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INTRODUCTION

Prickly pear is one of important plant used in agriculture sustainable development as a potential alternative
crop for arid and semi arid regions (Kunyanga et al., 2009., and Nefzaoui and ElI Mourid, 2010). Fruits pulp are
usually consumed by edible freshly or after processing as jelly, jam, juice....... etc. (Reyes, 2005). The extracted
pigments from fruits are used as additives in different agro-industry such as food, cosmetic and pharmaceutical
preparations (Dehbi et al., 2014). Also, seed and peel can be formulated into number of commercial food product
(Mobhammer et al., 2006). In addition, it looked at as a potential source of anti-polluting agents to clean dirty
water, and as a source of oil (Goycoolea and Cardenas, 2003).

Egypt cultivated four common varieties in about 3116 feddan (Feddan: Egyption unit area = 4200 m?) . Two
of them are local (Shameia and Farawla), and the other are global variety (Cristlina and Rojatilota), Produce about
244.2 Gg with average productivity about 10.09 Mg.fed? (CAAES., 2005., and EAS., 2012)].

Fruits collecting are carried out early in the day by labors wearing a plastic bag as glove or thick rubber or
canvas — type gloves with special lather cloths for protection as well, to avoid the excessive annoyance of the fine
hair (glochids) and spines that come away from a the epicarp (Ingles, 2010).

The traditional method of harvesting fruits may be by; a) torsion, this is done with bare hands by rotating
fruit more than 90° applying pressure and detaching it with flexion, carefully off the "mother" pad, or using metal
tongs. b) cut and flexion, using a sharp knife (Cantwell, 1995., and Ochoa et al., 1997).

Fruits are highly perishable and prone to deterioration caused by mechanical damage during harvesting.
Damages creates sites for establishment and out growth of the spoilage microbes. Whereas, microbial spoilage is
one of the major causes of quality loss in fresh fruits. Prickly pear fruit is very susceptible to microbial spoilage
(Corbe et al., 2004). Where, the physical damage inflicted on the peel from finger pressure, and the stem — end by
twisted off the fruit mother cladoded during harvest (Rodriguez — Félix., 1991)
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Hipolito and Dietnor, 2011 stated that, the main criteria for the prototype was; 1) The worker had to be able
to separate the fruit without hand touching., 2) Fruit damage < damage that occurs during hand harvesting.,3)
Increasing harvesting capacity compared to hand harvesting., 4) Low weight, simple to use, safe to operate, simple
design for ease manufacture and repair, reliable, and have low maintenance costs. Some harvesting aids have been
tried (Lara—Lo6pez,1992., Durdn- Garcia et al.,2013., and Hahn, 2013).

NIOSH., 2004 and 2011., and Holstein, 2009., mentioned that, ergonomic design criteria for pruning shears
include several variables could be summarized as follows; a) Handle coated with soft material (foam or flexible
plastic) to keep prunes from slipping out of hands., b) Handle length must be longer than the widest part of hand-
usually 4 to 6 inch (101.6 to 152.4mm) — to prevent pressing on nerve and blood vessels in the palm hand., c)
Strong spring which stays put when pruning and never pops off, loaded handle to return handles to the open
position, and reduce forceful exertions when opening., d) Grip span (the distance between the thumb and fingers
when the pruning jaws are open or closed) must be at least 2 inch (50.4 mm) when fully closed and 3.5 inch (96.52
mm) when fully open., e) Wire — cutting to allows the clip errant wires wide guarding., f)Rubber bumper chock to
absorber and cushion to protect the wrist.

Hwang et al 2011., resulted that, average total finger force (sum of all four-finger forces) for men and women
about 164N. Whilst, the finger/palm balance (fpBalance) about 0.66 - calculated by the ratio between total finger
force and total palm force. So, average total palm force (sum of opposite directional forces to the finger force from
thenar, groove — between thenar and hypothenar region — and hypothenar regions about 248N.

The main objective of this research is developing a sturdy harvester aid and that is both more efficient and
less damage to the fruit

2- MATERIALS AND METHODS

2-1- Developed aid: is consists of two main parts. Fig. land 2.
2-1-1- Pruning shear

An ergonomic pruning shear bypass type with about 215mm., length and 240g.,weight. Handles PVC/steel
core with about 100 mm length and about 22 and 75mm grip span when pruning jaws open and closed respectively.
Jaws blade as hooked shape, high-carbon blade steel, hard chrome plated. Also, it has rubber bumper, wire-cutting
notch and strong compressing spring from coil led wire, with maximum force about 29N., (See calculation 2-4-1).
The required force that must be applied at pruning shears handles (upper and lower) about 34N., (See calculation
No.2-4-2).

Fig.1: Developed aid; A) Components. 1- plastic frustum of cone. 2- steel arc sheet. 3- pruning shear. B) Fruit
container sketch

Fig.2: Developed aid during picking
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2-1-2- Fruit container:

It is imperative that the containers size and dimensions (length and diameter) are greater than largest fruits.
Container's composed from two similar parts, made from clear hard plastic. Each part in the form of a third frustum
of cone shape with about 100, 35, 25 and 1mm for height , lower and upper radius and thickness, respectively. It is
divided longitudinally into two equal parts. Parts are fixed into steel arc sheet with about 75, 100, 15 and 1mm for
length, diameter, width and thickness, respectively. Arc steel established on pruning shear handle. So, When it close
container closed. Total weight of fruit container about 120g.

2-2-Raw materials

A sample of 500 mature fruits collected randomly from local markets during 2012 summer season. Fruits
rubbing under running tap water to removed glochides on the peel surface and then drained on tissue paper, the
important fruits properties (physical and mechanical), that affect on the designed aid were measured immediately.
Physical properties include; fruit length (F.), upper diameter (d,), middle diameter (d,) and lower diameter (d,) were
measured by digital vernier calibre with an accuracy of 0.01 mm. Actual volume (v,) determined by liquid
displacement method. Whole fruit mass (F,,) was recorded by digital electrical balance with an accuracy of 0.001g.
Fruits were manually peeled, pulp mass (P.) and peel mass (Pe.,) were separated and recorded these fractions
weights. The dimensions, mass, and actual volume were established in following formula to obtain, shape index
(S1), pulp % (Py), density (p), specific volume (v), and surface area (As). (Mohsenin, 1986)
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_ Fruit peel mass x 2
mass of 2cm? of fruit peel

S (5

While, mechanical properties include; shear force for fruit and cladode, were measured with a digital hand
force gauge. Whilst, chemical properties include; Total soluble solids (TSS) as °Brix determined by hand digital
refractometric (Carl — zeiss jena). The pH or hydrogen ion index was determined using pH meter (PYE Unican
Model 295). The juice pressed from a sample of homogenized fruit slices according to Konopacka and Plocharski,
2004., and centrifuged (4000 rpm, 30 min at 4°C). Juice was stored at -20°C before using.

2-3- Aid performance

Aid performance was carried out at private farmer on 6 October region, Giza Governorate during summer
season 2014.

Labour productivity (Kg.day™), picking cost (LE.Kg™), and fruit quality as microbiological activity- total
colonies count of bacteria "TCCB" (CFU.g™), were measured during picking process, and used as an indicator to
evaluate the aid performance in comparison with hand picking. Labour productivity can be calculated by using the
following equations:

Labour productivity (Kg.day?) = Colecting fruitsmass (Kg) (6)

Total picking time (day)

Total picking time was recorded for four continuous full working days (6 working hours per day — since
daylight till morn). It includes selecting, detecting and detaching fruit to be picking, collecting detached fruits in the
basket and emptying it. In addition to, the time required for moving picker between shrubbery inside the field. Picking
cost (LE.Kg™) calculated according the following equation.

Picking cost (LE.kg™?) = Cost (LEday™) ... 7
Labour productivety (Kg.day™)

Where, manual cost confined on labour daily salary in case of hand picking (HP), with adding aid cost in case
picking by developed aid (DA), which calculated according to FMO., 1975., equation, with exclusion overhead cost
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and TSIl values from fixed cost and considering that the variable costs was equal 80% from fixed cost (El-Tahhan,
1991) as follow :

Developed aid cost = Labour salary + Fixed cost + 80% Fixed cost ....(8)

The quality of picking prickly pear fruits were evaluated by total colonies count of bacteria "TCCB" (CFU.g’
1). So, immediately after picking process (manually or using developed aid) 50 fruits were selected randomly from
picking methods and dipped in 19° C solution of 1% sodium hypochlorite (NaOCI) for 5 to 10 minutes to reduce
microbial population from the fruits surface and storing it for a period of four days under room temperature. Total
colonies count of bacteria were determined according to Marshall, 1992., as following: Under conditions 50 g of
each sample were added to 450 ml of sterilized peptone water (1g/liter) in sterilized glass blender jar and blended for
5 min. A propriety serial dilution were done and then 10 ml of every sample was plated by standard microbiological
pour plate technique. The total colonies of bacteria were estimated using plate count agar medium. The plates were
incubated at 37° C for 48 hours.

All data obtained were subjected to proper statistical analysis using the MSTAT statistical software as
described by Sendecor and Cochran, 1989.

2-4-Calculation
2-4-1- Spring force
The maximum force for compressing spring calculated according to ASME code equation as follow:
R= Gd* (L Lsolia)
8 n D3 free solid
where
R : Max. force for spring at solid, N.,
G: Modules of rigidity ~ 0.385 E ~ 80850 N.mm™.,
E: Modules of elasticity = 210000 N. mm?,,
d : Spring wire diameter = 1.1mm.,
n : Number of active coils = 8.,

O

oL OD+1D
: Mean coil diameter = T =12.995mm.,

OD: Outer diameter for coil = 14.06mm.,
I D: Inner diameter for coil = 11.93mm.,
L free: Spring free length = 42.85 mm.,
Lsoiig: Spring solid length = 8.76 mm.,

_ (80850)x (L.1)*
" (8)x(8)x (12.995)

2-4-2-Required force at pruning shear lower handle.
Pruning shears is an example of lever class 1. It consist of two levers class 1 linked together by bolt and

screw (Point A) as a fulcrum. The forces located on pruning shear analysis, to deduced required force as shown in
Fig.3. So, By taking moments about Point A

- % (42.85-8.75) ~ 29N

\ ~W /
N\ FS@))L iR

X, —=
a
Fig.3: Distribution forces upon the pruning shear. F- required force that must be applied at pruning shear handles

(upper and lower). F; - required force that must be applied at lower pruning shear handle (finger force). R-
spring resistant (Max. force for spring at solid ). A- fulcrum point. E- Max. shear force to cut cladode.
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OM a = (F)(x1) = (R)(X2) - (E)(x5) = 0
= (P)(121.27) — (29)(24.49) - (26)(51.88) =0
. F1 = 17 N (accepted )
where
F1: required force that must be applied at lower pruning shear handle, (finger force), N.,
R: Max. force for spring at solid ~ 29N., (calculated).,
E: Max. shear force to cut fruit ~ 26N., (measured).

RESULTS AND DISCUSSIONS

3-1-Prickly pear properties:

Prickly pear fruit usually turbinate, sometimes spherical, cylindrical, oval, barrel, ellipsoidal or elongated —
shaped. Frequency distribution histogram for fruit shape index (SI) of prickly pear fruits varieties presented in Fig.4.
These results are in agreement with (Stintzing, et al., 2001., and Reyes et al., 2005).
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Fig.4: Frequency distribution histogram for fruit shape index (SI) of prickly pear fruits varieties

Minimum (Min.), maximum (Max.), average (Avg.), standard deviation (SD) and Coefficient of variation
(C.V.) values, of some properties (physical, chemical and mechanical), for different varieties of fruits and cladodes
were measured, calculated and summarized in Table 1.

Table 1: Physical, chemical and mechanical properties for different varieties of prickly pear fruits and cladodes.

Properties Measurements Min. Max. Avg. SD CV%
Fruit length (F.), mm. 51.91 95.29 73.73 12.09 16.39
Fruit upper diameter (d,), mm. 24.30 39.35 33.10 3.15 9.51
Fruit middle diameter (d,), mm. 40.20 50.68 44.00 2.62 5.95
Fruit lower diameter (d;), mm. 18.57 29.15 21.64 2.97 13.72
Fruit actual volume (V,), cm®. 42.22 | 100.00 65.90 20.29 30.78
Physical Fruit mass (Fp), g . 41.36 | 115.00 65.40 17.75 27.14
Pulp mass (P,,), 9. 31.62 73.95 53.25 15.20 28.56
Pulp percentage (Pp), %. 45.33 | 55.41 50.37 12.55 24.91
Fruit density (p), g.cm®. 0.71 1.52 0.96 0.14 14.62
Fruit specific volume (v), cm°.g. 0.66 1.42 1.06 0.14 13.21
Fruit surface area (Ag),cm-. 6.15 9.28 7.18 1.19 16.57
Chemical Total soluble solids (TSS),°Brix. 6.5 16.5 10.98 2.66 24.25
pH. 5.2 6.4 599 ]0.86 14.32
Mechanical Fruit shear force, N. 2.1 14.40 5.95 3.61 60.62
Cladode shear force , N. 10.40 26.00 18.20 11.03 60.61

The wide variation values intra property due to several factors, such as; plant genotype, cultivar, cultural
practices, plant architecture (cladode load and fruit position within the canopy), environment (lighting
periods....etc), and ripening time (Brutsch, 1992., Barbera et al.,1994., Inglese et al.,1995., Mondragon-Jacobo and
Perez-Gonzalez, 1996., EI- Samahy et al., 2006 ., and Inglese, 2010). Obtained results indicated that the average values
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of fruit length, diameter, fruit mass, pulp mass, pulp percentage, TSS and pH were agree with (Abdel-Nabey, 2001.,
Eliwa, 2004., Duru and Turker, 2005., Mokoboki et al., 2009., and Dehbi et al., 2014).

3-2-Aid performance:
3-2-1-Labour productivity and picking cost:

Labour productivity (Kg.day™), and picking cost (LE.Kg™), for picking process using developed aid (DA)
were estimated comparing with hand pick (HP) method and illustrated in Fig.5. Obviously, labour productivity
(Kg.day™) dependent on skill and experience of labour. It could be realized that, labour productivity by (HP) ranged
from 91 to 103 Kg.day™ with average value 97 Kg.day'. These values increases to 104 Kg.day™., by (DA) with
significant effects (P < 0.05). These increases due to, increase collecting fruit by (DA) cause ease using and mass of
pieces which it cutting with fruits from cladode. Also, results indicated that the difference between (HP) and (DP)
costs were significant (P < 0.05) about 0.04 LE".kg™., in spite of adding developing aid costs

120 0.64

® Labour productivety

o ® Picking cost -
> 100 2
© -+ 0.62 IiIJ
2 80 o
2 3
O O
£ 60 060 2
g 3
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S - 0.58
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S 20
-

0 1 0.56

Hand picking Developed aid
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Fig. 5: Labour productivity (kg.day™), ) and picking cost (LE.kg™) Vs, picking method.

3-2-2-Microbial spoilage:

High TSS and pH value on fruit pulp and low acidity make a very good medium for microbial spoilage
(Francis et al., 1999., Séenz and Sepulveda, 2001 and Cefola, 2011). Those facts explains the increase in total
colonies count of bacteria "TCCB" (CFU.10°.g™). by increasing fruit TSS (°B) as shown in Fig.6.

Relation between total colonies count of bacteria "TCCB" (CFU.10°.g™). and TSS (°B) were fitted to the
following equation:

y = 19.222 %3 with R? = 0.9907
where:

y = TCCB (CFU.10%.g™)., x = TSS (°B)

Results presented in Fig.7 express the relationship between "TCCB" (CFU.10°.g™). and cutting piece
volume from cladode (mm®) at average TSS= 12.4°B after 4 days. It could be realized that, increases on cutting
piece volume from cladode (mm®) lead to decreasing “TCCB" (CFU.10°.g™) on fruit base. This result in harmony
with those obtained by (Rodriguez-Felix, 1991., and Cantwell, 1995), whose concluded that cutting the fruits with a
very small amount of cladode attached due to reduce fruit damage by microbiological activity and avoid a rapid rot
of the fruits and storing fruits under ambient conditions for long periods.

"One Egyptian pound (LE) =about 0.13 American dollar ($) according to Egyptian Central Bank in 13/2/2015
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Fig.6: Relation between total colonies count of | Fig.7:Relation between total colonies count of bacteria
bacteria (CFU.g™) and total soluble solid (CFU.g™" and piece volume from cladode (mm?) at
"TSS" (°B). average TSS= 12.4°B after 4 days .

CONCLUSIONS

Prickly pear fruits and cladodes properties (physical and mechanical) were fundamental for developed an
ergonomic pruning shear to picking different type of fruits. Obtained results shows the wide variation values intra
property. Field test results show that the developed aid is easy to use (cut and detaching the fruit) without damaged,
suitable for different varieties. So, labour productivity with developed aid is more than manual method by about
7.2% with significant effects (P < 0.05 ). Meanwhile, The difference between developed aid and manual costs were
about 0.04 LE.kg™. Results also show that microbial spoilage as total microbiological count (CFU.g™) have a direct
proportion with TSS (°B) and inverse proportional with cutting piece volume with fruits (mm®)
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