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ABSTRACT

Wet cleaning “washing” was found to be a necessary operation to maintain the
quality of fruits and vegetables, improve their marketability, and increase their shelf
life.

The main objective of the present work is to introduce an economic, locally
made washing machine for fruits and vegetables producers, especially who own
mediurn and small holdings.

The prototype was evaluated using orange and tomato fruits and taking into
account the effective design parameters such as, speed of fruits conveying and
transporting 0.8, 1.0, 1.2.and 1.4 m/s., number of brushes (2, 3, and 4), and the
interference distance between the brushes hair used-while washing and the fruit
surface (0, 3, 6, and 9 mm).

The results indicated that the maximum machine productivity was 1.29 ton/h
and 2.28 ton/h with cleaning efficiency of 97 and 98 % obtained when washing
oranges and tomatoes, respectively, while the corresponding values of the consumed
energies were 2,08 kW.h/ton and 1.18 k\W.h/ton. Maximum operating cost was found
to be about 4.30 and 3.10 LEfton in case of washing orange and tomato fruits,
respectively.

INTRODUCTION

Technology currently available for cleaning fruits and vegetables
includes a lot of techniques for dry and for wet cleaning. Wet cleaning
{washing) could be carried out by dip washing, spray washing or both.

Dauthy (1995) indicated that harvested fruits are washed to remove
soil, micro-organism and pesticide residues, and that washing efficiency
could be gauged by the total number of micro-organisms present on fruit
surface before and after the washing. The water from the final wash should
be free from moulds and yeasts.

On the other hand small quantity of bacteria is acceptable. [t was
recommended to use a combination of immersion and spray process to get
the best results.

Tariq et al. (2001) indicated that the unwashed fruits had higher weight
losses than washed fruits. High values of O2 and CO2 were recorded in
washed and sealed fruit bags than in unwashed and sealed fruit bags.

El- Sharnouby and Hoda (2003) studied the accumulation of Lead (pb)
and cadmium (cd) in 19 different types of fresh fruits and vegetables. They
collected fresh samples from two super markets and two open markets in
Alexandria and Damanhur cities. They found that, washing fruits and salad
vegetables using tap water reduced the accumulation of pb by 30 - 81 and
39-90 % and of cd by 21 — 58 and 7 — 45 %, respectively.

Shokr et al. (2002) showed that the unwashed Guava fruits contained
1.35 ppm dimethoate 18 days after harvest while washed Guava fruits
contained 0.78 ppm after 9 days.



I INIAWAdYdH, W im

Krishna et al. (2001) showed that postharvest losses through rotin
squash fruit resulted in poor quality or rejected fruit. Mechanical washing
helped in the removal of soil, micro-organisms and other debris from fruit
surfaces and reduced the incidence of rots by about 42 % compared with
unwashed squash,

Trials for introducing suitable washing methods and / or machines to
suit different technological levels were carried out.

Mendenhall et al. (1988) discussed several approaches to vegetable
washing, concepts similar to the washing action of common machines such
as household dishwashers, top and side loading clothes washers, an
-automobile washer, and ultrasonic methods. For a horizontal, rotating drum,
in which the vegetables would be partially submerged, they expected
incomplete cleaning for non-spherical vegetables.

Jarimopas and Therdwongworakull (1994) designed a washing
machine for Mango crop, which consisted of a roller conveyor and washing
room equipped with sprayers and brushes. They indicated that the machine
removed out the dirt from the fruits compared with hand washing and the fruit
damage percentage was about 0.6%.

Lisa Kitinojia and Abdel-Kader (1995) used steel drumsto make a
simple washing stand. The drums were cut in halves and fitted with drain
holes and all the metal edges were covered with split rubber or plastic hose.
The drums were set into a sloped wooden teble constructed from wooden
slats and was used as a drying rack before packing.

Fetracek ef al (1998) investigated the effect of high pressure washing
on the morphology and physiclogy of citrus fruits surfaces. it was found that
using 345 kpa of water pressure had little effect on peel wax fine structure of
the fruit surface, while most epicuticular wax platelets were removed from the
fruit surface using the veejet nozzle at 1380 or 2760 k pa

Moos et al (2002} developed a non -immersion, rotary washing
systemn with [Ow-pressure spray for carrots washing. The mechanical washer
indicated that a considerable improvements in sample processing speed and
reduced labor requirements with no reduction in ¢arrot quality compared with
manual washing.

Mulugera ef a/( 2002) pointed that washing nozzles system must be
identified to save drinking water and applie¢ energy ,at the same time
increase the washing efficiency.

Problem statement

The problem of increased losses of vegetables and fruits after harvest
period was recognized as a severe problem facing all producers of
horticultural crops, especially in the newly reclaimed lands. Hence the need
of introducing washing systems was recognized as one of the necessary post
harvest operations for minimizing these losses. On the other hand, it was
realized that the imported systems ar machines will not suit the rnedium or
small farms because of their large size machines of heavy structures, and
high investment costs.

Therefore, efforts in the present work were devoted to design and
fabricate a fruits and vegetables washing machine suitable for small and
medium size holdings.
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MATERIALS AND METHODS

Machine Fabrication

The construction feature of the designed mechanical washing machine
mainly consists of the following units Fig. (1).

1-The conveying rollers/belt:

The conveying rollers/belt used for the transporting mechanism of fruits
consists of 16 PVC rollers (6 cm diameter and 60 cm length). The rollers
were horizontally leveled with 4 mm spacing between each other. In the case
of washing tomatoes the 186 rollers were covered by rough rubber flat belt 50
cm wide and 250 cm length to increase friction coefficient between fruit and
belt. A steel basin was fitted directly under the conveying rollers/belt
mechanism to collect water after the washing operation and drain it through
flexible plastic hose.

2-Washing unit:

Washing unit consists of group of four plastic brushes and spraying
mechanism of fifteen nozzles and a reciprocating pump. Brushes were
arranged in four rows and fixed on the brushes stand which was designed to
control the depth of brush interference hair with the fruit surface easily.
Nozzles were arranged on five rows and fixed on the water spray pipe. Each
row was connected with the main water pipe.

3- Power unit:

A small kerosene engine (Honda, GK400 model, 3600 rpm rotational
speed at 5.5 kW rated power was used to operate the washing machine
through group of pulleys to obtain different rotational speeds of rollers and the
flat belt. Also the washing pump was operated through two pulleys and v-belt,

Washing operation procedure

Washing was carried out through giving any fruit a linear and angular
motion at the same time (% mv? + % 2/5 mr*w?) as shown in Fig. (2) .Atthe
beginning of the fruit motion over the first three rollers, the fruit turns around
under the spraying nozzles of water showers (at constant water pressure of 1
bar) for many times/sec., then the fruit passes through the brushes at four
stations parallel to the rollers in order to separate the foreign materials and
debris from the fruit surfaces. This operation was mainly done to assume
better performance of the washing operation, which is completely done at the
end of the roller conveyor.
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Fig. 2: Schematic diagram of round fruits washing procedure.

Study parameters
The performance of the designed washing machine was evaluated
under the following parameters:
1. Four speeds of conveying rollers/belt, namely; 0.8, 1.0, 1.2.and 1.4
m/s.
2. Number of brushes (2 .3.and 4).
3. Four different length interference of brushes hair with fruit surface,
namely; 0, 3, 6 and 9 mm.
4, Two crop {orange and tomato} fruits.
Measurements
During field evaluation of the designed washing machine the
following items were measured: -

1- Physical and mechanical properties of fruits:
Some physical and mechanical properties of orange and tomato fruits
used in this study were measured and listed in the Table (1):

Tabie (1): Average physical and mechanical properties of orange and

tomato fruits.
ltems Crange fruits Tomato fruits
{(Washingtonian variety} (Kilopatra variety)
Major diameter, mm 75.10 69.67
Minor diameter, mm 74.22 43.91
Mass of fruit, g 238.33 91.37
. Penetration force, N 6.3 0.97
+ _ Firmness Niem* 73.39 35.92

» Digital force gauge (Shimpo) FGC - 50 kg (500 N) was used to measure
penetration force in Newton and firmness in Newton /sq.cm. of fruits.

2- Quality of brushes:

Brush hair filament diameter was measured using digital Micrometer
(Mitutoyo) ranged from 0 — 25 mm with an accuracy of 0.001 mm. The
filament length (L) and diameter (D) were measured as well as ratio of L/D
were determined. Pre studies were carried out to choose the suitable filament
length and diameter, which have no effect on fruit damage and give the high
cleaning efficiency. Filament diameter of 0.233 mm with length of 5 cm was
used in the fabricating brush hairs.
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3- Machine productivity:
The productivity of washing machine for the investigated fruits (orange
and tornato) was caiculated as follows:

Machine productivity, ton/h Ws* 60

achine productivity, tonth = ——————
g (% 1000

Where:

W, = weight of fruit sample, kg;

T = washing time of the sample, min.

4- Cleaning efficiency:

Cleaning efficiency was used as a performance evaluation criterion for
the designed washing machine., The quantity of removed dust, dirt and / or
foreign materials from the fruit surface was determined using filtration
technigue described in soil analysis. Washing water used for cleaning a
sample of 10 kg of fruits at each washing treatment was collected, filtered
using filtration papers, then the quantity of removed dust, dirt and / or foreign
materials was weighed (Wa), using an electric digital balance with an
accuracy of 0.0001 g. The previously mechanically washed sample was
washed carefully again by hand, the dust, dirt and / or foreign materials were
determined using the same previous technique (Wb). Adding Wa to Wb
indicate the tctal rermoved materials (Wc). Relating Wa to Wec illustrate the
percentage of cleaning efficiency as follows:

Wa x 100

Cleaning efficiency% =

5- Fuel and power consumption:

A measured volume of fuel was put into the fuel tank of the engine
before operating for a specific period. After the work was over, the volume left
in the fuel tank was measured. From these cbservations the volume of fuel
consumed was determined and the rate of fuel consumption was calcufated.

The total power consumed by the washing machine was caiculated by
using the measured fuel consumption during washing operations under the
different variables of the study. The following formula was used to estimate
power consumption by the washing machine according to Embaby (1985).

(kW)

1 R
EP =| Fox——1p, x LCY x 427 2
( ‘xcsoxeo)pfx XX X T > 5 3

where:
Ep = estimated power consumption;
F. = fuel consumption, Ih;
o = density of the fuel (0.82kg/ for kerosene fuel),

L.C.V~ lower calorific value of fuel (10500 kcal/kg for kerosene fuel)
427 = thermo-mechanical equivalent, kg.m/k cal;
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mn = assumed thermal efficiency of engine,(25%);
nm= assumed mechanical efficiency of engine,(80%).
Estimation of the energy required for washing process was carried out
using the following equation:-
Power requirement (kW)

Energy requirements (kW.h/ton) =
oy req ( )= tmachine productiviy (ton/h)

6- Cost estimation

The total hourly cost of washing process for the designed washing
machine during washing orange and tomato fruits could be estimated using
the following equation according to E-Awady, (1978) as follows:

C=£(I—+—l~+a+r)+(0.9WxeU)+b
h L 2

Where :
C = cost per hour of operation, (LE/h);
P = estimated price of the machine, (5000LE)

h = estimated yearly hour operation, (1000 hrs);
L = expected life of the machine, (10 years);

i = annual interest rate, {10%);
a = annual taxes and overheads, (2%);
r = annuai repair and maintenance rate, (18%);

0.9 = a correction factor for rated load ratio and lubrication;

W = engine power, (7.5 hp};

F = Specific fuel consumption, {L/hp.h}),

U = Fuel price, (0.40 LE/L);

b = hourly labor wage, ( 3 LE/h).

The designed and developed washing machine prototype was field
tested at Meet El-Amel village, Dakahlia Governcrate, using orange and
tomato crops.

RESULTS AND DISCUSSION

The evaluation of the designed mechanical washing machine was
carried out under study parameters of 4 different conveying rollers/belt speed,
4 different length interference of brushes hair with fruit surface and 3
numbers of brushes through the following item:

1- Machine productivity:

The effect of interference length between brush hair and fruit surfaces,
number of brushes and the speed of rollers/belt on washing time (min/ton) for
Orange and Tomato fruits were illustrated in Fig.(3 & 4).

A positive correlation could be seen between washing time and length
of brush hair interference with fruit surfaces. Increasing the interference tends
to increase washing time for both types of fruits. However the rate of
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increment in washing time due to increase brushes hair interference from 0 to
3 mm was higher than from 3 to 6 or from 6 to 9 mm. It could be attributed to
increase brushes hair interference, which may increase of vertical load of
brushes on fruits surfaces, i.e. increase friction coefficient between fruit
surface and the conveying surface. This may lead to increase the fruits linear
speed, which in turn decrease the staying time of fruits under brushes.

Generally washing time was found to be highly affected with the
number of used brushes. Increasing brushes from 3 to 4 tend to increase
washing time with an increment percentage higher than that obtained when
increasing the number of brushes from 2 to 3 either with orange or tomato
fruits for all rollers/belt speed levels used in the study.

As seen with 1.0 m/s conveying roller speed, increasing the number of
brushes from 2 to 3 increased the needed time for washing orange fruits from
46.75 to 47.94 min/ton. While the time increased from 47.94 to 50.42 min/ton,
by increasing the number of brushes from 3 to 4 .The same trend was noticed
when washing tomato fruits, washing time was increased from 26.03 to 28.75
minfton and from 28.75 to 32.97 min/ton at 1.0 m/s conveying belt speed by
increasing the number of brushes from 2 to 3 and from 3 to 4, respectively.

Regard to the effect of the conveying roller speed on washing time for
orange fruits. It was noticed that, increasing the conveying roller speed from
0.8 mfs to 1.4 m/s decreased the washing time from 49.85 to 38.48 min/ton
as an average.

The same trend was noticed with tomato fruits, where washing time
was decreased from 31.92 to 20.29 min/ton by increasing conveying belt
speed from 0.8 m/s to 1.4 m/s, respectively.

The productivity of washing machine was determined under different
conveying rollers/belt speeds, the maximum number of brushes (4) and the
highest interference length (9 mm) of brush hair with fruit surfaces .The
obtained results were summarized in the Table (2). Machine productivity was
ranged from 0.95 to 1.29 ton/h according the roller speeds used with orange
fruits. In case of tomato fruits the machine had a productivity values ranged
from 1.40 to 2.28 ton/h at conveying belt speeds ranged from 0.8 to 1.4 m/s,
respectively. The maximum obtained productivity values were 1.29 for
washing oranges and 2.28 ton/h for washing tomatoes.

2- Cleaning efficiency:

Cleaning efficiency of the designed machine for orange and tomato
fruits were investigated under four different interference length of brushes
hair with fruit surface, three number of brushes and four levels of conveying
rollers/belt speed (m/s). The obtained results, shown in Fig. (5&6), showed a
positive correlation between interference length of brushes hair with fruit
surfaces and cleaning efficiency for both investigated types of fruits. It was
noticed that the cleaning efficiency had a higher increment at the interference
length of 3 mm than that of 6 or 9 mm, since most of dirt and foreign material
were removed at that interference. Also, the obtained results indicated that 9
mm interference length of brushes hair with fruit surfaces achieved the high
percentages of cleaning efficiency.
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Cleaning efficiency for orange fruits ranged from 83.38 to 98.96%. In case of
washing tomato fruits, cleaning efficiency ranged from 78.93 to 99.67%.

In general, as indicated in Figs (5 and6) increasing the number of
brushes from 3 to 4 tends to increase the cleaning efficiency with an
increment percentage higher than when increasing the number of brushes
from 2 to 3 for washing orange fruits. The same trend was obtained when
washing tomato fruits.

As seen with 1.4 mfs conveying rollers speed, increasing the number
of brushes from 2 to 3 increased the cleaning efficiency for orange fruits from
90.30 to 91.45 % and from 91.45 to 93.16% by increasing the number of
brushes from 3 to 4, respectively. The same trend was noticed when washing
tomato fruits, cleaning efficiency was increased from 87.60 to 88.65% and
from 88.65 to 89.72% by increasing the number of brushes from 2 to 3 and
from 3 to 4, respectively.

On the other hand, the results showed that, increasing the conveying
roller speed from 0.8 m/s to 1.4 m/s decreased the average values of
cleaning efficiency from 95.26 to 91.64% during washing orange fruits.
Cieaning efficiency during washing tomato fruits were decreased from 94.48
to 88.66% by increasing conveying beit speed from 0.8 m/s to 1.4 m/s,
respectively.

3- Power consumption and energy requirement:

The power consumption and energy requirement were calculated for
washing machine under different conveying rollers/belt speeds using 4
number of brushes and 9 mm interference length between brush hair and fruit
surface during washing orange and tomato fruits. The obtained results were
listed in Table (2). The consumed power and energy requirement were
increased by increasing the conveying rollers/beit speed. The average values
of the power consumption of 2.68, 2.31, 1.60 and 1.39 kW were obtained for
washing orangeftomate fruits using rollers/belt speed of 1.4, 1.2, 1.0 and 0.8
m/s respectively.

The energy requirement decreased from 2.08 to 1.47 KW.h/ton by
decreasing the roller speed from 1.4 (o 0.8 m/s in case of washing orange
fruits, In case of washing tomato fruits the energy requirement decreased
from 1.18 to 1.02 KW.h/ton. The highest values of power consumption and
energy requirement of 2.68 kW and 2.08kW.h/ton for washing crange fruits,
2.68 kW and 1.18 kW.h/ton for washing tomato fruits were obtained at 1.4
/s rollers/belt speed, 4 brushes and 9 mm interference length between
brush hair and fruit surface.

4- washing cost

Washing costs using the designed machine was calculated for orange
and tomato fruits at 0.8m/sec.rollers/belt speed, using 4 brushes and an
interference length of @ mm between brushes hair and fruit surface.

The maximum washing cost/ hour was found to be 4.30 LE/h and
hence costs per ton was 4.5 LE/ton for orange and 3.10 LE/ton for tomato
fruits.
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Table (2): Productivity, power consumption and energy requirement for
washing machine

Orange fruits
Speed, m/s Productlvity, ton/h Power co,:a:lmptlon. Enarglg‘( ﬁﬁ;::mem’
1.4 1.29 2.68 2.08
1.2 1.12 2.31 2.07
1.0 1.0 1.60 1.60
0.8 0.95 1.39 1.47
Speed, m/s Tomato fruits
1.4 2.28 2.68 1.18
1.2 1. 98 2.31 1.13
1.0 1.45 1.60 1.11
0.8 1.40 1.39 1.02

CONCLUSIONS AND RECOMENDATIONS

The conclusions of this study are summarized as follows: -

1.  The designed washing machine could be used for washing fruits and
vegetables with high cleaning efficiency (98% and 99%) at rollers / belt
speed of 0.8 m/sec., 4 brushes and 8 mm interference length of brush
hair with fruits surfaces for orange and tomato fruits respectively.

2. Maximum machine productivity was 1.29 and 2.28 ton/h for orange and
tomato fruits respectively.

3. Maximum energy requirement was 2.08 for oranges and 1.18 Kw .hiton
for tomatoes.

4.  The maximum washing costs per unit production were 4.5 LE/ton for
oranges and 3.10 LE/ton for tomatoes.
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