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ABSTRACT: In this paper, the physical properties such as length, width, thickness,
geometric mean diameter, mass, true volume, apparent volume, particle density, sphericity,
surface area, aspect ratio were determined for tomato of the commercial variety. These
properties are necessary in the design of the equipment for harvesting, processing and
transportation, separating and packing. The results showed that the length, width, thickness,
geometric mean diameter and coefficient of spherical shape of tomato varied from 43.36 to
80.72 mm, 40.38 to 81.52 mm, 37.38 to 77.52 mm, 41.00 to 78.40 mm and 0.87 to 1.51,
respectively. While the surface area determined by Mohsenin. formula, and surface area
measured by experimental method changed from 52.75 to 193.18cm?, and 79.44 to 191.52 cm?,
respectively. The values of the fruit's true volume, determined volume, particle density and
specific gravity were between 50-250 cm?®, 36.03-252.54 cm®, 0.70 to 1.76 g/cm3 and 1.00 to
1.11, respectively. Furthermore, the unit mass of tomato ranged from 44.36 to 254.96 g.

Key words: Tomato, Geometrical properties, physical properties

INTRODUCTION Physical properties of food materials
It is known that the quality of tomatoes also  affect  on handling, conveying
can be described in terms of internal and characteristics and estimating the cooling
external properties. There are many reports and heating loads (Mohsenin, 1986).
about qualitative evaluation of agricultural Physical attributes such as size, shape,
products (Arana, Jare'n, & Arazuri, 2004; bulk density and porosity are major
Jare'n & Garci'a, 2002; Peris, 1983). consideration in designing of hopper,
Although a clear definition of quality for drying and aeration systems, as these
agricultural products does not exist, it could properties affect on the resistance to airflow
be described as the group of characteristics of the stored mass.
that consumers wish to find in the product. To design and optimization a machine for

The _p_rocgssing indus'gries demand concrete handling, cleaning, conveying, and storing,
specifications  from its providers (Calvo, the physical attributes and their relationships
1996) vyhlch affects the demanded quality. must be known (Mirzaee et al., 2008). The
Quality is not only related to flavour, external physical properties of tomato are important

aspect and texture, but also to other to design the equipment for processing,
features such as the aptitude of the product transportation, sorting, separation and

fqr harvesting, tra_nsport and transformation. storing. Designing such equipment without
Since most quality factors are related to consideration of these properties may yield
physical properties, it is possible to develop poor results. Therefore the determination
quality evaluation methods based on these and consideration of these properties have

properties, in most of the cases (Ruiz & an important role (Taheri-Garavand et al.,
Chen, 1990). 2009). Among these physical properties,

Data on physical properties of agro-food length, width, thickness, mass, volume,
materials are valuable because they are projected areas and center of gravity are the
needed as input to models predicting the most important factors in sizing systems
quality and behaviour of products in pre- (Mohsenin,  1986). There are some
harvest, harvest and pos[_harvest situations in which it is desirable to

(Nesvadba et al., 2004).
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determine relationships among physical
attributes; for example, vegetables are often

graded by size, but it may be more
economical to develop a machine which
grades by weight. Therefore, the relationship
between weight and the major, minor and
intermediate diameters is needed (Stroshine
and Hamann, 1995).

Determining relationships between mass
and dimensions and projected areas may be
useful and applicable (Stroshine and
Hamann, 1995). In weight sizer machines,
individual vegetables are carried by cups or
trays that linked together in a conveyor and
are individually supported by spring loaded
mechanism. As the cups travel along the
conveyor, the supports are engaged by
triggering mechanisms, which allow the tray
to dump if there is sufficient weight.

Successive triggering mechanisms are
set to dump the tray at lower weight. If the
density of the vegetable is constant, the
weight sizer sorts by volume. The sizing
error will depend upon the correlation
between weight and volume (Khoshnam et
al., 2007). Beside, consumers prefer bright
color vegetables with even weight and
uniform shape. Mass grading of vegetable
and fruit can reduce packaging and
transportation costs, and also may provide
an optimum packaging configuration (Peleg
et al.,, 1985). Tabatabaeefar et al. (2000)
achieved models for predicting mass of
Iranian orange for its dimensions, volumes
and projected areas. These researchers
stated that among the systems that stored
oranges based on one dimension, the
system that applies intermediate diameter is
suitable with nonlinear relationship. Al-
Maiman and Ahmad (2001) had analyzed
pomegranate physical properties and
obtained models to predict fruit weight from
dimension, volume and surface pictures.
Topuz et al. (2005) studied physical and
nutritional properties of four mandarin
genotypes of orange varieties. They
reported dimension, volume, weight, surface
picture, friction coefficient, porosity, and
mass and fruit density in four mandarin
genotypes. Among these physical
characteristics, mass, volume, projected
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area are the most important factors in
determining sizing systems (Mirzaee et al.,

2009). Tabatabaeefar and Rajabipour
(2005) recommended 11 models for
predicting mass of apples based on

geometrical attributes. Several models for
predicting mass of kiwi based on physical
attributes were determined and reported by
Lorestani and Tabatabaeefar (2006). Also,
Khoshnam et al. (2007) used this method for
predicting the mass of pomegranate fruits.
They suggested that there is a very good
relationship between mass and measured
volume for all varieties of kiwi. This
information provides useful insights into
design of harvesting, processing, sorting,
separating and packing equipments for
tomato.

Other physical parameters are size and
shape. Different shape tomatoes are used in
the canning industry, with the exception of
canned whole tomatoes, which require
oblong fruits (Rodri’guez, 1992). Depending
on their industrial use, tomato varieties are
classified into two groups: peeled and
concentrated varieties (Arazuri & Jare’n,
2004).

With respect to economical and
processing importance of tomato,
overcoming the world market and

decreasing product losses, investigation and
development in the field of selection or
designing of the most suitable machine for it
is necessary. But, limited study concerning
physical and mechanical properties of
tomato has been performed up to now.

The aim of this research was to
investigate the  physical properties of
tomato in order to achieve a complete profile
of these  attributes. The physical
characteristics studied were length, width,
thickness, unit mass, apparent and true
volumes, geometric mean diameters,
aspect ratio, surface area, sphericity, true
and bulk densities.

MATERIALS AND METHODS

1. Material

Mature fresh tomato were used for all
experiments. Samples were obtained from
the commerical farm, and kept in a
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refrigerator until laboratory measurements
were performed. Physical properties of
tomato randomly  selected for all
experiments. All the measurements were
carried out at room temperature.

2. Physical Properties Determination

Linear dimensions, i.e. length (L), width
(W) and thickness (T) were measured using
a micrometer with an accuracy of 0.01 mm.
The arithmetic mean diameter (D,) and the
geometric mean diameter (Dy) were then
calculated by the following relationships,
respectively (Mohsenin, 1986):

Da- (LV?‘)’T) ®
Dg = (LWT )’ (2)

The aspect ratio (R,) in percent is
used in classification of tomato shape and it
was obtained using following relationship
as recommended by Razavi and Parvar
(2007):

R.= (V%) x100 @)

The criteria used to describe the shape of

the tomato were sphericity. Thus, the
sphericity (®) of samples was found
according the relationship given by
Mohsenin (1986) as:
LWT)?
@ = (LWT)™ L) (4)

Surface area is defined as the total area
over the outside of the tomato. Surface area
(S) was theoretically calculated as apparent
surface area by Mohsenin, 1986):

S = Dy* (5)

True volume and true density were
determined by the liquid displacement
method (Mohsenin, 1986). Water was used

for this purpose. The true volume (V)
calculated by the following equation:

M,-M
Vt: a w
Pw

Where, M,, is mass of sample in water;
M, , mass of sample in air and p,, ,density of

(6)
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water. Then, the true density of Tomato
obtained by the following relationship:

p - Ma @)

t

Apparent  volume (V,) calculated
theoretically by the following equation used
a for volume of ellipsoid materials:

_Ar

Va= —LWT ®)

The error of apparent volume to true
volume in percent was obtained by following
relationship:

Va _Vt

ey =

x100 (9)

t

Unit mass (My) of tomato was measured
by using a digital balance with sensitivity of
0.001 g.

In order to obtain the bulk density of
tomato, a container with known mass and
volume was filled with the samples to the
top. The fruits were poured to the container
in similar way and with a constant rate. After
filling the container, it was weighted and bulk
density (o,) was calculated from the ratio of
fruit mass in the container to its volume.

The porosity of bulk fruits in percent was
computed from the values of true and bulk
density using the relationship as follow
(Mohsenin, 1986):

e = (1- 2)x100

Py

2.3 Data Analyses
All properties were measured at least in
five replications, unless stated otherwise.
Maximum, minimum, range, mean, standard
deviation, regression equations and
coefficient of determination were obtained
by spread sheet software program namely

Microsoft Excel (2007).

(10)

RESULTS AND DISCUSSION

1. Physical Characteristics:
Determinations of the main dimensions of
tomatoes are very important for describing
their technological characteristics in many
respects. The measured dimensions of
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tomato such as; Length (L), Width (W), and
Thickness (T) affect the harvesting, curing
during storage period and  sorting
devices.Typical mean values obtained from
large number of observations for the
investigated tomato are given in Table (1),
with the arithmetic means of all samples,
range of values, and other statistical indices
for the main dimensions of the studied
varieties such as standard deviation (on-1),
standard error (S.E), and coefficient of
variance (C.V.,%) to show the dispersion of
the measured values around the mean
value.

1.1. Linear Dimensions:

The variations of length (L), width (W),
thickness (T) and geometric diameter (Dg) of
the tomatoes with tomatoes storage time are
displayed in Fig (1). All dimensions
decreased with increasing storage period.

Very high correlation was observed
between these dimensions and storage time
of tomatoes. This indicates that, on storage
time, the tomatoes decreased in length,
width, thickness and geometric diameter
within the increasing in storage time. The
linear dimensions of tomato decrease with
increase of storage time, but in a liner
manner and these returned to during storage
tubers lose dry matter, mainly carbohydrates,
which are converted into carbon dioxide and
water (Smith, 1977). At the same time,
transpiration of tomatoes causes loss of
water which is often the most serious cause
of weight loss during storage (Burton, 1989).
Therefore, changes in physical properties of
tomatoes over time must be related to both
transpiration and respiration.

The total average decreasing from
storage time of tomatoes was largest along
the tomatoes length and least along its width
and thickness. The (L/W, L/T, T/W and L/Dg)
ratio variations with storage time are shown
in Fig (2). (L/T) exhibits the highest ratios,
followed by L/W then L/Dg in descending
order. This means that the values of Dy are
generally the highest, followed by W then T.
The relationships between the linear
dimensions (L, W, and T) and geometric
mean diameter (D4) with tomatoes storage
time (S.T.) may be represented linear
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regression on one or more tomato
dimensions as follows:

L=84.665-1.961S.T. (R*=0.97) (11)
W = 66.865 - 1.435 S.T. (R*=0.99) (12)
T=64.60-0.973S.T. (R°=0.96) (13)
Dg=77.51 -1.098S.T. (R*=0.98) (14)

Based on the data of tomatoes

measurements for the three main tomato
dimensions the frequency distribution curves
for tomato for length, width and thickness
are shown in Fig (3). The frequency
distribution curves show the trend towards
normal  distribution. The  overlapping
between the frequency distribution curves
plays important role for separating the
tomatoes based on its dimensions ( L, W
and T).

Fig.(1). Indicate the changes in tomatoes
dimensions during storage periods. It was
grading decreased by increased storage
time for all the tomatoes.The small changes
in tomatoes length were 6.78 %, while the
small changes in tomatoes width were 6.70
%, while in tomatoes thickness were 4.48 %,
but were in tomatoes geometric diameter
4.45 %.

1.2. Coefficient of Spherical Shape:

The coefficient of spherical shape was
calculated for each individual tomato by using
the ratio between the length and square root
(multiplication width and thickness), the
frequency distribution curve and the averages
were represented graphically in Fig (3). The
results in table (1) showed that tomato
ranged from 0.87 to 1.51. Meanwhile most of
the tomato may be considered as round to
oblong group according to the classification
of (Ismail, 1988).

Table (2) shows that the percentages of
the classes of tomato shape were (79%)
spherical shape and (21%) oval shape for
tomato.

The relationship between the coefficients
of spherical shape for tomato with storage

time (5.T) may be represented
mathematically as follows:
1=1.38-0.018S.T (R*=0.95) (15)

Fig (4) indicates the changes in tomato
coefficient of spherical shape during storage
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periods. It

was grading decreased by

increased storage time for all tomato.The

small

changes in

tomato coefficient of

spherical shape when stored were 3.68 %.

Table (1): Statistical index of some physical properties for the investigated of tomato.

ltems No Average Range, S.D. S.E. C.V.
Max - Min %

Length, mm 90 61.15 80.72 — 43.36 8.35 0.88 13.66

Width, mm 90 52.11 81.52 — 40.38 6.88 0.73 13.20

Thickness, mm 90 49.17 77.52 —37.38 6.83 0.72 13.89

Coefficient of 90 1.21 1.51-0.87 0.13 0.01 10.69
spherical shape

Geometric diameter 90 53.80 78.40- 41.00 6.80 0.70 12.54

Table (2): Distribution of the obtained data within the two main classes of tomato
coefficient of spherical shape.

Classes of shape

Varieties
Spherical £1.5 Oval shape >1.5
Tomato 79 % 21 %
Fig. (1).Linear dimensions vs storage time.
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1.3. Mass of Tomato:

The variation of mass tomatoes, (Mg)
with tomato storage time is displayed in Fig
(5). Mass of tomato was decreased with
tomato storage time. The decreasing rate of
tomato was 12.17 %. The relationship
between mass of tomato (Mg.) and tomato
storage time can be represented by the
following equation:

My=171.23 - 6.613 S.T. (R°=0.98)  (16)
Where: My =is mass of tomato, g & S.T =
is the storage time, week.

Fresh tomato mass was measured,
statistically analyzed. On the other hand, it
can be seen from Table (3) that tomato
varied greatly in tomato mass as it ranged
from (44.36 — 254.96, g). The mass of the
tomato was closely related to geometric
mean diameter, but less associated with
major diameter. Thus, the best dimension to
estimate the mass of the tomato is
geometric mean diameter (Fig. 6), this
findings agreement with (Khazaei. J: D.D.
Mann (2004).

My = 5.4863 G4 —197.39
17)

1.4. Volume (measured- calculated):
The variation of volume of tomato
(measured and calculated), (V) with storage
time is displayed in Fig (7). volume of tomato
was decreased with tomato storage time.
The relationship between volume and
tomato storage time can be represented by
the following equations:
Vmea =125.13 - 9.325 S.T.
(18)
Vca =106.63 - 8.138 S.T. (R*=0.92) (19)
Frequency distribution curves for both the
measured and calculated volume of the
tomatoes were graphically presented in Fig
(8). Generally, the statistical analysis
showed that there are significant differences
between the calculated and measured
volumes of each tomato during storage
period. Consequently liner regressions
analysis for the calculated volume as
independent variable and the measured
volume as dependent variable were carried
out for each storage period. Fig (9) shows
regression equation between calculated and
measured volumes of tomato, which were
fited to the following linear function

(R*> = 0.957)

(R* = 0.92)
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storage time

equation.
Vea=0.9714 V¢, +17.615 (R® =0.85)

1.5. Particle Density:

The results of particl density of tomato
showed that the values of there observed
characteristics were widely varied as shown
in Fig (10).These variation depend greatly on
the difference in tomato sizes, volumes.

The experimental results of the particle
density for tomato at different storage time
are presented in Fig (11). The particle
density decreased at increasing storage
time. The relationship between particle
density was found to be linear with the
storage time and can be expressed as
follows:

Py=1.015-0.029S.T. (R*=0.98) (21)
This decrease indicates that, there is a small
decrease in tomato weight in comparison to
its decrease in volume as its storage time
increases.

(20)

1.6. Surface Area:

Tomatoes surface area (both measured
and calculated) was calculated for each
tomato, and the results were statistically
analyzed and given in Table (3), while the
mean values and the frequency distribution
curves were showed in Figs (12&13). Which
show the variation of the calculated and
measured surface area (Sac, Sam) With
tomato storage time. The figure indicates
that the surface area decreases linearly with
increase in tomato storage time for
tomatoes. The relationship between storage
time and calculated, measured surface area
can be expressed mathematically as follows:
Sac=108.39-5.2756 S.T. (R°=0.97) (22)
Sam=135.70-5.424 ST. (R*=0.96) (23)
Fig (14) shows the variation of the measured
surface area (S,m) with calculated surface
area (S,c) for all tomatoes. The relationship
between measured and calculated surface
area may given by the following expression:
Sam =1.6014+1.328 S, (R?=0.95) (24)

1.7. Sphericity:

The sphericity (®) variation with tomato
storage time is shown in Fig (15). The
sphericity graph given by equation.(3. 4).
The linear relationship between sphericity
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and tomato storage time may be given by: The obtained mean value of tomato
®=88.795-0.919S.T. (R’=0.98) (25) samples specific gravity were (1.01). The
statistical analysis of this property was showen
1.8. Specific Gravity: in Table (4).
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Fig. (5). Effect of storage time on mass of Fig.(6). Relationship between geometric mean
tomato. diameter and tomato mass
BVm AVc ——Vm —=— Ve
45 1
120 0 -
-c% 110 u 35 A
100 i
T ™ \030
2% o | \ s ]
S 2 )
") T 80 T A Q20
T @ Q
O F70 T €15 -
Es S10
o 0 60 A =
E 850 1 D5
3 ) T T T )
5 40 T T T T \
> 0 50 100 150 20 250 300
0 1 2 3 4 5 Measured and calculated
Storage time, week volume,cm?®
Fig.(7). Volume of tomato (measured and Fig.(8). Frequency of measured and calculated
calculated) vs storage time. volume for tomato.
300 50 -
® 45 |
£ 250 | 40 1
2 200 - 35
3 ¢ 30
O 150 ~+ 8 25 A
1>3 Q20 |
o 100 ~ 03) 15 -
R ' |
[}
= o0 Lo 4 v
0 50 100 150 200 250 300 0.90 1.00 1.10 1.20 1.30
Calculated Volume, cm?3 Particle density, g/cm3

Fig.(9). Relationship between measured and Fig.(10). Frequency of particle density for tomato.
calculated volumes for tomato.

320



Physical characteristics of tomato fruits

( | —e—Sac. ---B---Sam | A
1,
o . 50
g 0.98 10
> S
= 0.96 %
p= . L 30
2 0.94 S
3 S 20
< 092 8
b= L 10
3 09
a 0
0.88 . : .
0 100 200 300
0 2 4 6
Storage time, week \ Surface Area, cm”2 y

Fig. (11). Effect of storage time on particle density Fig. (12). Frequency of measured and calculated

for tomato. surface area for tomato.
4 N
~.Sac =Sa.m 250
140 - o
5
o 130 A .\ 8»200—
120 A Z
Eﬁ 150 1
G110 1 8
5100 1 - 7 100
8 90 1 B
‘::; 80 A § 501
» 70 1 s
70 0 ‘ ‘ ‘
60 T T T T S 0 50 100 150 200
0 1 2 3 4 5 Calculated Surface Area, cmz2
Storage time, week \. J

Fig. (13). Effect of storage time on measured and Fig

calculated surface area for tomato.

. (14). Relationship between calculated and
measured surface area for tomato.

Sphericity

84 T

0 1 2

Storage time, week

3 4 5

Fig.(15). Effect of storage time on sphericity of tomato.

Table (3): Physical properties for the investigated of Statistical index of some tomato.
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ltems Average Range,_ S.D. S.E. C.v.
Max - Min %

Mass, g 97.99 254.96 — 44.36 37.87 3.99 38.64
Measured volume, cm® 100.78 250 - 50 36.88 3.89 36.60
Calculated volume, cm® 85.61 252.54 — 36.03 34.98 3.69 40.86
Partical Density, g/cm3 0.97 1.76 - 0.70 0.12 0.01 12.15
Mea. Surface area, cm’ 128.56 191.52 - 79.44 24.79 2.61 19.29
Cal. Surface area, cm® 92.43 193.18 - 52.75 24.04 2.53 26.01

Table (4): Statistical index of specific gravity for tomato samples

Varieties Average Mgim-gren,in S:D. SE. CO/:/
Tomato 1.01 1.11-1.00 0.01 0.001 0.099

The physical properties of the tomato
samples were described in order to better
design specific machines for harvesting and
post-harvesting operations. In this study
many properties were determined to be
significantly  different.  Therefore, the
differences between the physical properties
of tomato must be considered in optimising
product and post-product mechanization and
food processing.

Conclusion
It can be point out those physical attributes
of the studied tomato can be a subject of
interest to agricultural scientist for farm
machinery engineers for efficiently
equipment design for tomato postharvest
operations. Also, the best models obtained
are important information in sorting and
sizing the tested tomato based on their
weight. The results can be summarized as
follows:

1. The  structural and
properties such as length, width,
thickness, Coefficient of spherical
shape, geometric mean diameter,
volume (measured and calculated),
mass, surface area (measured and
calculated) of tomato fruits ranged in
between 43.36 to 80.72 mm, 40.38 to
81.52 mm, 37.38 to 77.52 mm, 0.87 to
1.51, 41.00 to 78.40 mm, (50 to 250)

geometrical
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(36.03 to 252.54) cm®, 44.36 to 254.96
g, (79.44 to 191.52) (52.75 to 193.18)
mm°®, respectively. These parameters
are necessary for the proper mechanism
design of tomato harvesting robot.

2. The coefficient of determination R®
showed that the mass was most closely
related to geometric mean diameter of
tomato fruit. The result suggests that the
mass of the tomato fruits can be

predicted by the geometric mean
diameter.
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Physical characteristics of tomato fruits
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