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The amount of export of paprika has been increased rapidly in recent years. Therefore, its cultivation area has greatly
increased in Korea according to current consumer's attraction. Moreover, it becomes one of the major exporting products
while it recorded 53 million dollars, in 2009 resulting in 40% of the total vegetables export. Most of the products are
exported to Japan, but it is necessary to prolong the quality preservation periods to export paprika to nations like U.S.A.
or EU. However, to encourage an export to many countries, washing and disinfection became more important to deal with
longer transportation and medical inspection. The non-chemical use is very important due to stronger regulation of safety
to agricultural production. Accordingly, this study was performed to determine the optimum conditions and develop a
prototype washing machine, hot water washing of paprika. The results were as follows :

The working performance of the prototype was 938 kg/hr, and which was 1.5 times higher than the conventional air gun
type washing machine. The operation cost of prototype was 30 won/kg, and 56% of the cost was reduced when compared
with air gun type washing machine.
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Fig. 1 Experimental washing equipment.

Table 1 Dimension of experimental washing equipment

Items Dimension

Size (LxWxH, mm) 1,000x1, 100x900

Type Water jet nozzle and heater

Jet pressure (kgf/cmz) 0~0.6

Control of pressure Open and shut discharge rate

Control of rotation speed Inverter control

Rotation speed (rpm) 20~80
Size of brush (mm) 120 (o) x 700 (L)
Length and material of brush 20 mm, soft PE

Power source Geared motor
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Table 2 Damage ratios of the paprika skin at various rotation velocities of brush, water temperatures, and washing times (%)

Water temperature (C)

Speed of 45 50 55
revolution (rpm) Washing time (sec) Washing time (sec) Washing time (sec)
10 20 30 10 20 30 10 20 30
40
50
60 0.5 0 0.5 0.5
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Table 3 Variation of chromaticity after washing (4E)

Water temperature (C)

Speed of 45 50 55
revolution
(tpm) Washing time (sec) Washing time (sec) Washing time (sec)
10 20 30 10 20 30 10 20 30
40 2.65 3.19 2.21 3.32 2.64 3.09 2.46 2.36 2.93
50 2.41 2.85 3.80 5.11 5.80 479 2.93 223 2.40
60 2.41 2.29 3.12 3.77 3.40 3.25 3.68 2.87 1.83
% NBS unit (4E): 1.5~3.0 (Noticeable), 3.0~6.0 (Appreciable)
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Table 4 Decomposition ratios at various washing times and water temperatures

Washing time Water temperature (C) .
- No washing
(sec) 20 (Ordinary temperature) 45 50 55
10 68.2 36.4 273 36.4
20 63.6 227 18.2 45.5 86.4
30 40.9 27.3 227 54.5

Hot water washing

Ordinary temperature washing

No washing

Fig. 3 Comparison of degree of decomposition at various washing condition.

Table 5 Variation of the total number of fungi and bacteria in hot water washing (Brush speed: 50 rpm, Washing time: 20 sec)

Water temperature | Total number of fungi and bacteria (cfuw/ml) Rate of removal (%)
(©) Bacteria Fungi Bacteria Fungi
45 1.64x10* 0.60x10 56.6 83.5
Washing 50 0.87x10" 0.37x10° 77.0 89.8
55 0.33x10" 0.27x10° 91.3 9.6
No washing 3.78x10" 3.64x10° - -
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hot water washing.
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1. Input hopper 2. Lugged slope conveyer 3. Washing part 4. Air curtain 5. Rotating brush 6. Dampproofing roller 7. Injection nozzle

8. Fan heater 9. Drying part 10. Teflon belt conveyer

15. Control unit

11. Outlet

12. Water heater and tank  13. Motor pump  14. Water tank

Fig. 5 Structure of the prototype washing machine using hot water for paprika.
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Table 6 Specification of prototype washing machine for paprika

Item

Type and dimension

Type

Assembly line work (input-washing- drying-discharging)

Size of body (L x W x H, mm)

8,030 x 950 x 2,500

Size (L X W, mm)
Hopper

800 x 500

Power transmission
Input part

Geared motor (200W), Inverter control

Size (L x W x H, mm)

1,935 x 500 x 1,715

Slope conveyer

Power transmission

Geared motor (200W), Inverter control

Size (L X W x H, mm)

2,725 x 675 x 2,500

Washing line

Brush + Water injection nozzle (1/8')

Power transmission

Geared motor (400 W), Inverter control

Washing part - -
Capacity of pump and curtain fan

Pump (0.75 kW x 2), Fan (1.5 kW)

Capacity of water tank

Ordinary water (6001), Hot water (6001)

Capacity of heater (kW)

10 (5 kW x 2)

Size (L x W x H, mm)

2,700 x 750 x 2,800

Power transmission

Geared motor (400 W), Inverter control

Drying part

Capacity of fan heater (kW) 10
Capacity of air blower (kW) 1.5
Material of conveyer belt Teflon

Table 7 Damage ratios of the paprika skin at various speeds of input slope conveyer and washing conveyer (%)

Speed of input slope conveyer Speed of washing conveyer (m/s)
(m/s) 0.05 0.10 0.15 0.20
0.05 0 0 0 1.20
0.1 0 0.40 0.80 1.60
Table 8 Grades of dried paprika at the various temperatures of warm current of air and the speeds of washing conveyer
Temperature of warm current of air Speed of washing conveyer (n/s)
(©) 0.05 0.07 0.10
35 Good Good Poor
40 Good Good Good
45 Excellent Good Good
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Fig. 6 Decomposition ratios at various speeds of washing conveyer

and the temperature of washing water.
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Table 9 Hardness of paprika at various washing times and temperatures of washing water

20C o o o
hi i 45C C C hi
Washing time (Ordinary temperature) 5 50 55 No washing
10s 3.37 3.07 2.82 3.01
3.90
20s 3.58 3.46 2.53 2.99
% Less than 2: Very hard, 2~3: Hard, More than 3: Soft
Table 10 Economic analysis of the washing machine for paprika
Item Prototype machine Traditional machine
(Water washing) (Air washing)
Price (W) 56,000,000 30,000,000
Endurance period (year) 7 7
Annual usage (hr) 1,440 1,440
Depreciation cost 8,000,000 4,285,714
Repair cost 3,360,000 1,800,000
Annual fixed costs (W/year)
Interest 1,400,000 750,000
Subtotal 12,760,000 6,835,714
Fixed costs per hour (W/hr) 8,861 4,747
Labor charge 18,800 42,297
Variable cost per hour .
Elect it 1 10
(W/hour) ectric charges 79 7
Subtotal 18,979 42,404
Costs per hour (W/hr) 27,840 42,511
Operating efficiency (kg/hr) 938.0 625.0
Costs per unit weight (W/kg) 29.7 68.0
Costs ratio (%) 44 100

% Interest rate: 5 %l/year
Repair cost coefficient: 6 %/year
Disuse price: 0% of intake value
Labor charge (one person, woman): 37,597 W/day (8 hrs)

Electric charges: Electric for agriculture (Basic charge: 1,060 W/kWh, Electric rates: 36.1 W/kWh)

Contract electric power: 40 kW
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