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Ethanol effect associated with hydrothermal
treatment on ‘Tommy Atkins’ mango’s quality
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Abstract- One of the great challenges of the mango production chain is the maintenance of post-
harvest quality of this fruit for export with a focus on food safety. This study evaluated the effect of
the hydrothermal treatment associated to ethanol on mango’s quality. Two tests were performed, in
both were used ‘Tommy Atkins’ mangoes. In the first one, the heat treatment consisted of immersing
the fruits in a bath at 46.1 °C / 75 minutes with ethanol concentrations of 0, 5, 10 and 20% v / v, then
a cooling bath at 21.1 °C / 30 minutes and stored at 25 °C. In the second, fruits were submitted to the
baths, but with ethanol concentrations of 0, 3, 5 and 7% v/v, and stored at 25°C and 10°C. Physical-
chemical and phytopathological analysis and percentage of mango rottenness were evaluated. Mangoes
treated with more than 10% ethanol (stored at 25°C), or those treated at ethanol concentrations below
7% (stored at 10°C) did not show good external appearance. It was concluded that ethanol at the
concentrations of 3, 5 and 7% v/v associated to hydrothermal treatment did not affect the quality
parameters of the fruits stored at 25°C, but these treatments decreased the mangoes shelf life, since
these fruits matured faster and are not recommended for exportation.

Index terms: Alcohol, Mangifera indica, Postharvest, Thermotherapy.

Efeito do etanol associado ao tratamento hidrotérmico
na qualidade de manga cv. Tommy atkins

Resumo- Um grande desafio da cadeia produtiva da manga ¢ a manutencdo da qualidade pds-
colheita desta fruta para exportacdo com o foco na seguranga de alimentos. Este trabalho avaliou o
efeito do tratamento hidrotérmico associado ao etanol sobre a qualidade da manga. Realizaram-se
dois testes, e em ambos se utilizaram mangas ‘Tommy Atkins’. No primeiro, o tratamento térmico
consistiu na imersao dos frutos em banho a 46,1°C/75 minutos, com concentra¢des de etanol a 0;
5; 10 € 20% v/v, resfriamento em banho (21,1°C/30 minutos) e armazenados (25°C). No segundo,
os frutos foram submetidos aos banhos, porém utilizaram-se concentragdes de etanol a 0; 3; 5 ¢
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porcentagem de podriddo das mangas. Mangas tratadas com mais de 10% de etanol (armazenamento
a 25°C), ou aquelas tratadas a concentragdes de etanol inferiores a 7% (armazenados a 10°C) ndo
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porém esses tratamentos diminuiram a vida de prateleira das mangas, uma vez que esses frutos

) e | amadureceram mais rapido, ndo sendo recomendados para tratamento das mangas para exportagao.

Termos para indexaciio: Alcool, Mangifera indica, Pos-colheita, Termoterapia.
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Introduction

Mango (Mangifera indica), an important tropical
fruit, with increasing export volume in Brazil, is considered
a fruit of excellent sensorial characteristics. According to
the Brazilian Yearbook of Fruticulture (2016), in 2015
were exported 122 000 tons of mango and in 2016, exports
reached values in the order of US $137,588,916. However,
the requirements of importers countries of in natura fruits
have been increasing in relation to the sanitary quality of
the product.

Fruits that are destined for the export market
must pass through the post-harvest treatments that vary
according to the requirements of the importing country.
The use of hydrothermal treatment has been required to
avoid problems with fruit fly; however, its good efficiency
in fungus control and the prohibition of post-harvest
fungicide use by the Food and Drug Administration
(USDA-APHIS, 2002) caused it to be established as
quarantine method for mangoes exported to the United
States and Japan.

According to Lima et al. (2007) the appearance of
the mango fruit is the most important factor of the success
in its international commercialization, being the defects
in the peel little tolerated. The peel should be perfect
until reaching the final consumer, which is the biggest
challenge in the export of this fruit, since it is fragile and
in the lenticels usually shelter spores of Colletotrichum
gloeosporioides Penz, causal agent of anthracnose as well
as other pathogens.

There are indications that ethanol has potent
antimicrobial activity, including positive effects on post-
harvest disease control in several crops (PESIS, 2005).

Research indicates that ethanol may be an
alternative for the elimination of phytopathogenic agents
(KARABULUT et al., 2004; CHERVIN et al., 2005;
MARGOSAN et al., 1994; MARGOSAN et al., 1997;
GUTIERREZ-MARTINEZ et al., 2012).

This study aimed to evaluate the effect of
hydrothermal treatment associated with ethanol on
postharvest quality of ‘“Tommy Atkins’ mango.

Material and methods

We used 380 mangoes ‘Tommy Atkins’ cv. from
the city of Petrolina, Pernambuco at maturity stage 2,
according to the scale proposed by Protrade (1992),
considered as reference for the harvest of this cultivar.

The experiments were conducted in the Post-
Harvest Engineering Group (GEPC) of the Institute of
Food Technology (ITAL, Campinas-SP). In the laboratory,
the fruits were divided into two trials: Test I - Laboratory

Scale and Test II - Pilot Scale.

Evaluation of the ethanol evaporation during the
hydrothermal treatment

In order to verify the ethanol loss during the
mangoes hydrothermal treatment (46.1 °C) experiments
were carried out using a solution containing 20% of
ethanol. Regular intervals of 18 minutes were chosen and
to evaluate the concentration of ethanol in the solution we
used an alcoholometer, the measurements were performed
up to a total time of 90 minutes and the experiment was
repeated in triplicate.

Effects of ethanol addition in hydrothermal
treatment on mangoes’ quality

Test I - Laboratory Scale-In this test, 60 ‘Tommy
Atkins’ mangoes were used. The heat treatment consisted
of immersing the fruits in a bath (capacity for 12 liters of
water) at 46.1 °C for 75 minutes, always using treated
water from Campinas - SP municipal system. The water
temperature was measured with a graduated mercury
thermometer, capable of measuring temperatures up to 100
°C. The ethanol concentrations used in the bath were 0, 5,
10 and 20% v/v. After the hydrothermal treatment, cooling
was carried out in another bath at 21.1 °C for 30 minutes.
After the treatments the fruits were dried with paper towel
and stored at 25 °C and 75% RH for 7 days. The ethanol
effects on mango physico-chemical characteristics were
evaluated, the analyzes were performed the day they
were submitted to the treatments and on the seventh day
of storage.

Test II — Pilot Scale-In this experiment 320
‘Tommy Atkins’ mangoes (10 fruits per plot) from
Petrolina - Pernambuco at maturation stage 2 were used.
The experiments were conducted at GEPC - ITAL. The
heat treatment consisted of immersing the fruits in a pilot
scale bath (capacity for 250 liters of water) at 46.1 °C for
75 minutes, the water temperature was measured with a
graduated mercury thermometer, capable of measuring
temperatures of up to 100 ° C. The ethanol concentrations
used in the bath were 0, 3, 5 and 7% v/v. After the
hydrothermal treatment, cooling was carried out in another
bath at 21.1 °C for 30 minutes. We evaluated the ethanol
effect on the mango physico-chemical characteristics.
After the treatments, the fruits were dried and subdivided
for storage at 25 °C and 75% RH for 8 days and at 10
°C and 90% RH for 14 days with addition of six (6)
days storage under ambient conditions (25 °C and 75%
RH), simulating shelf life. These conditions were chosen
to simulate the way the mangoes are commercialized,
ambient temperature and maritime export of the fruits,
respectively. Fruits stored at 25 °C and 75% RH were
analyzed on days 0, 3, 6 and 8. However, those stored at
10 °C and 90% RH were analyzed on days 0, 7 and 14
(after that time they were immediately transferred for
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storage at 25 °C and 75% RH), these fruits were then
analyzed on the 17" and 20" days after hydrotherapy. We
evaluated the content of soluble solids, titratable acidity,
SS/TA ratio, pH and firmness.

Physicochemical analysis -The soluble solids
content (SS) was determined in a portable refractometer
Atago with a scale of 0 to 32 °Brix. The titratable acidity
(g of citric acid equivalent per 100 g') was determined by
titration with NaOH 0.1 N to pH 8.1 (AOAC, 2005). The
pH value was obtained by the potentiometric method, with
a pH meter Tecnopon brand. The SS/TA ratio is the ratio
between the values of soluble solids and titratable acidity.

The pulp firmness, determined by the reading of
two points in the equatorial region of the fruits, after the
removal of the peel, we used TAXT2i texturometer, with
the 8mm flat-end stainless steel cylindrical tip, with pre-
test, test and post-test velocities of 2.0, 0.6, and 2.0 mm/s,
respectively, with 4 mm of pulp penetration, the results
were expressed in Newton (N).

Fungi identification -The identification of the
main fungi causing post-harvest rottenness was also
evaluated by the symptoms presence. Rotten fruits were
disinfected and small fragments of damaged tissue were
transferred to Petri dishes containing potato dextrose agar
(PDA) with oxytetracycline (50 pg ml ') and incubated in
a chamber for 8 days at 25 °C, with alternation of 12 h
lightening (PONZO, 2014). The results were expressed in
percentage (%), according to the presence of the respective
characteristics in the mangoes stored at 10°C that were
submitted to the concentrations of 3, 5 and 7% of ethanol.

Experimental design and statistical analysis
Test I was installed in a completely randomized design.
The data were submitted to analysis of variance (ANOVA),
checking for the F test significance and the averages were
compared by the Tukey test at 5% probability.

Test II was installed in a completely randomized
design. The data were submitted to analysis of variance
and regression, and the linear and nonlinear models
were chosen based on the potential to explain the
biological phenomenon in question, in the coefficient of
determination and the in significance of the regression
coefficients. For the analysis, we used the computer
program Sisvar (FERREIRA 2000).

Results and discusion

Evaluation of the ethanol evaporation during
the hydrothermal treatment- Regarding to the ethanol
evaporation in the hydrothermal bath, there was an average
reduction of 0.02% of ethanol per minute, starting from an
initial concentration of 20%, up to 90 minutes of heating.

These data should be considered in the mangoes treatment,
since the alcohol evaporation can mischaracterize the
treatment. Table 1 presents these results, and the linear
regression of the tabulated data can be described by
equation 1:

A =-0.0204%*¢ + 19.9690 r* = 0.9609 (D)

where:
A - alcohol concentration (%v/v);
t - time in minutes.

Test I - Laboratory Scale -The results of
the mangoes physico-chemical analyzes used in the
experiments are presented in Table 2. The mean values
found in this study were higher than those detected by
Souza (2002) and Cocozza (2004) in studies with ‘“Tommy
Atkins’ mango at maturity stadium 2, this difference can
be understandable, because the centesimal composition of
a fruit is a function of several factors, such as: time of the
year, irrigation technique used for planting, region from
which the fruit is derived, among others.

In Table 2, we observed that after 7 days of
application of the treatments (0, 5, 10 and 20% v/v of
ethanol) the mangoes treated with alcohol presented
significant changes to pH, titratable acidity and firmness.

On the seventh day of storage at 25 °C and 75%
RH the mangoes matured according to their natural
physiology. However, it was verified that the control
fruits (0% of ethanol) matured more slowly. These results
corroborate with the findings of Itamura et al. (1991) and
Park, Lee (2005), the same ones showed that the ethanol
can help in the maturation, since it stimulates the ethylene
production, consequently inducing a greater respiration
of the fruits.

The SS/TA ratio was influenced by the combined
action of soluble solids and titratable acidity (Table 2).
Among the concentrations, the difference was significant
with 20% for soluble solids and from 5% of ethanol,
when fruits stored after 7 days had lower values of
titratable acidity. It was observed higher soluble solids
contents and lower acidity in the treatments with higher
ethanol concentrations, this fact may indicate that the
alcohol caused an increase in the respiratory rate and,
consequently, in the sugar content.

The pH differed statistically (p <0.05) among
treatments. The mangoes pH ranged from 5.0 to 5.6.
The lowest values were verified in the control fruits (0%
ethanol).

The fruits from the control treatment showed
greater firmness, and this difference was statistically
significant, reinforcing the statement that ethanol may have
accelerated fruit metabolism. According to Oshida (1996)
the ethanol, when absorbed by the fruit, is transformed
into acetaldehyde by the action of the enzyme alcohol
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dehydrogenase. The acetaldehyde is formed during fruit
ripening, but is also responsible for the production of
typical aromas during this process (PESIS, 2005).

According to Taira (1997), the firmness reduction
during maturation processes is due to the increased activity
of cell wall degradation enzymes, such as cellulase,
pectinamethylesterase and polygalacturonase. The
firmness reduction occurs during the mango maturation,
being important from the economic point of view, since it
affects the quality and resistance to transport (DANTAS
etal., 2017).

No damage was observed on the mangoes’ outer
surface until the seventh day of storage after the treatment
with 5%. However, in the fruits treated with 20% of
ethanol, on the second day of storage, dark spots and
depression on the surface were observed.

Less markedly, in the treated fruits with 10% of
ethanol, small spots were also observed from the second
day (Figure 1).

These results indicated a physiological limitation
of the ethanol use in the mangoes hydrothermal treatment.
Thus, tests with ethanol concentrations below 10% were
carried out to verify the influence of these concentrations
on fruit quality.

Test II - Pilot Scale

Storage at 25° C/75% RH -Soluble solids content
was significantly influenced by ethanol concentration and
storage time (Figure 2). We observed a linear increase
with the storage time in the control fruits (0%), and in
fruits treated with 3, 5 and 7% of ethanol the data were
adjusted to the quadratic model, and that there was an
increase of the soluble solids content during the storage.
The increase in soluble solids is an indicative of pulp
maturation, however, we observed that fruit treated with
7% of ethanol showed less SS content at the end of storage,
indicating that such treatment probably contributed to the
delaying of fruit ripening.

The titratable acidity showed no significant effect.
We observed a reduction of the acid content during the
storage, getting at the end of the storage with an average
value of 0.12% of citric acid. As the fruit matures
simultaneously the acid value is reduced and the content of
soluble solids increased due to the consumption of organic
acids during the ripening process by the respiratory
process.

A significant effect was observed for the interaction
of ethanol concentration (%) and storage time for the SS/
TA ratio. We observed that there was a linear increase in
this variable as a function of the storage time.

The ratio values clearly indicate the increase in
sugar ratio compared to acid ratio with storage time
and alcohol concentration, especially on the eighth day
of storage. However, concerning to the treatments, we
observed that the treatment with 3% of ethanol had a

higher average SS/TA ratio than the other treatments
(Figure 3).

In the control fruits, the ratio was lower than in the
fruits treated with ethanol. On the last day of evaluation,
the average values found for the ethanol percentage of
0, 3, 5 and 7% were, respectively, 96.60; 144.09; 132.74
and 99.12.

The pH had a significant interaction between
storage time and ethanol concentrations. During storage
there was an increase in pH, and the ethanol concentration
of 3% had a higher pH value at the end of storage (Figure
4). We noted that during the storage the control (0%
ethanol) had lower pH values compared to the treatments.

The firmness was affected by both storage time
and ethanol concentrations. During the storage period,
there was a reduction in firmness values, with the mean
value initially being 120.74, 120.74, 123.15 and 120.23
N, for the concentrations of 0, 3, 5 and 7%, respectively.
And on the eighth day this value was reduced to 6.17,
3.6,0.12 and 4.54 N for the concentrations of 0, 3, 5, 7%,
respectively (Figure 5).

During the storage at 25 °C, neither the rottenness
of the mangoes at the ethanol concentrations studied nor
the presence of deep black spots were observed.

Storage at 10 °C / 75% RH -There was an increase
in the content of soluble solids, with the advancement of
the storage time, and there was no statistical difference
among the treatments. At 14 days of refrigeration, plus 6
days at room temperature, soluble solids content was above
14%, similar findings were found by Liu et al. (2012) in
studies with melons treated with ethanol, in which the
authors verified increase of the sugars metabolism of these
fruits during storage.

Figure 6 shows that the acid content had a
significant effect on the ethanol concentrations used
and for the storage time. The content of organic acids
decreased with the storage time, this is notable in most
tropical fruits, due to the use of these acids in the Krebs
cycle as a source of energy during the respiratory process
and even as a source of carbon for the sugars’ synthesis
(BERNARDES-SILVA, 2003).

For the SS/TA ratio and pH it was observed that
there were no statistically significant differences among
the treatments during the storage period.

There was a decrease in fruit firmness during the
storage time, but there was also no statistical difference.
The fruits texture characterized by firmness, fibrosity,
strength and elasticity (FIGUEIREDO NETO et al, 2015)
also varies during major chemical components of the
tissues, responsible for changes in the texture of fruits
and vegetables.

In mangoes stored at 10 °C there was presence of
rottenness and deep black spots in the fruits that were
subjected to hydrothermal treatment with ethanol (Figures
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7, 8 and 9), and this rottenness was proportional to the
increase of the ethanol concentration. One hypothesis
for this behavior is that the storage at 10 °C left the
mango more sensitive to physiological disturbances that
when added to the effects of the hydrothermal bath with
ethanol caused a deleterious effect to the fruit, since the
control fruits (0% ethanol) presented a lower incidence

of rottenness (14% of the fruits) when compared with the
other treatments.

Regarding the external appearance of the fruits, we
observed that those treated with ethanol and submitted to
refrigerated storage, presented darkening of the peel, thus
compromising their commercialization.

Table 1. Ethanol concentration in the hydrothermal bath at 46.1 °C after 0, 18, 36, 54, 72 and 90 minutes

Time (min) Ethanol concentration (%)
0 20.00
18 19.73+0.15
36 19.03+0.23
54 18.9+0.26
72 18.37+0.25
90 18.27+0.15

* Results obtained by the mean and standard deviation of the three tests.

Table 2. Mean values and standard deviation of the physico-chemical analyzes performed on ‘Tommy Atkins’ mango
submitted to the hydrothermal treatment (46.1 °C /75 minutes) with different ethanol concentrations at the beginning
of the experiments and after 7 days of storage at 25 °C and 75% RH.

Characteristics evaluated

Experiments

SS (°Brix) TA (%) SS/TA Ratio pH Firmness (N)
0 day 11.46+ 0.59 1.03£0.13 11.1 3.47+0.22 93.32+3.78
0% 14.8+0.91 b 0.17+£0.03 a 87.1 5.0£0.11 ¢ 21.449.57 a
5% 15.1#1.20 ab ~ 0.12+0.01 b 125.8 5.340.12b ¢ 10.5+2.08 b
10% 15.440.64ab  0.11+0.03 b 140.0 5.440.38 ab 9.8£1.19b
20% 16.01+£0.56a  0.11+0.02 b 145.5 5.6£0.12 a 8.9+2.01 b

Means followed by different letters in the same column differ from each other by the Tukey test at 5%.

SS - Soluble Solids; TA - Titratable Acidity.

Mangoes submitted to hydrothermal treatment (46.1 °C) with 10%

Mangoes submitted 5 % of ethanol, after two days storage at 25 °C and 75% RH -

Figure 1. ‘Tommy Atkins’ mangoes submitted to hydrothermal treatment (46.1 °C) with 20% (A), 10% (B) and 5%
(C) of ethanol, after two days storage at 25 °C and 75% RH.
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Figure 2. Soluble solids content in ‘Tommy Atkins’ mangoes treated with different ethanol concentrations and stored
at 25 °C and 75% RH for 8 days.
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Figure 3. SS/TA ratio in ‘Tommy Atkins’ mangoes treated with different ethanol concentrations and stored at 25.0
°C and 75% RH for 8 days.

Rev. Bras. Frutic., Jaboticabal, 2019, v. 41, n. 3: (e-088)



Efeito do etanol associado ao tratamento hidrotérmico na qualidade de manga cv. Tommy atkins 7

® 1 yow)=3.5181+0.1716x xRS SO R

Ri=0.8387

4‘ o __,_'!—f'.'._.-._"-'-.-
R V(3%)=3.7022 - 0.077Ix**+ 0.0320x 24+
:E. 3 R*=0059974
V(5% )=3 6899 - 0.0685x +0.03 1x2%#
Zi= B2=09877
| B v(7%)=34938 + 0.1819x**
R*=0.8602

ﬂ I T T 1

0 2 4 6 8

Storage (days)
**Significant at the level of probability p <0.01.

Figure 4. pH in ‘Tommy Atkins’ mangoes treated with different ethanol concentrations and stored at 25.0 °C and
75% RH for 8 days.
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Figure 5. Firmness (N) in ‘Tommy Atkins’ mangoes treated with different ethanol concentrations and stored at 25.0
°C and 75% RH for 8 days.
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Figure 6. Titratable acidity in ‘Tommy Atkins’ mango submitted to hydrothermal treatment (46.1 °C and 75 minutes)
stored for 14 days with addition of six days of storage under ambient conditions (25 °C and 75% RH), simulating
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Deep black spots

0%

B (0% ethanol
® 3% ethanol
B 5% ethanol

B 7% ethanol

Figure 8. Amount of mangoes with deep black spots that were submitted to hydrothermal treatment (46.1 °C for
75 minutes) with different ethanol concentrations during storage at 10 °C and 90% RH with addition of six days of
storage under ambient conditions (25 °C and 75% RH), simulating shelf life.

Figure 9. Mangoes submitted to hydrothermal treatment (46.1 °C for 75 minutes) with 7% of ethanol after 17 days
storage at 10 °C and 90% RH with addition of six days of storage under ambient conditions (25 °C and 75% RH),

simulating shelf life.
Conclusions

The mangoes treated with ethanol matured faster
than the mangoes of the control treatment.

Treatments with dosages lower than 10% did not
cause physiological damage to the fruits, when they were
stored at 25 °C and 75% RH.

In storage at 10 °C and 90% RH, we observed
a higher rate of rottenness and deep black spots in the
mangoes that were subjected to hydrothermal treatment
with ethanol.

The use of hydrothermia associated with ethanol
decreased the mangoes shelf life, since these fruits
matured faster and are not recommended for mangoes
treatment for exportation.

Acknowledgements

The authors would like to thank FAPESP for the
financial support to this research (Process 10 / 08065-6)
and CNPq for the doctorate scholarship.

References

ANUARIO BRASILEIRO DE FRUTICULTURA.
Disponivel em: http://www.grupogaz.com.br/tratadas/
eo_edicao/4/2014/03/20140325 3d8463877/lip/. Acesso
em: 18 fev. 2016.

BERNARDES-SILVA, A.P.F.; LAJOLO, F.M.;
CORDENUNSI, B.R. Evolucao dos teores de amido
e agucares soluveis durante o desenvolvimento e
amadurecimento de diferentes cultivares de manga.
Ciéncia e Tecnologia de Alimentos, Campinas, v.23,
p.116-120, 2003. Supl.

CHERVIN, C.; WESTERCAMP, P.; MONTEILS,
G. Ethanol vapours limit Botrytis development over
postharvest life of table grapes. Postharvest Biology and
Technology, Amsterdam, v.36, n.3, p.319-322, 2005. (1)

Rev. Bras. Frutic., Jaboticabal, 2019, v. 41, n. 3: (e-088)



10 S. B. de O. Vilar et al.

COCOZZA, F.M.; JORGE, J.T.; ALVES, R.E.;
FIGUEIRAS, H.A.C.; PEREIRA, M.E.C. Respiration
rate and chemical characteristics of cold stored ‘Tommy
Atkins’ mangoes influenced by 1-MCP and modified
atmosphere packaging. Acta Horticulturae, The Hague,
v.645, p.645-650, 2004.

COSTA, J.D.S.; ALMEIDA, F.A.C; FIGUEIREDO
NETO, A.; CAVALCANTE, I.H.L. Physical and
mechanical parameters correlated to the ripening of
mangoes (Mangifera indica L.) cv. ‘Tommy Atkins’. Acta
Agronomica, Palmira, v.66, n.2, p.186-192, 2017.

DANTAS, A.C.S.; BARBOSA, R.B.; FIGUEIREDO
NETO, A.; OLIVIER, N.C.; HERNANDEZ, L.I.N.
Mechanical characterization of mango fruit using
compression tests. Revista de Ciéncias Agrarias, Lisboa,
v. 40, p. 405-410, 2017.

FERREIRA, D. F. Analises estatisticas por meio
do Sisvar para Windows versdo 4.0. In: REUNIAO
ANUAL DA REGIAO BRASILEIRA DA SOCIEDADE
INTERNACIONAL DE BIOMETRIA, 45, 2000. Sdo
Carlos. Programas e resumos. Sao Carlos, SP: UFSCar,
2000. p. 255-258.

FIGUEIREDO NETO, A.; LIMA JUNIOR, P.S;
SILVA NETO, J.A.; OLIVIER, N.C. Resisténcia dos
frutos de abacate submetidos 4 compressdo durante o
armazenamento. Revista Engenharia na Agricultura,
Vigosa, MG, v.23, p.119-127, 2015.

GUTIERREZ-MARTINEZ, P.; OSUNA-LOPEZ, S. G.;
CALDERON-SANTOYO, M.; CRUZ-HERNANDEZ,
A.; BAUTISTA-BANOS, S. Influence of ethanol and
heat on disease control and quality in stored mango fruits.
LWT - Food Science and Technology, Amsterdam, v.45,
n.1, p.20- 27, 2012.

ITAMURA, H.; KITAMURA, T.; TAIRA, S.; HARADA,
H.; ITO, N.; TAKAHASHI, Y.; FUKUSHIMA, T.
Relationship between fruit softening, ethylene production
and respiration in Japanese persimmon ‘Hiratanenashi’.
Journal of the Japanese Society for Horticultural
Science, Tokyo, v.60, p.695-701, 1991.

KARABULUT, O.A., GABLER, F.M., MANSOUR,
M., SMILANICK, J.L. Postharvest ethanol and hot
water treatments of table grapes to control gray mold.
Postharvest Biology and Technology, Amsterdam, v.34,
n.2, p.169-177, 2004.

LIMA, L.C.; DIAS, M.S.C.; CASTRO, M.V.; RIBEIRO
JUNIOR, P.M.; SILVA, E.B. Controle da antracnose e
qualidade de mangas (Mangifera indica 1.) cv. Haden, apds
tratamento hidrotérmico e armazenamento refrigerado em
atmosfera modificada. Ciéncia Agrotecnologia, Lavras,
v. 31, n. 2, p. 298-304, 2007.

LIU, W.W.; QI, H.Y.; XU, N.H; YAN, L,;TIAN, X_;
JIANG Y.Y.; FEI, X.X.; LV, D.Q. Ethanol treatment
inhibits internal ethylene concentrations and enhances
ethyl ester production during storage of oriental
sweet melons (Cucumis melo var. makuwa Makino).
Postharvest Biology and Technology, Amsterdam, v.67,
n.1, p.75- 83, 2012.

MARGOSAN, D.A.; SMILANICK, J.L.; SIMMONS,
G.F. Hot ethanol treatment for the postharvest control of
gray mold and black rot of strawberries. Biological and
Cultural Tests, Saint Paul, v.10, p.60, 1994.

MARGOSAN, D.A.; SMILANICK, J.L.; SIMMONS,
G.F.; HENSON, D.J. Combination of hot water and
ethanol to control postharvest decay of peaches and
nectarines. Plant Disease, Saint Paul, v.81, p.1405-1409,
1997.

OSHIDA, M. On the nature of coagulated tannins in
astringent-type persimmon fruit after na artificial treatment
of astringency removal. Postharvest Biology and
Technology, Amsterdam, v.8, p.317-327, 1996.

PARK, Y.M.; Lee, Y.J. Ripening responses of ‘Fuyu’
persimmon fruit to exogenous ethylene and subsequent
shelf temperature. Acta Horticulturae, The Hague, v.685,
p-151-156, 2005.

PESIS, E. The role of the anaerobic metabolites,
acetaldehyde and ethanol, in fruit ripening, enhancement
of fruit quality and fruit deterioration. Postharvest
Biology and Technology, Amsterdam, v.37, p.1-19, 2005.

PONZO, F. S. Tratamento térmico, etanol, quitosana
e 1-metilciclopropeno no controle da antracnose
em goiabas ‘kumagai’. 2014. Tese (Doutorado em
Agricultura Tropical e Subtropical) - Instituto Agrondmico,
Campinas, 2014.

SOUZA, J.P.; Praga E.F.; Alves, R.E.; Bezerra Neto, F.;
Dantas, F.F. Influéncia do armazenamento refrigerado
em associagdo com atmosfera modificada por filmes
plasticos na qualidade de mangas ‘Tommy Atkins’.
Revista Brasileira de Fruticultura, Jaboticabal, v.24,
n.3, p.665-668, 2002.

Rev. Bras. Frutic., Jaboticabal, 2019, v. 41, n. 3: (e-088)



Efeito do etanol associado ao tratamento hidrotérmico na qualidade de manga cv. Tommy atkins 11

TAIRA, S. Reduction of persimmon astringency USDA-APHIS. T-102(a)- Water treatment: mango.
by complex formation between pectin and tannins. Treatment Manual, p. 179-196. 2002.

Postharvest Biology and Technology, Amsterdam, v.12,

p.265-271, 1997.

Rev. Bras. Frutic., Jaboticabal, 2019, v. 41, n. 3: (e-088)



