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Abstract
The objective of the research was to evaluate the effi cacy of Vapour heat treatments (VHT) to disinfest the Taiwan native mango variety 
fruits (Tuu Shien) from the oriental fruit fl y (Dacus dorsalis Hendel) and the effect of the treatments on the quality of mango fruits. 
The three stage treatment of forced air at 30oC for 30 minutes, 30 to 48oC for 60 minutes, and then 48oC forced hot air with saturated 
humidity over the mango fruit surface until the fruit centre temperature reached 46.5oC and fruit was held for 40 minutes. Survival 
tests showed that both second and third generation instars were more susceptible to the VHT than eggs and there were no surviving 
oriental fruit fl y after 46.5oC for 40 min. The quality of local mango fruits treated with VHT and stored at ambient temperature (28 ± 
3oC) for 6 days was not signifi cantly different from the control.
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Introduction
Mango (Magifera indica) is one of the most economically 
important tropical fruits in the world in term of both worldwide 
production and cultivated area (Castrillo et al., 1992). In Taiwan, 
mango is a major fruit crop with high potential for export. The 
oriental fruit fl y, Dacus dorsalis, is a direct pest of the mango. 
Quarantine heat treatment to disinfest oriental fruit fl y is required 
by Taiwan’s developing mango industry. Taiwan’s mango exports 
to Japan increased from 481 metric tons in 2005 to 787 metric 
tons in 2007 and export value was increased from 78.4 million 
NT$ in 2005 to 131.3 million NT$ in 2007 (COA, 2008).

There are some methods to heat fruit to temperatures beyond the 
target quarantine pest thermal tolerance limit. Hot air has been 
used for both fungal and insect control and to study the response of 
commodities to high temperature. Heat is transferred from the air 
to the fruit by condensation of water Vapour (heat of condensation) 
on the relatively cooler fruit surface. The technique consists of 
a period of warming which can be faster or slower depending 
on a commodity’s sensitivity to high temperatures. Fruit may be 
gradually heated over time to a desired temperature that may be 
either the treatment end temperature, or a holding temperature 
maintained for a specifi c time required to kill all target pests. For 
mango disinfestation, treatments can only utilize heat, because 
of the strong sensitivity of this fruit to cold temperatures. The 
heat treatments, in general, consist of using an immersion in hot 
water by a system of batches or an uninterrupted bath. Heat can 
also be obtained by use of forced hot air or hot vapour, because 
temperatures higher than 45oC kills fl y eggs and larvae (Marie-
Noëlle et al., 2007). These treatments may then be followed by a 
fast cooling fruit system which can be carried out by ventilation 
with cold air or hydro-cooling.

Beside, a commercial 800 watt-microwave oven was used to heat 
on export-graded ‘Chokanan’ mango (average mass of 0.32 kg/

fruit). It was found that mango heated at 50% microwave power 
for 40 seconds yielded an internal temperature of 45oC at 23 mm 
underneath the skin (Varith et al., 2006). However, even though 
a drawback of microwaves is non-uniform heating, knowing 
nature of the microwaves and where the waves concentrate in 
the mango will help overcome uneven heating problem and assist 
with the process design (Varith et al., 2006). On the other hand, 
the treatment of mangoes with microwaves depends much on fruit 
shape and size. The mango fruit is more or less a compressed, 
fl eshy drupe. It varies considerably in size, shape, colour, fl avour, 
taste, presence of fi ber and several other characteristics. The shape 
of the fruit varies from rounded to ovate-oblong or longish, with 
the length varying from 2.5 to 30 cm according to variety. So 
the effi ciency of microwave treatment will depend on how the 
fruit is placed.

The latest technology to control fruit fl y infestations in mangoes 
is the extended hot water treatment (EHWT), a cheaper alternative 
to the expensive vapour heat treatment (VHT).   In EHWT, the 
fruits are dipped 10 cm below the surface of the heated water at 
a temperature of 48oC. Pulp temperature at 46oC is held up to 15 
minutes and a calibrated thermometer sensor - is used to monitor 
the pulp and water temperature. Four sensors are attached from 
the computer to the fruits to record at what time the 48oC-fruit 
fl y killing temperature was reached (Golez, 2009).

The common method used to control fruit fl y in mangoes is VHT. 
However, VHT was developed specifi cally for insect control. VHT 
of fruit is air saturated with water vapour at temperatures of 43 to 
46.5oC at which insect eggs are killed. This procedure was fi rst 
used to kill Mediterranean (Ceratitis capitata Wiedemann) and 
Mexican (Anastrepha ludens Loew) fruit fl y (Hawkins, 1932; 
Baker, 1952) in a chamber without forced air. In modern facilities, 
the vapour heat includes forced air which circulates through the 
pallets and heats the commodity more quickly than vapour heat 
without forced air. 
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‘Tuu Shien’, a Taiwan native mango variety, is a green skin, yellow 
fl esh and small-sized fruit. It has the longest history of cultivation 
and the largest cultivation area in Taiwan. It was introduced 
into Taiwan 400 years ago. When ‘Tuu Shien’ mango fruit are 
exported to Japan, it is necessary to subject fruit to quarantine 
heat treatment. This study is to fi nd an optimum procedure of 
vapour heat treatment for ‘Tuu Shien’ mango fruit.

Materials and methods
Plant material: The test Taiwan native mangoes (Tuu Shien) 
were purchased from a local market during the mango season in 
2009, and then brought to the Horticultural Research Laboratory, 
Department of Horticulture, National Chung Hsing University, the 
night before vapour heat treatment. Mangoes were infested with 
oriental fruit fl y and used in vapour heat treatment tests. Fruits 
that were of an uniform size, weighing an average of 120–130 g, 
at horticultural maturity stage (based on external visual colour 
and size) with an absence of visible wounds were selected.

Vapour heat treatment: The VHT is a quarantine method of 
heating fruit with air saturated with water vapour at temperatures 
in the range of 40-50oC, according to the procedure developed 
by Animal and Plant Health Inspection Service (APHIS, 1985). 
The three stage treatment of forced air at 30oC for 30 minutes, 30 
to 48oC for 60 min, and then 48oC forced hot air with saturated 
humidity is circulated over the mango fruit surfaced until the fruit 
centre temperature reaches 43 or 46.5oC, depending on treatment 
aims. In the heat tolerance test of oriental fruit fl y in mango fruit 
inoculated for 0, 2, 4, and 6 days were subjected to the VHT until 
fruit centre temperature was 43oC for 15 and 30 minutes. In the 
small-scale disinfestation test inoculated mangoes were subjected 
to VHT until fruit centre temperature was at 46.5oC for 10, 20, 
30, 40, and 50 minutes. In the large-scale disinfestations test, 
inoculated mangoes were subjected to VHT until fruit centre 
temperature was 46.5oC for 40 minutes. 

Eggs of oriental fruit fl y: Fruit fl y species used in fruit infestations 
were the oriental fruit fl y. The oriental fruit fl ies were collected 
annually from infested guava orchards in Chang-hua county 
(central Taiwan) guava orchards. Wild oriental fruit fl ies were 
mixed in with them in order to sustain the population’s natural 
characteristics. The fruit fl ies used in this study had been kept in 
the Taichung branch offi ce, APHIS, for 9 generations and fruit 
fl y eggs used to infest mango were collected. The collected eggs 
were placed in a beaker and provided with water and oxygen for 
preservation before use in testing. Some of the collected eggs were 
also preserved for 20 to 30 hours by evenly spreading them over 
a wet, black cotton cloth and keeping them at room temperature 
25 ± 2oC. Eggs were kept on a wet black cotton cloth and were 
placed in Petri dish in groups of 50 eggs. Then groups of 50, 100, 
150, 200 eggs were determined by a chronometer and injected 
into mango fruits. 

Oriental fruit fl y eggs infestation method: A knife was used to 
slice a 1.5 cm triangular cut on the face of each mango. A piece 
of pulp of the same volume was removed, but the peel of the 
mango was retained to recover the hole. Oriental fruit fl y eggs 
were injected below the fruit surface in each triangular hole. After 
the process of egg injections was fi nished, a piece of sticking-
plaster was used to cover the hole. The infested mango fruits 

were enclosed in loosely tied white nets to prevent the escape of 
maggots. They were placed in plastic baskets (35 x 30 x 7 cm) 
then the baskets were put into plastic trays. Lastly, the top of trays 
were tightly covered by black cloths. The trays were placed in 
room temperature for incubation until the larvae developed to 
the desired stage.

The test for density of oriental fruit fl y in mango: Oriental 
fruit fl y eggs (50, 100, 150, and 200 per hole) were separately 
inoculated into the triangular hole cut into mango fruits. Seven 
days after the inoculation, 3 mango fruits from every batch 
were selected to determine the number of live larvae. Larvae 
were counted to determine the number hatched during the 7 day 
incubation period.

The test for development of oriental fruit fl y in mango: Fifty 
oriental fruit fl ies were separately inoculated into the triangular 
hole on mango fruits. On each of the 8 days after the inoculation, 
the 5 mango fruits were cut to collect larvae and the developing 
stages were identified. First and second-instar larvae were 
distinguished according to the presence of a front spiracle. Second 
and third-instar larvae were identifi ed by the size, shape, and 
length of their oral hooks. For each day, the results were counted 
and recorded for larvae rate and growth stage.

Heat tolerance test of oriental fruit fl y in mango fruit: To test 
the heat tolerance of oriental fruit fl y, vapour heat treatment was 
used. A batch of 100 oriental fruit fl y eggs was inoculated into 
mango. All of the fruits were placed in baskets according to the 
time duration of its VHT treatment. The infested mangoes were 
divided into 5 groups and incubated at room temperature for 0, 
2, 4 or 6 days. Then they were subjected to VHT until fruit centre 
temperature held at 43oC for either 15 or 30 minutes. Control was 
no heat treatment. After VHT fi nished, the baskets were taken out, 
wrapped in white netting, cooled, and kept at room temperature. 
Finally, mortality rates for each treatment were calculated, vapour 
resistance for each immature stage was compared.

The test for small-scale disinfestations: The mango fruits were 
treated with 48oC vapour heat until the fruit centre temperature 
reached to 46.5oC and then held for 10, 20, 30, 40 and 50 min, 
respectively. In the small-scale test, each fruit was artifi cially 
inoculated with 100 eggs, the then placed into groups of thirty 
fruits for each treatment. There were 6 treatments for time 
including control. After vapour heat, the fruits were kept at room 
temperature for 7 days. The larvae were then collected by rinsing 
the fruits with water over screen fi lters. The larvae were counted 
after development to the third-instar. The number of survivor 
and mortality rate were counted and recorded. The results of the 
disinfestation test were determined.

The test for large-scale disinfestations: This test for large-
scale disinfestation follows the method as the same small-scale 
disinfestations tests. However, a mango fruit was inoculated 
with 200 oriental fruit fl y eggs in two holes. They were divided 
into a control and one large test group. The large test group was 
subjected to vapour heat treatment until fruit centre temperature 
was 46.5oC for 40 minutes, removed to room temperature for 7 
days and then counted. The number of survivor and mortality rate 
also were counted and recorded.

Quality analysis: Ninety sample mangoes were taken from the 
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original seven hundred ninety three mangoes for quality analysis. 
They were placed into 2 jars, ten mangoes each and, 0, 3, and 
6 days after VHT, were evaluated for colour, fi rmness, and total 
soluble solid. 

Colour and decay: Decay development was assessed by viewing 
the mango fruits’ skin. A colour index was recorded according to 
the following rating scale (Shorter and Joyce, 1998): 1 = 100% 
green; 2 = 75% green; 3 = 50% green and 50% yellow; 4 = 75% 
yellow; 5 = 100% yellow. 

Firmness (N): Firmness measurements were taken by Rheo 
meter (Sun Rheo Meter, Sun Scientifi c, Japanese) as the force 
required for a 3 mm stainless steel probe to penetrate the cut 
surface of mango fruit held perpendicular to the probe. Firmness 
was reported as force in newtons (N).

Total soluble solid (TSS): Immediately after firmness and 
colour measurements were made, samples were stored at room 
temperature (25oC) till TSS analysis. Juice samples were prepared 
by throughly mixing mango slices (two slices for every mango 
fruit). Total soluble solid was assessed with a Digital Hand-held 
“Pocket” Refractometer PAL-1 and expressed as a percentage.

Statistical analysis: The experiments were conducted in a 
completely randomized design. The mean values were analyzed 
by SAS version 9.1 (SAS Institute Inc., Cary, NC, USA). Analysis 
of variance was performed; means were compared by the least 
signifi cant difference and Tukey tested at P=0.05 and 0.01.

Results and discussion
Effect of artifi cial inoculation density of eggs on the hatch 
rate of oriental fruit fl y: Different densities of oriental fruit fl y 
eggs were used to test for hatch rate (from 50, 100, 150, and 200 
eggs, respectively). After artifi cial inoculation and incubation 
at 25oC for 7 days, the highest hatch rate was about 73% in 100 
eggs/hole treatment (Table 1). There was no signifi cant difference 
of hatch rate between treatments (eggs/hole). However, when 
inoculation density was increased the hatch rate decreased. The 
results indicated that 100 eggs/hole is optimum density. The rates 
of oriental fruit fl y larvae development were not signifi cantly 
different between treatments. After 7 days, all larvae had 
developed to the 3rd stage (Table 1).

The development of oriental fruit fl y in ‘Tuu Shien’ mango 
fruit: Forty mangoes were divided into 8 groups of 5 fruits and 
each mango was injected with 50 oriental fruit fl y eggs. Table 

2 shows that according to the rearing time for each group of 
‘Tuu Shien’ mango fruit, larvae rate varied from day to day. The 
results were used as a basis for distinguishing eggs stage and 
larvae stage, including the fi rst (1st), second (2rd), and third (3nd) 
instar larvae. The eggs quickly hatched and those that did not 
immediately hatch to larvae were reduced from 61.6 to 3.6% on 
the fi rst day and the second day after inoculation, respectively. 
On the 1st day after incubation, 38.4% of the eggs had hatched 
and developed to fi rst instar. The hatching rate increased to 96.4% 
on the second day. The instar developed to second stage after 3 
days of incubation and reached third stage on the fourth day. By 
the seventh day, 26.7% of the eggs became pupa. However, the 
rate was only 1.9% on the sixth day. In all groups, over half of 
the inoculated eggs developed into larvae (Table 2).

According to growth conditions in which the oriental fruit fl ies 
were reared, the duration of the egg stage was determined more 
than 24 hours after egg inoculation. On the other hand, both 1st 
and 2rd-instar larvae were found on the third day after inoculation. 
Similarly, the larvae rate for 2rd and 3nd-instar were increased, 
and it was the highest after 5 days of inoculation of oriental fruit 
fl y eggs. It must be noted that the number of 3rd-instar larvae 
was higher than other developmental stages after 6 days of egg 
inoculation. The number of pupa was highest after 8 days of egg 
inoculation (Table 2). This demonstrated that, after injection of 
oriental fruit fl y eggs into mango fruit, approximately 6 days 
was needed in order for eggs to change to pupae (Table 2). The 
development stage for the 3rd-instar larvae of oriental fruit fl y 
on carambola fruits was determined after 5 days of inoculation 
(Chang et al., 2009).  

In addition, there was no difference in larva length after 5, 7, 
and 8 days, while in the other treatments larva length increased 
with rearing time (data not shown). The highest degree of larva 

Table 1. Effect of density of eggs in artifi cial inoculation on the hatch 
rate of oriental fruit fl y, in which the inoculated mango fruits were stored 
at 25±2 oC for 7 days

Treatmentsy

(Eggs/hole)
Larvae

(Numer of hole)
Hatch 

rate (%)
Development 

stage
50 36.0 72.0 2.93
100 73.0 73.0 3.00
150 92.3 61.6 2.83
200 93.3 50.7 3.00
Mean 64.3 2.94
F-valuez NS NS
CV (%) 14.2 5.58
zF-value for main effect or interaction signifi cant at P>0.05. yFly eggs 
were placed inside the hollowed area (1 cm2) of the fruit.

Table 2. The development stages of oriental fruit fl y in ‘Tuu Shien’ 
mango fruit, the infested fruits were inoculated with 50 eggs per fruit 
and stored at 25±2 oC for 8 days

Rearing 
time

Egg 
(rate)

1st instar 
(rate)

2rd instar 
(rate)

3rd instar 
(rate)

Pupa 
(rate)

Larva 
length 
(mm)

1 day 30.8 
(61.6)

19.2 
(38.4)

0.24cx

2 days 0.8 
(3.6)

21.2 
(96.4)

0.54b

3 days 24.6 
(100)

0.70b

4 days 2.0
(7.4)

25 
(92.6)

0.90a

5 days 3.0 
(9.0)

30 
(91.0)

0.98a

6 days 31 
(98.1)

0.6 
(1.9)

1.08a

7 days 27.4 
(73.3)

10 
(26.7)

1.00a

8 days 10.4 
(44.1)

13.2 
(55.9)

0.96a

Mean 0.80

F-value ***

CV (%) 11.68
xValues in columns followed by the same letter are not signifi cantly 
different according to the Tukey test of transformed data. F-value for 
main effect or interaction signifi cant at P<0.001
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length was observed at the 6th day. Ronald et al. (2007) found that 
the larva has three stages, and the third instar is about 2/5 inch 
long  and similar results were recorded in this study. This result 
focused on the importance of identifying rearing time during 
which eggs change to pupae. The rearing time could attribute to 
positive effect on larval length because it could determine time 
for larvae development.

Heat tolerance test of oriental fruit fl y in ‘Tuu Shien’ mango 
fruit: Time of VHT increased with the numbers of days following 
infestation. The values ranged from 70 to 100 min (0, 2, 4, and 6 
days) for mango fruit centre temperature to arrive at 43oC (Fig. 1). 
At 0 d group, the treatment time was the shortest. But for the 6 d 
group, the treatment was prolonged to 70 min before mango fruit 
centre temperature reached 43oC. This proves that, total time of 
VHT is affected by ripening stage. 

The alive instar percentage and mortality rate are shown in 
Table 3. There were signifi cant differences in the alive instar 
rate between 15 and 30 min treatments. The mortality rates were 
increased when samples were treated with vapour heat for a longer 
time, except that the egg stage for 30 min. At the egg stage, the 

alive instar percent was different between treatment times, while 
mortality rate was higher when fruit centre temperature was at 
43oC (53.17 and 40.00% for egg stage at 15 min and 30 min, 
respectively). This was because the VHT at 43oC for 30 min, 
killed the eggs before they could develop, so the alive instar rates 
were low. Additionally, for 1st, 2nd, and 3rd instar stage, the alive 
instar rate was reduced from 37.74 to 10.31% when treatment 
time was 30 min. For example, the 1st instar with increase of 
time the mortality rate increased from 32.18 to 62.26%. The 3rd 
instar with increase of time the mortality rate also increased from 
45.59 to 89.69%. On the other hand, all stages with VHT, the 
mortality rates were increased negative when fruit temperature 
was at 43oC for 15 min except that the mortality rate decreased 
positive from the egg stage to the 1st instar stage. The mortality 
rates were increased negative when fruit centre temperature was 
at 43oC for 30 min. The alive instar rate was the highest in the 
control (no VHT), 96.79%, and mortality rate was the lowest. 
The data showed that the egg stage was the most tolerant to heat 
(Table 3).

Vapour heat has been used worldwide to disinfest mangoes from 
fruit fl ies (Gaffney et al., 1990). Sein (1935) reported that all 
immature fruit fl ies were killed in mangoes from Puerto Rico 
after exposure to vapour at 43oC for 4 h. Vapour heat was used 
by Koidsumi (1937) to disinfest mangoes in Taiwan. Sunagawa 
et al. (1987) reported that immature melon fruit fl y, Bactrocera 
cucurbitae (Coquillett), in mangoes in Okinawa were killed with 
vapour heat at 44 ± 0.3oC, >90% RH when the pulp centre reached 
43oC and remained at that temperature for 3 h.

Animal and Plant Health Inspection Service (1992) reported 
that vapour heat treatment at 43oC for 6 h was used on mangoes 
exported from Mexico. In addition, mangoes that were to be 
imported from the Philippines or Thailand to Japan had to 
be treated for fruit fl ies using vapour heat until fruit centre 
temperatures were 46.0oC (Philippines) or 46.5oC (Thailand) 
and held at the respective temperature for 10 min (Anonymous, 
1975, 1987). 

The small-scale disinfestations test of oriental fruit fl y: One 
hundred oriental fruit fl y eggs were inoculated per fruit and one 
hundred eighty mango fruits were used in small-scale test. Table 
4 shows that the larvae survival rate after vapour heat treatments 
where the fruit centre temperature was 46.5oC for different time 

Fig. 1. Fruit centre temperature of mango fruits and air temperature 
during vapour heat treatment

Table 3. Heat tolerance test of oriental fruit fl y in ‘Tuu Shien’ mango 
fruit

Stage Treatments Alive instar rate 
(%)

Mortality rate 
(%)

Egg (24 hrs)y 430C, 15 min 46.83abx 53.17ab

430C, 30 min 60.00ab 40.00ab

1st-instar (2 days) 430C, 15 min 67.82ab 32.18ab

430C, 30 min 37.74ab 62.26ab
2rd-instar (4 days) 430C, 15 min 64.66ab 35.34ab

430C, 30 min 33.30ab 66.70ab

3nd-instar (6 days) 430C, 15 min 54.41ab 45.59ab

430C, 30 min 10.31b 89.69a

6 days Controlz 96.79a 3.21b

Mean 52.43 47.57
F-value * *

CV (%) 69.87 77.01
xValues in columns followed by the same letter are not signifi cantly 
different according to the Tukey test of transformed data. F-value for 
main effect or interaction signifi cant at P>0.05. z: no heat treatment.
y: The number in parenthesis is rearing time.

Table 4. The small-scale disinfestation of oriental fruit fl y in mango 
fruits
Treatments Hatching rate 

(%)
Survival rate 

(%)
Mortality rate 

(%)
Controly 100.00ax 83.43a 16.56c
46.50 C, 10 min 100.00a 64.80b 35.20b
46.50 C, 20 min 0.00b 0.00b 100.00a
46.50 C, 30 min 0.067b 0.00b 100.00a
46.50 C, 40 min 0.00b 0.00b 100.00a
46.50 C, 50 min 0.00b 0.00b 100.00a
Mean 33.34 24.70 75.29
F-value *** *** ***
CV (%) 0.45 93.89 30.80
xValues in columns followed by the same letter are not signifi cantly 
different according to the Tukey test of transformed data. F-value for 
main effect or interaction signifi cant at P< 0.001. y: no heat treatment 
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intervals. There were signifi cant differences in hatching, survival, 
and mortality rate between the treatments. After eggs inoculation, 
mangoes were kept for exactly one day at 25 ± 2oC; they were 
treated with vapour heat; then returned to room temperature for 
7 days. 

In the control (untreated with vapour heat) the larvae survival rate 
was 83.43%, while VHT at 46.5oC for only 10 min had 64.80% 
surviving larvae, a mortality rate of 35.20%. However, VHT for 
20 to 50 min left no survivors. It must be noted that there was no 
difference in VHT besides the time of exposure. However, two 
eggs did hatch into larva in the batch that underwent to 30 min 
VHT. The hatching rate was 0.067% in VHT at 46.5oC for 30 
min. This demonstrates that VHT with a fruit centre temperature 
of 46.5oC killed eggs completely after 40 min. Therefore, the 
treatment of 46.5oC at 40 min can be used for quarantine heat 
treatment for ‘Tuu Shien’ mango fruit.

Vapour heat treatments have been reported for Taiwan mangoes 
which infested with melon fl y can be disinfested with vapour heat 
at 47.5oC until the fruit centre temperature was >46.5oC for 45 
min (Kuo et al., 1987). Vapour heat was also approved by Japan 
in 1986 to allow the import of mangoes from the Philippines 
(Merino et al., 1985). Currently, Japan requires mangoes from 
the Philippines and Thailand to be treated with vapour heat 
until temperature of fruit centre is 46 and 46.5oC, respectively, 
and held at the respective temperature for 10 min (Anonymous, 
1975, 1987). Australia Quarantine and Inspection Service 
(AQIS) (2008b) reported approval of a vapour heat schedule 
against Queensland fruit fl y (Bactrocera tryoni) of 47oC for 15 
min, in ‘Kensington Pride’, ‘R2E2’, ‘Keitt’, ‘Palmer’ and ‘Kent’ 
from Australia bound for the Japanese market. Additionally, 
vapour heat treatment was approved as quarantine treatment for 
Anastrepha species in ‘Manila’; oriental fruit fl y from Taiwan; 
and for Mexican fruit fl y [(Anastrepha ludens (Loew)]. AQIS 
(2008a) also showed that mangoes from Taiwan imported into 
Australia must be treated until the pulp temperature has been held 
at 46.5oC for 30 min.

The large-scale disinfestation test of oriental fruit fl y: Probit 
analysis was used to examine the results of the small-scale 
disinfestation test of oriental fruit fl y. As recorded, in the Table 
4, there was a mortality rate of 99.93% (data not shown) after 30 
min VHT. However, this is unacceptable under probit 9, whose 
security requires a mortality rate of 99.9968%. Therefore, 40 
min VHT was chosen for large-scale disinfestation tests. The 
results in Table 5 show that there were no survivors when fruit 
centre temperature was 46.5oC for 40 min. So, the mortality rate 
for oriental fruit fl y eggs was 100%. This documented that, with 
VHT for fruit centre temperature exposed at 46.5oC for 40 min 
was suffi cient to kill eggs in mango fruit. 

Effect of vapour heat treatment on colour, fi rmness and total 
soluble solid of ‘Tuu Shien’ mango fruits: The colour of the 
skin of whole mango fruit was estimated and measured before and 
after VHT by optic subjective at three different times (0, 3d, 6d). 
Compared to the control, heat-treated fruit had higher value on 
the index, indicating yellowing of the skin as previously reported 
by Segarra-Carmona et al. (1990).

The colour by optic subjective for VHT treatments was 
signifi cantly higher than for the control. These results emphasized 

the infl uence of the duration of treatment on the VHT (Table 6). 
For each treatment, the colour value increased during storage 
time. Table 6 shows that after 6 d, all the treatments showed a 
rise in colour from 2.6 to 3.2. This was within the threshold 50% 
yellow and 50% green of the colour index. It was determined, 
that with a 3 d VHT treatment, the colour of mango fruit was 
maintained signifi cantly better than with the other treatments. 
In addition, fi rmness value decreased during storage for all 
conditions except for VHT-3 d (Table 6). These results suggest 
that VHT-3 d maintained the best quality of mango fruit. Total 
soluble solid percent (TSS %) (Table 6) for CK and VHT was 
similar whatever the treatment conditions. However, there was a 
slight decrease of TSS which did not match characteristics of the 
normal ripening process. The VHT also induced a slight decrease 
of TSS until after day 6. Compared with the control treatments, 
VHT-6d treatment decreased the TSS% of mangoes. However, 
the post treatment changes in TSS% did not appreciably affect 
the quality of mangoes up to 6 days.

Sein (1935) reported that using VHT to prevent West Indian 
fruit fl y infestation during refrigerated storage for 8 h at 43oC 
in a circulating atmosphere saturated with moisture did not alter 
the fl avour, texture, and storage quality of ‘White’ mangoes. 
Furthermore, vapour heat at 43.5 ± 0.5oC for 3 h for melon fl y 
disinfestations did not injure the mangoes (Sunagawa et al., 1987). 
The susceptibility of the fruit to storage decay was reported by 
Hallman et al. (1990) in which vapour heat at 46-46.4oC for 3 
hours and 45 min resulted in darkening of the oil glands in the 
peel of ‘Marsh’ grapefruit. Vapour heat treatment for quarantine 
security against Caribbean fruit fl y at 43.5oC for 260 min on 
‘Marsh’ and ‘Ruby’ grapefruits did not develop symptoms of 
quality deterioration (Miller et al., 1991). 

Hundred percent of eggs inoculated in ‘Tuu Shien’ mango fruits 
were killed with vapour heat treatment at 46.5oC for 40 min. 
Under this condition, no heat injury occurred and there was no 
affect on quality. Overall, vapour heat treatment may be used 

Table 5. Large-scale disinfestation of oriental fruit fl y in mango fruits

Treatments Number of 
tested eggs

Number of 
survivor

Mortality rate 
(%)

Control (without 

heat treatment)
6.000 1.511 32.68

46.50C, 40 min 60.000 0 100

Table 6. Effect of vapour heat treatment (VHT) on colour, fi rmness, and 
total soluble solid (TSS) of mango fruits

Treatments Colour Firmness (N) TSS (%)
At treatment 1.8bx 27.3a 16.3a

CK-3d 2.1ab 17.6bc 14.5ab

CK-6d 2.6ab 13.6c 14.4ab

VHT-3d 2.8ab 21.4ab 14.5ab

VHT-6d 3.2a 12.6c 13.7b
Mean 2.5 18.50 14.69
F-value * *** *
CV (%) 40.22 28.85 11.23
xValues in columns followed by the same letter are not signifi cantly 
different according to the Tukey test of transformed data. F-value for 
main effect or interaction signifi cant at 0.01<P<0.05 (*), or P=0.001 
(***). CK: No heat treatment. VHT: Vapour heat treatment
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