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ABSTRACT: The postharvest losses in horticultural product are major problem in most of countries that 
in tomatoes has been reported from 20 to 50% in developing countries. In this work, the effects of 45

°
C 

hot water dipping for 0, 30 and 60 minutes and disinfection with 0 and 0.85% sodium chloride (NaCl) on 
quality and reducing decay of ‘Chef’ tomato were studied. Fruits were harvested at mature green stage 
and after treatment were stored at 16

°
C and RH 80% for 35 days. Quality parameters including firmness, 

weight loss, chlorophyll content, carotenoid content and decay percentage were analyzed after each 7 
days. The results showed that 45

°
C hot water dipping for 30 and 60 minutes delayed the ripening rate by 

reducing the fruit softening, weight loss, chlorophyll degradation and carotenoid formation, but fruit 
ripening was accelerated in treated fruits with NaCl. Postharvest decay that was the main quality factor 
in this experiment, significantly reduced in treated fruits with hot water and controlled by NaCl treatment. 
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INTRODUCTION 
 

 Postharvest losses of fruits and vegetables are major problem for countries that their economy is based on 
agriculture (Ullah, 2009). In tropical countries, a loss of 20-50% has been reported for fresh tomatoes during 
harvest, transport and consumption process (Neeta et al., 2010). Decay is the main cause of postharvest losses in 
most horticultural products, especially in products that no postharvest treatment with synthetic fungicides is allowed 
such as fresh tomatoes (Aquino et al., 2011). Until now, pesticides have been largely used to control decays on 
postharvest products (Karasahim et al., 2005). Nevertheless, the increased demands for pesticide-free products 
and restrictions on the use of chemical treatments have revived interest in the use of non-chemical procedures 
such as heat treatment (Lurie, 1998; Karasahim et al., 2005). Postharvest heat treatment could be a pesticide-free 
method to reduce plant pathogens, control insect infestations and maintain fruit storage quality (Shao et al., 2007; 
Jingi et al., 2010). Over the last few years there has been increasing tendency on the use of postharvest heat 
treatments (Fallik, 2004; Varit and songsin, 2011). Indeed, the quality of fresh produce treated with optimal hot 
water temperatures is significantly better than untreated produce, as determined by a sharp reduction in decay 
incidence and maintenance of several quality traits (Varit and songsin, 2011). 
 Moreover, the use of chlorine solutions such as calcium or sodium hypochlorite as disinfectants is known as 
chlorination and is used to prevent microbial inoculation (Hang and Gross, 1998). However, chemicals have been 
effectively used to reduce the incidence of postharvest disease, but increased economic, environmental, or health 
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concerns for these materials has prompted the evaluation and using of natural antimicrobial compounds. 
Numerous studies indicated NaCl effectiveness as an antimicrobial agent in reducing or inhibiting the growth of 
number microorganisms that it can be an interesting candidate for application as a surface disinfection for fresh 
fruits and vegetables (Cliver, 2003). 
 The purpose of this study was to examine the effect of dipping tomato fruits in hot water and surface 
disinfection with NaCl on the decay and postharvest quality of tomato fruits and determine whether these 
treatments are suitable to be used as practical postharvest treatments for tomato fruits. 
 

MATERIALS AND METHODS 
 

Plant materials    
 Mature green tomatoes (Lycopersicun esculentum cv. ‘Chef ’) were harvested from a commercial field in 
Ahvaz, Khozestan Province, Iran and were transferred to the laboratory on the same day. Uniform size and 
damage-free fruits were selected and were washed with tap water and then allowed to dry in air.  
 
Treatments 
 Samples randomly divided into three bathes: two bathes of fruits were applied with hot water dipping (HWD) 
treatments at 45

°
C for 30 and 60 minutes, respectively, and the third batch of fruits was as a control that was not 

dipped with hot water (0 minutes). After HWD treatments, one-half of each batch of fruits was disinfected in 0.85% 
NaCl solution for 30 minutes and another half was used untreated as control. Treated fruits were kept at 16

°
C with 

80% RH for 35 days. Parameters including firmness, chlorophyll content, carotenoid content, weight loss and 
decay percentage were assessed at 7 days intervals. 
 
Fruit firmness measurement 
 Firmness was determined by penetrometer (Model FT 327) and expressed as the force required to 
compressing the equatorial region of the tomato surface by 5mm. 
 
Determination of chlorophyll and carotenoid content 
 Chlorophyll and carotenoid content determined by spectrophotometric method according to Bajracharya 

(1998). One gram of tomato fruit was homogenized with 10 ml of 80% acetone. Spectrophotometric reading at 470, 

645 and 663nm were taken. Total chlorophyll and carotenoid (mg/g fresh weight) were calculated using the 

following formula: 

W

V
AAtissuegaChlmg  )(55.2)(25.12/. 645663

 

W

V
AAtissuegbChlmg  )(91.4)(31.20/. 663645

 

W
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W
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Determination of fruit weight loss 
 Weight loss of tomato fruits was measured using the following formula: 
%Weight loss= initial fruit weight- fruit weight on the day of observation / initial weight×100 
 
Measurement of decay percentage 
 The decay of the stored tomato fruits were determined by visual observation and calculated as the number of 

decayed fruit divided by initial number of all fruits (Neeta et al., 2010). 
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Statistical analysis 
 Statistical analysis was based on Complete Randomized Design (factorial) and performed using SAS. 

Difference in various treatments was analyzed by ANOVA and Duncan Multiple Range test (DMIT) was used to 

compare the means at P=0.05. 

 

RESULTS AND DISCUSSION 
 

Firmness 
 At the beginning of storage, firmness was 5126 g/cm

2
. As shown in Figure 1, all fruits softened progressively 

during storage, but those treated with hot water softened more slowly than those untreated fruits. So, HWD for 30 
and 60 minutes was effective in delaying fruit softening, especially when fruits were not disinfected with NaCl 
solution, while disinfection with NaCl and not treating with hot water increased rate softening of fruits.   
 
Weight Loss (WL) 
 As expected, weight loss of tomatoes increased progressively with extended storage. After 35 days of storage 

period, the lowest weight loss was obtained 3.55% in treated fruits with hot water for 60 minutes and not disinfected 

with NaCl. NaCl treatment without HWD accelerated the WL of fruits that was 16.19% at the end of the storage 

(Figure 1) 

 

 
Figure 1. Effect of hot water treatment (h1: not treated as control, h2: 45

°
C+30 minutes and h3: 45

°
C+ 60 minutes) and 

disinfection with NaCl (n1: without disinfection as control and n2: disinfected with 0.85%NaCl) on firmness and weight loss of 
tomato fruits during storage. Vertical error bars on data points represent the ±SE of the mean 

 
Chlorophyll and Carotenoid 
 At the beginning of storage chlorophyll content of tomatoes was 0.0343 mg/g FW and they were at mature 
green stage. Chlorophyll content decreased with extended storage in all treatments. Degreening in not disinfected 
fruits with NaCl and treated with hot water for 30 minutes was slower other than treatments and it was 0.0129 mg/g 
FW at the end of the experiment. Changes in carotenoid content showed the opposite pattern. Its initial value was 
2.53 mg/g FW that increased during the storage. The lowest value of carotenoid content detected in fruits treated 
with hot water for 60 minutes and not disinfected with NaCl (Figure 2). Negative correlation of changes in fruit 
chlorophyll and carotenoid content says that HWD delayed degradation of chlorophyll and the development of 
carotenoid. 
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Figure 2.  Effect of hot water treatment (h1: not treated as control, h2: 45

°
C+30 minutes and h3: 45

°
C+ 60 minutes) and 

disinfection with NaCl (n1: without disinfection as control and n2: disinfected with 0.85%NaCl) on chlorophyll and carotenoid 

content of tomato fruits during storage. Vertical error bars on data points represent the ±SE of the mean 

Decay 
 None of treatments showed any symptoms of decay until the third week of storage. Treated fruits with hot 
water for 30 and 60 minutes had the lowest decay level, and they showed no symptoms until the end of the storage 
period. In contrast, the highest level of decay was recorded for fruits without hot water treatment and not 
disinfected with NaCl solution (9.6% at the end of the experiment). In Fruits they were not treated with hot water but 
were disinfected with NaCl, 5% decay was observed at the end of the storage (Figure 3).  

 

 
Figure 3. Effect of hot water treatment (h1: not treated as control, h2: 45

°
C+30 minutes and h3: 45

°
C+ 60 minutes) and 

disinfection with NaCl (n1: without disinfection as control and n2: disinfected with 0.85%NaCl) on decay percentage of tomato 
fruits during storage. Vertical error bars on data points represent the ±SE of the mean 

  
 This study showed that hot water treatment delayed ripening rate by delaying softening, weight loss and 
degradation of chlorophyll and accumulation of carotenoid. Heat treatments by decreasing activity of cell wall 
degrading enzymes, disorder of the ethylene synthesis enzymes and loss of ripening-related mRNA synthesis can 
inhibit such biochemical pathways involved in ripening (Paull and Chen, 2000; Safdar khan, 2009). Firmness is an 
index to determine postharvest storage quality, which decreases during fruit maturation (Harman, 1981). (Safdar 
khan,2009) reported treated tomato with hot water had higher firmness at 42°C than untreated controls. This may 
be because of inhibition or inactivation of cell wall hydrolytic enzymes such as polygalacturonase and 
pectinesterase or suppression of mRNAs synthesis coding for wall softening enzymes in tomatoes (Picton and 
Grierson, 1988; Paull and Chen, 2000; Safdar khan, 2009). According to some studies, fruit exposed to 38 or 40°C 
hot air softened slower than control fruit (Klein and Lurie, 1992; Lurie, 1998). Weight loss is one of the symptoms of 
deterioration, degrading the quality and loosing the quantity (Ullah, 2009). In the present study hot water treated 
fruit had lower weight loss at 45°C than untreated controls. These results are in agreement with (karasahim et al., 
2005) that reported combined 40°C hot water and Uv-C treatment reduces weight loss of tomato fruits. In addition, 
Safdar khan indicated that heat treatment reduces fresh weight loss of tomato fruits over control at the end of 25-
day storage. A transpiration and respiration mechanism is main Cause of Water loss of fresh fruits (Bhowmik and 
Pan, 1992) but, in general, in most agricultural products including tomato 5-10% moisture loss is acceptable 
(Mathooko, 2003; safdar khan, 2009). Color of tomato is one of the quality factors of tomatoes for consumer 
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preference (Ullah, 2009).  In the present study HWD retarded color development and ripening process in tomato 
fruits. Our data are in accordance with previous researches. The delay in color development was occurred in 
treated cherry tomatoes with hot water (Lurie et al., 1996; Iwahashi et al., 1999). Hot water dips (39°C for 90 min) 
of mature green cherry tomato fruits delayed the color development (Ali et al., 2004). The delay in color 
development with heat treatment is due to inhibition of lycopene biosynthesis or its precursors such as phytoene 
and phytofluene (Yakir et al., 1984; Safdar khan, 2009). Many kinds of postharvest decays affect fresh fruits and 
vegetables (Hong and Gross, 1998). Hot water treatment reduced disease incidence. These results are in 
conformity with( Aquino et al., 2011) who reported HWD effectively reduced decay in tomato fruits.(Fallik et al., 
1993) represented that protective mechanism against disease may be due to action of heat in delaying ripening. 
They showed heated tomatoes were less susceptible to botrytis, which usually attacks ripe fruits. However hot 
water treatment may be benefit as nonchemical fungicidal treatment (Fallik et al., 1993). 
 Though many factors and treatments affecting ripening rate of tomato fruit have been investigated, there are a 
few reports about the effect of NaCl treatment on fruit ripening rate. The results in this study showed that NaCl 
treatment as a surface disinfectant accelerated ripening of tomatoes and reduced decay percentage. (Smid et al. 
,1996) reported that dipping fruit in 0.85% NaCl reduced pathogen population approximately 3-fold than untreated 
fruit. However, these data are in agreement with the previous suggestion that chlorine disinfection compounds 
reduced decay percentage (Bartz et al., 2001; Nasrin et al., 2008; Acedo et al., 2009). The preservation mode of 
NaCl as an antimicrobial agent can be attributed to a number of factors including dehydration, direct effect of 
chloride ion, removal of oxygen from the medium, sensitization of microorganisms to carbon dioxide, and 
interference of NaCl with the rapid action of proteolytic enzymes (Cliver, 2003).  
 In conclusion, the research indicated that both of hot water treatment and disinfection with NaCl were effective 
in reducing decay percentage, but only hot water treatment delayed ripening. Therefore, ‘Chef’ tomato can be 
stored successfully for a longer time at 16ºC and 80% RH if they are dipping into 45

°
C hot water for 30 or 60 

minutes before storage. 
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