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Taro (Colocasia esculenta) has been a part of traditional cuisine for centuries. Taro contains an alkaloid-
containing mucus just beneath the peel that causes itching when it comes into contact with the 
skin. Manual peeling can easily lead to itchy skin and the long exposure of peeled taro to air causes 
oxidation, turning the taro yellow and altering its color and flavor. To address the itching problem, 
a prototype peeling machine was developed. The taro peeling machine mainly comprises a peeling 
groove, multiple groups of rod-shaped hard brushes (brush rollers), a water spraying mechanism, a 
sewage outlet, a control system, a frame, and a speed changer device. In this work, a tuber peeling 
machine was developed and optimized for mother corm peeling. The optimized peeling conditions 
were found to be the rotating disc speed of 102 rpm, peeling duration of 87 s, and a batch load of 
1.7 kg, which yielded a peeling efficiency of 93%, material loss of 8.3%, and peeling effectiveness of 
84% were obtained. The peeling machine is designed to peel taro corms of different shapes with higher 
peeling efficiency and is ideal for small to medium-sized industries. The developed machine reduces the 
labor intensity, minimizes waste, and enhances the peeling efficiency.
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Taro (Colocasia esculenta) is an important tuber crop utilized worldwide in tropical and subtropical regions1. 
Taro holds significant cultural, nutritional, and agricultural value in traditional knowledge across many regions, 
especially in Asia, the Pacific Islands, and parts of Africa. According to FAOSTAT data2, Nigeria was the top 
producer of taro in 2022, with a production of approximately 8.2 million tonnes. Additionally, worldwide 
production, yield, and the area harvested in the case of taro have increased from 2000 to 2022. Africa accounts 
for the largest share of global taro production, contributing 82% (Fig. 1). Taro is more abundant and cheaper 
than other root vegetables like potatoes, carrots, yams, and cassava3. Taro is a rich source of vitamins, minerals, 
carbohydrates, and dietary fiber, making it a great source of nutrition4. According to USDA5 food composition 
databases, the carbohydrate content in taro is 35 g per 100 g of corm, which is twice that of potatoes. This makes 
taro a good source of carbohydrates and suitable as a staple food in many countries. It also has 11% protein by 
dry weight and is rich in vitamin C, minerals, riboflavin, thiamine, and niacin6. Taro generally has a short shelf 
life due to its high moisture content7. The most effective way to preserve taro is by obtaining flour and starches. 
Taro can also be transformed into various value-added products like extruded snacks, bread, noodles, etc.4.

Regardless of the wide production of taro, and major sources of carbohydrates and other essential nutrients, 
its use is limited. This is due to low productivity and the presence of anti-nutrients which are harmful and limit 
the bioavailability of the nutrients8. Food made from taro may cause itchiness and inflammation of tissues in 
some people due to the presence of acrid factors. Acrid factors are the substance that produces a sharp, harsh, 
or pungent smell or taste. These factors are often associated with certain chemicals or compounds, which when 
consumed may cause irritation or a burning sensation in the mouth or throat when consumed (Enomfon and 
Umoh 2004). Acridity in taro is linked to the release of calcium oxalate, which forms very small needle-like 
crystals called raphides. These crystals can even get into the skin and cause irritation, that ultimately results in 
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tissue discomfort. This discomfort prevents animals from consuming raw taro and makes it even more unpleasant 
for human consumption9. According to Chai and Liebman10, 75% of all kidney stones are comprised primarily 
of calcium oxalate. Crystal decomposition of calcium oxalate in the kidney and urinary tract are two long-term 
effects of food containing oxalate11,12. To address the issue of acridity factors, peeling, grating, soaking, and 
fermenting during processing can be applied to reduce their presence13. Manual peeling can often lead to skin 
irritation, while long-time exposure of peeled taro to air can result in oxidation, turning it yellow and changing 
its color and flavor. Additionally, the manual peeling process takes a long time and requires a lot of labor. This 
becomes a constraint when production capacity is large and continuous. Therefore, the role of agricultural 
mechanization is needed to overcome these problems by designing and fabricating a taro peeling machine14.

Most of the peeling machines available are crop specific like cassava, yam, sweet potatoes, and cocoyam. Balami 
et al.15 developed a peeling machine for cocoyam aimed at reducing the drudgery of manual peeling, achieving a 
maximum peeling efficiency of 68%. Similarly, Ezeanya16 designed a cocoyam peeling machine and investigated 
its throughput capacity and peeling efficiency, reporting an improved peeling efficiency of 80%. Ojolo et al.17 
focused on yam peeling and developed a machine incorporating spring-loaded peeling knives and power screw 
mechanics. Over the years, various peeling machines have been developed and their performance evaluated, 
with efforts focused on enhancing efficiency18–21 (Ogunlowo et al. 2016). The problems that arise with peeling 
machinery available are lower machine efficiency and higher tuber flesh loss. Moreover, the existing commercial 
peeling machines generally rely on abrasive peeling or knife-based peeling mechanisms, which can lead to 
excessive material loss, uneven peeling, or inefficiencies in handling the irregular shapes of taro. In this study, a 
taro peeling machine was designed using brush rollers to achieve efficient peeling. The machine operates on the 
brush friction principle, a novel technology for peeling taro. Additionally, it is equipped with a water spraying 
mechanism that helps loosen and soften the peel adhered to the taro corms while simultaneously cleaning the 
peeled taro. The design was optimized to achieve the highest possible peeling efficiency. Furthermore, the study 
was conducted to analyze the effect of taro shapes and batch size on the performance matrix of the machine.

Material and methods
Materials
Taro (Colocasia esculenta) tubers were procured from local farmers near Ludhiana, Punjab, India. For the 
study, freshly harvested taro tubers of the Desi Arbi (Punjab Arvi-1) variety, known for their adaptability and 
widespread cultivation in Punjab, were selected (Fig. 2). The taro tubers that were too small, contaminated, and 
damaged were sorted and were not considered for the study. The freshly harvested taro tubes were cleaned to be 
free from dirt and external contaminants. The taro peeling machine, fabricated with stainless steel grade 304, 
utilizes a brush friction mechanism, allowing it to efficiently peel multiple taro tubers of different sizes. To ensure 
optimal peeling, tap water with an adjustable flow rate was used to wet the taro tubers during the peeling process.

Design considerations and criteria
To design a peeling machine for taro, the small entrepreneurs made efforts to make it acceptable and affordable. 
It was made to be within the buying capacity of local farmers, peel different varieties, shapes, and sizes of taro; 
made with readily available materials. Stainless steel grade 304 was selected for the fabrication of the taro peeling 
machine because of its excellent anti-corrosion properties. The machine involves water application and exposure 
to oxalate-containing taro sap, which can contribute to mild corrosive effects. Stainless steel (grade 304) was 
chosen as it provides adequate resistance to such conditions while being cost-effective for food processing 
applications. The taro peeling machine uses the brush friction principle in which multiple rotating brush rollers 
create friction against the surface of the taro to remove the outer skin. These rollers are arranged in such a way 
that they maintain uniform contact with taro of various sizes and shapes. The combined action of mechanical 
brushing and water spray helps to effectively loosen and remove the peel while minimizing damage to the edible 
portion. The machine is designed so that the capacity of the taro peeling machine is much higher than that of 

Fig. 1.  Production share of taro by region in the year 2022 (Source: FA0STAT 2024).
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the manual peeling method. Therefore, the labor input is considerably reduced and the risk of skin irritation 
or inflammation from contact with the peel is eliminated. It is important to consider the physical properties of 
taro, like shape, length, diameter, and mass. Taro is mostly cylindrical or oval, with some irregular shapes. In this 
design, taro of all shapes and sizes were considered. Around 60 taro samples of different shapes were taken and 
were categorized according to their three different shapes (cylindrical, oval, and irregular), and mean diameter 
and mean length were determined by using a vernier caliper and a measuring tape (Table 1).

Based on the data given in Table 1, the overall mean length and diameter of the taro roots of 60 samples were 
found to be 162 mm and 64 mm, respectively. The mean weight of the 60 taro root samples was found to be 443 g. 
The design criteria followed consist of determining the volume of the peeling drum, shaft design and its torque, 
load and twisting moment in the shaft, and power required by the machine.

Determination of volume of peeling drum
The machine was designed to process 3 kg of taro in batches per minute. Therefore, theoretically, the mass of 
the taro was considered as 3 kg. The volume of each taro root was determined by using the water displacement 
method, replicating 20 times. The density of each taro root was then calculated based on their masses and 
volumes, using the method reported by Fadeyibi and Osunde22. The average density of 10 samples of each taro 
root was found to be 1074 kg/m3. Using the known mass and density, the volume occupied by the taro roots can 
be computed using the equation given below,

	
ρ = m

v
� (1)

where, m, ρ, and v are the mass, density, and volume of the taro roots, respectively. The volume of the peeling 
drum was kept slightly higher than the processing capacity of the taro. After finding out the volume of the 
peeling drum (V), the length, width, and height of the peeling drum were found out.

Shaft design and torque calculation
The shaft design in a peeling process involves the determination of shaft diameter, selecting an appropriate 
material for it, and ensuring the factor of safety. Stainless steel (Grade 304) was selected because of its excellent 
anti-corrosion properties. The diameter of the shaft was calculated from the torque required without exceeding 
the allowable shear stress of the material. Equation 2 was used in order to obtain the diameter (d) of the shaft.

S. No. Shape Length (mm) Diameter (mm) Mass (g)

1 Cylindrical 148 ± 15 62 ± 8 354 ± 30

2 Oval 216 ± 18 78 ± 12 730 ± 50

3 Irregular 122 ± 12 52 ± 9 245 ± 25

Table 1.  Physical properties of taro roots by shape.

 

Fig. 2.  (a) Samples of taro roots used in the study (b) Taro collected after the peeling.
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d =

(16T

πτ

)1/3� (2)

where T is Torque (N-m), τ is the allowable shear stress which was obtained from the yield strength of the 
material. A factor of safety value of 1.5–2 was considered to avoid failure at unexpected loads.

From the design point of view, it was considered that the peeling force is applied evenly along the surface of 
the rollers. The peeling force (F) is determined based on the interaction between the taro skin and the rollers, 
considering the required frictional force to achieve effective peeling. The torque required was calculated as a 
product of the peeling force on each roller (F) and the radius of the shaft (r) as given in Eq. 3.

	 T = F × r� (3)

The total torque required was calculated as the sum of the total torque required (Ttotal) for each roller (Eq. 4).

	
Ttotal =

∑
Ti� (4)

where Ti is the torque required in each roller (N-m).

Load and twisting moment calculation
While carrying out the peeling operation, the shaft experiences different loads i.e., torsional load, bending load, 
and axial loads. The primary load is the torsional or twisted load which occurs due to the torque transmitted by 
the shaft to the rollers. This was previously calculated using Eq. 3. The bending load or bending moment acting 
on the shaft depends upon the weight of the rollers, taro roots, or any other component mounted on the shaft. 
The bending moment (M), torque (T), and diameter of the shaft (d) are related to maximum torsional stress 
(τmax) (Khurrmi and Gupta 2008), which can be calculated as

	 τmax = 1/2
√

(δb)2 + 4τ2� (5)

δb is the bending stress (tensile or compressive) induced stress due to moment. For the shaft material SS-304, δb 
was taken as 150 MPa. To determine the bending moment of inertia (M), Eq. 6 can be used.

	
τmax = 16

πd3

(√
M2 + T 2

)
� (6)

It is important to consider the combined stress when both torsion and bending loads are involved. Von Mises 
criteria can be used in order to analyze the combined stress. Von Mises criteria are helpful in determining the 
yielding of materials under any load condition from the combination of stresses. This is crucial in determining 
the safety of a structure that is subjected to different loads.

	
σcombine =

√(
σbending

2

)2
+ 3

(
τtorsion

2

)2
� (7)

where, σcombine, σbending, and τtorsion are the combined stress, bending stress, and shear stress due to torsion.

Power requirement for the machine
The power requirement for the taro peeling machine is an important design consideration to ensure efficient 
operation, especially for small entrepreneurs and local farmers. The machine is designed to process 3 kg of taro 
per minute and the power needed to achieve this capacity was determined by analyzing the frictional forces, 
torque, and mechanical efficiency of the system. The mechanical power (P) required was then calculated using 
the formula

	 P = T · ω� (8)

where P is power (Watt), T is the total torque (N-m) (calculated in Eq. 4), and ω is the rotational speed (rad/s).

Machine description
The taro peeling machine, designed to handle 3 kg of taro tubers per minute in batch processing, was developed 
and fabricated at the workshop of ICAR-CIPHET, Ludhiana, Punjab, India. Figure 3a shows the CAD model 
representation of the developed machine and an image of the developed prototype, with all components labeled. 
The Taro peeling machine consists of five rollers with 45 mm diameter and 102 mm long each. The rollers are 
mounted over a shaft of 25 mm diameter. The main components of the unit were (1) a peeling Chamber, (2) a 
power transmission system (3) a water spray system. The taro peeling machine operates using the brush friction 
principle, ensuring efficient skin removal while minimizing damage to the edible portion. Raw taro tubers are 
loaded into the peeling chamber, where five concavely arranged brush rollers rotate clockwise, creating friction 
against the surface of the anticlockwise rotating tubers (Fig. 3b). This friction effectively scrubs off the outer skin. 
A water spray system continuously washes away loosened peels and prevents overheating. The machine’s Variable 
Frequency Drive (VFD) allows speed adjustments to accommodate different tuber sizes and skin textures. Once 
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peeling is complete, the peeled taro is discharged, and waste peels are flushed out, ensuring a clean and efficient 
operation. The hollow pipe frame of the machine was fabricated in a rectangular shape to provide strength and 
firmness to the machine. The prototype is 470 mm wide, 750 mm long, 960 mm high, and fabricated with mild 
steel square pipe 25 mm × 25 mm × 1.25 mm. The body was covered using a stainless steel sheet to avoid rusting. 
Five brush rollers (45 mm diameter) were also installed in a concave shape to enhance the effect of friction. A 
provision was made to spray water while running the machine. It receives torque from a 1 HP (0.746 kW) electric 

Fig. 3.  (a) CAD model and developed prototype of the taro peeling machine. (b) Schematic showing the 
peeling mechanism and the tubers before and after peeling.
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motor with a speed of 1500 rpm. The drive system consists of a belt and pulley arrangement with maximum 
machine speeds of 750 rpm, with speed variations controlled by a variable frequency drive (VFD). The design of 
various components of the integrated unit was mainly based on the functional and structural strength and was 
checked mathematically. The specification of the machine is given in tabular form in Table 2.

Experimental setup
Peeling experiments were conducted to study the effect of operating parameters on achieving efficient peeling 
of taro tubers with minimal material loss. The optimal peeling conditions were defined based on measurable 
parameters, including peeling efficiency (%), material loss (%), and peeling effectiveness (%). The experiments 
tested different roller speeds of 60, 100, and 140 rpm, and varying peeling durations of 60, 90, and 120 s. These 
levels were determined through preliminary studies. It was observed that operating the peeling machine at full 
capacity is not recommended as it reduces its effectiveness. Therefore, the effectiveness of different batch loads 
was also considered. Three levels of batch load 1 kg, 2 kg, and 3 kg—were tested to assess the effectiveness of 
the peeling. The peeling performance was evaluated using three metrics: peeling efficiency (ηp), material loss 
(ML), and peeling effectiveness (PE). The response variables like peeling efficiency, material loss, and peeling 
effectiveness were considered for the study because they are critical indicators of the machine’s performance, 
efficiency, and overall effectiveness in peeling taro (Nagar et al. 2022). Before conducting the experiments, the 
theoretical percentages of peel and flesh were determined by manually removing the peelings from raw taro 
using a knife.

Different peeling quality factors were calculated using Eq. (9) to (13) 21.

	
Actual Peel Content, Pth (%) = Mthp

Mt
× 100� (9)

	
Actual Flesh Content, Fth (%) = Mt − Mthp

Mt
× 100� (10)

	
Peeling Efficiency, ηp (%) = (Msp × Pth) − Mrp

(Msp × Pth) × 100� (11)

	
Material loss, ML (% ) = (Msp × Fth) − (Mpsp − Mrp)

(Msp × Fth) × 100� (12)

	 Peeling Effectiveness, PE (%) = (1−ML) × ηp × 100� (13)

where Pth = theoretical peel content; Mthp = weight of peel obtained by manual peeling (theoretical peel 
weight); Mt = weight of corms taken for manual peeling; Fth = theoretical flesh content; ƞp = peeling efficiency; 
ML = material loss; Msp = weight of taro corms fed into the peeler; Mrp = weight of peel retained on the peeled 
tuber collected at the outlet of the peeler; and Mpsp = weight of peeled taro corm obtained at the outlet of the 
peeler.

In addition to this, the impact of taro shapes (cylindrical, oval, irregular) and batch load (1 kg, 2 kg, 3 kg) 
on peeling efficiency, material loss, and peeling effectiveness was studied. For this taro corms of different shapes 
were sorted manually based on visual appearance. Cylindrical corms were long and evenly shaped with a 
consistent width, oval corms were slightly rounded with some variation in size, and irregular corms had uneven 
and unpredictable shapes.

Statistical analysis
Response Surface Methodology (RSM) is an effective technique for fitting a quadratic surface and it helps in 
optimizing process parameters with a minimal number of experiments. It also helps in analyzing the interaction 
among different parameters23. It is also one of the economical methods for carrying out statistical data analysis24. 
In this study, a Central Composite Rotatable Design (CCRD) was applied and three parameters with different 
levels were taken into consideration, to minimize the number of experiments performed and optimize the 

Specification Details

Design capacity ≈ 200 kg/h

Shaft diameter 25 mm

Number of rollers 5

Roller diameter 45 mm

Roller length 102 mm

Prototype dimensions 470 mm (W) × 750 mm (L) × 960 mm (H)

Frame dimensions 25 mm × 25 mm × 1.25 mm

Body cover material Stainless steel sheet

Body cover thickness 95 mm

Motor power 1 HP (0.746 kW)

Table 2.  General specifications of taro peeling machine.
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peeling conditions. The regression analysis was conducted using Design Expert software (Stat-Ease, Statistics 
Made Easy, Minneapolis, MN, USA), and the results were validated through analysis of variance (ANOVA) and 
the F-test.

Results and discussion
Optimizing operational parameters for peeling taro mother corms
The theoretical peel content and flesh content of taro mother corms were found to be 15.74 ± 0.65% and 
84.26 ± 0.74%, respectively. The peeling efficiency (ƞp) by manual peeling was 97.46 ± 0.52%. Material loss 
(ML) and peeling effectiveness (PE) in the case of manual taro peeling were obtained to be 0.055 ± 0.11%, and 
92 ± 0.33%, respectively. The manual peeling method took about 30 to 35 min per kg of taro peeling.

The main variables that were considered for the study were roller speed (rpm), operating time (s), and batch 
load (kg) as given in Table 3. A quadratic model was fitted and ANOVA was performed in order to identify the 
significant effects of independent parameters on peeling process response parameters. Table 4 indicates central 
composite design (CCD) results and the responses obtained in the taro peeling machine. In the subsequent 
section, the effect of independent parameters on peeling efficiency, material loss, and peeling effectiveness are 
presented and discussed.

Impact of process parameters on peeling efficiency (ƞp) of taro corm
The peeling efficiency was varied from 62.1 to 96.7%. The highest peeling efficiency i.e., 96.75% was obtained at 
roller speed of 100 rpm, peeling time of 90 s, and batch load condition of 2 kg. This optimal combination likely 
maximizes the friction and mechanical action on the taro corms, ensuring thorough peeling. On the other hand, 
the lowest peeling efficiency i.e., 62.11% was recorded at a roller speed of 60 rpm, peeling time of 60 s, and batch 
load condition of 3 kg. The reduced speed and time likely provided insufficient friction and contact for effective 
peeling, while the larger batch load may have caused overcrowding, further diminishing the efficiency of the 
process.

Table 5 gives the (ANOVA) results of peeling efficiency for fitting the quadratic model to experimental 
data. The regression model for peeling efficiency was found to be statistically significant at a 95% confidence 

Run No. Roller speed (rpm) Peeling time (s) Batch load (kg) Peeling efficiency (%) Material loss (%) Peeling effectiveness (%)

1 60 120 1 73.12 12.84 63.45

2 100 90 2 91.87 9.23 83.22

3 167.27 90 2 77.95 33.57 52.12

4 32.73 90 2 58.21 13.62 50.47

5 100 39.55 2 76.02 10.42 68.13

6 60 60 1 65.34 10.12 58.67

7 140 60 3 77.56 20.34 63.12

8 100 90 3.68 86.22 18.47 70.04

9 60 60 3 61.89 14.67 54.02

10 140 60 1 82.76 16.78 70.41

11 60 120 3 66.78 20.95 53.55

12 100 90 2 90.78 12.04 79.12

13 100 90 2 96.12 9.41 80.67

14 100 140.45 2 80.02 17.89 66.02

15 100 90 2 90.23 5.41 86.92

16 100 90 2 91.02 8.89 82.45

17 100 90 0.32 88.76 14.92 75.23

18 140 120 1 88.95 27.56 65.12

19 100 90 2 94.02 9.78 83.55

20 140 120 3 81.76 30.42 58.02

Table 4.  CCD Experimental runs and corresponding responses for taro peeling machine.

 

Independent variable

Coded variable levels

− α
− 1.68

Low
− 1

Medium
0

High
1

 + α
 + 1.68

Roller speed (A) 33.33 rpm 60 rpm 100 rpm 140 rpm 166.67 rpm

Time of operation (B) 40 s 60 s 90 s 120 s 140 s

Batch load (C) 0.33 kg 1 kg 2 kg 3 kg 3.67 kg

Table 3.  Levels of various parameters used in CCRD for peeling taro mother corms.
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level. The lack of fit values was found to be non-significant with a confidence level of 92.5% (adjusted R2). To 
assess the adequacy of the regression model, the values of R2, adjusted R2, and the coefficient of variation (CV) 
were determined. The high level of variability in the response, with R2 exceeding 95%, indicates that the model 
reliably explains the peeling efficiency. An empirical model was developed, expressed in terms of coded factors, 
to express the relationship between the independent parameters and peeling efficiency (Eq. 14).

	 Peeling Efficiency (%) = +92.75 + 7.28A + 2.27B − 1.89C − 8.37A2 − 5.90B2 − 2.39C2 (
R2 = 0.96

)
� (14)

Table 5 and the coded regression equation for peeling efficiency (Eq. 14) demonstrate that roller speed, peeling 
time, and batch load significantly affect peeling efficiency at the linear level with P ≤ 0.001, P ≤ 0.05, and P ≤ 0.005, 
respectively. Equation 14 indicates the peeling efficiency is highly affected by the roller speed, followed by peeling 
time (7.28 and 2.27, respectively), while the negative coefficient for batch load condition (− 1.89) indicates that 
higher batch loads reduce efficiency. The quadratic terms (A2, B2, C2) also play significant roles, with negative 
coefficients suggesting diminishing returns or negative effects at higher levels.

Figure 4 depicts the 3D response surface plots of the variation of peeling efficiency with roller speed, peeling 
time, and batch load condition. The primary influencing parameters that affect the peeling efficiency were found 
to be roller speed and peeling time. From the results, it can be observed that the peeling efficiency increased up 
to an optimum level and then started decreasing in the case of roller speed and peeling duration. This behavior 
suggests that while higher roller speeds and longer peeling times initially enhance the efficiency by increasing 
friction and contact, beyond the optimum levels, these factors may lead to over-peeling or mechanical damage, 
thereby reducing overall efficiency. Olukunle and Akinnuli25 and Daniyan et al.26 also observed similar trends 
in the research carried out in the case of cassava tubers. The peeling efficiency also increased by increasing the 
batch load up to a certain peeling duration after which it starts decreasing due to over peeling of taro corm.

Impact of process parameters on material loss of taro corm
Material loss (ML) is an important parameter to measure because it affects the yield and efficiency of the peeling 
process. The ML was found to vary between 3.5% and 31.04%. The lowest ML value was observed at the roller 
speed of 100 rpm, peeling time of 90 s, and batch load condition of 2 kg. On the other hand, the highest ML 
value was obtained at the roller speed of 140 rpm, peeling time of 120 s, and batch load condition of 3 kg. The 
higher roller speed and longer peeling time increase the likelihood of over-peeling, while the larger batch load 
may contribute to uneven peeling, both of which result in greater material loss.

Table 5 presents the ANOVA results for ML based on fitting the quadratic model to the experimental data. 
The regression model for ML was found to be statistically significant with a 95% confidence level. The lack of 
fit values was non-significant, with a confidence level of 92.5% (adjusted R2). To assess the adequacy of the 
regression model, the values of R2, adjusted R2, and the coefficient of variation (CV) were calculated. The high 
variability in the response, indicated by an R2 value exceeding 95%, demonstrates that the model reliably explains 
the ML. An empirical model, expressed in terms of coded factors, was developed to describe the relationship 
between the independent parameters and ML (Eq. 15).

	 Material Loss (%) = +8.59 + 4.72A + 3.32B + 1.88C + 4.74A2 + 2.07B2 + 3.28C2 (
R2 = 0.94

)
� (15)

Table 5 and the coded regression equation for ML (Eq. 15) demonstrate that roller speed, peeling time, and batch 
load significantly affect ML at the linear level with P ≤ 0.001, P ≤ 0.05, and P ≤ 0.05, respectively. Equation 15 
explains how much material is lost during the taro peeling process based on roller speed (A), peeling time (B), 
and batch load (C). The starting value of 8.59% shows the material loss when all other factors are zero. The terms 
4.72A, 3.32B, and 1.88C mean that increasing roller speed, peeling time, and batch load will each increase the 

Source

Peeling efficiency (%) Material Loss (%) Peeling effectiveness (%)

P value Regression coefficient P value Regression coefficient P value Regression coefficient

Model  < 0.0001* 92.75  < 0.0001* 8.59  < 0.0001* 83.58

A—Roller speed  < 0.0001* 7.28  < 0.0001* 4.72 0.1609 1.63

B—Peeling time 0.0283** 2.27 0.0007* 3.32 0.5215 − 0.7140

C—Batch load 0.0572*** − 1.89 0.0209** 1.88 0.0203** − 2.96

AB 0.8093 − 0.2863 0.1110 1.57 0.2002 − 1.93

AC 0.6361 − 0.5638 0.4283 − 0.7425 0.9855 0.0262

BC 0.6480 − 0.5438 0.6796 0.3825 0.6516 − 0.6537

A2  < 0.0001* − 8.37  < 0.0001* 4.74  < 0.0001* − 11.01

B2  < 0.0001* − 5.90 0.0114** 2.07  < 0.0001* − 6.60

C2 0.0197** − 2.39 0.0006* 3.28 0.0014* − 4.58

Table 5.  ANOVA for the effect of process parameters on peeling efficiency, material loss, and peeling 
effectiveness of taro corm. ***—Significant at 0.1 level (P ≤ 0.1), **—Significant at 0.05 level (P ≤ 0.05), *—
Significant at 0.001 level (P ≤ 0.001).
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material loss. The terms 4.74A2, 2.07B2, and 3.28C2 show that very high values of these factors lead to a much 
larger increase in material loss.

Figure 5 depicts the 3D response surface plots of the variation of ML with roller speed, peeling time, and batch 
load condition. The ML starts to decrease up to an optimum level and then starts increasing. This phenomenon 
can be attributed to the dynamics of the peeling process. At higher speeds and longer peeling durations, the 
tubers make less frequent contact with the roller’s surfaces. As a result, the initial reduction in material loss is due 
to the efficient removal of the peel without significant loss of the flesh. However, beyond the optimal point, the 
efficiency drops, causing an increase in material loss. This increase is due to the prolonged exposure to the roller 
surfaces, which leads to the removal of flesh portions along with the peel. Fadeyibi and Faith Ajao18 also reported 
in their research findings the mechanical damage of tuber at higher peeling speeds, which results in a reduction 
in the mass of the peeled tubers. The ML was also found to decrease at an optimum batch load condition, after 
which it started increasing. At optimal load, tubers interact efficiently with roller surfaces, minimizing loss. 
Beyond this load, overcrowding reduces effective contact, increasing material loss as both skin and flesh are 
removed. Therefore, maintaining the optimal batch load is essential for efficient peeling with minimal material 
loss. Similar findings were reported in the case of potato peeling by Singh and Shukla27.

Impact of process parameters on peeling effectiveness of taro corm
Peeling effectiveness (PE) measures how well the peeling process removes the skin while minimizing the loss of 
edible flesh. The PE was found to vary between 52.77 and 89.05% for different combinations of process parameter 

Fig. 4.  3-D response surface plots of the variation of peeling efficiency under different independent variable 
conditions.
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conditions. The lowest value of peeling effectiveness i.e., 52.77% was observed at roller speed of 60 rpm, peeling 
time of 120 s, and batch load condition of 3 kg. At lower roller speeds and longer peeling times with a higher 
batch load, the tubers may not have enough effective contact with the roller surfaces. The extended peeling 
time can cause excessive wear on the flesh, leading to higher material loss and lower peeling effectiveness. The 
highest value of peeling effectiveness i.e., 89.05% was observed at roller speed of 100 rpm, peeling time of 90 s, 
and batch load condition of 2 kg. At an optimal roller speed and moderate peeling time with a smaller batch 
load, the tubers achieve better contact with the rollar surfaces, resulting in effective skin removal with minimal 
loss of edible flesh. The balance of these parameters optimizes the peeling process, leading to higher peeling 
effectiveness.

Table 5 shows the ANOVA results for peeling effectiveness (PE) using a quadratic model fit to the experimental 
data. The regression model for PE was statistically significant at a 95% confidence level. The lack of fit was non-
significant, with a confidence level of 90.7% (adjusted R2). To evaluate the regression model’s adequacy, the R2, 
adjusted R2, and coefficient of variation (CV) were calculated. The high R2 value, exceeding 95%, indicates that 
the model reliably explains the variation in PE. An empirical model, described by coded factors, was developed 
to express the relationship between the independent parameters and PE (Eq. 16).

	 Peeling Effectiveness (%) = +83.58 + 1.63A − 0.71B − 2.96C − 11A2 − 6.6B2 − 4.58C2� (16)

Table 5 and the coded regression equation for PE (Eq. 16) demonstrate that roller speed, peeling time, and batch 
load significantly affect PE at the linear level with P ≤ 0.001, P ≤ 0.05, and P ≤ 0.05, respectively. The positive linear 
coefficient of roller speed (1.63) indicates an initial enhancement in PE with increased speed, while negative 
coefficients for peeling time (− 0.71) and batch load (− 2.96) suggest a reduction in PE as these parameters 

Fig. 5.  3-D response surface plots of the variation of ML under different independent variable conditions.
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rise. This model highlights the need to find the best settings for roller speed, peeling time, and batch load to 
maximize peeling effectiveness. It shows how these factors interact in a complex way to ensure efficient peeling 
with minimal loss of edible flesh.

Figure 6 depicts the 3D response surface plots of the variation of PE with roller speed, peeling time, and batch 
load condition. The trend of PE was found similar to peeling efficiency at different process parameter conditions. 
This could be due to the surface features of the tuber and uneven peeling when there are too many tubers being 
peeled at once. Additionally, differences in the sizes of the tubers in the batch might have affected how well they 
were peeled. Similar findings were also reported by Nagar et al.28, while observing the effect of independent 
parameters on peeling effectiveness of mother corm.

Numerical and graphical optimization of independent parameters
To determine the best peeling conditions for taro, the process parameters (roller speed, peeling time, and 
batch load) were optimized. This optimization was carried out using both numerical and graphical methods 
with Design Expert software. The goal was to achieve maximum peeling efficiency while minimizing material 
loss. The optimization was based on the desirability function technique, which scales the response parameters 
from 0 (undesirable) to 1 (most desirable). The target for each parameter was set to achieve the best peeling 
efficiency with minimal material loss. Specifically, peeling efficiency and peeling effectiveness were aimed at 
their maximum values, while material loss was minimized. The weights of these parameters were adjusted to 
balance their contributions.

The optimal solution was identified by maximizing the desirability score. For this case, the optimal values 
were found to be a roller speed of 101.91 rpm, a peeling time of 87.43 s, and a batch load of 1.68 kg. For practical 
purposes, these values can be rounded to a roller speed of 102 rpm, a peeling time of 87 s, and a batch load of 

Fig. 6.  3-D response surface plots of the variation of PE under different independent variable conditions.
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1.7 kg. Figure 7 shows the interaction plot of the different responses. The optimal conditions—roller speed of 
102 rpm, peeling time of 87 s, and batch load of 1.7 kg—achieved the highest peeling efficiency (93%), peeling 
effectiveness (84%), and lowest material loss (8.3%). Although the design capacity of the peeling machine is 
3 kg per batch, experimental results indicated that operating at 1.7 kg yields the highest peeling efficiency while 
minimizing material loss. This is due the reason that the optimized batch load prevents overcrowding and ensures 
even friction between the taro corms and the brush rollers. For small-scale taro farmers, this machine is much 
faster than peeling by hand. Manual peeling takes about 30–35 min for 1 kg of taro, but this machine can peel 
1.7 kg in just 87 s. This saves a lot of time and effort, making it very useful for farmers and small processing units.

Performance of the taro peeling machine under varying conditions
Figure 8 compares the performance of the taro peeling machine under varying conditions of taro shape, and batch 
size. Peeling efficiency, representing the percentage of peel removed, is highest for cylindrical shapes (94.5%), 
followed by oval (93.1%) and irregular shapes (92.0%), with smaller batch sizes (1 kg) giving better results due 

Fig. 7.  Interaction plot of peeling process parameters for taro corm.
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to reduced overcrowding and improved contact with brush rollers. Material loss is lowest for cylindrical shapes 
(7.2% at 1 kg), followed by oval (7.5%) and irregular shapes (8.1%), and increases with larger batches (up to 
10.5% for irregular taro at 3 kg) due to excessive contact with roller surfaces. Peeling effectiveness is highest 
for cylindrical shapes (85.8% at 1 kg) and lowest for irregular shapes (78.1% at 3 kg), with medium batch sizes 
(2 kg) striking the optimal balance between efficiency and minimal loss. Overall, cylindrical shapes and smaller 
to medium batch sizes (1–2  kg) consistently deliver the best performance, emphasizing the importance of 
uniformity in shape and controlled batch sizes for optimal machine operation. These findings underscore the 
need for improved adaptability to irregular shapes and guide further design optimizations for broader usability.

The bar graph (Fig.  9) shows the comparative analysis of peeling efficiency, material loss, and peeling 
effectiveness with different taro shapes highlighting how shape influences the performance of the peeling 
machine. Cylindrical shapes achieve the highest peeling efficiency (94.5%) due to their smooth and uniform 
surfaces, which enhance friction with the machine’s brush rollers. Material loss is lowest for cylindrical shapes 
(7.2%), slightly higher for oval shapes (7.5%), and highest for irregular shapes (8.1%) due to uneven surfaces 
that cause over-peeling. Fadeyibi and Faith Ajao18, in their study, also discussed that the more irregular the 
shape of root crops, the greater the material loss. Peeling effectiveness, which combines efficiency and material 
loss, is highest for oval shapes (86.1%). Overall, cylindrical shapes are ideal for maximizing peeling efficiency 
and minimizing material loss, while oval shapes strike a balance, which leads to the highest overall effectiveness. 
The results indicate that the machine works well with uniform shapes, and adding features like adjustable roller 
surfaces could make it better at handling irregular taro shapes.

Conclusion
A Taro peeling machine, adaptable for various root crops, was successfully designed, and developed, and its 
performance was thoroughly evaluated. Since taro contains an alkaloid-containing mucus beneath its peel 
that can cause skin irritation and itching, a specialized prototype was created to resolve this issue, effectively 
eliminating the discomfort associated with manual peeling. The peeling machine consists of five brush rollers for 

Fig. 8.  Performance of the taro peeling machine for different taro corm shapes.

 

Scientific Reports |        (2025) 15:11336 13| https://doi.org/10.1038/s41598-025-94100-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


peeling the taro corms. The water spraying mechanism provided in the machine performs multiple operations 
like washing the taro corms and loosening the peel adhered to the taro corms which helps in peeling efficiently. 
This study investigated the optimal peeling parameters for mother corms. Response Surface Methodology (RSM) 
combined with Central Composite Rotatable Design (CCRD) was employed to achieve maximum peeling 
efficiency and effectiveness while minimizing material loss. The optimized conditions were determined to be 
a rotating disc speed of 102 rpm, a peeling duration of 87 s, and a batch load of 1.7 kg. Under these conditions, 
a peeling efficiency of 93%, a material loss of 8.3%, and a peeling effectiveness of 84% were achieved. Also, the 
performance of the machine was evaluated for different taro corms shapes and it was found that the machine 
performs well in the case of smooth surfaces taro corms and yields the maximum efficiency with minimum 
material loss. These findings demonstrate that taro corms and similar crops can be efficiently peeled using the 
developed machine. The peeling machine is specially designed to peel the taro corms of different shapes and 
is suitable for small to medium-scale industries. The peeling machine provides higher efficiency compared to 
other peeling machines available. Furthermore, the removed taro peel, which is often discarded as waste, can 
be utilized as a valuable resource for various applications, such as animal feed, bioactive compound extraction, 
or biofuel production. Exploring these possibilities could enhance the sustainability of taro processing by 
minimizing waste and increasing the economic viability of the peeling process.

Data availability
All data used for this research is included in this manuscript.
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