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INTRODUCTION

Mangoes (mangifera indica) are one of  high value fruits grown for cash and snack. In Malawi, they are widely grown in warm to hot areas with altitude from 0 to 750m above sea level.  The varieties grown include improved ones such as Itaden, Tommy, Atikins, Keitt, Davis, Haden, Irwin, Boribo and local varieties grown naturally and widely include Kalisere, Boloma.  (Malawi Government, 1994).

The current production hectarage for local varieties is estimated at 8389 hectares for mango production for the past five years period put it at 75,000 ha country wide (Malawi Government, 1996).  

Mango yields average 400 – 600 fruits per tree in one year (local varieties), but it is well known that a big tree after some off years may set a crop of 10,000 fruits or more.  Mango production is largely seasonal resulting in periods of abundance and periods when fruits are not available.  Because of lack of appropriate preservation and/or processing, large quantities of fruits are known to rot.  The availability of appropriate preservation and or technologies at rural level would greatly reduce fruit wastage and make fruit and mango fruit based products available during off-seasons.  Such technologies would also make the development of micro and small scale fruit processing enterprises possible. (Makoko 1996).

Utilisation of mangoes in Malawi is mainly in form of ripe ones as snack or middlemen for resale to consumers in major cities or reselling them by the road sides when in season. A smaller fraction of it is used for local processing into a trace or none for commercial processing into juice.  The juice production is still too low to meet the national consumption and thus some common supplements are imported from Zimbabwe and South Africa (Malawi Government, 1996).

An interview with farmers as well as survey studies show that lack of …………….. efficient means or adequate processing techniques for quickly processing mangoes, poor marketing (for fruit mangoes) and transport systems as well as perishability, contribute to more post-harvest losses which at present are over 50% of the production (Malawi Government, 1996).  Nanjundaswamy confirmed that lack of local and simple mechanical means for mango processing into juice and other intermediate products, results in limitations on mango utilisation thus more post-harvest losses due to rotting.  Hrapsky et all (1985) stated that promotion of efficient mango juice production techniques raises the produce market value.  Such an industry has an Internal Rate of Return (IRR) greater than 50%.  Post-harvest losses would also be minimal.

In view of the above situation, Chitedze Research Station developed a technology for extraction of pulp from ripen mango fruits.  The development and dissemination of such technology require extensive tests to be undertaken by funding from Food and Agricultural Organisation.  Malawi Industrial Research and Technology Development Centre was contracted to test and evaluate performance of the above machines.

The objectives of this study were to:

1. Examine the machine aspects with a view to necessitate machine modification for the convenience of the farmers and designers.

2. Conduct laboratory performance tests and analyse samples.

3. Conduct field trials with farmers and carry out on farm evaluation.

2.0 TERMS OF REFERENCE
1. Study and confirm manufacturers specifications:  Acquire two prototype machines from FMU of Chitedze Agricultural Research Station; and obtain specifications and manufacturer’s recommended performance, and undertake such work that would, if necessary, assist in modification and improvement of the technology.

2. Conduct laboratory tests on the Mango Juice Extractor.

a. Performance test under laboratory conditions with respect to capacity, power requirements, extraction efficiency.

b. Analyse the nutritional quality of products with respect to moisture content, pH, total dissolved solids, crude fibre, minerals including micronutrients, vitamins and protein content.

3. Conduct field trials

a. Organise field trials with farmers selected in major mango growing areas.  Such areas will include the Lower Shire and along the Lake Shore; and

b. Discuss with farmers and obtain their views on the performance of the equipment

4. Assess the performance of the technology and make appropriate recommendations.

A report will be prepared so as to present the following information:

a. Evaluation criteria such as:  capacity/throughput; power requirements; rest period, extraction efficiency; and operating cost.

b. Appropriate recommendations:  Recommendations with respect to engineering design and the standards of construction applied, to assist, if necessary, in modification and improvement in the technology will be made.

4.0 MATERIALS AND METHODS

4.1
Study Sites

Mango juice extraction trials were conducted under village conditions in Zunde EPA, Nsanje district and Mthiramanja EPA, Mangochi. In Nsanje a total of 27 farmers were mobilized and requested to participate in the study while in Mangochi 39 farmers participated in the trials.

4.2 Pulp Extraction

Mango fruits of local variety, Kalisere were purchased from farmers and transferred to the production sites. The fruits were sorted based on the assessment of colour, ripeness, shape, size or microbiological damage. Only those that were not bruised or rotten were reserved for further processing. The selected fruits were weighed into batches of between 14 – 90 kg, washed with sodium hypochlorite treated water and peeled using stainless steel knives. Peeled mangoes were weighed before introducing them into well cleaned pulping machines. A total of six batches of peeled fruits was obtained and weighed 20.7, 26.0, 14.9, 73.0, 90.2 and 74.1 kg respectively.

Previously trained farmers were requested to operate the machines in turns. Number of revolutions and time taken by individual operator before resting were recorded. Extraction of each batch was repeatedly carried out to afford maximum removal of the pulp. Weights of the procured pulp and stones were separately determined. At the end of the exercise, farmers were asked to appraise the performance of the machines in terms of ease of operation, number of stone breakages, output and efficiency.

4.3 Fruit Juice Processing

After extraction, the pulp was diluted with potable water in the ratio of 1:2, filtered using stainless steel sieve and heated to 75°C for 15 minutes. Sugar (90g/l) and sodium benzoate preservative (800 – 1000 ppm) were added to the juice 5 minutes before the end of pasteurization time. The juice was then packed in washed and sterilized hermitite bottles and the covers were tightly closed.

4.4 Analysis of Quality Parameters

Fresh mango pulp and packaged bottles of fruit juices were randomly sampled and transferred to Malawi Bureau of Standards laboratories for analysis. The raw materials were analyzed for moisture content (AOAC, 1984), total sugar (…..), vitamins (……), crude protein by kjeldah method (AOAC, 1995) and selected minerals by Atomic Absorption Spectrophotometer (AAS). Similarly, the fruit juice was evaluated for fibre content, pH, protein and mineral content. The samples were further subjected to a microbiological analysis where plate count of aerobic Mesophilic bacteria and the presence of E. coli and Salmonella spp were determined.

4.5 Sensory Evaluation

In order to determine consumer perception of the fruit juice prepared from the study sites, a sensory evaluation was carried out. A panel of 20 consumers was recruited to taste the mango juice and submit their objective views on the organoleptic characteristics of the product. The main sensory attributes evaluated included taste, flavour, colour and viscosity. The assessors were asked to indicate the term that best represented their attribute about the product on a 9-point Hedonic scale; 9 representing like extremely and 1 being dislike extremely.

5.0 RESULTS AND DISCUSSION

The average weight of the fruit of the local variety Kalisere was 272±49g (range 231 to 309g). The pulp represented an average of 60.4% w/w (range 56.2 to 64.3), peels 23.1% (w/w) and the seeds 16.5% (w/w) of the total weight of ripe fruits (Figure 1). In other studies, the least amount of pulp of about 58% has been reported in the local mango varieties (Kansci et al., 2003).
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5.1
Performance and Efficiency of Machine

The results of field trials indicating extraction efficiency and rate are presented on Table 1 below.

Table 1: Extraction efficiency and rate of pulping machine

	
	Batch 1
	Batch 2
	Batch 3
	Batch 4
	Batch 5
	Batch 6

	Weight of peeled mangoes (kg)
	20.7
	26.0
	14.9
	73.0
	90.2
	74.1

	Weight of pulp (kg)
	10.9
	12.7
	7.1
	33.1
	41.6
	32.5

	Extraction efficiency (%)
	87.8
	81.4
	79.4
	75.6
	76.9
	73.1

	Extraction time (min)
	22
	80
	29
	137
	136
	117

	Extraction rate (kg/hr)
	29.7
	9.5
	14.7
	14.5
	18.4
	16.7

	Extraction rate (l/hr)
	27.0
	8.6
	13.4
	13.2
	16.7
	15.2


The values of extraction efficiency were based on the weight of pulp extracted by the machine in comparison to the theoretical amount of the pulp that could be realized from the same quantity of peeled mangoes. This was calculated from the following equation:

 Extraction Efficiency (%) =     weight of pulp X 100%




 weight of peeled mangoes X 0.6

Where 0.6 = Average fraction of the pulp in ripe fruits of Kalisere variety

Results from Table 1 show that the extraction efficiency of the pulping machine ranged from 73.1 to 87.8% with an average of 79.0%. These values compare favourably with the range of 75 – 80% as indicated on the machine’s specifications. It could also be observed that generally, the extraction efficiency decreased with quantity of peeled mangoes introduced in the machine (Figure 2). This could probably be attributed to the fact that participants required more energy and time to operate the machine in order to realize maximum extraction of the pulp. Consequently, they reduced the number of times of recycling from 3 –4 to 2 due to exhaustion.
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The extraction experiments showed considerable variations in the volume of pulp extracted per unit time. The extraction rate varied from 8.6 to 27.0 litres/hr (Table 1). The average extraction rate was 15.7 litres/hr with mode of 14.6 litres/hr, which was within the pulp extractor specification of 11 – 15 litres/hr.

5.2 Attributes of the Extraction Machine

Farmers’ evaluation of the performance of the pulping extractor showed that generally the machine was rated favourably. Besides considerable high extraction rate and efficiency suitable for small scale processing, information from participants and literature highlighted the following positive attributes of the pulping machine.

i) The majority of the participants (87%) indicated that the machine was easy to clean, operate and maintain;

ii) Since the machine is manually operated, it was regarded as an ideal appropriate technology for rural settings where most areas are not connected to electricity;

iii) Unlike some of the commercially available mango pulpers and blenders (www.  ….) which require removal of stones before pulping, the machine under test does not need this prior operation. This, therefore, saves labour and time for processing. Furthermore, no stone breakages were obtained from all the experiments conducted;

iv) At the current price of USD 100, the machine seems moderately cheaper and affordable for small scale processors than the imported pulping machines; and

v) The machine is made of PVC material which is considerably inert to fruit acids and does not contain health hazardous chemicals like heavy metals. This was evident from the findings of chemical analysis where the pulp and juice processed by the machine contained no detectable amounts of lead, cadmium and arsenic.

The study, however, identified the following as major weaknesses of the pulp extractor.

i) In order to increase the efficiency of the machine, extraction of pulp from fruits was repeated for about 3 – 4 times. This recycling process was viewed by operators as a labour intensive and time-consuming operation. Besides, recycling and long handling time of the fruits expose the material to microbiological damage and this has a potential of contributing to low quality characteristics of the pulp and juice; and

ii) The present design of the pulping machine requires that it should be mounted on a pole, which practically means installing the machine outside the processing building. However, out door extraction results in houseflies being attracted to the pulp and this poses health risks to consumers of the fruit juices. It is imperative that every operation of the fruit juice processing should aim at minimizing food poisoning micro-organisms and ensuring long shelf-life of the products.

5.3 Quality Characteristics of Mango Fruits and Products

5.3.1 Nutritional quality

Nutritional evaluation of mango samples from two study sites, Nsanje and Mangochi, indicated that edible pulps of ripe mango fruits contain impressive amounts of protein, sugar and vitamin C. A summary of the results is presented on Table 2 below.

Table 2. Proximate and mineral composition of mango pulp and juice

	Parameter
	Sample

	
	Pulp
	Juice

	Protein (mg/100g)

Vitamin C (mg/100g)

Total sugar (%)

Crude fibre (%)

Moisture (%)

Fe (ppm)

Zn (ppm)

Mg (ppm)
	414.1± 16.5

11.3± 0.8

13.4 ±2.6

8.7 ±1.2

84.4 ±3.7

1.20 ±0.31

11.30± 3.07

4.01± 0.19
	35.7 ±1.2

3.1 ±0.2

19.2 ±2.8

0.15 ±0.01

N/A

0.21± 0.05

2.10± 0.64

0.85± 0.16


Note:
1) N/A means not applicable


2) ppm means parts per million (mg/kg)


3) Values are means ± standard deviation of four determinations
The mean protein content in edible mango pulp and juice was 414.1±16.5 mg/100g and 35.7±1.2 mg/100g fresh weight respectively. In terms of percentages, the amount of protein in mango fruits ranged from 3.8 – 4.3%, which is about four times and 14 times that of oranges (1.0%) and apples (0.3%), respectively. Thus, mangoes have relatively higher protein content than some of the fruits commonly grown in Malawi. Table 3 also shows that the amount of protein in fruit juice was about 9 times lower than the content obtained in the pulp. Even though the pulp was diluted three times to produce the juice, the observed drastic decrease could probably be ascribed to the retention of protein in the insoluble residues that remained after filtration.

Vitamin C content in mango pulp varied from 9.3 – 12.2 mg/100g fresh weight basis. The mean content was 11.3 mg/100g fresh weight, which is higher than values realized from edible pulp of Parinari curatellifolia fruits (10.4 mg/100g fresh weight) but lower than Uapaca kirkiana (16.8 mg/100g fresh weight). Indigenous fruits are reported to have higher vitamin C content than the exotic ones (Saka et al., 1994). Like in the case of protein, a sharp decrease that could not be explained by dilution factor was observed in the vitamin C content of fruit juice processed from the same mango pulp. This trend could be attributed to the fact that ascorbic acid (Vitamin C) is easily destroyed by oxidation, a process which is greatly accelerated by heat (Clydesdale et al., 1991). The availability of fairly high amounts of Vitamin C in fresh mangoes and fruit juice is vitally important because vitamin C prevents major chronic diseases caused by free radicals. Lack of ascorbic acid in the diets causes a condition known as scurvy.

The mineral content in the mango pulp and fruit juice is shown on Table 2. Except for Zn with an average concentration of 2.10 ppm, low amounts of Fe (0.21 ppm) and Mg (0.85 ppm) were obtained in the juice. The juice processed from mango pulp was relatively acidic with pH values (at 25°C) ranging from 3.55 – 3.62, which was within the optimum pH range of 3.0 – 4.0 for fruit juices (FAO, 2003).

5.3.2 Microbiological characteristics

Hygiene status of food commodities can be fairly judged by the abundance of microorganisms associated with them. The degree of contamination of fruit products largely depends on the initial load, source and kinds of microorganisms related to the fruits and care taken during collection, processing and product handling (Jay, 1991).

Results from the microbiological analysis of mango fruit juices are summarized on Table 3.

Table 3. Microbial load in mango fruit juice

	Test
	Sample 1
	Sample 2
	Sample 3

	Plate count of Mesophilic bacteria
	1.2 x 102 cfu/ml
	< 1.0 x 101 cfu/ml
	4.2 x 103 cfu/ml

	Presence of Escherichia coli
	Absent in 25g of sample tested
	Absent in 25g of sample tested
	Absent in 25g of sample tested

	Presence of Salmonella spp
	Absent in 25g of sample tested
	Absent in 25g of sample tested
	Absent in 25g of sample tested


Note: cfu = colony forming units.

The microbiological tests indicated no presence of E. coli and Salmonella spp in all three juice samples. These results conform to the Malawi Bureau of Standards for fruit juices, which require absence of these microbial species from food products. The bacteria load from the total plate count were also lower than the maximum recommended levels of 1.0 x 105 cfu/ml (MBS…). These results therefore seem to suggest that with proper processing, handling and storage conditions as practiced in this study, microbiologically safe fruit products could be obtained from village processing units. However, with the small sample size used in this work, it is important that more trials should be conducted to conclusively determine the microbiological safety of juice processed by rural communities under different environmental and sanitary conditions. Moreover, microbiological contamination depends on several factors. 

5.3.3 Sensory characteristics of juice

Consumer preference on the sensory characteristics of mango fruit juice varied considerably among the 20 respondents (Figures 3 – 6). The majority of the assessors (75%) had positive remarks about the taste of the juice. The five respondents (25%) who expressed reservations about the taste of the juice indicated the juice was too sweet for their liking. 
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Figure 3. Consumer ranking on taste of mango fruit juice
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Figure 4. Consumer ranking on flavour of mango juice
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Figure 5. Consumer preference on viscosity of mango juice
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Figure 6. Consumer preference on colour of mango juice


The sensory panel ranked highly the colour and flavour of the juice. All panelists rated colour characteristics of the juice between 6 and 9 (Figure 6) while 90% preferred the natural mango flavour of the juice. Two respondents (10%) mentioned that the mango flavour was too strong to be desired. Mixed reactions were received on the viscosity of the juice with 8 people (40%) indicating that the juice was thick and slimy, and 10 respondents (50%) rated it favourably. Two members of the panel (10%) did not know their preferences.

The results of sensory evaluation show that generally, the respondents satisfactorily preferred the sensory quality of the juice. No commercial mango fruit juice was available on the market for a comparative sensory analysis. It should, however, be noted that sensory evaluation is highly subjective, and preferences for individual foods depend on a wide range of factors, including traditional eating habits and cultural influences (Fellows, 2000). A more detailed study, with a wider representative sample, is therefore needed to establish consumer preference of mango juice processed by rural communities. Commercial mango fruit juices should be included for comparison.

5.4 Fruit Processing and Food Security

The results from village processing trials and physico-chemical characteristics of mango fruit products indicated that promotion of the pulping technology would contribute to food security at household level. Cottage mango processing would provide a valuable source of important nutritional proteins and vitamins and alleviate nutrient disorders especially among children and pregnant women in rural areas. Apart from juice, participants in Nsanje demonstrated that the insoluble pulp, a by-product of juice processing, could be used to prepare porridge locally known as Thide. The porridge is equally liked by children and adults. Mango fruit processing into juice and porridge is illustrated on Figure 7.

Figure 7: Flow chart for production of mango juice and porridge.
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5.2 Performance Characteristics 

The performance test has successfully demonstrated the pulp extractor meets in part design specifications. However, testing with kalisere variety was carried out for a few days, making the results merely indicative. If possible, it would be desirable to document the operation of the extractor with different varieties. The results of field trials indicating power requirement, operating speed and rest period are presented on table 2.

Table 2:
Operating Characteristics
	
	Batch1
	Batch2
	Batch3
	Batch 4
	Batch 5
	Batch6

	Number of revolutions
	80.700
	140.500
	96.400
	331.444
	490.360
	701.60

	Operating speed   (rev/min)
	46.300
	34.352
	24.276
	47.610
	57.282
	48.458

	Power required (W)


	62.501
	60.520
	67.827
	66.654
	81.512
	57.342

	Rest Period (min/hour)


	242.710
	275.327
	219.183
	265.251
	165.860
	256.993


5.2.1
Power Requirement

This objective was indirectly achieved during the testing by calculating the power output from the operators. In general terms the power output from the people was higher than predicted by comparison with results published elsewhere. Graph—shows the power per person, the average for this testing was ---- Watts. The method of calculating the power per person was……

Power Requirement (W)  =   torque  x  angular speed

where  torque  =    hand force  x  arm radius 
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Results from table 2 show  that the power requirement  ranged from 57.342  to 81.512 W with an average of  66.059 W. These values do not compare favourably with the range of 52 – 60 W as indicated  on the machine specifications.According to tests conducted else where, a person typically produces 70 Watts of power operating at ……revolutions per minute. Refering to graph …,it can be seen that the power  output per person ranges from a high of about …..Watts to a low of about……watts, while the speed ranges from……revolution per minute. So for this period of testing, the people were working at a higher range of output as compared to with test results obtained elsewhere.  It can also be seen from this graph that there is a correlation between speed and the power output per person, with some significant exceptions. Some of the variations in the data may very well reflect the inaccuracy that was at times present in the data recording. Notwithstanding the inaccuracies however,the data suggests that hand force of people was relatively constant over the range of speed. In other words, changes in power output were primarily due to changes in speed rather than handle force. The power from testing is inferred from the system parameters and is subject to some uncertainity. The output represents an entire day’s operation at a constant flow, while in reality flow constantly varies as a multiple of operating speed which is highly variable. Nevertheless, the reported figures can be taken as indicative of the power that could be reasonably be expected.

5.2.2
Operating speed vs power
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Graph.. shows the relationship between the average power output, of the mango extractor(calculated as above) and the average operating speed of the team of  …people.Two patterns can be discerned from this graph: the ….   Operate faster when producing more power, and the power output of the …. Gradually increased over this period of testing. The improvement in power output may be due to inpart the growing familiarity of the operator with operating the machine.

5.2.3
Capacity/Throughput
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Graph.. describes the pulp flow  produced during the testing for speeds of ……….. The nearly level average flow curve indicates that the machine was not well optimized to suit each simulated speed. It should be apparent that the amount of power needed to produce………litres per hour from……..(simulated) , should produce substantially more pulp at……revolutions per minute. The net pulp power which these flowrates represent is shown in graph … Ideally this curve should be a level line, which would reflect the operater producing the same power over a range of speeds, this curve shows a substantial (over…%) increase in power produced at … as compared with….. If the system had been optimized to make the best use of the power available from people around …. More pulp should have been produced at….. The difference is primarily the inefficiency in the work of people,having many people doing the work which could have been done by one man.

The pulp output with the mango extractor approaches more closely the expected pattern; more pulp is produced at lower speeds. This can be seen in graph… .The power output curve…..,depicts a more moderate rise from …. Watts at…..rev/min to….watts at……rev/min. However,since the recommended range of  operating speed for this machine is…..,it is not likely that this….would be installed at machine at this speed. A composite graph of  all the people used during the testing….,shows pulp output curves for each operated with extractor.The gap between the curve for… and the other represents men operating at higher speeds, could have fitted the gap, following more closely the theoretical curve of optimum pulp production at lower speeds.

5.2.4
Rest Period

During testing the machine worked an average of   hours per day, up to  a maximum of …. Hours. The work pattern varied substantially from one day to the next, as can be seen in graph…
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The work hours  per day have been charted in graphs. Men have been found to be capable of working------- hours per day on a regular basis for sustained periods, women for …..hours  per day.These findings are similar to results reported elsewhere. The data has been recorded and is included in the appendices. However, operators usually worked about …..minutes followed by… minutes of   rest.

5.2.5
The mechanical reliability  of extractor.

The reliability of the extractor  during the test was excellent. Over the seven days of the test was operated for over….. hours for ….days with only two mechanical problems  related  to the machine itself.

The first mechanical problem occurred within the first day of testing. The worm shaft is supported by plain bearings resulted in excessive friction eventually led to the shaft been bent. There wearing of shaft . Mango pulp was used to lubricate the worn out part of the shaft  .

The second mechanical problem resulted from in proper mounting of the machine on to the ground. The machine became unstable which made operation very difficult.

5.3
Operating Cost


For one to  start a mango processing business, at least 5 labourers will be required at an average wage of K1500 per month. Assumptions made in the following analysis include:

· 22 working days per month

· 50 kg pulp per day or 160 litres mango juice per  day.

· Price of juice is K100 per litre

· 5 people in production

Using the above information, we have the following estimates.

Utensils

Item



Unit

Qty

Rate

Amount

Stainless pot


No

2

4500

9000

Sieve/screen


no

2

700

1400

Plastic buckets


no

5

150

750

Jugs



no

2

100

200

Measuring jugs

no

2

300

600

Wooden spoons

set

1

200

400

Plastic basin


no

4

300

1200

Stainless knives

set

10

120

1200

Charcoal stove


no

2

400

800

Plastic drum


no

2

1200

2400

Balance


no

1

2000

2000











19750

Extractor


no

1

12000

12000

Hanging scale


no

1

2500

2500

Raw Materials

Ripe mangoes


kg

160

6

960

Sugar



bales

2

1200

2400

Detergents


kg

1

180

180

Preservatives


kg

4

750

3000

Packaging materials

no

1000

5

5000

Labels



no

1000

5

5000

Labour



no

1500

5

7500
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CASHFLOW

	EXPENDITURE
	Month0
	Month1
	Month2
	Month3
	Month4
	Month5
	Month6
	Month7
	Month8
	Month9
	Month10
	Month11
	Month12
	Total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Capital

Expenditure
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Extractor
	12000
	
	
	
	
	
	
	
	
	
	
	
	
	12000

	Utensils
	19750
	
	
	
	
	
	
	
	
	
	
	
	
	19750

	Scale
	2500
	
	
	
	
	
	
	
	
	
	
	
	
	2500

	Total Capital

Expenditure
	34250
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	34250

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Operating Cost
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rent
	15000
	5000
	5000
	5000
	5000
	5000
	5000
	5000
	5000
	5000
	5000
	5000
	5000
	75000

	Labour
	7500
	7500
	7500
	7500
	7500
	7500
	7500
	7500
	7500
	7500
	7500
	7500
	7500
	97500

	Raw materials
	73920
	73920
	73920
	73920
	73920
	73920
	73920
	73920
	73920
	73920
	73920
	73920
	73920
	960960

	Sundries
	30000
	26000
	26000
	26000
	26000
	26000
	26000
	26000
	26000
	26000
	26000
	26000
	26000
	342000

	Total Operating Cost
	133920
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	1542960

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	TOTAL EXENDITURE
	168170
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	117420
	1577210

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	INCOME
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Juice
	0
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	4224000

	Pulp
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	TOTAL INCOME
	0
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	352000
	4224000

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NET CASH FLOW
	-168170
	66410
	300990
	535570
	770150
	1004730
	1239310
	1473890
	1708470
	1943050
	2177630
	2412210
	2646790
	2646790


From the cashflow, the following is noted:

Capital Expenditure  =   K34250

Operational Cost       =    K133920

Total 


=   K168170

With about K170000 a mango juice processing enterprise should be able to take off. Within the first month of operation the project should be able to pay for itself.
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Figure 6. Consumer preference on colour
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Figure 3. Consumer ranking on taste of mango fruit juice
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Figure 1. Composition by mass of fruits from Kalisere variety
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Figure 2. Effect of quantities of mangoes on extraction efficiency
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Figure 2. Effect of quantity of mangoes on extraction efficiency
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Figure 3. Consumer ranking on taste of juice
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Figure 4. Consumer ranking on flavour of mango juice
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Figure 5. Consumer preference on viscosity of mango juice
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Figure 6. Consumer preference on colour of mango juice
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Figure 1. Composition by mass of fruits from Kalisere variety
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Figure 1. Composition by mass of fruits from Kalisere variety
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