b*/a*)). For color measurements, all sticks
(~10 per bag, ~60 sticks per treatment) were measured at two
points on the surface, and at the two cut ends.

2.2.6. Weight loss

After 21d of storage, weight loss was determined for all celery
stick treatments (6 bags/treatment) by subtracting the final weight
from the initial weight with the results expressed as % weight loss.

2.2.7. Preparation of inoculum, inoculation of samples, and
microbiological analysis

Stock cultures of three avirulent strains of L. monocytogenes
(J22F, M3, ]J29H) were maintained at —80°C and subcultured
twice (24 h/37°C) in 200 mL of trypticase soy broth (Difco, Becton
Dickinson, Sparks, MD, USA) containing 0.6% (w/v) yeast extract
(Difco, Becton Dickinson) (TSB-YE). Cultures were combined in
equal volumes and diluted 1:100 in tap water (~15°C) to con-
tain 7.19+£0.13 log CFU/mL. The bacterial population in the final
cocktail culture was confirmed by appropriately diluting in ster-
ile 0.1% phosphate buffer solution and plating on Modified Oxford
Agar (Neogen Corporation, Lansing, MI, USA) (MOX) plates. These
plates were then incubated at 37 °C for 48 h prior to enumeration.
The celery sticks were then inoculated by immersion for 30 min to
obtain 4.35 4+ 0.33 log CFU/g. After centrifugal drying and 18-22 h of

storage at 4°C, the celery sticks were immersed in 60 L of tap water
containing 50mgL-! available chlorine (XY-12, Ecolab, USA) for
1 min, centrifugally dried and then packaged in both PLA and PP/PE
bags in a glove chamber (Labconco 50004 Fiberglass Glove Box,
Kansas City, MO, USA) using the gas compositions described in Sec-
tion 2.2. The chamber was used instead of the Multivac machine due
to the special safety precautions required for handling the L. mono-
cytogenes. Additional PLA-packaged, passive modified atmosphere
samples were prepared using unsanitized inoculated fresh-cut cel-
ery (immersed in 60 L of tap water).

Following 0, 1, 3, 5, 7, 10, 14, and 21d of storage at 7°C, two
celery stick samples (~50 g) from each package were diluted 1:4 in
Difco Neutralizing Buffer (Becton Dickinson, Sparks, MD, USA) and
homogenized in a stomacher (Stomacher 400 Circulator, Seward,
Worthington, UK) at 260 rpm for 1 min. Samples were either appro-
priately diluted in sterile 0.1% phosphate buffer solution and plated
on MOX, or filtered using 0.45 wm membrane filters (Millipore, Mil-
lipore Corporation, Billerica, MA) and placed on 60 mm diameter
petri plates containing MOX for quantification of L. monocytogenes
after 48 h of incubation at 37°C.

2.2.8. Statistical analysis

All of the experiments were conducted in triplicate and data
was expressed as the means =+ standard errors. Three replications
consisting of two bags each (a total of 6 bags) were analyzed per
treatment on each day of testing for quality analysis. For Listeria
analysis, one bag for each of the three replicates was used (a total
of 3 bags). Data were subjected to statistical analysis using a sta-
tistical software package IBM SPSS version 19 (IBM Corporation
Software Group, Somers, NY, USA). One-way analysis of variance
(ANOVA) and Duncan multiple range tests at a significance level
P<0.05 were used, except for the microbiological and texture anal-
yses, where comparison of means was conducted with the least
significant difference (LSD) test (P<0.05).

3. Results and discussion
3.1. Packaging material characterization

0,, CO,, water vapor and ethanol permeability coefficients
of PLA and PP/PE are shown in Table 1. The materials had dif-
ferent permeabilities to the gases and vapors tested. The O,
and CO, permeabilities of PLA were 4 and 5 times lower than
those of the PP/PE, respectively. Given that a low permeability
is necessary to reduce gas exchange and maintain the flushed
gas inside package, PLA could be a viable bio-based material to
maintain desired gas compositions in active MAP. The CO, and
0O, permeability coefficients of PLA were very similar to those
reported for oriented PLA sheets (33 +8 x 10~ 18 kgmm~2s~1 Pa~!
and 4+0x10""8kgmm2s-1Pa~!, respectively) by Joo et al.
(2012). The ethanol permeability of PLA was lower than that
of PP/PE. Information on the permeability of plastics to ethanol
is very limited (Robertson, 2013), and no data on the perme-
ability of PLA to ethanol has been found in the literature. The
ethanol permeability coefficient of LDPE has been reported as
3.24x 1077 kgmm=2s-1Pa~! (Robertson, 2013). This value is

Z:?I:i; dioxide, oxygen, water and ethanol permeability coefficients for PLA and PP/PE films.
Material Permeability coefficient B
CO,? 0,° Hzoh Ethanol?® (PC02 /Po2 )
PLA 30.34 + 9.07 5.67 £ 1.17 21.86 + 3.22 20.01+£5.76 535
PP/PE 1134 £ 138 28.35 + 4.61 1.08 + 0.24 110.11+£2.01 4.00

2 x107"8kgmm—2s-1Pa'.
b %1015 kgmm=2s~'Pa~'.
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Fig. 1. Oxygen and carbon dioxide contents of celery stick packages for different
materials and initial gas compositions stored at 7°C. Error bars indicate standard
deviations of the means.

lower than our value for PP/PE, which indicates differences in prop-
erties between different PE (i.e., additives, crystallinity, etc). The
water vapor permeability coefficient of PP/PE was 20 times lower
than that of PLA. Our PLA results are in agreement with those
reported by Almenar and Auras (2010) under the same analysis con-
ditions (11.98 x 10~ kgmm~2s~1Pa~1). The 0,, CO,, and water
permeability values of PP/PE were between those reported for LDPE
and PP (Almenar and Auras, 2010).

3.2. Atmosphere composition
The steady state atmospheres achieved in the A-PLA, N,-PLA,

and CO,-PLA bags ranged between 1-2 kPa O, and 8-10kPa CO,
(Fig. 1) with these values close to the atmospheres recommended

Table 2

by Gémez and Artés (2004) for shelf life extension of celery during
refrigerated storage. The steady state atmospheres reached in the
0,-PLA bags was 2 kPa O, and 22 kPa CO, (Fig. 1). The steady state
atmosphere was achieved faster in CO,-PLA (3d) than A-PLA and
N,-PLA bags (7 d). Levels of CO, and O, in the O,-PLA bags stabi-
lized after 14d with the A-PP/PE bags reaching steady state after
10d of storage (2.5kPa O, and 4kPa CO;). Bags made from PLA
equilibrated faster than those made from PP/PE due to the greater
permselectivity of the PLA (5.35 and 4.00 for PLA and PP/PE, respec-
tively) resulting from their different permeability to O, and CO,
(Table 1). Therefore, PLA would be preferred over PP/PE for fresh-
cut celery. Gas evolution in the A-PP/PE bags was very close to that
obtained by Gémez and Artés (2005) but non-optimal when celery
sticks were packaged in 25 wm LDPE bags and stored at 4°C. These
same authors found that the higher CO, (7 kPa) and lower O, (5 kPa)
levels achieved in 35 pwm OPP bags worked better to maintain fresh-
cut celery quality. The relatively higher CO, concentration reached
in the bags with high O, can be attributed to a more stable respira-
tion rate of the celery since O, was not a limiting factor during
the first 14d of storage. However, an increased respiration rate
due to tissue damage (Cantwell and Suslow, 2002; Martinez et al.,
2005; Igbal et al., 2008), microbial growth (Jacxsens et al., 2003;
Artés-Hernandez et al., 2007; Silveira et al., 2008), or headspace
volume reduction could be contributing to CO, accumulation for
this treatment.

Throughout storage, the headspace for PP/PE bags yielded far
lower ethanol levels compared to PLA bags age which is most likely
due to the 5-fold greater ethanol permeability of the PP/PE film
which favored the escape of ethanol from the package headspace
(Table 1). Comparing the different in-package gas compositions,
faster ethanol accumulation was observed in the CO,-PLA and Nj-
PLA bags due to their low level of O; (~1 kPa) (Table 2) which led
to earlier hypoxia. Many vegetables generate ethanol through fer-
mentative metabolism at O, levels <2 kPa. Since ethanol was not
detected in the A-PLA and O,-PLA bags until day 14, the packages
remained sufficiently aerobic to minimize fermentation for at least
aweek (P<0.05). The ethanol content in all PLA bags increased from
week 2 to 3 with the greatest increase seen in O,-PLA bags, likely
due to the higher CO, content. High levels of CO, alone (>20kPa
CO,) or in combination with low levels of O, (>20kPa CO, and
<2 kPa 0;) have been related to the accumulation of ethanol due to
fermentation (Jacxsens et al., 2001). A sensory evaluation is needed
to determine the impact of ethanol concentration on consumer
acceptance of packaged celery sticks.

3.3. Weight loss

The weight of celery sticks in open bags decreased more
than 30% after 21d of storage at 7°C (Table 2), showing the
need for hermetically sealed containers during the postharvest
period. Significantly greater (P<0.05) weight loss was seen after

Weight loss (%) and ethanol content (nLL~") for fresh-cut celery in packages differing in initial gas composition and packaging material during storage at 7°C.

Packaging code Storage time (days)

3 7 14 21

Ethanol Ethanol Ethanol Ethanol Weight loss
Open bags - - - - 30.99 + 12.42
A-PP/PE 0.00 + 0.00* 0.06 + 0.112 0.32 + 0.252 0.39 + 0.282 0.73 £ 0.77
A-PLA 0.00 + 0.00* 0.73 + 0.98% 12.92 + 8.94% 16.34 + 17.41% 4.50 + 0.14
0,-PLA 0.00 + 0.00? 0.13 £ 0.162 12.99 + 6.80%P 47.88 + 22.89¢ 4.67 £ 0.57
CO,-PLA 8.15 £+ 9.98b 6.32 + 5.422> 1631 + 11.81° 31.97 £ 29.17"¢ 4.53 £ 0.33
N-PLA 10.72 + 6.25P 7.66 + 4.93° 17.59 + 13.55P 19.99 + 22.362¢ 4.87 + 0.40

Different letters indicate significant differences (P<0.05) between treatments for each time point.

" Each value represents the mean of three replicates + standard deviation.
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Fig. 2. Celery stick pitting from O,-PLA bags after 21d of storage at 7°C.

21d of storage using PLA (~4%) compared to PP/PE bags (<1%)
(Table 2). The higher weight loss of the celery sticks in the PLA
bags was due to the higher water vapor permeability coefficient
of PLA (21.86£3.22 x 10~ kgmm~2s~! Pa~!) compared to PP/PE
(1.084+0.24 x 101> kgmm~2 s~! Pa~1). The initial atmosphere did
not affect celery weight loss since similar weights were obtained
for all PLA-packaged celery at the end of the storage.

Celery packaged in PLA bags exhibited a >4% weight loss after
21d, however, this was less than the maximum 10% water loss con-
sidered as a limit of acceptance for celery (Robinson et al., 1975).
Therefore, celery sticks in PLA bags would likely remain acceptable
for at least 21 d with PLA performing similarly to other plastics.
Vifia and Chaves (2003) reported a weight loss of 6.2% for mini-
mally processed celery packaged in polyvinylchloride film-covered
polystyrene trays after 28 d of storage at 10°C. Assuming a linear
relationship between weight loss and time, our results for celery
sticks stored in PLA at 7°C are very similar to those of Vifia and
Chaves (2003) after 21 d, although their water vapor transmission
rate for polyvinyl chloride (4.63 x 10-7 kgm~2s~1) was 2.8 times
lower than that of our PLA (13.08 +1.92 x 10~7 kgm—2s~1).

3.4. Color

The surface color (hue angle) of celery sticks was affected by
both the packaging material and gas composition (Table 3). At the
end of storage, celery packaged in A-PLA was greener (higher h°)
than that packaged in A-PP/PE (P<0.05) with the former maintain-
ing the green color of celery throughout storage. The difference
was likely due to the higher CO, level in A-PLA bags (Fig. 1). In
agreement, steady state CO, and O, concentrations of 5-7 kPa and
9-6 kPa, respectively, have been shown to preserve the external
colorof celery (Gomez and Artés, 2005). Among headspace gas com-
positions, the CO,-PLA bags maintained the green color of celery
better than the other treatments (P<0.05) up to d 14, after which
all samples were visibly decayed. In contrast, celery sticks pack-
aged in O,-PLA showed a more intense yellowing compared to the
other treatments (P<0.05). In addition, celery sticks packaged in
the O,-PLA bags developed numerous small pits on the surface that
became increasingly evident over time (Fig. 2). The pitting devel-
opment could be due to the high oxygen, but CO, accumulation
could be also affecting, so further research needs to be carried out
to clarify the origin of this disease. Surface lightness was affected by
in-package gas composition, but not the packaging material with
celery sticks packaged in CO,-PLA bags exhibiting the lowest L*
value during the first week of storage (P<0.05) (Table 3).

Table 3

Lightness (L*) and hue (h°) values for surface and cut ends of the celery sticks packaged in different materials and initial gas compositions during storage at 7 °C.

(d)

Packaging code Storage time

Analysis location

21

14

he

L*

"

L*

L*

L*

116.9 + 2.4
116.1 & 3.22
117.3 + 2.5°
115.7 + 2.92
117.3 £ 2.1

117.4 + 1.9°

60.6 + 5.4™
60.2 + 4.8"
60.5 + 5.0
60.6 + 4.9™
60.0 £+ 6.3"
59.2 + 5.3™

117.4 &+ 2.33
117.4 + 3.2
117.7 + 2.2°
116.8 + 2.12
118.4 + 2.0°
117.2 + 2.9%

59.7 + 5.3™
60.5 £+ 5.6"
60.8 + 5.9™
60.6 + 5.7™
59.9 + 6.3"
60.8 + 5.7™

118.1 £ 1.2
117.8 + 1.4°
118.0 & 1.4°
1173 £ 1.72
118.8 + 1.4¢
118.3 + 1.7°

57.5 £ 4.72
59.4 + 6.2
59.3 + 5.0%°
60.9 + 5.7°
58.8 £5.72
59.0 + 5.92

117.5 &+ 1.9%
117.0 + 2.6%
117.8 + 1.4b¢
117.9 + 1.5
118.9 + 1.9¢
118.3 + 1.4¢

58.0 + 6.9%
60.6 + 5.1°
59.0 + 6.12®
59.1 + 5.33b
57.8 £59?
58.7 + 6.3%

1182+ 14
1182+ 1.4
1182+ 14
1182+ 14
1182 + 1.4
1182+ 14

57.8 £+ 49
57.8 +49
57.8 +49
57.8 + 49
57.8 +49
57.8 +49

Open bags
A-PP/PE
A-PLA
0,-PLA
CO,-PLA
N,-PLA

Surface

64.88 + 5.54 106.0 + 4.72

110.0 + 4.1°

63.7 + 4.5¢
59.7 £ 5.92
62.4 + 5.8°
62.4 + 5.9

111.1 + 4.4
111.9 + 3.8%
113.4 + 3.0°
1124 & 3.1b¢
115.5 + 2.5¢
114.8 + 2.8¢

63.8 + 4.7
59.4 + 5.62
61.9 + 5.9
61.8 +5.1°
61.5 + 5.7°
61.6 + 5.6

111.3 + 4.0
113.0 + 2.6°
113.7 + 3.0°
1134 + 2.6°
115.5 + 2.7¢
115.3 + 2.5¢

60.4 + 5.3P

1158 £ 1.5

56.3 £ 4.9
56.3 + 4.9
56.3 + 4.9
56.3 + 49
56.3 + 4.9
56.3 + 4.9

Open bags
A-PP/PE
A-PLA

Cut ends

107.6 + 5.6°

60.3 £ 5.52

1113 £ 3.7°
112.9 + 3.2¢
110.5 + 3.0
1143 £ 2.94
113.6 + 3.0¢

59.1 + 522

1158 £ 1.5

111.7 + 3.2¢
110.0 + 4.3¢
112.9 + 3.49
1124 + 3.24

61.9 + 6.22b¢

59.1 + 6.22°
60.6 + 5.8P
60.6 + 5.6°
57.8 +7.52

1158 £ 1.5

61.3 + 7.0%P

1158 £ 1.5

0,-PLA

63.5 + 5.5

61.7 + 5.9%

1158 + 1.5

CO,-PLA
N,-PLA

62.5 + 5.0

61.9 + 6.2%

1158 + 1.5

Different letters indicate significant differences (P<0.05) between treatments for each time point and analysis location.

" Each value represents the mean of three replicates + standard deviation.
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Fig. 3. Effect of initial gas composition and packaging material on the color (a* b* and hue) evolution of the cut surfaces of celery sticks. Numbers (0, 3, 7, 14 and 21) indicate

storage time in days at 7 °C. Transversal dotted lines indicate different guide hue angles.

The color of cut celery stick ends was also affected by packag-
ing material and initial gas composition (Table 3). Comparing the
different materials, the cut celery stick ends in the A-PLA bags main-
tained a higher hue value (greener color) than those in A-PP/PE bags
throughout storage. This was probably caused by the higher CO,
content in the A-PLA bags. The effectiveness of low O, and high
CO, levels in preserving the green color of the cut ends of fresh-
cut celery in OPP bags at 4°C (6kPa O, and 7 kPa CO, at steady
state) was reported by Goémez and Artés (2005). However, initially
high O, levels caused the degradation of the green color and pro-
moted yellowing in the cut ends. In contrast, initially high O, levels
(95 kPa) reduced discoloration of chicory endive (Jacxsens et al.,
2001). CO,-PLA and N,-PLA maintained a higher hue during stor-
age, frequently associated to the maintenance of a greener color.
The L* value for the cut ends of celery rapidly increased during the
first 7d of storage and then stabilized thereafter (Table 3). Celery
sticks stored at 10 °C in passive modified atmospheres have report-
edly exhibited similar behavior (Vifia and Chaves, 2003) which is
likely related to increased hydration of the cut ends. Discoloration
caused by reversible surface dehydration is common in fresh-cut
produce including carrots (Tatsumi et al., 1991; Cisneros-Zevallos
et al., 1995) and peaches (Gorny et al., 1998; Gonzalez-Buesa et al.,
2011). Although discoloration of cut ends due to lignin accumula-
tion has been reported in many fresh-cut products, this does not
seem to be the reason of the discoloration of the celery cut ends
according to Vifia and Chaves (2003). Polymerized phenol could be
the cause of discoloration. Headspace gas composition had no effect
on the L* value for celery cut ends, but packaging film did have an
effect (Table 3). PP/PE bags better maintained lightness of the celery
cut ends after 7 and 14 d of storage. Cut end lightness was associ-
ated with a lower level of dehydration compared to the PLA bags,
with this higher L* due to the greater water vapor permeability of
PLA (Table 1).

Fig. 3 shows the change in the a* and b* color coordinates and
of the hue angle in the cut ends of celery sticks during storage,
providing additional information about the change in color. The
color evolution of the cut ends of the celery sticks in the A-PP/PE
bags was close to that of the cut ends of the celery sticks in the open
bags, indicating that the CO, accumulated inside the A-PP/PE was
not enough to avoid color degradation. Comparing the different

initial gas compositions, the ends of the celery sticks in CO,-PLA
bags showed more stable a* and b* coordinates, especially during
the first 14 d of storage, indicating a more well maintained color to
the initial one. However, O,-PLA and A-PLA showed a large change
in the a* and b* values during the first 7 d, indicating major changes
in the color of the celery cut ends. The N,-PLA bags after 3 and
7 d maintained intermediate values, indicating a less severe color
evolution.

These results show that a high initial concentration of CO, in the
headspace can help maintain the initial green color of the surface
and cut ends of celery sticks while a high O, concentration pro-
motes yellowing and other quality defects. While PLA can better
maintain the green color of both cut and uncut celery, dehydration
can become an issue.

3.5. Texture

Fig. 4a shows the evolution of firmness or loss of turgor of
unpackaged and packaged celery sticks during 21d at 7°C, mea-
sured as the force at a displacement of 5mm in the 3 bending
point rig. Using open bags, celery stick firmness decreased from
56.2+10.6N to 18.4+10.9N during 21d at 7°C. This change
in texture is likely due to water loss and pectin degradation as
suggested by Vifia and Chaves (2003). In contrast, both PLA and
PP/PE bags maintained celery firmness during 14d of storage. At
day 21, PLA-packaged celery softened due to the relatively high
water vapor permeability of PLA while celery sticks packaged in
PP/PE maintained their turgor (P<0.05) (Table 1). The different
initial gas compositions did not affect the turgor of the celery sticks
throughout the storage. This was due to the gas compositions
having no effect on the weight loss of the celery sticks. Unlike
firmness, the celery toughness was affected by the initial gas
composition, but not the packaging material (Fig. 4b). Celery sticks
maintained a slightly tougher texture in high O, compared to other
gas mixtures during storage (P<0.05). This was most likely due to
maintenance of the celery respiration rate at high O, levels, which
has the potential to increase lignin production and hardening of
the celery fibers. Vifia and Chaves (2003) reported lignification of
fibers and/or xylem vessels in fresh cut celery during storage in
passive modified atmospheres (>10kPa O, and <4 kPa CO,) with
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Fig.4. Firmness(a)and toughness (b) of celery sticks packaged in different materials
and initial gas compositions during storage at 7 °C.

similar results obtained for asparagus during exposure to 21 kPa
0, (Everson et al., 1992). Another possible explanation is damage
of tissues by the high O, exposure during storage.

3.6. L. monocytogenes

Growth of L. monocytogenes on celery during 21 d of storage at
7°C was impacted by initial headspace gas composition (Fig. 5a).
While O,-PLA bags showed no increase in Listeria populations dur-
ing the first 10d of storage (P<0.05), CO,-PLA, N,-PLA, and A-PLA
supported growth. Amanatidou et al. (1999) reported only a slight
reduction in Listeria growth on agar plates that were exposed to
90 kPa O, at 8 °C. In other work, L. monocytogenes growth in fresh,
processed, mixed salads (endive, curly endive, radicchio, lollo rosso
and lollo bionda) was not affected by an initial oxygen level of
95 kPa during storage at 4°C (Allende et al., 2002). Suppression of
Listeria growth is most likely only visible above 4 °C. In fact, Listeria
populations in fresh-cut celery stored at multiple temperatures in
highly permeable bags and containers (<2 kPa CO, and ~ 18 kPa O,
at steady state) decreased at 4°C due to the low temperature but
not the gas composition (Vandamm et al., 2013).

After 10 and 14 d of storage at 7 °C, Listeria populations in the
CO,-PLA bags were slightly higher than those in the N,-PLA and A-
PLAbags, and significantly higher (P<0.05) than those in the O,-PLA
bags (Fig. 5). Enhanced growth of Listeria at higher CO, levels has
been previously reported for other types of produce including cut
chicory endive (Bennik et al., 1996), shredded cabbage (Kallander
et al, 1991), and shredded lettuce (Francis and O’Beirne, 2001). In
contrast, an initial in-package gas composition of 5kPa O, +5 kPa
CO, suppressed Listeria growth in shredded iceberg lettuce

7

W0 o A-PLA
s ~<-0,-PLA
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O 34
o 0-CO,PLA
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Fig.5. Listeria monocytogenes populations on sanitized and unsanitized celery sticks
packaged in different materials and initial gas compositions during storage at 7°C
((a) compares initial headspace gas compositions and (b) compares materials as well
as sanitation).

(Carrasco et al., 2008). These observed differences in Listeria behav-
ior in packaged fresh-cut produce stored at low temperatures can
be partially explained by the type of produce, modified atmosphere,
inherent microflora and Listeria strain variations (Caleb et al.,
2013).

At day 21, no differences (P> 0.05) were found between the Lis-
teria populations on celery for the different packaging methods,
likely due to similarly low O, levels in all packages. The O,-PLA
bags were the only packages able to maintain the initial Listeria
populations during the first 10d of storage, but no longer, due to
the shift to anaerobic conditions. This can be attributed to the lack of
competing aerobic microflora that occurred when O, was depleted.
According to Farber et al. (1998), decreased growth of L. monocyto-
genes on cabbage packaged using a highly permeable film could be
partially explained by the competing microflora such as lactic acid
bacteria.

No differences (P> 0.05) were found between the Listeria popu-
lations on celery sticks packaged in different materials and between
sanitized and unsanitized celery throughout storage (Fig. 5b), even
though the CO; level was higher and the O, level lower for the PLA
bags.

4. Conclusions

This study shows that the initial headspace gas composition
and packaging material can significantly affect the quality and
safety of celery sticks during the marketable period. Active MAP
(CO,-PLA) out-performed passive MAP (A-PLA) in maintaining
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celery stick quality but not safety. Conventional active MAP
(CO2-PLA) out-performed non-conventional active MAP (O,-PLA
and N,-PLA) in maintaining the quality of the celery sticks. Non-
conventional active MAP with 95 kPa O, suppressed the growth
of L. monocytogenes, while a high concentration of CO, promoted
growth during the first 10d of storage. When comparing PLA and
PP/PE as a packaging material, both impacted the quality of celery
to varying degrees, but not Listeria growth. PLA allowed quicker
development of gas compositions that better maintained the green
color of the celery surface and cut ends, but increased cut end
dehydration and weight loss. However, this weight loss was well
within tolerable limits with celery turgor also unaffected during
two weeks of storage. PLA retained ethanol that was released into
the package headspace while PP/PE favored its escape from the
package. A sensory evaluation would be needed to determine the
impact of ethanol concentration on the consumer acceptance of
the packaged celery sticks. The combination PLA and an initial gas
composition of 95 kPa O, would be a viable packaging option when
storing celery for up to one week due to the few quality changes
and maintained Listeria populations. However, during longer
storage, celery exposed to this initial gas composition showed
more visual and textural defects along with high levels of ethanol.

Acknowledgements

This research was supported by the Project 2011-51110-31027
from the USDA NIFSI (United States Department of Agriculture’s
National Integrated Food Safety Initiative). The authors would also
like to thank the Michigan State University Food Safety Group for
the financial support of Natalie Page and the People Program (Marie
Curie Actions) of the European Union’s Seventh Framework Pro-
gram (FP7/2007-2013) under REA grant agreement n° 332201 for
the financial support of Jaime Gonzalez-Buesa.

References

Aguado, V., Vitas, A.l, Garcia-Jalén, 1., 2004. Characterization of Listeria monocyto-
genes and Listeria innocua from a vegetable processing plant by RAPD and REA.
Int. J. Food Microbiol. 90, 341-347.

Almenar, E., Samsudin, H., Auras, R., Harte, B., Rubino, M., 2008. Postharvest shelf
life extension of blueberries using a biodegradable package. Food Chem. 100 (1),
120-127.

Almenar, E., Auras, R., 2010. Permeation, sorption, and diffusion in poly(lactic acid).
In: Auras, R., Lim, L.-T., Selke, S.E.M., Tsuji, H. (Eds.), Poly(lactic Acid): Synthesis,
Structure, Properties and Applications. Wiley and Sons, New York, pp. 155-179.

Almenar, E., Samsudin, H., Auras, R., Harte, J., 2010. Consumer acceptance of fresh
blueberries in bio-based packages. ]. Sci. Food Agric. 90 (7), 1121-1128.

Allende, A., Jacxsens, L., Devlieghere, F., Debevere, ]., Artés, F., 2002. Effect of
superatmospheric oxygen packaging on sensorial quality, spoilage, and Listeria
monocytogenes and Aeromonas caviae growth in fresh processed mixed salads. J.
Food Prot. 65, 1565-1573.

Allende, A., Luo, Y., McEvoy, J.L., Artés, F., Wang, C.Y., 2004. Microbial and quality
changes in minimally processed baby spinach leaves stored under super atmo-
spheric oxygen and modified atmosphere conditions. Postharvest Biol. Technol.
33,51-59.

Amanatidou, A., Smid, E.J., Gorris, L.G.M., 1999. Effect of elevated oxygen and carbon
dioxide on the surface growth of vegetable-associated micro-organisms. J. Appl.
Microbiol. 86, 429-438.

Artés, F., Gomez, P., Aguayo, E., Escalona, V., Artés-Hernandez, F., 2009. Sustainable
sanitation techniques for keeping quality and safety of fresh-cut plant commodi-
ties. Postharvest Biol. Technol. 51, 287-296.

Artés-Hernandez, F., Rivera-Cabrera, F., Kader, A.A., 2007. Quality retention and
potential shelf-life of fresh-cut lemons as affected by cut type and temperature.
Postharvest Biol. Technol. 43, 245-254.

Bennik, M.HJ., Peppelenbos, H.W., Nguyen-the, C., Carlin, F., Smid, E.J., Gorris, L.G.M.,
1996. Microbiology of minimally processed, modified-atmosphere packaged
chicory endive. Postharvest Biol. Technol. 9, 209-221.

Caleb, 0.J., Mahajan, P.V., Al-Said, F.A., Opara, U.L, 2013. Modified atmosphere
packaging technology of fresh and fresh-cut produce and the microbial
consequences—a review. Food Bioprocess Technol. 6, 303-329.

Cantwell, M.L, Suslow, T.V., 2002. Postharvest handling systems: fresh-cut fruits and
vegetables. In: Kader, A.A. (Ed.), Postharvest Technology of Horticultural Crops.
University of California, Berkeley, California, pp. 445-463 (Publ. 3311).

Carrasco, E., Pérez-Rodriguez, F., Valero, A., Garcia-Gimeno, R.M., Zurera, G., 2008.
Growth of Listeria monocytogenes on shredded, ready-to-eat iceberg lettuce.
Food Control 19, 487-494.

Cisneros-Zevallos, L., Saltveit, M.E., Krochta, ].M., 1995. Mechanism of surface white
discoloration of peeled (minimally processed) carrots during storage. J. Food Sci.
60, 320-323.

Cordano, A.M.,, Jacquet, C., 2009. Listeria monocytogenes isolated from vegetable
salads sold at supermarkets in Santiago Chile: prevalence and strain charac-
terization. Int. J. Food Microbiol. 132, 176-179.

Escalona, V.H., Verlinden, B.E., Geysen, S., Nicolai, B.M., 2006. Changes in respira-
tion of fresh-cut butterhead lettuce under controlled atmospheres using low
and superatmospheric oxygen conditions with different carbon dioxide levels.
Postharvest Biol. Technol. 39, 48-55.

Everson, H.P., Waldron, KW., Geeson, J.D., Browne, K.M., 1992. Effects of modified
atmospheres on textural and cell-wall changes of asparagus during shelf-life.
Int. J. Food Sci. Technol. 27, 187-199.

Forney, C.F., Jordan, M.A,, Fan, L., Doucette, C., Grant, R., 2012. Influence of pack-
aging on loss of aroma and quality of diced red onions. Acta Hortic. 934,
523-530.

Farber, J.M., Wang, S.L., Cai, Y., Zhang, S., 1998. Changes in populations of Listeria
monocytogenes inoculated on prepackaged fresh-cut vegetables. J. Food Prot. 61,
192-195.

Francis, G.A., O'Beirne, D., 2001. Effects of vegetable type, package atmo-
sphere and storage temperature on growth and survival of Escherichia coli
0157:H7 and Listeria monocytogenes. ]. Ind. Microbiol. Biotechnol. 27,
111-116.

Gaul, LK., Farag, N.H., Shim, T., Kingsley, M.A.,, Silk, BJ., Hyytia-Trees, E., 2013.
Hospital-acquired listeriosis outbreak caused by contaminated diced celery -
Texas 2010. Clin. Infect. Dis. 56, 20-26.

Gonzalez-Buesa, J., Arias, E., Salvador, M.L., Oria, R., Ferrer-Mairal, A., 2011. Suitabil-
ity for minimal processing of non-melting clingstone peaches. Int. J. Food Sci.
Technol. 46, 819-826.

Gorny, J.R., Hess-Pierce, B., Kader, A.A., 1998. Effects of fruit ripeness and storage
temperature on the deterioration rate of fresh-cut peach and nectarine slices.
HortScience 33, 110-113.

Goémez, P.A., Artés, F., 2004. Controlled atmospheres enhance postharvest green
celery quality. Postharvest Biol. Technol. 34, 203-209.

Goémez, P.A., Artés, F., 2005. Improved keeping quality of minimally fresh processed
celery sticks by modified atmosphere packaging. LWT - Food Sci. Technol. 38,
323-329.

Igbal, T., Rodrigues, F.A., Mahajan, P.V., Kerry, J.P., Gil, L., Manso, M.C., Cunha, L.M.,
2008. Effect of minimal processing conditions on respiration rate of carrots. J.
Food Sci. 73, E396-E402.

Jacxsens, L., Devlieghere, F., Van der Steen, C., Debevere, ].,2001. Effect of high oxygen
modified atmosphere packaging on microbial growth and sensorial qualities of
fresh-cut produce. Int. J. Food Microbiol. 71, 197-210.

Jacxsens, L., Devlieghere, F., Ragaert, P., Vanneste, E., Debevere, ]., 2003. Relation
between microbiological quality, metabolite production and sensory quality
of equilibrium modified atmosphere packaged fresh-cut produce. Int. J. Food
Microbiol. 83, 263-280.

Jol, S., Kassianenko, A., Wszol, K., Oggel, J., 2006. Issues in time and temperature
abuse of refrigerated food. Food Safety 11, 32-35, 78.

Joo, M., Lewandowski, N., Auras, R., Harte, J., Almenar, E., 2011. Comparative shelf
life study of blackberry fruit in bio-based and petroleum-based containers under
retail storage conditions. Food Chem. 126, 1734-1740.

Joo, M., Lewandowski, N., Auras, R., Harte, J., Almenar, E., 2012. Corrigendum to
“Comparative shelf life study of blackberry fruit in bio-based and petroleum-
based containers under retail storage conditions” [Food Chem. 126, 1734-1740].
Food Chem. 130, 171.

Kallander, K.D., Hitchins, A.D., Lancette, G.A., Schmieg, ]J.A., Garcia, G.R., Solomon,
H.M., Sofos, J.N., 1991. Fate of Listeria monocytogenes in shredded cabbage
stored at 5 and 25°C under a modified atmosphere. J. Food Prot. 54, 302-
304.

Koutsimanis, G., Getter, K., Behe, B., Harte, J., Almenar, E., 2012. Influences of pack-
aging attributes on consumer purchase decisions for fresh produce. Appetite 59,
270-280.

Kwak, T.Y., Kim, N.H., Rhee, M.S., 2011. Response surface methodology-based
optimization of decontamination conditions for Escherichia coli 0157:H7 and
Salmonella typhimurium on fresh-cut celery using thermoultrasound and cal-
cium propionate. Int. J. Food Microbiol. 150, 128-135.

Ly, Z., Yy, Z., Gao, X,, Ly, F.,, Zhang, L., 2005. Preservation effects of gamma irradiation
on fresh-cut celery. ]. Food Eng. 67, 347-351.

Lundén, J., Vanhanen, V., Kotilainen, K., Hemminki, K., 2014. Retail food stores’
internet-based own-check databank records and health officers’ on-site
inspection results for cleanliness and food holding temperatures reveal incon-
sistencies. Food Control 35, 79-84.

Martinez, J.A., Chiesa, A., Tovar, F., Artés, F., 2005. Respiration rate and ethylene
production of fresh cut lettuce as affected by cutting grade. Agric. Food Sci. 14,
354-361.

Prakash, A., Inthajak, P., Huibregtse, H., Caporaso, F., Foley, D.M., 2000. Effects of low-
dose gamma irradiation and conventional treatments on shelf life and quality
characteristics of diced celery. J. Food Sci. 65, 1070-1075.

Robertson, G.L., 2013. Food Packaging: Principles and Practice, 3rd ed. CRC Press,
Boca Raton, FL, USA.

Rizzo, V., Muratore, G., 2009. Effects of packaging on shelf life of fresh celery. J. Food
Eng. 90, 124-128.


http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0005
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0010
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0015
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0020
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0025
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0030
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0035
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0040
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0045
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0050
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0055
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0060
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0065
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0070
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0075
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0080
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0085
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0090
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0095
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0100
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0105
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0110
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0115
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0120
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0125
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0130
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0135
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0140
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0145
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0150
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0155
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0160
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0165
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0170
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0175
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0180
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0185
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0190
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0195
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0200

J. Gonzdlez-Buesa et al. / Postharvest Biology and Technology XX (XXXX) XX-XX

Robinson, J.E., Browne, K.M., Burton, W.G., 1975. Storage characteristics of some
vegetables and soft fruits. Ann. Appl. Biol. 81, 399-408.

Rocculi, P., Romani, S., Dalla Rosa, M., 2005. Effect of MAP with argon and nitrous
oxide on quality maintenance of minimally processed kiwifruit. Postharvest Biol.
Technol. 35, 319-328.

Saltveit, M.E., Mangrich, M.E., 1996. Using density measurements to study the effect
of excision, storage, abscisic acid, and ethylene on pithiness in celery petioles. J.
Am. Soc. Hortic. Sci. 121, 137-141.

Saltveit, M.E., 1997. A summary of CA and MA requirements and recommendations
for harvested vegetables. In: Proc. 7th Intl. Cont. Atmos. Conf., Davis, CA, pp.
98-117.

Silveira, A.C., Conesa, A., Aguayo, E., Artés, F., 2008. Alternative sanitizers to chlorine
for use on fresh-cut ‘Galia’ (Cucumis melo var. catalupensis) melon. ]. Food Sci.
73, M405-M411.

Suslow, T., Cantwell, M., 2000. Celery: recommendations for maintaining posthar-
vest quality. In: Produce Facts. Department of Vegetable Crops, California, USA.

Tatsumi, Y., Watada, A.E., Wergin, W.P., 1991. Scanning Electron-Microscopy of Car-
rot Stick Surface to Determine Cause of White Translucent Appearance. J. Food
Sci. 56, 1357-1359.

Tharanathan, R.N., 2003. Biodegradable films and composite coatings: past, present
and future. Trends Food Sci. Technol. 14, 71-78.

United Fresh Foundation, 2010. FreshFacts® on retail. In: Whole and Fresh Cut Pro-
duce Trends: Q3.

Vandamm, ].P., Li, D., Harris, LJ., Schaffner, D.W., Danyluk, M.D., 2013. Fate of
Escherichia coli 0157:H7, Listeria monocytogenes, and Salmonella on fresh-cut
celery. Food Microbiol. 34, 151-157.

Vifia, S.Z., Chaves, A.R., 2003. Texture changes in fresh cut celery during refrigerated
storage. J. Sci. Food Agric. 83, 1308-1314.

Vifia, S.Z., Chaves, A.R., 2006. Antioxidant responses in minimally processed celery
during refrigerated storage. Food Chem. 94, 68-74.

Vifia, S.Z.,L6pez Osornio, M.M., Chaves, A.R.,2007. Quality changes in fresh-cut celery
as affected by heat treatment and storage. J. Sci. Food Agric. 87, 1400-1407.


http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0205
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0210
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0215
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0220
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0225
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0230
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0235
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0240
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0245
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0250
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0255
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0260
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265
http://refhub.elsevier.com/S0925-5214(14)00059-3/sbref0265

	Effect of non-conventional atmospheres and bio-based packaging on the quality and safety of Listeria monocytogenes-inocula...
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.1.1 Celery
	2.1.2 Packaging materials

	2.2 Methods
	2.2.1 Packaging and storage
	2.2.2 Packaging material characterization
	2.2.3 Atmosphere composition
	2.2.4 Texture
	2.2.5 Color
	2.2.6 Weight loss
	2.2.7 Preparation of inoculum, inoculation of samples, and microbiological analysis
	2.2.8 Statistical analysis


	3 Results and discussion
	3.1 Packaging material characterization
	3.2 Atmosphere composition
	3.3 Weight loss
	3.4 Color
	3.5 Texture
	3.6 L. monocytogenes

	4 Conclusions
	Acknowledgements
	References




