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Abstract: The loss of fresh fruits after harvesting is not new since it has constantly been a challenge
for humankind. The growing population in developing countries, where food shortages exist, re-
quire serious food security measures to address hunger and malnutrition. Present research focused
on the development, fabrication and testing of mango pulp extractor to assist small-scale fruit farm-
ers in the countryside with a view to minimizing fruit spoilage. The unit, whose major material was
food grade stainless steel (S5-304), consists of major components such as teflon brushes mounted
shaft, motor, main frame, hopper, extraction compartment, pulp outlet, fruit residue outlet, perfo-
rated sieve and bearings. After construction, the machine was tested at three feed rate (2.0, 2.5, 3.0
kg/min) and extraction speed levels (500, 900 and 1400 rpm). Each of these factors was replicated
three times, which resulted into 3 x 3 x 3 factorial experimental design. The optimum operating
parameters for maximum pulp yield, maximum extraction efficiency and minimum extraction
losses were determined. The physicochemical analysis of the extracted pulp was also carried out.
Results revealed a maximum pulp yield of 77.9%, highest extraction efficiency of 96.03% and highest
extraction loss of 9.3%. The mango pulp extraction machine was found to be affordable, easy to
operate and maintain. The breakeven point of the machine was found to be 40 h if the machine is
operated at its peak capacity. Therefore, it is recommended for small-scale farmers and for cottage
industry.

Keywords: postharvest losses; food security; malnutrition; fruit spoilage; mango pulp extractor

1. Introduction

Mango (Mangifera indica L.) is the most popular and an economically imperative trop-
ical fruit across the world, owing to the exceptional eating quality (bright color, sweetened
taste and excellent flavor), as well as high nutritional composition, providing fiber, mi-
cronutrients as carbohydrates (10-32% in ripe pulp), proteins (0-5%), amino acids (ala-
nine, arginine, glycine, serine, leucine and isoleucine), lipids (0.75% to 1.7%) and organic
acids (citric is the major organic acid, 0.13% to 0.71% FW). Mango fruit also provides

AgriEngineering 2021, 3, 827-839. https://doi.org/10.3390/agriengineering3040052

www.mdpi.com/journal/agriengineering



AgriEngineering 2021, 3, 827

828

macronutrients such as vitamins (vitamin C, from 9.79 to 186 mg/100 g of mango pulp;
vitamin A, from 1000 to 6000 IU; E and K vitamins are found in minor quantities; D vita-
min has not been detected in any cultivars until now). [1]. Therefore, it is best known as
“The King of Fruits’ [2]. A significant quantity of mangoes is wasted each year due to poor
postharvest systems and shortage of adequate facilities in developing countries. The de-
velopment and implementation of low-cost preventive measures to produce high quality
and acceptable mango products are important, allowing for better fruit consumption [3].

Pakistan is primarily an agricultural country and its economy is heavily reliant on
agricultural products, particularly fruits. Pakistan faces 35-40% postharvest losses annu-
ally, mainly of perishable crops [4]. Some of the major factors contributing to such high
postharvest losses include postharvest diseases, poor postharvest handling practices and
scarceness of proper facilities for processing [5]. Therefore, post-harvest losses remain a
serious challenge facing the country’s economy and production. Mangoes are among
these fruits that have substantial losses due to poor postharvest practices [6,7].

Processing the fruit into the form that can be easily preserved, packed, transported
and or consumed is essential to make the product available throughout the year [8]. Pulp
extraction has been found to be one of the most efficient methods of fruit preservation.
Some fruit pulps have a very long shelf life, from months to years before they expire ac-
cording to the preservation and packaging methodology [9,10]. In addition, mango pulp
can be consumed freshly, blended with other juice to form fruit jams or it can be evapo-
rated to form concentrates. These products have a great potential in beverage and other
food industries for export and foreign exchange earnings. In this regard, mango pulp is
highly sought after by food companies nationally as well as globally as it is the most prom-
ising ingredient for the production of mango juices [11]. Therefore, the growth of mango
pulp industries brings huge benefits through employment and income [12]. In recent
years, a rise is observed in the global market of mango pulp. Although Pakistan is among
the leading exporters of mangoes in the global market, it has not yet been able to become
a key exporter of mango pulp.

The processing of mangoes has been on the rise as represents an important step in
the production of nutritious products [13]. Moreover, the high demand for the fruit means
that it can provide small farmers with a significant income. Mango processing presents
multiple challenges in terms of industrialization, as well as in terms of market expansion,
due to its perishability, ample wastage during the production season and shortage during
the off-season has been reported by farmers. The postharvest losses of mango were esti-
mated at 6.94% of total production. The highest losses accounted 3.22% in harvesting fol-
lowed by 1.67% in transportation, 0.60% in handling, 0.58% in loading, 0.47% in late auc-
tion, 0.28% in unloading and 0.11% in packing [14].

This research was very important since it will encourage the commercial production
of fruits reducing the cost of fruit juice that can adequately substitute for bottled drinks
and therefore, help boost the agricultural sector of the economy. As a result, the consump-
tion of fruits will increase, thus improving the human health. In addition, pulp will no
longer be a luxury, since the cost of importation of foreign extractors which tends to re-
duce the country’s GDP will be greatly reduced. Although successes have been recorded
in the design and development of pulp extractors, emphasis is always placed on those
fruits that contain a large amount of liquid, herein called soft fruits, such as orange, pine-
apple and mango. [15]. There is the need to work on the possibility of designing and de-
veloping a machine that can extract juice from both soft and hard fruits. This mango pulp
extractor has been developed to assist small-scale fruit farmers in the countryside with a
view to minimize fruit spoilage.

Considering postharvest losses, the study was designed to fulfil the following objec-
tives: develop and manufacture a mango pulp extractor, determine the optimum operat-
ing parameters for the machine and determine its breakeven point.
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2. Materials and Methods
2.1. Development of Mango Pulp Extractor

The research was carried out at the Department of Food Engineering, University of
Agriculture Faisalabad (Pakistan). Suitable food grade material (55-304) for the fabrication
of the machine was purchased from local market of Faisalabad. Various units of mango
pulp extractor were fabricated at the Engineering Workshop of the University of Agricul-
ture Faisalabad as follows (Figure 1).

Figure 1. Mango pulp extractor. 1. Pulp extraction compartment Cover, 2. Sieve, 3. Pulp outlet, 4.
Electric motor, 5. Auger conveyor, 6. Feeding hop-per, 7. V-Belt.

2.1.1. Feed Hopper

The feed hopper is a part of the machine through which the mango is fed into the
machine. The hopper acts as a container and at the same time helps to gradually introduce
the mango into the pulp-extracting compartment. The hopper is rectangular with a vol-
ume of 0.00708 m?3 to accommodate mangoes and their gradual introduction into the pulp
extraction compartment. It was constructed from a 1.5 mm thickness stainless steel plate
and welded to the barrel of the machine to introduce mangoes into the extraction com-
partment.

2.1.2. Pulp Extraction Compartment

The pulp extraction compartment of the machine comprises the cylindrical sieve hav-
ing 0.914 m (36 inches) length, which houses a teflon brushes mounted shaft conveyor and
the pulley with bearing at both ends (Figure 2). The screw shaft is supported by the bear-
ings at both ends. The auger (screw) conveyor and the sieve were both fabricated from
stainless steel and the pulley was fabricated from mild-steel, which is mounted on the
screw shaft (made of stainless steel) with the main function of transmitting the rotary
power (torque) from the electric motor to the pulp extraction compartment through the
V-belt connection. The V-belts provide a means of changing speed. The auger has a length
of 0.2286 m (9 inches) with the diameter of 0.2032 m (8 inches). The brushes have the length
of 0.4064 m (16 inches). The sieve cylinder is 0.4572 m (18 inches) long and has an outer
diameter of 0.2032 m (8 inches).
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Figure 2. Teflon brushed mounted shaft.

2.1.3. Frame and Stand

The frame and the stand were fabricated from angle iron bar. These parts provide
support for both the pulp extractor and the electric motor. The frame also provides rigidity
when the machine is in operation.

2.1.4. Outlet Compartments

The outlet compartment comprises two major outlets: the pulp and the residue outlet.
The pulp outlet was attached to the pulp collection compartment, available under the per-
forations drilled under the cylindrical sieve for pulp collection. The residual outlet was
attached to the posterior end of the sieve.

2.1.5. Power Unit

The power unit consists of a 3 hp three-phase electric motor with belts and pulleys
and a variable frequency drive (VFD) for speed variation. The motor powers the machine
via V-belts, pulleys and VFD, which is present on a seating that is mounted on one side of
pulping compartment. The pulley that is mounted on the shaft of available motor, pro-
vides necessary power to the belt.

2.2. Performance Evaluation of the Mango Pulp Extractor
2.2.1. Extraction Parameters

After manufacturing, the performance of the mango pulp extractor was evaluated to
determine the optimum pulp extraction parameters, i.e., feed rate (kg/min) and rotor
speed (rpm). The extraction parameters considered were:

- Operating factors: This includes three levels of feed rate (F) (F1=2.0, F2=2.5 and F3
= 3.0 kg/min) and extraction speed (S) (51 =500, S2 =900 and S3 = 1400 rpm).

- Performance parameters: This includes pulp yield (JY), pulp extraction efficiency (JE)
and extraction losses (EL).

2.2.2. Test Procedure

Bulk quantities of fully ripened, freshly harvested mangoes (Sindhri variety) were
purchased from a local fruit market of Faisalabad. After washing and cleaning the man-
goes, the damaged fruits were discarded. After weighing, the undamaged fruits were di-
vided into three portions of 2.0, 2.5 and 3.0 kg. After setting the pulper into operation
through the power supply, the identified weights of fruits were fed into the hopper.
Through the hopper, mangoes were introduced into the extraction compartment where
the auger (screw conveyor) crushed and conveyed mangoes towards rotating sieve drum.
After extraction, the mass of fruits fed into the hopper, the mass of pulp obtained, as well
as the mass of residual waste (chaff) were documented. All the samples were individually
stored in washed and sanitized plastic jars for further analysis. The mass of pulp in chaff
was determined by oven drying the chaff at 130 °C until a constant weight was reached.
Each experiment was replicated thrice. The test was run at different rotor speeds (S) and
at different feed rates (F).
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The evaluation of the performance of the mango pulp extractor was carried out using
the following expressions (Equations (1)—(3)) given by Olaniyan and Oje [16].

_ WiE

JY = —W]E+WRW x 100, (1)
_ WjE

JE = i x 100, @

— Wrs—(Wyet Wrw)]
WFs

EL x 100, ©)

where Wik, was the pulp extracted (kg); Wrw, the residual waste/dry chaff (kg); Wrs, the
feed sample (kg); |, the pulp yield (%); JE, the extraction efficiency (%); EL, the extraction
loss (%); Wic, the juice in the residual waste.

2.3. Physicochemical Analysis of Mango Pulp

The extracted mango pulp was used for the evaluation of proximate composition
(moisture, ash, fat, protein and total sugars (TS)), total soluble solids (TSS), pH, titratable
acidity and ascorbic acid with the respective methods given by AOAC standards [17].

2.3.1. Chemical Composition

The moisture contents of the extracted pulp were determined by oven (BOHA-102
Canada) drying method at a temperature of 105 °C for a period 24 h using the method No.
925.098 described by AOAC [17]. The ash content of pulp was calculated according to
AOAC method No. 923.03, incinerating the sample at 550 °C in a muffle furnace [17]. The
fat content was determined following the procedure given by AOAC through a Soxhlet
system with 2:1 (v/v) chloroform [17]. The protein contents of the mango pulp were calcu-
lated by Kjeldahl's apparatus using the AOAC method 960.52 [17]. Finally, the measure-
ment of total sugars was made calorimetrically in the dry weight of fruit with following
the method described by Smith et al. [18].

2.3.2. Total Soluble Solids

A handheld digital refractometer was employed to determine the total soluble solids
(TSS). A drop of mango pulp was poured on prism of the refractometer and TSS was read
as °Brix on the scale at room temperature (25 °C).

2.33.pH

For the determination of pH, a small quantity of sample was taken in 50 mL beaker
by means of pH meter following the method described by AOAC [17].

2.3.4. Titratable Acidity

For the determination of TA as citric acid, 10 mL fruit pulp was diluted (1:4) with
distilled water. Then, it was poured in beaker and titrated with 0.1 sodium hydroxide
(NaOH) solution, through the subsequent addition of 2-3 phenolphthalein (C20H14Ox)
drops as an indicator [19].

2.3.5. Vitamin C

The ascorbic acid (Vitamin C) of mango pulp was recorded following the AOAC
method 967.21 using 2.6 dichloro-phenol indophenol [17].

2.4. Economic Analysis of Mango Pulp Extractor

The main requirement was to develop a machine to achieve the objectives in an eco-
nomical way to make it affordable for the purchase of the end users. For assessing the
economic feasibility, a machine cost analysis was carried out according to the method
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proposed by Khan et al. [20]. Two major elements of cost analysis were taken into account
in this economic analysis [21]:

Fixed costs: Fixed costs, also recognized as ownership cost of machine, paid by the
holder to acquire the machine.

Variable costs: Variable costs, also called operating costs, result of the machine oper-
ation. Variable costs vary with annual use and, thus, are recognized as operating
costs.

2.4.1. Factors Affecting Fixed Costs

The elements included in the fixed cost are:

Depreciation: Depreciation of the machinery is an important element while approxi-
mating ownership cost of machinery [22]. The depreciation may be calculated
through various methods, being the straight-line method the most common [23,24].
Straight-line depreciation method: The straight-line method for depreciation calcula-
tion is the most used, being convenient and easy to perform. In this method, a suitable
salvage value is assigned to machine, usually 10-15% of first cost [21]. A difference
of salvage value and first cost is then taken and divided by useful life of the machine
in years [25,26].

_(P-S)
Ds = Y 4)

where Ds = annual depreciation by straight-line method, (PKR); P = first value (PKR),
S = salvage/junk value (PKR); L = life of machine (yr).
Insurance: Although an insurance policy is not implemented on obsolete and inex-

pensive machines, even then 0.25%-0.50% is charged and added to the outstanding
value of machine [21].

2.4.2. Factors Affecting Variable Cost

Labor to operate the machine: Labor cost is not included in the operating cost if the
possessor is operating it himself or herself. However, it is one of the key operating
costs and must always be given a charge with respect to the local circumstances.
Hours saved by using a large machine are an important factor in decision making.
The hourly rate is used to calculate labor costs [27].

Repair and maintenance: Periodic repair and maintenance operations increase the
machine life. Irregular maintenance plan decreases the machine life, damaging the
parts of machine, which are expensive to replace. Therefore, familiarity with this cost
is vital in making machinery replacement decisions [28].

Interest: Interest is believed to be an opportunity cost, that is, a loss of financial op-
portunity to earn an interest on an account or other investment [21]. Their relation is
used to calculate interest in a machine as:

[(P+S)]xi
= 9k 5)

where I = annual interest, (PKR); P = first value, (PKR), S = salvage value, (PKR); i =
%interest rate.

I

Taxes: Machinery is private property, so tax is imposed in consistent with the local
regulations of state. Generally, rate of tax fluctuates from 1-2% of the purchase cost
of machine [29].

Housing: The requirement for machinery housing/shed is dependent on the size of
the machine, as well as the climate conditions of the country. Normally, machines
saved from rough weather conditions need less maintenances. The service centers for
the repair and maintenance and repair may also be included in the housing cost.
These reasons add 1-2% annual charge on the remaining value of machine for the
housing purpose [23].
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2.5. Statistical Analysis

Statistical analyses were performed using IBM SPSS statistics for Windows (version
19.0. IBM Corp., New York, NY, USA). Normal distribution and variance homogeneity
had been previously tested (Shapiro-Wilk). The data were submitted to an analysis of
variance (ANOVA), followed by Tukey’s test when the ANOV A was significant (p <0.05).

3. Results and Discussion

The current experiments were conducted in the laboratory of Food Engineering Op-
erations, Department of Food Engineering, University of Agriculture, Faisalabad (Paki-
stan) during the year 2018. The study was conducted to develop, fabricate and evaluate
the performance of mango pulp extractor at three levels of rotor speed, S (rpm) and three
levels of feed rate, F (kg/min) to ascertain the best operating parameters to maximize pulp
yield (JY) and extraction efficiency (JE) with lowest extraction losses (EL).

3.1. ANOVA for Yield, Extraction Efficiency and Extraction Losses of Mango Pulp

The effects of rotor speed of electric motor and mango feed rate onJY, JE and EL from
mango pulp extractor were statistically analyzed and presented in Table 1. The results
revealed that both factors had a significant effect on the evaluated parameters. Change in
speed, S (rpm) and feed rate, F (kg/min) had greatly influenced performance parameters.
Similar results were found previously by other authors [30]. It was observed from the
results that the interaction of speed, S (rpm) and feed rate, F (kg/min) was marginally
significant at 5% probability level for mango pulp yield, but highly significant for percent-
ages of extraction efficiency (JE) and extraction losses (EL).

Table 1. ANOVA for yield, extraction efficiency and extraction losses of mango pulp.

SV DF JY (%) JE (%) EL (%)
MS p-value MS p-value MS p-value

Model 8 49.95 0.0001 38.43 0.0001 30.42 0.0001

S 2 155.14  0.0001 129.00 0.0001 96.06 0.0001

F 2 29.27 0.0008 15.60 0.0001 15.86 0.0001
SXF 4 7.69 0.0526 4.56 0.0001 4.89 0.0001
Error 18 2.67 0.41 0.22
Corr.t 26

S: Rotor speed of electric motor (rpm); F: Mango feed rate (kg/min); JY: Yield; JE: Extraction effi-
ciency; EL: Extraction losses.

3.2. Effect of Rotor Speed Of Electric Motor on Mango Pulp Yield, Extraction Efficiency and
Extraction Losses

The statistically analyzed data indicated that speed, S (rpm), had significantly af-
fected the mango pulp yield (JY), extraction efficiency (JE) and extraction losses (EL). A
similar trend was observed previously by other authors [31]. As the rotor speed of the
electric motor was increased from S1 to S3, the mango JY increased to a speed level of S2
(900 rpm), beyond this speed JY started declining. It was observed from the tests that the
pulper, when operated at speed level of S2 (900 rpm) had the optimum yield of 77.96%
compared to the other speed levels S1 (500 rpm) and S3 (1400 rpm), where JY was found
to be 62.87 and 72.33%, respectively (Table 2).

The lowest JY was recorded at a speed level 51 (500 rpm). This may be due to the
slower speed at which the shaft rotated. This caused the fruits to take longer to move
through the extraction compartment of machine. Moreover, the centrifugal force gener-
ated in the pulper, which advances the fruits to outer boundaries of the auger to be
pressed against the hard surface of perforated sieve for pulp extraction, was insufficient.
The magnitude centrifugal increased directly with speed till S2 (900 rpm) where the force



AgriEngineering 2021, 3, 827

834

was adequate to assist pulp extraction. At the S3 speed level (1400 rpm), the centrifugal
force was too high. When this happens, the traces of the mango were appeared at the
outlet. Similar observations were observed by other authors for other pulp extractors
[15,32,33]. At high speeds, there was a reduction in the pulp extracted from the fruits. This
may be due to the losses arising from the vibrations of the machine at high operating
speeds, causing splashing of pulp to the walls of the machine and out of the cover of feed-
ing compartment, thus reducing the mango pulp yield.

Table 2. Effect of speed on mango pulp yield, extraction efficiency and extraction losses.

Speed (rpm) JY (%) JE (%) EL (%)
S1 69.87 © 91.52¢b 2.85¢

S2 77.96 2 96.03 2 7.01°

S3 72.33° 88.51 ¢ 9.302
Means 73.39 92.02 6.39
LSD (a = 0.05) 1.62 0.63 0.46

a< Mean values in the same column with different letter differ significantly (p < 0.05; Tukey’s test).
51 =500 rpm, S2 =900 rpm, S3 = 1400 rpm.

The statistically analyzed data indicated that speed significantly affected the extrac-
tion efficiency (JE) of mango pulp extractor. It can be seen from the results that the effi-
ciency of extraction increased to a maximum value of 96.03% at optimum rotor speed of
electric motor S2 (900 rpm) and then decreased at speed level beyond S2 (900 rpm). Ex-
traction efficiencies of 91.52% and 88.51% were recorded at rotor speed levels of S1 (500
rpm) and S3 (1400 rpm), respectively, at probability level of 5%. At speed levels of S1 (500
rpm) and S3 (1400 rpm) fruits were not completely grinded and that may be responsible
for the reduction of extraction efficiency compared when the machine was running at a
rotor speed level of S2 (900 rpm). Thus, performance tests showed that the optimum ex-
traction efficiency of the mango pulp extractor depends on the extraction speed of the
machine. Similar observations were observed by Gbabo et al. [34] and Ndubisi et al. [35]
for other juice extractors.

Speed also significantly affected the extraction losses (EL) of the pulp extraction ma-
chine. Referring to Table 2, it could be easily seen that an increase in machine operating
speed increases the extraction losses and vice versa, which agrees with the results found
by Adebayo et al. [32]. This happened due to the vibrations that occur at high speeds,
which cause losses derived from the splashing of the pulp on the walls of the machine.
The results revealed that EL was minimal at the slowest rotor speed of electric motor S1
(500 rpm) than those observed with S2 (900 rpm) and 53 (1400 rpm).

3.3. Effect of Feed Rate on Mango Pulp Yield, Extraction Efficiency and Extraction Losses

The statistically analyzed data indicated that feed rate, F (kg/min) significantly af-
fected the mango pulp yield (JY), extraction efficiency (JE) and extraction losses (EL). The
results showed that the optimum feed rate of the machine for the optimum extraction of
mango pulp was F2 (2.5 kg/min) as shown in Table 3.

More pulp was yielded at feed rate F2 (2.5 kg/min) and F3 (3.0 kg/min) than that of
feed rate F1 (2.0 kg/min). This may be because at lower feed rate F1 (2.0 kg/min) the fruits
passed the extraction section rapidly. When this occurred, the traces of the mango were
appeared at the outlet. A similar trend was previously observed in other studies [31,32].
At feed rate F1, the mango pulp yield (JY) was found to be 71.32%, which was significantly
lower than that obtained at feed rate F2 (2.5 kg/min) and F3 (3.0 kg/min). Our results re-
vealed that means at feed rates F2 and F3 were not significantly different from each other.
Thus, more pulp had extracted at feed rate F2 and F3 than that of feed rate F1.

Table 3. Effect of feed rate on mango pulp yield, extraction efficiency and extraction losses.
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Feed Rate (kg/min) JY (%) JE (%) EL (%)
F1 71.320 93.45a 4,94 ¢
F2 74.20 2 91.744 " 6.67 b
F3 74.64 2 90.87 ¢ 7.55 a
Means 73.39 92.02 6.39
LSD (a = 0.05) 1.62 0.63 0.46

a< Mean values in the same column with different letter differ significantly (p < 0.05; Tukey’s test).
F1=2.0 kg/min, F2 =2.5 kg/min, F3 = 3.0 kg/min.

The statistically analyzed data indicated that mango feed rate significantly affected
the extraction efficiency (JE) of mango pulp extraction machine. The results showed that
the optimum mango feed rate of the machine for the optimum extraction efficiency of
mango pulp was F1 (2.0 kg/min) as shown in Table 3. Low extraction efficiency of machine
was observed at higher mango feed rates F2 = 2.5 kg/min and F3 = 3.0 kg/min than that of
F1=2.0 kg/min. Our findings agree with those previously reported by Adebayo et al. [32].

The effect of feed rate on percentage extraction losses (EL) is showed in Table 3. The
highest extraction losses were observed at feed rate F3 (3.0 kg/min) than that of other two
levels of feed rate (7.55% vs. 4.94% and 6.67% for F3, F1 and F2, respectively). Similar
results were stated by other authors [31,32]. Thus, more pulp had extracted at feed rate F2
and F3 than that of feed rate F1 with the help of the fabricated pulp extractor. This made
clear that the feed rate must be controlled in order to minimize the extraction losses.

3.4. Combined Effect of Speed and Feed Rate on Mango Pulp Yield, Extraction Efficiency and
Extraction Losses

The combined effect of rotor speed of electric motor and mango feed rate on mango
pulp yield (%]Y) could be easily observed in Figure 3.

EF1 HF2 mF3

1 2 3
Speed levels

Figure 3. Effect of speed (S) and feed rate (F) on mango pulp yield (JY) (F1 = 2.0 kg/min, F2 =2.5
kg/min, F3 = 3.0 kg/min, S1 =500 rpm, S2 =900 rpm, S3 = 1400 rpm).
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The mango pulp yield (JY) at three levels of speed (S1 = 500 rpm, S2 = 900 rpm and
53 = 1400 rpm) and feed rate (F1 = 2.0 kg/min, F2 = 2.5 kg/min and F3 = 3.0 kg/min) was
analyzed statistically. The interaction S1F1 had significantly different effect on JY than
those observed by interaction S2F1 and S3F1. However, the interaction S2F1 and S3F1 had
insignificant effect on JY. The same effects were observed among S1F3, S2F3 and S3F3
treatments. The interaction S1F2, S2F2 and S3F3 showed insignificant effects on JY.

The combined effect of rotor speed of electric motor and mango feed rate on extrac-
tion efficiency (JE) is shown in Figure 4.

100 - EF1 mF2 mF3

JE (%)

1 2 3
Speed levels

Figure 4. Effect of speed (S) and feed rate (F) on extraction efficiency (JE) (F1 = 2.0 kg/min, F2 = 2.5
kg/min, F3 = 3.0 kg/min, S1 =500 rpm, S2 =900 rpm, S3 = 1400 rpm).

The extraction efficiency at three levels of speed (S1 = 500 rpm, S2 = 900 rpm and S3
= 1400 rpm) and at three levels of feed rate (F1 = 2.0 kg/min, F2 = 2.5 kg/min and F3 = 3.0
kg/min) was analyzed statistically. The interaction S1F1, S2F1 and S2F3 had significantly
different effect on JE. However, the interaction S3F2 had statistically different effect on JE.
However, S1F2 and S2F2 had significant effects on JE. The same effects were observed
among S1F3, S2F3 and S3F3.

The combined effect of rotor speed of electric motor (rpm) and mango feed rate
(kg/min) on extraction losses (EL) could be easily observed in the Figure 5.

EF1 mF2 mE3
12 ~

EL (%)

1 2 3
Speed levels

Figure 5. Effect of speed (S) and feed rate (F) on extraction losses (EL). (F1 = 2.0 kg/min, F2 = 2.5
kg/min, F3 = 3.0 kg/min, S1 =500 rpm, S2 =900 rpm, S3 = 1400 rpm).
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The extraction losses (EL) at three levels of rotor speed of electric motor (S1 = 500
rpm, S2 = 900 rpm and S3 = 1400 rpm) and at three levels of mango feed rate (F1 = 2.0
kg/min, F2 = 2.5 kg/min and F3 = 3.0 kg/min) were analyzed statistically. The interaction
S1F1, S2F1 and S3F1 had significantly different effect on EL. However, the interaction S3F2
had statistically different effect on %JE. However, S1F2 and S2F2 had significant effects
on JE. Same effects were observed among S1F3, S2F3 and S3F3 on EL.

3.5. Physicochemical Profiling of Extracted Mango Pulp

The effects of rotor speed of electric motor and mango feed rate on physicochemical
parameters are shown in Table 4. The results revealed that the rotor speed and mango
feed rate had significant effect on the contents of ash, fat and MC at 5% probability level.
Changes in S (rpm) and F (kg/min) had greatly influenced performance parameters. In
addition, it was observed that the interaction of speed and feed rate (S x F) was also sig-
nificant at 5% probability level.

Table 4. ANOVA for chemical composition, pH, titratable acidity (TA), total sugars (TS), total soluble solids (TSS), vitamin

C of mango pulp.
SV DF Ash Fat MC
MS p-value MS p-value MS p-value
S 2 0.000855 0.0011 0.001344 0.0001 1.823144 0.0310
F 2 0.000386 0.0018 0.000344 0.0001 0.191544 0.0221
SXF 4 0.000194 0.0026 0.001794 0.0002 0.143078 0.0293
pH Proteins TA
SV DF MS p-value MS p-value MS p-value
S 2 0.005211 0.0001 0.006933 0.0013 0.003744 0.0014
F 2 0.001378 0.0001 0.000100 0.0017 0.001478 0.0015
SXF 4 0.001628 0.0001 0.000533 0.0013 0.005611 0.0017
SV DF TS TSS VC (mg/100 g)
MS p-value MS p-value MS p-value
S 2 1.240000 0.0012 0.225478 0.0012 0.438933 0.0001
F 2 0.173333 0.0011 0.345144 0.0013 1.918233 0.0003
SXF 4 0.563333 0.0010 0.629828 0.0015 0.279367 0.0001

The mean values of chemical components extracted at optimum speed level (S2) and
optimum feed rate level (F2) are shown in Table 5. Our values are comparable with the
observations made by Naz et al. [36] with some variations, which are may be due to the
shear forces and high temperature occurred due to friction in the extraction compartment.

Table 5. Mean values of all the chemical components during combined effect of speed and feed.

Ash (%)

Fat (%) MC (%) pH Proteins (%) TA (%) TS (%) TSS (%) VC (mg/100 g)

0.769

0.490 85.70 5.12 0.510 0.390 19.40 14.79 162.57

3.6. Breakeven Analysis

Breakeven analysis focuses on the viability of an organization. The specific concern
in breakeven analysis is finding the stage of operation that results in zero profit. The
breakeven is an important planning tool, especially if the organization is about to launch
new products. The breakeven point is useful reference in that it represents the stage of
operation when the total revenue becomes equal to total cost. The breakeven point of
mango pulp extractor befallen at 40 h of use as shown in Figure 6.
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Figure 6. Breakeven point for mango pulp extractor.

4. Conclusions

The development and fabrication of the mango pulp extractor has been carried out
and the machine was successfully constructed, assembled and tested. The optimum oper-
ating speed of the electric motor for pulp extraction was S2 (900 rpm) for mango fruits,
while the optimum mango feed rate was F2 (2.5 kg/min), but it can also operate at F3 (3.0)
kg/min. The breakeven point of the machine was 40 h if the machine is operated at its peak
capacity. With a machine cost of about PKR. 60,000/-, it is affordable for small-scale farm-
ers (cottage industry) in the rural communities.
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