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ABSTRACT

Some physical attributes of two common types of Iranian garlic cloves (white and pink)
were identified and compared. A machine vision system was used to determine three di-
mensions and both major and minor projected areas of garlic cloves at a moisture content
of 42.4% w. b. The geometric mean diameter and sphericity were calculated, as well as
the unit mass and volume of cloves were measured. In the moisture range from 34.9 to
56.7% w.b., the unit density, bulk density and porosity for both types were measured. Re-
sults showed that the unit density, bulk density and porosity of cloves were affected sig-
nificantly by moisture content (p<0.01). The type of garlic had a highly significant effect
on the unit density and porosity (P<0.01), and a significant effect on the bulk density
(P<0.05). The relationship between volume and dimensions of cloves was established using
regression analysis. The effect of moisture content on physical properties of cloves was

also expressed by appropriate equations.
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INTRODUCTION

Garlic (Allium sativum L.) has been culti-
vated since ancient times all over the world
especially in Asia. Garlic has medicinal
properties and it is an important ingredient
in the leading cuisines around the world.
Garlic as a spice is utilized in both fresh and
dehydrated state in the food industry. It is
dehydrated into different products such as
flakes, slices, and powders (Ahmad, 1996).

Garlic does not produce seeds, so it must
be propagated vegetatively with garlic
cloves as the most common planting mate-
rial. The yield quality of garlic is affected by
planting methods and clove rates and sizes
(Nourai, 1994; Matlob and Khalel, 1986).
Lack of basic engineering properties of this
planting material is a problem identified in
the development of new methods of sowing

the garlic crop, development of new equip-
ment for processing and control strategies
for crop storage. A number of researchers
have worked on the physical properties of
garlic (Madamba et al., 1993, 1995, 1997,
Pezzutti and Crapiste, 1997; Park et al.,
1981; Bhatt et al., 1998; Sharma and Prasad,
2002).

Madamba et al., (1993) measured the
length, width, and thickness of garlic slices
by using vernier caliper. Song and Litch-
field, (1991) measured the length and width
of seed grains by using a computer imaging
system while using a caliper to measure the
third dimension. Tabil et al., (1999) used an
image analysis program to determine the
size and shape characteristics of some spe-
cialty crops such as chickpeas, lentils and
peas including the length of the longest and
shortest axes, cross section area, perimeter

! Department of Agricultural Machinery, Faculty of Agriculture, Isfahan University of Technology, Isfa-

han, Islamic Republic of Iran.

? Department of Agricultural Machinery, Faculty of Agriculture, University of Tehran, Karaj, Islamic Re-

public of Iran.

’ Department of Agricultural and Bioresource Engineering, University of Saskatchewan, 57 Campus Drive,

Saskatoon, SK, Canada S7N 5A9.
" Corresponding author.


https://dorl.net/dor/20.1001.1.16807073.2006.8.1.7.5
https://jast.modares.ac.ir/article-23-11521-en.html

[ Downloaded from jast.modares.ac.ir on 2025-08-08 ]

[ DOR: 20.1001.1.16807073.2006.8.1.7.5 ]

Masoumi, Rajabipoor, Tabil and Akram

of the object, circularity and roundness of
each seed. Olaoye, (2000) used an overhead
projector to project the image of the nut
samples on a plain cardboard sheet to char-
acterize the shape.

Sizes of materials usually play a significant
role under approximately the same operating
conditions (Gupta and Das, 1997), as shown
by Marjana (1996) who investigated the ef-
fects of the size of cloves on the yield of
garlic.Gupta and Das (1997) reported a cor-
relation among various dimensions of sun-
flower seeds. The influence of moisture con-
tent on several physical properties was re-
ported by some researchers (Madamba et al.,
1994; Joshi et al., 1993).

Information on the physical attributes of
garlic cloves is not available in the literature.
The objective of this study was to determine
the physical attributes of garlic cloves in-
cluding their dimensions, unit density, bulk
density, porosity. Models were developed to
express the relationship between volume and
dimension as well as determining the mois-
ture-dependent physical attributes of garlic
cloves in the moisture range of 34.9 to 56.7
% w.b.

MATERIALS AND METHODS
Sample Preparation

Garlic bulbs (white and pink) were ob-
tained locally in the region of Marvdasht,
Fars province Iran. Freshly harvested garlic
bulbs were randomly collected from differ-
ent farms. Similar with local practice, the
bulbs were dried by spreading them in a
thin-layer inside a darkroom with open win-
dows near the farms for 15 days. Samples
were stored in a cabinet at 5°C. The sample
bulbs were randomly selected from the bulk
sample and their outer covering manually
removed and cracked before the experi-
ments.

The moisture content of the cloves was de-
termined by following the ASAE S352.2
standard method (ASAE, 1999). Each sam-
ple weighing about 10 g, was placed in a
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convection oven set at 130°c for 50 minutes.
The desired sample moisture levels were
prepared. Samples with lower moisture con-
tent were dried by placing in a oven at 60°c
and spread in a thin layer. The sample cloves
with higher moisture contents were prepared
by adding distilled water. Before beginning
the experiments the required quantity of the
samples was placed in room temperature for
12 hours (Visvanathan et al., 1996).

Determination of Dimensions, Mass and
Volume

Seventy-five cloves of each type were ran-
domly selected from the bulk of the samples
with their initial moisture and packed in la-
beled bags individually for easy identifica-
tion. Size and shape characteristics were de-
termined by using a computer imaging sys-
tem. The sample cloves were placed on the
black backplate under the camera individu-
ally and the image was acquired and the im-
ages analyzed using a Sony DXC-151A
CCD color video camera (Sony Corporation,
Japan), light stand, Matrox Meteor RGB
capture card, Pentium III 700 PC, and Ma-
trox Inspector Software version 2.1 (Matrox
electronic systems, Quebec, Canada). In or-
der to increase the accuracy of measuring
the size and shape, significant contrast be-
tween the samples and background was re-
quired that was obtained by using the black
sheet under samples as background and ad-
justing the lights, camera height, brightness,
zoom and focus. Each clove was individu-
ally placed on a black sheet in its natural
position with its length parallel to the y-
coordinate and its image was taken. Then it
was rotated 90 degrees to its major axis to
take a second image. An 80-mm needle and
a 10-mm square rubber with a 5 mm thick-
ness was used to keep and rotate each clove
on its major axis. The features of both im-
ages of each clove including area, perimeter,
feret x and feret y (the dimensions of the
minimum bounding box of the clove in the
horizontal and vertical axes, respectively)
were saved in Excel Workbook format for
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further analysis. The average of feret y in
both images of each clove was reported as
the major dimension (mm). The longer and
shorter of feret x in both images were re-
ported as intermediate and minor dimensions
(mm) of cloves, respectively.

The bulk clove sample was classified into
three categories-namely small, medium and
large-based on the unit mass of the cloves.
The distribution of cloves by number and
size for each category of unit mass was de-
termined.

The geometric mean diameter (D,) of the
cloves was calculated by using the following
relationship (Mohsenin, 1986):

Dp = (LWT%é (1

where L, W and T are the length, width and
thickness in mm, respectively. The spheric-
ity (¢) of the cloves was calculated using the
following equation (Mohsenin, 1986):

_awn®
L

The volume of each clove was measured
using the gas comparison multipycnometer
(Quanta Chrome Corporation, Boynton
Beach FL, U.S.A). The pycnometer had cell
cups of a volume of 6, 18, and 150 cm’.
Some of the sample cloves were larger than
the smallest cell and partially occupied the
large cell, so a more accurate calibration of
the system was needed. The system was
calibrated as follows. Actual and measured
volumes of different unit sizes were com-
pared by using the known volume of steel
spheres. The average diameter of each
sphere was measured by a digital caliper
(resolution of 0.01 mm), to calculate its ac-
tual volume. Combinations of spheres were
placed in different cell cups for volume de-
termination by the gas pycnometer. The
measurement was repeated three times. The
data was analyzed to find the relationship
between actual and measured volumes by
using different cells for different unit sizes.
To obtain the mass, each clove was weighed
using an electronic weighing balance (Qhaus
scale corp. G 160D, W. Germany) reading to
0.0001 g.

) (2
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Physical Properties of Cloves

The bulk and unit densities as well as po-
rosity of the various garlic cloves at different
moisture contents were determined. Bulk

density, pp, was calculated from the mass
and volume of the circular container with a
known volume that was filled by the sample
cloves. The cloves were dropped from a
hopper into the container at a height of 200
mm and excess cloves were removed by
passing a wooden stick across the top sur-
face using 5 zigzag motions (Madamba et
al., 1993).

Unit density, pj is defined as the ratio of
the mass of the bulk of cloves to its volume
(Joshi et al., 1993). The average value of the
densities was taken from three replications
for each moisture content of each type of
garlic.

The porosity, € of bulk cloves expressed in
a percentage was calculated from the bulk
and unit densities by using the following
relationship (Jha, 1999):

c=2"Pv 100 3
P
where p, and p, are the bulk density and the

unit density.
Data Processing and Analysis

All the tests were conducted on two various
garlic cloves commonly grown in Iran
(white and pink). SAS PROC MEANS,
FREQ and CORR were used to determine
the maximum, minimum, mean, standard
error, frequency distribution, and correlation
of dimensions of cloves. The relationship
between the volume and dimensions of
cloves was established using regression
analysis and the relationship between the
physical properties of cloves and levels of
moisture content was determined.

Model coefficients were determined using
the SAS routines, REG for linear models
and NLIN for non-linear models (SAS,
2001). The analysis of variance (ANOVA)
and comparison of means were performed
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using PROC ANOVA. The coefficient of
multiple determination (R?) and the mean
square error (MSE) of models and the varia-
tion of predicted values with respect to
measured values as well as the distribution
of the residuals with respect to the estimated
coefficients were used to evaluate the mod-
els for fit to the experimental data.

RESULTS AND DISCUSSION

Dimensions and Size Distribution of
Garlic Cloves

Table 1 shows the size distribution of both
the white and pink garlic clove samples at a
42.4% moisture content (w.b.). About 36%
and 38.67% of the white and pink cloves,
respectively, had a mass ranging from 3-5 g,
whereas 28% and 37.33% of the white and
pink cloves, respectively, had a mass less
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than 3 g, (small). The larger (mass greater
than 5 g) white and pink cloves were 36%
and 24% of cloves, respectively.

The mean values of 75 measurements for
the major, intermediate and minor dimen-
sions as well as the major and minor pro-
jected areas of white cloves were found to
be 31.71 mm, 19.91 mm, 1541 mm, and
473.83 mm?, 377.88 mm’, respectively. The
corresponding values for pink cloves were
30.56 mm, 18.72 mm, 15.15 mm, 427.59
mm? and 352.76 mm’, respectively.

The unit mass and volume of white cloves
were found to be 4.28 g and 4410 mm’, re-
spectively. The values for pink cloves were
3.68 g and 3809 mm’, respectively.

Table 2 shows the Pearson correlation co-
efficients of cloves at a moisture content of
42.4% (w.b.). These values indicate a high
correlation among all the parameters of both
cloves. For both types, the major dimension
of the cloves were also closely related to the

Table 1. Size and distribution of white and pink garlic cloves at 42.4% moisture content (w. b.).

Size category ?

Total Small Medium Large

Type Physical attributes

White
Percent of sample
By number 100 28 36 36
By mass 100 12.5 34.98 52.52
Average dimensions
Major (a), mm 31.71+0.46  27.41+£0.97 32.38+£0.41 34.40 £ 0.29
Intermediate (b), mm 19.91+0.47 1450+ 0.49 20.63 £ 0.41 23.39+0.30
Minor (c), mm 15.41£0.45 11.06+0.39 15.39 £ 0.46 18.81 £0.54
Major projected area (A), mm> 473.8¢16.1  303.3+19.2 485.6 £ 14.8 594.6 £13.1
Minor projected area (A,), mm® 377.9+14.6  227+134 377.4+10.8 495.7+15.8
Unit mass (M), g 4.2840.22 1.19+0.15 4.16+0.11 6.25+ 0.21
Unit volume (V), mm’ 4401£213 2122 +£212 4387 + 129 6188 £ 260

Pink

Percentage of sample
By number 100 37.33 38.67 24
By mass 100 19.07 40.99 39.94
Average dimensions
Major (a), mm 30.56+0.54  26.10+£0.74 31.89+0.35 35.39+0.59
Intermediate (b), mm 18.7240.46  14.73 +£0.50 20.16 +£0.37 22.62+0.54
Minor (¢), mm 15.15+0.41 12.24 £ 0.45 15.39+0.33 19.29 +0.68
Major projected area (A,), mm> 427.6£16.6  281.3+ 144 470.8+13.2 585.4+£20.8
Minor projected area (A;), mm 352.8+14.15 241+12.8 364.7+ 8.43 507.4+£21.8
Unit mass (M), g 3.68+0.21 1.88+£0.12 3.90+£0.11 6.13+£0.26
Unit volume (V), mm’ 3809+199 21144132 4101+151 59744260

& Small <3g; Meduium 3-5g; Large>5g.
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intermediate dimension. The geometric
mean diameter and sphericity of cloves were
calculated. Table 3 shows these values for
both white and pink cloves.

Unit Volume

The relationship between unit volume and
dimensions of cloves for both types of garlic
were established using the following regres-
sion analyses:

jor and minor dimensions of white and pink
garlic cloves at 42.4% moisture content
(w.b.) was close but the corresponding val-
ues for intermediate dimensions of white
garlic cloves were larger than pink garlic
cloves. The same results can be observed
from Equations 7 and 8.

Unit Density

Type and moisture level had a significant
effect (P<0.01) on the unit density of garlic
cloves as revealed by a one-way analysis of

Table 2. Correlation of white and pink garlic cloves dimensions, volume and mass at 42.4% mois-

ture content (w. b.).

Type Ay(mm?®) A (mm?) a(mm) b(mm) c(mm) V(mm®)
White  Ai(mm?)  0.8024" 1

a (mm)  0.7701"  0.9007" 1

b (mm)  0.8108"  0.9719” 0.8305" 1

¢ (mm) 09680  0.6763" 0.6172" 0.7122" 1

V(mm®) 092307 09192 0.8187" 0.9232"" 0.8473" 1

M (g) 0.9411"  0.9164™ 0.8089™ 0.9157" 0.8756" 0.9793"
Pink A(mm?)  0.8497 1

A (mm) 08776~ 09177 1

B (mm)  0.7966~  0.9633" 0.8533™ 1

¢ (mm) 096417  0.7303" 0.7524" 0.6933" 1

V(mm®) 09308  0.9020" 0.8768" 0.8571" 0.8577" 1

M (g) 0.9367"  0.9209" 0.8762" 0.8785" 0.8601" 0.9692"

**Significant at 1% level.

Ln(Vy)=-0.73 +1.2Ln(a) +

1.16 Ln (b) + 0.62 Ln (c)
(R*=0.96) (4
Ln( Vp) =-0.36 +1.4Ln (a) +

0.67Ln (b) + 0.61Ln (c)
(R*=0.93) 5
where (V) and (V,) are the unit volume of
white and pink cloves (mm®) and a, b , and ¢
are the major, intermediate and minor di-
mensions (mm), respectively. Mohsenin
(1986) reported the same model for corn
with various coefficients. As Table 2 shows
the correlation between volume and the ma-

19

variance. The Duncan multiple range test
indicated that, at each moisture level, the
mean unit density for both types of cloves
was significantly different (P<0.01).

The unit density of the white and pink gar-
lic clove samples were found to decrease
from 1142 to 1106 and 1184 to 1108 kg/m’,
respectively, when the moisture content in-
creased from about 34.9 to 56.7 %w.b. (Fig-
ure 1). The relationship between unit density
and moisture content for both types of
cloves is shown as:
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Figure 1. Effect of moisture content on unit and bulk densities of white
and pink garlic cloves.

— ~ 2
Pp(w)= 13607-9.1M, +0.1M;

(R>=0.93) 6
— 2

Pp(p)~1667.820M, +0.18M ;

(R’=0.94) (7

Ppw) and pp() represent the unit density of
white and pink garlic cloves (kg/m’), respec-
tively and M, is the percentage of moisture
content ( w. b.). Madamba et al. (1994) pro-
posed the second degree polynomial model
to predict the apparent density of garlic
cloves (cv. Early California) as follows:

Pap = 1267.2+2.6M, -0.1M?

(R*=0.93) (8

where p(yp) is the apparent density kg/m’. As
shown in Equations 6 to 8, the difference in
coefficients may be due to the garlic variety.

Bulk Density

In this study, significant differences
(P<0.01) in bulk density were found be-
tween the two types and moisture levels of
cloves. The mean bulk density for both types
of cloves were significantly different
(P<0.05).

20

The bulk density for white and pink garlic
cloves was found to increase from 468.8 to
612.8, and 510.2 to 672 kg/m’, respectively,
while the moisture level increased from
about 34.9 to 56.7 % w.b. (Figure 1). The
second degree polynomial model was found
to predict bulk density values for both types
of garlic, shown as:

Pb(w) = 725.8 -16.1M c +0.25M?

(R*=0.96) )
P o)™ 591.8-8.61M, +0.17M§

where pyw) and pyp) are the bulk density of
white and pink garlic cloves (kg/mm’®), re-
spectively. Some researchers such as (Joshi
et al. 1993) expressed the bulk density of
pumpkin seeds as a function of moisture
content using the second degree polynomial
model. Modamba et al. (1993) proposed the
linear model for bulk density of garlic slices
as a function of moisture content and slice
thickness.

Porosity

The relationship between porosity and
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Figure 2. Effect of moisture content on porosity of white and pink garlic clove.

moisture content of both cloves is given in
Figure 2. The porosity decreased from 59 to
45% and 57 to 39% for white and pink garlic
cloves, respectively, when the moisture con-
tent increased from about 34.9 to 56.7% w.b.
The results revealed a high significant effect
of both moisture content and garlic type on
the porosity (P<0.01). The variation in po-
rosity with respect to moisture can be ex-
pressed by the following equations:

ew = 83.49-0.68M_, (R*=0.94) (11

ep = 86.9-0.82M, (R*=0.93) (12

where ¢, and g, are the porosity of white and
pink garlic cloves (%) respectively.
Madamba et al. (1993) proposed a linear
model as a function of moisture content and
of garlic slice thickness also showed de-

creasing porosity with respect to the increas-
ing moisture content of garlic slices.

CONCLUSION

The average major, intermediate and minor
dimensions as well as the major and minor
projected areas of white garlic cloves were
31.71 mm, 19.91 mm, 15.41 mm and 473.8
mm” and 377.9 mm*, respectively; the cor-
responding values for pink garlic were 30.56
mm, 18.72 mm, 15.15 mm and 427.6 mm’
and 352.8 mm’, respectively. The values of
average unit mass and volume were 1.19 g
and 2122.4 mm’, respectively, for white gar-
lic cloves and 1.88 g and 214.4 mm’, respec-
tively, for pink garlic.

Table 3. Geometric mean diameter and sphericity of white and pink garlic cloves at 42.4%
moisture content (w. b.).

Geometric mean diameter (mm) Sphericity
Type Range Mean Range Mean
White 12.43 —27.55 21.25(3.74) 0.58 - 0.91 0.72 (0.08)
Pink 11.14 - 28.38 20.46 3.77) 0.57-0.87 0.74 (0.07)

Each value is a mean of 75 measurements. The standard deviation is given in parentheses.
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The mean values of geometric mean di-
ameter and sphericity of white garlic cloves
were 21.25 mm and 0.72, respectively, while
corresponding values for pink garlic were
20.46 mm and 0.74, respectively.

The unit density, bulk density and porosity
of cloves were found to be dependent on
moisture content. The unit density and po-
rosity decreased when the moisture content
increased, while bulk density increased with
increasing of moisture content. The type of
garlic also significantly affected the above
named physical properties.

ACKNOWLEDGMENTS

The authors would like to acknowledge the
Department of Agricultural and Bioresource
Engineering, University of Saskatchewan for
technical support; we also appreciate the
help extended by Mr. Bill Crerar during the
experimental work.

REFERENCES

1. Ahmad, J. I. 1996. Garlic-apanacea for
Health and Good Taste. Nutrition and Food
Science, 96(1): 32-35.

2. ASAE. 1999. Moisture Measurement un-
ground Grain and Seeds. ASAE S352.2
DEC97. In: “ASAE Standards” 1999, 567.
St. Joseph, MI: ASAE.

3. Bhatt, R. P., Biswas, V. R. and Kumar N. A.,
1998. Note on the Physico-chemical Charac-
teristics of some Geno-types of Garlic. Veg.
Sci, 25(1): 95-96.

4. Gupta, R. K. and Das, S. K. 1997. Physical
Properties of Sunflower Seeds. J. agric.
Engng Res. 66:1-8.

5. Jha, N. S. 1999. Physical and Hygroscopic
Properties of Makhana. J. agric. Engng Res.
72:145-150.

6. Joshi, D. C, Das K. S. and Mukherjee, R. K.
1993. Physical Properties of Pumkin Seeds.
J. agric. Engng Res. 54: 219-229.

7. Madamba, P. S. 1997. Optimization of the
Drying Process: an Application to the Dry-
ing of Garlic. Drying Technology. 15(1):
117-136.

8. Madamba, P. S., Driscoll R. H. and Buckle,
K. A. 1993. Bulk Density, Porosity and Re-

22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Masoumi, Rajabipoor, Tabil and Akram

sistance to Airflow of Garlic Slices. Drying
Technology. 11(7): 1837-1854.

Madamba, P. S., Driscoll R. H. and Buckle,
K. A. 1994. Shrinkage, Density and Porosity
of Garlic during Drying. Journal of Food
Engineering, 23: 309-319.

Madamba, P. S., Driscoll R. H. and Buckle,
K. A. 1995. Models for the Specific Heat
and Thermal Conductivity of Garlic. Drying
Technology. 13(1&2): 295-317.

Marijana, J. 1996. Effects of the Size of
Planting Material and Soil Preparation on the
Yield of Garlic (Allium sativum L.). Res.
Reports Biotechnical Faculty. 67: 203-207.
Jamnikarjeva, University of Ljubljana. Slo-
venia.

Matlob, A. N. and Khalel, A. M. 1986. Ef-
fect of Planting Dates, Plant Spacing and
Clove Size on Vegetative Growth and Bul-
bing of Garlic (Allium sativum L.). lraqi
Journal of Agricultural Science zanco. 4(3):
35-50.

Mohsenin, N. N. 1986. Physical Properties
of Plant and Animal Materials, 2nd edition.
Gordon and Breach Science Publishers.
Nourai, A. H. 1994. Effect of Planting
Methods and Seed Rates on Yield, Yield
Components and Quality of Garlic (Allium
sativum L.) in the Sudan. Acta Horticulture.
358: 359-364.

Olaoye, J. O. 2000. Some Physical Proper-
ties of Castor Nut Relevant to the Design of
Processing Equipment. J. agric. Engng Res.
77(1): 113-118.

Park, M. H., Koh, H. Y., Shin D. H. and Suh,
K. B. 1981. Study on the Long Term Storage
of Garlic Bulbs. J. korean Agricultural
Chemical Society. 24(4): 218-223.

Pezzutti, A. and Crapiste, G. H. 1997. Sorp-
tional Equilibrium and Drying Characteris-
tics of Garlic Content. Journal of food Engi-
neering. 31(1): 113-123.

SAS 2001. SAS Users’ Guide: Statistics.
Version 8.2 Statistical Analysis System, Ink.,
Raleigh, NC.

Sharma, G. P. and Prasad, S. 2002. Dielec-
tric Properties of Garlic (Allium sativum L.)
at 2450 MHz as Function of Temperature
and Moisture Content. Journal of food Engi-
neering. 52: 343-348.

Song, H. and Litchfield, J. B. 1991. Predict-
ing Method of Terminal Velocity for Grains.
Transactions of the ASAE. 34(1): 225 -230.
Tabil, G. L., Qi, H., Chawla, K. K., Kien-
holz, J. Crossman, V. and White R. 1999.


https://dorl.net/dor/20.1001.1.16807073.2006.8.1.7.5
https://jast.modares.ac.ir/article-23-11521-en.html

[ Downloaded from jast.modares.ac.ir on 2025-08-08 ]

[ DOR: 20.1001.1.16807073.2006.8.1.7.5 ]

Physical Attributes of Garlic JJA\S]F

Physical Properties of Selected Special 22. Visvanathan, R., Palanisamy, P. T., Gothan-
Crops Grown in Alberta. ASAE/CSAE An- dapani, L. and Sreenarayanan, V. V. 1996.
nual International Meeting. Paper No. Physical Properties of Chickpea. J. agric.
996049. Engng Res. 63:19-26.

(Allium sativum L.) g 5 39 Oluoguas>

Py 11958 o2y . T - J oyl

5 £ 5553 53 01l 53 (s e Sl (K58 Dl ety Slabii I an
o ool slal s 6l (Sl ile s 10 aglie A U5 el )50
(=5 059 ol ;) 14214 sl y Gl smmn L mislo 3T (sl s aliis 5 4inS odd 3 5o
Ls st o o 5 o opa 5 dlons LT C g S 5 (tin 8000 18 s 8 oslic
prr o e o st oo Jol b (58 Dl s Sl S b (5,8 el
N734/9 gg}_b)o:)m):ﬂ_wLgl_aq_,:-cj_ij.sj_acj_é)‘}_lﬁ-ja;}_?up)_m
La 0313 (ANOVA) il by o s 4 o il s (6,8 o310l (5 035 ol ) 7.56/7
e olia o B <UD (ol (e sl SL5 La g s b (6l pme oS sls DL
u;g”l_»ﬂd_i\);.g;_;bL@TCJ_;,J_B.;;\H“;}JU;WCH‘LAQWUQ_M
o 03lal (Gl yw Pl ol 3 5 S 5 e o sdBee p o s ()15 (e sl LS
e D3 (23T o £ 45 33 03,55 o gdie o e e (P s S salt
iy Ogmn S 5 oay ) eslial U Las e sbaly ez e adaly (P<L5) i sl gl
s bl g LT (K58 olss o s a5 by (i 51 i pp kT
Al Ol o ls g odkd ob 55l uilyls 5IUT Sl eslizal b oS wlie

23


https://dorl.net/dor/20.1001.1.16807073.2006.8.1.7.5
https://jast.modares.ac.ir/article-23-11521-en.html
http://www.tcpdf.org

