Using abrasive disk as innovative peeling method for vegetables with uneven surfaces
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                                                ABSTRACT

The paper represents a new abrasive peeling device for vegetables with uneven surfaces. The peeling device as a new shape of abrasive foam aimed to peel off evenly the varieties of pumpkin, as a case study, with uneven surface. The close values of efficiency in different areas of surface with peel losses of 0.97 %/min were achieved. Optimized results showed peeling efficiency can approach 30.96 and 31.66 %/min in concave and convex areas respectively. No clogging of foam and embedded abrasive particles in the flesh of peeled pumpkin especially for coarse grade (Grade: 24) was observed. As the concave efficiency was significantly affected by the pushing force of abrasive foam to the product, even peeling efficiency for different areas could be easily achieved with the force higher than 2.30 N.
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Introduction

Ideal peeling method aims to remove the peel with high efficiency and low losses as normally desirable (wanted losses). Except manual abrasive peeling that results in close to the ideal peeling (Somsen et al., 2004) other current peeling methods cause high waste of flesh (unwanted losses). Mechanical, chemical, and thermal (steam and freeze) are conventional peeling methods of fruits and vegetables (Toker and Bayindirli, 2003). Although each method has its benefits and limitations but mechanical peeling methods still are preferred because of low damage to the flesh and high freshness. Abrasive peeling as the main kind of mechanical peeling method is commonly used for vegetables such as potato. Batch and continuos type of abrasive peelers are mostly found in the shape of abrasive inner cylinder or rollers. The contact between potatoes and those coated layers because of movement of one of them, results in peeled product. Radhakrishnaiah Setty  et al. (1993) admitted the sensitivity of these peelers to the load as most important limitation. The application of incorrect load causes high losses (unwanted losses) and low efficiency. Also incapability of these machines in following the irregular shape of product is another important limitation caused high losses. The latter limitation is also the main cause of high losses of common abrasive peeling of pumpkin. Accessing to the inner surface of grooves is accompanied with high removal of the flesh with current rotating graters used for peeling of pumpkin. Eliminating those limitations will increase the potential benefits of abrasive peeling tools for industrial application.
Authors could find only a few documented works for peeling of pumpkin. Kunz (1978) patented a steam peeler of pumpkin. Pumpkin’s halves were exposed briefly to pressurise wet steam and then loosed peels were washed away. Thermal blast peeling of Alagold variety of pumpkin also has been investigated by Smith and Harris (1986). They reported 11 % peeling losses. They already patented this method in 1985 and achieved 89.4 % peeling yield by weight after thermal blast peeling at 343 (C for 45 seconds. 
The paper presents results of investigation of a new abrasive peeling tool. Approach to the even peeling of irregular and uneven surface of pumpkin with lower peel losses was the aim of investigation. Defined objectives were achieved by using special shapes of foam covered with different grades of abrasive particles. The capability of following the uneven surface of product and penetration to the inner surfaces of grooves has been improved by applying the abrasive foam in a plane perpendicular to the pumpkin.
Experimental procedure

Material

The Jap variety of pumpkin (Cucurbitaceous family) from different local farms around Brisbane (Queensland, Australia) was used for the experiments. The products were randomly selected from ripe and defect free pumpkins. They were kept under controlled temperature and humidity at least 24 hour before test. The environment temperature was maintained between 20-25 ˚C as well as 50-55% relative humidity. 

The experiments were conducted on the test rig that designed and fabricated at the school of Engineering Systems, QUT (Emadi et al., 2004). The test rig was a chamber equipped with two variable speed D.C. motors, driving mechanisms, peeler head and vegetable holder. The previous peeler head was equipped with a new attachment. The attachment (Fig.1a) was aligned perpendicular to the pumpkin surface. A different D.C. motor was used with higher upper speed limit (2000 rpm) that could carry abrasive foam between two solid plates on its output shaft (Fig.1b). The whole peeler head assembly was mounted on a pivoted bracket to enable shape following. The peeler head was forced to the pumpkin surface by means of weights hanging on ropes and pulleys. This special design of installation was needed to increase the penetration ability of abrasive disk into irregular groovy surface of pumpkin. The position of motor could be also adjusted in the longitudinal and lateral directions. Vegetable holder was designed as a rotating disc that could carry pumpkin (Fig.1c). The product could be fixed on the disc by a three sharp blades that form a pyramid to provide access to the sides and the top. Accommodation of different product size and Possibility of peeler head position adjustment in three directions were the other features of the test rig.

Abrasive particles in three different abrasion grades (24, 46, and 60 represent coarse, mild, and fine abrasive particles respectively) were glued (using grit glue) to the shaped foam disks. Foam disks were shaped in three different shapes of sharpened edge disks marked as A, B, and C. The foam disks had the same material (HR 30-60 density) and size (50 mm thickness and 165 mm external diameter sharpened at 75˚). The shape A (Fig.1d) was continuous without any slots. The shape B (Fig.1e) had six deep and wide slots (8 mm wide and 20 mm deep) in outer circumference of sharpened edge foam with 60˚ included angle. The slots were perpendicular to the outer surface of foam. The shape C (Fig.1f) had narrow and shallow slots (4 mm wide and 5 mm deep). The slots were tilt at 45˚ in the direction of rotation.
Experiments were planned on the basis of Taguchi method. L27 array was applied. The first five columns of L27 table were used for five independent variables in three levels each. The experimental design with uncoded and coded levels is given in Table1. Factors were the shape (A, B, and C), abrasion grade (Grade: 24, 46, and 60), angular velocity of pumpkin (v. speed: 5, 10, and 20 rpm), angular velocity of peeler head (p. speed: 600, 800, and 1000 rpm), and force (1, 1.65, and 2.30 N). Experiments were carried out in four time intervals (t1 to t4) each 1 minute. The dependent variables were measured after each minute and the mean in percentage per unit time (minute) was used for discussion.
Peel losses

The percentage of peel losses was calculated by using the following formula (Willard, 1971)
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where Ў1 is peel losses (%/min), W1 and W2 are weight of raw and peeled pumpkin respectively (gram), and t is peeling time (min). Pumpkins were weighed before and immediately after peeling by analogue scale with (1 gram accuracy.

Peeling efficiency

For measuring peeling efficiency, three places (120( including angle) at affected area on pumpkin for each convex and concave area were considered. The peeling efficiency after each time interval of peeling was measured at the same place and mean value per unit time (minute) in percentage was recorded. A ring indicator with an internal diameter of 15 mm was used to identify the area of measurement on each place. Optical judgement was made by three observers and the average value was reported. Remaining peel inside the indicator was recorded noting the different colours of skin layers, thickness and area, and these were the main criteria for assessment. Following formulas were applied for calculation of peeling efficiency (Singh and Shukla, 1995),
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where, Ў2 is peeling efficiency (%/min) in concave and convex areas, A1 is the fraction of peel inside the internal area of the ring indicator before peeling (assumed to be 100), A2 is the fraction of remaining peel inside the internal area of the ring indicator after peeling, and t is peeling time (min).
Estimated responses
The estimation of the mean response in optimum conditions was done on the basis of Taguchi ANOVA by applying following equation (Ranjit, 1990), 
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Where ,
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Data analysis

Analysis of variance (ANOVA) has been done on the basis of Taguchi method. It was used to calculate the percentage contribution of independent variables and their effect on the response variables. Optimization also was done using procedures of the Taguchi method.
Results and discussion    
The percentage contribution of five independent variables involving shape, abrasion grade, v. speed, p. speed, and force to three dependent variables is shown in Fig.2. As the aim of this study was to investigate the method and not the peeler, available test rig allowed peeling trial on a circumferential band (28 mm average width) around whole pumpkin and experimental data relates to that area. Experimental results for three dependent variables involving peel losses (%/min), peeling efficiency (%/min) in concave and convex areas were measured and the main effects of independent variables on them are illustrated in Fig.3. There was no significant difference between removal rate of peeling in convex and concave areas. Despite concerns about embedment of abrasive particles into the flesh of peeled pumpkin no sign of that was observed. The fine grade (Grade: 60) of abrasive foam did show some clogging. As it was expected abrasion grade had higher contribution to the all responses compared to the other independent variables. The convex, concave and peel losses (%/min) respectively were more affected by the grade of abrasive particles. The coarse grade (Grade: 24) did show significantly higher skin removal from all areas of product while the two other grades had almost identical removal rate (Fig.3a). The peel removal was done evenly in convex and concave areas for different grades of particles except the mid grade. The even peeling of different areas of pumpkin also was seen for the shape variable (Fig.3b). The shape of abrasive unit had same order of contribution as abrasion grade. The skin removal from concave and convex areas was so close for shape A although it was expected much closer for other shapes. The existence of slots in shapes B and C, expected to increase the continuos contact time between peeler disk and product and finally higher and more even peeling of different areas. While shape was not significant contributor to the peel losses (%/min) v. speed did show higher contribution to that. The mid level of v. speed (10 rpm) caused higher losses of peel (Fig.3c) and efficiency especially in convex areas was decreasing with increasing of v. speed. The better peel removal was observed for the first two levels of v. speed. The development of efficiency for higher levels of p. speed was in opposite direction of v. speed (Fig.3d). Peeling at convex areas for different levels of p. speed except mid level, was higher than at concave areas although the difference was small. Peel losses was increasing same as efficiency with increasing of p. speed although the contribution of p. speed to peel losses was lower compared to efficiency. The higher contribution of force to concave efficiency revealed that applying appropriate amount of force can lead to even peeling at different areas of product. High level of forces caused higher peel removal through grooves at concave areas (Fig.3e). Mid-level of force (1.65 N) showed higher efficiency of even peeling in different areas.
Optimization and estimation of the responses

High peeling efficiency in concave and convex areas with low peel losses as well as small difference between concave and convex efficiency were the criteria for the best combination of variables. The performance at optimum condition was estimated only from the significant factors which had high percentage of contribution to the response variables. The abrasion grade of 24 did show significantly higher efficiency of even peeling and selected as the best abrasion grade. The shape A also caused higher peeling efficiency compared to the other levels. As the small difference between efficiency of peeling at concave and convex areas was observed in all levels, so shape A was chosen as the best shape. The lower level of v. speed (5 rpm) led to the higher efficiency and lower amount of peel losses. This level was preferred as the best level of v. speed because small difference between efficiencies was achieved. The difference between concave and convex efficiencies was almost similar for all levels of p. speed and because of higher efficiency of peeling at 1000 rpm it was chosen for calculation of optimized results. Mid level of force variable (1.65 N) did show higher peeling efficiency with lower difference. It was selected as the best level compared to the upper level with lower efficiency and higher peel losses. Estimated mean responses for concave and convex efficiency were obtained 30.96 and 31.66 %/min in order at 0.97 % peel losses per minute. The v. speed and shape were not considered in the calculation of optimized results of efficiency and peel losses respectively because of insignificant contribution. 
Conclusion

A new approach to abrasive peeling of pumpkin was investigated. The use of profiled abrasive foam in the shape of disk led to high efficiency of even peeling in different areas of pumpkin. Optimization of the variables enabled the achievement of efficiency of 30.96 and 31.66 %/min in concave and convex areas respectively. Those efficiencies accompanied with 0.97 %/min peel losses. Although the peeling efficiencies values were close in different areas, equal peeling efficiency can be achieved at the force higher than 2.3 N. As there is no previous work in this area, this new method has potentially good industrial application because of high waste of flesh on current pumpkin peelers.
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Table1. Taguchi experimental design for independent variables and levels

coded and uncoded

	Exp.
No.a
	Coded variable levelsb
	Uncoded variable levelsc

	
	X1
	X2
	X3
	X4
	X5
	χ1
	χ2
	χ3
	χ4
	χ4

	1
	1
	1
	1
	1
	1
	A
	60
	5
	1000
	1.65

	2
	1
	1
	1
	1
	2
	A
	60
	5
	1000
	2.30

	3
	1
	1
	1
	1
	3
	A
	60
	5
	1000
	1.00

	4
	1
	2
	2
	2
	1
	A
	46
	10
	800
	1.65

	5
	1
	2
	2
	2
	2
	A
	46
	10
	800
	2.30

	6
	1
	2
	2
	2
	3
	A
	46
	10
	800
	1.00

	7
	1
	3
	3
	3
	1
	A
	24
	15
	600
	1.65

	8
	1
	3
	3
	3
	2
	A
	24
	15
	600
	2.30

	9
	1
	3
	3
	3
	3
	A
	24
	15
	600
	1.00

	10
	2
	1
	2
	3
	1
	B
	60
	10
	600
	1.65

	11
	2
	1
	2
	3
	2
	B
	60
	10
	600
	2.30

	12
	2
	1
	2
	3
	3
	B
	60
	10
	600
	1.00

	13
	2
	2
	3
	1
	1
	B
	46
	15
	1000
	1.65

	14
	2
	2
	3
	1
	2
	B
	46
	15
	1000
	2.30

	15
	2
	2
	3
	1
	3
	B
	46
	15
	1000
	1.00

	16
	2
	3
	1
	2
	1
	B
	24
	5
	800
	1.65

	17
	2
	3
	1
	2
	2
	B
	24
	5
	800
	2.30

	18
	2
	3
	1
	2
	3
	B
	24
	5
	800
	1.00

	19
	3
	1
	3
	2
	1
	C
	60
	15
	800
	1.65

	20
	3
	1
	3
	2
	2
	C
	60
	15
	800
	2.30

	21
	3
	1
	3
	2
	3
	C
	60
	15
	800
	1.00

	22
	3
	2
	1
	3
	1
	C
	46
	5
	600
	1.65

	23
	3
	2
	1
	3
	2
	C
	46
	5
	600
	2.30

	24
	3
	2
	1
	3
	3
	C
	46
	5
	600
	1.00

	25
	3
	3
	2
	1
	1
	C
	24
	10
	1000
	1.65

	26
	3
	3
	2
	1
	2
	C
	24
	10
	1000
	2.30

	27
	3
	3
	2
	1
	3
	C
	24
	10
	1000
	1.00


aExperiments were randomly performed. 
bx1=shape code, x2=abrasion grade code, x3=vegetable speed code, x4=peeler head speed code, x5=force code
cχ1=shape, χ2=abrasion grade, χ3=v.speed (rpm), χ4=p.speed (rpm), χ5=force (N)
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Fig.1. Test rig and main components
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Fig2. The contribution (%) of independent variables to the experimental data
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Fig.3.The main effects of independent variables on response dependent variables
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