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Short Communication

Vapor Heat Mortality Tests on the Eggs of the Oriental Fruit Fly,
Bactrocera dorsalis, Infesting Different Sizes and Varieties of
Fresh Mango

Masakuni YOSHINAGA?®, Seiki MASAKI*™ and Toshiyuki DOHINO
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1-16-10 Shin-Yamashita, Naka-ku, Yokohama 231-0801, Japan.

Abstract: A series of vapor heat treatment tests was conducted on mango fruits infested with eggs of the Oriental
fruit fly, Bactrocera dorsalis (Hendel), to clarify the effect of the fruit size and cultivated variety factor on the mor-
tality of the B. dorsalis eggs.

In the mortality test by fruit size, Carabao mangoes in three different sizes (S, M and L) infested with the eggs
were heated to raise the fruit pulp temperature of each size to 44.0, 45.0, 45.5, 46.0, 46.5 and 47.0°C inside the vapor
heat treatment chamber set at 49.0°C and relative humidity 95%. Then the mortality of the eggs among the differ-
ent fruit sizes was compared. The results showed that mortality at each target temperature differed among the siz-
es: the larger the fruit size, the higher the mortality. Larger fruits had slower increases in pulp temperature, which
meant longer exposure to high temperatures. This was thought to be the cause of the higher mortality.

In the mortality test by variety, Kensington Pride and Tommy Atkins mangoes were used. Vapor heat treat-
ment was applied under the same conditions as above. In order to eliminate the size effect on mortality, mango
fruits of nearly the same weight were selected for the test. Probit analysis showed that eggs in the Tommy Atkins
variety were significantly more likely to be disinfested (LTq, LTgs), revealing that variety affects mortality. How-
ever, 100% mortality was obtained at 46.5°C or higher temperatures for both varieties. It was thought that the ef-
fect of variety was reduced under severe conditions close to complete-kill conditions. The two varieties of fruit had
nearly the same rate of temperature increase, suggesting the possibility that some differing factor affecting mortal-
ity may exist between varieties, other than the rate of temperature increase.
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Introduction

The Oriental fruit fly, Bactrocera dorsalis (Hendel), and the melon fly, Bactrocera cucurbitae (Coquillett), were
present in the southwestern islands of Japan and caused serious damage to the area’s agricultural production. However,
B. dorsalis was eradicated through the male annihilation method in 1986 after an investment of 18 years and 5 billion
yven, and B. cucurbitae was eradicated through the sterile insect release method in 1993 after more than 20.4 billion yen
was spent over 22 years (YOSHIZAWA, 1997). With such a history, Japan keeps a strict watch on Tephritid fruit flies
of agricultural importance. The Japanese Plant Protection Act prohibits the import of host plants of these fruit flies
from the countries where these fruit flies exist. However, in accordance with Article VII(2)(a) of the International Plant
Protection Convention (FAQO, 1997), Japan approves the lifting of import bans when a disinfestation technique that can
completely kill these fruit flies is established by the exporting country and treatment conditions are satisfied.

As quarantine treatment, heat treatments such as hot-water immersion, vapor heat, and high-temperature forced
air treatment have been developed and applied for disinfestations of these fruit flies from many commodities (SHARP et
al., 1989; SEO et al., 1974; MANGAN et al., 1998). However, factors other than target temperature and exposure time at
target temperature that may affect the mortality effectiveness of these heat treatments are not sufficiently known, mak-
ing it difficult to use these techniques in effective ways.

In the present study, we used mangoes infested with B. dorsalis eggs and studied the effects of different fruit sizes
and varieties on the mortality effectiveness of vapor heat treatment. We report the results of this research herein.
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Materials and Methods

1. Test insects

A laboratory colony of B. dorsalis maintained at the Research Center of the Yokohama Plant Protection Station
in Yokohama was used. The colony was originally introduced from Thailand in 2005 (Import Permit No. 17Y566). Flies
were kept at 2621°C, 65+10% RIH, and a photoperiod of 13L:11D, and given an artificial diet and water.

2. Test fruit
a. Mortality test by mango size:

For this experiment, Carabao mangoes from the Philippines, which had conditional import permission, were used.
The weight of individual fruits in the sizes S, M and L was about 200 g, 250 g and 300 g, respectively.

b. Mortality test by mango variety:

For this experiment, Kensington Pride mangoes from Australia and Tommy Atkins mangoes from Brazil were
used because these two varieties have same shape, size, and weight. The weight of Kensington Pride and Tommy At-
kins fruits was 413.2-514.5¢g and 410.5-5185g, respectively. Sugar content (Brix %), hardness (=firmness), acidity (pH)
and fruit pulp thickness of the two cultivars are shown in Table 1.

Table 1. Summary profile of Kensington Pride and Tommy Atkins mangoes

Variable Kensington Pride Tommy Atkins
Sugar content (Brix %) 12154+ 1.14% 10.35+1.39°
Hardness/firmness (kg) 0.645+0.11* 12354037
Acidity (pH) 5.089 4= 0.20* 4621 +0.19°
Thickness (cm) 281 +0.15% 344+015°

Investigation of each item was conducted with 10 fruits of each variety.
Thickness means the pulp thickness from seed to surface.

Values in the same line followed by a different letter are significantly different
(Tukey HSD test, £ <0.05).

3. Infesting fruit

For infestation, the artificial inoculation method was adopted. Eggs were obtained from gravid females (age >21d)
by placing a polyethylene receptacle (7 cm in diameter, 13cm in height) with small oviposition holes into the adult cage
(30%30x45cm) containing about 1,000 flies for a period of 2 hours. The inner surface of the receptacle was moistened
with orange juice. The collected eggs were placed on wet filter paper and kept at 26°C for 24 hours. After 24 hours, 100
eggs were counted onto black filter paper (1X1cm) using a fine brush under a microscope. A J-shaped flap was cut
in the skin of the mango, and a small amount of fruit pulp was removed. The black filter paper carrying 100 eggs was
inserted under the flap. The flap was lowered and covered with tape to prevent desiccation of the eggs.

4. Vapor heat treatment, storage after treatment, and assessment

A vapor heat treatment machine form Sanshu Sangyo Co. Ltd.,, Model EHK-1000D (1 m3 chamber capacity), was
used for the experiment.

The mangoes infested with B. dorsalis eggs in a stainless-steel tray (30X50X7cm) were placed inside the vapor
heat treatment chamber, set at 49.0°C and relative humidity 95%, and heated to fruit-core temperature of 44.0, 45.0, 45.5,
46.0, 46.5, and 47.0°C. In each test plot, 2-3 mangoes infested 100-400 eggs per fruit were used. Information about the
treatment schedules, test fruits, and test insects are summarized in Tables 2 and 3. Sensor probes (Pt 100Q) were in-
serted into uninfested fruits to monitor the fruit core temperature. For this purpose, three uninfested fruits in each size
or in each variety were also placed inside the chamber. When two of three sensors attained the target temperature, the
fruits in each test were removed from the treatment chamber and cooled at 25°C for 2 hours. The tape was removed
from the fruits, and the fruits were placed in a plastic box (30X22X10cm).

After the treatment, the fruits in the plastic box were stored at 26+1°C, 65£10% RH for incubation. The control
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Table 2. Treatment schedule, test fruits, and test insects for fruit size test

Number of Carabao mango fruits (number of B. dorsalis eggs)

Target
temperature S M L
0
200 g 250 g 300 g
440 9 (1,500) 9 (1,500) 9 (1,500)
45.0 9 (1,500) 9 (1,500) 9 (1,500)
455 9 (1,500) 9 (1,500) 9 (1,500)
46.0 9 (1,500) 9 (1,500) 9 (1,500)
46.5 9 (1,500) 9 (1,500) 9 (1,500)
470 9 (1,500) 9 (1,500) 9 (1,500)
Control 9 (1,500) 9 (1,500) 9 (1,500)
9(-y 9(-y 9(-)
Total 72 (10,500) 72 (10,500) 72 (10,500)

! Total number of fruits and eggs of 3 replications.
?Fruits for sensor probe.

Table 3. Treatment schedule, test fruits, and test insects for fruit cultivar test

Number of fruits (number of B. dorsalis eggs)*

Target
temperature Kensington Pride Tommy Atkins
o 4132-5145¢g 4105-5185¢g
440 7 (1,800) 7 (1,800)
450 7 (1,800) 7 (1,800)
455 7 (1,800) 7 (1,800)
46.0 7 (1,800) 7 (1,800)
46.5 7 (1,800) 7 (1,800)
470 7 (1,800) 7 (1,800)
Control 7 (1,800) 7 (1,800)
9(-) 9(-)
Total 58 (12,600) 58 (12,600)

! Total number of fruits and eggs of 3 replications.
?Fruits for sensor probe.

fruits were also stored in the same conditions. Five days after the treatment, the fruits were cut open and the survivors
were counted.
All experiments were replicated 3 times.

5. Data Analysis

Data from these experiments were subjected to the Tukey-HSD test and Probit analysis to compare the heat re-
sponse of the infesting eggs to different fruit sizes or different varieties using the computer programs JMP4 (Statistical
Discovery Software, SAS Institute Inc., 2000) and PoloPlus (LeOra Software, 2003).

Results

1. Mortality test by mango size:

The results are shown in Tables 4 and 5. As shown in Table 4, egg mortality in larger fruits tended to be higher
than those in smaller ones at the same target temperature. Probit analysis also showed that the temperature to obtain
the same mortality rate tends to be lower for larger fruits. For LT, a significant difference was recognized between
L-size and S-size (Table 5). The time required to reach target temperature was longer for larger fruits (elapsed times
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Table 4. Time-mortality relationship of S-, M-, and L-size Carabao mangoes infested with B. dorsalis eggs by vapor heat treat-

ment
Target Run-up time (min)* Corrected mortality (%)*
temperature
(°C) S M L S M L
440 49.0 + 26 5304 20% 59.7 +25° 50+153 100+127 2691165
450 537 & 2.9 580 =4 3.0% 66.0 420" 90+92 3694203 3654195
455 57.0+35° 61.3+25% 700 +2.0° 355+251 398 +20.3 568 +9.0
46.0 60.3 & 2.5 66.0 & 36 743+21° 3524210 408+49 718 +184
465 65.3+3.2° 717+ 40% 797 +25° 62.6+38.1 79.0+94 96.7+26
470 720 & 4.4 777 +45% 84.7+32° 884+ 15.1 991416 100

!Run-up time (mean = SD) indicates the required period for fruit pulp temperature to rise from room temperature at 25°C to
each target temperature by vapor heat treatment when chamber temperature and humidity were set at 49.0°C and 95%RH,
respectively. Values in the same line followed by a different letter are significantly different (Tukey HSD test, P<<0.05).

% Corrected mortality (mean &= SD) was calculated from ABBOTT (1925).

Table 5. Comparison of lethal pulp temperature for 50%, 90%, and 95% mortality of B. dorsalis eggs
infesting S, M, and L sizes of Carabao mangoes subjected to vapor heat treatment

Fruit size LTy, (95% CL) LTy (95% CL) LTys (95% CL)
S 46,50 (46.15-47.10) 4787 (47.22-49.60) 48.26 (47.49-50.37)
4556 (44.65-46.31) 47.26 (4644-51.15) 4775 (46.76-52.83)
L 4521 (44.05-45.87) 46,65 (45.95-49.71) 4707 (46.24-51.14)

Estimated LT5, LTg and LTy for each fruit size with their associated 95% confidence limits were
calculated by Probit analysis.

from 25°C to 47°C and temperature increase rates were: S: 72min., 0.306°C/min.; M: 77.7 min., 0.282°C/min.; and L:
84.7min., 0.260°C/min.) (see Table 4). This means that exposure to high temperatures was longer for the eggs in the
larger fruits; this was thought to explain the higher mortality rate.

The mortality of B. dorsalis eggs in untreated control fruits was 48.7£17.6% for S, 51.9+185% for M and
50.5+17.6% for L, and there was no significant difference in insect development among fruit sizes.

2. Mortality test by mango variety:

The results are shown in Tables 6 and 7 and Fig. 1. The egg mortality in Tommy Atkins mangoes was consist-
ently higher than those in Kensington Pride (Table 6) at the same target temperature. Probit analysis showed that the
temperatures required to attain LTy, and LTy, in the former variety were also significantly lower than those in the lat-
ter (Table 7). These results indicated that the heat responses of the eggs in mango fruits were different between the
two mango varieties. On the other hand, the run-up periods to the target fruit temperatures of the two varieties did not
show so much difference, although the Tommy Atkins variety showed a slightly longer period than Kensington Pride
(heating rate from 25°C to 47°C was 0.209°C/min. for Kensington Pride and 0.201°C/min. for Tommy Atkins).

In spite of the results described above, the temperature conditions that provide 100% mortality were 46.5°C or
higher in both varieties, and at this point there was no difference between the two varieties (Table 6).

The mortality of B. dorsalis eggs in untreated controls was 583+18.6% for Kensington Pride and 58.4=421.1% for
Tommy Atkins, and there was no significant difference in insect development between the varieties.

Discussion

The results of our experiment with three different sizes of Carabao mango showed that larger fruits with a slower
heating rate provided higher mortality for B. dorsalis eggs than smaller fruits with quicker heating rates at the same
target temperature (pulp temperature) during vapor heat treatment. As for the effect of heating rates on insect mortal-
ity, different researchers have different opinions. NEVEN (1998) insists that a slower heating rate enhances acclimation
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Table 6. Time-mortality relationship of Kensington Pride and Tommy Atkins mango varieties infested with B. dorsalis eggs by
vapor heat treatment

Target Run-up time (min)* Corrected mortality (%)

temperature

(°C) Kensington Pride Tommy Atkins Kensington Pride Tommy Atkins

440 727+55 743170 26.2 1308 5331220

450 80.3£5.0 827185 60.0 =29.8 830+ 244

455 860156 883190 902+87 932196

46.0 927=x6.1 957191 8561125 99.1+16

46.5 1003 £6.7 102.7+9.7 100 100

470 1077638 1103+93 100 100

'Run-up time (mean = SD) indicates the required period for fruit pulp temperature to rise from room temperature at 25°C to
each target temperature by vapor heat treatment when chamber temperature and humidity were set at 49.0°C and 95%RH,
respectively.

2Corrected mortality (mean =+ SD) was calculated from ABBOTT (1925).

Table 7. Comparison of lethal pulp temperature for 50%, 90%, and 95% mortality of B. dorsalis eggs infesting Kensington Pride
and Tommy Atkins mango varieties subjected to vapor heat treatment

Mango variety LTs, (95% CL) LTq (95% CL) LTgs (95% CL)
Kensington Pride 44.74 (43.23-45.26) 45.86 (45.35-46.64) 46.18 (45.70-47.32)
Tommy Atkins 4401 (43.74-44.20) 4495 (44.79-45.14) 45.22 (45.05-45.45)

Estimated LTs,, LTq and LTy; for each variety with their associated 95% confidence limits were calculated by Probit analysis.
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Fig. 1. Target temperature-mortality relationship of Kensington Pride and Tommy Atkins mango varieties infested with B.
dorsalis eggs by vapor heat treatment.

of the treated pest and makes the pest difficult to kill. Other researchers claim that a slow heating rate provides longer
exposure of pests to high temperature and increases pest mortality (WANG et al., 2002). The results we obtained fit
well with the latter opinion.

Smaller fruits take a shorter time to reach a target temperature, and the mortality rate at that point is lower. So, if
the fruits to be treated are all smaller than the fruits used in the experiment that established a complete-kill treatment
standard, then there is the possibility that the time required to reach the target temperature is shorter than that of the
standard, allowing some pest individuals to survive. In light of such circumstances, it is thought to be important to set
up a minimum treatment time from the beginning to the end of treatment.

So far, there have been no reports on investigations into the effect of the variety of treated fruit on the mortality ef-
fectiveness of vapor heat treatment. This study showed that a difference in mango variety had an effect on the mortali-
ty rate of eggs infesting fruit. As for the cause of the difference among varieties, there is the possibility that the slightly
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longer treatment time for the Tommy Atkins variety had an impact. However, this was a slight difference. Therefore,
there is a strong possibility that factors other than treatment time may be involved. This point should be resolved in
future.

It was also shown that the difference in mortality between the two varieties as described above did not directly
connect to the difference in treatment conditions for 100% mortality. That is, 100% mortality was obtained only in treat-
ment areas at 46.5°C or higher in both varieties. In vapor heat treatment, it was thought that the effect of variety on
mortality was reduced under severe treatment conditions close to the complete-kill conditions.
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