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ABSTRACT - Saffron (Crocus sativus L.) 
is the most precious spice in the world. This 
plant is sterile and the saffron propagation is 
possible only via the cultivation of corms. 
The physical properties of saffron corms are 
prerequisite to designing and developing 
harvesting, handling, sizing and sowing 
equipments of corms. Therefore, some 
physical properties of the saffron corm were 
determined in this study. The experiments 
were conducted on three sets of saffron 
crocus corms from main producer areas of 
Khorasan province, located in Eastern Iran, 
namely Torbat-e-Heydaryeh, Kashmar, and 
Gonabad. Our results have shown that there 
were no significant differences among most 
of the physical properties in the three 
different cultivation regions. The mean 
values of mass, height, major diameter, 
minor diameter, geometric mean diameter, 
arithmetic mean diameter, volume, corm 
density, bulk density and sphericity for the 
three regions were 4.44 g, 18.80 mm, 21.86 
mm, 18.85 mm, 19.73 mm, 19.84 mm, 3.76 
cm3 , 0.642 gcm-3, 1.11 gcm-3 and 90.04%, 

respectively. We have determined the 
average values of the coefficient of friction 
for the three corm regions on steel, 
galvanized steel, plywood, rubber and 
polyethylene sheets: 0.517, 0.404, 0.462, 
0.584 and 0.402, respectively. The natural 
repose angles of saffron corm for Torbat-e-
Heydaryeh, Gonabad and Kashmar regions 
were also determined: 32.62, 30.56 and 
30.31 degree, respectively.  
 
Keywords: corm, crocus sativus, physical 
properties, saffron 
 
REZUMAT – Proprietăţile fizice ale 
bulbului de şofran. Şofranul (Crocus 
sativus L.) este unul dintre cele mai scumpe 
condimente din lume. Planta este sterilă, 
înmulţirea fiind posibilă doar prin bulbi. 
Proprietăţile fizice ale bulbilor de şofran 
reprezintă condiţiile necesare pentru 
proiectarea şi realizarea echipamentelor  
pentru recoltarea,  managementul şi 
plantarea bulbilor. În această lucrare, au fost 
determinate unele proprietăţi fizice ale 
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bulbului de şofran. Experienţele au fost 
realizate pe bulbii de şofran, recoltaţi din 
principalele zone productive din provincia 
Khorasan, situată în estul Iranului, şi anume 
Torbat-e-Heydaryeh, Kashmar şi Gonabad. 
Rezultatele au arătat că nu există diferenţe 
semnificative între principalele proprietăţi 
fizice ale bulbilor din cele trei regiuni 
diferite. Astfel, valorile medii ale greutăţii, 
înălţimii, diametrului minim, diametrului 
mediu geometric, diametrului mediu 
aritmetic, volumului, densităţii specifice şi 
volumetrice a bulbului şi sfericităţii acestuia 
au fost de  4.44 g, 18.80 mm, 21.86 mm, 
18.85 mm, 19.73 mm, 19.84 mm, 3.76 cm3, 
1.11 gcm-3  0.642 gcm-3 şi, respectiv,  
90.04%. Valorile medii ale coeficientului de 
frecare din cele trei regiuni  pe foi din oţel, 
oţel galvanizat, furnir, cauciuc şi polietilenă  
au fost de 0.517, 0.404, 0.462, 0.584 şi, 
respectiv, 0.402. Unghiul de înclinare al 
bulbului de şofran în regiunile Torbat-e-
Heydaryeh, Gonabad şi Kashmar a avut 
următoarele grade: 32.62, 30.56 şi, 
respectiv, 30.31 ۠°. 

 
Cuvinte cheie: bulb, Crocus sativus, 
proprietăţi fizice, şofran   

 
INTRODUCTION 

 
Saffron (Crocus sativus L.) is a 

perennial spice species of Iridaceae 
Family and has been spread out in 
Mediterranean and west of Asia from 
10 west to 80 east degrees of 
geographical longitude, as well as 
from 30 to 50 north degrees of 
geographical latitude and up to 1000 
meters from sea level (Kafi et al., 
2002). This plant is the most precious 
spice in the world. Unique agrological 
and eco-physiological characteristics 
of saffron along with aroma, flavour 
and yellow dye attributes have given a 
special place to this plant in 

pharmaceutical, food and textile 
industries (Basker and Negbi, 1983; 
Kafi et al., 2002). The novel use of 
saffron in recent years has been 
associated with cancer cure 
(Abdullaev, 2004).  

At present, saffron plant is 
cultivated in Central Asia, Greece, 
India, Iran, Italy, Morocco, Pakistan, 
Spain, Swiss and Turkey. However, 
Iran and Spain are known as the main 
saffron producers in the world (Kafi et 
al., 2002). As shown in Figure 1, the 
saffron flower has three stigmas, 
which are the most important 
economic part of the plant and known 
as saffron. The world's total 
production of dried saffron is 
estimated around 300 tons per year 
(FAO, 2008). Iran produces more than 
90 percent of the world's total 
production of saffron. More than 92 
percent of Iranian saffron is cultivated 
in Khorasan province with about 210 
Tons Annual Production.  

Saffron plant is sterile due to 
triploid, so its flowers cannot produce 
any seeds and the saffron propagation 
is possible only via the cultivation of 
corms. Generally, the mass of saffron 
corms reaches up to 20 grams depends 
on agronomical conditions (Kafi et al., 
2002). Previous research works have 
shown that saffron corms heavier than 
8 g had high flowering rate during the 
first three years (Sadeghi, 1996; 
Mashayekhi and Latifi, 1997; 
Omidbeygi et al., 2003). Iranian 
farmers usually harvest and cultivate 
saffron corms by hand, which are 
time-consuming processes and causes 
high labour cost. Under these 
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conditions, designing and developing 
machineries to harvest, grade and sow 
saffron corms would be necessary.  

The physical properties of 
agricultural products are the most 
important parameters for designing 
and developing handling, sorting, 
processing and packaging systems. 
Researchers have determined the 
physical properties of agricultural 
products; Olajide et al. (2000) for shea 
kernel, Olaoye (2000) for caster nut, 
Baryeh (2001) for groundnut, Gezer 
et al. (2002) for Hacıhaliloglu apricot 
pit and its kernel, Aydin (2002 and 
2003) for hazelnuts and almond nut 
and its kernel, Calisir et al. (2004) for 
Turkish wild plum fruits, 

Haciseferogullari et al. (2005) and 
Masoumi et al. (2006) for garlic, 
Kashaninejad et al. (2006) for 
Pistachio (Pistacia vera L.) nut and its 
kernel, Ghaebi et al. (2008) for 
Ordubad apricot fruit and pit.  

The literature survey showed that 
no detailed study concerning the 
physical properties of saffron corm 
has been performed yet. Therefore, 
the main objective of this work was to 
study some physical properties of 
saffron crocus corm to form an 
important database for the engineers 
involved in designing and developing 
different machineries related to 
saffron corm mechanization.  

 

 
 

Figure 1 - Different parts of saffron crocus plant (Madan et al., 1996) 
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MATERIALS AND METHODS 
 
Three sets of about 10 kg saffron 

crocus corms were considered for this 
study from different areas in Khorasan 
province, in eastern Iran, namely Torbat-
e-Heydaryeh, Kashmar, and Gonabad. 
The experiments were carried out in the 
laboratory of the College of Aboureihan, 
University of Tehran, Iran. The samples 
were randomly taken from each set. The 
moisture contents of saffron corms were 
determined by using air oven method. The 
oven temperature was set at 105±30C and 
the samples are weighed every 30 minutes 
until the weight difference in two 
consecutive weighing was less than 0.2% 
of the initial weight (Ghaebi et al., 2008; 
Kashaninejad et al., 2006).  

To determine the size of corms, 
three mutually perpendicular axes were 
defined: height (h, the longest intercept 
along corm tail), major diameter (a, the 
longest intercept normal to h) and minor 
diameter (b, the longest intercept normal 
to h and a) (Figure 2). The dimensions of 
each sample were measured along the 
axes by a micrometer with an accuracy of 
±0.01 mm. The mass of each sample was 
measured by a digital balance with an 
accuracy of ±0.001 g. Dimensions and 
mass were measured at 200 samples for 
each set.  

 
 

Figure 2 - Defined dimensions for 
saffron corm 

 
The actual volume of saffron corm 

was determined by the water 

displacement technique (Mohsenin, 1986). 
The corms with known weight were 
submerged with a metal sponge sinker 
into a cylinder containing known volume 
of water and the weight of water 
displaced by the samples were recorded. 
The volume of each corm was calculated 
by equation (1) (Mohsenin, 1986). The 
volumes of 50 samples were determined 
for each set.  

w
w

w

mV =
ρ

   (1) 

Where: Vw is volume of displaced 
water (cm3), mw is mass of displaced 
water (g) and ρw is density of water   
(gcm-3). The corm density was calculated 
from measured mass and volume by 
equation (2) (Mohsenin, 1986). 

t
w

m
V

ρ =    (2) 

Where: ρt is corm density (gcm-3) 
and m is mass of the samples (g). 

The bulk density was determined 
using the mass and volume relationship 
by filling an empty container of 
predetermined volume and weight (Fraser 
et al., 1978). The saffron corm was 
dropped into the container with volume of 
3,926 cm3 from a height of 15 cm. The 
excess samples were removed by 
sweeping the surface of the container, so 
that the samples were not compressed in 
any way. The values of sample bulk 
density are mass of the samples within the 
containers divided to volume of the 
container. Porosity of the samples was 
calculated using the following formula 
(Stroshine and Hamann, 1994; Mohsenin, 
1986): 

t b

t
100ρ − ρ

ε = ×
ρ

  (3) 

Where: ε is porosity (%) and bρ is 
bulk density (gcm-3). 

Geometric mean diameter (Dg), 
arithmetic mean diameter (Da) and 
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sphericity (φ ) values were found using 
the following formula (Jain & Bal, 1997; 
Mohsenin, 1986): 

0.333
gD (abh)=   (4) 

a
a b hD

3
+ +

=    (5) 

gD
a

φ =     (6) 

The coefficient of the static friction 
of each corm set was determined by using 
inclined plane method on steel, 
galvanized steel, plywood, rubber and 
polyethylene sheet surfaces. The end of 
the friction surface (inclined plane) was 
attached to an endless screw. Samples 
were arranged in a box with dimensions 
of 50×100×100 mm3 and then the box 
was placed on the surfaces. The box was 
slowly lifted up to avoid friction between 
the box and surfaces. The friction surfaces 
were gradually raised by the screw when 
the samples started sliding over the 
surfaces. Both horizontal and vertical 
height values were measured by a ruler 
and, using the tangent of that angle, the 
coefficient of static frication was 
calculated by equation (7) (Musa and 
Hayder, 2004; Suthar and Das 1996). The 
experiments were five times replicated for 
each corm set.  

s tanμ = α    (7) 
Where: sμ is coefficient of static 

friction, α  is angle that the incline makes 
with the horizontal when sliding begins.  

The natural repose angle of each 
corm set was determined by using a PVC 
cylinder with diameter of 180 mm and 
height of 180 mm. The cylinder rests on a 
smooth plane and then is filled with 
corms. The cylinder was slowly lifted up 
until samples to form a cone. The cone 
angle was measured from an image 
captured by a digital camera (Panasonic 
DMC-FX8) by using AutoCAD 2007 

software (Kaleemullah and Gunasekar, 
2002). The experiments were replicated 
15 times for each corm set. 

The projected areas (PA) were 
measured in three perpendicular 
directions for each sample using an 
apparatus, which works based on digital 
image processing technique. Images were 
taken by a digital camera (Panasonic 
DMC-FX8), under light controlled 
conditions. The captured images were 
transmitted to a computer and then 
processed by Matlab and Photoshop 
software. The projected areas were 
obtained from the pixel-area relationship, 
which was calibrated for known area 
materials. This method has been used and 
reported by several researchers (Ghaebi et 
al., 2008; Khoshnam et al., 2007). The 
projected areas of 50 samples were 
determined. 

Spreadsheet software of Microsoft 
EXCEL 2003 and SAS were used to 
analyze the data. The measured physical 
characteristics were statistically analyzed 
using the completely randomized design 
in order to study the effects of three 
regions on the physical characteristics. 
Furthermore, Duncan's multiple range 
tests was used to compare the means. 
Mean values were reported with their 
standard deviations.  

 
 

RESULTS AND DISCUSSION 
 
Some physical properties of the 

saffron corm are given in Table 1. 
These properties were found at 
moisture contents of 62.94%, 65.5% 
and 65.10% (w.b.) for Torbat-e-
Heydareyh, Gonabad and Kashmar 
corms, respectively.  
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Table 1- Some physical characteristics of saffron corms 
 

Regions Physical Characteristics Torbat-e-Heydaryeh Gonabad kashmar 
Mass (g) 4.71± 2.71a* 4.38± 2.5a 4.22± 1.98a 
Height (mm) 18.39±2.96a 19.15±2.83a 18.87±2.67a 
Major diameter (mm) 22.14±4.94a 22.00±4.94a 21.44±3.77a 
Minor diameter (mm) 19.61±4.3a 18.71±4.49ab 18.24±3.68b 
Geometric mean diameter 
(mm) 19.94±3.84a 19.83±3.81a 19.42±3.15a 

Arithmetic mean diameter 
(mm) 20.05±3.89a 19.95±3.84a 19.52±3.15a 

Sphericity (%) 90.45±4.51a 89.49±5.07a 90.18±4.28a 
Corm volume (cm3) 4.20±2.33a 3.71±2.09a 3.38±1.58b 
Corm density (gcm-3) 1.13±0.04a 1.09±0.02c 1.11±0.03b 
Bulk density (gcm-3) 0.657±0.05a 0.632±0.05b 0.637±0.06ab 
Projected area normal to X-
axis, PA1, (mm2)  411.13±146.18a 356.03±114.46a 334.06±97.3a 

Projected area normal to Y-
axis, PA2, (mm2) 435.94±156.60a 404.48±136.79a 368.75±96.21a 

Projected area normal to Z-
axis, PA3, (mm2) 446.80±165.67a 373.22±158.00a 345.08±110.78a 

Porosity (%) 41.86±1.02b 42.02±1.05a 42.61±0.92a 
*Common letter in each row means there is no significant difference at 1% probability 

level. 
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Figure 3 - Frequency distribution of dimensions and mass of Torbat-e-Heydaryeh 
corm 
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The frequency distributions of 
dimensional characteristics and mass 
of the saffron corm in Torbat-e-
Heydaryeh region are given in Figure 
3. As depicted from this figure, 95.5% 
of saffron corms mass was between 
2.02 and 10.24 g, 97.5% of corm 
heights were between 14.42 and 25.32 
mm; 97% of corm minor diameters 
were between 12.96 and 27.98 mm; 
95.5% of corm major diameters were 
between 15.19 and 30.78 mm.  

Figure 4 shows the frequency 
distributions of dimensional 
characteristics and mass of the saffron 
corm in the Gonabad region. This 
figure showed that 97.96% of saffron 
corm mass was in the range of 2.04 
to11.39 g and 98.98% of corm heights 
were in the range of 14.27 to 25.42 
mm; 97.46% of corm minor diameters 
were in the range of 11.55 to 27.07 
mm; 96.95% of corm major diameter 
was in the range of 14.00 to 30.87 
mm.  
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Figure 4 - Frequency distribution of dimensions and mass of Gonabad corm 
 

Figure 5 showed the frequency 
distributions of dimensional 
characteristics and mass of the saffron 
corm in Kashmar region. A percent of 
94.94% of saffron corm mass was in 
the range of 1.84 to 8.16 g, 97.97% of 
corm heights were in the range of 
14.94 to 25.68 mm, 95.43% of corm 
minor diameters were in the range of 
12.06 to 26.47 mm and 93.94% of 

corm major diameters were in the 
range of 16.46 to 29.65 mm. 

Comparing dimensions and mass 
of saffron corm in different regions, 
Figures 3-5  showed that the 
variations of corm mass were ranged 
from 1.11 to 13.89 g for Torbat-e-
Heydareyh region, 1.00 to 15.55 g for 
Gonabad region, and from 1.14 to 
10.97 g for Kashmar region. 
However, Duncan's multiple range 
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tests showed that there was no 
significant difference among the 
average values of saffron corm mass 
with mean values of 4.71, 4.38 and 
4.22 g at 1% probability level for the 
three regions (Table 1). The 
maximum and minimum corm height 
variations were observed for Torbat-e-
Heydaryeh and Gonabad regions, 
respectively. Corm minor and major 
diameters in the Gonabad and Torbat-
e-Heydareyh regions were more than 
in the Kashmar region (Figures 3-5). 
However, the differences among 
heights and major diameters were not 
significant in the three regions (Table 
1). As shown in Table 1, the average 

of minor diameter of Torbat-e-
Heydareyeh corms (19.61 mm) was 
significantly higher than that of 
Kashmar corms with an average of 
18.24 mm, but there were no 
significant differences between minor 
diameters of Torbat-e-Heydareyeh 
with Gonabad corms and Gonabad 
with Kashmar corms. Generally, 
height, minor diameter and major 
diameters are important parameters in 
determining the aperture size of 
machines, particularly in sorting 
agricultural products and may be 
useful in estimating the size of 
machine components. 
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Figure 5 - Frequency distribution of dimensions and mass of Kashmar corm 
 
As shown in Table 1, the average 

values of geometric mean diameter in 
saffron corm were of 19.94, 19.83 and 
19.42 mm for Torbat-e-Heydareyeh, 
Gonabad and Kashmar regions, 
respectively. These mean values had 
no significant difference at the 1% 

level. In addition, the differences 
among the average values of 
arithmetic mean diameter in the 
saffron corms were not statistically 
significant for the three regions. There 
were not found significant differences 
among the average values of 
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sphericity in the saffron corms for the 
three regions. Furthermore, the 
average values of sphericity in each 
region were about 90%, which 
indicated the nearly spherical shape of 
corms. Similar investigations were 
carried out by Haciseferogullari et al. 
(2005) and Masoumi et al. (2006) to 
determine the geometric mean 
diameter and garlic segments, 
respectively. The knowledge related 
to geometric mean diameter, 
arithmetic mean diameter and 
sphericity would be valuable for 
designing the grading process, 
planting and harvesting equipments.  

The corm volume in the 
Kashmar region with the average of 
3.38 cm3 was significantly lower than 
in the other regions. However, the 
differences between the average of 
corm volume in two regions of 
Torbat-e-Heydareyeh (4.20 cm3) and 
Galabad (3.71 cm3) were not 
significant. Differences among corm 
densities in the three regions were 
significant (P<0.01), so that the corm 
density of Torbat-e-Heydareyeh (1.13 
gcm-3) and Gonabad (1.09 gcm-3) 
regions had the highest and the lowest 
values, respectively. Haciseferogullari 
et al. (2005) have reported that the 
true density of garlic segment was of 
1.05 gcm-3, which was about the 
saffron corm density. The bulk 
density of corms in the Torbat-e-
Heydareyeh region was 0.657 gcm-3 
(on the average), which was 
significantly higher than the bulk 
density of Gonabad, 0.632 gcm-3 (on 
the average). However, the 
differences between the average of 

bulk densities in Gonabad corms and 
Kashmar corms in Torbat-e-
Heydareyeh with Kashmar corms 
were not significant (P>0.01). These 
characteristics are important 
parameters in estimating the machine 
hopper capacity and may be useful in 
the transportation process of corms. 

There were no significant 
differences at the 1% level among the 
mean values of PA1 (projected area 
normal to X-axis), PA2 (projected area 
normal to Y-axis) and PA3 (projected 
area normal to Z-axis) of saffron 
corms in the three regions. The results 
of the projected areas were due to 
insignificant differences of 
dimensional characteristics in the 
different regions. The average values 
of the three projected areas (PA1, PA2 
and PA3) in each region were nearly 
the same, due to nearly spherical 
shape of corms. The values of the 
projected areas may be used for 
designing and developing the grading 
mechanisms, which work based on 
machine vision technique. According 
to the results, the porosity of corms in 
Gonabad (42.02%) and Kashmar 
(42.61%) regions were found 
significantly higher than the porosity 
of corms in Torbat-e-Heydareyeh  
(41.86%), which indicated that the 
ventilation of corms in Gonabad and 
Kashmar regions was the same and 
the ventilation of corms in Torbat-e-
Heydareyeh region was lower than in 
the other regions. Ghaebi et al. (2008) 
reported that the porosity for apricot 
kernel (Ordubad Cultivar) was of 
41.04%, which was about the saffron 
corm porosity.   
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The analysis of variance of 
friction surfaces and cultivation 
region parameters in saffron corm 
coefficient of friction were shown in 
Table 2. As depicted from this table, 
the simple effect of cultivation region 
parameter was not significant 

(P>0.01) on corm coefficient of 
friction, but the simple effect of 
friction surfaces, as well as the 
interaction of cultivation regions and 
friction surfaces were significant on 
corm coefficient of friction.  

 
Table 2 - Analysis of variance of effective parameters on the corm coefficient of 

friction  
 

Source of variations Degree of freedom Mean square 
Cultivation regions 2 0.0000165ns 
Friction surfaces 4 0.0908211** 
Cultivation regions × Friction surfaces 8 0.0007021** 
Error 56 0.0001680 

** significant at 1% probability level and ns means non-significant.  
 

a

c cd

f f

a

b

e
f f

a
b

de

f f

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Rubber Steel Plywood Galvanized
steel

Polyethylene

Friction surfaces
* The means with common letter are not significantly different at 1% probability level 

C
oe

ffi
ci

en
t o

f f
ric

tio
n

Torbat-e-Heydaryeh
Gonabad
Kashmar

 
Figure 6 - The effect of friction surface types on coefficient of friction on saffron 

corms in different cultivation regions 
 
The interaction between 

cultivation regions and friction 
surfaces on corm coefficient of 
friction were shown in Figure 6. As 
shown in this figure, in friction 
surfaces of rubber, galvanized steel 
and polyethylene, the different 
cultivation regions of saffron corms 

have shown no significant differences 
on the coefficients of friction on 
corms. However, in the friction 
surface of steel, the corm coefficient 
of friction in the Torbat-e-Heydaryeh 
region was lower than in the other two 
regions. As well, in the plywood 
friction surface, the corm coefficient 
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of friction in Torbat-e-Heydaryeh was 
higher than in the Gonabad region. 
Figure 6 showed that in all the friction 
surface levels, the highest and the 
lowest values of corm coefficients of 
friction were related to rubber surface 
and galvanized and polyethylene 
surfaces, respectively, which may 
contribute to less surface roughness of 
rubber surface. Haciseferogullari et al. 
(2005) determined the static 
coefficient of friction for garlic 
segments at 66.32% moisture content 
(w.b) with the average of 0.416 for 
galvanized steel, 0.472 for steel and 
0.541 for plywood. The coefficient of 

friction is an important parameter for 
designing and developing 
transportation, grading and sowing 
machineries.  

Figure 7 showed the effect of the 
different cultivation regions of saffron 
on natural repose angles of corms. 
The repose angle in Torbat-e-
Heydarey region was significantly 
(P<0.05) higher than in Gonabad and 
Kashmar regions. The repose angle is 
an important parameter to design of 
corm handling equipment, as well as 
to design hopper of grading and 
sowing machineries. 
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Figure 7 - Effect of cultivation regions on natural repose angle of saffron corm 

 
 

CONCLUSIONS 
 
The saffron plant has no variety. 

In this study, some physical properties 
of saffron crocus corm were 
determined for the three regions of 
Torbat-e-Heydaryeh, Kashmar and 

Gonabad. Generally, there were not 
found considerable differences among 
the obtained physical properties in the 
different cultivation regions. 
Therefore, the obtained physical 
properties could be extended to other 
cultivation regions. The data of the 
physical characteristics are the first 
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report for the saffron corms and 
would be useful in engineering design 
and development of planting, 
harvesting, handling and grading 
equipments. 
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