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Abstract An experimental setup consisting of a forced-air-twin-chambers insulated device was 

built to generate a non-uniform (heterogeneous) heat treatment. The heterogeneous treatment 

insured that half part of tomato in one chamber to be exposed to warm air at a controlled 

temperature of 39.5°C and uniformly circulating at a velocity of 0.24m s-1, while the other half in 

the other chamber was exposed under unheated, controlled and stable conditions (23°C, 0.24m 

s-1). Temperature control for both chambers along with the desired fixed air flow rate is achieved 

using suitable instrumentation. The tested tomatoes were randomly divided into five lots: one 

was used as control, two were uniformly treated, and the other two were heterogeneously 

treated. Immediately after treatment the fruit were transferred to regular storage at 14°C, to 

ripening at 20°C or to chilling injury (CI) at 4°C. Color, firmness, titratable acidity (TA), total 

soluble solid (TSS) and severity of CI were measured or evaluated subjectively at designed time. 

Results indicated there existence of statistically significant difference between heated and 

unheated part for tested tomatoes in terms of color, and CI. As result of relative consistently 

higher value of TA and TSS, no significant difference in the taste indictor, suger:acid (TSS:TA) 

ratio, was noticed. The result implied that ripening process of heated part was delayed in 

particular period, and this delay was similar to the contrast between uniformly heated tomato and 

its control. The observed difference might be explained by the fact that the effect of heat 

treatment on tomato is localized rather than systemic. These findings addressed that ensuring 

uniform heat condition is of paramount importance to attain the desired effect. It is suggested to 

develop systems with media such as RF or microwave, or to optimize the layout of material 

treated with conventional media. 
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ABSTRACT 

An experimental setup consisting of a forced-air-twin-chambers insulated device 

was built to generate a non-uniform (heterogeneous) heat treatment. The 

heterogeneous treatment insured that half part of tomato in one chamber to be exposed 

to warm air at a controlled temperature of 39.5°C and uniformly circulating at a velocity 

of 0.24m s-1, while the other half in the other chamber was exposed under unheated, 

controlled and stable conditions (23°C, 0.24m s-1). Temperature control for both 

chambers along with the desired fixed air flow rate is achieved using suitable 

instrumentation. The tested tomatoes were randomly divided into five lots: one was used 

as control, two were uniformly treated, and the other two were heterogeneously treated. 

Immediately after treatment the fruit were transferred to regular storage at 14°C, to 

ripening at 20°C or to chilling injury (CI) at 4°C. Color, firmness, titratable acidity (TA), 

total soluble solid (TSS) and severity of CI were measured or evaluated subjectively at 

designed time. Results indicated there existence of statistically significant difference 

between heated and unheated part for tested tomatoes in terms of color, and CI. As 



result of relative consistently higher value of TA and TSS, no significant difference in the 

taste indictor, suger:acid (TSS:TA) ratio, was noticed. The result implied that ripening 

process of heated part was delayed in particular period, and this delay was similar to the 

contrast between uniformly heated tomato and its control. The observed difference might 

be explained by the fact that the effect of heat treatment on tomato is localized rather 

than systemic. These findings addressed that ensuring uniform heat condition is of 

paramount importance to attain the desired effect. It is suggested to develop systems 

with media such as RF or microwave, or to optimize the layout of material treated with 

conventional media. 
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INTRODUCTION 

Postharvest heat treatments are being used for disinfestation and disinfection for 

an increasing variety of crops, including fresh flower, fruit and vegetable (Lurie, 1998; 

Soto-Zamora, 2005). During the past few years, there has been an increasing interest 

for heat treatment to control insect pests, prevent fungal rots, modify ripening processes 

or minimize the commodity response to temperature extremes. Part of this interest is 

related to a growing demand for decreasing the chemical postharvest used against 

pathogens and insects. Heat treatment is considered as a potential non-damaging 

physical treatment for substituting chemical intervention. 



Fruit and vegetable are important sources of carbohydrates, proteins, organic 

acids, vitamins and minerals for human nutrition. When humans use plants or plant 

parts, whether for food or for aesthetic purposes, there is always a postharvest 

component that leads to loss (Fallik, 2004). The susceptibility of fresh harvested produce 

to postharvest diseases increases during prolonged storage, as a result of physiological 

changes that enable pathogens to develop in the fruit. 

In a time of increased awareness among consumers that many of the chemical 

treatments for fruit and vegetable to control insects, diseases, and physiological 

disorders are potentially harmful to humans, there is an urgent need to develop effective, 

non-damaging physical treatments for insect disinfection and disease control in fresh 

horticultural products. Although irradiation, hypobaric treatment or modified atmosphere 

packaging, are non-pesticide technologies that are being investigated to extend the 

storage and shelf life of fresh produce, heat treatment appears to be one of the most 

promising means for postharvest control of decay (Fallik, 2004). Heat treatments can 

also be used to slow down ripening processes, induce resistance to chilling injury (CI) 

and decrease external skin damage during storage for extending storability and 

marketing. Studies have covered many aspects of heat treatment on fruit and vegetable. 

Most of the investigations have been on a lab scale and empirical rather than 

commercial scale. Level of heat treatment homogeneity required for uniform result of is 

one of the largest obstacles for industrialization of the new concept. 

Only few studies consider the effect of heat treatment heterogeneity. Some 

studies have investigated uniformity during the cooling process (Vigneault and Castro 

2004; Castro et al, 2005). Large differences between heat transfer coefficient values (up 

to 40%) were observed after measuring temperature evolution at the center of spherical 



sensors used as produce simulators (Alvarez and Flick, 1999a,b). This heterogeneity 

resulted from local heat transfer coefficient differences leading to heterogeneous airflow 

conditions (velocity and turbulence). Pei and Hayward (1983) showed that proximity 

between two spheres generates an interaction between their boundary layers and 

wakes. This phenomenon, called the blockage effect, strongly enhances heat transfer 

for two adjacent spheres. To some extent, obtaining an absolutely homogenous and 

uniform heat treatment might only be a pipe-dream, especially at the commercial scale. 

A better understanding of the commodity's reaction to heterogeneous heat treatment, 

and development of methods which take this aspect into account should help paving the 

way to commercial applications of heat treatments. 

Fresh commodities are non-uniform, and hence a homogenous heating effect is 

difficult to achieve. A better understanding of the effect of heat uniformity on the quality 

of a treated commodity before the scaling up postharvest heat treatment is required. In 

addition, an understanding of the physiological processes occurring in fruit and 

vegetable tissue during and following a heterogeneous heat treatment should help in 

developing industrial application. 

The objectives of the present research were to: (1) study the effect of 

heterogeneous treatment on quality attributes of tomato; and (2) study the effect of 

heterogeneous treatment on chilling injury of tomato fruit. 



MATERIALS AND METHODS 

Experimental set-up 

An experimental setup (Fig. 1) consisting of a forced-air-twin-chamber insulated 

device was built to generate a heterogeneous heat treatment. The heterogeneous 

treatment insured that half part of tomato in one chamber to be exposed to warm air at a 

controlled temperature of 39.5°C and uniformly circulating at a velocity of 0.24m s-1; 

while the other half part of tomato in the other chamber was exposed under unheated, 

controlled and stable conditions (23°C, 0.24m s-1). Temperature control for both 

chambers along with the desired fixed air flow rate is achieved using suitable 

instrumentation.  

The setup was separated into two chambers by a 12 mm-thick insulation material 

(MicrocellTM) supported by a 5 mm-thick plastic plate: the upper (heated) and the lower 

(non-heated). The separated twin- chambers were further divided into 9 tunnels in order 

to expose tested tomatoes to relatively uniform airflow. The 70 mm length of tunnel 

prevented the tomato from airflow gradient along the flow direction. Steel material was 

chosen as tunnel separation material for its high heat conductivity increasing uniformity 

of the air temperature amongst the adjacent tunnels. Aluminum mesh plate coated with 

adhesive-bonded fabric covered the entrance of the tunnel to uniform airflows among 

tunnels. 

Holes of similar size (67X53mm) with the longitudinal cross-section of tomato 

were cut in the MicrocellTM to receive the fruit during treatment, and bigger holes (80 mm 

diameter) were cut on the plastic plate separating the twin chamber to position the 

tomato fruits along the center of the tunnel and expose half part of each of them to the 



two chambers conditions simultaneously. Although MicrocellTM was quite flexible to 

adjust to the size variability of the tomato fruits, it was still difficult to guarantee the air 

tightness between the twin chambers. Thus, the same air velocity was used for both 

chambers to get balance of pressure and decrease air infiltration from one chamber to 

the other. 

During the heterogeneous treatment, the upper part of tomato was exposed to 

39.5°C hot air, while the lower part of the tomatoes exposed to ambient temperatures 

(23°C), while during the uniform treatment, both part of the tomato were exposed to 

39.5°C hot air. During all the tests, the approach air velocity used was 0.24 m s-1.  

Instrumentation and control 

Two channels of 8-channel data acquisition system (Strawberry Tree, Sunnyvale, 

CA, USA) were used for controlling the experiment conditions, and control program was 

made via (Strawberry Tree, WorkBench PC for Windows, Sunnyvale, CA, USA). The 

Agilent data acquisition system (34970 Data Acquisition/Switch Unit – Agilent 

Technology, HP, Palo Alto, CA, U.S.A.) was employed for monitoring 18 air tunnel and 6 

thermocouples for recording tomato temperature profile. Program was made via custom-

made desktop software using Labview language (National Instruments Corporation, 

Austin, TX, U.S.A.). Temperature was recorded at 3-min interval.  

Material 

Tomato fruits (Lycopersicon esculentum Mill. DRW 453) at breaker stage (USDA, 

1976) and of uniform size were picked directly from the commercial greenhouse. Fruits 

were first surface-sterilized for 3 min with a chlorine solution (150 mg kg-1 Cl2 as sodium 



hypochlorite), then thoroughly rinsed with tap water for another 3 min, and finally left on 

filter paper to drain as recommended by Polenta et al. (2004). 

Treatment 

Cleaned tomatoes were then divided into five lots. Whole tomato or half part of 

tomato was exposed for a given time to 39.5°C hot air circulated at 0.24 m s-1. Each lot 

was submitted to one of the following treatments: 

I: Not treated and referred as the control unit (C) 

II: Uniformly treated for 6 h (U6)  

III: Uniformly treated for 6 h for 23 h (U23) 

IV: Heterogeneously treated for 6 h (H6 and C6 = heated and unheated part, 

respectively) 

V: Heterogeneously treated 23 h (H23 and C23 = heated and unheated part, 

respectively). 

After any treatment, the tomato fruits were divided into three groups to be stored 

at different temperatures (4°C, 14°C, and 20°C) and a fixed RH 90-93% for measuring 

the effect of the treatments on chilling injury (CI) and maturity process. For quality 

investigation, color, firmness, titratable acidity (TA) and total soluble solid (TSS) were 

measured at day 0, 4, 7, 11 for those stored at 14°C, and 20°C. One more measurement 

of all these parameters was taken at day 15 for tomatoes stored at 14°C. After 21 days, 

the fruits stored at 4°C were transferred to a 20°C RH 90-93% storage room for another 

11 day period and then evaluated for CI as suggest by Lurie and Sabehat (1997). 



Color 

Color is one of the most important quality factors associated with the evaluation of 

most horticultural produce. This is particularly true for tomato since consumers notice 

color first. This observation often provides preconceived ideas about other quality factors 

such as flavor or aroma (Gould, 1992). Based on the Commission Internationale de 

l’Éclairage (CIE), the a* value (indicating a color from green to red with increasing value) 

was determined with a Minolta chromameter (CR-400, Japan). The a* values were 

measured at two locations between equator and blossom end, and 4 locations on the 

equatorial region for both uniform and control treatments. For heterogeneous treatment, 

the a* values were measured at one location between equatorial and blossom end, and 

two locations on the equatorial region for each separated part of the fruit. The means of 

4 fruit was taken for the statistical analysis as suggested by Ali et al. (2004). 

Fruit firmness 

Firmness (resistance to compression) was determined by using a universal testing 

machine (Lloyd Instrument, LRX). This machine was equipped with a load cell of 100 N 

fitted with a standard 11.025 mm in diameter hemispherical-tip probe driven downwards 

at 0.416 mm s-1 to a depth of 5.5 mm. Firmness of individual fruit was measured twice 

on the opposite sides at the equator with locule underlying for the U treatment fruits and 

the C group. For H6, C6, H23, and C23, the firmness measurements were performed on 

two adjacent zones with locule underlying at the equator level and around the top on the 

heated and unheated part of tomato. Mean values of four replications were used for 

statistical analysis for each treatment. 



Titratable acidity and total soluble solid 

Four tomatoes of each treatment were sampled at designated observation day; 

10 mm width pericarp strip was cut off at the equator level from four tomato fruits of each 

treatment. The pericarp tissue was homogenized in Waring blender and centrifuged at 

4500 rpm for 5min at 2°C (Beckman AccuSpin FR). The supernatant juice was used for 

TA and TSS measurement. TA was determined using an automatic titrator, Titrino 719S, 

(Metrohm, Switzerland) with 2 ml of tomato juice diluted in 30 ml of distilled water. 

Titration was with 0.1N sodium hydroxide to pH 8.1. Titratable acidity is expressed as g 

citric acid/ ml of tomato juice. Mean values were obtained from seven lots of four fruits 

each, three reading for each lot. 

Total soluble solids (TSS) of the full strength juice was determined by the 

recommended method of A.O.A.C (1997), using a handheld refractometer (ATAGO 

ATC-1E, Japan) at room temperature. The representative sample of a well shaken juice 

is placed on absolutely dry and clean refractometer prism and readings taken directly. 

Total soluble solid is expressed as percentage on Brix scale. 

Chilling injury 

Tested tomatoes were stored at 4°C (Lurie and Sabehat, 1997) for 21 days before 

ripening at 20°C. The two most clearly documented symptoms of chilling injury in tomato 

fruit are susceptibility to decay and alteration of ripening pattern as evidenced by 

inadequate color development (Cheng and Shewfelt, 1988). Chilling injury, estimated 

visually as surface lesions on the fruit, pitting, decay and fruit color from green to red, 

was determined at day 11 after transferred to 20°C on all fruits in the 7-10 replicates of 

each treatment. Fruits were rated for physiological disorders such as pitting, stress scar, 



cracking, severity of irregular ripening; and pathological aggression indicators such as 

number and size of lesions, appearance of typical colony. Assessment was determined 

by 2 assessors using 0-5 scale (0-free of defect, 5-extremely susceptible). 

Statistical analysis 

Experiments were performed according to a factorial design, being time and 

treatments the factors. Statistical analysis was performed with the GLM procedure of 

SAS (SAS Institute Inc., 1989) and the treatment differences were separated using the 

Duncan Multiple Range Test. Paired t-test was used to determine the difference 

between heated and unheated parts for the heterogeneous treatment. 

RESULTS 

Color 

The results of paired t-test are shown in Table 1. The color value a* of H23 

(heated part of heterogeneously treated tomato fruits for 23 h) and C23 (unheated part) 

either stored at 20°C or 14°C was significantly different. For the fruits stored at 20°C, the 

difference increased from day 4 and day 7 compared to day 1. However, a significant 

decrease was observed at the end of storage period. The H6 and C6 were not 

significantly different when held at 20oC during the observation period, except at day 4 

when H6 displayed a significantly lower a* value. For the fruit stored at 14oC the a* value 

of both heated and non-heated side remain much alike until the 4th of storage. As the 

fruit evolved toward ripening significant differences were observed between H6 and C6 

at day 7 and 11, but not afterward that is on day 15. 



A delay in red color development was observed for uniformly heated tomatoes (U6 and 

U23) compared with control ones(C) (Table 2). The delay was larger with longer 

treatment time. As expected, for the non-uniform treatment, H23 had a significantly 

lower red index than its non heated counterpart, C23. The picture was different for the 6 

h non-uniform treatment for which no significant differences were observed neither 

between H6 and C6 or the unheated control (C). The a* value of H23 was in the same 

group with U23 as shown by the Duncan multiple range test. Similar results can be seen 

for those stored at 14°C, except that the H23 showed the same coloring process as U6 

instead of U23. 

Firmness 

The heat treatment with hot air significantly reduced the firmness of the tomato 

fruits compared to control ones (Table 2). The longer the treatment was, the softer the 

tomato fruits were. 

After stored at 14°C, all treated tomato fruits were softer than control without any 

significant difference between heated and unheated parts for the heterogeneously 

treated fruits. After stored at 20°C, H23 were softer than control ones and showed 

similar firmness with the U23; however, no significant difference was found from 

unheated parts. There was no significant difference of firmness between H6, C6 and U6. 

Titratable acidity 

The effect of heat treatment on TA is presented in Table 2 and Figure 2. Stored at 

20°C, no matter uniform or heterogeneous condition, tomato treated showed 

significantly lower acidity lost compared to control. However, there was no significant 

difference between all heat treatments. Fig. 2a represents the TA trend during storage at 



20°C. The control and C6 and C23 showed a lower TA than the other treatment before 

day 7, which suggests that TA of C group and the C6 and C23 decreased faster than 

their counterparts. However, later in storage, TA of C6 and C23 tended to approach to 

their counterparts. For those stored at 14°C, this tendency (Fig.2b) was less pronounced 

than at 20°C and the data recorded were more variable.. 

Under 14°C storage conditions, beside showing a significant difference from the 

control group, H23 fruits maintained the highest level  of acidity than U6 and U23 and H6 

(Figure 2b). TA of H23 was statistically higher than C6. Still, no significant difference 

was identified among the other treatment. Moreover, H6 and U6 and U23 fruits showed 

similar TA (Table 2). 

Total soluble solid 

TSS of the different treatments dispersed after day 0 and the discrepancy range 

maximized at day 4 for fruits stored at 14°C (Fig. 3b) or at day 7 for 20°C (Fig. 3a), and 

then started converging. TSS generally decreased at the end of the storage period. TSS 

of U6, U23, H6 and H23 were higher than control, C6 and C23 for both storage 

conditions, 14°C and 20°C. The only exceptions were observed for the values measured 

in both H6 and C6 after 7 days and in C23 at 11 days which were lower at 20oC; and in 

C6 at 4 and 7 day and in C23 at day 7 which was similar to the control at 14oC.This 

result implies that heat treatment may delay the decreasing of TSS during storage and 

ripening process, especially during the prophase of storage. 

Considering the whole storage period, TSS of U23 and H23 showed significantly 

higher TSS content than control when stored at 14°C. Stored at 20°C, except for U23, 

there was no difference between any treatments and control. Similar results were shown 



for those stored at 14°C (Table 2), except that U23 presented significant difference from 

C6 fruits. 

All the differences mentioned above disappeared at the end of the storage period 

(Fig. 3a and 3b) and without considering the peak range observation day (day 7 at 20°C 

or day 4 at 14°C) (Table 2), with an exception for a continuous difference between U23 

and control stored at 14°C. 

TSS/TA ratio 

The sugar/acid ratio is an important taste factor and indicator of maturity and/or 

ripeness in some mature, fruit-type vegetables such as tomato (Malundo et al., 1995). 

The results showed no significant difference in term of TSS/TA ratio among all 

treatments and control group at 20°C. In fruit held at 14oC the C, U6 and U23 groups 

tend to display higher ratio than the other treatments. However, only U23 show 

significantly higher TSS/TA ratio than the heterogeneous treatments. Although heat 

treatment increased both TSS and TA, the sugar/ acid (TSS/TA) ratio was not affected. 

There was apparently no significant difference in the overall TSS/TA ratio 

between the heated part versus the non heated part of non-uniformly treated tomato 

independently of the treatment duration or of the post-treatment storage temperature. 

Such a statement suggests that heat treatment did not have marked effect on the sweet 

sour taste characteristic of tomato. The only significant difference encountered was 

between U23 with all part of the heterogeneous treatment: H6, C6, H23 and C23. 

 Later during storage at 20°C, TSS/TA ratio of all treated fruits showed a gentler 

increasing tendency compared to the control (Fig 4a). At the end of storage at 14°C, 

H23 presented a significant different with H6 only (Fig.4b). 



Chilling injury 

No significant difference in severity of CI was showed between the H6 and C6 

fruits (Table 3). However, (Fig.5, Fig. 6), the C23 parts showed significantly heavier 

symptoms than on the H23 parts, especially for pitting on the stem scar side, black 

stress scar and discoloration. 

CONCLUSION 

Significant difference was showed immediately after treatment between heated 

parts and unheated parts of tomato fruits under 23 h heterogeneous treatment, and the 

differences were maintained upon transfer of tested tomatoes to storage both at 14°C 

and 20°C.  Although 6 h heterogeneous treatment did not shows a* difference right after 

treatment, significant difference appeared at day 4 under 20°C storage condition. 

However, there was no difference in the a* value toward the end of storage suggesting 

that the delay in ripening did not affect irreversibly lycopene synthesis. 

Compared with control group, tomato heat treated showed softer tendency, but 

fruit firmness between heated and unheated parts did not differ. Due to ripeness, the 

difference between treated fruits, including uniform and heterogeneous treatment, and 

control diminished at the end of storage period. 

Delay in ripening caused by heat treatment was expressed in U6, U23, H6 and 

H23 by the higher TA and TSS value. This effect declined by the end of storage. As a 

result of relative consistently higher value of TA and TSS, no significant difference in the 

taste indictor, suger:acid ratio, was noticed, implying that basic tomato taste might be 



same in heated and unheated parts of heterogeneously treated tomatoes, even heated 

tomato with control. 

The overall quality of tomato of 23 h heterogeneously treated tomato was better 

than 6 h treatment group. In all cases, the heated parts of heterogeneously treated 

tomatoes showed a stronger resistance to chilling injury. 

Based on above, the effect of heat treatment on tomato is likely localized other 

than systemic. Consequently, these finding addressed that ensuring treated material 

under uniform heat condition during treatment is the only way to get idealized and 

desired benefit. It is recommended, to choose media that provide more uniform 

treatment medium such as RF or microwave (Birla et al., 2004; Karabulut et al., 2002; 

Mitcham et al.,2004), or to optimize fruit layout during treatment with conventional 

media. 
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Table 1. t-Test: Paired Two Sample for Means of a* at 14oC and 20oC 

    20°C 14°C 
day   H6 C6 H23 C23 H6 C6 H23 C23 

Mean -4.16 -2.42 2.70 5.56 -4.16  -2.42  2.70 5.56 
t Stat -0.96  -3.37  -0.96  -3.37  1 

P(T<=t) two-tail 0.38  0.01  0.38  0.01  
Mean 15.20 16.03 12.22 15.74 12.98  13.39  9.78 15.81 

t Stat -3.17  -5.37  -0.56  -6.08  4 
P(T<=t) two-tail 0.01  0.0002  0.59  0.0001  

Mean 18.85 18.61 17.30 19.33 17.42  18.42  13.76 16.78 
t Stat 0.79  -5.98  -2.74  -7.87  7 

P(T<=t) two-tail 0.45  0.0001  0.02  0.00001  
Mean 20.67 20.45 19.58 20.37 19.44  20.13  18.74 20.47 

t Stat 0.94  -2.44  -2.48  -5.09  11 
P(T<=t) two-tail 0.37  0.03  0.03  0.0003  

Mean         20.46  20.29  19.37 20.76 
t Stat         0.57  -3.96  15 

P(T<=t) two-tail         0.58  0.002  
 

Table 2.  Duncan Multiple range test showing the effect of treatments (Trtmt) on 

investigated parameters. 

Color Firmness TA TSS TSS:TA 
Trtmt a* Fmax (N) (g/ml) (%) ratio 

 20 14 20 14 20 14 20 14 20* 14* 20 14 
C 18.75a  18.24a 9.99a 11.80a 4.492b 4.826c 4.24b 4.11c 4.27a 4.11b 0.944a 0.858ab

U6 17.55b  15.63b 9.53abc 10.50b 4.725ab 4.920abc 4.32ab 4.23abc 4.33a 4.24abc 0.914a 0.856ab

U23 15.60c  13.92c 8.99c 9.92b 4.902a 5.005abc 4.48a 4.37a 4.45a 4.33a 0.937a 0.893b

H6 18.24ab  17.51a 9.80ab 10.48b 4.603ab 5.051abc 4.27b 4.23abc 4.33a 4.22abc 0.927a 0.845a

C6 18.36ab  18.01a 9.86ab 10.58b 4.533ab 4.920bc 4.22b 4.16bc 4.30a 4.19ab 0.931a 0.840a

H23 16.45c  15.41b 9.09c 9.98b 4.873a 5.227a 4.41ab 4.31ab 4.42a 4.28ab 0.904a 0.831a

C23 18.53ab  18.46a 9.24bc 9.84b 4.658ab 5.105ab 4.26b 4.23abc 4.28a 4.19abc 0.913a 0.836a

Means followed by the same letter in the same column are not significantly different at α = 0.05. 
* Without considering day7 at 20°C or day 4 at 14°C 



Table 3. t-Test: Paired Two Sample for Means of CI severity on day 11 at 20°C after 21 

days at 4°C. 

  H6 C6 H23 C23 
Mean 1.545  2.023 0.977  2.500  

Variance 1.974  3.678 1.726  7.286  
Pearson Correlation 0.658  -0.064  

df 21 21 
t Stat -1.542  -2.322  

P(T<=t) two-tail 0.138  0.030  
t Critical two-tail 2.080  2.080  
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Figure 2 Effect of different heat treatments on titratable acidity (TA) storaed at 20°C (a) 

or 14°C (b) (of tomatoes untreated (C), uniformly treated for 6 h (U6), 23 h 
(U23), heated part of non-uniformly treated for 6 h (H6), unheated 6 h (C6), 
heated part of non-uniform treatment for 23 h (H23), and unheated part of 
non-uniform treatment for 23 h (C23)). 
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Figure 3  Effect of different heat treatments on total soluble solid (TSS) stored at 20°C 

(a) or 14°C (b) (of tomatoes untreated (C), uniformly treated for 6 h (U6), 23 h 
(U23), heated part of non-uniformly treated for 6 h (H6), unheated 6 h (C6), 
heated part of non-uniform treatment for 23 h (H23), and unheated part of 
non-uniform treatment for 23 h (C23)). 
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Figure 4  Effect of different heat treatments on TSS:TA ratio stored at 20°C (a) or 14°C 

(b) (of tomatoes untreated (C), uniformly treated for 6 h (U6), 23 h (U23), 
heated part of non-uniformly treated for 6 h (H6), unheated 6 h (C6), heated 
part of non-uniform treatment for 23 h (H23), and unheated part of non-
uniform treatment for 23 h (C23)). 
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Figure 5  CI severity of untreated tomatoes (C), heated part of non-uniformly treated for 
6 h (H6), unheated 6 h (C6), heated part of non-uniform treatment for 23 h 
(H23), and unheated part of non-uniform treatment for 23 h (C23). 
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Figure 6 Effect of heterogeneous heat treatment on chilling injury: a) heated parts of 
23 h heterogeneous treatment; b) unheated parts of 23 h heterogeneous 
treatment; c) blossom side of control; d) stem side of control. 

 


