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a b s t r a c t

Postharvest degradation of minimally processed mangoes limits the marketability of fruit. The effect of
heat treatments applied to whole ‘Keitt’ mango fruit on physical, physiological and biochemical qual-
ity of minimally processed mangoes was studied. Whole mangoes were subjected to hot water dipping
(HWD) at 46 or 50 ◦C for 30 or 75 min, cooled for 15 min, minimally processed and stored at 6 ◦C for 9
d. Sensory analysis, firmness, color, acidity, pH, total soluble solids (TSS), ascorbic acid, total carotenoids,
malondialdehyde (MDA) and respiration rate (RR) were investigated. A global beneficial effect of HWD
50 ◦C/30 min was observed. This treatment was the only one to maintain the acceptability of fresh-cut
mangoes for 6 d, the yellow color, expressed by b* value, for 9 d and the firmness for 3 d compared to
the control. Moreover, HWD 50 ◦C/30 min increased the total carotenoids content after 3 d compared
espiration rate
to the control. Although the ascorbic acid content decreased during storage, HWD 50 ◦C/30 min is the
less degrading condition of the heat treatments. Lipid peroxidation, estimated by MDA content, was less
important for HWD 50 ◦C/30 min. Finally, the RR of whole mangoes treated by HWD 50 ◦C/30 min was
lower than in the other treatments and could be used as an indicator of product shelf-life. This study
selected the HWD 50 ◦C/30 min as the optimal heat treatment to improve the quality of fresh-cut ‘Keitt’
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mangoes.

. Introduction

Mango (Mangifera indica L.) is one of the most important tropical
ruit worldwide in terms of production and consumer acceptance
FAO STAT, 2005). Mango fruit is considered as a source of antiox-
dants including ascorbic acid (mango fruit provides about 50%
f the recommended daily intake of vitamin C) and carotenoids.
arotenoids, which are lipophilic radical scavengers found in many

ruits and vegetables are also responsible of the bright yellow color
f mango (Vinci et al., 1995; Shieber et al., 2000). In recent years,
angoes have become well established as fresh fruit in the global

arket but suffer from convenience.
Fresh-cut or minimally processed fruit (peeled, cored and sliced)

re a growing segment among food products due to the conve-
ience and fresh-like quality of the products (Pittia et al., 1999;
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harles et al., 2003). Consumers judge the quality of fresh-cut
ruit on the basis of appearance and freshness at the time of pur-
hase (Kader, 2002). Rapid deterioration of fruit during handling,
ransport and storage is a damaging problem. Moreover, fresh-cut
rocessing increases metabolic activity, and decompartmental-

zation of enzymes and substrates which may cause browning,
oftening and decay (Varoquaux and Wiley, 1994; Charles et al.,
005). Postharvest losses in nutritional quality can be substantial,
or example with decreases in vitamin C and carotenoid contents
Mc Carthy and Mattews, 1994; Sudhakar and Maini, 1994). Fresh-
ut tropical fruit, such as mangoes, are more perishable than those
rom temperate climates, such as apples and peaches. It is therefore
mportant to control deterioration processes in order to maintain
uality.

Much research has focused on the use of postharvest treatments

o extend shelf-life, for example with the addition of antioxidants
ascorbic acid), firming agents (calcium derivatives) and modi-
ed atmosphere packaging with reduced oxygen levels. Although
ome of these treatments were found to be effective, consumers
re increasingly demanding a reduction in the overall use of

http://www.sciencedirect.com/science/journal/09255214
http://www.elsevier.com/locate/postharvbio
mailto:tassora@gmail.com
mailto:tassadit.djioua@etd.univ-avignon.fr
dx.doi.org/10.1016/j.postharvbio.2008.10.006
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hemicals on fresh products and alternative methodologies should
e investigated. During the past few years, the use of heat treat-
ents applied by hot water, vapour heat or heat air, has increased

n order to control insect pests, prevent fungal rots and increase
esistance to chilling injury (Lurie, 1998). Heat treatments also
nhibited ripening, softening and improved postharvest quality.
his was observed in the case of whole fruit, with apples (Klein
nd Lurie, 1990), strawberries (Garcia et al., 1995; Civello et al.,
997), citrus fruit (Porat et al., 2000) and mangoes (Jacobi and Giles,
997; Benitez et al., 2006). With regard to fresh-cut products, heat
reatments also have been shown to delay ripening and senescence
rocesses. For example, with fresh-cut apples, a heat treatment of
8 ◦C for 4 d before slicing, reduced respiration rate and softening
nd increased shelf-life by about 50% as compared to control apples
Bai et al., 2004). As the same, with fresh-cut melon, heating whole
ruit at 50 ◦C for 60 min reduced the respiration rate and moisture
oss and increased the sweet aromatic flavours (Lamikanra et al.,
005). However, reports on the effect of heat treatment on the
hysiology and quality of fresh-cut mangoes are limited.

The aim of this work was to study the impact of hot water treat-
ents on visual, physical and biochemical changes in minimally

rocessed mangoes stored at 6 ◦C.

. Materials and methods

.1. Plant material

‘Keitt’ mangoes (Mangifera indica L.), imported from Brazil and
ransported by boat, were purchased from a local supermarket.
ruits of uniform size (391 ± 30 g) and maturity stage (based on
nternal color and firmness) with absence of visible wounds were
elected. Upon arrival at the laboratory, fruit were transferred to
mbient temperature and kept overnight before testing.

.2. Process

.2.1. Heat treatments
Whole fruit were washed in chlorinated water (100 ppm free

hlorine) for 10 min and randomly distributed for each condition.
he heat treatment was performed by hot water dipping (HWD)
t 46 or 50 ◦C for 30 or 75 min. After dipping, fruit were cooled in
ater at 13 ◦C for 15 min. For each condition 15 fruit were treated,

hen 10 fruit were minimally processed and 5 were stored at 20 ◦C
or 24 h before respiration rate measurements. Non-treated fruit
ere used as a control.

.2.2. Minimal processing
Fruit were peeled, sliced into cubes (2 × 2 cm), washed in 10 ppm

odium hypochlorite and dried with blotting paper. From each
reatment, approximately 200 cubes were obtained from 10 fruit
nd were randomly distributed in four 1 L glass jars (≈50 cubes/jar).
he jars allowed maintenance of high relative humidity and an
mbient atmosphere around the samples and were stored at 6 ◦C
or 9 d.

.3. Quality analysis

Samples of minimally processed mangoes were taken for quality
nalysis at 0, 3, 6 and 9 d. Ten cubes of mangoes per treatment were

aken from the four jars for the evaluation of visual appearance,
rmness, color and measurements of total soluble solids, pH, and
cidity. Ten cubes (approx. 8 g) were also taken for the anitoxidant
xtraction (ascorbic acid and carotenoids) and malonyldialdehyde
nalysis. In this case, samples were immediately frozen in liquid N2

f

2

a
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efore storage at −80 ◦C and prior to analysis, samples were ground
nder liquid N2.

.3.1. Sensory quality score
Three judges scored the slices of mangoes for changes in color,

isible structural integrity, taste and odor. The visual quality score
as based on the following scale: 5, excellent, just sliced; 4, very

ood; 3, good, limit of marketability; 2, fair, limit of usability; 1,
oor, inedible.

.3.2. Firmness (N)
Firmness measurements (Penefel texture analyser, Setop

iraud-Technologie, France) were taken as the force required for
2 mm stainless steel probe to penetrate the cut surface of mango

ubes, held perpendicular to the probe. Firmness was reported as
orce in newtons (N).

.3.3. Color
Color measurements were performed using a Minotla (CR-300

ith a D65 light source; Minolta Camera Co., Osaka, Japan) based
n the CIELAB color parameters L*, a* and b* in which L* defines
he lightness and a* and b* are the two chromatic components and
re from green to red, and blue to yellow, respectively. A standard
hite calibration plate was used (Charles et al., 2008).

.3.4. Total soluble solids (TSS), pH and acidity
Immediately after firmness and color measurements were

ade, samples were stored at −20 ◦C before biochemical analy-
is (TSS, pH and acidity). Juice samples were prepared by blending
nd thoroughly mixing mango cubes. Total soluble solids (TSS) was
ssessed with a Digital Hand-held “Pocket” Refractometer PAL-1
Atago, Japan) and expressed as a percentage. Acidity was deter-

ined by titration of mango juice with 0.1 M NaOH solution to
H 8.1 (using a pH meter). The acidity was expressed as % of citric
cid.

.3.5. Ascorbic acid evaluation
Ascorbic acid (AsA) concentration was measured according to

ampfenkel et al. (1995), scaled down for micro-plates (Power
ave HT, Bio. Tek). Frozen mango fruit powder (0.3 g) was homog-

nized in 1 mL of 6% (w/v) TCA. The homogenate was centrifuged
t 16,000 × g at 4 ◦C for 15 min. The supernatant was used for
sA determination. For ascorbate, 10 �L of extract were added to
0 �L of phosphate buffer (0.2 mM, pH 7,4) and 150 �L of a specific
eagent (50 �L 10% TCA, 40 �L 42% (v/v) H3 PO4, 40 �L 4% (w/v)
.2-bipyridyl dissolved in 70% ethanol and 20 �L 3% (w/v) FeCl3.
fter 40 min at 42 ◦C, the absorbance was measured at � = 525 nm

n a micro-plate reader (Power Wave HT, Bio. Tek). Commercial
-ascorbic acid was used for calibration.

.3.6. Extraction and analysis of carotenoids
According to Lichtenthaler and Buschmann (2001), frozen

ango fruit powder (0.3 g) was extracted with 1 mL of pure ace-
one. Then the mixture was homogenized for 1 min and incubated
t 4 ◦C in darkness until the cap turned white. The homogenate
as centrifuged at 16,000 × g for 15 min and 200 �L of supernatant

rom each tube were placed in 96-well plates. The absorbance was
ead at � = 470 nm in a micro-plate reader (Power Wave HT, Bio.
ek). The concentration of total carotenoids was calculated as fol-
ows: C (�g/mL) = (1000 × A470)/214, and expressed as mg/100 g

resh weight.

.3.7. Malondialdehyde content (MDA)
The thiobarbituric acid (TBA) test which determines malondi-

ldehyde (MDA) as an end product of lipid peroxidation was used
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showed a firmness loss of only 9% (Table 1) and, in Fig. 2, this loss
was not significantly different from the initial value. This result
suggested that HWD 50 ◦C/30 min maintained firmness during 3
d of storage at 6 ◦C. According to Shalom et al. (1996) inhibition of

Table 1
Losses in firmness, L* and b* values of pre-cutting heat-treated fresh-cut mangoes
during the storage at 6 ◦C expressed as a percentage (%) compared to the initial value.

Treatments Time of storage (days)

3 6 9

Firmness loss (%)
Control 35.1 37.1 30.9
46 ◦C–30 min 22.6 28.9 34.5
46 ◦C–75 min 26.8 37.1 40.4
50 ◦C–30 min 9.0a 22.5 33.1
50 ◦C–75 min 38.1 31.5 33.5

L* value loss (%)
Control 15.0 14.3 22.5
46 ◦C–30 min 13.6 16.5 23.1
46 ◦C–75 min 9.9a 13.8 19.6
50 ◦C–30 min 9.3a 15.6 19.2
50 ◦C–75 min 18.1 18.7 19.5

b* value loss (%)
Control 13.0 16.4 29.4
ig. 1. Effect of HWD on visual quality score of fresh-cut mangoes (cv. Keitt) during
torage at 6 ◦C (horizontal line represents the acceptable limit for consumption).

Vilikova et al., 2000). Frozen mango fruit powder (0.25 g) was
omogenized in 1 mL of 0.1% (w/v) TCA. The homogenate was cen-
rifuged at 12,000 × g for 15 min, and 0.5 mL of the supernatant was
dded to 1 mL of 0.5% (w/v) TBA in 20% TCA, incubated in boiling
ater for 30 min, and stopped at 0 ◦C for 10 min. The absorbance
as read at � = 532 nm in a micro-plate reader (Power Wave HT,
io. Tek). The amount of MDA–TBA complex (red pigment) was
alculated from the extinction coefficient 155 mmol L−1 cm−1.

.4. Respiration rate of mango fruit

Respiration rate of whole mangoes was determined by the
losed system method at 22 ◦C. One fruit was put in a jar (6 L, her-
etically closed and gas concentrations (O2, CO2) were checked

very hour (gas analyser Chekmate 9900, PBI Dansensor, Denmark).
he respiration rates were measured as O2 uptake and CO2 emis-
ion (RRO2, RRCO2) and calculated and expressed in mmol kg−1 h−1

Varoquaux et al., 2002).

.5. Statistical analysis

Four replicates per treatment were done and analysis of variance
ANOVA) was applied to the results. The means were compared by
he Fisher test at a significant level of 0.05. For respiration rate,

eans ± S.E. (standard error) were used.

. Results and discussion

.1. Influence of HWD on the sensory quality of fresh-cut mangoes

Appearance is a major criterion for determining the acceptabil-
ty of products. It is currently used as an indicator of freshness and
uality in fresh-cut research and industry (Cantwell and Suslow,
002). In this study, visual quality scores decreased after 3 d to
(good and limit of marketability) for the control sample and

o 2.25 and 2 (fair and limit of usability) for the HWD 46 and
0 ◦C/75 min treatments, respectively (Fig. 1). In contrast, the score
or fruit treated by HWD 50 ◦C/30 min was significantly higher dur-
ng storage with values of 4.75 (very good), 4 and 2 after 3, 6 and 9
, respectively. This result focused on the importance of a precise

election of time and temperature for a treatment to increase the
helf-life of fresh-cut mangoes. Koukounaras et al. (2007) found
hat HWD 50 ◦C/10 min applied 4 h before cutting improved the
isual quality of fresh-cut peach. The present study led us to select
he HWD 50 ◦C/30 min as an optimal combination to improve the
ig. 2. Effect of HWD on firmness of fresh-cut mangoes (cv. Keitt) during storage at
◦C for 9 d (vertical bars represent standard error of the mean and different letters

ndicate significant differences for each treatment during storage).

isual quality of ‘Keitt’ mangoes and keep the product visually
cceptable until 6 d at 6 ◦C.

.2. Influence of HWD on firmness of fresh-cut mangoes

Firmness changes during the storage of fresh-cut mangoes are
hown in Fig. 2. After processing (time 0), firmness values were
imilar between treatments and then decreased during storage.
hatanawarangoon (2000) has proposed that firmness loss of fresh-
ut mangoes during storage at 5 ◦C was due to the release of water.
ut in our experiment no significant water loss (estimated by drying
amples at 80 ◦C) was observed during storage (data not shown).

Differences in firmness decrease were observed between treat-
ents (Table 1). After 3 d, firmness loss was highest in the control

nd HWD 50 ◦C/75 min (35.1% and 38.1% losses, respectively). As
eported by many authors, the firmness loss could be linked to
oftening-related enzymes, such as polygalacturonase (Lazan et al.,
986), galactosidases (Ali et al., 1995), pectin methylesterase and
-1,4-glucanases (Ali et al., 2004). Conversely, HWD 50 ◦C/30 min
46 ◦C–30 min 0.7 7.4 22.8
46 ◦C–75 min 8.1 18.7 25.5
50 ◦C–30 min − 4.1a 3.2a 0.0a

50 ◦C–75 min 18.5 23.3 23.4

a Indicates significant difference.
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min C were similar after all treatments (Fig. 4) but changes during
storage were different among treatments. In control samples, the
amount of vitamin C was maintained until 6 d before decreasing.
HWD 50 ◦C/30 min and 46 ◦C/75 min maintained the contents until
3 d and HWD 46 ◦C/30 min and 50 ◦C/75 min quickly decreased the

Table 2
Effect of different HWT on changes in total soluble solids (TSS), pH and acidity of
fresh-cut mangoes during storage at 6 ◦C for 9 d.

Time of storage (days)

0 (initial) 3 6 9

TSS (%)
Control 12.2 a A 11.3 a A 11.8 a AB 11.3 a A
46 ◦C–30 min 13.0 a A 12.0 ab AB 12.2 ab AB 11.9 b A
46 ◦C–75 min 13.8 a B 13.1 ab C 12.5 b A 12.9 ab B
50 ◦C–30 min 12.7 ab A 12.3 b B 12.3 b A 13.3 c B
50 ◦C–75 min 12.4 a A 11.6 bc AB 11.0 c B 11.6 c A

Acidity (% citric acid)
Control 3.6 a A 5.4 b AB 5.3 b A 5.7 b A
46 ◦C–30 min 5.7 a B 6.4 a A 5.2 a A 6.0 a A
46 ◦C–75 min 4.6 a AB 5.3 a B 5.3 a A 4.4 a B
50 ◦C–30 min 5.3 a B 5.6 a AB 5.3 a A 5.3 a AB
50 ◦C–75 min 4.4 a AB 6.3 b AB 5.3 ab A 4.8 a AB

pH
Control 4.2 a A 4.1 ab A 4.1 ab AB 4.0 c A
46 ◦C–30 min 3.8 a B 4.0 a A 4.0 a AB 3.8 a A
46 ◦C–75 min 4.2 a A 4.0 a A 4.3 a A 4.0 a A
ig. 3. Changes in L* (A) and b* (B) values for ‘Keitt’ fresh-cut mangoes after HWD
vertical bars represent standard error of the mean and different letters indicate
ignificant differences for each treatment during storage).

olubilisation of the carbonate-soluble pectin fraction is one of the
ain factors contributing to firmness retention due to heat treat-
ent. Several authors have reported this effect. Kim et al. (1993)

ave observed on several apple cultivars a significant maintenance
f firmness depending on variety and heat treatment conditions.
breu et al. (2003) have also shown that HWD 40 ◦C/105 min main-

ained the firmness of fresh-cut ‘Rocha’ pears during 4 d at 2 ◦C.
eat-treated kiwifruit at 45 ◦C for 25 and 75 min showed also an

ncrement in firmness (Beirão-da-Costa et al., 2006). In this study,
fter 6 d, and whatever the treatment, no significant protection of
rmness was observed.

.3. Influence of HWD on color change of fresh-cut mangoes

Before processing, the color of the skin of whole ‘Keitt’ fruit was
isually estimated and measured by colorimetry. Compared to the
ontrol, heat-treated fruit had a higher b* value (data not shown),
ndicating yellowing of the skin as previously reported by Segarra-
armona et al. (1990).

The color of the pulp was then analysed and expressed by L* and
* values (Fig. 3A and B). The initial L* values for the HWD 46 and
0 ◦C/75 min were significantly lower than for the other conditions.
hese results emphasized the influence of the duration of treatment
n the reduction of L* value (Fig. 3A). Then, for each condition, the L*
alue decreased during storage, as has been described for fresh-cut
angoes of several varieties: ‘Tommy Atkins’, ‘Ataulfo’, ‘Kent’ and

Keitt’ (Rattanapanone et al., 2001; Gonzalez-Aguilar et al., 2008).
owever, the percentage of L* loss (Table 1), showed that after 3 d,

he two HWD 46 ◦C/75 min and 50 ◦C/30 min treatments showed a
light loss of L* with only 9.9% and 9.3% decreases, respectively.
Values for b* decreased during storage for all conditions except
or HWD 50 ◦C/30 min (Fig. 3B; Table 1). Indeed, with this treat-

ent, the color of fresh-cut mangoes was maintained, with
ignificantly less browning than with the other conditions. This
esult suggested that HWD 50 ◦C/30 min is a potential alternative

S
e
d
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o preserve the initial color of mango and protect against browning.
ther work has described the influence of heat treatment on the
revention of browning of fresh-cut endive (Salman et al., 2007). It
an be noted that high temperature and a long period of treatment,
uch as HWD 50 ◦C/75 min, quickly reduced b* values and damaged
he product.

.4. Influence of HWD on total soluble solids (TSS), pH and acidity
f fresh-cut mangoes

As shown in Table 2, initial TSS contents, excepted for HWD
6 ◦C/75 min, were similar whatever the conditions (approx.
2.8% ± 0.6). Then, there was a slight decrease which didn’t match
ith the normal ripening process characterised by starch degrada-

ion to soluble sugars and an increase in the soluble solids values.
he HWD 50 ◦C/30 min also induced a slight decrease until 6 d, but
fter 9 d of storage the final TSS value was higher than at the begin-
ing of the experiment. In contrast, other authors have reported
hat a quarantine heat treatment applied to nectarines had no effect
n TSS content (Obenland et al., 1999). The pH of mango samples,
round 4, the usual value for fruit, and the acidity were not signifi-
antly affected by heat treatments. These results are in accordance
ith Abreu et al. (2003) who have demonstrated that heating whole
ear fruit from 35 to 45 ◦C for 40–150 min maintained pH during 7
of storage at 2 ◦C.

.5. Influence of HWD on ascorbic acid content of fresh-cut
angoes

Fruit are natural source of ascorbic acid (vitamin C) and it is
nown that its level decreases during processing and ripening (Lee
nd Kader, 2000). Moreover, as the oxidative processes occur more
apidly in fresh-cut products, they are expected to have higher
osses (Allong et al., 2000). In this study, initial contents of vita-
50 ◦C–30 min 4.3 a A 4.0 b A 4.1 ab AB 4.1 ab A
50 ◦C–75 min 4.1 a A 4.1a A 3.9 a B 4.1 a A

ame lower case letters in the same horizontal line indicate no-significant differ-
nces during storage time. Same capital letters in vertical line indicate no-significant
ifferences between treatments.
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ig. 4. Effect of HWD on ascorbic acid content of fresh-cut mangoes (cv. Keitt) during
torage at 6 ◦C for 9 d (vertical bars represent standard error of the mean and different
etters indicate significant differences for each treatment during storage).

itamin C content. It is clear that heat treatment induced a decrease
n the amount of vitamin C as compared to the control. Yahia et al.
2007) have reported that ascorbic acid levels were higher in con-
rol tomatoes than in heat-treated fruit (38 ◦C or 34 ◦C for 24 h).
owever, with a proper time–temperature combination, like HWD
0 ◦C/30 min, this decrease can be reduced and fresh-cut products
an still contain significant amounts of vitamin C during the storage.

.6. Influence of HWD on total carotenoids contents of fresh-cut
angoes

Carotenoids are pigments responsible for the yellow color of
roducts and have a protective function against oxidative dam-
ge. In this study, three treatments (46 ◦C/75 min; 50 ◦C/30 min
nd 50 ◦C/75 min) resulted in increases in the initial level of
otal carotenoids compared to the control (Fig. 5). Heat treat-

ent can induce cell membrane disruption and enhance chemical
xtractability of total carotenoids (Kidmose et al., 2002). During
torage, total carotenoid contents remained stable in the control
nd HWD 46 ◦C/30 min treatment, whereas for the other treatments
t decreased. It is known that exposure of mangoes to oxygen, per-
xides, temperature and light may cause undesirable alterations in
tructure and bioactivity of carotenoids in terms of isomerisation,
xidation or degradation (Van den Berg et al., 2000). Lower total

arotenoid contents during storage have also been reported after
eat treatment of whole persimmon fruit (Luo, 2006) and fresh-cut
each (Koukounaras et al., 2007). However, it can be noted that after
d, HWD 50 ◦C/30 min induced high carotenoid contents as com-

ig. 5. Effect of HWD on total carotenoids content of fresh-cut mangoes (cv. Keitt)
uring storage at 6 ◦C for 9 d (vertical bars represent standard error of the mean and
ifferent letters indicate significant differences for each treatment during storage).

f
m
o
t
m
R
t
r
H
s
a

T
R
a

T

C
4
4
5
5

ig. 6. Effect of HWD on malondialdehyde content (MDA) of fresh-cut mangoes (cv.
eitt) during storage at 6 ◦C for 9 d (vertical bars represent standard error of the
ean and different letters indicate significant differences for each treatment during

torage).

ared to the control and the other treatments. HWD 50 ◦C/30 min
ould increase the antioxidant capacity of mangoes at this time of
torage.

.7. Influence of HWD on malondialdehyde content (MDA) of
resh-cut mangoes

Initial MDA values (Fig. 6) were higher for heat-treated samples
s compared to the control. After 3 d, MDA values were maintained
hatever the treatment and then increased for all treatments and
ainly for HWD 46 and 50 ◦C/75 min. This result suggests that
long duration of heat treatment induced senescence processes

nvolving lipid peroxidation. No information about the effect of heat
reatment on the MDA changes in mango fruit has been reported
ut an MDA increase was observed in ‘Tainong’ mango fruit after 3
of storage at 4 ◦C (Wang et al., 2007).

.8. Influence of HWD on the respiration rate of whole mangoes

The results shown in Table 3, suggest that HWD 50 ◦C/30 min
educed significantly RRO2 as compared to the other treatments
nd control, whereas RRCO2 remained similar whatever the treat-
ent. Similarly, in apples, the respiration is lower upon return

f heated fruit to ambient temperature compared to non-heated
ruit (Klein and Lurie, 1990). The respiration rate is an indicator of

etabolic activity and gives an indication of the potential shelf-life
f the product (Church and Parsons, 1995). These results indicated
hat HWD 50 ◦C/30 min could increase the shelf-life of fresh-cut

angoes by decreasing RR02 of whole mangoes. It suggested use of
RO2 as an indicator of the overall influence of a heat treatment on
he product shelf-life. The respiratory quotient (RQ = RRCO /RRO )
2 2
anged between 0.8 and 1.2 (Table 3) and the higher value was for
WD 50 ◦C/30 min. The value of RQ depended on the metabolic

ubstrate of respiration and generally ranged from 0.7 to 1.3 for
erobic respiration (Forcier et al., 1987). In this experiment, heat

able 3
espiration rate (RRO2; RRCO2) and respiratory quotient (RQ) for hot water treated
nd untreated ‘Keitt’ mangoes after 24 h storage at 22 ◦C.

reatments RRO2 RRCO2 RQ

ontrol 2.8 ± 0.1 2.4 ± 0.2 0.9 ± 0.1
6 ◦C–30 min 2.4 ± 0.3 2.4 ± 0.2 1.0 ± 0.2
6 ◦C–75 min 2.9 ± 0.5 3.0 ± 0.6 1.0 ± 0.0
0 ◦C–30 min 1.9a ± 0.2 2.3 ± 0.2 1.2 ± 0.1
0 ◦C–75 min 2.5 ± 0.3 2.6 ± 0.2 1.0 ± 0.1

a Indicates significant difference.
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reatment did not modify the respiration process of mango fruit.
imilarly, Hasbulah et al. (2001) have found that the RQ values of

Irwin’ mango treated with HWD 47.2 ◦C/60, 90 and 120 min ranged
etween 0.92 and 1.05 and were not affected by heat treatment.

. Conclusion

This study investigated the effects of different combinations
f heat treatment (temperature and duration of application) on
he quality of fresh-cut mangoes. A hot water dipping (HWD)
0 ◦C/30 min was demonstrated to have the potential to maintain
he appearance and color of minimally processed mangoes during
and 9 d of storage at 6 ◦C, respectively. Compared to the other heat

reatments, HWD 50 ◦C/30 min maintained firmness and the vita-
in C content for up to 3 d. This treatment also increased the total

arotenoid contents after 3 d and decreased the respiration rate of
he whole fruit. These results suggest that a HWD of 50 ◦C/30 min
an be an effective, inexpensive and environmentally safe method
o improve the quality of fresh-cut ‘Keitt’ mangoes.
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