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Abstract

Ghabel R., Rajabipour A., Ghasemi-Varnamkhasti M., Oveisi M., 2010. Modeling the mass of Iranian export 
onion (Allium cepa L.) varieties using some physical characteristics. Res. Agr. Eng., 56: 33–40.

Mass modeling can be used for development of post-harvest equipment related to onion (Allium cepa L.) process-
ing such as grading, packing and food production processes. There are instances in which it is desirable to determine 
relationships among crop physical characteristics. In this study, the mass of Iranian export onion varieties (Azarshahr 
and Sefide Qom) was predicted by using different physical characteristics applying linear models with three different 
classifications: (1) – single or multiple variable regressions of onion dimensional characteristics, (2) – single or multi-
ple variable regressions of onion projected areas, (3) – estimating onion mass based on measured (actual) volume and 
volumes of assumed shapes (prolate spheroid and ellipsoid). The results showed that mass modeling of onion based on 
length and three projected areas are the most appropriate models in the first and second classification, respectively. In 
third classification, the highest determination coefficient was obtained for mass modeling based on the actual volume 
as R2 = 0.99 whereas corresponding values were 0.96 for both assumed onion shapes (prolate spheroid and ellipsoid), 
respectively. In economical and agronomical point of view, suitable grading system of onion mass was obtained based 
on length as nonlinear relation M = 0.035a2 – 1.64a + 36.137, R2 = 0.96.
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Onion (Allium cepa L.), is considered as one of the 
most important crops in all countries. It is estimated 
that about 55 million tons of onions are produced an-
nually all over the world. In many parts of the world 
it is staple food of the people. Annual onion produc-
tion in Iran is 1.45 million tones, which is ranked as 
the 7th in the world (Anonymous 2006). 

Exporting of agricultural products is one of the 
main goals of the current policy of the Iran Govern-
ment, especially to Europe. To be able to achieve 
such target, it is vital to apply the proper post-har-
vest technologies for each crop. For onion bulbs, it 
has to be well sorted, graded and packed. To achieve 
such operations, information about physical charac-
teristics of bulbs is required. Physical characteristics 

of agricultural products are the most important pa-
rameters for designing of grading, conveying, pro-
cessing, and packaging systems. Among these physi-
cal characteristics, mass, volume, projected area, 
and center of gravity are the most important in siz-
ing systems (Malcolm et al. 1986; Safwat 1971). 
Other important parameters are width, length, and 
thickness (Mohsenin 1986). There are some situa-
tions in which it is desirable to determine relation-
ships among physical characteristics; for example, 
fruits are often graded by size, but it may be more 
economical to develop a machine which grades by 
weight. Therefore, the relationship between weight 
and the major, minor and intermediate diameters is 
needed (Stroshine, Hamannhn 1994).
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The regression analysis was used by Chuma et al. 
(1982) to develop equations for predicting volume 
and surface area. They used logarithmic transfor-
mation to develop equations for wheat kernels at 
15.7%. They suggested that the volume was related 
to the surface area by a linear regression relation-
ship: V = 1.10S + 17.2. Frequently, the surface areas 
of fruit are determined on the basis of its diameter 
or weight. Knowing the diameter or weight of a 
fruit, its surface area may be calculated using em-
pirical equations, or read from an appropriate plot 
(Sitkei 1986; Frechette, Zahradnik 1968).

Consumers prefer crops of equal weight and uni-
form shape. Mass grading of crop can reduce packag-
ing and transportation costs, and also may provide an 
optimum packaging configuration (Peleg et al. 1985). 
Sizing by weighing mechanism is recommended for 
the irregular shape product (Stroshine, Hamann 
1994). Since electrical sizing mechanism is expen-
sive and mechanical sizing mechanism reacts poorly; 
for onion, dimensional method (of length, area, and 
volume) can be used. Determining a relationships be-
tween mass and dimensions and projected areas may 
be useful and applicable (Stroshine, Hamann 1994; 
Marvin et al. 1987). In weight sizer machines, indi-
vidual vegetables are carried by cups or trays that may 
be linked together in a conveyor and are individually 
supported by spring-loaded mechanism. As the cups 
travel along the conveyor, the supports are engaged by 
triggering mechanisms which allow the tray to dump 
if there is sufficient weight (Khoshnam et al. 2007). 
Successive triggering mechanisms are set to dump the 
tray at lower weight. If the density of the product is 
constant, the weight sizer sorts by volume. The siz-
ing error will depend upon the correlation between 
weight and volume (Stroshine, Hamann 1994).

In the case of mass modeling, Tabatabaeefar et 
al. (2000) determined models for predicting mass 

of Iranian grown oranges from its dimensions and 
projected areas. They reported that among the sys-
tem that sorted oranges based on one dimension, 
system that applies intermediate diameter suited 
better with nonlinear relationship. 

No detailed studies concerning mass modeling of 
onion have been performed up to now. The objec-
tive of this research was to determine an optimum 
onion mass model based on its dimensions. This in-
formation will be used to design and develop sizing 
systems.

Materials and Methods

Two different Iranian export varieties of onion, as 
shown in Fig. 1, were Azarshahr (n = 65) and Sefide 
Qom (n = 65), from the Seed and Plant Breeding and 
Improvement, Karaj, Iran (Longitude: 51o21'N, Lati-
tude: 36o12'E). The onions were transported to phys-
ical laboratory of Faculty of Biosystem Engineering, 
University of Tehran, Karaj, Iran. Onion moisture 
content was determined (ASAE Standard 1998) and 
obtained as 89.4% w.b. and 88.8% w.b. for Azarshahr 
and Sefide Qom, respectively; then required experi-
ments were conducted in three days at laboratory 
temperature ranging from 25°C to 29°C. 

Linear dimensions, i.e. length, width and thick-
ness and also projected areas, were determined 
by image processing method. In order to obtain 
dimensions and projected areas, WinArea-Ut-06 
system developed by Mirasheh (2006) was used 
(Fig. 2). 

WinArea-Ut-06 system comprised following 
components:
1.	 Sony photograph camera Model CCD-TRV225E 
2.	 Device for preparing media to taking a picture
3.	 Card capture named Winfast model DV2000
4.	 Computer software programmed with Visual 

Basic 6.0
Captured images from the camera are transmit-

ted to the computer card which works as an analog 
to digital converter. Digital images are then pro-
cessed in the software and the desired user needs 
are determined. Total error for those objects was 
less than 2%. This method was used and reported 
by several researchers (Keramat Jahromi et al. 
2007; Khoshnam et al. 2007).

Figure 3a, b, and c shows dimensions of onion, 
namely length, width and thickness; PA, PB, and 
PC are the projected areas taken along these three 
mutual perpendicular axes.

Fig 1. Right: Azarshahr variety, Left: Sefide Qom variety
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Mass (g) of individual onion was determined by 
using an electronic balance with an accuracy of 
0.01 g. Actual volume was measured by the water 
displacement method (Mohsenin 1986; Kabas et 
al. 2005; Karababa 2006). The bulk density was 
determined using the mass-volume relationship by 
filling an empty plastic container of predetermined 
volume and weight, the onion were placed inside 
the container from a constant height, and weight 
(Fraser et al. 1978). 

Geometric mean diameter (GMD) and spheric-
ity (Sph) were calculated by using the Eqs. 1 and 2, 
respectively as reported by Mohsenin (1986) and 
Kabas et al. (2006).

GMD = (LTW)1/3	 (1)

Sph =  
GDM	

(2)a

In order to estimate the onion mass from dimen-
sions characteristics, projected area and volume, 
three classifications of models were considered as 
follow:

(1)	Single or multiple variable regressions of onion 
dimension characteristics: length (a), width (b), 
and thickness (c).

(2)	Single or multiple variable regressions of onion 
projected areas: PA1, PA2 and PA3.

(3)	Single regression of onion volume: actual vol-
ume, volume of the onion assumed as prolate 
spheroid and ellipsoid shape.

In the case of the first classification, mass model-
ing was accomplished with respect to length, width 
and thickness as follows: 

M = k1a + k2b + k3c + k4	 (3)

In some instances only one or two diameters may 
be used for adequate prediction. The appropriate-
ness of using one, two or three diameters can be 
compared by examining the R2.

In the second classification models, mass and sur-
face area modeling of onion was estimated based 
on mutually perpendicular projected areas as fol-
lowing:

M = k1PA1 + k2PA2 + k3PA3 + k4	 (4)

In this classification, the mass can be estimated 
as a function of one, two or three projected area(s), 
too.

In the case of the third classification, to achieve 
the models which can predict onion mass on the 
basis of volumes, three volume values were mea-
sured or calculated. At first, actual volume (Vm) as 
stated earlier was measured, then the onion shape 
was assumed as a regularly geometrical shape, i.e. 

Fig. 2. Components of WinArea-Ut-06 
system

Fig. 3. Dimensional characteristics of onion
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prolate spheroid (Vpsp) and ellipsoid (Vell) shapes 
and thus their volumes (cm3) were calculated as: 

Vpsp = 4π	 ( a ) 	( b )2	
(5)

3	 2	 2

Vell = 4π	 ( a ) 	( b )	 ( c ) 	
(6)

3	 2	 2	 2

In this classification, the mass can be estimated 
as either a function of volume of supposed shape or 
the measured volume as represented in the follow-
ing expressions:

M = k1Vm + k2	 (7)

M = k1Vpsp + k2	 (8)

M = k1Vell + k2	 (9)

Packages of statistical programs, available on both 
main frame and personal computers, can perform 
such regression analysis. Many spreadsheet pro-
grams can also perform multiple regressions. When 
evaluating the usefulness of such regression analy-
ses, it is necessary to know how well the data fit the 
model. One trait of the goodness of fit is the value 
of the coefficient of determination which is usually 
designated as R2. For regression equations in general, 
the nearer R2 is to 1.00, the better the fit (Stroshine 
1998). If values of ki exactly predict the mass, then 
R2 would be equal to 1.00. WinArea-Ut-06 software 
was used to analyze data and determine regression 
models between the physical attributes. 

Results and discussion

A summary of some selected physical charac-
teristics of the studied onion varieties is presented 
in Table 1. Also, a total of 11 regression models 
in three different categories were classified. Coef-
ficient of determination (R2), regression standard 
error (R.S.E.), and models obtained from the data 
on two Iranian export varieties of onion are shown 
in Table 2.

First classification models, dimension

Among the first category models (numbers of 1, 2, 
3, and 4), model number 4 had the highest R2 and the Ta
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lowest R.S.E.; however, measurement of three diam-
eters is needed for this model, which makes the sizing 
mechanism more tedious and expensive. Among the 
models numbers of 1, 2, and 3 model number 3 for 
Azarshahr variety and model number 1 for Sefide 
Qom variety as well as for total of observations, had 
higher R2 and lower R.S.E. than the other models.

Eleven models for predicting mass of apples 
based on geometrical attributes were recommend-
ed by Tabatabaeefar and Rajabipour (2005). 
They recommended an equation calculating apple 
mass on the basis of minor diameter as 

M = 0.08c2 – 4.74c + 5.14, R2 = 0.89.
In another study, Lorestani and Tabatabaeefar 

(2006) determined models for predicting mass of 
kiwi fruit based on physical attributes. They rec-
ommended an equation to calculate kiwi fruit mass 
based on intermediate diameter as

M = 2.93b – 64.15, R2 = 0.78.
The mass model of onion (for two varieties) based 

on the model 4 (all the three diameters) is given in 
Eq. 10.

M = 4.39a + 1.15b – 1.25c – 193.83, 
R2 = 0.95, R.S.E = 11.22	 (10) 

For two varieties, the best equation to calculate 
mass of onion based on the length was given in 
nonlinear form of Eq. 11 (Fig. 4).

M = 0.35a2 – 1.64a + 36.137, R2 = 0.96	 (11)

Therefore, sizing onion based on length is recom-
mended.

Second classification models, projected areas

Among the linear regression projected area mod-
els (numbers of 5, 6, 7, and 8) for two Iranian export 
varieties of onion, model number 8, shown in Table 2,  
had higher R2 and lower R.S.E. than the other mod-
els. This equation is given as:

M = 1.4PA1 + 0.56PA2 + 2.62PA3 – 44.35,
R2 = 0.98, R.S.E. = 6.41	 (12)

The overall mass model of onion based on one 
projected area as shown in Fig. 5, was given as non-
linear form in following equation:

M = 1.02(PA3)
1.36, R2 = 0.97	 (13)

The mass model recommended for sizing kiwi 
fruits based on any projected area was reported by 
Lorestani and Tabatabaeefar (2006) as 

M = 1.098(PC)1.273, R2 = 0.97
Each of the three projected areas can be used to es-

timate the mass. There is a need to have three cam-

Table 2. Onion mass models based on selected independent variables

No. Model Parameter Azashahr Sefide Qom Total of observations

1 M = k1a + k2
R2

R.S.E.
  0.91
10.72

  0.95
13.34

  0.94
12.91

2 M = k1b + k2
R2

R.S.E.
  0.60
22.11

  0.79
27.73

  0.70
27.88

3 M = k1c + k2
R2

R.S.E.
  0.91
10.65

  0.94
15.46

  0.92
14.32

4 M = k1a + k2b + k3c + k4
R2

R.S.E.
  0.94
  8.55

  0.97
11.61

  0.95
11.22

5 M = k1PA1 + k2
R2

R.S.E.
  0.94
  8.36

  0.98
  9.05

  0.97
  9.53

6 M = k1PA2 + k2
R2

R.S.E.
  0.95
  7.93

  0.98
  8.51

  0.96
10.81

7 M = k1PA3 + k2
R2

R.S.E.
  0.95
  7.80

  0.98
  8.00

  0.97
  8.23

8 M = k1PA1 + k2PA2 + k3PA3 + k4
R2

R.S.E.
  0.97
  6.47

  0.99
  5.98

  0.99
  6.41

9 M = k1V + k2
R2

R.S.E.
  0.98
  5.22

  0.98
  8.54

  0.98
  7.77

10 M = k1Vell + k2
R2

R.S.E.
  0.97
  6.32

  0.97
10.54

  0.96
10.25

11 M = k1Vpsp + k2
R2

R.S.E.
  0.97
  6.19

  0.97
10.41

  0.96
10.08
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eras, in order to take all the projected areas and have 
one R2 value close to unit or even lower than R2 for 
just one projection area; therefore, model using only 
one projection area, possibly model 7 can be used. 

Third classification models, volume

Among the models in the third classification 
(models 9, 10, and 11), the R2 for model 9 had maxi-
mum value and minimum R.S.E. As to the models 
10 and 11, the model 11 for both the onion variet-
ies had the highest R2 value and the lowest R.S.E. 
Therefore, model 9 was recommended for predict-
ing onion mass. The mass model of overall onions 
based on measured volume as shown in Fig. 6, was 
given as linear form of Eq. 13.

M = 0.92V + 3.16, R2 = 0.98	 (14)

Tabatabaeefar (2002) determined physical 
properties of common varieties of Iranian grown 

potatoes. Relationships among physical attributes 
were determined and a high correlation was found 
between mass and volume of mixed potatoes with 
a high coefficient of determination as 

M = 0.93V – 0.6, R2 = 0.994.
In a study conducted by Khoshnam et al. (2007), 

the overall mass model of pomegranate based on 
measured volume was reported as 

M = 0.96V + 4.25, R2 = 0.99.
Measuring of actual volume is a time-consum-

ing task, therefore mass modeling based on it is 
not reasonable; consequently it seems suitable to 
accomplish mass modeling of onion  based on the 
volume of assumed prolate spheroid  shape (model 
number 11).

Conclusions

(1)	The recommended equation to calculate onion 
mass based on length (model 1 was the best) 
was as nonlinear form 

Fig. 4. Onion mass model based on 
length

Fig. 5. Onion mass model based on one 
projected area
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M = 0.035a2 – 1.64a + 36.137, R2 = 0.96
(2)	The mass model recommended for sizing on-

ion based on any one projected area (model 7 is 
suitable) was as nonlinear form 
M = 1.02(PA3)1.36, R2 = 0.97

(3)	There was a very good relationship between 
mass and measured volume of onions for the 
entire regions with R2 as 0.99 (highest R2 value 
among all the models).

(4)	The model which predicts mass of onion based 
on estimated volume, the shape of onions con-
sidered as prolate spheroid was found to be the 
most appropriate (model 11 is recommended).

(5)	At last, mass model number 1 is recommended 
from economical standpoint. 
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L i s t  o f  s e l e c t e d  s y m b o l s

a	 –	 length (mm)
ki	 –	 regression coefficient
b	 –	 width (mm)
Vpop	 –	 volume of prolate spheroid (cm3)
c	 –	 thickness (mm)
Vell	 –	 volume of ellipsoid spheroid (cm3)
GMD	–	 geometric mean diameter (mm)
Vm	 –	 measured volume (cm3)
M	 –	 mass (g)
PA	 –	 first projected area (cm2)
V	 –	 volume (cm3)
PB	 –	 second projected area (cm2) 
R2	 –	 coefficient of determination
PC	 –	 third projected area (cm2)

Fig. 6. Onion mass model based on 
measured volume

L	 –	 length (mm)
T	 –	 thickness (mm)
W	 –	 width (mm)
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