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Abstract 
 

A rapid and non-destructive assessment of quality parameters in tomatoes was evaluated 
using a portable differential absorbance (DA) meter in order to accurately establish 
optimum harvest maturity. A commercial tomato variety cv. ‘BARI Tomato-8’ grown in the 
summer season of Bangladesh was used in this study. Different quality parameters including 
fruit skin colour, tissue firmness, chlorophyll contents, ascorbic acid, total soluble solids 
(TSS), titratable acidity and pH of tomatoes were determined using standard reference 
methods. Correlation analysis was performed to determine the relationship between the 
difference in absorbance index (IDA) and fruit quality parameters. The correlation 
coefficients showed good ability in estimating the hue angle, chlorophyll contents, titratable 
acidity and firmness of tomatoes showing ‘r’ values of 0.93, 0.91, 0.91 and 0.92-0.94, 
respectively. However, the changes of ascorbic acid contents and TSS of tomatoes did not 
follow the linear model during fruit maturation. Thus, the DA meter could most accurately 
predict the major quality attributes and may be used as an efficient technique for in-plant 
non-destructive assessment of tomato fruit qualities. 
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Introduction 
 

Tomato (Solanum lycopersicum L.) is one of the 
most important crops grown extensively 
throughout the world especially in the temperate 
region. The crop is sensitive to environmental 
factors like temperature and solar radiation 
(Bhatt et al., 1999). However, nowadays, 
tomatoes are growing both in winter and summer 
season in Bangladesh.  
 

Maturity is an integral component of produce 
quality particularly in the context of commercial 
maturity (Wills et al., 1998). Maturity index is the 
sign or indication of the readiness of fruits and 
vegetables for harvest according to the 
consumer's choice (Bautista and Esguerra, 1990). 
Generally, tomatoes are harvested at either the 
breaker-turning stage or ripe stage. However, 
precise determination of tomato maturity is 
difficult at harvest. Fruits are harvested at 
different degrees of maturity and a proportion of 
fruits may be immature. Thus, harvesting of fruits 
of different maturity at the same time is a 

common problem even though fruits may have 
the same skin colour at harvest (Tadesse et al., 
2002). If fruits are picked at immature stage, they 
may stay green longer but may not develop 
acceptable colour and flavour upon ripening 
(Boonyakiat et al., 1987), which may lead to loss 
of consumer confidence. Over matured fruit, on 
the other hand, lose their attractiveness and 
crispiness and become slimy in texture within 
very short time (Pareek, 2001). Therefore, 
determining the optimum maturity will benefit 
both consumer and grower. Thus, there is a need 
to develop optimum maturity and quality indices 
for tomato that are objective and consistent more 
reliable than existing methods. 
  

The maturity stage of tomato is normally 
determined based on destructive parameters such 
as flesh firmness, starch breakdown, levels of 
acidity and soluble solid content, on a small 
sample of fruit that may not fully represent of the 
variability within fruit batches. A non-destructive 
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instrument, differential absorbance (DA) meter, 
on the other hand, was claimed to able to carry 
out measurements on much larger sample sizes 
with the added advantage of repeated analysis in 
time over the same samples to follow their 
physiological evolution. The DA meter measures 
the chlorophyll content in a fruit and, as a 
consequence, its state of maturity. This 
experiment was therefore conducted to assess a 
non-destructive measurement of tomato maturity 
and quality characteristics using a portable DA 
meter.  
 

Materials and Methods 
 

Flower tagging and fruit harvest 
 

A popular commercial summer tomato variety cv. 
BARI Tomato-8 grown at the research field of 
Horticulture Research Centre, Bangladesh 
Agriculture Research Institute (BARI), Gazipur, 
Bangladesh was used in this experiment. Flowers 
were tagged on first day of fruit set to determine 
the stage of fruit development. Tomatoes were 
harvested at every alternate day started on 21 
days after fruit set (DAFS) until 31 DAFS. Flowers 
were tagged on first day of fruit set to determine 
the stage of fruit development. Sixty randomly 
selected tagged fruits from different plants were 
harvested at each alternate day started on 21 days 
after fruit set (DAFS) until 31 DAFS to determine 
their physicochemical properties like tissue 
firmness, external colour, chlorophyll index using 
DA meter, TSS, ascorbic acid content and pH. 
 

Measurements of surface colour 
 

Surface colour of tomato was measured with a 
Chroma Meter (Model CR-400, Minolta Corp., 
Japan). CIE L*a*b* coordinates were recorded 
using D65 illuminants and a 10° Standard 
Observer as a reference system. L* is lightness, a* 
(-greenness to +redness) and b* (-blueness to 
+yellowness) are the chromaticity coordinates. 
The a* and b* values were converted to chroma 
[C = (a*2 + b*2)1/2] and hue angle [h = tan-1 

(b*/a*)]. Before measurement, the equipment 
was calibrated against a standard white tile. Skin 
colour was measured at two opposite middle 
positions on the fruit surface using 20 fruits 
replicated thrice at each sampling period. 
 

Measurement of fruit firmness 
 

Firmness analysis was performed using both 
destructive method using Fruit Texture Analyzer 
(GUSS, Model No. GS25, SA supported by FTA 
Win Software) and a non-destructive firmness 
tester (53215 Fruit Hardness Tester, T.R. Turoni, 
Italy). With fruit texture analyzer, firmness 
measurement was taken as the maximum 
penetration force reached during the tissue 
breakage and determined with 8 mm diameter 
stainless steel flathead probe, which penetrates in 

a normal direction at a cross-head speed of 5 mm 
s-1. After establishing zero-force contact between 
the probe and the horizontally positioned fruit, 
specimens were compressed 3 mm at two 
equidistant points along with the equatorial 
region of each fruit. The maximum force 
generated during probe travel was used for data 
analysis. Results were expressed in Newton (N). 
In case of non-destructive method, fruit samples 
were horizontally placed under the firmness 
tester and pressed the probe for a moment. Data 
were taken from two equidistant points of each 
fruit and expressed in shore. Twenty tomato 
fruits replicated thrice were used at each 
sampling time for measuring the tissue firmness 
in each method.  
 

Measurement of absorbance difference 
index (IAD) 
 

In this experiment, difference of absorbance 
index of tomato fruit was measured using DA 
Meter (tr DA Meter, T.R. Turoni, Italy). Fruits 
were harvested at every alternate day started on 
21 DAFS and finished on 31 DAFS, from a pre-
optimum maturity stage until fruit were of red 
ripe stage of maturity. At each sampling period, 
DA readings were measured on both cheeks of 20 
fruit, replicated 3 times. DA readings were 
correlated with chlorophyll content, TSS, 
titratable acidity, pH and vitamin C content as 
well as with non-destructive measurements of 
surface color using a colorimeter and firmness 
using a hardness tester.  
 

Measurements of ascorbic acid, titratable 
acidity (TA), total soluble solids (TSS) and 
pH 
 

Ascorbic acid content was estimated by 2,6-
dichlorophenolindophenol titration following the 
method by Ranganna (1986), and results were 
expressed as mg 100 g-1 fresh weight. Titratable 
acidity expressed as citric acid (%) was 
determined by titration with 0.1 mol L-1 NaOH to 
pH 8.1 according to the method by Ranganna 
(1986). The total soluble solids and pH of the 
juice were determined by using hand-held 
refractometer (Model N-1E, Brix 0-32%, Atago, 
Japan, brix range 0-30% at 20° C) and glass 
electrode pH meter (Microprocessor pH meter, 
Hanna Instruments), respectively.  
 

Measurement of chlorophyll content 
using acetone method 
 

The thin pericarp of the tomato was cut into small 
pieces with a sharp knife and put 2 g of fresh 
tissue into a mortar. Crush the tissue thoroughly 
with a pestle. Acetone (80%) was added to allow 
the tissue to be thoroughly homogenized. Then 
the supernatant was decanted through a filter 
paper into a 100 ml volumetric flask. The 
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extraction procedure was repeated by adding 
80% acetone to the mortar. Finally, the volume 
was made up to 100 ml with 80 % acetone and 
measures the chlorophyll content using 
spectrophotometer (T80 UV/VIS 
Spectrophotometer, PG Instrument Ltd.) at 645 
and 663 nm (Whitam et al., 1986). Final result in 
chlorophyll contents were expressed in µg g-1. 
Chlorophyll content (mg g-1) was calculated using 
the following formula: 
 

Chlorophyll (a+b) = [20.2 (OD645) + 8.02 
(OD663)] x V/1000W 
 

Where,  
 

V= Final volume (ml) of acetone-chlorophyll extract 
W= Fresh weight (g) of plant sample  
 

Statistical analysis 
 

The data were subjected to analysis of variance 
(ANOVA) using the ‘R Statistical Software version 
3.1.2. The results showing significant differences 
were then subjected to mean separation using 
LSD test at P < 0.05. 
 

Results and Discussion 
 

Measurement of fruit surface colour 
 

Surface colour changes of tomato fruits were 
monitored by measuring lightness (L*) and hue 
angle (h°) during harvesting periods. Values are 
presented in Table 1. The intensity of green colour 

of fruit skin was slowly decreased with extend the 
harvesting time and turned to breaker, pink and 
finally red as evidenced by decreasing values of 
L*. The initial values of L* was 68.5 recorded in 
premature fruits harvested after 21days of fruit 
set (DAFS), which gradually decreased with 
increased in harvesting time and reached to 
minimum level of 38.5 in red ripe fruit harvested 
at 31 DAFS indicating dark in surface colour. 
Tomatoes harvested at different maturity stages 
showed significant differences in lightness of 
surface colour.  
 

Hue angle is an indicator of colour change from 
green to yellow and red. In this study, the degree 
of hue angle was recorded 125.2 in premature 
fruit surface that harvested after 21 DAFS (Table 
1). After that fruit showed a significant decrease 
in hue angle with extent the harvest period and 
attained the minimum level of 53.7 after 31 DAFS 
indicating complete red in colour. This fall in hue 
value indicated that the intensity of green colour 
slowly decreased with maturity and turned to red. 
The colour changes in tomato correspond to a 
decrease in chlorophyll and an increase in 
carotenoid synthesis (Pretel et al., 1995). 
Findings of this study are in agreement with 
Tadesse et al. (2002), who reported that the hue 
angle of capsicum fruits (cv. Domono) decreased 
sharply after seven weeks of anthesis that 
reflecting the colour change from green to red.  

 

Table 1. Changes of skin colour, fruit firmness and DA Index of tomatoes cv. BARI Tomato-8 at 
different maturity stages during summer season. 

 

Days to harvest Maturity stage L* . 
h° 

Firmness 
(Shore) 

Firmness 
(N) 

DA Index 
(IDA) 

21 DAFS Pre-mature green 68.5 a 125.2 a 94.0 a 18.4 a 1.05 a 
23 DAFS Mature Green 60.2 b 117.7 b 88.0 b 15.1 b 0.82 b 
25 DAFS Breaker-turning 55.1 c 108.5c 84.7 c 12.0 c 0.62 c 
27 DAFS Pink 53.0 cd 97.7d 73.0 d 10.2 d 0.55 d 

29 DAFS Light red 50.0 d 77.7e 60.0 e 6.5 e 0.00 e 
31 DAFS Red 38.5 e 53.7f 52.2 f 6.0 e 0.00 e 
Probability  * ** ** ** ** 
CV (%)  3.4 4.1 7.5 12.1 11.0 

 

DAFS = Days after fruit set; L*=Lightness; h°= Hue angle. 
*= Significant at 0.05; **=Significant at 0.01. 
Values within a column not followed by a common letter are significantly different. 
 

Measurement of fruit firmness 
 

Tissue firmness is a critical quality attribute in 
the consumer acceptability of fresh fruits and 
vegetables. The maximum firmness of 18.4 N or 
94 shore was recorded in premature tomatoes 
harvested at 21 DAFS (Table 1), which 
progressively decreased with extend the 
harvesting time from fruit set and reached the 
minimum level of 6 N after 31 DAFS. Both 
destructive and non-destructive method of tissue 
firmness measurement showed similar trend in 

decreasing firmness with increased in harvesting 
time. Significantly, the lowest value of fruit 
firmness was recorded in red ripe tomato 
compared to other stages of maturity. Generally, 
the firmness of tomato fruit showed a decreasing 
trend during maturation to ripening (Rahman et 
al., 2014), which might be due the production and 
action of ethylene in the fruit at ripening stages 
(Choi and Huber, 2008; Dong et al., 2002; 
Mathur and Srivastava, 2005). 
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Measurement of absorbance difference 
index (IAD) 
 

Statistical differences were found regarding the 
IAD among tomato fruits harvested at different 
maturity stages (Table 1). The highest IDA, which 
indicated the maximum chlorophyll content was 
1.05 at pre-optimum mature tomato harvested at 
21 DAFS, which declined gradually exhibiting the 
lowest IDA of 0.55 in fruits of pink stage harvested 
at 27 DAFS. The IDA became zero in light red and 
red ripe tomatoes harvested at 29 and 31 DAFS, 
respectively.  
 

Measurement of chlorophyll content 
 

A wide variation in chlorophyll content of 
tomatoes was found at different maturity stages 
of fruits. The highest chlorophyll content of 14.5 
µg g-1 was found in pre-optimum mature green 
tomato harvested at 21 DAFS (Table 2). After 
that, the chlorophyll content was gradually 
decreased with lengthening the harvesting time 
reaching the lowest level of 0.5 µg g-1 in light red 
tomatoes harvested at 29 DAFS. The red ripe 
tomato, however, did not contain chlorophyll 
anymore. Almost similar trend in decreasing the 
chlorophyll content of tomato during maturation 
was also found by Watada et al. (1976) who 

reported that the average chlorophyll content 
decreased from 13.4 µg g-1 fresh weight in 
immature-green fruit to 0.3 µg g-1 fresh weight in 
partially ripe tomato (cv. Walter). 
 

Measurement of ascorbic acid, TSS, pH 
and TA 
 

It is evident that the length of harvesting time 
induced significant variation in ascorbic acid 
content of tomato fruits (Table 2). The ascorbic 
acid content was fair (13.9 mg 100 g-1) in 
premature fruits harvested at 21 DAFS, gradually 
increased thereafter until 25 DAFS showing the 
maximum value of 19.9 mg 100g-1 in breaker-
turning tomato. There was no statistical 
difference (P≤0.05) in regards of ascorbic acid 
content in mature green and breaker-turning 
tomatoes harvested at 23 and 25 DAFS, 
respectively. After 25 DAFS the content of 
ascorbic acid slowly declined and reached the 
minimum level of 13.7 mg 100g-1 in red ripe fruit. 
The results are in agreement with Lee and Kader 
(2000) who reported that the losses of ascorbic 
acid can be continued through maturity, 
postharvest handling, processing, cooking, and 
storage of fruits and vegetables.  
 

 

Table 2. Changes of chlorophyll contents, ascorbic acid, TSS, pH and titratable acidity of tomatoes cv. 
BARI Tomato-8 at different stages of maturity during summer season. 

 

Days to 
harvest 

Maturity stage Total 
chlorophyll 

(µg g-1) 

Ascorbic acid 
(mg 100g-1) 

TSS (%) pH TA 
(%) 

21 DAFS Pre-mature green 14.5 a 13.9 d 3.75 d 4.72 a 0.51 d 
23 DAFS Mature Green 11.2 b 18.7 ab 4.11 b 4.43 b 0.51 d 
25 DAFS Breaker-turning 5.7 c 19.9 a 4.32 a 4.11 c 0.52 c 
27 DAFS Pink 2.4 d 17.7 b 4.25 ab 4.03 d 0.58 b 

29 DAFS Light red 0.5 e 14.3 c 4.12 b 3.94 e 0.61 ab 
31 DAFS Red 0.0 f 13.7 d 4.02 c 3.90 e 0.64 a 
Probability  ** ** * * * 
CV (%)  2.6 1.95 2.4 0.56 2.3 

 

DAFS = Days after fruit set; *= Significant at 0.05; **=Significant at 0.01. 
Values within a column not followed by a common letter are significantly different. 
 

The changes in TSS content of tomato fruits with 
harvesting length is presented in Table 2. The 
lowest TSS of 3.75% was found in younger fruit 
harvested at 21 DAFS, which slowly increased and 
reached the maximum level of 4.32% in breaker-
turning tomatoes harvested at 25 DAFS and 
declined thereafter. No significant difference 
(P≤0.05) regarding the TSS content was observed 
in fruits harvested between 25 and 27 DAFS. The 
increase in TSS of tomato till breaker-turning 
stage of maturity was probably a result of 
increased in hexose sugar accumulation during 
fruit maturity as there is a close positive 
correlation between the rise in TSS and soluble 
sugars (Mendlinger et al., 1992).  

The changes in pH of tomatoes as a function of 
different harvesting time are shown in Table 2. 
The highest pH of 4.72 was recorded in 
premature fruits harvested at 21 DAFS, which 
gradually decreased with extending the 
harvesting time showing the minimum value 3.9 
in red ripe fruits harvested at 31 DAFS. 
Significant differences were observed in pH levels 
of tomatoes at different maturity stages. The 
titratable acidity, on the other hand showed the 
lower values (0.51-0.52 %) in fruits harvested 
from 21 to 25 DAFS, increased significantly 
thereafter reaching the highest level of 0.64% in 
red ripe fruit harvested at 31 DAFS.  
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Correlation between IDA and quality 
attributes of tomatoes 
 

Correlation between DA meter readings and 
different quality parameters of tomato are 
presented in Figures 1-8. During harvest, the DA 
meter could most accurately predict flesh 
firmness, hue angle of skin colour, chlorophyll 
content and TA showing the ‘r’ values of 0.92-
0.94, 0.93, 0.91 and 0.91, respectively indicating 

high correlation between IDA and those quality 
attributes. The findings are in agreement with 
Rathna et al. (2015), who found high correlation 
between IDA and firmness, hue angle (skin colour) 
and TA contents of different advanced tomato 
lines/variety. Significant correlation coefficients 
were also noted between IDA and lightness of skin 
colour and pH exhibiting the ‘r’ values of 0.87 and 
0.87, respectively.  

 

 
Figure 1. Correlation between IDA and corresponding flesh firmness measurements (both non-

destructive and destructive) for BARI Tomato-8 harvested at different maturity stages.  
 

 
Figure 2. Correlation between IDA and corresponding lightness measurements of skin colour for BARI 

Tomato-8 harvested at different maturity stages.  
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Figure 3. Correlation between IDA and corresponding hue angle measurements of skin colour for BARI 

Tomato-8 harvested at different maturity stages.  
 

 
Figure 4. Correlation between IDA and corresponding chlorophyll contents of fruit pericarp for BARI 

Tomato-8 harvested at different maturity stages.  
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Figure 5. Correlation between IDA and corresponding fruit TSS contents for BARI Tomato-8 harvested 

at different maturity stages.  
 

 
Figure 6. Correlation between IDA and corresponding ascorbic acid contents for BARI Tomato-8 

harvested at different maturity stages.  
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Figure 7. Correlation between IDA and corresponding titratable acidity (TA) for BARI Tomato-8 
harvested at different maturity stages.  

 

 
 

Figure 8. Correlation between IDA and corresponding pH level for BARI Tomato-8 harvested at 
different maturity stages.  
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Conclusion 
 

Results of the present study revealed that the DA 
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reliable and useful tool for measuring on-plant 
tomato maturity to establish the optimum harvest 
time to maximize postharvest life and quality. 
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