DEVELOPMENT AND PERFORMANCE EVALUATION OF CASSAVA CHIP DRYER

[bookmark: _GoBack]ABSTRACT
Drying cassava chip is practiced to improve the shelf-life of the tuber and reduce its post-harvest losses. This study aims to develop a drying machine for cassava chip using locally available material to be used by small scale industries to process cassava chip. The machine was designed using an electric element as a heat source. It was encased in a L- shaped frame, with dimensions of 450 by 650 by 650 mm. This consists of an upper chamber, lower chamber, support frame, drying trays, pulley, bearing and V-belt. An electric motor of 1 horse power was mounted on the dryer to supply electric power to the blower and blow hot air generated from the heating coil in the lower chamber to the trays at the upper chamber to dry the cassava chip The temperature controller device was installed on the side of the dryer to regulate heat from heating element based on the signal received from the sensor. The results from the experiment showed that at no load, the drying rate was maintained at 70  at the total time trials of 200 minutes. At loading, the drying rate was maintained at 70  at the total time trials of 240 minutes, there is a great improvement in drying cassava chip in this study compared to the sun drying method with a drying time of 1,800 minutes. Also, the percentage moisture content reduced from 65.02 % to 13.10 % at the drying time of 240 minutes. The cost evaluation shows that the cassava chips that were developed was affordable
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1. Introduction
Cassava is a root crop, and a single specie plant which belongs to the family of Euphorbicease and it is the most important root crop in the tropics. (Liberty and Dzivama, 2013). Cassava (Manihot Esculenta Crantz) is a root tuber crop which originally originated from South America and widely grown in Africa today. Cassava serves as an important staple crop in Sub – Saharan Africa (Ola and Adebayo, 2020). Due to the previous information, cassava was introduced into Nigeria more than 300 years ago. Its cultivation was generally accepted and then practiced towards the late 1890s. Cassava was, therefore, an important economic crop which is cultivated in many tropical countries, such as Thailand, India, Brazil, and other West African Countries including Nigeria which presently become ranked as the number one producer in the world (Okunola, 2002)
Nigeria has therefore maintained its production as the world largest producer of cassava, accounting for about 35% of the production output of the world generally and then the Africa respectively. As from then, production has become increased only by 33%,  while the area that is under production figure for Nigeria has then risen to about 38 million tones  in 2005 (FAO, 2006). As a result of this, the increase in cassava processing was shown to contribute to sustained growth in the area of Cassava production in Nigeria (Ugwu and Ukpai, 2002).
In Southern Nigeria, it was reported that cassava has contributed about 70% of the total requirement for over 50 % of the production. This is then utilized a s food for humans in the processed form, such as fufu, lafun, garri while some sweet (Low cyanide).Ghana has been included among high cassava exporting countries (FAOSTAT, 2019).
Cassava is often found in mixed stands together with a variety of other foods or cash crops. Cassava becomes a key food security staple since its introduction into Africa in the 16th century, particularly in sub-Saharan Africa. In addition, its metabolic efficiency, reliable production, functional properties, and general quality of cassava starch have made it the second most important source of starch worldwide (El - sharkawy, 1995). The largest producer of cassava, area wise, is Nigeria (about 26 % of total planting). Farmers readily adopt the available technologies (improved varieties and cultural practices) when they have certainty on the income they will obtain from the crop.
The quick deterioration of the Cassava roots is due to internal heat generated from high respiration rate of the tissues. (Ikujenlola and Opawale, 2017) and subsequently infected and rotated by microbes. In order to reduce post-harvest losses, cassava roots need to be processed 24 hours after harvest owing to its short shelf-life (Abong et al., 2016). Consequently, Nigeria did not only connect to her increasing demand as food item, but also as food security (.FAO, 2018).Cassava as a chip can be used in ethanol production and animal feed formulation (Ashaye et al,2005). .
 2. MATERIALS AND METHODS
2.1 Material Selection
Some materials were fabricated while some were purchased. The components that were incorporated together in this constructed dryer as well as materials selected were used based on their advantages over the other. Henceforth, the following materials were selected:
i. Gauge 18 metal sheet was used to construct the frame
ii. Stainless steel material was used to construct the frame internally to ensure good quality of the products.
iii. Angle iron high speed steel was used to provide support for the whole assembly.
iv. Fiber glass was used as lagging material owing to its ability to conserve heat.
v. Temperature controller device was coupled to this dryer in order to regulate the drying temperature.
[bookmark: _Hlk161755871]2.2 Estimation of the Power Requirements of the Machine 
[bookmark: _Hlk161755927]2.2.1 Design Calculation of the length of belt  
Total length of the belt is 
 				                                                                                        
= ½ (150 x 3.54 + 50 x 2.74) + [4 x (250)2 – (150 – 50)2] ½ 
= 334 + 490 = 823.89 mm
[bookmark: _Hlk161755994]Therefore, the nearest standard belt chosen is 900 mm.
2.2.2 Estimating the power to drive the shaft with blower 
The power required to drive the shaft with blower is given by 
P = (T1-TC )(1-1/euα/sin 1/2𝞱 )V                                                
Where a = angle of wrap = 2.74 rad, 0 = groove angle = 40° 
P = p = (192.75) (0.96) (3.8) 
P = 703.15 watt = 0.703 kw 
Power required in h.p =     = 0. 942 h.p 
[bookmark: _Hlk161756009]The electric motor selected for the project has a rating of 1h.p. This allowance is given to make for effective performance of the blower during the heating process. 
2.3 Determination of Area, Thickness and Length of Cassava Chips
2.3.1 Determination of Parameters
 The area of cassava chips was determined by picking five chips at random from the sample. Their length, thickness and the width were measured and their average value calculated
2.3.2 Determination of average width, thickness and length of cassava chip
Width of five cassava chips by measurement are 9 mm, 10 mm,11 mm,12 mm and 8 mm.
Thickness of five chips by measurement are 4 mm, 6 mm,5 mm,4 mm and 6 mm
Length of five cassava chips by measurement are 45 mm, 50 mm,55 mm,52 mm and 48 mm 
Average width = 10 mm, Average thickness = 5 mm, Average length = 50 mm
From the above,
A = L × W
A = 50 × 10
A = 500 mm2
It was assumed that the total number of chips in the dryer will be 300.It then means that the area of each tray is 
	AT = 500 × 300
	AT = 150,000 mm2
AT1 + AT2 = 150000 × 2 = 300,000 mm2
The volume of a chip can be calculated by multiplying the area of a chip by its thickness. 
Volume of chip can be found by using the below formula;
Volume of Chip = 500 × 5
Volume of Chip = 2,500 mm3
Total Volume of chips, VT = Volume of chips × no of chip
			= 2,500 × 300
			VT = 750,000 mm3

2.3.3 Design of the Dryer Capacity 
Weight of five chips by weighing using beam balance were determined to be 0.021 kg, 0.020 kg, 0.018 kg, 0.022 kg and 0.019 kg respectively 
Average weight of five chips were now calculated and determined to be 0.020 kg.
From above, average weight of one chip is 0.020 kg, if the tray will accommodate 300 chips, then,
Dryer Capacity = mass of chips × No of chips = 0.020 × 300 = 6 kg.
Henceforth, the mass of cassava chips to be dried on each tray will be 6 kg at 65 % moisture content on wet basis for the purpose of design
2.3.4 Drying Time (T)
The drying time can be estimated using the below formula
T =                  (Liberty and Dzivama, 2013)							
W can then be calculated as
W = where M is the mass of chips to be dried and Mc1 is the initial moisture content.
 	W = = 
              M1 =        = 1.86 kg
	
	M2 =         = 0.15 kg
Mc = kg A (H2- Ha) where kg is the mass transfer coefficient in (kg/m2s); A is the area of drying screen (m2), H2 is saturated humidity; Ha is air humidity and MC is the rate of evaporation or mass transfer. Kg = 0.083 kJ/m2s, A = 0.81, H2 = 0.021 ha = 0.017
                           MC = 2.69 × 10-4  kg/s	
T = 

T = 2.1  = 13349.442 sec = 3.70 hrs.
2.4 DETAIL DRAWING OF THE CASSAVA CHIP DRYER
The isometric drawing and sectional view of the cassava chip dryer are shown in Figures 1 and 2.
[image: D:\draw-1_1.jpg]
Figure 1: Isometric View of the Cassava Chip Dryer
[image: D:\draw-1_2.jpg]
Figure 2: Sectional View of the Cassava Chip Dryer
3. Tests, Results and Discussion
3.1Test of Machine
The fabricated dryer is shown in Plate 1. The machine was tested with cassava chip on the trays in the workshop after the construction and the assembly of various components. Different experiments were carried out with the fabricated cassava chip dryer:
[image: ]
Plate 1: The Fabricated Cassava Chip Dryer

3.1.1 Experiment Carried Out on no Load  	
Determination of temperature at the drying chamber on no load was done. The apparatus used was stopwatch. The machine was switched on and the temperature was being taken at an interval of 5 minutes from 0 to 25 minutes. The Table 1 shows the temperature of the drying chamber on no load and Figure 3 shows the graph of temperature against time for a trial without loading
Table 1: Temperature at No Load
	[bookmark: _Hlk167369005]
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial5
	Trial 6
	Trial 7
	Trial 8
	

	[bookmark: _Hlk167368974]Time (minutes)
	1s
test(0c)
	2nd test(0c)
	3rd test(0c)
	4th test(0c)
	5th test(0c)
	6th test(0c)
	7th test(0c)
	8th test(0c)
	AVE. (0c)

	0
	45.00
	45.00
	44.99
	45.00
	45.00
	44.98
	44.98
	45.00
	44.99

	5
	52.00
	51.00
	51.50
	51.00
	52.00
	52.00
	51.00
	52.00
	51.63

	10
	58.00
	57.00
	56.00
	56.50
	57.00
	58.00
	56.00
	57.00
	56.93

	
	
	
	
	
	
	
	
	
	

	15
	62.00
	62.00
	60.00
	61.00
	62.00
	61.50
	62.00
	61.00
	61.38

	20
	66.00
	65.00
	64.00
	65.00
	66.00
	64.00
	65.00
	66.00
	 65.13

	25
	70.00
	70.00
	70.00 
	70.02
	70.02
	70.01
	70.01
	70.02
	70.01





Figure 3: Graph of Temperature against Time for a Trial without Loading
3.1.2 Observation on Experimental Results on no Load 
It was observed from the temperature taken at no load that for each trial, the time taken to reach the drying temperature for cassava is 25 minutes. For the eight trials, it  took 200 minutes (3 hours 20 minutes) which means at 3 hours 20 minutes, the temperature of drying chamber was maintained at around 70.0 oC which is the temperature range, needed for drying cassava chips. Then, from Figure 3, the graph shows that drying temperature is increasing with time. 
3.1.3 Experiment carried out on Loading at Lower Tray		
 Determination of the time, moisture content and temperature of drying 6 kg of Cassava chips on each tray was done. The apparatus used were beam balance, moisture meter, a stopwatch and the thermocouple at the upper chamber. The required mass was weighed by the use of beam balance. The cassava chip sample was spread on both trays. The reading were then taken or recorded at interval of 5 minutes. Table 2 shows the temperature of drying chamber on loading at lower tray.

Table 2: Temperature of the Dried Chip at Lower Tray (on loading)
	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Trial 6
	Trial 7
	Trial 8
	

	Time (minutes)
	1st Test(0c)
	2nd Test(0c)
	3rd Test(0c)
	4th Test(0c)
	5th Test(0c)
	6th Test(0c)
	7th Test(0c)
	8th Test(0c)
	AVG. (0c) 

	0
	45.00
	45.00
	44.99
	44.98
	45.00
	44.99
	44.98
	45.00
	44.99

	5
	50.00
	49.00
	48.00
	48.00
	49.00
	48.00
	49.00
	50.00
	48.88

	10
	54.00
	53.00
	52.00
	53.00
	53.00
	52.00
	53.00
	54.00
	53.00

	15
	58.00
	57.00
	56.00
	57.00
	58.00
	56.00
	57.00
	58.00
	57.12

	20
	61.00
	62.00
	60.00
	61.00
	62.00
	60.00
	61.00
	62.00
	61.12

	25
	66.00
	65.00
	64.00
	66.00
	66.00
	65.00
	66.00
	65.00
	65.38

	30
	70.00
	70.00
	70.00
	70.01
	70.02
	70.02
	70.01
	70.02
	70.01



The cassava chips dried by the dryer are shown in Plate 2.
[image: ]
Plate 2: Cassava Chips dried by the Fabricated Dryer

3.1.4 Further Experiments carried out on Loading at Lower and Upper Trays 
Determination of the time and moisture content of the cassava chip during drying using moisture meter, digital beam balance and a stopwatch was done. 6 kg of Cassava chips were held on each of the trays and the moisture content was determined at an interval of 30 minutes.


Table 3: Time and Moisture Content (MC) of the dried Cassava Chips at Lower Tray
	Time(mins)
	Moisture Content 1 (%)
	Moisture Content 2 (%)
	Previous moisture content (%)
	Average moisture content (%)

	0
	65.02
	65.02
	65.02
	65.02

	30
	57.50
	56.90
	57.60
	57.33

	60
	44.30
	44.10
	44.40
	44.27

	90
	39.10
	38.85
	39.22
	39.05

	120
	33.20
	34.20
	34.10
	33.83

	150
	28.22
	28.32
	28.02
	28.19

	180
	24.02
	25.06
	25.04
	24.71

	 210
	19.03
	20.01
	19.10
	19.38

	240
	13.10
	13.08
	13.12
	13.10




Figure 4: Graph of Average Moisture Content against Time at Lower Tray
Table 4 and Figure 5 show the moisture content of chips at the upper tray and the graph of average moisture content against time at upper tray.







Table 4: Time and Moisture Content (MC) of the Chips at Upper Tray
	Time (mins)
	Moisture Content 1 (%)
	Moisture Content 2 (%)
	Previous moisture Content (%)
	Average moisture Content (%)

	0
	65.02
	65.02
	65.02
	65.02

	30
	58.10
	58.36
	58.21
	58.22

	60
	50.20
	49.90
	50.10
	50.07

	90
	43.06
	43.30
	43.10
	43.15

	120
	38.01
	38.02
	37.95
	37.99

	150
	32.22
	32.42
	32.33
	32.32

	180
	27.26
	26.90
	27.20
	27.12

	210
	20.46
	20.76
	20.66
	20.62

	240
	13.30
	13.20
	13.40
	13.30


 

Figure 5: Graph of Average moisture content against time at upper tray
3.2 Drying Efficiency
The efficiency of drying was calculated as below:
Ƞ =  ×  
Where moisture removed formula was stated below:
Moisture removed = Initial moisture content – Final moisture content
Initial moisture content = 65.02 % = 0.6502
Final moisture content = 13.10 % = 0.131
Moisture removed = 0.6502 – 0.131
			= 0.5192
From the above formula;
Ƞ =  ×   = 79.8 % or 80 %
3.3 Discussion on Experimental Results on no Load and on Loading at Lower and Upper Trays
 From tables 3 and 4, it can be seen that there is an increase in drying rate with increase in drying time i.e. as the time of drying increases, moisture content reduces. The drying temperature was maintained within the range of 70.0   for the lower tray while that of the upper tray was maintained at 68. Also, from Figures 4 and 5, the graphs show that as moisture content reduces, the time of drying increases.
The machine performed as expected, but it was observed that at no load the drying temperature was maintained at the range of 70.0   at the total trials of 3 hours 20 minutes. At loading, the drying temperature was maintained at around 70.0  on the lower tray at the total trials of 4 hours which is within the range of drying temperature and drying time for drying cassava chips. The moisture content was reduced from 65.02 % to 13.10 %. At the latter part of the experiment, there was a lower rate of moisture content which was 13.10 %, this can therefore be attributed to the material (chips) becoming dried as the moisture content reduced. 
The efficiency of the drying based on calculation was 80 % and the machine performed as expected. However, the moisture content was reduced to 13.10 % on the lower tray while that of upper tray was reduced to 13.30 %.
3.4 Traditional Method of Drying Cassava Chip
Traditional method that contained the drying of cassava chip pieces at an initial moisture content of 65.02 % on wet basis which were spread on the plastic paper surface on the open sun was carried out and experimented for comparison.12 kg of cassava chips were dried for 10 hours daily and it was turned twice a day to be able to dry uniformly, after which it was kept indoor overnight and this process was repeated on the next day. The process took 3 days and this experiment was terminated on the third day. The final moisture content was measured on the third day and it was measured to be 13.80 % on dried basis. The final moisture content (13.80 %) obtained falls within the range of safe moisture content for the dried cassava chips which is 12.6-14 % (Alonge and Adeyemi, 2010). The cassava chips dried traditionally by local sun are shown in Plate 3. Table 5 and Figure 6 show the percentage moisture content of the cassava chip and the graph of moisture content against time for traditional method of open sun drying respectively.
[image: D:\AAAAA.jpg]
Plate 3: Cassava Chips Dried by Open Sun Traditional Method





Table 5: Results of Cassava Chips dried by Traditional Open Sun Method 
	Days
	Duration
	Time (hrs)
	Moisture Content (%)

	
	0
	0
	65.02

	1
	8am – 1pm
	5
	58.00

	
	1pm – 6pm
	10
	50.00

	2
	8am – 1pm
	15
	40.00

	
	1pm – 6pm
	20
	32.00

	3
	8am – 1pm
	25
	21.00

	
	1pm – 6pm
	30
	13.80




Figure 6: Graph of moisture content against time for local sun drying
3.5 Discussion of result for Local Sun Drying Method
The results from Table 5 above show that at interval of 5 hours, moisture content was being measured and the result was being taken. The initial moisture content reduced to 13.80 % from 65.02 % and the chip was dried at duration of 10 hours per day for 3 days. Figure 4 shows that the moisture content reduces with increase in time. Efficiency of Drying for Local Sun Drying Method by calculation was therefore estimated to be 79 %.

3.6 Performance Evaluation in Comparison with Local Sun Drying method
The cassava chip dryer was therefore evaluated with 12 kg of cassava chips at a moisture content of 65.02 % on both trays. The moisture content was determined at the time interval of thirty minutes (30 minutes) until the chip was dried to 13.10 % on the lower tray and 13.30 % on the upper tray. The Dryer therefore performed better than local sun drying method. Based on the experiment performed, it took up to 10 hours per day for about 3 days (1800 minutes) for cassava chips to be dried by the local sun drying method while it takes 4 hours (240 minutes) for the chips to be dried by the developed Cassava chip dryer. The efficiency of drying of the material (cassava chips) by the dryer was evaluated to be 80 % while that of the local sun drying method was evaluated as 79 %; therefore, the developed dryer can dry more efficiently in comparison to local sun drying method. Also, Stainless steel used in the developed dryer ensure good quality of this product as compared with local Sun drying method which is normally c(ontaminated with dust, dirt, debris, stone, crawling insect and bird’s dropping which made the product to be left in poor quality form. This may probably has a negative effect on the health of the Consumers of the processed cassava products (Kanya and Ebuku, 2017).
4. Conclusions
A cassava chip drying machine has been designed and constructed with locally available materials.  The dryer was tested at the Departmental Workshop on no load at lower tray and on loading at lower and upper trays. The results from the experiment performed show that at no load the temperature of drying was maintained around 70.0  at 200 minutes (3 hours 20 minutes) which is within the range of drying temperature for cassava chip  and at loading, it took about 240 minutes (4 hours) for the lower tray to maintain the temperature of 70.0 . The moisture content for the lower tray reduced from 65.02 % to 13.10 % and the moisture content for the upper tray reduced from 65.02 % to 13.30 % while that of the local sun drying reduced from 65.02 % to 13.80 %.
The efficiency of the dryer was estimated to be 80 % in comparison with the local sun drying method whose efficiency of drying is 79 %. The quality of the chips dried by the fabricated dryer was also good compare to the chips dried by local sun drying method which are normally contaminated with sand, dust, debris, crawling insect and bird’s dropping among others.
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