JFG M: Food Microbiology and Safety

Shelf Life and Microbial Quality
of Fresh-cut Mango Cubes Stored
in High CO, Atmospheres

JUTATIP POUBOL AND HIDEMI I1ZUMI

ABSTRACT: Fresh-cut ‘Carabao’ and ‘Nam Dokmai’ mango cubes were stored in air or in high CO, atmospheres
(3%, 5%, and 10%) at 5 °C and 13 °C. Freshly sliced ‘Carabao’ mango cubes had a lower respiration rate and total
bacterial count and higher L-ascorbic acid content and firmness than ‘Nam Dokmai’ mango cubes. The shelf life
of fresh-cut mango, based on browning discoloration and water-soaked appearance, was 6 d at 5 °C and 4 d at
13 °C for ‘Carabao’ and 2 d at 5 °C and less than 1 d at 13 °C for ‘Nam Dokmai’. High CO, atmospheres retarded
the development of water-soaked ‘Carabao’ cubes at 5 °C and 13 °C and ‘Nam Dokmai’ cubes at 5 °C. Texture of
‘Carabao’ cubes was enhanced by high CO,, but ethanol and L-ascorbic acid contents were not affected at 5 °C
and 13 °C. Total bacterial count was lower in ‘Carabao’ cubes than in ‘Nam Dokmai’ cubes during storage at
both temperatures, and a 10% CO, only reduced the bacterial count on ‘Carabao’ and ‘Nam Dokmai’ cubes stored
at 13 °C. Bacterial flora in ‘Nam Dokmai’ mango cubes consisted mostly of Gram-negative rods assigned prima-
rily to phytopathogenic bacteria such as Pantoea agglomerans and Burkholderia cepacia. The genera of bacteria

isolated from cubes stored in 10% CO, were similar to those from cubes on the initial day.
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Introduction

he shelf life of fresh-cut mangoes is affected by cultivar, fruit
ripeness, and storage temperature. Rattanapanone and others
(2001) reported that the marketable period of fresh-cut ‘Tommy At-
kins’ and ‘Kent’ mango cubeswas 3to5dat10°Cand5to8d at5°C.
Allong and others (2000) showed that firm-ripe ‘Graham’ and half-ripe
‘Julie’ mango slices had a shelflife of 8 d at 5 °C and 10 °C and half-
ripe ‘Graham’ and firm-ripe ‘Julie’ mango slices had a shelf-life of 4 d.
They also found that mature-green fruit was not recommended for
fresh-cut due to lack of sensory quality and short shelf life. We reported
that the shelf life of ‘Carabao’ mango cubes was 4 to 6 d at 5 °C and 3
to 4 d at 13 °C and was affected by maturity (Izumi and others 2003),
whereas the shelflife of ‘Nam Dokmai’ mango cubes was only 3 d at 1

°C,2d at5°C, and less than 1 d at 13 °C (Poubol and others 2005).
Controlled atmosphere (CA) storage and modified atmosphere
packaging (MAP), which reduced O, levels and/or increased CO,
levels, have been shown to extend the shelf life of fresh-cut man-
goes. Low O, atmospheres (0.5%, 1%, and 2%) were beneficial in
maintaining the quality of fresh-cut ‘Carabao’ mango cubes stored
at5°Cand 13 °C (Izumi and others 2003) and extending the shelf life
of ‘Nam Dokmai’ mango cubes by 1 d at 1 °C, 5 °C, and 13 °C by re-
tarding the brown discoloration and water-soaked appearance
(Poubol and others 2005). The shelf life of fresh-cut “Tommy Atkins’
and ‘Kent’ mango cubes was extended 1 to 2 d by 4% O, + 10% CO, or
2% O, + 10% CO, atmospheres, which retarded browning, water-
soaked appearance, and microbial growth (Rattanapanone and oth-
ers 2001). Fresh-cut ‘Keitt’ mango could be held in active MAP having
a gas mixture of 4% O,, 10% CO, and 86% N, for 25 d at 5 °C, under
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which the microbial growth was inhibited by 10% CO, and fruits con-
tinued aerobic respiration under the combination of a low O, and
high CO, atmosphere (Martinez-Ferrer and others 2002). With other
fresh-cut fruits, elevated CO, reduced respiration rates, ethylene
production, and fermentative metabolite production of fresh-cut
apple slices at 5 °C (Gunes and others 2001), maintained high firm-
ness, good visual quality, low ethylene production, and low accumu-
lation of fermentative products of fresh-cut kiwifruit slices at 0 °C
(Agar and others 1999) and had an inhibitory effect on accumulation
of fermentation products of fresh-cut peach and nectarine at 10 °C
(Gorny and others 1999). However, high CO, atmospheres of 10% to
20% accelerated tissue browning and necrosis of fresh-cut pear slices
at 5 °C (Gorny and others 2002), degradation of vitamin C in fresh-
cut kiwifruit slices at 2 °C (Agar and others 1999), and reduction of
retinol equivalent, calculated from carotenoid content, in fresh-cut
peach slices at 5 °C (Wright and Kader 1997). Thus, the quality re-
sponses of fresh-cut mango to elevated CO, need to be investigated
to determine the optimum ranges of CO, acceptable in MAP.

It is also important to consider microbial safety of fresh-cut man-
goes during storage. Recent research indicated that a recent out-
break of illness due to Salmonella serotype Newport was epidemi-
ologically associated with consumption of mangoes
(Sivapalasingam and others 2003). The hot and cold water treat-
ments for fruit fly disinfestations were the most likely source of
contamination, in which entry of Salmonella into the stem-end seg-
ment (83%) was significantly higher than into the middle-side
(19%) or blossom-end (9%) segments (Penteado and others 2004).

In this study, we initially determined the physiology and quali-
ty of freshly sliced cubes from partially ripe ‘Carabao’ and ‘Nam
Dokmai’ mangoes. Subsequently, we determined the effects of
high CO, atmospheres (3%, 5%, and 10%) on physiology, quality,
and microbial quality and safety of fresh-cut ‘Carabao’ and ‘Nam
Dokmai’ mangoes during storage at 5 °C and 13 °C.

Vol. 70, Nr. 1, 2005—JOURNAL OF FOOD SCIENCE M69
Published on Web 1/24/05


mailto: izumi@waka.kindai.ac.jp

Microbial quality of mango cubes in controlled atmosphere . . .

Materials and Methods

Plant materials

‘Carabao’ and ‘Nam Dokmai’ mangoes (Mangifera indica L.) were
imported from Philippine and Thailand, respectively. Fruit at par-
tially ripe stage (50% to 60% skin yellowing) were selected, washed
thoroughly with tap water, and dipped for 10 min in chlorinated
water (50 ppm available chlorine). After peeling, the flesh was re-
moved from the seed, sliced, and cut into 2 cm3 cubes.

High CO, controlled atmosphere storage

A 100-g sample (about 12 cubes) was placed in a 500-mL plastic
container containing 5 mL of distilled water in a beaker to maintain
high relative humidity. Three replicated samples were stored under
a continuous flow of air or high CO, atmospheres (3%, 5%, and
10%) with the balance being air, at a flow rate of 10 mL/min at 5 °C
and 20 mL/min and 13 °C.

Physiology and quality evaluation

Evaluations of brown discoloration and water-soaked appear-
ance were made for each cube as the visual quality and were ex-
pressed as the percentage of the total number of cubes with defects
in each container. The cubes were considered to be at the thresh-
old or lower limit of marketability when 20% of the cubes had
browning or 60% had water-soaked appearance.

The CO, contents of inlet and outlet streams of each container
were monitored during storage with CO, analyzer (Model CD-3A,
Ametek; Pittsburgh, Pa., U.S.A.) to calculate the respiration rate.
Ethanol content in the flesh was determined using a gas chromato-
graph (GC) equipped with a flame ionization detector at 150 °C and
a glass column (3 mm X 1.5 m) containing 5% Tween 20 on 60/80
Celite 545 as stationary phase at 60 °C (Izumi and others 2003).

The color of 5 cubes from each container was measured with a
Handy Colorimeter (Model NR-3000, Nippon Denshoku, Tokyo, Ja-
pan). The L*value was used as an indicator of cut surface browning in-
tensity (Sapers and Douglas 1987). Texture of the cubes was mea-
sured by the force required to shear a cube with a cutter blade using
an EZ test (Model AR-228, Shimadzu, Kyoto, Japan) and was ex-
pressed as a maximum shear force (N). L-Ascorbic acid (AsA) content
of the cubes was determined using high-performance liquid chroma-
tography (Model LC-10AD; Shimadzu, Kyoto, Japan) equipped with
PLRP-S 100A column (4.66 mm X 25 cm, 5 wm; Polymer Laboratories,
Ambherst, Mass., U.S.A.) and electrochemical detector (Model ECD 300;
Eicom, Kyoto, Japan) as previously described (Izumi and Watada 1995).

Bacterial count

Total bacterial count in mango cubes was performed as described
by Izumi (1999). A 10-g sample was macerated in 90 mL of sterile saline
solution (0.85% NaCl water) in a sterile stomacher bag using an Elmex
stomacher (Pro-media SH-001; Eiken Kizai, Tokyo, Japan) for 4 min at
room temperature. The serial dilutions of this solution were made in
sterile saline solution and poured in duplicate Standard Method Agar
(SMA; Nissui Pharmaceutical, Tokyo, Japan) plates, which were incu-
bated at 37 °C for 48 h for the enumeration of total bacteria. Total bac-
terial count was expressed as log;, colony-forming units (CFU)/g.

Bacterial isolation

The Gram-negative and Gram-positive bacteria were aseptically
isolated from the homogenates of mango samples using Crystal Vio-
let Triphenyl-Tetrazolium-Chloride (TTC) Agar (CVT; Nissui Pharma-
ceutical, Tokyo, Japan) incubated at 25 °C for 48 to 72 h and SMA (Nis-
sui Pharmaceutical, Tokyo, Japan) with 0.3% B-phenylethanol
incubated at 30 °C for 48 to 72 h, respectively. Pure cultures of bacteria
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Table 1 —Physiology and microbial quality of fresh-cut ‘Cara-
bao’ and ‘Nam Dokmai’ mango after slicing

Physiology Cultivars

and microbial quality ‘Carabao’ ‘Nam Dokmai’

Respiration rate (mg/kgeh) 10.22 13.22 *
39.3° 41.8° *

L-ascorbic acid (mg/100 g FW) 35.6 22.9 *

Firmness (N) 5.2 1.3 **

Total microbial count (Log,,CFU/g) <24 41 *

aAfter storage for 1 d at 5 °C.

bAfter storage for 1 d at 13 °C.

***Significant at P = 0.05 or 0.01, respectively, between pared ‘Carabao’ and
‘Nam Dokmai’ cultivars.

were subjected to an extensive phenotypic investigation, including
cell morphology observed by microscopy and Gram stain (Cappuccino
and Sherman 1992). Seventy-nine bacterial isolates were selected from
different-appearing colonies by a stereoscopic observation.

Bacterial identification by MicroSeq™
sequence analysis of 16S rDNA

The MicroSeq™ System (PE Applied Biosystems, Foster City, Ca-
lif., U.S.A.) consisted of a polymerase chain reaction (PCR) and cycle
sequencing module, bacterial identification and analysis software,
and a 16S rDNA sequence database library as previously described
(Tang and others 1998). Bacterial genomic DNA was prepared from
bacterial isolates using the DNeasy® Tissue Kit (Qiagen Sciences,
Valencia, Calif., Md, U.S.A.). The 1st 527 bp of the 16S rRNA gene
(Brosius and others 1978) were amplified from the bacterial genom-
ic DNA by PCR using a PCR Master Mix including AmpliTaq® Gold
DNA Polymerase and 0005F (5'-TGG AGA GTT TGA TCC TGG CTC
AG-3’) and 0531R (5'-TAC CGC GGC TGC TGG CAC-3’) primers
(TaKaRa, Shiga, Japan).

The PCR product was purified with ExoSAP-IT™ (U.S. Biochem-
ical Corp., Cleveland, Ohio, U.S.A.) including Exonuclease I and
Shrimp Alkaline Phosphatase in buffer before the sequencing reac-
tion. The MicroSeq system was used for sequencing of the PCR prod-
ucts. The sequencing reaction consisted of Complete Sequencing
Mix (Forward or Reverse Sequencing Mix; with AmpliTaq® DNA Poly-
merase, FS and dRhodamine Dye Terminators), purified amplified
product, and sterile MQ water. The sequences were determined by
using electrophoresis with the ABI PRISM™ 310 Genetic Analyzer
(PE Applied Biosystems). The sequencing data was analyzed using
the MicroSeq™ Microbial Identification and Analysis Software (Mi-
croSeq™ Analysis Software v. 1.40 and MicroSeq™ 16S rDNA Se-
quence Databases v.1.01). The database comparison, using the Basic
Local Alignment Search Tool (BLAST) and Full Alignment Tool of Mi-
croSeq, presented a list of the closest matches with a distance score.
A cutoff of the lowest distance score was chosen for species identity.

Statistical analysis

Data were subjected to analysis of variance and the Duncan’s
Multiple Range test, and the standard error of each mean is pre-
sented in the figures.

Results and Discussion

Comparison of fresh-cut ‘Carabao’ and ‘Nam Dokmai’
mango cubes in physiology and microbial quality
‘Carabao’ mango cubes just after slicing had a lower respiration
rate and total bacterial count and a higher L-ascorbic acid content
and firmness than ‘Nam Dokmai’ mango cubes (Table 1). The dif-
ference in physiology and quality between 2 mango cultivars just

URLs and E-mail addresses are active links at www.ift.org



http://www.ift.org

Microbial quality of mango cubes in controlled atmosphere . . .

after slicing probably relates to the difference in the shelf life of the
two-cultivar mango cubes, which were previously reported sepa-
rately (Izumi and others 2003; Poubol and others 2005). This fact
may indicate that ‘Carabao’ cultivar is more suitable than ‘Nam
Dokmai’ cultivar for fresh-cut mango.

Effects of high CO, atmospheres
on physiology and quality

The percentage of brown discoloration in ‘Carabao’ mango
cubes was below the maximum level (20%) to be unmarketable
during storage at 5 °C, whereas ‘Nam Dokmai’ mango cubes devel-
oped brown discoloration to an unmarketable level with storage at
5 °C, and no major differences were found between samples in air
and high CO, atmospheres (Figure 1). This observation was con-
firmed by L* values on cut surface of cubes (data not shown). Water-
soaked appearance developed on ‘Carabao’ and ‘Nam Dokmai’
mango cubes stored at 5 °C, with the development being greater in
air than in high CO, atmospheres. The percentage of water-soaked
appearance on cubes in high CO, was almost below the maximum
level (60%) to be unmarketable during storage at 5 °C, whereas at
13 °C, ‘Carabao’ cubes stored in air developed brown discoloration
and water-soaked appearance up to the threshold of marketability
for browning (20%) and water-soaked appearance (60%), respec-
tively, by the end of storage (Figure 2). High CO, atmospheres in-
hibited the development of water-soaked appearance in ‘Carabao’
cubes. All ‘Nam Dokmai’ cubes at 13 °C began to develop browning
and water-soaked appearance very rapidly and became unmarket-
able on day 1. A high CO, has been reported to reduce enzymatic
browning in lettuce tissue by inhibition of phenolic production and
polyphenol oxidase activity (Siriphanich and Kader 1985), but the
inhibitory effect of high CO, on discoloration of mango cubes was
limited, as noted with apple slices (Gunes and others 2001). Al-
though translucency of the water-soaked area has been considered
a chilling injury symptom with zucchini squash slices (Izumi and
Watada 1995) and tomato slices (Gil and others 2002), the water-
soaked appearance on mango cubes occurred at a chilling temper-
ature of 5 °C and at a nonchilling temperature of 13 °C. Neverthe-
less, the high CO, atmospheres were helpful in retarding the
development of water-soaked appearance in mango cubes.

Respiration rates of ‘Carabao’ and ‘Nam Dokmai’ mango cubes
held in air or high CO, were relatively constant during storage at
5°Cand 13 °C (Figure 3). Respiration rates of cubes in 10% CO, at
5 °C seemed to be higher than those in air, but no differences oc-
curred between cubes in air and high CO, at 13 °C. Ethanol content
was not detectable from any cubes (data not shown). This result sug-
gested that respiration may not have changed from the aerobic to
anaerobic pathway as noted with some fruits stored in low O, atmo-
spheres (Ke and others 1991).

Texture based on shear force of ‘Carabao’ cubes stored at 5 °C
and 13 °C was enhanced by high CO,, whereas that of ‘Nam Dok-
mai’ cubes in air and high CO, remained unchanged during stor-
age at both temperatures (Figure 4; data shown only for 5 °C). Ef-
fects of high CO, on firmness vary among fresh-cut products. With
kiwifruit slices, treatment with 10% CO, atmosphere resulted in
higher firmness than air-control slices (Agar and others 1999), but
high CO, of 5% to 20% did not affect the texture of pear slices stored
at 5 °C (Gorny and others 2002) and peach slices and persimmon
slices stored at 5 °C (Wright and Kader 1997). Harker and others
(2000) speculated that the mechanism for CO,-induced firmness
enhancement in strawberry was due to changes in the pH of the
apoplast, which may promote the precipitation of soluble pectins
and thus enhance cell-to-cell bonding in strawberry fruit.

L-Ascorbic acid content of all cubes decreased during storage
except for ‘Nam Dokmai’ mango cubes stored at 13 °C, where the
content did not change (Figure 4; data shown only for 5 °C). High
CO, atmospheres had a greater influence on degradation of L-
ascorbic acid in fresh-cut kiwifruit slices (Agar and others 1999) and
some berry fruits (Agar and others 1997). However, it is found that
high CO, of 3% to 10% did not have detrimental effects on the reten-
tion of L-ascorbic acid content of fresh-cut mango.

Effects of high CO, atmospheres
on microbial quality and safety

Total bacterial count on the cubes on the initial day was below
the detection level (2.4 log,,CFU/g) in ‘Carabao’ and ranged from
2.910 5.3 log;,CFU/gin ‘Nam Dokmai’ (Table 2), which mainly con-
tributed to the difference in shelf life between 2 cultivars as previ-
ously noted with fresh-cut ‘Carabao’ mango (Izumi and others
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2003) and ‘Nam Dokmai’ mango (Poubol and others 2005). The
counts were similar and did not increase with cubes in air and high
CO, atmospheres at 5 °C, whereas at 13 °C, the population was
higher on the last day than on the initial day, except for the cubes
of both cultivars held in 10% CO,. This indicated that high CO, of
10% helped in reducing bacterial counts on ‘Carabao’ and ‘Nam
Dokmai’ mango cubes when stored at high temperatures, which is
conducive for microbial proliferation.

The total microbial counts on fresh-cut mango vary widely
among cultivars and maturity, depending on acid content and pH
that affected the microbial growth. Counts of 7.2 log,,CFU/g were

found in ‘Keitt’ mango cubes (Martinez-Ferrer and others 2002),
2.7t0 3.7 log,,CFU/g in Julie’ mango slices, 2.7 to 4.1 log,,CFU/g
in ‘Graham’ mango slices (Allong and others 2000), 3.8 to 5.2
log,,CFU/g in ‘Tommy Atkins’ mango cubes, and 2.7 to 3.8
log,(CFU/g in ‘Kent’ mango cubes (Rattanapanone and others
2001). CA of 2% O, and 10% CO, reduced total bacterial and yeast/
mold count of ‘Tommy Atkins’ and ‘Kent’ mango cubes stored at
10 °C (Rattanapanone and others 2001); active MAP of 4% O, and
10% CO, also reduced bacterial and yeast/mold count of ‘Keitt’
mango cubes at 5 °C (Martinez-Ferrer and others 2002). Because
low O, atmospheres (0.5%, 1%, and 2%) alone did not affect the
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counts of total bacteria and lactic acid bacteria on ‘Nam Dokmai’
mango cubes stored at 1 °C, 5 °C, and 13 °C (Poubol and others
2005), high CO, seems to be beneficial on controlling microbial
growth. A model system to investigate the growth of pure bacte-
rial cultures on a solid surface under different gas phase condi-
tions revealed that the O, concentrations did not affect growth of
vegetable-associated microorganisms, whereas high CO, reduced
growth in most cases (Bennik and others 1995; Amanatidou and
others 1999). Inhibition by CO, may result from dissolved CO, in
the aqueous phase of food products, which causes a decrease of
the intracellular pH, inhibits enzymatically catalyzed reactions
and enzyme synthesis, and interacts with the cell membrane
(Molin 2000). However, because increases in CO, concentration
>30% to 40% showed extensive spoilage of fresh-cut endive (Car-
lin and others 1996) and induced lactic acid fermentation of
fresh-cut carrots (Carlin and others 1990), the limit of high CO,
concentration should be clarified with each fresh-cut product.

The bacteria isolated from ‘Nam Dokmai’ mango cubes were pre-
dominantly Gram-negative rod-forms, in which about 60% of isolates
were Enterobacteriaceae including the genera Kiebsiella and Pantoea
(Table 3). Phytopathogenic bacteria that cause rot in vegetables such
as Pantoea agglomerans (synonymous with Erwinia herbicola and
Enterobacter agglomerans) and Burkholderia cepacia (synonymous
with Pseudomonas cepacia) were also isolated frequently. The most
common Gram-positive bacteria found were the genus Curtobacteri-
um. All bacteria isolated from mango cubes are found frequently in
soil, water, air, and plants (Bartz and Wei 2003) and were similar to those
found on some fresh marketed vegetables (Izumi and others 2004).
Although opportunistic bacteria such as Burkholderia cepacia were
identified, no human pathogens were detected in any of the samples
in our method of bacterial isolation and identification. In stored cubes,
the diversity of the microbial flora was less in the cubes in 10% CO, than
in other samples. The genera of bacteria isolated from cubes stored in
10% CO, were similar to those from cubes on initial day. High CO, is also
expected to inhibit growth of not only spoilage bacteria but also food-
borne pathogenic bacteria (Bennik and others 1995; Amanatidou and
others 1999; Kimura and others 1999).

Table 2—Total bacterial count of fresh-cut ‘Carabao’ and
‘Nam Dokmai’ mango cubes stored under air and high CO,
controlled atmospheres at 5 °C and 13 °C?

Temp. Days in L0g,,CFU/g
(°C) storage Treatment ‘Carabao’ ‘Nam Dokmai’
5 0 <2.4 2.9
7 (‘Carabao’) or Air <24 <24
6 (‘Nam Dokmai’) 3% CO, <24 2.6
5% CO, <24 <24
10% CO, NDP <2.4
13 0 <2.4 5.3
5 (‘Carabao’) or Air 3.2a 6.5a
2 (‘Nam Dokmai’) 3% CO, 3.8a 6.4a
5% CO, 2.9a 6.3a
10% CO, <2.4b 3.7b

apifferent letters within each cultivar in the same day are significantly
different (P = 0.05).
bNot detectable.

Conclusions

evelopment of browning and water-soaked appearance was

found to limit the shelflife and visual quality of fresh-cut man-
go. When the threshold of consumer acceptability was assumed to be
20% for browning and 60% for water-soaked appearance, the shelf life
of fresh-cut mango was 6 d at 5 °C and 4 d at 13 °C for ‘Carabao’ and
2dat5°Candless than 1 d at 13 °C for ‘Nam Dokmai’. High CO, at-
mospheres of 3%, 5%, and 10% extended the shelflife by3d at 5 °C
and 1 d at 13 °C for ‘Carabao’ and 1 d at 5 °C for ‘Nam Dokmai’ without
deleterious effects on respiration rates, ethanol content, texture, L-
ascorbic acid content, and bacterial count. A 10% CO, atmosphere
was recommended to reduce bacterial population and bacterial di-
versity in microbial flora when storage temperature abuse occurred.
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Table 3—Bacteria isolated from fresh-cut ‘Nam Dokmai’ mango stored under air and high CO, controlled atmospheres

at 5 °C and 13 °C

Days in Bacteria
storage Temp. (°C) Treatment Gram type Genus Species
0 5 Gram-negative Burkholderia cepacia
Klebsiella ornithinolytica
Klebsiella pneumoniae rhinoscleromatis
6 Air Gram-negative Burkholderia cepacia
Klebsiella ornithinolytica
Pantoea agglomerans
Gram-positive Kocuria rosea
3% CO, Gram-negative Burkholderia cepacia
Pantoea agglomerans
Gram-positive Tsukamurella inchonensis
5% CO, Gram-negative Burkholderia cepacia
Frateuria aurantia
Pantoea agglomerans
Gram-positive Curtobacterium luteum
10% CO, Gram-negative Burkholderia cepacia
Klebsiella pneumoniae pneumoniae
Klebsiella pneumoniae rhinoscleromatis
0 13 Gram-negative Pantoea agglomerans
Pantoea stewartii indologenes
2 Air Gram-negative Pantoea agglomerans
Gram-positive Curtobacterium citreum
3% CO, Gram-negative Flavimonas oryzihabitans
Pantoea agglomerans
Pantoea dispersa
5% CO, Gram-negative Pantoea agglomerans
Gram-positive Curtobacterium citreum
10% CO, Gram-negative Pantoea agglomerans
Pantoea stewartii indologenes
References Food Sci 64:536-9.

Agar IT, Massantini R, Hess-Pierce B, Kader AA. 1999. Postharvest CO, and eth-
ylene production and quality maintenance of fresh-cut kiwifruit slices. ] Food
Sci 64:433-40.

Agar IT, Streif ], Bangerth E 1997. Effect of high CO, and controlled atmosphere
(CA) on the ascorbic and dehydroascorbic acid content of some berry fruits.
Postharvest Biol Technol 11:47-55.

Allong R, Wickham LD, Mohammed M. 2000. The effect of cultivar, fruit ripeness,
storage temperature and duration on quality of fresh-cut mango. Acta Hortic
509:487-94.

Amanatidou A, Smid EJ, Gorris LGM. 1999. Effect of elevated oxygen and carbon
dioxide on the surface growth of vegetable-associated micro-organisms. J Appl
Microbiol 86:429-38.

Bartz JA, Wei CI. 2003. The influence of bacteria. In: Bartz JA, Brecht JK, editors.
Postharvest physiology and pathology of vegetables. 2nd ed. New York: Marcel
Dekker. p 519-41.

Bennik MHJ, Smid EJ, Rombouts FM, Gorris LGM. 1995. Growth of psychrotrophic
foodborne pathogens in a solid surface model system under the influence of
carbon dioxide and oxygen. Food Microbiol 12:509-19.

Brosius J, Palmer ML, Kennedy PJ, Noller HE 1978. Complete nucleotide sequence
of a 16S ribosomal RNA gene from Escherichia coli. Proc Nat Acad Sci, U.S.A.
75:4801-5.

Cappuccino JG, Sherman N. 1992. Microbiology: a laboratory manual. 3rd ed.
Redwood, Calif.: Benjamin/Cumming. 462 p.

Carlin E Nguyen-The C, Abreu Da Silva A, Cochet C. 1996. Effects of carbon dioxide
on the fate of Listeria monocytogenes, of aerobic bacteria and on the development
of spoilage in minimally processed fresh endive. Int ] Food Microbiol 32:159-72.

Carlin E Nguyen-The C, Chambroy Y, Reich M. 1990. Effects of controlled atmo-
spheres on microbial spoilage, electrolyte leakage and sugar content of fresh
‘ready-to-use’ grated carrots. Int J] Food Sci Technol 25:110-9.

Gil MI, Conesa MA, Artés E 2002. Quality changes in fresh cut tomato as affected
by modified atmosphere packaging. Postharvest Biol Technol 25:199-207.
Gorny JR, Hess-Pierce B, Cifuentes RA, Kader AA. 2002. Quality changes in fresh-
cut pear slices as affected by controlled atmospheres and chemical preserva-

tives. Postharvest Biol Technol 24:271-8.

Gorny JR, Hess-Pierce B, Kader AA. 1999. Quality changes in fresh-cut peach and
nectarine slices as affected by cultivar, storage atmosphere and chemical treat-
ments. ] Food Sci 64:429-32.

Gunes G, Watkins CB, Hotchkiss JH. 2001. Physiological responses of fresh-cut
apple slices under high CO, and low O, partial pressures. Postharvest Biol
Technol 22:197-204.

Harker FR, Elgar HJ, Watkins CB, Jackson PJ, Hallett IC. 2000. Physical and me-
chanical changes in strawberry fruit after high carbon dioxide treatments.
Postharvest Biol Technol 19:139-46.

Izumi H. 1999. Electrolyzed water as a disinfectant for fresh-cut vegetables. J

M74  JOURNAL OF FOOD SCIENCE—Vol. 70, Nr. 1, 2005

Izumi H, Nagano M, Ozaki Y. 2004. Microbial Evaluation of fresh marketed veg-
etables. Memoirs of teh School of Biology-Oriented Science and Technology of
Kinki Univ. 13:15-22.

Izumi H, Nagatomo T, Tanaka C, Kanlayanarat S. 2003. Physiology and quality of
fresh-cut mango is affected by low O, controlled atmosphere storage, maturity
and storage temperature. Acta Hortic 600:833-8.

Izumi H, Watada AE. 1995. Calcium treatment to maintain quality of zucchini
squash slices. ] Food Sci 60:789-93.

Ke D, Rodriguez-Sinobas L, Kader AA. 1991. Physiology and prediction of fruit
tolerance to low-oxygen atmospheres. ] Am Soc Hort Sci 116:253-60.

Kimura B, Yoshiyama T, Fujii T. 1999. Carbon dioxide inhibition of Escherichia
coli and Staphylococcus aureus on a pH-adjusted surface in a model system. J
Food Sci 64:367-70.

Martinez-Ferrer M, Harper C, Pérez-Munoz E Chaparro M. 2002. Modified atmo-
sphere packaging of minimally processed mango and pineapple fruits. J] Food
Sci 67:3365-71.

Molin G. 2000. Modified atmospheres. In: Lund BM, Baird-Parker TC, Gould GW,
editors. The microbiological safety and quality of food. Vol. 1 ed. Gaithersburg:
Aspen Publishers. p 214-34.

Penteado AL, Eblen BS, Miller AJ. 2004. Evidence of Salmonella Internalization
into fresh mangos during simulated postharvest insect disinfestation proce-
dures. J Food Prot 67:181-4.

Poubol J, Matsuoka S, Oshima M, Izumi H. 2005. Quality and shelf life of fresh-cut
‘Nam Dok Mai’ mango stored in air and low O, atmospheres. Proceedings 21st
ASEAN/3rd APEC Seminar on Postharvest Technology; 2003 Aug 23-26; Bali,
Indonesia (Forthcoming).

Rattanapanone N, Lee Y, Wu T, Watada AE. 2001. Quality and microbial changes of
fresh-cut mango cubes held in controlled atmosphere. HortScience 36:1091-5.

Sapers GM, Douglas FW Jr. 1987. Measurement of enzymatic browning at cut
surfaces and in juice of raw apple and pear fruits. J Food Sci 52:1258-62, 1285.

Siriphanich J, Kader AA. 1985. Effects of CO, on total phenolics, phenylalanine ammo-
nia lyase, and polyphenol oxidase in lettuce tissue. ] Am Soc Hort Sci 110:249-53.

Sivapalasingam S, Barrett E, Kimura A, Van Duyne S, De Witt W, Ying M, Frisch A,
Phan Q, Gould E, Shillam P, Reddy V, Cooper T, Hoekstra M, Higgins C, Sanders
JP, Tauxe RV, Slutsker L. 2003. A multistate outbreak of Salmonella enterica
serotype Newport infection linked to mango consumption: impact of water-
dip disinfestation technology. Clin Infect Dis 37:1585-90.

Tang YW, Ellis NM, Hopkins MK, Smith DH, Dodge DE, Persing DH. 1998. Compar-
ison of phenotypic and genotypic techniques for identification of unusual aer-
obic pathogenic Gram-negative bacilli. J Clin Microbiol 36:3674-9.

Wright KP, Kader AA. 1997. Effect of controlled-atmosphere storage on the qual-
ity and carotenoid content of sliced persimmons and peaches. Postharvest
Biol Technol 10:89-97.

URLs and E-mail addresses are active links at www.ift.org



http://www.ift.org

