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a  b s  t r a  c t

The inhibition of Listeria monocytogenes ATCC 7644 on fresh-cut tomato was investigated

using nisin alone, and in combinations with organic salts. Nisin at a  concentration of

5000  UI/mL was introduced alone or in combination with an  organic salt (sodium citrate

or  sodium acetate each at 3  and 5 g/100 mL each) on fresh-cut tomato previously inocu-

lated  with 108 CFU/mL of L. monocytogenes ATCC 7644. Chlorine at 200 ppm was used as a

control. The inoculated samples were incubated at different temperatures (4, 10  and 25 ◦C)

and  examined at 0,  24, 48 and 72 h. The effects of the  antimicrobial treatments on quality

parameters of tomato (pH, soluble solids, titratable acidity and vitamin C) were also evalu-

ated, and colour parameters were observed at the lowest storage temperature for 10 days.

Both nisin and the  organic salts inhibited growth of L. monocytogenes, but the combinations

of two compounds were more effective. The nisin–sodium citrate (5%) combination was sig-

nificantly (p ≤ 0.05) effective, while chlorine was least effective against L. monocytogenes. The

quality parameters were substantially retained, especially at 4 ◦C, suggesting good shelf sta-

bility at a low  temperature. These results substantiate the use of the cheap and eco-friendly

approach  to reducing this pathogen of health concern in common fresh produce.

©  2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Fresh produce is  an essential component of human diet.
It contains micro-nutrients, vitamins and certain phyto-
chemicals which contribute significantly to  human diet.1
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E-mail: debbyoladunjoye@yahoo.com (A.O. Oladunjoye).

Growing demands for exotic fresh produce in  recent years
have attracted laudable attention due to its health-promoting
nature.2 It has been strongly advocated by relevant global
agencies, that consumption of approximately 400 g of fresh
produce per day, which equals to “five servings a  day” as a  rec-
ommended daily intake has a  prophylactic capacity to stem
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the tide of certain maladies in humans such as  carcinoma,
diabetes and cardiovascular diseases.3,4

Despite its veritable contribution to human diet, the
benefits of fresh produce consumption have been greatly chal-
lenged by the emergence of disease outbreaks linked to certain
pathogens, since a  large proportion of fresh produce is often
used raw, with little or no antimicrobial treatment. Listeria

monocytogenes has been reported as  one of such pathogens
implicated in the outbreaks.4,5

L. monocytogenes is  a  tenacious micro-organism that can
be found in various locations in the environment, such as
soil, water and animal dung, and in a wide variety of fresh
and minimally-processed produce.6 This gram-positive oppor-
tunistic bacterium is of very high public health concern
as the cause of a life-threatening disease called listeriosis.
The disease has the  capacity to  affect the entire vulnerable
population. A recent multi-state incidence of this disease out-
break, linked to a commercially produced apple product, has
been reported in the United States in 35 cases, of which 34
were hospitalised and eventually left seven patients dead.7 In
another related development, Canada public health agencies
are also on the  alert as  two similar cases of contamination
with L. monocytogenes of same genetic background have been
reported.8 As control measures, various interventions have
been endorsed to reduce its contamination of fresh produce
along the food chain and during processing. Over time, a
chlorine wash has  been commonly employed to reduce micro-
bial loads on fresh produce prior to subsequent processing.
However, development of resistant mutants, and accumula-
tion of halogen-based residues, which could elicit a  noxious
risk to both food and consumers have reduced its continuous
utilisation.9,10 These outcomes have incited a  clamour to the
use of natural antimicrobials such as nisin and organic acids
or salts for reducing pathogens with a high mortality rate,
such as L. monocytogenes,  wherein the compounds serve as bio-
cidal agents, while the nutritional integrity of fresh produce is
substantially retained.11

Nisin is a bacteriocin produced by the lactic acid bacterium-
Lactococcus lactis subsp. lactis with a  preservative capacity in
the food industry. It has  been reported to exhibit bactericidal
effects on gram-positive bacteria such as L. monocytogenes.12

This biological antimicrobial agent has been granted the “gen-
erally regarded as safe” (GRAS) status by the United States Food
and Drug Administration, which has made it commercially
available. Organic salts have also been regarded as veritable
antimicrobial agents. They basically reduce pH of the cellu-
lar environment, disrupt transport of materials and increase
permeability of the cytoplasmic membrane. Advantageously,
they are inexpensive, less harmful to personnel’s health and
the processing environment and their GRAS status has also
been endorsed for commercial use.

Nisin in synergy with salts of organic acids may  be con-
sidered a promising anti-listerial barrier which could prolong
the shelf stability of fresh produce such as tomato. This hur-
dle approach has  been extensively utilised for foods of animal
origin with a  successful log reduction of the pathogen. For
instance, nisin in combination with sodium lactate applied on
cold-smoked rainbow trout reduced the L. monocytogenes pop-
ulation from 3.26 to 1.8 log CFU/g over two weeks of storage
at 8 ◦C, with no deleterious impact on sensory quality.13 Also,

Grosulescu14 reported the use of different organic salt con-
centrations against L. monocytogenes on some meat products,
with significant reductions in bacterial counts. This natu-
ral hurdle looks promising and may  suffice in the control of
L. monocytogenes in fresh produce such as  tomato. Therefore
this research aimed to investigate the synergistic effects of
nisin and salts of organic acids on the survival of L. mono-

cytogenes in fresh-cut produce and their impacts on product
quality.

Materials  and  methods

Preparation  of  fresh  produce

Fresh tomatoes (Lycopersicon esculentum) were obtained from
a local grocery supermarket (Woolworth supermarket, Dur-
ban, South Africa). Prior to  experimental studies, the  produce
was washed with distilled water, surface disinfected with 70%
ethanol and allowed to dry at room temperature before being
cut into 10 mm thick slices.

Bacterium  and  preparation  of  inoculum

An  L. monocytogenes:  serovar 1/2c (ATCC 7644) frozen stock cul-
ture in  glycerol (Merck, South Africa) was allowed to thaw
in  a  water bath at 25 ◦C for 3 min. The thawed culture was
grown in 50  mL  of tryptone Fraser broth base (Oxoid, Ltd.,
England) supplemented with 5 g/L of yeast extract, 1.35 g/L
of potassium dihydrogen phosphate and 12 g/L of di-sodium
hydrogen phosphate at 37 ±  1 ◦C for 20–24 h. Bacterial cells
were harvested by centrifugation (Eppendorf centrifuge 5810R)
at 3000 rpm for 15 min  at 4 ± 1 ◦C and re-suspended in ster-
ile saline peptone (8.5% NaCl and 1% peptone). A  108 CFU/mL
suspension of the cells was then prepared using a  McFarland
standard solution (0.05 mL  of 1.175% BaCl2·2H2O and 9.95 mL
of 1% H2SO4).

Preparation  of  antimicrobials  and  sample  inoculation

The procedures were carried out using modified method
described by Samelis et  al.15 Nisin (N5764. Sigma–Aldrich, St.
Louis, MO, USA) was prepared at 0.5 g/100 mL,  which is equal
to  5000 IU/mL was prepared and stored at the  refrigeration
temperature, while organic salts – sodium citrate (Associ-
ated Chemical Enterprise, Johannesburg, South Africa) and
sodium acetate (Sigma–Aldrich) were each prepared at 3 and
5 g/100 mL.  Chlorine (Sodium hypochlorite Merck Chemicals
Ltd., Gauteng, South Africa) which serves as control was pre-
pared at 200 ppm. Tomato slices were placed on aluminium foil
in  a  biohazard hood and 1 mL  of inoculum was spread on both
sides of each slice using a  sterile bent glass rod. The inoculated
slices were left to stand separately at 4 ◦C for 15 min  and then
dipped antimicrobial solutions. The solutions were poured
aseptically into pre-sterilised stainless steel pots equipped
with strainers to facilitate dipping and draining for 1  min  each.
The slices were then stored in a  perforated stomacher bag  at
different temperatures (4, 10 and 25 ◦C)  and for different period
of time (0, 24, 48 and 72 h)  to assess log reduction levels of the
pathogen.
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Bacterial  analysis

Recovery of the L. monocytogenes ATCC 7644 populations from
the fresh-cut tomato was performed after 0, 24, 48  and 72  h of
storage at 4, 10, and 25 ◦C. The tomato slices from stomacher
bag were diluted with 9 mL  of buffered peptone water and
blended in a homogeniser for 120 s at a  high speed. Aliquots of
the mixtures were serially diluted in buffered peptone water,
and 100 �L of the dilutions were spread on Listeria agar base
(Oxoid) with a  Listeria selective supplement (Sigma–Aldrich).
Colonies were counted after incubation at 37 ±  1 ◦C for 48 h
using a Doc-it colony counter (Analytik Coy Germany). All
treatments were conducted in triplicate.

Quality  parameters

Quality parameters (pH, soluble solids, titratable acidity, vita-
min C and colour values) of the fresh-cut tomato slices were
evaluated before and after the experiment. The pH values were
determined using a  penetration-electrode pH metre (Model
Basic 20 Crison Instrument, Barcelona, Spain). Soluble solids
(SS) were determined using a  refractometer (PR-201+, Atago,
Pty., Ltd). Titratable acidity (TA)  was  determined by diluting
10 mL of a homogenised sample with 10 mL  of distilled water,
followed by titration of the mixture with 0.1 N NaOH up  to pH
8.1. Vitamin C was determined by the method of Mohammed
et al.,16 using a UV spectrophotometer (Jenway 7305,Bibby
Scientific, Ltd., Stone, Staffordshire, UK). The International
Commission on Illumination CIE L* a* and b* values were deter-
mined at the refrigerated temperature using a  colorimeter
(Color Flex EZ, 0840, Hunter Lab, Reston, USA) colorimeter. All
parameters were evaluated in triplicate.

Statistical  analysis

All experiments were replicated thrice for each treatment.
The data obtained were subjected to analysis of variance,
and the means were separated using Duncan’s multiple-range
test (p ≤ 0.05). Results were analysed using the SPSS software
package.

Results  and discussion

Effect  of  anti-microbial  treatments  on Listeria

monocytogenes  populations

The results obtained from the antimicrobial dipping treat-
ments showed a significant reduction in  the  survival of L.

monocytogenes at 4 ◦C (Fig. 1). The fresh-cut tomato slices
dipped in chlorine for 1 and 3 min  showed significantly
(p ≤ 0.05) smaller log reduction values of 1.90–2.81 and
1.91–2.85 CFU/mL, respectively depending on the time of incu-
bation. The nisin-alone showed a log reduction of ∼2.05 to
2.99 CFU/mL depending on the time of incubation. However,
nisin in the combinations with sodium citrate, especially at
5% concentration of the latter, showed the  highest log reduc-
tion of 2.56–3.48 CFU/mL depending on the  time of incubation
compared to the other antimicrobial treatments.

0

1

2

3

4

5

6

7

8

9

72h48h24h0h

L
o

g
(c

fu
/m

l)

Time (hour)

Lm

 Lm+Nisin

Lm+Ns+SC3%

Lm+Ns+SC5%

Lm+Ns+SA3%

Lm+Ns+SA5%

Lm+CL 1min

Lm+CL 3min

Fig. 1 – Listeria monocytogenes populations (log CFU/mL) on

fresh-cut tomato (n  = 3) stored at  4 ◦C with nisin alone and

in combinations with the organic salts as well  as in  the

chlorine control (Lm−,  L. monocytogenes;  Lm+Nisin, L.

monocytogenes and nisin; Lm+Ns+SC3%, L. monocytogenes,

nisin and 3% sodium citrate; Lm+Ns+SC5%, L.

monocytogenes, nisin and 5% sodium citrate; Lm+Ns+SA3%,

L. monocytogenes,  nisin and 3% sodium acetate;

Lm+Ns+SC5%, L. monocytogenes,  nisin and 5%  sodium

acetate; at  Lm+CL−  L. monocytogenes and chlorine).

The antimicrobial treatments against the L. monocytogenes

population on fresh-cut tomato incubated at 10 ◦C exhibited
similar pattern to those observed at 4 ◦C (Fig. 2). The fresh-cut
tomato slices dipped in chlorine for both (1 and 3 min) showed
significantly (p ≤ 0.05) lower log reduction values of ∼1.32 to
1.48 and 1.38 to 1.50 CFU/mL, respectively depending on time
of incubation. The treatment with nisin alone resulted in  an
about 1.88–1.72 CFU/mL log reduction, depending on storage
temperature. Meanwhile, nisin in the combination with 5%
sodium citrate showed higher log reduction values of ∼ 2.27
to 2.28 CFU/mL compared with nisin alone.

Similar trend of log reduction of L. monocytogenes was
observed at elevated temperature of 25 ◦C (Fig. 3). Chlo-
rine treatment at both contact time significantly (p ≤ 0.05)
retained the least log values of ∼0.26 to  0.39 and 0.37 to
0.54 CFU/mL respectively. Nisin alone resulted in log reduc-
tion of 1.60–1.76 CFU/mL. Nisin–sodium citrate combination
at 5% concentration retained the highest log reduction values
of recovery mean values of 2.44–2.56 log CFU/mL.

The comparative ineffectiveness of the  chlorine control as
demonstrated by lower the log reduction values compared
to the other antimicrobial treatments can be explained by
the development of chlorine resistance by the pathogen. For
example, L. monocytogenes is able to form biofilms, which are
microbial aggregates in  an  exo-polysaccharide matrix. Bacte-
rial cells in biofilms resist common sanitisers such as  chlorine,
causing an  immense concern in  the fresh produce industry.17

However, Ijabadeniyi,18 reported the inactivation of pathogen
biofilms by chlorine sanitisers. Nisin acts as a  growth inhibitor
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Fig. 2 – L. monocytogenes populations (log CFU/mL) on

fresh-cut tomato (n = 3) stored at 10 ◦C with nisin alone and

in combinations with the organic salts as well as in the

chlorine control (Lm−,  L. monocytogenes;  Lm+Nisin, L.

monocytogenes and nisin; Lm+Ns+SC3%, L. monocytogenes,

nisin and 3% sodium citrate; Lm+Ns+SC5%, L.

monocytogenes, nisin and 5% sodium citrate; Lm+Ns+SA3%,

L. monocytogenes, nisin and 3% sodium acetate;

Lm+Ns+SC5%, L. monocytogenes,  nisin and 5% sodium

acetate; at Lm+CL−  L. monocytogenes and chlorine).
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Fig. 3 – L. monocytogenes populations (log CFU/mL) on

fresh-cut tomato (n = 3) stored at 25 ◦C with nisin alone and

in combinations with the organic salts as well as in the

chlorine control (Lm− L. monocytogenes;  Lm+Nisin, L.

monocytogenes and nisin; Lm+Ns+SC3%, L. monocytogenes,

nisin and 3% sodium citrate; Lm+Ns+SC5%, L.

monocytogenes, nisin and 5% sodium citrate; Lm+Ns+SA3%,

L. monocytogenes, nisin and 3% sodium acetate;

Lm+Ns+SC5%, L. monocytogenes,  nisin and 5% sodium

acetate; at Lm+CL−  L. monocytogenes and chlorine).

via pore formation in the cytoplasmic membrane of gram-
positive bacteria such as  L. monocytogenes,  which enhances the
bacterial inactivation on fresh-cut produce. Similar findings by
Hoelzer19 indicated 1.33 and 2.64 log10 CFU reductions of the
pathogen by nisin on broccoli and cabbage, respectively. The
higher rates of reductions of the pathogen on fresh-cut tomato
by nisin in combinations with the salts of organic acids on the
fresh-cut tomato can be associated primarily with the  reduc-
tion of pH and disruption of cellular materials. The relative
efficacy of sodium citrate can be  linked to its stronger biocidal
and metal-chelating capabilities compared to monocarboxylic
salts such as acetates.20,21 Increased in  storage temperatures
tends to favour L. monocytogenes survival on fresh produce as
reflected by the log reduction rates.10

Effect  of  anti-microbial  treatment  on quality  parameter  of

the fresh-cut  tomato

The results of the quality parameter assays (pH, TA, SS and
vitamin C) for fresh-cut tomato are  represented in Table 1.
Nisin in the combination with sodium citrate at a 3% con-
centration gave the lowest pH value (p ≤ 0.05) at 4 and 10 ◦C,
while nisin–sodium acetate at a 5% concentration showed the
highest pH values at both temperatures. At 25 ◦C, however,
nisin–sodium acetate (5%) showed the lowest pH  value, while
that in control was significantly (p ≤ 0.05) higher compared
with the other anti-microbial treatments. Anti-microbial
treatments showed higher (p ≤ 0.05) TA values than those in
control samples at 4 ◦C and lower values than those in control
sample at 10 ◦C  except nisin–sodium acetate (5%). However,
at 25 ◦C, all the antimicrobial treatments were lower than
that of the  control sample. The amount of soluble solids in
the nisin–sodium acetate at (5%) were significantly (p ≤ 0.05)
higher than those in  the control and other antimicrobial treat-
ments at 4  and 10 ◦C, however, a reverse trend was observed
at 25 ◦C.  The vitamin C value in the nisin–sodium acetate (5%)
treatment of fresh-cut produce was higher than the values in
the control and other anti microbial treatments at all temper-
ature regimes, while the  treatment with nisin alone showed
the lowest vitamin C value. Nisin in the combination with the
organic salts resulted in further pH  lowering, which agrees
with their basic antimicrobial mode of action. Similar findings
reported by22 corroborate the above conclusion. Lower pH
represents a good keeping quality in fresh produce such as
tomato since most spoilage bacteria find it difficult to  thrive
in such a medium. The decrease in TA with the increasing
storage temperature, increases can be linked to a  loss of citric
acid.23 TA in fresh produce represents the index of matu-
rity. Soluble solids also decreased with increasing storage
temperature, which correlates with the sugar level, and dry
matter content in  tomato and is also inversely proportional to
the produce size. Beckles24 discussed in his review previous
studies showing that an  increased temperature enhance
the rates rate of evaporation and transpiration which ulti-
mately affects sugar levels in tomato. The increase in  the
vitamin C content could be due to the organic compounds
of these antimicrobials acting as precursors. Ayala-Zavala25

reported an increase in  the ascorbic acid content of fresh  – cut
tomatoes induced by some natural antimicrobials. However,
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Table 1 –  Some quality parameters: pH, titratable acidity, soluble solid in obrix, and Vitamin C  of fresh-cut tomato slices dipped in nisin alone and in combination with
other antimicrobials.

Treatment Temperature

4 ◦C 10 ◦C 25 ◦C

pH TA (g citric
acid/10 g)

SS (◦ Brix) Vit C
(mg/10 g)

pH TA (g citric
acid/10 g)

SS (◦ Brix) Vit  C
(mg/10 g)

pH TA (g citric
acid/10 g)

SS (◦ Brix) Vit  C
(mg/10 g)

Control 4.40c ± 0.01 6.00a ± 0.20 6.10b ± 0.20 1.18a ± 0.02 4.42d ±  0.02 6.00c ± 0.20 5.90d ± 0.20 0.88a ± 0.02 4.43e ± 0.02 5.70c ± 0.20 5.40c ± 0.20 0.43a ± 0.01
Nisin 3.67b ± 0.02 6.20ab ± 0.10 5.80ab ± 0.20 1.17a ± 0.01 3.79c ±  0.02 5.70bc ± 0.20 5.40c ±  0.20 0.83a ± 0.02 3.82d ± 0.01 5.00b ± 0.50 4.90c ±  0.20 0.45a ± 0.00
Ns + SC3% 3.46a ± 0.02 6.30ab ± 0.20 5.80ab ± 0.20 1.19a ± 0.02 3.51a ±  0.02 5.60b ± 0.20 4.70ab ± 0.20 0.93a ± 0.02 3.70c ± 0.02 4.70ab ± 0.20 4.30ab ± 0.10 0.49b ± 0.02
Ns + SC5% 3.47ab ± 0.01 6.40b ± 0.10 5.60a ± 0.20 1.23b ± 0.02 3.62b ±  0.01 5.20a ± 0.20 4.93b ± 0.15 0.97a ± 0.01 3.58a ± 0.02 4.83b ± 0.25 4.37ab ± 0.06 0.50b ± 0.02
Ns + SA3% 3.48a ± 0.04 6.20ab ± 0.10 5.50a ± 0.20 1.24b ± 0.01 3.56ab ±  0.01 5.70bc ± 0.10 4.60a ± 0.20 0.96a ± 0.02 3.64b ± 0.01 4.30a ± 0.10 4.50b ± 0.10 0.63c ± 0.02
Ns + SA5% 3.51d ± 0.01 7.10c ± 0.20 6.60c ± 0.20 1.30c ±  0.01 6.30e ± 0.10 6.30d ± 0.10 6.23e ±  0.06 1.04b ± 0.20 3.67bc ± 0.02 4.70ab ±  0.20 4.20a ± 0.10 0.70d ± 0.02

Values are means ±  standard deviations of three replicates. Mean values a,  b, c, d and e in the same column  with same superscript are not  significantly different (p ≤ 0.05).
TA, titratable acidity in g citric acid/10 g; SS, soluble solid inobrix; Vit C, vitamin C;  SC, sodium citrate; SA, sodium acetate.

Table 2a –  Colour parameters of fresh-cut dipped in nisin and in combination with other antimicrobials at 4 ◦C for ten days.

Treatment Days

Day 0 Day  2  Day  4

L* a* b* L* a* b* L* a* b*

Control 52.20f ± 0.02 23.72d ± 0.00 26.71c ± 0.02 54.02e ± 0.01 23.37c ± 0.01 27.36e ± 0.02 52.30f ±  0.02 23.04b ±  0.02 26.90e ± 0.20
Nisin 41.41c ± 0.02 22.87c ± 0.02 22.43b ±  0.02 42.08c ± 0.02 25.54c ± 0.02 23.78c ± 0.00 39.24c ± 0.02 24.97c ± 0.02 23.44b ±  0.01
Ns + SC3% 44.85d ± 0.01 26.43e  ±  0.01 26.74f ± 0.01 44.86d ± 0.01 27.87e ±  0.02 28.77f ± 0.02 43.36e ± 0.02 27.42e ±  0.01 29.08f ± 0.02
Ns + SC5% 37.03a ± 0.02 20.46a ± 0.02 17.99a ± 0.02 38.59a ± 0.00 30.21f ± 0.00 22.46a ± 0.00 35.72a ± 0.02 30.63f ± 0.02 23.85c ± 0.02
Ns + SA3% 51.13e ±  0.02 21.44b ±  0.02 24.84d ± 0.00 45.29e ± 0.02 22.65a ±  0.02 24.97d ± 0.02 41.34d ± 0.02 22.72a ± 0.02 25.11d ± 0.00
Ns + SA5% 40.42b ±  0.01 28.32d ± 0.02 23.41c ± 0.00 43.67c ± 0.01 26.88d ±  0.02 22.91a ± 0.01 38.23b ± 0.02 26.43d ±  0.02 22.58a ± 0.02

Values are means ± standard deviations of  three replicates.
Mean values a,  b,  c, d, e  and  f in  the  same column with the  same superscript are not  significantly different (p  ≤ 0.05).
L*, lightness; a*,  redness; b*, greenness; Ns, nisin; SC, sodium citrate; SA, sodium acetate.



762  b r a z  i  l i  a n j o  u r  n a l o f m i  c r o b  i o l o g y 4  7 (2 0 1  6) 757–763

T
a

b
le

 

2
b

 

– 

C
o

lo
u

r 

p
a

ra
m

e
te

rs

 

o
f 

to
m

a
to

 

s
li

ce
s

 

d
ip

p
e
d

 

in

 

n
is

in
, 

in

 

co
m

b
in

a
ti

o
n

 

w
it

h

 

o
th

e
r 

a
n

ti
m

ic
ro

b
ia

ls

 

a
t 

4
◦
C

 

fo
r 

te
n

 

d
a
y

s
.

Tr
ea

tm
en

t 

D
ay

 

6 

D
ay

 

8 

D
ay

 

10

L*

 

a
* 

b
* 

L*

 

a
* 

b
* 

L*

 

a
* 

b
*

C
on

tr
ol

 

53
.5

8e
±

 

0.
00

 

23
.0

5b
±

 

0.
00

 

27
.0

0c
±

 

0.
00

 

33
.9

1a
±

 

0.
00

 

23
.7

2b
±

 

0.
00

 

18
.9

7a
±

 

0.
00

 

38
.1

0c
±

 

0.
00

 

23
.7

3f
±

 

0.
00

 

24
.3

9d
±

 

0.
00

N
is

in

 

43
.6

9d
±

 

0.
04

 

26
.7

2e
±

 

0.
10

 

28
.4

5d
±

 

0.
13

 

48
.9

7d
±

 

0.
04

 

28
.3

0e
±

 

0.
05

 

33
.0

0d
±

 

0.
04

 

37
.5

7a
±

 

0.
03

 

25
.6

6e
±

 

0.
03

 

22
.4

9b
±

 

0.
02

N
s  

+

 

SC
3%

 

54
.1

1f
±

 

0.
07

 

17
.9

4a
±

 

0.
22

 

25
.5

1b
±

 

0.
15

 

54
.7

2e
±

 

0.
02

 

21
.8

0a
±

 

0.
03

 

28
.7

3b
±

 

0.
06

 

39
.2

9e
±

 

0.
08

 

24
.0

2d
±

 

0.
02

 

25
.7

3e
±

 

0.
02

N
s 

+

 

SC
5%

 

43
.1

6c
±

 

0.
02

 

25
.7

9d
±

 

0.
02

 

28
.8

4e
±

 

0.
12

 

48
.3

2d
±

 

0.
08

 

28
.5

7f
±

 

0.
15

 

33
.7

3d
±

 

0.
16

 

43
.5

4f
±

 

0.
12

 

20
.3

4a
±

 

0.
02

 

23
.5

3c
±

 

0.
02

N
s  

+

 

SA
3%

 

39
.7

1b
±

 

0.
04

 

24
.7

0c
±

 

0.
38

 

31
.0

1f
±

 

0.
06

 

41
.3

5b
±

 

0.
34

 

27
.7

4d
±

 

0.
23

 

36
.7

1e
±

 

0.
52

 

37
.9

2b
±

 

0.
01

 

23
.4

3c
±

 

0.
02

 

20
.0

6a
±

 

0.
03

N
s  

+

 

SA
5%

 

39
.6

3a
±

 

0.
36

 

22
.8

2b
±

 

0.
10

 

25
.3

0a
±

 

0.
06

 

42
.1

7c
±

 

1.
10

 

27
.0

5c
±

 

0.
11

 

31
.6

0c
±

 

0.
14

 

38
.7

2d
±

 

0.
02

 

22
.7

9b
±

 

0.
02

 

32
.2

6f
±

 

0.
02

V
al

u
es

 

ar
e 

m
ea

n
s 

±

 

st
an

d
ar

d

 

d
ev

ia
ti

on
s 

of

 

th
re

e 

re
p

li
ca

te
s.

M
ea

n

 

va
lu

es

 

a,

 

b,

 

c,

 

d
, e

 

an
d

 

f 

in

 

th
e 

sa
m

e 

co
lu

m
n

 

w
it

h

 

th
e 

sa
m

e 

su
p

er
sc

ri
p

t 

ar
e 

n
ot

 

si
gn

ifi
ca

n
tl

y 

d
if

fe
re

n
t 

(p

 

≤

 

0.
05

).
N

s,

 

n
is

in
; S

C
, s

od
iu

m

 

ci
tr

at
e;

 

SA
, s

od
iu

m

 

ac
et

at
e.

the vitamin C values decreased as  the storage temperature
increased which is  quite expected.26,27

Effect  of  antimicrobial  treatment  on colour  parameter  of

fresh-cut  tomato

The results obtained for the colour parameters L* (bright-
ness), a* (red), and b* (yellow) of the fresh-cut tomato
(Tables 2a and 2b) showed that nisin alone increased the
values of redness (p ≤ 0.05) from day 2  to  day 10 com-
pared with the control. The degree of redness increased with
nisin–sodium citrate (3%) compared to  the control from day
0 to day 8. Nisin–sodium citrate (5%) increased the redness
values throughout the 10 days, except day 0, compared to  the
control. Nisin–sodium acetate (3%) did not increase redness
on most storage days, except day 8, while the same combina-
tion at a  5% concentration of sodium acetate did, except on
day 10. The increase in the  degree of redness can be linked to
the increase in ripening via ethylene biosynthesis and chloro-
phyll degradation. A  previous work by Yanuriati28 showed an
inhibitory effect on tomato colour of some natural antimicro-
bials. Redness of tomato is an important quality attribute for
consumer appeal and acceptability.

Conclusions

The use of natural antimicrobials such as nisin and salts of
organic acids remains an economical means of addressing
microbial contamination, especially with pathogens of public
health concern. Nisin and sodium citrate at a  5% concentration
can be adopted to  significantly reduce L. monocytogenes con-
tamination in fresh produce without compromising its quality.
Further research to  evaluate this synergy using a wider range
number of fresh produce and challenging pathogens will be a
welcome development.
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Microbiological quality of fresh: minimally-processed fruit
and vegetables, and sprouts from retail establishments. Int  J

Food Microbiol.  2008;123:121–129.
3. Ramos B, Miller F, Brandão T, Teixeira P, Silva C. Fresh fruits

and vegetables—an overview on applied methodologies to

http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0145
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0150
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155


b  r  a z  i  l  i  a n j o  u r  n a l  o f m i  c  r  o b  i  o l o g y 4 7 (2 0 1  6) 757–763 763

improve its quality and safety. Innov Food Sci Emerg Technol.
2013;20:1–15.

4. Callejón RM, Rodríguez-Naranjo MI,  Ubeda C,
Hornedo-Ortega R, Garcia-Parrilla MC, Troncoso AM.
Reported foodborne outbreaks due to fresh produce in the
United States and European Union: trends and causes.
Foodborne Pathog Dis.  2015;12:32–38.

5. Olaimat AN, Holley RA. Factors influencing the microbial
safety of fresh produce: a  review. Food Microbiol. 2012;32:1–19.

6. Oliveira M, Vinas I,  Colas P, Anguera M, Usall J,  Abadias M.
Effectiveness of a bacteriophage in reducing Listeria

monocytogenes on fresh-cut fruits and fruit juices. Food

Microbiol.  2014;38:137–142.
7. CDC. Multistate Outbreak of Listeriosis Linked to Commercially

Produced, Prepackaged Caramel Apples Made From Bidart Bros.

Apples; 2015 http://www.cdc.gov/listeria/outbreaks/caramel-
apples-12-14/index.html.

8. PHAC. United States Outbreak of Listeria Infections Related to

Prepackaged Caramel Apples That May Have Been  Distributed in

Canada;  2015
http://www.phac-aspc.gc.ca/phn-asp/2014/listeria-eng.php.

9.  Joshi K, Mahendran R, Alagusundaram K, Norton T, Tiwari B.
Novel disinfectants for fresh produce. Trends Food Sci Technol.
2013;34:54–61.

10. Parish M, Beuchat L, Suslow T, et al. Methods to
reduce/eliminate pathogens from fresh and fresh-cut
produce. Compr Rev Food Sci  Food Saf.  2003;2:161–173.

11. Alvarez M, Moreira MDR, Roura S,  Ayala-Zavala J. Using
natural antimicrobials to  enhance the safety and quality of
fresh and processed fruits and vegetables: application
techniques and quality issues. Handb Nat Antimicrob Food Saf

Qual. 2014:315.
12. Lubelski J, Rink R, Khusainov R, Moll G, Kuipers O.

Biosynthesis: immunity, regulation, mode of action and
engineering of the model lantibiotic nisin. Cell Mol Life Sci.
2008;65:455–476.

13. Nykänen A,  Weckman K, Lapveteläinen A. Synergistic
inhibition of Listeria monocytogenes on cold-smoked rainbow
trout by nisin and sodium lactate. Int J  Food Microbiol.
2000;61:63–72.

14. Grosulescu C, Juneja VK, Ravishankar S.  Effects and
interactions of sodium lactate: sodium diacetate, and
pediocin on the thermal inactivation of starved Listeria

monocytogenes on bologna. Food Microbiol.  2011;28:
440–446.

15. Samelis J, Bedie G,  Sofos J, Belk K, Scanga J, Smith G.
Combinations of nisin with organic acids or salts to control
Listeria monocytogenes on sliced pork bologna stored at 4  C in
vacuum packages. LWT-Food Sci Technol.  2005;38:21–28.

16. Mohammed QY, Hamad WM,  Mohammed EK.
Spectrophotometric determination of total Vitamin C in
some fruits and vegetables at Koya Area–Kurdistan
Region/Iraq. J Kirkuk Univ–Sci Stud. 2009;4.

17. Pan Y, Breidt F, Kathariou S. Resistance of Listeria

monocytogenes biofilms to sanitizing agents in a  simulated
food  processing environment. Appl Environ Microbiol.
2006;72:7711–7717.

18. Ijabadeniyi OA, Singh S, Mnyandu E. Inactivation of Listeria

monocytogenes ATCC7 644 biofilms using sodium dodecyl
sulphate: levulinic acid and sodium hypochlorite solution. J

Pure Appl Microbiol. 2014;8:1973–1980.
19. Hoelzer K, Pouillot R, Van Doren J, Dennis S. Reduction of

Listeria monocytogenes contamination on produce – a
quantitative analysis of common liquid fresh produce wash
compounds. Food Control. 2014;46:430–440.

20. Purac. Purac Food Ingredients: Natural Solutions for Safe, Healthy

and Delicious Food. Lincolnshire, IL: Purac; 2012. Available
from: http://www.purac.com/EN/Food.aspx.

21.  Mller AJ, Call JE, Whitin RC. Comparison of organic acid salts
for Clostridium botulinum control in an uncured turkey
product. J  Food Prot. 1993;56:958–962.

22. Boziaris I, Skandamis P, Anastasiadi M, Nychas GJ. Effect of
NaCl  and KCl on fate and growth/no growth interfaces of
Listeria monocytogenes Scott A  at different pH  and nisin
concentrations. J Appl Microbiol. 2007;102:796–805.

23. Anthon GE,  LeStrange M, Barrett DM. Changes in pH: acids,
sugars and other quality parameters during extended vine
holding of ripe processing tomatoes. J Sci  Food Agric.
2011;91:1175–1181.

24. Beckles DM. Factors affecting the postharvest soluble solids
and sugar content of tomato (Solanum lycopersicum L.) fruit.
Postharvest Biol Technol.  2012;63:129–140.

25. Ayala-Zavala JF, Oms-Oliu G, Odriozola-Serrano I,
González-Aguilar GA,  Álvarez-Parrilla E, Martín-Belloso O.
Bio-preservation of fresh-cut tomatoes using natural
antimicrobials. Eur Food Res Technol.  2008;226:1047–1055.

26. Lee SK, Kader AA.  Preharvest and postharvest factors
influencing vitamin C content of horticultural crops.
Postharvest Biol Technol.  2000;20:207–220.

27. Yahia EM, Contreras-Padilla M, Gonzalez-Aguilar G. Ascorbic
acid content in relation to ascorbic acid oxidase activity and
polyamine content in tomato and bell pepper fruits during
development: maturation and senescence. LWT-Food Sci

Technol.  2001;34:452–457.
28. Yanuriati A, Savage GP, Rowe RN. The effects of ethanol

treatment on the metabolism: shelf life and quality of stored
tomatoes at different maturities and temperatures. J Sci  Food

Agric.  1999;79:995–1002.

http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0155
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0160
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0165
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0170
http://www.cdc.gov/listeria/outbreaks/caramel-apples-12-14/index.html
http://www.cdc.gov/listeria/outbreaks/caramel-apples-12-14/index.html
http://www.phac-aspc.gc.ca/phn-asp/2014/listeria-eng.php
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0185
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0190
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0195
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0200
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0205
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0210
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0215
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0220
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0225
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0230
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0235
http://www.purac.com/EN/Food.aspx
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0245
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0250
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0255
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0260
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0265
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0270
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0275
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280
http://refhub.elsevier.com/S1517-8382(16)30307-0/sbref0280

	Inactivation of Listeria monocytogenes ATCC 7644 on fresh-cut tomato using nisin in combinations with organic salts
	Introduction
	Materials and methods
	Preparation of fresh produce
	Bacterium and preparation of inoculum
	Preparation of antimicrobials and sample inoculation
	Bacterial analysis
	Quality parameters
	Statistical analysis

	Results and discussion
	Effect of anti-microbial treatments on Listeria monocytogenes populations
	Effect of anti-microbial treatment on quality parameter of the fresh-cut tomato
	Effect of antimicrobial treatment on colour parameter of fresh-cut tomato

	Conclusions
	Conflicts of interest
	Acknowledgements
	References


