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Abstract

Mango is a climacteric fruit that has attractive color, delicious taste and provides high contents
of ascorbic acid and phenolic compounds. In the current study, mango ‘Chok Anan’ at different
ripening stages was subjected to a vacuum impregnation process at various vacuum pressures
(between 50 and 1013.25 mbar). The flesh of mango fruit was cut into 3.0x2.0x1.0 cm?, vacuum
impregnated with sucrose solution for 10 min at room temperature, left for another 10 min in
the sucrose solution at atmospheric pressure, removed from the solution and analyzed for its
physicochemical characteristics. Collected data showed that the ripening stage of the mango
affected color values of a* and b*, pH, hardness and solid gain (SG) of the vacuum impregnated
mango. Different vacuum pressures that applied to mango pieces influenced fruit porosity ()
and effective porosity (g,) of the final mango product. On the other hand, a combination of
both parameters studied in the research had a significant effect on a color value of L*, water
loss (WL), volume of fruit occupied by impregnation solution (X value) and fruit volume
deformation (y value) of the processed mango. The pieces of unripen mango impregnated at 50
mbar significantly had the lowest €_of 0.03+0.01%, the lowest WL of -14.63+0.74% and the
highest X value of 0.22+0.02 m? liquid/m?® sample (p<0.05). Finding in this study demonstrated
that the ripening stage and vacuum pressure levels were important parameters to be considered
in the application of vacuum impregnation to introduce desirable solute into a porous structure

of fruit.

© All Rights Reserved

Introduction

Mango (Mangifera indica L.) is a climacteric
fruit that belongs to the family Anacardiaceae
(Ornelas-Paz et al., 2008; Kim et al., 2010; Tovar
et al., 2011). It is one of the most important tropical
fruits, in which Asia accounts for approximately 77%
of global mango production and America and Africa
produce for the remaining 23% (Kim et al., 2010;
Ribeiro and Schieber, 2010). After harvesting, the
ripening process of mango fruit occurs rapidly, which
is affected by cultivar, stage of maturity at harvest and
postharvest conditions (Ketsa et al., 1999; Ornelas-
Paz et al., 2008). According to Ketsa et al. (1999),
changes in the mango ripening can take place within
7 to 10 days at ambient temperature.

Consumption of mango flesh can be done in
various forms both ripe and unripe stages. Although
it is common to eat fresh fruit, the fruit flesh is also
processed into different food products, including
puree, nectar, powder, pickles, canned mango slices,
chutneys, dried fruit, juices and desserts (Dissa et al.,
2008; Ribeiro and Schieber, 2010; Kim et al., 2010;
Liu et al., 2013). Processing mango into different
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food products is one way to reduce the fruit losses
at its peak harvest periods (Ribeiro and Schieber,
2010). Nevertheless, some of the mango preservation
methods need a pretreatment before the main process,
which is aimed to maintain the nutritional compounds
in the raw material and/or improve the quality of the
final product (Nieto et al., 2001; Chen et al., 2007,
Liu et al., 2014). An unconventional pretreatment
process that can be applied to mango flesh is vacuum
impregnation. This process can be done prior to the
main procedure of canning, freezing, frying, drying
and pasteurization (Zhao and Xie, 2004). Besides
improving the quality of the final product, this
particular pretreatment could also be used to develop
a compositionally formulated product by introducing
functional food ingredients, such as anti-browning
agent, pH reducer, firming agent, antimicrobial
agent or nutraceutical compounds (Mujica-Paz et
al., 2003a; Zhao and Xie, 2004; Perez-Cabrera et al.,
2011).

Vacuum impregnation is a method that is
carried out by immersing a sample in an adequately
formulated solution under specific conditions of
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pressure (Gonzalez-Fésler et al., 2008). During the
vacuum impregnation process, the initially occluded
air in pores of the sample is replaced by the external
formulated solution (Schulze et al., 2014). By doing
this, desired food ingredients in the external solution
can be directly impregnated into the sample pores
in a controlled way (Zhao and Xie, 2004). Several
parameters affecting the effectiveness of vacuum
impregnation are vacuum pressure levels, the length
of vacuum pressure treatment, the length of relaxation
period (the period to restore atmospheric pressure
while maintaining the sample inthe solution), viscosity
of external solution, temperature, concentration
of solution, product/solution mass ratio, size and
shape of the sample and the mechanical properties
of biological tissues (Derossi et al., 2012). Derossi
et al. (2010) studied a reduction of the pH of pepper
by different vacuum pressure levels and reported that
a greater impregnation level was obtained when the
vacuum acidification of pepper was done at 200 mbar
compared to those at 400 mbar. Another research work
by Mujica-Paz et al. (2003a) that investigated about
different vacuum pressure levels (135-674 mbar)
and vacuum times (3-45 min) to impregnate isotonic
solution in mango, apple, papaya, banana, peach,
melon and mamey showed that the vacuum pressure
level and time gave a significant effect on the volume
of the isotonic solution impregnated in the studied
fruits. Although different vacuum pressure levels had
been studied for some fruit and vegetables, there was
not any publication that examined the relationship
between fruit ripening and vacuum pressure levels
during vacuum impregnation. The knowledge of
vacuum impregnation treatment for different stages
of fruit ripening was important, since fruit ripening
would rapidly change the fruit firmness due to the
natural degradation of fruit cell wall (Toivonen
and Brummell, 2008). Therefore, this research was
focused on the effectiveness to impregnate an external
solution into mango flesh from three ripening stages
of mango ‘Chok Anan’ processed at different vacuum
pressure levels.

Materials and Methods

Mango samples

Fresh mango variety ‘Chok Anan’ was purchased
from a local market in Chiang Mai, Thailand. The
mango fruit was divided into 3 different ripening
stages based on the mango peel color (Nordey et al.,
2014) and hardness (Kim et al., 2010) to be unripen,
half ripen and ripen mangoes. The ripening indexes
of different ripening stages of the mango samples
were 12.37+£0.28, 19.164+2.33 and 49.80+0.38 %
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Brix/acidity, respectively. Prior to be used in the
experiment, all of the mango fruit was washed
with tap water and left to dry at room temperature
for 30 min. After removing the skin and seed of the
mango fruit with a sharp knife, the mango flesh was
cut into 3.0 x 2.0 x 1.0 cm?®. Fresh mango meat was
kept in a refrigerator until being used in a vacuum
impregnation process.

Vacuum impregnation process

Impregnation solution was prepared by adding
commercial sucrose (Lin, Thailand) into distilled
water (Polestar, Thailand) until the a  of the sucrose
solution was equivalent with that of the corresponded
mango pieces (Mujica-Paz et al., 2003b). The aw
of unripen and half ripen mangoes was 0.990+0.000,
while the aw of ripen mango was 0.992+0.001. In
each of the vacuum impregnation processes, mango
samples were immersed in the impregnation solution
at a ratio of 1:5 (w/w). During the impregnation
treatment, mango pieces were maintained to be
submerged in the sucrose solution.

The impregnation process of mango fruit in
sucrose solution was carried out at 25+1°C in
a vacuum oven (Binder VD23, Germany). The
process of impregnation was done at different
vacuum pressure levels of 50, 100, 500 or 1013.25
(atmospheric pressure) mbar for 10 min (Gras et
al., 2003; Rongkom et al., 2013). Following the
impregnation treatment, mango samples were further
left under the sucrose solution for an additional time
of 10 min, which was also recognized as a relaxation
time (Gras et al., 2003; Mujica-Paz et al., 2003D).
After the impregnation process, the mango fruit
was separated from the sucrose solution using a
household strainer and left for a further 10 to 20 min
at room temperature to remove any €Xcess sucrose
solution that was adhered to the fruit surface. The
vacuum impregnated mango samples were then
stored at a refrigerator for physicochemical analyses.
All experiments were performed in triplicate.

Physicochemical analyses

Weight of mango samples was measured at the
beginning and at the end of the impregnation process
to determine the amount of liquid impregnated into
the fruit pieces (X value) according to Eq. 1 (Mgjica-
Paz et al., 2003a) and volumetric deformation of the
fruit samples (y value) based on Eq. 2 (Salvatori et
al., 1998).

_ Mg
X = (1)

Where, M, was the final mass of mango (kg), M,
was the initial mass of mango (kg), V, was the initial
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volume of mango pieces (m’) and p_ was the density
of the sucrose solution (kg/m?).

y=Ve-Ve ()
Vo

Where, Vo was the initial volume of mango samples
(m?) and Vt was the final volume of mango samples
(m?).

The effective porosity (g)) was calculated using
Eq. 3.

X-y=s, (1-3)-2 ®
Where, € was the effective porosity and r value was
the compression ratio (atmospheric pressure/vacuum
pressure) (Andrés et al., 2001).

In order to calculate water loss (WL) and solid
gain (SG), the equations of Paes et al. (2008), which
were shown in Eq. 4 and 5, respectively, were applied.

Wwo—Ww

WL= ——=x100 (4)

Wo

SG= == x100  (5)

Where, w = was the initial weight of water in the
mango sample (kg), w_was the weight of water in
the mango sample at the end of the treatment (kg),
w,_ was the initial weight of the mango sample (kg),
w_ was the weight of dry solids at the end of the
treatment (kg) and w_ was the initial weight of dry
solids in the mango sample (kg).

Color parameters of mango flesh, including L*
(lightness), a” (red color coordinate for positive value
and green color coordinate for negative value) and
b* (yellow color coordinate for positive value) was
measured by a Minolta colorimeter (Minolta CR-300,
Japan). Total soluble solids of mango samples were
determined using a hand refractometer (ATAGO,
Japan). The measurement of pH of mango samples
was carried out using a pH meter (Consort C830,
Belgium). Fruit porosity (g ), which was also known
as total or real porosity was calculated using apparent
and real densities according to Eq. 6 (Krasaekoopt
and Suthanwong, 2008; Rongkom et al., 2013).

gr = Pr_Ffa (6)
Pa
Where p, was the apparent density of mango fruit
(kg/m?) and p_was the real density of the fruit puree
(kg/m?).

Hardness or firmness of mango flesh was
examined based on a compression model (60%
deformation) using a Texture Analyzer (Stable
Micro systems TA-XT Plus, Surrey, UK), which was
performed at 25°C. Mango samples were compressed

until 60% strain at a deformation rate of 2 mm/s. A
25 mm diameter plate probe (P/25) with 25 kg load
cell was used at 10.0, 2.0 and 10.0 mm/s of pre-test,
test and post-test speeds, respectively. The maximum
compression force (g force) was recorded as the
hardness value of mango samples. The firmness of
each mango sample was determined for ten times
measurement (Rongkom et al., 2013).

Statistical analysis

The experiment was prepared using a Completely
Randomized Design with three replications. Analysis
of variance (ANOVA-one way) was performed for
the experimental results to determine the effect of
treatments on the physicochemical parameters of
impregnated mango. Mean differences were evaluated
by Duncan’s new multiple range test (DMRT), which
was analyzed using SPSS for Windows version 17.0
serial number 5068035 (SPSS Inc., Chicago, USA).
Statistical significance between sample treatments
was defined at p<0.05.

Results and Discussion

Some physicochemical properties of vacuum
impregnated mango, including color values, pH,
total soluble solids and hardness, are displayed in
Table 1. The color data of L* value of the mango
samples showed clearly that both ripening stages and
vacuum impregnation levels significantly affected
the mango lightness (p<0.05). The L* values of
fresh mango flesh were 86.35+1.62, 79.3843.25 and
72.11£0.94 for unripen, half ripen and ripen mango,
respectively. Higher L* value of unripen mango flesh
had been reported by Kim et al. (2010). Applying
lower vacuum pressure levels during impregnation
treatments significantly produced lower L* value of
the mango samples (p<0.05). This finding could be
affected by gas-liquid exchange in mango pieces
during the impregnation process, producing a more
homogenous refraction index throughout the sample
(Zhao and Xie, 2004). A similar outcome was also
found by Rongkom et al. (2013) for apple and
cantaloupe. For the a* and b" values of the vacuum
impregnated mangoes, they were more affected by
the ripening stages of the mango compared to the
vacuum pressure levels (Table 1). As the mango
samples become ripen, they have red color with more
yellow color directions. Padda et al. (2011) also
reported that during ripening of ‘Keitt’ mango fruit at
20°C for 14 d, the L* value of the fruit was decreased
with an increase in the a” and b* values. It was worthy
to be noted that doing a vacuum impregnation for
ripen mango fruit could significantly decrease its b*
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Table 1. Effect of mango ripening stages and vacuum pressure levels on the color, pH, total
soluble solid and hardness of vacuum impregnated mango ‘Chok Anan’

Ripeness stage Vacuum pressure L= o b= o Total soluble Hardness (g
of mango (mbar) p solid (%eBrix) force)
50 60.98+£3 47 ¢ -7.9320.642 23.47£2.01= 2.91=0.012 10.00£0.002  505.43£54.95¢%
100 61 747 63+ -7.33£0.91= 25.62+£2.80¢2 2.90=0.022 10.00=0.002 561.67=61.65°¢
unripen
500 78.16£3 952 -7.80x1.06% 25883702 2.90=0.03 = 10000002  629.02+104.894
1013.25 82.09+1.651 -7.30£1 643 27.62+£1.97¢= 29520052 10.00=0.00% 662.55=124.13*
50 68.56=4 404 -6.82+1.707% 50.1243 25 bad 3342003 ¢ 15.11%1.76 ¢ 3137514+
100 69.80=2.92 « -7.11+0 883k 49343 10 b 3.39+0.16 ¢ 12.67=1.00°® 34532606 2
Half-ripen
500 741622 55% -7.47£1.29 @ 53.21£2.5614 3.3620.11¢ 12.67=1.00°® 43.3526.07 =
1013.25 75314 84¢ -6.29+1 427 51472423 3.40£0.08 ¢ 13.33=1.00°% 60.57£547 =
50 51.65£7.25¢0 1.72+0 824 454224 960 4422007 ¢ 15.9120.63 « 24914062
) 100 46.55=3.17¢2 3.49£0.67¢ 46.77£8.75 b 462401414 16.91x1.27¢ 30.66+3.69 2
ripen
500 63.65+£5 84 4.26+0.96¢ 65.53£3.39¢ 439007 ¢ 15.91+1.09« 3517843 =
1013.25 67.62+4 33 &= 3.75£0.79 ¢ 62.96x£521¢ 4332021¢ 15.96=0.80 « 37.56%6.10 2

»h Different letters within a row are significantly different by DMRT at 95% confidence level (p<0.05).
The values are average of three experiments. The values are average + standard deviation.

value (p<0.05). The possibility of some degradation
or loss of fruit pigments during the impregnation
process could not be ruled out (Chiralt and Talens,
2005).

For the pH, total soluble solid and hardness of
mango fruit, the ripening stages of the raw material
had a more pronounced effect than the different
vacuum pressure levels applied during impregnation
processes (Table 1). Significant higher pH values and
total soluble solid with lower hardness of the ripen
mango than those of the unripen samples were in an
agreement with the reports of Joas et al. (2009) for
mango ‘Cogshall’ and Padda ef al. (2011) for mango
‘Keitt’. Processing unripen mango with vacuum
impregnation at higher vacuum pressure levels could
significantly reduce its hardness value (p<0.05).
Chiralt and Talens (2005) reported that some changes
induced by osmotic treatments were loss of cell turgor,
alteration of middle lamella, alteration of cell wall
resistance, changes in air and liquid volume fractions
in the sample and changes in sample size and shape.
The effect of these changes was less noticeable in the
half ripen and ripen mango samples, which could be
due to lower firmness of mango cell walls from pectin
methyl esterases, polygalacturonase, galactosidases
and [-1,4-gluconanases degradation (Sane et al.,
2005; Baloch and Bibi, 2012).

WL and SG values of vacuum impregnated
mango can be seen in Figure 1. Negative values of
WL indicated that there was water gain caused by
impregnation of the sucrose solution in the mango
tissue (Mujica-Paz et al., 2003a). The WL value was
significantly affected by mango ripening stages and

vacuum pressure levels (p<0.05). Higher sucrose
solution was significantly impregnated in unripen
mango samples treated at 50 mbar vacuum pressure
than those of ripen samples processed at atmospheric
pressure. The effect of vacuum pressure showed that
at higher vacuum pressure to 50 mbar, there was
higher release of native liquid and gases occurred
(Derossi et al., 2012). The result in this study was
consistent with the reports of Mujica-Paz et al.
(2003a) and Rongkom ef al. (2013). For the ripening
stages of mango, the data clearly displayed that
unripen mango fruit allowed more infusion of sucrose
solution than those of ripen fruit (Figure 1a). This
result could mainly be affected by the fruit texture
that was changed as the fruit became mature (Table
1; Torreggiani and Bertolo, 2001). These workers
also reported that there was higher water loss in kiwi
fruit for the unripen fruit compared to those that were
ripen. Toivonen and Brummell (2008) explained that
during fruit ripening, fruit cell walls went through a
natural degradation that led to reduction in cell wall
firmness and intercellular adhesion. In addition, a
decline in turgor properties of the fruit tissues during
ripening was further contributed to the fruit textural
changes.

After vacuum impregnation treatments, all of
the mango samples experienced loss of their solid
contents (Figure 1b). Negative values of solid gain
demonstrated that more native liquid of mango fruit
was leached out compared to the incoming sucrose
solution (Mujica-Paz et al., 2003b). The effect was
more pronounced in the unripen mango than those
of the ripen fruit, which could be due to more
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Figure 1. Water loss (%) (a) and solid gain (%) (b) of
vacuum impregnated mango ‘Chok Anan’ affected by
mango ripening stages and vacuum pressure levels

deformation of the mango tissue structure at higher
vacuum pressure in the ripen mango fruit than those
of the unripen samples (Mujica-Paz et al., 2003b;
Zhao and Xie, 2004). Finding in this study was
similar to the report of Torreggiani and Bertolo (2001)
for kiwifruit. Since a high solid loss during vacuum
impregnation was not desirable, processing unripen
mango by vacuum impregnation needed to consider
other treatment parameters that could reduce this
phenomenon, such as viscosity of the impregnation
solution and size and shape of food samples.

X value was recognized as the volumetric
fraction of the mango sample occupied by the sucrose
solution (Mujica-Paz et al., 2003b; Krasackoopt
and Suthanwong, 2008). The X value of vacuum
impregnated mango affected by mango ripening stages
and vacuum pressure levels is exhibited in Figure
2a. It was clearly displayed that both parameters
examined in this research had a significant effect on
the amount of sucrose solution impregnated into the
mango samples (p<0.05). The highest X value was
found in the unripen mango sample processed at 50
mbar vacuum pressure, which was parallel with the
WL result. The result of X value could be affected by
higher hardness value of the unripen mango, causing
less deformation in the mango tissues processed at
the highest vacuum pressure level (Krasackoopt and
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Figure 2. The volume of mango occupied by sucrose
solution (X value) (a) and mango fruit deformation (y
value) (b) of vacuum impregnated mango ‘Chok Anan’
affected by mango ripening stages and vacuum pressure
levels
Suthanwong, 2008). Fito et al. (2001) reported the X
value of mango ‘Tommy Atkins’ that was cut slices
with a thickness of 10 mm was 14.2+0.5.

Deformation in the sample tissue could be
measured by y value, which represented the net volume
changed at the end of the vacuum impregnation
process, resulted from an initial swelling throughout
the vacuum step and the later compression during
the relaxation time (Andrés et al., 2001; Zhao and
Xie, 2004). The deformation of the mango solid
matrix was significantly affected by the ripening
stages and vacuum pressure levels applied during
impregnation (Figure 2b). The result of y value was
corresponded to the finding of X value, suggesting
that the mango matrix was responsible for these
parameters (Zhao and Xie, 2004). Chiralt and Talens
(2005) explained that when vacuum pressure was
applied there was a possibility of mechanical damage
in the cell arrangement, such as cell debonding
that associated with sample deformation. Fito et al.
(2001) had presented that the mango ‘Tommy Atkins’
deformation was 5.4+0.5 at the end of the vacuum
step and 8.9+0.4 at the end of impregnation process,
indicating that the mango samples were swollen after
each step of the impregnation treatment (Gras et al.,
2002).



1090 Phianmongkhol, A. and Wirjantoro, T. I./IFRJ 23(3): 1085-1091

[ Oripen

(2)
0.06
f g
0.04
e e e
0.02 d =
S C R
S
< 000 =
E W unripen
T 002 .
> half ripen
ﬂ)
© 004 Oripen
0.06
0.08
50 100 500 1013.25
Pressure levels (mbar)
)0 i
&
)
£ .
z W unripen
3 .
g half ripen
b
El
S
=

50 100 500 1013.25

-0.05

Pressurelevels (mbar)

Figure 3. Effective porosity (¢,) (a) and fruit porosity (g )
(b) of vacuum impregnated mango ‘Chok Anan’ affected
by mango ripening stages and vacuum pressure levels

The values of ¢_and € of the vacuum impregnated
mango are presented in Figure 3. As general, it
could be seen that the trend of ¢ was significantly
increased as higher vacuum pressure was applied
(p<0.05), while the tendency of € was decreased. The
g, value that symbolized the fruit volume that could
be occupied by sucrose solution in the product tissue
(Zhao and Xie, 2004) was correlated with an increase
in the pore space of the mango tissues at higher
vacuum pressure levels, as a result of high expansion
and release of gas inside the pores of mango tissues
(Rongkometal.,2013). Fito et al. (2001) had recorded
that the ¢ of mango ‘Tommy Atkins’ slices with a
thickness of 10 mm was 5.9+0.4. Different ¢_ values
found in this research could be affected by different
mango varieties, type of impregnation solution and
the size and shape of mango samples. On the other
hand, the €_value described a measure of the empty
space in mango fruit that could be impregnated with
external solution (Chiralt ef al., 1999). Since at higher
vacuum pressure levels, more of the sucrose solution
occupied the pore of mango tissues, the empty space
in the fruit would be decreased. A similar finding had
been described by Rongkom et al. (2013) for apple
and cantaloupe.

Conclusion

Vacuum impregnation was a mild pretreatment
process that would be suitable for mango processing.
Factors of mango ripening stages and vacuum
pressure levels needed to be carefully considered
in the application of the method. Higher vacuum
pressure levels and firmer of mango texture were
generally produced better impregnation of the
external solution.

Acknowledgement

The authors gratefully acknowledge the financial
support from Agricultural Research Development
Agency, Thailand for the research project.

References

Andrés, A., Salvatori, D., Albors, A., Chiralt, A. and Fito,
P. 2001. Vacuum impregnation viability of some fruits
and vegetables. In Fito, P., Chiralt, A., Barat, J. M.,
Spiess, W. E. L. and Behsnilian, D. (Eds.). Osmotic
dehydration and vacuum impregnation: Applications
in food industries, p. 53-60. Pennsylvania, USA:
Technomic Publishing Company.

Baloch, M. K. and Bibi, F. 2012. Effect of harvesting and
storage conditions on the post harvest quality and
shelf life of mango (Mangifera indica L.) fruit. South
African Journal of Botany 83: 109-116.

Chen, J. P, Tai, C. Y. and Chen, B. H. 2007. Effects
of different drying treatments on the stability of
carotenoids in Taiwanese mango (Mangifera indica
L.). Food Chemistry 100: 1005-1010.

Chiralt, A., Fito, P.,, Andrés, A., Barat, J. M., Martinez-
Monz6, J. and Martinez-Navarrete, N. 1999. Vacuum
impregnation: A tool in minimally processing of
foods. In Oliveira, F. A. R. and Oliveira, J. C. (Eds.).
Processing of foods: Quality optimization and process
assessment, p. 314-356. Boca Raton: CRC Press.

Chiralt, A. and Talens, P. 2005. Physical and chemical
changes induced by osmotic dehydration in plant
tissues. Journal of Food Engineering 67: 167-177.

Derossi, A., De Pilli, T. and Severini, C. 2010. Reduction
in the pH of vegetables by vacuum impregnation: A
study on pepper. Journal of Food Engineering 99:
9-15.

Derossi, A., De Pilli, T. and Severini, C. 2012. The
application of vacuum impregnation techniques in
food industry. In Valdez, B. (Ed.). Scientific, health
and social aspects of the food industry, p. 25-56.
Croatia: InTech Europe.

Dissa, A. O., Desmorieux, H., Bathiebo, J. and Koulidiati,
J. 2008. Convective drying characteristics of Amelie
mango (Mangifera Indica L. cv. ‘Amelie’) with
correction for shrinkage. Journal of Food Engineering
88:429-437.



Phianmongkhol, A. and Wirjantoro, T. I./IFRJ 23(3): 1085-1091 1091

Fito, P., Chiralt, A., Betoret, N., Gras, M., Chafer, M.,
Martinez-Monzo, J., Andrés, A. and Vidal, D. 2001.
Vacuum impregnation and osmotic dehydration in
matrix engineering — Application in functional fresh
food development. Journal of Food Engineering 49:
175-183.

Gras, M., Vidal-Brotons, D., Betoret, N., Chiralt, A. and
Fito, P. 2002. The response of some vegetables to
vacuum impregnation. Innovative Food Science and
Emerging Technologies 3: 263-269.

Gras, M. L., Vidal, D., Betoret, N., Chiralt, A. and Fito, P.
2003. Calcium fortification of vegetables by vacuum
impregnation — Interactions with cellular matrix.
Journal of Food Engineering 56: 279-284.

Gonzalez-Fésler, M., Salvatori, D., Gdémez, P. and
Alzamora, S. M. 2008. Convective air drying of apples
as affected by blanching and calcium impregnation.
Journal of Food Engineering 87: 323-332.

Joas, J., Caro, Y. and Lechaudel, M. 2009. Comparison
of postharvest changes in mango (cv Cogshall) using
a Ripening class index (Rci) for different carbon
supplies and harvest dates. Postharvest Biology and
Technology 54: 25-31.

Ketsa, S., Phakawatmongkol, W. and Subhadrabhandhu,
S. 1999. Peel enzymatic activity and colour changes
in ripening mango fruit. Journal of Plant Physiology
154: 363-366.

Kim, H., Moon, J. Y., Kim, H., Lee, D.-S., Cho, M., Choi,
H.-K., Kim, Y. S., Mosaddik, A. and Cho, S. K. 2010.
Antioxidant and antiproliferative activities of mango
(Mangifera indica L.) flesh and peel. Food Chemistry
121: 429-436.

Krasaekoopt, W. and Suthanwong, B. 2008. Vacuum
impregnation of probiotics in fruit pieces and their
survival during refrigerated storage. Kasetsart Journal
(Natural Science) 42: 723-731.

Liu, F.-X., Fu, S.-F., Bi, X.-F., Chen, F., Liao, X.-J., Hu,
X.-S. and Wu, J.-H. 2013. Physico-chemical and
antioxidant properties of four mango (Mangifera
indica L.) cultivars in China. Food Chemistry 138:
396-405.

Liu, F., Wang, Y., Li, R., Bi, X. and Liao, X. 2014. Effects
ofhigh hydrostatic pressure and high temperature short
time on antioxidant activity, antioxidant compounds
and color of mango nectars. Innovative Food Science
and Emerging Technologies 21: 35-43.

Mujica-Paz, H., Valdez-Fragoso, A., Ldpez-Malo, A.,
Palou, E. and Welti-Chanes, J. 2003a. Impregnation
properties of some fruits at vacuum pressure. Journal
of Food Engineering 56: 307-314.

Mujica-Paz, H., Valdez-Fragoso, A., Ldpez-Malo, A.,
Palou, E. and Welti-Chanes, J. 2003b. Impregnation
and osmotic dehydration of some fruits: Effect of the
vacuum pressure and syrup concentration. Journal of
Food Engineering 57: 305-314.

Nieto, A., Castro, M. A. and Alzamora, S. M. 2001. Kinetics
of moisture transfer during air drying of blanched and/
or osmotically dehydrated mango. Journal of Food
Engineering 50: 175-185.

Nordey, T., Joas, J., Davrieux, F., Génard, M. and

Léchaudel, M. 2014. Non-destructive prediction of
color and pigment contents in mango peel. Scientia
Horticulturae 171: 37-44.

Ornelas-Paz, J. de J., Yahia, E. M. and Gardea, A. A.
2008. Changes in external and internal color during
postharvest ripening of ‘Manila’ and ‘Ataulfo’
mango fruit and relationship with carotenoid content
determined by liquid chromatography-APcl+-time-
of-flight mass spectrometry. Postharvest Biology and
Technology 50: 145-152.

Padda, M. S., do Amarante, C. V. T., Garcia, R. M.,
Slaughter, D. C. and Mitcham, E. J. 2011. Methods
to analyze physico-chemical changes during mango
ripening: A multivariate approach. Postharvest
Biology and Technology 62: 267-274.

Paes, S. S., Stringari, B. G. and Laurindo, J. B. 2008.
Effect of vacuum impregnation temperature on the
mechanical properties and osmotic dehydration
parameters of apples. Brazilian Archives of Biology
and Technology 51(4): 799-806.

Perez-Cabrera, L., Chafer, M., Chiralt, A. and Gonzalez-
Martinez, C. 2011. Effectiveness of antibrowning
agents applied by vacuum impregnation on minimally
processed pear. LWT — Food Science and Technology
44: 2273-2280.

Ribeiro, S. M. R. and Schieber, A. 2010. Bioactive
compounds in mango (Mangifera indica L.). In
Watson, R. R. and Preedy, V. R. (Eds.). Bioactive
foods in promoting health — Fruits and vegetables, p.
507-527. London: Academic Press.

Rongkom, H., Phianmongkhol, A. and Wirjantoro, T. 1.
2013. Physical properties of impregnated cantaloupe
and apple affected by different pressure levels. Asian
Journal of Agriculture and Food Sciences 1(4): 163-
171.

Salvatori, D., Andrés, A., Chiralt, A. and Fito, P. 1998.
The response of some properties of fruits to vacuum
impregnation. Journal of Food Engineering 21: 59-73.

Sane, V. A., Chourasia, A. and Nath, P. 2005. Softening in
mango (Mangifera indica cv. Dashehari) is correlated
with the expression of an early ethylene responsive,
ripening related expansin gene, MiExpA 1. Postharvest
Biology and Technology 38: 223-230.

Schulze, B., Hubbermann, E. M. and Schwarz, K.
2014. Stability of quercetin derivatives in vacuum
impregnated apple slices after drying (microwave
vacuum drying, air drying, freeze drying) and storage.
LWT — Food Science and Technology 57: 426-433.

Toivonen, P. M. A. and Brummell, D. A. 2008. Review —
Biochemical bases of appearance and texture changes
in fresh-cut fruit and vegetables. Postharvest Biology
and Technology 48: 1-14.

Torreggiani, D. and Bertolo, G. 2001. Osmotic pre-
treatments in fruit processing: Chemical, physical and
structural effects. Journal of Food Engineering 49:
247-253.

Tovar, B., Montalvo, E., Damian, B. M., Garcia, H. S. and
Mata, M. 2011. Application of vacuum and exogenous
ethylene on Ataulfo mango ripening. LWT — Food
Science and Technology 44: 2040-2046.



