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Abstract !
The study evaluated the physicochemical properties and respiration
behaviour of two commercial tomato cultivars (CV-613 and Naveen),
selected due to their commercial significance and widespread cultivation, Artic_le History

at differgnt matu.rity stages tp generate engineering data for. the design. of ESS:;ZS (1)23 X',?ﬁfggfgﬁ
harvesting, grading, packaging, and storage systems. Physical properties

such as size, surface area, unit weight, density, firmness, and color were Keywords
measured at mature green, semi-ripe, and fully ripe stages, the geometric Machine;
mean diameter of cv. Naveen ranged from 48.1 to 56.3 mm, while that of Maturity; .
. Physical Properties;
cv. 613 ranged from 47.7 to 52.1 mm. Surface area varied from 7285.9 to Respiration;
9966.0 mm?for cv. Naveen and 7144 to 8540 mm?for cv. 613. Fruit firmness Tomato Fruits;
Varieties.

decreased significantly during ripening, with higher firmness observed in
cv. Naveen (5.4—1.45 N mm-") compared with cv. 613 (3.26—1.28 N mm-").
Color parameters showed decreasing L* values and increasing a*/b* ratios
as ripening progressed. Chemical properties, including pH, ascorbic acid
and total soluble solids (TSS), increased with maturity stage, whereas
titratable acidity decreased. Respiration studies conducted under closed
conditions at different temperatures showed that respiration rate increased
with temperature and maturity stage, while lower temperatures significantly
reduced metabolic activity. The results provide useful engineering data
for the design of grading equipment, handling systems, and modified
atmosphere storage for tomatoes.
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Abbreviations

RR Respiration Rate
TSS Total Soluble Solids

PLW Physiological Loss in Weight
MAP Modified Atmosphere Packaging
MG Mature Green Stage

BR Breaker Stage

RR Red Ripe Stage

L* Lightness

a*/b*

Introduction

Tomato (Solanum lycopersicum L.), a prominent
vegetable crop in the Solanaceae family, is widely
cultivated across many regions of the world and
ranks second after potatoes in global production. Itis
a climacteric fruit characterized by a high respiration
rate and high moisture content, which makes it
highly perishable and susceptible to postharvest
deterioration, diseases, continued ripening, and
senescence.'* Significant losses occur during
production, harvesting, handling, transportation, and
storage, resulting in reduced fruit quality.® Global
postharvest losses of tomatoes range from 25-42%.5
Economic losses due to postharvest damage have
been estimated at $446 million in Nigeria, $48.2
million in Rwanda and $206 million in Maharashtra
(India),.” Tomato quality is determined by physical
attributes such as size, pericarp thickness, and
colour, as well as chemical properties including pH,
ascorbic acid, acidity, and total soluble solids (TSS).8
Fruit size strongly influences market value, while
manual sorting is often inaccurate due to reliance
on human judgment.

Physical properties of tomatoes are essential for
designing equipment used in processing, sorting,
separation, storage, and transportation.®' Lack
of knowledge of these properties may lead to
inefficient machine performance. Therefore,
accurate information on physical properties
is necessary for solving design problems and
for developing machinery used in large-scale
food processing systems.' Colour and physical
characteristics of tomato cultivars are also important
for designing harvesting and post-harvesting
machinery. Fruit firmness influences consumer
acceptance, while the balance of TSS and acidity

Ratio of redness to yellowness (+ a*- Redness, - a*- Greenness, + b*- yellowness)

determines flavour. Vitamin C and mineral content
contribute to nutritional quality, ripening, and storage
life."® Quality attributes such as titratable acidity, total
soluble solids (TSS), ascorbic acid, and lycopene
are widely used indicators of tomato fruit quality.™
In addition, respiration rate, weight loss, firmness,
and ethylene production are key indicators of tomato
senescence.'®'® The respiration rate plays a key
role in determining fruit quality during storage;
therefore, its accurate assessment is vital in food
and postharvest research."

Although several studies have reported the
physical and chemical properties of tomatoes,
most investigations have focused on general
quality attributes without linking these properties to
engineering design requirements for postharvest
handling systems. In particular, limited information
is available on the combined evaluation of
physicochemical characteristics and respiration
behaviour of commercially cultivated tomato varieties
at different maturity stages under conditions relevant
to storage and handling operations. Variations in
fruit size, firmness, and respiration activity during
ripening can significantly influence the design and
efficiency of grading systems, packaging structures,
and storage environments. Therefore, a systematic
assessment of these parameters is necessary to
provide quantitative data useful for the development
and optimisation of postharvest equipment. In
this context, the present study was undertaken
to evaluate the physicochemical properties and
respiration behaviour of two tomato cultivars (CV-
613 and Naveen) at different maturity stages in
order to generate engineering design information
for improved postharvest handling, storage, and
processing systems.
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Materials and Methods

Popular tomato varieties cv. 613 and cv. Naveen
were selected for this study due to their commercial
significance and widespread cultivation in Tamil
Nadu and Karnataka, respectively. Additionally,
these cultivars exhibit distinct physicochemical and
respiration characteristics, making them suitable for
evaluating maturity-dependent changes. Fruits of cv.
613 at different maturity stages were procured from
a local farmer (Rangaswamy Farm, Eachaikote),
located about 50 km from NIFTEM-T, Thanjavur.
The cv. Naveen tomatoes were obtained from
Kolar district, Karnataka, harvested at different
maturity stages and transported to the laboratory
within 24 hours in plastic crates cushioned with
newspaper. No visible transportation damage was
observed. A representative sample of fruits used
in the experiments is shown in Plate 1. Tomatoes
exhibiting similar size, shape, and colour were
chosen to maintain uniform experimental conditions.
The fruits were rinsed thoroughly with running water
to remove dust and debris, followed by draining to
remove excess moisture before analysis.

Determination of Physical Properties of Tomatoes
Standard procedures proposed by Mohsenin'®were
employed to assess the physical properties of the
tomato samples. The experiments were carried
out under controlled laboratory conditions, with
temperature maintained at 30 + 2 °C and relative
humidity at 65 %. These conditions were monitored
throughout the experimental period to ensure
consistency.

Size (Diameter) and Surface Area

Thirty tomato fruits were selected for dimensional
measurements using a dial caliper. The size of
each fruit was recorded along three mutually
perpendicular directions to obtain the major (L),
intermediate (B), and minor (T) diameters. These
values were then applied to calculate the geometric
mean diameter (GMD) and surface area (S) using
the equations provided below.

Size (GMD)=(LxBxT)!?
S=n(GMD)?

Where L, B, and T are the major, intermediate, and
minor diameters (mm), respectively, and S is the
surface area (mm?).

Unit Weight

The weight of thirty randomly selected fruits was
measured with an electronic balance, and the mean
value was computed to represent the unit fruit weight.

ANGALORE VARIETY LOCAL VARIETY

-

LOCAL VARIETY

BANGALORE VARIETY

Plate 1 Tomato Fruits at Different Maturity
Level used for the Studies

True Volume

The water displacement method was employed to
determine the actual volume of tomato fruits. Each fruit
was weighed in air and then suspended in water using
a sinker rod. The difference between the submerged
reading and the weight of the container with water
indicated the mass of displaced water. Based on this
value, the true volume of the fruit was computed as:

Weight of displaced water (kg)

True Volume of fruit (m?) =

Weight density of water (kg m)



HAROMUCHADI & ALAGUSUNDARAM, Curr. Agri. Res., Vol. 14(1) 102-118 (2026)

True Density

Fruit density was obtained by relating the weight of
the fruit to its volume, and it was calculated using
the following expression.

Weight (kg)
True density (kg/m?) = ------n-mmmmmeemmmmm

Volume (m?)

Color

The color of tomato samples was measured using a
Hunter Color Meter (Model CR200b) (Plate 4). The
instrument was calibrated using a white standard
tile (X = 81.46, Y = 86.30, Z = 89.63). The color
parameters of the samples were recorded in the L*,
a*, and b* coordinate system. To account for surface
variation, five readings were taken around the middle
of each fruit and the average value was recorded.

Textural Properties

Puncture Test

Textural analysis of tomato samples was carried out
using a Texture Analyzer (Stable Micro Systems Ltd.,
UK). The firmness of the fruit skin was measured by
puncturing the surface with a 2 mm stainless steel
probe (P2).The peak force required to puncture the
skin was recorded as the puncture strength using
Texture Expert Exceed software. The average value
was calculated from five replicates.

Determination of Chemical Properties

Fresh tomato fruits at different maturity stages were
evaluated for their chemical attributes using standard
analytical techniques. The parameters measured
were pH, moisture content, total soluble solids (TSS),
titratable acidity, and ascorbic acid, as described in
the subsequent sections.

Determination of moisture content

Moisture content of tomato samples was determined
following the method described by AOAC19 for fruits
and vegetables. Ten grams of sliced tomato sample
was weighed using a digital balance and placed in
a pre-weighed metal dish. The sample weight was
measured initially and subsequently dried at 70 £ 1
°C for 24 h in a hot air oven. After drying, the dish was
cooled in a desiccators and weighed. Drying of the
sample was continued in successive 30 min periods
until no further change in weight was observed.
Moisture content on wet basis was calculated as:
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(Wa-Wy) - (W3-W))
MC % (wb) =

Where, MC (wb) = Moisture Content, wet basis, %
W' = empty container weight, g
W2 =weight of container plus fresh sample, g
W3 =weight of container plus dried sample, g

Measurements were conducted in triplicate and the
average value was reported.

pH

Adigital pH meter with a glass electrode was used to
determine the pH of tomato juice, providing a direct
indication of its acidic or alkaline nature.

Total Soluble Solids (TSS)

Total soluble solids were estimated using an Erma
hand refractometer by placing a drop of tomato
juice on the prism surface. The readings were taken
directly, and the average of three measurements was
calculated and expressed in °Brix.

Titratable Acidity

The titratable acidity of tomato samples was
determined by the visual titration method outlined
by Ranganna.? A 10 g portion of the sample was
taken in a 100 mL beaker and mixed with distilled
water. The mixture was heated for approximately
one hour to extract the acids, followed by filtration
through Whatman No. 4 filter paper. The obtained
filtrate served as the sample solution for titration.

A 10 mL aliquot of this filtrate was titrated with 0.1
N sodium hydroxide solution using phenolphthalein
as an indicator. The endpoint was identified by the
development of a light pink color. The results were
expressed as percentage of anhydrous citric acid.

Calculation

Titre value x N of NaOH x volume made up x
equivalent

Weight of citric acid

Titratable acidity %= x100

Aliquot taken for titration x weight of sample



HAROMUCHADI & ALAGUSUNDARAM, Curr. Agri. Res., Vol. 14(1) 102-118 (2026) 106

Ascorbic Acid
The concentration of ascorbic acid was analyzed
through the 2,6-dichlorophenol indophenol dye
titration technique according to the method outlined
by Ranganna.®™

Preparation of Dye Solution

52 mg of 2, 6-dichlorophenol indophenol dye and
42 mg sodium bicarbonate were dissolved in 150
ml hot distilled water and the volume was made up
to 200 ml.

Preparation of Standard Solution

4 % oxalic acid solution was prepared and used to
dissolve L-ascorbic acid to obtain a standard solution
containing 0.1 mg ascorbic acid per ml.

Standardization of Dye

A solution containing 1 mL of standard ascorbic acid
and 5 mL of 4% oxalic acid was titrated with the dye
until a stable light pink colour persisted for about
5-10 seconds.

Dye factor = 0.1/ Titre value

Preparation of Sample

The tomato sample (10 g) was extracted with 4%
oxalic acid in a 100 mL volumetric flask and filtered to
obtain the extract. A 10 mL portion of this filtrate was
titrated with a standard dye solution. The endpoint
was observed when a faint pink colour remained
visible for 5-10 seconds.

Calculation
Ascorbic acid, mg/100g

Titre valuex Dye factorx Volume made up

Volume taken for titrationx Weight of the sample

Determination of Respiration Rate

Tomato fruits from two cultivars, Naveen and
613, were evaluated for respiration rate at three
developmental stages: mature green, semi-ripe,
and fully ripe. Measurements were conducted at
three storage temperatures (28, 20, and 12 °C)
with corresponding relative humidity levels of 95%,
90%, and 65%, respectively, maintained under
controlled conditions. Tomato fruits were placed
in 3000 ml airtight glass jars and sealed using

siliputin. The Oz and CO:z concentrations inside
the jars, was measured using an PBl Dansensor
CheckMate II. Gas composition was recorded
immediately after sealing and subsequently at 1-hour
intervals until the Oz concentration dropped below
1%. The experimental procedures were repeated
three times to ensure reliability of the results. The
02 or CO: depletion curve obtained and by linear
regression. For each experimental combination,
the concentrations of Oz2 and CO: were predicted at
time intervals of 5 hours. The respiration rate of the
fruits was calculated by using the following equation
suggested by Nithya et al:.?!

Ci-G

X (Vi- Vo) + [SxWx M x 1073]
100

100

Wx (Tl-Tz)

Where,

RR = Respiration rate (O= consumption or release
in ml kg-'hr-') CO2

C1 = Initial CO2 or Oz concentration %

C:z = Final CO2z or Oz, concentration %

V1-V2 = Difference of volume of the container and
volume of fruit, ml

W = Fruit weight , kg

M = Moisture content in the fruit, ml

T+-T2 = Difference of initial period and final periods, h
S = Solubility of gases

Results

Physical Properties of Tomatoes

Information on fruit physical properties plays a crucial
role in the design and development of equipment for
harvesting, cleaning, handling, packaging, storage,
and processing. Physical properties are necessary
for design of equipment for harvesting, transporting,
cleaning, packing, storing and processing of the
fruits.?223 The physical properties such as size, unit
weight, volume, true density, firmness and color of
the two varieties of tomatoes (cv.Naveen and cv.613)
at three maturity stages: matured green, semi ripen
and full ripen were measured. These properties
has been important for growers, retailers and
breeders-genetic researchers. Fruit grading done on
size, colour, weight basis for market. Once graded
tomatoes are packed in layers (pattern packed)
cardboard boxes with a standard volume for export
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or transported long distance. Variety and maturity
stages are plays vital role in sustaining damages.
The weight, size, colour, and firmness of agricultural
commodities are key parameters that help minimize
losses during packaging and transportation. These
characteristics are also important in designing
equipment for product conveyance, cleaning and
grading.?

The Size and Surface Area

The major, intermediate, and minor diameters
represent the physical size of tomato fruits. The
geometric mean diameter was calculated using
the equation described and the measured values
for both varieties are presented in Table 1. The
geometric mean diameter of cv. Naveen ranged from
48.1 to 56.3 mm, while that of cv. 613 varied from
47.7 to 52.1 mm across different maturity stages.

Statistical analysis showed that the effect of maturity
stages and varieties on geometric mean diameter
was highly significant (p < 0.01). Both maturity stage
and variety individually influenced the geometric
mean diameter significantly (p < 0.01), and the two
cultivars also differed significantly from each other
(p < 0.05). The surface area of cv. Naveen ranged
from 7144 to 8540.6 mm?, whereas that of cv. 613
varied from 7285.9 to 9966 mm? across the three
maturity stages. Statistical analysis indicated that
both variety and maturity stage had a significant
effect (p <0.05) on the surface area of tomato fruits,
while their interaction effect was not significant (p <
0.05). Although the trend of increase in surface area
with maturity was similar for both varieties, significant
differences were observed between cultivars at each
maturity stage.

Table 1: Diameter and Geometric Mean Diameter, Surface area of cv.
Naveen and cv. 613 Tomatoes at Three Different Maturity Stages

MG: Matured green

SR: Semi ripen

FR: Full Ripen

Varieties MS Maior Dia, Intermediate Minor Dia, Geometric mean Surface Area
mm Dia,mm mm Dia, mm (mm?)
cv. SR 56.9+2.00 59.8 +1.38 50.1 +1.44 53.3 £+1.38 8907.0 £117.9
Naveen FR 61.9+0.61 62.0+£1.92 52.7 +1.38 56.3 £+0.45 9966.0 £141.0
MG 47.2+#1.04 42.6 +2.53 60.7 £1.31 47.7 £1.43 7144.0 £176.5
cv. SR 48.2£1.09 47.7 £1.40 63.9 £1.08 51.1 £0.35 8223.1 +445.6
613 FR 49.5+0.56 50.6 £1.00 65.8 +0.91 52.1 £0.40 8540.6 £148.1
Varletles *k *% *k *% *k
CD (0.05) 2.28 3.02 2.19 1.60 504.6
Maturity Stages > > > > >
CD(0.05) 2.80 3.69 2.68 1.96 618.1
Interaction Effect
(VxM) CD(0.05) NS NS * NS NS
3.95 5.22 3.79 2.78 8741
**: Highly Significant *: Significant NS: Non Significant

CD: Critical Difference

Unit Weight and Volume

The unit weight and volume of tomatoes at different
maturity stages for cv. Naveen and cv. 613 is
presented in Table 2. A slight difference in mean
unit weight between the two varieties was observed;
however, the variety effect was not significant. In
contrast, maturity stage had a significant effect on

- Mean value £S.E are presented in Table

unit weight. The highest weights (113 g and 114.8
g) were recorded at the fully ripe stage, while the
lowest weights (91 g and 84.3 g) were observed
at the mature green stage for cv. Naveen and cv.
613, respectively. The interaction between variety
and maturity stage was not significant, as both
varieties showed a similar trend of weight increase
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with maturity. These findings agree with those of
Zhiguoi et al.,?> who reported no significant effect of
cultivar on mass, volume, and bulk density in tomato
varieties Fenguam906 and Jinguang28. The volume
of fruits within the same variety varied significantly
across maturity stages. The highest mean volumes
(118 and 110 cm?®) were recorded at the fully ripe

stage, while the lowest volumes (107 and 106 cm?)
were observed at the mature green stage for cv.
Naveen and cv. 613, respectively. However, the
effect of variety and the interaction between variety
and maturity stage were not significant (p < 0.05),
as both varieties showed a similar trend of volume
increase with maturity.

Table 2: Physical Characteristic of cv. Naveen and cv. 613 Tomatoes at
Three Different Maturity Stages

Varieties Maturity  Unit weight Volume True Firmness
stages (9) (cm3) density (N/mm)

cv. Naveen MG 091.0 £1.81 107 £2.08 0850 + 0.02 5.40 £ 0.012
SR 103.3 £7.37 110 £2.89 0940 +0.08 2.70 +0.009
FR 113.0 +4.05 118 £2.65 1000 £0.05 1.45 +0.006

cv.613 MG 084.3 +1.54 106 +5.04 0800 +0.04 3.26 £0.012
SR 111.7 £2.62 109 £5.57 1030 £0.05 2.09 +0.018
FR 114.8 +0.83 110 £2.67 1040 £0.02 1.28 £0.017

Varieties CD NS NS NS **

(0.05) 7.12713 3.0663 0.02545 0.02074

Maturity Stages > * > >

CD (0.05) 8.72891 3.75543 0.06946 0.0254

Interaction Effect (VxM) NS NS NS >

CD(0.05) 12.34455 5.31099 0.09823 0.03593

MG: Matured green SR: Semi ripen FR: Full Ripen

**: Highly Significant *: Significant NS: Non Significant CD:

Critical Difference

True Density

The measured values of true density of tomato fruits
at different maturity stages are presented in Table
2. The results indicated that true density varied
significantly with maturity stage within each variety.
Fully ripe tomatoes showed higher true density than
unripe fruits. For instance, the true density of fully
ripe fruits was 1040 kg m-2 for cv. 613 and 1000 kg
m-2 for cv. Naveen, whereas at the mature green
stage the values were 800 kg m-® and 850 kg m-3,
respectively. However, the effect of variety and the
interaction between variety and maturity stage were
not significant (p < 0.05), as both varieties exhibited
a similar trend of density increase with maturity.

- Mean values +S.E are presented in Table.

Firmness

The firmness values of tomatoes at different
maturity stages for both varieties are presented in
Table 2. The results showed that firmness differed
significantly (p < 0.05) among maturity stages for
both varieties, and their interaction effect was also
significant. As expected, mature green tomatoes
were firmer than fully ripe fruits. The highest firmness
values were recorded in mature green fruits of cv.
Naveen (5.4 N mm-') and cv. 613 (3.26 N mm-'),
followed by semi-ripe fruits (2.7 and 2.09 N mm-").
The lowest firmness was observed in fully ripe fruits
(1.45 and 1.28 N mm-"), respectively.
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Color Value of Tomatoes

Tomato color was assessed using the CIE L*, a*,
and b* coordinates. The L* parameter represents
lightness, ranging from black (0) to white (100). The

109

a* value describes the green to red spectrum, while b*

*

indicates the blue to yellow range. To evaluate color
development during ripening, the a*/b* ratio was
calculated and expressed as the red color index.262"

Table 3: Mean Color Values of cv. Naveen and cv. 613 Tomato Varieties
at Three Different Maturity Stages

Varieties Maturity L* a* b* a*/b*
stages

cv. Naveen MG 50.4 +0.20 -05.8 +0.22 18.3 £0.08 -0.32£0.013
SR 42.5+0.21 08.0 +0.09 29.0 +0.07 0.28 +0.003
FR 32.8 +0.14 20.2 +0.24 17.6 £0.30 1.15 +£0.023

cv.613 MG 51.9 £0.15 -04.2 +0.18 21.0 £0.05 -0.20 £0.008
SR 43.6 +0.89 08.3 +0.27 32.3 +0.12 0.26 +0.009
FR 34.3 £0.35 22.1 +0.05 16.7 £0.13 1.32 £0.011

Varieties > > > >

CD (0.05) 0.76 0.38 0.28 0.03

Maturity Stages > > > >

CD (0.05) 0.93 0.47 0.34 0.03

Interaction Effect (VxM) NS > > >

CD (0.05) 1.31 0.66 0.48 0.05

MG: Matured green SR: Semi ripen FR: Full Ripen

**: Highly Significant *: Significant NS: Non Significant C D:
Critical Difference - Mean values £S.E are presented in Table
Table 4: Chemical Characteristic of cv. Naveen and cv. 613 Tomato
Varieties at Different Maturity Stages
Varieties Maturity Moisture pH TSS, oBrix Titratable Ascorbic Acid,
stages content, Acidity, % mg/100g
w.b %
cv. Naveen MG 93.7 £ 0.09 3.6 +0.00 3.8 +0.00 0.57 £0.00 19.8 £ 0.07
SR 94.3 +0.03 3.9+0.00 4.110.10 0.54 +t0.00 28.0+0.28
FR 94.1 £+0.04 4.1+0.01 5.2+0.06 0.48 +t0.01  34.1+£0.14
cv.613 MG 93.2 +0.04 3.7 +£0.01 3.6 £0.01 0.56 +0.01  21.5+0.26
SR 94.3 £0.01 4.0+0.01 4.0+0.02 0.52 +0.00 33.2+0.22
FR 94.6 +0.03 4.1+0.00 5.0+0.03 0.45+0.01 36.9+0.37
Varieties CD NS ** * ** **
(0.05) 0.07972 0.00759 0.08655 0.0085 0.3128
Maturity Stages CD > > > > >
(0.05) 0.09763 0.0093 0.106 0.01042 0.3831
Interaction Effect > > NS * >
(VxM), CD (0.05) 0.13807 0.01315 0.14991 0.01473 0.54178
MG: Matured green SR: Semi ripen FR: Full Ripen
**: Highly Significant *: Significant NS: Non Significant CD:

Critical Difference

- Mean values +S.E are presented in Table
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At different maturity stages, the colour parameters
(L*, a*, b*, and a*/b*) of the two tomato varieties
exhibited significant differences (p < 0.05), as
presented in Table 3. The values of L* ranged from
50.4 to 32.8 for cv. Naveen and 51.9 to 34.3 for cv.
613, indicating that fruits became darker as ripening
progressed. Mature green fruits showed negative
a* values, indicating greenness, which gradually
shifted to positive values as ripening progressed
and fruits turned red. The highest redness values
(20.2 and 22.1) were observed in fully ripe fruits of
both varieties.

Chemical Properties of Tomatoes

Moisture Content

The moisture content of tomatoes at different
maturity stages for cv. Naveen and cv. 613 is
presented in Table 4. The results indicated that
moisture content varied significantly (p < 0.05)
with maturity stage. The lowest moisture content
was observed in mature green fruits (93.6% and
93.2% for cv. Naveen and cv. 613, respectively),
followed by semi-ripe fruits (94.3% and 94.6%).
The highest moisture content was recorded in fully
ripe fruits (94.1% and 94.3%), which corroborates
the results reported in previous studies reported by
Nithya et al.21 The interaction effect between variety
and maturity stage was also significant (p < 0.05).
The results indicate that tomatoes become more
watery as ripening progresses, with fully ripe fruits
containing approximately 1-1.5% more moisture
than mature green fruits. Additionally, the moisture
content of the two varieties differed significantly (p
< 0.05) at all maturity stages.

pH

Tomato is classified as an acid fruit vegetable (acid
class 1) with a pH range of 3.7—4.6 (Gould, 1978).
The pH values of tomato fruits at different maturity
stages for cv. Naveen and cv. 613 are presented
in Table 4. The results revealed that pH varied
significantly (p < 0.05) with the progression of
ripening. The highest pH value (4.1) was observed
in fully ripe fruits, followed by semi-ripe fruits (3.9
and 4.0) for the two varieties. which aligns with
observations documented in earlier research reports
by Nithya et al.,?2" Moneruzzaman et al.,?® and
Karki.?® The interaction effect between variety and
maturity stage and the varietal differences were also
significant (p < 0.05).

Total Soluble Solids (TSS)

The TSS values of both tomato varieties at three
maturity stages differed significantly (p < 0.05) (Table
4). The highest TSS was observed in fully ripe fruits
of cv. Naveen (5.2 °Brix) and cv. 613 (4.54 °Brix),
followed by semi-ripe fruits (5.0 and 4.53 °Brix).
The lowest TSS values were recorded in mature
green fruits (4.66 and 4.33 °Brix). These findings
are agreement with the results of previous reports
by Moneruzzaman et al,?® Karki?® and Tigist et al.,*
who also observed significant variation in quality
parameters among tomato cultivars.

Titratable Acidity

The titratable acidity of tomato pulp for different
maturity stages of cv. Naveen and cv. 613 varied
significantly (Table 4). In cv. Naveen, acidity ranged
from 0.57 to 0.48%, while in cv. 613 it ranged from
0.57 to 0.45%. These values are comparable with
those reported by Chippy et al.*' Similar observations
were reported by Karki29 and Shehla and Tariq,*
confirming that acidity generally decreases
as tomatoes progress from mature green to
fully ripe stage.

Ascorbic Acid

Vitamin C is an essential nutrient supplied mainly by
fruits and vegetables, with L-ascorbic acid being its
primary biologically active form. The ascorbic acid
content of tomatoes varied significantly (p < 0.05)
among maturity stages and varieties (Table 4). The
highest values were observed in fully ripe fruits of
cv. Naveen (34.10 mg/100 g) and cv. 613 (36.9
mg/100 g), followed by semi-ripe fruits (28.40 and
33.2mg/100 g). The lowest levels were recorded in
mature green fruits (19.8 and 21.5 mg/100 g). These
results agree with Karki,?® Shehla and Tarig;*? Delina
Felix and Mahendran.?

Respiration of Fresh Tomato Fruits

Respiration is a major metabolic process responsible
for natural ripening, senescence, and eventual
deterioration of fruits. It is also an important design
factor in modified atmosphere packaging and
storage systems. Therefore, respiration studies were
conducted on freshly harvested tomatoes of two
varieties (cv. Naveen and cv. 613) at three maturity
stages-mature green, semi-ripe, and fully ripe-under
storage temperatures of 28, 20, and 12°C, following
the procedures described earlier.
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The results showed that Oz concentration decreased
with time, falling below 1%, while CO2 concentration
increased from 0.03% to nearly 20%. The time
required for these changes was longer at lower
temperatures: about 72-80 h at 12°C, 40-50 h at
20°C, and 18-24 h at 28°C, depending on maturity
stage. Gas concentration changes occurred more
rapidly in fully ripe tomatoes at 28°C and more
slowly in mature green tomatoes at 12°C for both
varieties. The measured Oz= and CO: concentrations
from three replicates were pooled and presented in
Figure 1 for the mature green stage of cv. Naveen
at 28°C. Similar trends were observed for cv. 613,
and graphs for other experimental combinations are
recorded and analysed.

The results indicated that the decline in 02
concentration followed an exponential relationship
and could be represented by an empirical equation
of the following form:

—bO, *time

0,consumed = a0, *e (1)
Likewise, the variation of CO2 concentration with
time was represented using an empirical model
expressed as follows.

CO,released = aCO, * (1- e "™ .(2)

1M

The coefficient of determination (R?) was 0.99,
indicating that the exponential model adequately
described the changes in gas concentrations over
time. Using the empirical models (Equations 1 and
2), Predictions of Oz and CO: concentrations were
predicted for all treatments from 0 to 60 h at every
3-hour interval. Based on these predicted values,
respiration rates were calculated for each maturity
stage and temperature. As shown in Figure 2,
the respiration rate (CO:z produced, ml kg-' h-")
of mature green tomatoes (cv. Naveen) at 28°C
decreased with decreasing Oz concentration. A
similar trend was observed across all maturity stages
and temperatures, indicating that respiration rate
were influenced by the Oz and CO: concentrations
within the airtight glass bottles. Temperature was
identified as the most important external factor
affecting respiration. Respiration rates at 28, 20, and
12°C differed significantly (p < 0.05). The variety cv.
Naveen exhibited higher respiration rates than cv.
613 at all maturity stages. The highest respiration
rate was recorded at 28°C, ranging from 98 to 60 ml
kg-" h-" for cv. Naveen and 80 to 56 ml kg-' h-* for
cv. 613. The lowest respiration rates were observed
at 12°C, varying from 20.42 to 12.3 ml kg-* h-* for
cv. Naveen and 17.5 to 11.3 ml kg-* h-" for cv. 613
(Table 5). Higher temperatures increased respiration
and ethylene production, while lower temperatures
reduced biochemical reactions in fruits.

Table 5: Respiration rate of fresh tomato fruits at different temperature

Variety Maturity Stages Respiration Rate(CO: produced ml kg-'hr-")
280C 200C 120C
Matured Green (MG) 60.66 28.98 12.3
cv.Naveen Semi ripen (SR) 72.19 35.11 17.94
Full ripen (FR) 98.96 44.01 20.42
Matured Green (MG) 56.84 24.22 11.3
cv.613 Semi ripen (SR) 64.22 33.68 15.64
Full ripen (FR) 80.49 44.08 17.5
F test *% *% *%
VXMXT SED CD(0.05) CD(0.01)
0.06269 0.12745 0.17104
Effect \Y M T VxM MxT VxT
CD 0.042 0.052 0.052 0.073 0.090 0.073

**Significant at 1% level, Mean values are presented in Table
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Table 6: Respiration Rate and RQ values at 280C at ambient air condition
Variety Maturity level Initial conc. Initial conc. RR (O: RR (CO: RQ
(02) (CO2) consumed) produced)
Matured (Breaker) 19.95 0.591 67.42 60.66 0.90
cv.Naveen  Semi ripen ( Pink) 19.31 0.428 73.51 72.19 0.98
Full ripen (Red) 20.29 0.830 90.17 98.96 1.09
Matured (Breaker) 21.24 0.653 53.05 56.84 1.07
cv.613 Semi ripen ( pink) 20.18 0.500 65.93 64.22 0.97
Full ripen (Red) 21.72 0.239 73.776 80.49 1.09
Table 7: Respiration Rate and RQ values at 20 oC at ambient air condition
Variety Maturity level Initial conc Initial conc RR (O: RR (CO: RQ
(02) (CO32) consumed) produced)
Matured (Breaker) 19.21 1.564 30.96 28.98 0.94
cv.Naveen Semi ripen( pink) 18.54 0.165 32.34 35.12 1.08
Full ripen(Red) 19.06 1.523 54.46 40.25 0.73
Matured (Breaker) 18.97 1.717 25.54 25.22 0.95
cv.613 Semi ripen( pink) 19.57 1.00 32.05 33.68 1.05
Full ripen(Red) 21.19 0.723 47.90 44.02 0.92
Table 8: Respiration Rate and RQ values at 12 oC at ambient air condition
Variety Maturity level Initial conc Initial conc. RR (O: RR (CO: RQ
(02) (CO2) consumed) produced)
Matured (Breaker)  20.65 0.31 12.28 11.30 0.92
cv.Naveen  Semi ripen (pink) 20.43 0.08 14.77 15.64 1.05
Full ripen (Red) 19.38 0.23 19.63 17.50 0.89
Matured (Breaker)  20.69 0.14 14.02 12.30 0.87
cv.613 Semi ripen ( pink) 19.65 0.79 17.29 17.94 1.03
Full ripen (Red) 19.50 1.06 2217 20.420 0.92
Discussion the interaction between cultivar and maturity stage

Physical Properties of Tomatoes

Tomato fruits of cultivar Naveen were generally
larger than those of cultivar 613. Comparable
differences in fruit size among tomato cultivars have
also been reported by Zhiguo Li et al*®> and Amin
Taheri et al.* Indicating that cultivar characteristics
strongly influence fruit dimensions. Although the
maturity stage significantly influenced fruit size,

was not statistically significant. The geometric
mean diameter increased progressively with fruit
maturity, and this trend was similar for both cultivars.
Similar results were reported by Mahmoud et al.™
Fruit size is an important factor in the design of
hoppers, grading equipment, machine openings, and
packaging systems, as proper design helps minimize
mechanical losses during handling and transportation.
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Fig. 1: The CO: released and O: consumption with time when 1450 g of green cv. Naveen
tomatoes were packed in 3.0 litre air-tight glass bottles and stored at 28°C. Symbols
represent the data and the lines represent the values predicted values.
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Fig. 2: The Effect of O: Concentration on the respiration rate of matured tomatoes of cv.
Naveen. The Respiration rates are evident to volume of CO2 Produced as ml kg-' hr-')

Surface area is another important parameter for
the development of sorting and grading equipment,
especially in automated systems where accurate
classification based on fruit size is required.
Automated systems improve precision and
consistency compared with manual sorting, which is
often affected by labour fatigue and limited accuracy.

Unit weight is a key parameter in designing
conveying systems, handling equipment, and

machine components such as slicing discs, cutting
blades, and sample holders. It is also important
for hydrodynamic transport systems used in fruit
processing. The results further showed that unripe
fruits possess lower volume compared with fully
ripe fruits. From a practical perspective, transporting
mature green tomatoes for long distances can be
advantageous because they occupy less space and
are less prone to mechanical injury during handling.
Transporting unripe tomatoes over long distances
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may also be economically beneficial because
more fruits can be stacked within a given volume
compared to fully ripe tomatoes. In addition, mature
green fruits exhibit greater firmness, which reduces
the likelihood of bruising and mechanical damage
during transport and allows stacking at higher levels.
Firmness is closely associated with fruit quality,
consumer acceptance, and market value. During
ripening, tomatoes undergo textural softening due
to enzymatic degradation of cell wall components,
which reduces shelf life and increases susceptibility
to mechanical damage during postharvest handling
and transportation (Shehata et al;*® Md. Safiuddin
Bapary et al.,*). Therefore, firmness is a critical
parameter in determining the postharvest quality
and marketability of tomato fruits.

The a*/b* ratio increased as ripening progressed,
indicating enhanced development of red colour
during maturation. Similar trends have been reported
by Ait-Oubahou,®” Ali Batu® and Arazuri et al.*®

Chemical Properties of Tomatoes

The results suggest that tomato fruits become more
succulent as ripening advances, with fully ripe fruits
containing approximately 1-1.5 % higher moisture
than mature green fruits. Significant differences in
moisture content between the two cultivars were
observed at all maturity stages (p < 0.05).

pH is an essential factor in the fruit processing
industry because tomato cultivars with higher pH
values generally exhibit lower acidity and reduced
microbial stability, making them less suitable for
processing applications. The increase in total soluble
solids (TSS) during ripening may be attributed to the
conversion of complex carbohydrates into simple
sugars, resulting in higher soluble solid content, as
also reported by Bhuvanaswri.®

The results also indicated a gradual decline in
titratable acidity with increasing fruit maturity. This
decrease during ripening may result from metabolic
conversion, translocation, and utilization of organic
acids as substrates in respiration processes Dubey
and Gaur.*® Furthermore, higher vitamin C content
contributes to improved nutritional quality and helps
maintain colour stability in tomato products.

Respiration of Fresh Tomatoes

Under ambient conditions (approximately 21 % O2),
respiration rates were higher, leading to increased
release of CO2. Similar observations were reported
by Nithya et al.16 for mature green tomatoes.
Thompson41 also reported that CO2 evolution and
O:2 consumption tend to decrease with storage
duration, with more pronounced effects at higher
oxygen concentrations.

Significant differences in respiration rate were
observed between the two cultivars, Naveen and 613
(p < 0.05). Differences were also evident among the
maturity stages within each cultivar. Since tomato
is a climacteric fruit, metabolic activity increases
during the ripening phase, resulting in elevated
respiration rates.

Respiration rates are also strongly influenced by
temperature, and they typically double with every 10
°C increase in temperature, as reported by Burzo*?
and Kader et al.** The respiratory quotient values
observed in this study ranged from 0.7 to 1.0, which
agrees with previously reported values for tomatoes.
The results further indicate that mature green tomatoes
stored at approximately 12 °C exhibit the lowest
respiration rates and consequently alonger storage life.

Engineering Design Implications for Postharvest
Handling Systems

The measured physicochemical properties of tomato
fruits provide useful engineering parameters for
the design of harvesting, grading, packaging, and
storage systems. The geometric mean diameter
of the studied cultivars ranged from 47.7 to 56.3
mm, indicating that grading equipment and sorting
apertures should be designed to accommodate fruits
within this size range. Similarly, the surface area
values (7144-9966 mm?) are useful in estimating
heat and mass transfer during storage and modified
atmosphere packaging.

The unit weight of tomatoes varied from 84.3 to 114.8
g, which provides important information for designing
conveying and handling equipment. The firmness
values decreased from 5.4 N mm-' in mature
green fruits to about 1.28 N mm-" in fully ripe fruits,
suggesting that handling systems should apply lower
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mechanical forces when transporting ripe tomatoes
to avoid bruising and mechanical damage.

Respiration studies showed that the respiration rate
increased with temperature and maturity stage. The
highest respiration rate was observed at 28°C, while
the lowest rate occurred at 12°C. These findings
indicate that storage systems should maintain
temperatures close to 12°C to reduce metabolic
activity and extend shelf life. The measured
respiration rates (11-99 ml CO:zkg-'h-") can be used to
estimate ventilation requirements and gas exchange
rates in modified atmosphere packaging systems.

Overall, the generated database of physical,
chemical, and respiration properties provides useful
design parameters for developing efficient grading
equipment, packaging systems, and storage facilities
for fresh tomatoes.

Conclusion

The present study investigated the physicochemical
properties and respiration behavior of two tomato
cultivars (CV-613 and Naveen) at different maturity
stages. Significant variations in physical properties
such as fruit surface area, size, weight, firmness,
and density were observed with advancing maturity.
Fruit dimensions and surface area increased during
ripening, while firmness decreased markedly from
the mature green to the fully ripe stage. Chemical
properties, including pH, total soluble solids (TSS),
and ascorbic acid, increased with ripening, whereas
titratable acidity decreased. Respiration studies
revealed that the respiration rate increased with
both maturity stage and temperature, with the
highest rates observed at 28 °C and the lowest
at 12 °C. Storage at approximately 12 °C can
therefore help reduce respiration activity and
extend tomato shelf life. The physicochemical and
respiration data generated in this study provide
useful engineering parameters for the design and
optimization of grading equipment, packaging
systems, and modified atmosphere storage, thereby
improving postharvest handling and reducing losses
in tomato supply chains. While the present study
provides important insights into selected cultivars,
future research involving a wider range of cultivars

is recommended to enhance the robustness and
broader applicability of the findings.
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