DEVELOPMENT OF A SOLAR – ASSISTED DRYER FOR FISH
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Abstract

The Pangasius elongates (Dua fish), especially one-sunning Dua fish is a favourited food and in high value. However, for now, the only solution has been the open sun drying which causes the problems in the dried fish quality.

A laboratory dryer for 10kg per batch using solar energy was designed and fabricated. Experimental results have shown that the solar collector meet the requirement of drying temperature in range from 40oC to 50oC. Dried fish was satisfied in requirements for moisture content (60% ± 1% wb), whiteness value (56% ± 1%), and microorganic criteria. Furthermore, using CCD with JMP software, the optimal drying parameters was found: 44oC in drying air temperature and 0.24m/s in air velocity.
A solar – assisted dryer with capacity in 100kg/batch was designed, fabricated, and applied at Kim Yen food enterprise in Can Gio District. The dryer’s operation has satisfied all proposed technical requirements. The drying results have shown that the quality of dried Dua fish is stable, in which, the whiteness value of dried products (57.4%, 57.8%) is higher than that from natural sun drying product (55.8%, 56.2%). 
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1. Introduction
The one-sunning Dua fish is a favourited food and in high value. However, for now, the only solution has been the opening sun drying which causes the problems in dried fish quality, and food hygiene and safety. A dryer can solve these problems.

The key objective of the study is to design and fabricate a dryer for Dua fish and some of other kinds of fish with capacity from 50to 100kg per batch. The dried products haveto meet the requirements in quality: moisture content (MC, reduced from 80% ± 3% down to 60% ± 1%, corresponding to one-sunny Dua fish), the color (56% ± 1%in whiteness value), and in the microorganic criteria.

The reasonable source of energy and drying principle is the first consideration for designing dryer. Solar energy source is inexhaustible; it is “free but not cheap”. The study results about solar collector [1] have solved this problem. The solar collector for drying consists the horizontal cylinders, made from heavy PE transparent sheet, with black PE sheet inside as heat absorber and to be easy in fabrication. Its efficiency can up to 40%. This type of collector is selected for the dryer.
Drying tray will be reasonable for thin slice of fish. Furthermore, drying through tray is selected to increase the efficiency of thermal transfer [2]. The dryer is based on the air reversal principle. Advantages of this principle include: saving of land space and labor for material in drying process [3]. The selected model for dryer is presented in figure 1. In which, fish is put on trays (5) in drying chamber (6). Fan (2) draw heated air from the solar collector (1) or resistor box (3) and blows it through trays. When valve (4) is closed, drying air blowing from down to up (green arrow), and opened for reversal direction (red arrow). Furthermore, an air filter is installed on the duct between (2) and (3) to prevent dust and insect from air.

[image: image1.wmf]
Figure 1: The selected model for designing dryer

2. Materials and method

Works started with a designed and fabricated laboratory dryer for capacity in 10kg per batch. The drying chamber consists of four 0.4m x 0.4m trays. A 0.25 HP motor-fan adjusted by frequency modulation, can make airflow up to 0.04m3/s. A filter is installed on the input pipe to prevent dust and insects from drying air. The collector is 0.7m in diameter and 4m in length and contains a heat absorber 5m2 in area. Resistor box consist 2x0.5kW resisters based on ON-OFF to control the drying temperature (deviation in about ±1.5oC). The dryer has operated well in temperature range from 40oC to 50oC, with the superficial drying air velocity from 0.21m/s to 0.27m/s The dryer hasbeen used tofind the optimal drying parameters, and the dried product from it will be tested for the quality and microrganic criteria.
For measuringvolume flow rate, an orifice plate was installed on laboratory dryer. The average superficial air velocity was obtained by divided volume flow rate by area of tray, and compared to many velocity measurements determined by Anemometer AM-4205. Temperature were measured with different thermometer (mercury in-glass, infrared and thermal sensor) with about 0.5oC accuracy.

The moisture content was measured by oven method (Daihan101-1). The whiteness value, W (%), was measured by Chroma meter CR-400 Konica Minolta, and the specific energy consumption (Ar) is determined by, Ar = P/m, in which, the total electric power consumption per batch (P) was measured by electricity meter, and m is the mass of fresh fish. The Food Hygiene and Safety Standard for the dried aquatic products applied in Vietnam, TCVN 5649:2006, was used to evaluate the microorganic criteria. The tests were conducted by Research Institute for Biotechnology and Environment (RIBE), Nong Lam University.
The experimental design is randomly. The statistical data analysis was made on replicated measurements. The optimal analysis for drying process based on CCD (Central Composite Design) using JMP software 4.0.
3. Results and Discussions
3.1 Optimal drying process for one – sunning Dua fish
The fresh Dua fish (80% ± 3% wb) will be dried to become one-sunning Dua fish (60% ± 1% wb). The quality of dried fish is represented by the requirement in moisture content whiteness value (56% ± 1%) and microorganic criteria with low specific energy consumption.
When the whiteness value is an important factor affecting to price of product and saving energy is usually a requirement for drying process. These two factors were chosen to be output parameters of optimization problem. Furthermore, to meet the required moisture content, the drying air temperature and superficial air velocity decide thetwo output parameters [4,5,6,7]. The optimization problem is suggested as the following: drying air temperature and superficial air velocity are two input drying parameters; these are independent parameters; the whiteness value and specific energy consumption are two output factors. 
Based on the investigated result fornatural sun drying, the considered drying air temperature was selected in three levels 40oC, 45oC, and 50oC. The superficial air velocitywas investigated in range from 0.21m/s to 0.27m/s [8] and also selected in three levels 0.21m/s, 0.24m/s, and 0.27m/s. By using CCD of JPM software 4.0, encoded matrix of the treatments is presented in table 1.

Table 1: The encoded matrix of the treatments
	Treatment
	Drying temperature (X1, oC)
	Superficial air velocity ( X2, m/s)
	Specific energy consumption (Y1, kWh/kg)
	Whiteness value (Y2, %)

	0a
	45
	0.197
	1.17
	59.59

	-+
	40
	0.27
	0.84
	59.74

	00
	45
	0.24
	1.22
	57.21

	++
	50
	0.27
	1.49
	54.2

	0A
	45
	0.282
	1.23
	53.63

	A0
	52.07
	0.24
	1.42
	53.91

	a0
	37.93
	0.24
	0.81
	59.03

	--
	40
	0.21
	0.81
	60.28

	+-
	50
	0.21
	1.47
	56.34

	00
	45
	0.24
	1.22
	55.92

	
	
	
	
	


The correction between model and experiment results of specific energy consumption and whiteness value is described in figure 2 and 3, respectively.
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Figure 2: The correction between model and experimental result of specific energy
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Figure 3: The correction between model and experimental result of whiteness value

Figure 3 and 4 shown that the correction coefficients (R2) to be 0.96 and 0.87 respectively; the correction is significant. Based on the coefficient and analysis results for the correction between input parameters and specific energy consumption as well as whiteness value, with 95% in reliability degree, the regression equations were deduced as the following:

Y1 = 1.22+0.27X1
Y2 = 56.56 – 2.09X1 – 1.38X2
Result for optimal drying process is presented in figure 4.
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Figure 4: The results of optimal drying process for one-sunning Dua fish
The optimal drying parameters were found: 43.1oC in drying air temperature and 0.23m/s in superficial air velocity resulting in 57.7% of whiteness value with 1.1kWh/kg in specific energy consumption.

Combined to the investigated results foroptimal drying parameters: 44.2oC in drying air temperature and 0.24m/s in superficial air velocity, resulting in 57.1% of whiteness value with 262 minutes in time for drying; the optimal drying parameters for one-sunning Dua fish have been selected to be 44oC in drying air temperature and 0.24m/s insuperficialair velocity.
3.2 Hygienic criteria of dried Dua fish
The tests about microorganic criteria were conducted at RIBE. The results are presented in table 2.
Table 2: The microorganic results for one-sunning Dua fish
	
	Criteria
	Sample A
	Sample B
	Sample C
	Sample D

	1
	TPC (cfu/g)
	0.0225x106
	0.128x106
	4.1x106
	< 106

	2
	Coliform (cfu/g)
	1.5x102
	2.5x102
	230.102
	< 102

	3
	E.coli (cfu/g)
	Nil
	4.5x101
	590x101
	<10

	4
	Clostridium perfringens (cfu/g)
	Nil
	Nil
	Nil
	< 20

	5
	Salmonella (cfu/25g)
	Nil
	Nil
	Positive
	Nil

	6
	S. aureus (cfu/g)
	Nil
	Nil
	Nil
	< 102

	7
	V.parahaemolyticus (cfu/g)
	Nil
	Nil
	Negative
	< 102

	
	
	
	
	
	


In the table 2, Sample A, B, and C are the one-sunning Dua fishfrom enterprise A, B, and C in Can Gio District. These samples were dried from open sun drying. Sample D was dried from the laboratory dryer.

Based on TCVN 5649:2006, the results have shown that samples A, B and C were not met for Coliforms; sample B and C were not met for E.coli, and sample C was also not satisfied requirement for Salmonella. The cause can be the contact to dust, insects and especially flies which could not prevent while open sun drying.

Sample D met all microorganic criteria for food hygiene and safe. This result can be from isolating insects by putting fish in drying chamber and drying air was cleaned by an installed air filter.
3.3 A solar – assisted dryer for fish
Based on data obtained from the laboratory dryer, a solar – assisted dryer, figure 5, with capacity from 50kg/batch to 100kg/batch was designed, fabricated, and applied at Kim Yen food enterprise in Can Gio District where is a sea area in Ho Chi Minh City.
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Figure 5: Dryer for fish, 100kg/batch, using solar energy at Kim Yen enterprise
Dryer consists of the following components: A 1.5HP motor-fan (1) with airflow up to 0.4 m3/s; drying chamber (4) consists of twelve 1.0m x 1.2m trays with 0.1m in the distance between trays. Solar collector (7) consists of two cylindrical plastic collectors in which each cylinder is 1m in diameter and 12m in length. The collector is quite light and was installed on a rooftop. In fact, to reduce investment cost the collector can be made from inexpensive materials in local area such as bamboo slats and plastic cords. A 8kW resistor box (2) consisting 4 levels of power (0kW, 2kW, 3kW, 3kW) based on ON-OFF to control the drying temperature. Valve (3) used to change the direction of drying air, and (8) is the drying air filter.

Some initial drying results are presented in table 3:

Table 3: Drying results on the dryer 

	Bat-ch
	Name&mass (kg) of fresh fish
	Input MC (%wb)
	Drying tempera-ture (oC)
	Drying velocity (m/s)
	Output MC (%wb)
	Whiteness value (%)- using dryer
	Whiteness value (%)- sun drying

	1
	Croaker, 65
	77.4
	50
	0.27
	59.2
	49.3
	50.4

	2
	Dua fish, 58
	78.1
	44
	0.24
	59.8
	57.4
	56.2

	3
	Dua fish, 62
	77.8
	44
	0.24
	60.5
	57.8
	55.8

	4
	Croaker, 60
	78.5
	45
	0.24
	60.9
	52.3
	51.2

	
	
	
	
	
	
	
	


The objective of batch 1 is to investigate the dryer’s operational parameters. Croaker (less expensive price) was selected for this batch. In a good sunning day, the drying temperature completely supplied by solar collector was up 54oC. Dryer works stably at high drying temperature, 50oC with high air velocity at 0.27m/s. As prediction, the whiteness value was smaller than that of sun drying product (49.3% compared to 50.4%).
The optimal drying parameters was selected for batch 2 and 3. The results presented that whiteness value of dried Dua fish were stable (57% - 58%) and higher than that of sun drying fish (57.4% compared to 56.2%, and 57.8% compared to 55.8%).
The objective of batch 4 is to confirm that the dryer can dry well for Croaker. The experimental result has been presented that the whiteness value of dried product (52.3%) was much better than that (51.2%) of sun drying product. Dryer has being tested for Sole fish and Spanish mackerel which is popular in Can Gio district.
The dryer is easy for fabricating at small-scale mechanical factory. The drying technology and equipment are ready to transfer to local manufacturers.
4. Conclusions
A laboratory dryer for 10kg/batch using solar energy was designed and fabricated. Experimental results have shown that the solar collector meet the requirement of drying temperature in range from 40oC to 50oC. Dried fish was satisfied in requirements for moisture content (60% ± 1% wb), whiteness value (56% ± 1%), and microorganic criteria. Furthermore, the optimal drying parameters were found: 44oC in drying air temperature and 0.24m/s in air velocity.

A solar – assisted dryer with capacity in 100kg/batch was designed, fabricated, and applied at Kim Yen food enterprise in Can Gio District. The dryer’s operation has satisfied all proposed technical requirements. The drying results have shown that the quality of dried Dua fish is stable, in which, the whiteness value of dried products (57.4%, 57.8%) is higher than that from natural sun drying product (55.8%, 56.2%). Dryer has dried well for Croaker and being tested for Sole fish and Spanish mackerel.
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