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ABSTRACT

This study examined the mechanical loads of guava fruits under different loading conditions at different times. The approach
will help in predicting the type and magnitude injuries, which will help in minimum losses and assessment of guava quality.It has also a
significant influence on handling, sorting, storage and processing. Some physical, chemical and mechanical properties of common
Egyptian guava variety (Mamora) relevant to the material handling were analyzed. The following properties were considered:
dimensional size, mass, measured and calculated volumes, real density and sugar content. Mechanical tests (puncture and compression)
were also considered. The rupture load, rupture deformation and the work done (energy) that caused the rupture of the fruit were
determined. The maximum force and stress levels for both puncture and compression were greatest at the start of maturity stage
compared with subsequent maturity stages .At any fruit position and as the stage of fruit maturity increases from start to near the final
stage, a gradual decrease in the yield force and yield stress was obtained, while, the damaged area and deformation increased.During
packing and handling guava and based on the above information it may be recommended, to lay the fruits on the major diameter axis
position, so as it experiences less deformation under loads. It was possible to introduce a factor of safety that may be used in determining
the number of fruits in a vertical load for packaging guava fruits in containers and transporting them. Based on this concept, the
maximum number allowable of fruit rows inside a container should be three rows, so as to avoid bruising during fruits packaging and
handling .Packing was the first step to keep the fruit quality and reduce the handling losses. Further investigations should be done to

evaluate and test package type, size, and loading height during storage and transportation.

INTRODUCTION

Guava (Psidium guajava L.) is one of the most
common fruits in the world and Egypt. The fresh fruit is
very high in vitamin C and good source of vitamin A,
pectin, calcium, iron, phosphorus and ascorbic acid.

The medicinal uses of guava are many and varied.
Guava's can be eaten fresh, used in salads, but are often
used to flavor drinks, desserts, sauces, preserves, very nice
jam, jelly, ice cream, toffee and many other food products
(Admin, 2014). Guava tea, the infusion of dried guava fruit
and leaves, has recently become popular as a drink in
Taiwan (Gupta, 2004).

Guava softens readily and therefore, has a very
short shelf life, which in turn makes transportation and
storage difficult (Neelima, 2011).

The total cultivated area of guava trees increased
sharply through 1990-2017, from 14000 to 315281 feddans
and the total production from the fruitful area was 315281 ton
(Ministry of Agricultural, 2018 "in Arabic™).The fresh fruits
exportation has increased from 3873.7 tons in 2000 to about
9731.6 tons in 2018 (Ministry of Foreign Trade, 2018 "in
Arabic").

The extent of postharvest handling losses in fruits and
vegetables in developing countries reveals that in some cases
losses may be as low as 5% - 25 %, whereas in others they
may reach a value as high as 50% (Kader, 1992 and Hussein
et al., 1997 "in Arabic"). In Egypt the value of postharvest
handling losses in fruits and vegetables may reach 25% (Al-
Giwilly, 1996"in Arabic™). Parshant et al. (2014) reported
that the maturity index must consistently meet two
requirements for all growers firstly (it should insure
minimum acceptable eating quality) and secondly (a long
storage life). Fruit is generally harvested when the pulp is still
firm and the colour skin starts changing from dark to light
green /or to a yellowish colour. Change in colour is the most
apparent external symptoms of ripening in guava. Judging
maturity in guava by colour is half mature (beginning
maturity), full mature(medium maturity) and fully ripen (near
the end maturity).

Measurements of mechanical proprieties of fruits
and vegetables at different maturity stages and under

different loading conditions should help in predicting the
type and magnitude of mechanical injuries, which will help
in minimizing losses (Peleg, 1984).

Increasing economic importance of food materials,
together with complexity of modern technology for their
production, handling, storage, processing, preservation,
quality evaluation, distribution, marketing, and utilization
demands a better knowing of the significant physico-
mechanical properties of these materials. Many investigators
have covered factors affecting physical and mechanical
properties of fruits .

Mohsenin (1986), Abdel Maksoud (1992) and
(Sabbah, 2002"in Arabic™)) reported that the mechanical
behavior could be expressed in terms of force-deformation
and time; the results can lead to a rheological equation, which
may predict the behavior of fruit and vegetables material
under various loading conditions.

El-Danasory and El-Ebabi (1994) studied some
factors affecting packing damage of different fruits (pear,
apple, peach, fig, grape and.gouava).They concluded that the
mean value of the compression load which cause bruise for
different types of fruits was almost half of the applied load .

Soliman et al. (1994) reported that the mechanical
damage of fruit during harvesting, handling, packing and
transportation is related directly to the mechanical
properties of the impact forces. The type and magnitude of
such damages depend on the state of maturity and methods
and severity of harvesting and handling .

The mechanical properties are considered one of the
most important four parameters, which reflect the quality of
food material (Bourne, 2002). These parameters include
texture, firmness and chew-ability.

There are two main forces that affect tomatoes crop
during their handling after harvesting operation, compression
and puncture forces. Generally, the compression force is
actually observed by the whole fruit and the puncture force
by a specific point on the fruit. Excessive compression force
results in bruising and breakage. Punctures cause in increase
respiration rate, enhancing general deterioration and
decreasing the visual appearance aspects (Allende et al.,
2004). The fresh yield of any agricultural production with a
high- quality as the consumers demanding increases the
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necessity for a reliable, rapid, nondestructive, noninvasive
technique for maturity determination, especially during
harvest and at the packing site (Mizrach, 2007).

The objective of the present study was to investigate
some physical (dimensional, size, mass, measured volume,
calculated volume, real density, sugar and moisture contents),
and mechanical properties (puncture, and compression) for
one common Egyptian guava variety (Mamora).

MATERIALS AND METHODS

Guava variety (Mamora) was used to evaluate their
physical and mechanical characteristic. This variety is
considered as exportable variety because of their good
storage characteristics .

Experiments and Test Procedures:

The samples were picked carefully in different
maturity stages. All fruits were subjected to dimensional
characteristic measurements. Then the fruits were used to
prepare the required specimens for physical and mechanical
tests.

During the experiments, the following parameters were

examined :

-Three stages of maturity (early stage maturity, medium
stage maturity and late stage maturity).

-Three positions (major axis, major diameter, and minor
diameter)

Physical Characteristics:

A random sample of 100 fruits for each maturity
stage of guava variety was used. Size of each guava fruit
was determined by measuring the main three dimensions
of fruit to obtain; the major axis as (fruit length, L), major
diameter as (fruit major diameter, Dy;) and minor diameter
as (fruit manor diameter, Dusing a digital vernier caliper
with an accuracy of 0.01 mm) as shown in plate (1).
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Plate 1. Main dimensions of guava fruit

The guava fruit is either rounded (i.e. globose), egg-
shaped (i.e. ovoid) or pear-shaped (i.e. pyriform) and turns
from green to yellowish in colour as matures (GISD, 2011).

The measurements of moisture content of guava fruits
were determined based on the (ASAE standards, 1984) as
follows:

Moisture content (wet basis) is determined using the
convection drying oven method at 103°C for 4 hours as the
average of three replicates.

Sugar content is obtained by measuring the total
soluble sugar in the extracted juice by a refractometer .

The theoretical volumes and the real density were
calculated according to (Mohsenin, 1986) and (Sitkei, 1986)
as follows :

V. =n(L*Dy*Dpy)/6
p =MNn
Where: L = major fruit axis, cm.
Dwm = major fruit diameter, cm .
D = minor fruit diameter, cm .
n = measured volume, cm?® .
V, = calculated volume, cm®,
p = real density of individual fruit, g/cm®.
M = mass of guava fruit, g .

The mass of each fruit was determined using an
electronic digital balance having a sensitivity of 0.01g.

The obtained data of the fruit characteristics were
statistically analyzed to assess the mean value, the maximum
value, and coefficient of variation (C.V)

Mechanical properties :
Penetration test :

Digital penetration meter (model, Penetrometero St
308) as shown in plate(2) was used with an accuracy of 0.01
Newton, a single fruit was pressed by the conical end of the
appropriate plunger with diameter 8 mm (5/16in) which is
suitable for guava fruit as described by (Hussien et al., 1997
"in Arabic™)

N,
Plate 2. Digital penetration meter

The digital reading was increased with the increase of
the pressure on the fruit until the fruit was cracked. At this
point the recorded reading (Peak) is the fruit firmness. Only
one reading was recorded for each guava fruit. Measurements
were taken on the three stages of maturities of fruits.
Force-deformation test:

An instrone machine model (Universal Tester-
Lloyd x Instrument type LR 5KN load cell) was used for
the force-deformation test, and compression - expression
tests. It consists of a mechanical press, force indication
system, speed controller and recording system. Both the
crosshead and chart speed were 10 cm/min for all tests.
The system was provided with a digital controller .

The force-deformation tests were conducted by
placing the samples between two parallel plates. The
sample was placed on the bottom plate while the crosshead
was just touching the surface of guava at no loading. Force
was applied to the fruit by the press and force transducer to
the moveable crosshead . During the test, the cross head
was moved down at a selected speed deforming the sample
until failure was achieved. A digital screen showed the
variations in force as it progressed against the sample and
the peak force at which sample tissue failed was recorded.
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RESULTS AND DISCUSSION

Properties:

Determinations of physical and chemical
characteristics such as size, volume, etc. of guavas are very
important for describing their formological characteristics
in many respects and applications such as sorting, grading,
and processing .

Typical mean values obtained from large number of
observations for the investigated guava given are in Table

(1), which shows the mathematical means of all samples,
and other statistical indices for the main dimensions of the
studied variety .

The data listed in Table (1) illustrate some physical
properties for guava fruits under three maturity stages (half
mature (beginning), full mature (medium) and fully ripen
(near the end) (Parshant et al., 2014) It is clear that the
guava variety used in this investigation is considered as
pear shaped.

Table 1. Physical and chemical characteristics for three maturity stages of guava fruits.

Maturity Parameters L, Dwm D, Mass, Vmé VC,3 Real density, Sugar brix, M.c%
stage mm mm__ mm g cm cm g/lcm % (w.b)
Average 1083 7254 4338 28220 288.3 27538 0.98 5.09 80.21

Beginning Maximum 12020 712 6420 357.81 372 359.05 1.01 591 80.96
Coeff. of variance CV%) 794 721 539 1718 17.64 18.13 1.63 348 0.641

Average 103.5 7029 65.81 305.89 299.6 282.89 1.02 5.82 81.6

Medium Maximum 120.15 63.10 72.0 380.0 380.0 359.05 1.13 6.32 82.8
Coeff. of variance (CV %) 7915 8876 836 12.884 14.733 15.187 4.412 2.043 0.682

Near the Average 10820 76.63 6223. 3272 3164 298.7 1.03 6.24 83.1
end Maximum 1255 8290 649 4171 410 38715 1.08 743 84.23

Coeff. of variance (C.V%) 8.129 648 6.627 17.232 18.008 18.363 1.694 4.49 1.03

It could be noticed that the real density of guava
variety under study increased as the maturity stage increases
from early to late stage maturity which was (0.98, 1.02 and
1.03 g/em®) .

Usually the densities of biological materials are
affected by their chemical composition as moisture content,
sugar content, etc. The average values of sugar brix,
percentage, in general showed a similar trend to the values of
the real density gm/cm®, which gradually increased as
maturity stage increased .

Mean while, the maturity stage has an important
effect on the fruit volume, mass and density. As maturity

400
375 - Beginning of maturity

400
375 Medium of maturity

stage increased, the volume of a specific fruit increased and
its density also increased, that is due to the biochemical
change during ripening which consume some of free water
by plant tissues, resulting in shrinkage of fruit size more than
the reduction in fruit mass, which in turn causes an increase
of mass per unit volume, as shown in Table (1).

A linear correlation equation between the measured
"V' and the calculated "V." volume of guava fruits at the
three maturity stages for variety tested can shows in Fig. (1).
The relation form shows as follow:
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Fig. 1. The relationship between measured and calculated volume for guava fruits under three maturity stages.

From the figure it can see the strong relation which
R? = 0.995, 0.980 and 0.979 respectively at beginning,
medium and near the end maturity. These relationship
could be used successfully for predicting fruit volume by
knowledge of the main dimensions of fruits.

Mechanical properties :
Penetration (puncture) test :

Mechanical properties related to penetration
(puncture) and compression tests are summarized in Tables
(2 and 3). It can be seen that the maximum force and stress
levels for both penetration (puncture) and compression
varied considerably for both variety and maturity stages .

The maximum force and stress levels for either
puncture or compression were greatest at beginning of
maturity stage compared with other maturity stages .

This increase in the force and stress levels for
puncture or compression tests may be attributed to the

decrease in the moisture content and density of fruit at
beginning stage than that of other maturity stages.

On the other hand, the minimum force and stress
levels for either puncture or compression was found at
higher maturity stage (near the end maturity) as shown in
Tables (2 and 3).

Table 2. Statistical indices of penetration (puncture)
tests of guava fruits at three maturity stages.
Beginning  Medium Near the end
maturity maturity maturity
Skin hardness

Force, Stress Force, Force, Stres:

N Mpt N OwesS y MP"S’

Average 465 092 344 0.68 259 052
Maximum 548 109 378 0.78 299 0.89
Coeff. of variance(C.v%0) 11.82 11.83 9.0 8.99 11.31 11.30

Parameters
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Table 3. Summary of mechanical properties of guava fruits at different maturity stage and positions.

Compression tests

Maturity position At yield point Atyield At maximum point
stage Force, Deformation Damage Stress, work done Force, Deformation Damage  Stress,
N mm area, mm> MPa (Energy), Nm N mm area, mm> MPa
L 65.95 3.965 69.08 0.955 0.1307 159.30 7.57 107153  0.149
Beginning D 67.18 3.702 100.48  0.669 0.124 159.90 5.63 1044.05 0.154
T 57.75 4.661 193.89  0.298 0.135 159.70 7.84 1073.88  0.149
L 61.77 7.178 705.72  0.088 0.222 159.90 12.60 1285.83  0.124
Medium D 61.36 5.679 489.84 0.125 0.174 159.70 11.29 1544.88 0.103
T 57.52 8.182 439.60 0.131 0.235 123.70 10.42 1036.20 0.119
Near L 59.13 8.869 681.38 0.087 0.262 86.47 13.16 774.010 0.112
the D 60.72 6.988 659.40  0.0921 0.212 94.06 15.20 144440  0.065
end T 53.15 9.089 660.19  0.081 0.215 114.70 15.23 1318.80  0.087

» L= Longitudinal position, D= Radial position,

Data analysis of compression tests:

Figure (2) shows a typical force-deformation curve
for a guava loaded with a plate crosshead. In the initial stages
of the loading, the deformation is proportional to the applied
load, as shown by line AB on the load deformation diagram.
At B, the line commences to deviate from the straight, and
after point B, deformation is no longer proportional to load.
Point B is therefore known as the limit of direct
proportionality. As the magnitude of the applied load is
further increased, the material suddenly appears to be
stagnant i.e., from C (yield point) to D there is a noticeable
sudden increase in deformation with little or no increase in
load. A bioyield point C is an indication of the initial fracture
in the cell structure of the sample. After point D, the material
(fruit) shows some recovery effect, and a further increase in
the applied loading causes further deformation, until at point
E, the maximum deformation loading is reached which
causes the split to widen and broken.

Load (N)

Deformation (mm)

Figure 2. A typical force-deformation curve for a guava
fruit.

Meanwhile, the compression tests on guava fruits
indicate that the flesh was bruised just before the skin
failed. However, some fruits were found to have a minor
bruise without failure of the skin. In other words, the force
deformation curves for guavas under certain conditions
deviated from linearity depending mainly upon the cross
head speed and maturity stage. Therefore, the occurrence
of a bruise cannot be precisely defined from the force-
deformation curve. Therefore, it was necessary to device a
procedure to determine an average loading at which
bruising occurs.

A number of groups of fruits were subjected to
different load applications, and the area of bruising in each
fruit was evaluated. Then the average compression Yyield

T = Minimum axis.

force for the test was determined. By dividing this average
yield force by the area, the yield stress of fruit was obtained.

Average compression Yyield work (energy) was
determined by calculating the area under the average force-
deformation curve up to the maximum yield. Data tabulated
in Table (3) and Fig. (3) show the effect of different
parameters (cross head load and loading position at different
maturity stages) on the behavior of compression force
deformation.

Generally, guava at three different positions, showed
a common trend of direct proportionality and non- linear
relationship between compression force and deformation.
Inspection of the graphs reveals that at any fruit position and
as the stage of maturity increased from beginning to near the
end stage, a gradual decrease in the yield force and yield
stress was obtained, while, the damaged area and deformation
increased.

In other words, the best results for yield force and
maximum force were always associated with lower values of
deformation, resulting when loading on the major diameter of
guava fruit (position, D) at beginning and medium maturity
stage, which was (67.18 and 159.9 N) and (61.63 and 159.7
N.) respectively.

At any loading position of guava fruits, and as
maturity stage increase from beginning to near the end
stage, the vyield force (N) and stress (MPa) gradually
decreased meanwhile, the damaged area (rnrn?) and
deformation (mm) were always increased. The values of
rupture deformation and the rupture energy, in general
showed a similar trend to the values of rupture force for
guava, as shown in Table (3).

The maximum rupture force values for the
beginning maturity stage averaged from 159.3 to 159.9 N.
On the other hand, the maximum rupture force of
beginning maturity was larger than that of near the end
maturity by about 1.84, 1.7 and 1.39 times, when loading
position was done on the major axis, major diameter and
minor diameter (positions L, Dyand D), respectively.

The values of rupture energy (work done) of guava
fruit ranged from (0.124 to 0.135 Nm), (0.174 to 0.235
Nm), and (0.212 to 0.262 Nm) at beginning, medium, and
near the end maturity stage, respectively.

During packing guava fruits at beginning and
medium maturity stages, and based on the above information
it may be recommended, to lay the fruits on the major
diameter axis, so as it experiences less deformation under
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different loads. In addition, it may be possible to develop
good quality in terms of mechanical properties.
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Fig. 3. The relationship between the compressive force
(Load, N) and deformation (mm) under three
maturity stages and three positions of guava.

In Egypt, most fruits are handled in containers
made of hard paper, plastic and /or palm tree branches,
generally in almost similar sizes for different types of
fruits, thereby a large quantity of fruits are subjected to
damage. Highest priority should be given to decrease the
handling damage through modifying and improving the
protective packaging of the fresh fruits. Therefore, the
allowable compression loads on the fruits, which are
always associated with the number of rows of fruits inside
the container, must be taken into consideration.

The deformations caused by stacking the
agricultural materials are partly elastic and partly plastic.
The degree of elasticity of a material is characterized by

the ratio of the elastic and the total deformations (sum of
the elastic and plastic deformations). The plastic
deformation is due primarily to the presence of pores,
macroscopic cracks and discontinuities in the texture and
fruit skin. Consequently, it would be foolish to increase the
compression loads (due to number of rows inside the
container), to approach the yield stress or the point where
permanent deformation may take place.

A factor of safety (F.s) may therefore, be devised or
introduced and proposed to be:

Fs_ stressat yield point, (MPa)
Stress at maximum point, (MPa)

That may be used in the design calculations of fruit
containers. The factor is in reality a margin of safety. Its
value can range from1.5 to 10, depending on properties of
the specific materials (fruits) being used (Creamer, 1984).
As a matter of fact, it may also take into consideration the
strength of container material as well.

Under the present study, the factor of safety was
calculated at highest maturity stage (beginning)and position
(L), according to the aforementioned definition of the factor
of safety (F.s) for guava = (0.955/0.149) which was 6.41.

Therefore, it may be recommended that the
maximum number allowable of fruits rows inside a
container should be three rows for guava fruits, so as to
avoid bruising during fruits packaging and handling.

Packing was the first step to keep the fruit quality
and reduce the handling losses. Further investigations
should be done to evaluate and test package type,size, and
loading height during storage and transportation should be
made in the future.

CONCLUSION

The data indicated that as maturity stage
increased, the volume and the density of the specific
fruit increased.

The maximum force and stress levels for both
puncture and compression were greatest for guava fruits
and at beginning maturity stage compared with other
maturity stages.

At any fruit position and as the stage of fruit maturity
increased from beginning to near the end stage, a gradual
decrease in the yield force and yield stress was obtained,
while, the damaged area and deformation increased.

The maximum rupture force at the beginning
maturity was larger than that of near the end maturity by
about 1.84, 1.7 and 1.39 times for guava fruits, when
loading position was done on the major axis, major
diameter and minor diameter (positions L, D and T),
respectively.

It may be recommended, to lay the fruits on the
major diameter axis position during packing guava fruits,
S0 as it experiences less deformation under loads. Also, the
maximum number allowable of fruits rows inside a
container should be three rows for guava, so as to avoid
bruising during fruits packaging and handling.

Packing was the first step to keep the fruit quality
and reduce the handling losses. Further investigations
should be done to evaluate and test package type, size, and
loading height during storage and transportation should be
made in the future.
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