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Abstract 

This work was carried out to verify hot water treatment efficiency on the 
mortality of Ceratitis capitata eggs. The following combinations of temperatures and 
immersion times were applied using a bi-factorial design: temperatures of 25°C 
(control ), 42, 44, 46, 48 and 50°C, and immersion times of 0, 20, 30, 40, 50, 60 and 
90 min. Eight replicates were evaluated for each treatment, each one containing 20 
eggs, with a maximum age of 24 hours, separated by electron microscope, placed in 
porcelain crucibles (capacity of 50 ml) containing 10 ml of distilled water. After the 
treatment, the eggs were removed, transferred to petri dish plates and stored in 
B.O.D. at 25°C. After 24 hours of the process, the plates were evaluated for the 
mortality of eggs. According to the results, we concluded that C. capitata eggs were 
tolerant to hot water up to 44°C for 20 min. Therefore, the use of temperatures 
equal to or above 46°C for 20 min or more promoted 100% of mortality. The 
mortality of C. capitata eggs increased with the increase of the temperature and 
exposition time. 

 
INTRODUCTION 

Today, Brazil has the third largest fruit culture region in the world, and an 
immense potential to improve this position in the international market. The Ministry of 
Agriculture, Cattle Farming and Supplying, and also the producers of this sector have 
invested in the fruit culture system of a high standard of quality and health (MAPA, 
2007). Actually, the Brazilian production is destined mainly to the domestic market 
because of phytosanitary barriers of importing countries. The fight to eradicate the fruit 
fly is one of biggest problems and also the possible contamination of the fruits from 
chemical products. The international transport of fruit, a potential host of fruit fly, has 
been the subject of a lot research aiming at determining quarantine techniques intended to 
avoid the development of such insects in geographical areas which are free of them. 
Applied in a precise and rigorous way, quarantine methods have reduced the development 
of the fruit fly. However, with the increase in transport and commercial exchange, 
quarantine barriers have become difficult to maintain and new flies are very often 
introduced; since 1980, a great number of them has been especially observed in the 
United States (Collin et al., 2007). 

The most frequent flies in Brazil are the Anastrepha and Ceratitis. The fruit fly of 
the Mediterranean (Ceratitis capitata) is one of the most significant economically. In 
some cases it compromises up to 90% of the fruit production, for attacking parts of the 
reproduction systems, fruits pulps and flowers of the plants (Dória et al., 2004). 

In an attempt to minimize the use of chemical control, to promote a longer period 
of use for the product, and to increase exports, research with the use of methods for 
physical treatment is being carried out. These have focused on heat, cold, irradiation, 
controlled atmospheres, or combinations of several of these (Vieira, 2004). For 
immersion in hot water, also called hydrothermal treatment, the time and temperature 
couple is variable according to the fruit and the parasite to be eliminated; hot-water 
immersions of perishable goods, to be officially approved and satisfactory against fruit fly 
in particular, must allow a rise in temperature in the fruit centre varying between 43.0 and 
46.7ºC with durations ranging between 35-90 mins (Collin et al., 2007). An international 
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consensus does not exist on the level of the necessary quarantine degree applicable to the 
products presenting contamination risks by fruit flies. Many imported and marketed 
tropical fruits do not have their own treatments of disinfestations. 

This work was carried out to verify hot-water treatment efficiency on the mortality 
of the Ceratitis capitata eggs. 

 
MATERIALS AND METHODS 

The study was taken up at the College of Agricultural Engineering of the 
Campinas University, FEAGRI/UNICAMP, Brazil. 

The eggs used in the experiment came from massal creation already established by 
the department of social entomology of the Biological Institute of Campinas, Brazil. The 
hot water treatment was the Dubnoff device (boiling-water heating system). 

Two assays had been carried through. The first assay included the combination of 
temperature and immersion time in hot water, with the temperature of 25°C (control), and 
42, 44, 46, 48 and 50ºC, and immersion times of 0, 20, 30, 40, 50, 60 and 90 min. Eight 
replicates were evaluated for each treatment, each one containing 20 eggs, with a 
maximum age of 24 hours (separated by electron microscope), placed in porcelain 
crucibles with a capacity of 50 ml containing 10 ml of distilled water. After the treatment, 
the eggs were removed, transferred to petri dish plates and stored in B.O.D. at 25ºC. After 
24 hours of the process, the plates were evaluated for the mortality of eggs.  

The second assay was performed exclusively with the temperature of the hot water 
at 46ºC and immersion times of 0, 2, 5, 10, 15 and 20 min. Eight replicates were 
evaluated for each treatment, each one containing 20 eggs, with a maximum age of 24h 
(separated by electron microscope), placed in porcelain crucibles with a capacity of 50 ml 
containing 10 ml of distilled water. After these treatments, the eggs were removed, placed 
in petri dish plates and stored in B.O.D. at 25ºC. After 24h of the process, the plates were 
evaluated for the mortality of eggs. 

Data analysis was done by analysis of variance (ANOVA), using a bi-factorial 
design and when significantly different (P<0.05), were compared using the least 
significant difference test. The analysis was done using the statistical software Infostat 
version 1.0. 

 
RESULTS AND DISCUSSION 

In the first assay, the analysis of variance indicated different means (Table 1) for 
all variables studied, temperature and immersion time, which indicate treatment effects on 
egg mortality of C. capitata. 

Low egg mortality was noted (Table 1; Fig. 1) for the control treatment and 
temperatures of 42 and 44ºC in every submerging time studied. Thomas and Mangan 
(1995), while evaluating the exposition of Mexican and Indian fruit fly larvae, at 44ºC for 
one hour, observed mortalities of 100 and 99,8%, showing that larvae are more resistant 
to these high temperatures than eggs. 

The temperature and submerging time increase leads to a higher percentage of 
dead eggs, as observed for 46ºC during 20 min, 48 and 50ºC, where 100% of dead eggs 
was observed. This range of temperature and submerging times found herein is in 
accordance with those temperatures considered efficient to control this plague, according 
to quarantine regulations of the United States Department of Agriculture, for papaya and 
mango, which are 48°C and 46 minutes, respectively (USDA, 1997). The same behavior 
was found by Dória et al. (2004) who observed C. capitata larvae mortality of 97.66% in 
fruits at 46ºC for 90 min.  

For some fruits, long exposure to high temperatures, may cause irreversible 
damage, like burning, besides altering physical-chemical properties highly appreciated by 
consumers. Thus, another experiment was conducted to verify if there would be high egg 
mortality in less than 20 min at 46ºC. 

The analysis of variance showed a significant effect of immersion time, expressing 
the treatment effects on egg mortality of C. capitata (Table 2). In Figure 2, it is observed 
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that there was no difference among T1 (2 min), T2 (5 min) and T3 (10 min), with 
mortalities of 52.50, 60.65 and 61.25%, respectively.  

To be adopted as a quarantine treatment in some countries, these shall present high 
probability of efficacy, reducing more than 99.9968% of insects. In T5 (20 min), an egg 
mortality rate of 100% was observed, which confirms those results observed in the first 
experiment, which is adequate for the efficacy required for this objective.  

 
CONCLUSIONS 

According to the results, we concluded that Ceratitis capitata eggs were tolerant 
to hot water temperatures below 46ºC for 20 min. Therefore, the use of temperatures 
equal to or above 46ºC promoted 100% of mortality. The mortality of C. capitata eggs 
increased with the increase of the temperature and exposition time. 
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Tables 
 
Table 1. Variance analysis of egg mortality of C. capitata eggs submitted to hot water 

treatments. 
 
FV SS Degree of liberty MS  F p 
Model 20037,34 35 572,50 228,32  <0,0001
Treatment 76,53 5 15,31 6,10  

  
  

- - 
- - 

<0,0001
Temperature 19750,95 5 3950,19 1575,39 <0,0001
Treat. × Temp. 209,86 25 8,39 3,35 <0,0001
Error 631,88 252 2,51 
Total 20669,22 287 - 
 
 
Table 2. Analysis of variance for egg mortality of C. capitata submitted to hot water 

treatment at 46ºC. 
 

FV SS Degree of liberty MS F p 
Model 1745,94 5 349,19 61,78 <0,0001 
Treatment 1745,94 5 349,19 61.78 <0,0001 
Error 237,38 42 5,65 - - 
Total 1983,31 47 - - - 
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Figures 
 

 
 
Fig. 1. Effect the hot-water treatment in mortality of the fruit fly eggs. T1 = 25ºC (control 

- without water treatment); T2 = 42ºC; T3 = 44ºC; T4 = 46ºC; T5 = 48ºC, T6 = 
50ºC. 

 
 
 
 
 
 

 
 
Fig. 2. Effect of the hot-water treatment at 46ºC in the mortality of the fruit fly eggs. T0 = 

0 min (control); T1 = 2 min; T2 = 5 min; T3 = 10 min; T4= 15 min, T5 = 20min. 
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