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ABSTRACT 

This work presents the determination of dimensional properties of two sweet potato varieties.  

Principal dimensions, mean diameter, sphericity, and surface area were determined at moisture 

contents of 78.9%. The average dimension for length, width and thickness for Dan China and 

Dan Izala were found to be 139.98 mm, 74.43 mm, 63.40 mm and 131.92 mm, 60.78 mm, 

47.24 mm respectively. For both varieties studied, medium size category has the highest 

frequency than any other size categories. The correlation between the principal dimensions for 

the two local varieties were determined, the width-thickness for Dan China and Dan Izala 

showed a higher correlation of R2= 0.86 and R2= 0.72 respectively. No correlation or low 

correlation was obtained for length-width and length-thickness for the two varieties. These 

results are important for the design of equipment required for further processing of sweet potato 

and reduction of mechanical damage of agricultural produce during post-harvest handling and 

processing. 

Keywords: Moisture content, Dimension, Properties, Sphericity, and Sweet Potato   

1.0 INTRODUCTION 

Sweet potato (Ipomoea Batatas L.) is an annual 

plant grown for its tuberous roots in tropical, 

subtropical and warm temperate regions. It is 

the world’s fourth largest food crop, following 

maize, wheat and rice (FAO, 2009). Sweet 

potato tubers are a staple food or an alternative 

food in many countries and part of the product 

is used for animal feeding. Some of the roots 

produce elongated starchy tubers that vary 

largely in shape, colour and texture depending 

on variety. Sweet potato reaches maturity 

within short period, requires low input work 

and is often planted in Africa as a security crop 

for or as famine prevention crop (Annu, 2009).  

In Africa, Nigeria is the largest producer of 

sweet potato, followed by Uganda while United 

Republic of Tanzania came third with 

approximately 3.5, 2.5, and 2.3 metric tonnes 

production respectively. For 2013 harvest, the 

world’s leading producer was China followed 

by Nigeria while Ugada is third with about 70.5, 

3.5, and 2.5 metric tonnes production 

respectively (FAOSTAT, 2014).  

https://www.bayerojet/com


  ISSN: 2449 – 0539  
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.15 NO.1, JAN 2020,  pp107-114 
 

Also available online at https://www.bayerojet/com  108 
 

Sweet potatoes production in Nigeria is still 

considered a minor crop despite its 2.5% 

contribution to the world’s production in 2010. 

Its production status in 2010 took the tenth 

position in the single food crop in Nigeria (after 

cassava, yam, oil palm fruit, maize, sorghum, 

millet, paddy rice, and plantains). In Nigeria, 

sweet potatoes are predominately grown in the 

Northern and extreme East parts of the country. 

These conditions are met at Jos, Biu, and 

Mambila in Plateau, Borno, and Taraba State, 

respectively. More than 90% of harvested 

potato in Nigeria comes from Jos (Ayuba et al., 

2015). 

A recent survey among farmer groups in the 

main production areas of Kaduna State showed 

that two varieties of sweet potatoes (Dan China 

and Dan Izala) were the most predominant 

varieties cultivated (Ayuba et al., 2015). Dan 

China and Dan Izala varieties’ prominence, 

wide acceptability and cultivation has been 

attributed to their high yields and a relatively 

short maturity period. However, they are easily 

affected by disease in the given environment 

which necessitates early harvesting (Ayuba and 

Kifches, 2015).  

Knowledge of dimensional analysis is 

necessary to understand the physical principle 

guiding the response of these agricultural 

produce and maximize efficiency and the 

quality of the final products obtained from 

processes, handling and machine operations. 

The diverse use of sweet potato makes it a 

necessity to determine its dimensional 

properties so that more extensive study can be 

conducted in order to determine and locate 

more areas of sweet potato importance and it’s 

relevant. The importance of food materials 

tends to increase greatly with the complexity of 

new technology for the handling, production, 

processing, storage, and preservation. 

Evaluation of quality, distribution and 

marketing, and uses of these products depends 

on the knowledge of engineering properties of 

these materials (Abong et al., 2010).  

Design of potato processing machinery requires 

knowledge of its dimensional properties and 

this is likely to bring about a substantial 

reduction in the time and money spent for the 

emergence of a new type of agricultural 

machinery, and also to contribute to the better 

operation of the existing machinery. Available 

literatures revealed that there are inadequate 

and insufficient information on dimensional 

characteristics data for various potato varieties 

such as size parameter distribution, geometric 

shape and their correlations. Therefore, it could 

be concluded that the unavailability of these 

essential and relevant information on the 

various varieties of potato has greatly inhibit 

the development of indigenous technology 

necessary for the development of potato 

processing machinery (Tabatabaeefar, 2002). 

Therefore the findings of this study aim to 

determine the dimensional properties of two (2) 

local varieties of sweet potatoes as related 
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design parameters for the development of any 

sweet potato handling equipment in Nigeria.  

2.0 MATERIALS AND METHOD 

Two local varieties of potato (Dan China and 

Dan Izala) were used for the experimental 

study. They were obtained from Kano 

metropolis market. Digital Vernier caliper (0.01 

mm sensitivity) was used for measuring their 

principal dimensions. 50 samples of the fresh 

potatoes were randomly selected from each of 

the varieties and washed with fresh water 

before measurement was taken.  

2.1 Determination of moisture content 

The samples’ moisture content was determined 

by oven drying method. Samples with known 

weight were placed in an oven at 70oC for 24 

hours. The moisture content was calculated 

using the relation given by Mohsenin (1986). 

The experiment was replicated three times for 

both varieties. 

Mwb = 
𝑊𝑚

𝑊
 × 100% . . (1) 

Where;   

Mwb = moisture content on wet basis (%), Wm = 

weight of moisture (g), W = total weight (g) 

2.2 Determination dimensional properties 

The three main principal dimensions were 

determined using a digital Vernier caliper 

reading to 0.01 mm; 50 potatoes from each 

variety were randomly selected for the 

determination of the principal dimensions. The 

length, breadth and diameter were measured in 

three mutually perpendicular directions.  

The dimensions enable other properties such as 

arithmetic mean diameter, geometric mean 

diameter, sphericity and surface area to be 

determined. The lengths of the potato were 

taken as the longest among the three principal 

dimensions while the shortest considered as the 

diameter.  

The arithmetic mean diameter (De), geometric 

mean diameter (Dg), sphericity (ϕ) and surface 

area (S) were calculated as given by (Mohsenin, 

1986): 

De = 
x+y+z

3
 . . . (2) 

Dg = 𝑥𝑦𝑧
1

3  . . (3) 

ϕ = 
𝐷𝑔

𝑥
 . . . . (4) 

S = π 𝐷𝑔
2 .  . (5) 

Where:   

x = Length (mm), y = Breadth (mm), z = 

Diameter (mm) 

2.3 Dimensional classification  

In order to classify the principal dimension of 

the two varieties of the potatoes into small 

medium and large size categories; average 

dimension (�̅�) and the associated standard 

deviation (δ̅x) of each principal dimension were 

determined. The mean and the associated 

standard deviation of each principal dimension 

were calculated as: 

Mean, �̅�  = 
𝑥1+ 𝑥2+ 𝑥3 + 𝑥𝑁 

𝑁
 .. (6) 

Standard deviation, 
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 δ̅x =  [∑
(xi−�̅�) 

𝑁

𝑛

𝑖=1

2

]

1/2

. . (7) 

Where: 

xi = value of each principal dimensions, �̅� = 

mean of the principal dimensions, N = total 

number of samples in the set. 

The equations (8–10) as used by Akcali and 

Guven (1990) was adopted to classify the 

dimensions into large, medium, and small size 

category potatoes. These were defined that their 

specific x dimension satisfies the following 

inequalities as; 

Large size: x > �̅� – δ̅x  . (8) 

Medium size:  �̅� – δ̅x < x < �̅�  + δ̅x  (9) 

Small size: x < �̅� – δ̅x   . (10) 

Where: 

δ̅x = mean standard deviation of parameters of 

each potato variety, x = individual dimension 

corresponding to length, breadth or diameter of 

each potato variety 

2.4 Probability density of dimension 

The chance of obtaining a given size of 

particular variety of potato in a random set was 

based on the size distribution using the formula 

of probability density as; 

P(x) = 
∫ 𝑦𝑑𝑥

𝑥
x0

∫ 𝑦𝑑𝑥
𝑥𝑛

x0

  . ..  (11) 

Define on the integral interval of 

X0 ≤  X ≤  Xn 

Where: 

Y = size frequency distribution of the varieties 

of potato, X0 = initial value of frequency 

distribution of the varieties of potato, X = 

medium value of frequency distribution of the 

varieties of potato, Xn = the large value of size 

classification distribution of the varieties of 

potato 

2.5 Correlation of dimensions 

The main objective of searching for a 

correlation between the principal dimensions is 

to describe the relation between the parameters 

and also to know coefficient of correlation 

between the parameters. The correlation as 

determined by Spiegel, (1975) was used to 

calculate correlation between length-breadth, 

length-diameter, and breadth-diameter of the 

potatoes varieties as shown in equation 12: 

R2 = 
∑ (𝑦𝑖′ – ȳ)−2Ni

𝑖=1

∑ (𝑦𝑖 – ȳ)−2Ni
𝑖=1

 . .. (12) 

Where: 

R2 = correlation coefficient, yi', yi  = measured 

dimensions corresponding to the principal 

dimensions, x, to be correlated 

= ∑
Xi

𝑁

𝑛

𝑖=1
 

N = total number of samples in the set 

Plate 1: Dan China variety  
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Plate 2: Dan Izala variety 

3.0 RESULTS AND DISCUSSION 

The size distribution and classification of the 

two varieties of potato studied with their 

probability density function and dimensional 

correlation. 

3.1 Size Classification and Distribution 

The Tables 1 and 2 show the size classification 

of the three principal dimensions, the mean 

diameter, sphericity, and surface area for the 

two varieties of the potatoes studied.  

The principal dimensions for Dan China and 

Dan Izala variety were subjected to paired t-test 

statistical analysis with respect size 

classification.  

The mean values for length, breadth and 

diameter for Dan China variety were 139.98, 

74.43, and 63.40 mm respectively. The 

calculated t-value (1.48) is less than the table t-

value at degree of freedom (df) equal to 2 and 

5% level of significance (2.91) and even at 1% 

level of significance. Therefore, in terms of 

maximum large size category under length, 

there is no significant difference between the 

two varieties.  

For Dan Izala, the mean values for length, 

breadth and diameter were found to be 131.92, 

60.78, and 47.24 mm respectively. The 

calculated t-value (1.91) is less than the table t-

value at df equal to 2 and 5% level of 

significance (2.91) and even at 1% level of 

significance. It implies that there is no 

significant difference for maximum large size 

category under breadth. For the mean diameter, 

the calculated t-value (2.12) is less than the 

table t-value at 5% level of significance (2.91) 

and even at 1% level of significance which 

implies; the mean diameters does not have any 

significant difference between the two varieties 

studied.  The values of the mean diameter for 

Dan Izala variety are 106.28, 74.63, and 58.49 

mm for large, medium, and small size category 

respectively (Table 2).  

The sphericity determines the shape of material 

and its value ranges from 0.4–0.89 for Dan 

China and Dan Izala variety (Table 2). On the 

sphericity index, the medium and large size 

categories of both varieties were not spherical 

as indicated in their sphericity which was less 

than 70% as reported by Dutta et al. (1988) who 

classified agricultural product as spherical 

when the sphericity value is more than 0.70. 

Result showed that sweet potato has an 

irregular shape.  

For surface area, the mean values for Dan 

China and Dan Izala were found to be 23525.54 

and 15241.23 mm2 respectively. The calculated 

t-value (7.93) is higher than the table t-value at 

5% level of significance (2.91) and even at 1% 

level of significance. This indicates that the 

difference in surface area values between the 

two varieties is significant (P = 0.01). This 
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result depicts that Dan China variety has the 

larger surface area while Dan Izala has the 

smaller surface area that can be exposed. 

Table 1: Size classification distribution for 

principal dimensions 

 

Princip

al 

dimensi

ons   

 Potato varieties 

 Dan China Dan Izala 

Class  Max

. 

Min. Max

. 

Min. 

Length 

(mm) 

Small  104.

90 

83.0

0 

97.0

0 

80.9

0 

 Medi

um 

173.

80 

108.

60 

155.

56 

103.

40 

 Large  299.

20 

175.

00 

206.

50 

169.

00 

Breadth 

(mm) 

Small  63.0

0 

56.0

0 

46.3

3 

43.5

3 

 Medi

um  

83.0

0 

65.4

0 

73.0

5 

48.4

3 

 Large  98.2

4 

65.4

0 

97.8

3 

74.9

0 

Diamet

er (mm) 

Small  53.0

0 

45.0

0 

36.7

1 

32.1

0 

 Medi

um  

72.5

0 

54.0

0 

49.3

9 

37.7

1 

 Large  85.5

0 

54.0

0 

82.6

0 

52.2

5 

Table 2: Size classification distribution for 

mean diameter, sphericity and surface area 

  Potato varieties 

 Class  Dan 

China 

Dan Izala 

Mean 

diameter 

[mm] 

Small  76.76 58.49 

Medium  84.54 74.63 

Large  108.18 106.28 

Sphericity  Small  0.89 0.83 

Medium  0.70 0.60 

Large  0.61 0.40 

Surface 

area  

Small  16269.23 8798.11 

Medium  23617.72 15841.23 

Large  35488.52 24555.72 

3.2 Frequency Distribution of Size 

Classification 

Table 3 shows the frequency distribution of the 

three size categories for the two varieties of 

potatoes studied. In all the dimensions for the 

two varieties of the potatoes studied, large size 

category shows to have highest frequency than 

the other size categories of medium and small 

sizes. The density functions have been obtained 

for length, breadth and diameter of the two 

varieties. 

Table 3:  Frequency distribution of size classification and probability density 

function for principal dimensions 

Frequency distribution of size classification Probability density function  

  Potato varieties   Potato varieties 

  

Size   

Dan 

China 

Dan 

Izala 

  

Size  

Dan 

China 

Dan 

Izala 

Length 

dimension 

frequency (%) 

Small  16.00 14.00 Length 

probability 

Small  0.06 0.09 

Medium  72.00 74.00 Medium  0.15 0.27 

Large  84.00 86.00 Large  0.79 0.64 

Small  12.00 16.00 Small  0.15 0.01 
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Breadth 

dimension 

frequency (%) 

Medium  88.00 68.00 Breadth 

probability  

Medium  0.20 0.07 

Large  72.00 84.00 Large  0.65 0.92 

Diameter 

dimension 

frequency (%) 

Small  20.00 14.00 Diameter 

probability  

Small  0.10 0.01 

Medium  62.00 72.00 Medium  0.20 0.04 

Large  80.00 84.00 Large  0.70 0.95 

3.3 Probability Function 

Table 3 shows the probability distribution 

function, within the size less than a given 

value of some size distribution. This 

information is of vital importance to 

deciding on the appropriate dimensions of 

the processing machinery, especially in 

grading and cleaning. The cumulative 

probability density functions exhibit 

information that can be used to design 

processing machinery for local varieties of 

potatoes. 

3.4 Dimensional Correlation 

The correlations relationship between the 

principal dimensions for the two varieties 

of the potatoes studied is presented in Table 

4. It revealed that some of the dimensional 

correlations have higher value than the 

others. Therefore, the higher values of the 

coefficient correlation show the closer 

relationship between the principal 

dimensions and the lower value of the 

coefficient correlation implies less 

relationship respectively. To design 

processing machinery the correlation 

between the principal dimensions of 

varieties of potato has to be considered. 

From the Table 4, the Dan Izala variety 

showed a low correlation between the 

length and the breadth as coefficient of 

correlation while Dan China has a higher 

relative correlation. The length-diameter 

and length-breadth correlations for both 

varieties are generally very low. 

Table 4: Dimensional correlations 

Potato variety  Length-Breadth 

correlation (R2) 

Length-Diameter 

correlation (R2) 

Breadth-Diameter 

correlation (R2) 

Dan China 0.976 0.100 0.863 

Dan Izala 0.010 0.013 0.720 

4.0 CONCLUSIONS 

From the dimensional studies of the two 

varieties of potatoes; the following 

conclusions were drawn. The Dan China 

variety of the potato showed the highest 

breadth in the large size category. The 
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geometric mean diameter and surface area for 

Dan China is larger than that of Dan Izala 

variety. Both varieties are not spherical in 

shape. For the varieties of potatoes studied, 

large size category has the highest frequency, 

followed by medium size while the small size 

category has the lowest frequency. The Dan 

Izala variety showed a low correlation 

between length-breadth (0.010). Both 

varieties (Dan China and Dan Izala) showed 

a high coefficient of correlation (0.863 and 

0.720) for breadth-diameter. The length-

diameter correlation is very low for both 

varieties (0.100 for Dan China and 0.013 for 

Dan Izala).  
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