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Determination of Engin_eering Properties of Some
Fresh Tomato Cultivars Grown In Nigeria

Peter A Idah, S.A. Ajisegiri Emmanuel and G. Yisa MOhamm
ed

In this paper, some engineering properties of three varieties
cultivars (chico, roma and cherry) were determined from compress;
test. The fruits were at two stages (turming and fully ripe) of maty; t;mon
grouped into two (small and big) sizes. A standard compression o ?nd
machine. the Testometric Universal Testing Machine (UTM) was Sting
to apply loads on the samples. The properties determined were ﬁf)sed
(load), energy absorbed, stress, Young modulus and defonnalioln ;ﬁe
effects of varnety, maturity stages and sizes of the fruits on ihe .
properties were Investigated by subjecting the data to statist,‘cs e‘,
analyses. The results show that the main effects variety, stage af
maturity and sizes of the fruits were highly significant at 5 % Jeve/ 3f
probability. The tuming stage of maturity seems to have the greate
capacity for taking elastic or recoverable deformation than the fully riper
samples. The results also show that the cherry variety is the weakest
among the three varneties studied. The data obtained can be of great
assistance in reducing mechanical damage to this produce especially
during handling.
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Introduction

Fresh fruits of tomato (Lycopersicon esculentum) are highly susceptible to m

- X . . e
injury during handlmg. The mechanical damage suffered by these produce is normally influenced
by their engineering properties. There has been widespread interest in engineering propertizgu}
foodstuff, fresh or processed. The information is required by food researchers for varioss
purposes such as quality assessment and evaluation, process design, operation and contra ¢
food plant, handling and transportation and design of packaging methods and materials, mass
and energy balances among others. ’

.ln the last forty years, several studies were carried out to assess product physical and
mechanical p_ropertles, hence susceptibility to mechanical damage, that is, bruising, cracking
cuts etc (O‘Brlen_et al., 1965; Singh and Singh, 1992; Jan et al., 1997, Batu, 1998; Dewulf etd.
1999; Nwanekezi and Ukagu, 1999; Ozoemena and Ozumba, 2003; Berardinella et al., 2005
Most of these work on engineering properties of food whether fresh or processed were carried o
in the temperate and developed countries of the world. But in the developing countries, very ltte
mformapon (if any) especially on the indigenous produce are available. In particular, there Is very
scanty information on the physical and mechanical properties of tomato fruits especially varietes
cultivated in Nigeria. ;

~ The distribution of fresh tomato fruits in Nigeria is usually characterized by long chain ‘j
handling process due to the distance between the producing areas and the consuming Ce“",;i‘
Fresh tomatoes, just like any other horticultural produce, are highly susceptible to mechzf;'wr
damage caused by external load which in turn leads to changes in structure and tissue (F“’“this ’
al., 1991). Evndence‘ of severe problems of mechanical damage is on the increase and s
affecting ;he trad‘e in fruits and vegetables both locally and internationally Damages gt d
;’gg?;’og is a major cause of quality deterioration in fresh fruits and vegetables (Jgnien transt
e - Damage to fresh tomatoes during transportation is quite significant. For instanc 3 resd! o

rage and market places, large percent ) duce are lost @5 % Ly
various factors. M ot B ntages (30- 50%) of the produ . ushing
el acc%rjh”echamcal Injuries such as cuts, bruises, ruptures, abrasions. ©
0 1 1

uot gr over 50% of these losses (Okhuoya, 1995). ed ON h

. ge caused by vibration during transportation had been asses® s (SN
species of fruits and vegetable 9 P : 1965) tomatoe
and Singh 1982), peaches s such as Cling peaches (Obrien et al., 00'5)

' (Ogut et al., 1999) and pears (Berardinelli ot al., 2009)-

The aim of this ' . i 50
in'S Study is to determine some engineering properties ° desd” S S
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Materials and Methods f

Fresh tomato fruits of three varieties, chico, roma an [ [
llorin, Kwara State of Nigeria. The fruits were obtained a(t1 fxzrgt:gz: Z:Dt?‘:gfﬁri\‘rt;x&farrr:s )
turning (1-50% pink) and rioe (80 - 100% red skin) but firm. These were sorted into t?Neo gg)e
groups of reasonable uniformity, termed small (10-55 g) and big (60 g and above) sizes. The
moisture content of the samples was determined using the air oven method. The minor
intermediate and major diameters of each of the samples were measured usin the vernier
calipers (Mohsenin, 1986) before subjecting them to compression te st. ’

A standard compression testing machine, the Testometric Universal Testing Machine
(UTM) was used to apply loads on the samples. The machine which has a capacity for exerting
50 kN of force_was installed in the laboratory of the National Centre for Agricultural Mechanization
(NCAM) ip lorin. The average temperature of the laboratcry during test was 26° C.

Fl_ve samples from each size groups at each stage of maturity from each of the varieties
were subjected to compression test using a crosshead speed of 2.5 mm per minute. The
parameters measured were the force- deformation curve, load applied, stress, energy absorbed,
elasticity modulus and deformation. The results of these parameters including the force-
deformation curves were obtained as a print out from the readout unit of the UTM machine at end
of each compression test. Also from the force-deformation curve and using known formulae, the
above properties were determined thus:

Thg toughness value (energy absorbed), T is defined as the total energy absorbed up to rupture
point and is given by the area under the force-deformation curve Olorunda and Tung (1985)

1
F=3fp | ()

The f_runt bioyield values were taken as the peak force (F) just prior to sudden decrease in force
sustained by the fruit due i> tissue rupture. Deformation (D) is defined as the distance of the
crosshead traveled from the first contact with the fruit surface to the point of rupture.

The rupture stress was determined from

F
c = —
A

where, o = rupture stress [N/m?, F = peak force [N], A = contact area between the compression
tool and the convex bodies [m?].

A=ma’ ()
where, a = radius of circle of contact given by
a’= —]—%- ASAE (1998) ‘ (4))
- + J—
R d

Where, D = elastic deformation [m], d = diameter of spherical indenter (compression tdol) m], R=

average of radii of convex bodies [m].
The modulus of elasticity (E) is given by the relationship:
ol

2 2
E= 05310 JF 1,12 ASAE (1998) 5)

D R, R d
where, E = modulus of elasticity [N/m?, F = bioyield force (half peak force [N], D = deformation
(half of the value at peak) [m], d = diameter of spherical tool [m], R;, Ry’ = radii of curvature of the
contact surfaces and determined from the dimensions of the fruits (ASAE, 1998)

The data obtained were subjected to statistical analyses. As stated earlier, three -factor
experimental design and analysis were used in this experiment. The factors were variety, stage of
maturity and size of fruits, i.e. variety, 3 levels; maturity, 2 levels and size 2 levels and there were
five replications giving a total of 3x2x2x5 treatments. The Analysis of Variance (ANOVA) and
Duncan Multiple Range Test (DMRT) were used to ascertain the differences among the means,
using a statistical package, MINITAB, release 14, (2003).
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Load Applied
lgngure 1 shows the values of

different maturity stages. The effects of th

required 10 rupture the samples 5
e three factors of variety, maturity and size of the fruits

: rity seem to withstan
be seen from the results. Samples at the turning ;tage of maturity S€= d more
if:ds than those at fully ripe stage- since load applied 10 the produce is @ measure of the
capability of the produce to resist mechanical damage, it follows that fruits at turning maturity
stage are less proné to mechanical damage than others. The results seem to confirm some
observations made in other studies that transporters of fresh ‘tomatoes usually prefer handling
tomatoes that are at green/turning stages of maturity for long distance haulage because they are
usually less susceptible to mechanical injuries (Erinle and Karikari, 1988, Olorunda and Tung,
1985).
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Fig 2 Average Energy absorbed by the tomato fruit at rupture
point

~ The energy absorbed by the fruits under compression load is very important as far as th=
handling of tomato fruit is concerned. During transportation, it has been noted that the excitation
from the road irregularities is usually dissipated as energy on ‘he fresh oroduce and that it is this
energy dissipated that usually result in produce damage (Jones et al., 1992). The knowledge of
the absorbed energy can assist greatly in curtailing mechanical damage to fresh tomato fruits
especially during handling (Vursevus and Ozguven, 2004). Information on the energy absorbed
can be used in the design of handling devices, processing machines and impact testing devices.
Since the energy that a produce can sustain is a measure of its resistance to impact (Hyde et al.,
1993), the specific values obtained for the various tomato varieties popularly croduced in Niger'a
can greatly assist handlers in deciding on packaging of the fruits. Studies have also shown that
impact energy threshold is a measure of resistance or susceptibility of any fresh produce to
bruise damage especially during transportation and handling (Hyde et al., 1993).

It can generally be seen from the results that the maturity stage greatly influenced the ’

values of the energy absorbed by fruits. Just like in the case of the force discussed above, the
results of the energy absorbed indicate that the samples at turning stage of maturity are less
prone to mechanical damage as far as the ability to withstand the effect of this impact is

concerned.

Young’s Modulus and Stress
Figures 3 and 4 show the average values of the modulus of elasticity and the stress

obtained. The elasticity modulus is a measure of the capacity of a material for sustaining elastic
or recoverable deformation. It is one of the mechanical properties of fruits which is important and
necessary in studying the handling and processing of agricultural products (Ogut et al., 1999).
The range of average values of the Young's modulus (0.0869 to 0.1729 N/mm?) obtained from
this study agrees with earlier studies conducted on roma vf variety using different compression

testing machine (Idah et al., 1999). S
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Fig3 Modulus of elasticity of the fresh tomato fruit
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Furthermore, Table 1 indicates that the _
maturity and size of the fruits on these properties are hlg
is clear from the results that the chico and roma varieties ar
recoverable deformation than the cherry variety.

Deformation )
Figure 5 shows the results of the average values of the deformation under gone b, the

various samples under the compression test. Generally, it is expecteq that the fully ripe sampleg
should suffer more deformation under compression than ‘the ~turnmg maturity samptg;_ The
deviations observed in this study may be due to some variations in the structural compositions

the samples.
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Fig 5 Average fresh tomato fruit deformation at
rupture point

Deformation as an engineering property of fruit is very important in the handling and
processing of the products. The relationship between deformation and force (load) is a measure
of the fruit firmness which is one of the parameters used in quality assessment of fruits by

consumers and processors (Altisent, 1991 and Batu. 1995).
T3bie 1 Semmary of ANOVA of the data obtained from the experiment

0.04 - ® tuming e
0.03
0.02
0.01 d ‘
C K

Scurce of Df Load Loag a Energ) Energy Energy Young's Stress Stress at Stress Dafat Delat De:
variation at break at vield a1 peak ai mod. at vield peak at break GEd pesk at breah
vield break
Varien (Vi 2 26E M3 N6 22060 2636 (03 249 0 jossr jasee  tsetr 18T
R Q R 4 FREl - 5 - . - A
Mzunn (St i ¢.88 16.8 e .36* 8.19 10 13.86° .00 a1 (68 .36 25l
Size (% 1 4500 2.47 a0 41 1a 1.§7
1z¢ ! 2z 10.66* 1413+ 1264 7.82¢ 281 5.99+ 6.3 §5.10 &
Ve S & 2.2% 092 071 7
] 0.98 ©.52 118 064 1.03 £ 138 B
Vs S g 1g” 267 255 .72 | - s a0
1 e 46 0.36 129 0.61 1.66 <20 .52 iEh
Siae S i 0.01 0.06 (TR 0.0
i + 01 ;s TR 179
1 001 (st 1.38 0.66 002 0.82 29
i VwvsSive§ 2 0.33 1.3¢ 108 ;
| * 1.86 2.24 3 Ll
| G4 0.67 1.53 (14 1

lice

Error 43
Tow! G
|
1
L

'Hl‘ghl" SiL’niijaPCg 315 S i e
v T ! > ®cicvel of o » P —_—

v 1 prodapiliny (P<_ (.03 Def = deiommmm
i DE= degree of freedom. V' = vanen . S = size. St = stage of ma

50

i
|
|
|

Lot
qurity. Y8



Conclusion
r engine :

rown inTrlll?ger:r?ejxohavegbe:r:lr:j%tpropemes of three varieties of fresh tomato fruits popularly
g h d : €rmined. The data obtained for these properties are vital to
food researchers and €ngiNeers involved in the food supply chain. It can be concluded from
HE anelyses orte results that the variety of the fruits, the stage of maturity and the sizes of
Fhe fruits have l5|gnrﬁcant effeets on these properties at 5% level of probability. This is
important especially in the design and selection of systems to handle and process these
produce that will minimize mechanical damage and ensure quality of fresh fruits
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