
1269 

Impact of Water Heat Treatment on Physical-Chemical, Biochemical and 
Microbiological Quality of Whole Tomato (Solanum lycopersicum) Fruit 
 
J. Pinheiro and C.L.M. Silva 
CBQF/Centro de Biotecnologia e  
Química Fina 
Escola Superior de Biotecnologia 
Universidade Católica Portuguesa 
Porto 
Portugal 

C. Alegria, M. Abreu, 
M. Sol and E.M. Gonçalves 
UITA/Unidade de Investigação de 
Tecnologia Alimentar 
Instituto Nacional de Recursos Biológicos, I.P. 
Lisbon 
Portugal

 
Keywords: mature-green tomato, colour, firmness, enzymatic activity, phenolic 

compounds, microbial load 
 
Abstract 

Water heat treatments (WHT) are applied to fresh fruits for disinfection 
purposes as well as to promote changes to the biochemical pathways involved in the 
ripening process, resulting in remarkable beneficial effects on postharvest quality 
maintenance and storage life extension. The objective of this study was to evaluate the 
overall effects of WHT on tomato (Solanum lycopersicum ‘Zinac’) quality and to 
determine an optimal WHT condition to extend its shelf-life. Fruits were immersed in 
hot water at different temperatures (from 40 to 60°C) and during different periods of 
time (2 to 60 min). WHT effects on fruit colour CIELab parameters (a* and °h), firm-
ness (N), peroxidase (POD) and pectinmethylesterase (PME) enzyme activity, total 
phenolic content (TPC) and microbial load (mesophylic and yeasts & moulds counts 
(Y&M)) were evaluated. After WHT no observable color changes were denoted in all 
heat treated samples. At lower WHT, 40-50°C, maintenance in firmness was obtained 
when compared to untreated samples. Significant reductions on tomato firmness were 
observed in treatments with temperatures higher than 55°C. Both evaluated 
enzymatic activities were affected by the heat treatments. Regarding POD enzyme, an 
increase in its activity was found with intensive WHT, while PME activity decreased at 
all tested conditions with two exceptions (45 and 60°C). In fruits treated at 40°C/30 
min the highest increase in TPC was found when compared to the control sample 
(ca. 27%). WHT at 50°C/2 min or 40°C/30 min promoted a reduction in mesophylic 
and Y&M load to undetectable levels, showing the effectiveness of these treatments to 
control microbial development in tomato fruits. Therefore, these treatments present 
an alternative postharvest process for tomato storage with beneficial effects to fruit 
quality as well as extension of shelf life. 

 
INTRODUCTION 

Alternative physical technologies for delaying ripening changes of whole fruits 
have been developed in order to attend to the consumers’ demand for high quality 
products.  

Water heat treatments (WHT) have been effective for controlling insects, 
microbial development and delaying fruits response to extreme storage temperature 
(Soto-Zamora et al., 2005). WHT promotes changes to biochemical pathways involved in 
the ripening process, resulting in remarkable beneficial effects on fruits postharvest 
quality maintenance and storage life extension (Lurie, 1998; Fallik, 2004). Several post-
harvest studies reported the benefits of WHT to delay fruit softening during storage, 
namely Lurie and Klein (1990) on apples and Civello et al. (1997) on strawberries. 

Tomato (Solanum lycopersicum) is one of the most popular and nutritious fruits in 
the Mediterranean diet. Tomato is a climacteric fruit, which means that fruit metabolism 
continues even after detachment from the plant. Consequently, several important changes 
occur during the ripening process, such as increase of the respiration rate, accompanied 
by the increase of carbon dioxide and ethylene production; the synthesis of pigments 
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(e.g., yellow orange carotenoid and red lycopene) followed by a color change from green 
to red; production of flavor and aroma compounds; loss of fruits firmness due to activity 
of different enzymes; and senescence.  

Not enough information is available on the immediate effects of exposure to 
moderate WHT on tomato overall quality. Therefore, the objective of this study was to 
determine an optimal WHT condition which allows the delay of normal fruit ripening, 
evaluating its overall effects on tomato (‘Zinac’) quality. 

 
MATERIALS AND METHODS 

Tomatoes (‘Zinac’) were obtained from a commercial greenhouse (Carmo and 
Silvério, Lda.) in centre west of Portugal. Fruits were harvested at mature-green stage and 
their classification was performed through external color according to USDA standard 
tomato color classification (USDA, 1991). Fruits were selected with uniform color and 
size, and without bruises or signs of infection. Upon arrival to the laboratory, fruits were 
immersed in a hot water bath at different intensities of treatment (Table 1). After WHT, 
fruit were cooled 5 min on an ice/water bath, dried with paper and immediately analyzed.  

Fruit color was measured on the equatorial zone with a Minolta CR-300, 
previously calibrated with a white standard tile (L*=97.10; a*=0.19; b*=1.95). The 
evaluated color parameters were a* and hue (°h=arctg (b*/a*)), since these parameters are 
the most recommended to set tomato color (Camelo and López, 2004). Sixteen 
measurements were taken from 8 fruits per each heat treatment condition. 

Firmness was determined by a penetration test using a Texture Analyzer (TA.HDi, 
Stable Microsystem Ltd, Godalming, UK) with a 50 N load cell and a stainless steel 
cylinder probe with a 2-mm diameter, a speed of 3 mm s-1, and at a penetration distance 
of 7.5 mm. Tomato firmness was recorded at the maximum peak force (N) of the test. 
Sixteen measurements, at the equatorial zone of the fruit, were taken from 8 fruits per 
each heat treatment condition. 

POD activity was determined as described in Yahia et al. (2007) with some 
modifications. Four tomato fruits were chopped and blended for 2 or 3 min. Ten g of 
blended tomato were homogenized with 50 ml sodium phosphate buffer (0.05 M pH 7.0) 
and centrifuged (Sorvall RC-5, rotor SS34, Dupont, Wilmington, United States) at 
19000 rpm for 20 min at 4°C. The reaction medium contained 2.855 ml sodium phosphate 
buffer (0.05 M, pH 6.0), 45 μl guaiacol (1%), 40 μl H2O2 (0.3%) and 60 μl enzyme 
extract. The absorbance was recorded at 470 nm with a Unicam UV-VIS spectrophoto-
meter (Unicom Limited, Cambridge, United Kingdom). The definition used for 1 unit of 
enzyme activity was the amount of enzyme that produced a change in absorbance of 1.0 
per min per ml of extract sample (Abs. min ml-1), under assay conditions.  

PME activity was determined by a spectrophotometric procedure based on the 
method of Hagerman and Austin (1986). Four tomato fruits were chopped and blended for 
2 or 3 min. Ten g of blended tomato were homogenized with 90 ml of cold 1.5 M NaCl, 
using a Yellow line DI 25 basic polytron (IKA-Labortechnik, Stauten, Germany). The 
mixture was centrifuged (Sorvall RC-5, rotor SS34, Dupont, Wilmington, United States) 
at 19000 rpm for 20 min at 4°C. Then the supernatants were filtered and adjusted at 
desired pH (CrisonMicro pH 2001, Crison Instruments, Spain) with NaOH 0.1 and 
0.01 N. The standard reaction mixture contained 0.5% pectin from citrus fruits (Sigma 
Aldrich - 2 ml), 0.01% cresol red in sodium phosphate buffer at 0.003 M and pH 8.8 
(0.150 ml), enzyme extract and water (0.05 and 0.800 ml, respectively). The reaction 
mixture was incubated at 30°C and the activity was measured at 573 nm during 1 min 
(ATI Unicam UV/VIS UV4 spectrophotometer, Unicom Ltd., Cambridge, United King-
dom). Enzyme activity is expressed as the amount of enzyme that produces a change in 
absorbance of 1.0 per min per ml of extract sample (Abs. min ml-1), under assay 
conditions.  

Both enzymatic activities (POD and PME) were expressed as activity units per 
100 g of fresh tomato and the results were normalized in regard to the corresponding fresh 
tomato activity (%, P/P0*100), where P0 is the initial enzymatic activity at initial time 
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and P the activity at time t. Final enzyme activities were determined from the average of 
four independent measurements from 4 fruits each. 

Total phenolics were determined using the Folin-Ciocalteau reagent (Singleton 
and Rossi, 1965). Four fruits were chopped and blended for 2 or 3 min. Ten g of blended 
tomato were homogenized in 70% aqueous methanol (10 ml), using a Yellow line DI 25 
basic polytron (IKA-Labortechnik, Stauten, Germany), centrifuged (Sorvall RC-5, rotor 
SS34, Dupont, Wilmington, USA) at 19000 rpm for 20 min at 4°C and the supernatant 
was collected. One hundred micro liters of supernatant were mixed with 5 ml of Folin-
Ciocalteau (1/10, v/v) and 4 ml of Na2CO3 (7.5%, w/v). The mixture was placed in a 
water-bath (45°C, 15 min) and the absorbance measured at 765 nm in an ATI Unicam 
UV/VIS UV4 spectrophotometer (Unicom Limited, Cambridge, United Kingdom), using 
gallic acid as a standard. Results were expressed as milligram gallic acid equivalents 
(mGAE) 100 g-1 of tomato and were recorded as average of 6 independent measurements. 

Total mesophilic aerobic count (TAPC) was performed according to EN ISO 
4833:2003. Yeasts and moulds (Y&M) were determined following ISO 15214 (1998) 
using Rose Bengal Chloramphenicol Agar, surface inoculation, incubated at 25°C during 
5 days. Microbial counts were expressed as Log10 (cfu g-1).  

Data were subjected to analysis of variance (one-way ANOVA) using Statistica 
v.7.0 (Statsoft, 2004) to assess WHT effects on colour, firmness, POD and PME activity, 
TPC and microbial count. Tukey test was used to determine significant differences 
between samples (P<0.05). 

 
RESULTS AND DISCUSSION 
 
Color Evaluation 

The surface of fresh tomato (untreated) presents a* and °h average values 
(± standard deviation) of -12.97±0.80 and 117.65±1.87, respectively, revealing the 
predominant green color of the fruits. Treatments at a temperature range of 40-50°C did 
not contributed to a significant (P>0.05) change on tomato color (Fig. 1A,B). However, 
treatments at higher temperatures induced an increase in a* values (for example ca. 27% 
at 55°C/10 min), leading to losses in tomato green color. These results were similar to the 
ones reported by Jing et al. (2009) on heat treated cherry tomato.  

 
Firmness Evaluation 

Figure 2 presents the effect of different WHT on tomato firmness. Treatments at 
low intensities (40 to 50°C for any given time) did not induce any firmness changes in 
comparison with fresh tomato (16.08±0.43 N). Zhou et al. (2002) found also that the 
firmness of heat treated peaches at 40°C (1 h) did not differ significantly from the 
untreated fruit samples. Nevertheless, as the WHT temperature and time increases, a 
significant (P<0.05) decline on firmness was detected. For instance, at 55°C/12 min a 
20% reduction was observed when compared to untreated tomato firmness.  

 
Total Phenolics Content 

The initial value (average ± standard deviation) of fresh tomato total phenolic 
content (TPC) was 30.02±1.78 mGAE.100 g-1. As shown in Figure 3, tomato TPC 
increased as a result of WHT, except for fruits treated at 55 and 60°C. The highest 
increase in TPC content was observed in tomato treated at 40°C/30 min (27%). The 
observed increases in phenolics compounds achieved by WHT are considered as a 
favorable response, since these compounds are considered to be indicators of natural 
health promoting bioactive compounds, as referenced by Kris-Etherton et al. (2002).  

 
Peroxidase and Pectinmethylesterase Activity 

Changes in tomato POD and PME activities after WHT are observed in Figure 4 A 
and B, respectively. The average POD activity of untreated tomato was 25.25±1.2 U 
100 g-1. POD is the most heat-resistant enzyme, plays an important and diverse bio-
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chemical role in higher plants and is involved in plants stress responses (Malana et al., 
2000; Yahia et al., 2007). In general, heat treatments of the tested intensities are not high 
enough to allow for POD inactivation. However, a decrease in POD activity was observed 
at 50°C/2 and 7 min and after treatment at 40°C/30 min. Lamikanra and Watson (2007) 
observed that hot water treatment (60°C/60 min) increased POD activity in processed 
cantaloupe melon, immediately after heat-treatment. Also, Dong et al. (2004) reported 
increases in POD activity in heat-treated broccoli (45°C/1, 4 and 8 min). 

PME enzyme activity is directly involved in texture changes during the post-
harvest phenomena of fruits (Tangwongchai et al., 2000). Untreated tomato had a PME 
activity of 7.72±0.61 U 100 g-1 (Fig. 4B). After treating tomato fruits with WHT at 45 and 
60°C, an increase in PME activity was observed. Similar behavior was reported by 
Beirão-da-Costa et al. (2008) on kiwifruit slices heated at 45°C during 25 min and by 
Vicente et al. (2002) in heat-treated strawberry fruits (45°C/3 h hot air). The increase in 
PME activity due to mild-heat treatments can be associated to the observed firming effect 
on tomato. For instance, at 45°C/5 min, an increase of 67 and 5% on PME activity and 
firmness, respectively, was obtained. The other tested WHTs resulted in enzyme activity 
decrease. 

 
Microbial Count 

In Figure 5 the effect of WHT on the microbial load of tomato (mesophylic count 
and yeasts and moulds, respectively) can be observed. All tested WHTs on tomato fruits 
resulted in reductions of the initial microbial load of fresh tomato. For instance, WHT at 
40°C/30 min and 50°C/2 min, provided a decontamination effect to undetectable levels. 
Contrary to results reported by Lurie et al. (2000) and Klaiber et al. (2005), treatments 
with higher intensities did not provide further effectiveness to microbial inactivation.  

Identical benefits of WHT to reduce microbial load have been reported by many 
authors on several fruits and vegetables, such as on cantaloupe melon after a 75°C/1 min 
treatment (Selma et al., 2008) and on shredded carrot treated at 100°C/45 s (Alegria et al., 
2009). The results gathered in this study are in agreement with the work by Lurie (1998), 
where WHT was more effective to control yeasts and moulds. 

 
CONCLUSIONS 

WHTs, as emerging postharvest treatments, have been studied to promote fruits 
quality maintenance, namely by controlling microbial development, and consequently 
extend its shelf life. In this study, quality preservation was achieved after treating tomato 
at 40°C/30 min and 50°C/2 min. These WHT on whole tomato increased phenolic content 
in ca. 27%, provided control over the enzymatic activities and promoted significant 
reductions on microbial load (mesophylic and yeasts & moulds count), without significant 
changes to fruits color and firmness. Nevertheless, future studies will be necessary to 
assess the efficiency of the recommended WHTs on the delay of ripening of tomato 
during storage. Future studies will be required to evaluate if the observed changes remain 
during storage or if they are only transient during the first hour after treatment. 
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Tables 
 
Table 1. Heat treatment conditions applied to tomato fruits. 
 
T (°C) Time (min) 
40 5 15 30 45 60 
45 5 10 20 30 40 
50 2 5 7 10 15 
55 2 5 7 10 12 
60 2 5 7 10  

 

 

Figurese 

 

 

(A) 

 

(B) 

Fig. 1. Water heat treatment effects on tomato color parameters: (A) a* and (B) °h value. 
Vertical bars represent standard deviation. 

 
 



1275 

 
 
 

Fig. 2. Water heat treatment effects on tomato firmness (N). Vertical bars represent 
standard deviation. 

 
 
 
 
 
 
 
 

 

Fig. 3. Water heat treatment effects on tomato total phenolic content (TPC, mGAE 
100 g-1). Vertical bars represent standard deviation. 

 
 

 

 

(A) (B) 

 
 

Fig. 4. Water heat treatment effects on tomato enzymes activity: (A) peroxidase (POD, %) 
and (B) pectinmethylestesterase (PME, %). Vertical bars represent standard 
deviation. 
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Fig. 5. Water heat treatment effects on tomato microbial load (Log10 cfu.g-1): (A) 

mesophylic count and (B) yeasts & moulds (Y&M). Vertical bars represent 
standard deviation. 


