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Abstract  
 

Knowledge on physical properties of seeds is an important tool for designing agricultural machines and other  equipment to handle 

planting, harvesting, processing, packaging and storing. The most common rice variety grown in Malaysia is MR219 but the data on 

its physical properties is still lacking. The aim of this study was to determine the effect of moisture content on the physical properties 

(basic dimensions, porosity, bulk and true densities, coefficient of friction, repose angle and sphericity) of MR219 rice variety. . 

These properties were evaluated as a function of moisture content at 14.26, 18.94 and 22.50% dry basis. The results revealed that 

length, width and thickness increased from 9.639 to 10.187, 2.266 to 2.2416 and 1.878 to 2.038mm, respectively with increasing 

moisture content from 14.26 to 22.50%. Similarly,1000 seed mass (M1000) increased from 27.06 to 29.88g as well as arithmetic and 

geometric mean diameters from 4.85 to 4.88 and 3.44 to 5.68 mm. Bulk density, sphericity, and surface area  have reported increase 

with increasing moisture content from 517.70 to 543.544kg/m3, 0.358 to 0.362% and 37.203 to 42.596mm2, respectively. A decrease 

was observed for true density (1244.571 to 1197.488kg/m3) and porosity (58.403 to 54.610) as seeds rewetting increased. The static 

coefficient on three surfaces, namely PVC, plywood and aluminum showed increase on PVC and aluminum from 0.356 to 0.387 and 

0.309 to 0.324 but a decrease on plywood from 0.372 to 0.341, respectively. This technical information is useful to design the 

machines for handling MR219 rice seeds.  
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Introduction 
 

Rice (Oryza Sativa in Asia or Oryza Glaberrima in Africa), 

is classified as a monocotyledon plant because of its behavior 

of producing one leaf per growth development. Rice is 

considered by cultural geographers as the staple food for a 

large part of the human population especially in Asia, Africa 

and some parts of Europe, America, and West Indies in 

which the latter were predominantly dependant on other 

cereals such as millet, wheat and maize. According to FAO, 

(2004), rice stands as a grain with third highest world 

production after wheat and maize. Smith (1998) stated that, 

rice is the most important grain with regards to human 

nutrition and caloric intake, by providing more than 1/5 of the 

calories consumed by human worldwide.  

Information on the physical and mechanical properties of 

the agricultural products is an important tool for designing 

equipment for the purpose of planting, harvesting, dehulling, 

drying, handling as well as storing. Therefore, seed 

dimensions (width, thickness and length), 1000 seed mass 

(M1000), surface area, porosity, sphericity, static coefficient of 

friction against different materials, repose angle, hardness, 

true and bulk densities are among the properties that are 

considered “physical” by researchers as per seed (Bande et 

al., 2012a). These variables are central in classification of 

seeds and in the design of machines for processing or 

analyzing the behavior of the product in handling or grading 

(Mohsenin, 1980). They are central because they give 

technical information to the designer on what are the basic 

“inputs” for their design.  

All physical properties of seeds are dependent on the 

moisture content. They respond either in increasing or 

decreasing trend as the moisture content varies. The initial 

moisture content is determined by subjecting seeds to oven 

drying (either air or vacuum) at temperatures between 80oC 

to 130oC for 8hrs to 24hrs by ASAE standards (S.352.3, 

1994). 

The purpose of this study was to determine the effect of 

moisture content on the physical properties of MR219 rice 

which is the most common rice variety grown in Malaysia, 

covering almost 90% cultivated area. Therefore, machine 

designers and engineers can utilize this information for future 

design of equipment related to rice seed, specifically MR219 

variety. 

 

Results and Discussion 

 

Effect of seed dimensions, mean diameters, 1000 mass, 

surface area and sphericity 

 

The average values of axial dimensions of the seed (length, 

width and thickness) at varying moisture content are shown 

in Table 1. It was noted in Figure 1 that seed dimensions 

gradually increased with additional moisture level. At a 

moisture content of 14.26% dry basis, the mean values for  
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Table 1. Mean and standard error for dimensions, surface area, 1000 seed mass and sphericity. 

Moisture 

Content 

(%) 

Length (mm) 

 

Width (mm) 

 

Thickness 

(mm) 

 

Surface area 

(mm2) 

M1000 (g) Arith. 

Mean 

(mm) 

Geo. 

Mean 

(mm) 

Sphericty 

(%) 

 

14.26 9.639± 0.214 2.266± 0.043 1.878± 0.126 37.361 27.06± 0.165 4.594 3.448 0.358 

18.94 10.064 ± 0.072 2.272± 0.065 1.948± 0.013 39.471 28.61± 0.398 4.761 3.544 0.352 
22.50 10.187 ± 0.025 2.416± 0.021 2.038± 0.007 42.723 29.88± 0.641 4.880 3.687 0.362 

 

length, width and thickness were: 9.639 ± 0.214, 2.266 ± 

0.043 and 1.878 ± 0.126mm, respectively. These values 

changed to 10.187 ± 0.025, 2.416 ± 0.021 and 2.038 ± 

0.007mm for length, width and thickness, respectively, when 

the moisture increased to 22.50%.  Similar findings were 

reported by (Singh, 1996; Dutta et al., 1988; Aydin and 

Ozean, 2004; Enoch et al., 2008)]. Furthermore, Yelcin and 

Ersan,(2007) also concluded in their studies on coriander 

seeds (coriandrum sativum L) seeds that the effect of 

moisture variation has tremendous influence on seeds 

dimensions. Similar observation was also reported by 

Solomon and Zewdu (2009) on niger seed where the 

dimensions increased by about 11% with the rise of moisture 

from 5.60 to 31.67%. The linear relationships of these values 

with respect to moisture content are presented in Equations 

[1], [2] and [3]. In conclusion, the use of these properties has 

a great impact on the design of separators or cleaners as well 

as for determining the terminal velocities or drag coefficients. 

 

L = 8.708 + 0.068 MC,    R2 = 0.948* [1] 

W = 1.996 + 0.017 MC,     R2 = 0.712ns [2] 

T = 1.598 + 0.019 MC,            R2 = 0.978*         [3] 

Where, L is length (mm), W is width (mm), T is thickness 

(mm), MC is Moisture content (%) and R2 represents 

coefficient of determination. 

 

Effect of arithmetic and geometric mean diameters, M1000, 

surface area and sphericity on moisture content 

 

The average values for arithmetic and geometric mean 

diameters, M1000, surface area and sphericity are presented in 

Figure 2 and Table 1. The results of the experiment  indicated 

significant influence  when moisture content increased from 

14.26 to 22.5%. These values sequentially increased from 

4.594 to 4.880 and 3.448 to 3.687mm for arithmetic and 

geometric mean diameter, respectively. Likewise, the 1000 

mass also increased from 27.06 to 29.88g. Sphericity 

indicated similar increase from 0.358 to 0.362%.  Thus, 

Equations [4], [5], [6], [7] and [8] represent linear relations of 

these values with increasing moisture. Similar findings were 

observed for hemp seed (Sacilik et al., 2003), wheat 

(Tabatabaeetar, 2003), coriander seeds (Yelcin and Ersan, 

2007), cowpea (Henshaw, 2008), soybean (Davies et al., 

2009), but the findings of Adejumo et al., (2007) reported a 

decrease in sphericity on white variety of groundnut. This 

report was similar to Sedat et al., (2005) on rapeseed 

(Brassica napus oleifera L), where the sphrericity decreased 

with moisture from 0.93 to 0.91 within moisture range of 

4.70 to 23.96%. A decreased was also reported on M1000 on 

rice grain by Razavi and Farahmandfar, (2008), where they 

concluded that it  was due to the removal of husk, bran and 

germ from paddy seed.      

 

M1000 = 22.243 + 0.339 MC,   R2 = 0.999***                [4] 

S = 27.753 + 0.645 MC,  R2 = 0.964*            [5] 

ɵ = 0.350 + 0.0004 MC,         R2 = 0.105ns           [6] 

 

 
Fig 1. Influence of moisture content on Basic dimensions of 

the seeds. 

 

 
Fig 2. influence of moisture content on arithmetic and 

geometric means of seed dimensions.  

 

 

Da = 4.010 + 0.035 MC,         R2 = 0.999***         [7] 

Dg = 3.029 + 0.029 MC,         R2 = 0.964*           [8] 

 

Where, M1000 is 1000 seed mass (g), S is surface area (mm2), ɵ 

is sphericity (%), Da is arithmetic mean (mm) and Dg 

represents geometric mean diameter (mm). MC is Moisture 

content (%) and R2 represents coefficient of determination. 

 

Effect of bulk and true densities of MR219 rice at different 

moisture content 
 

The bulk density of MR219 rice seed was measured at 

different moisture contents and found to increase at various 

levels; at 14.26% it was 517.70kg/m3 and a significant 

increase was observed when the moisture content increased 

to 22.50% with bulk density value of  543.544kg/m3. Similar 

findings were reported by Reddy and Charkraverty, 2004 

with increasing values from 522 to 566kg/m3 on raw paddy 

when the moisture content was increased from 7.19 to 

28.28% dry basis. It was also reported an increase in bulk 

density from 454.8 to 537.6kg/m3 when subjected to moisture 

changes  of 6 to 18.13%  by Kingsly et al, 2006 on dried 

pomegranate. This relationship between the bulk density and 

moisture content is presented in Equation [9]. 
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Table 2. Moisture content with bulk and true densities, porosity, coefficients of friction, and repose angle. 

Moisture 

Content 

(%) 

Bulk density 

(kg/m3) 

True density 

(kg/m3) 

Porosity 

(%) 

 

Coefficient  of 

Friction PVC 

Coefficient of 

Friction 

Plywood 

Coefficient of 

Friction Alum. 

Repose 

Angle 

( º ) 

 

14.26 517.700 ± 8.975 1244.571 ± 4.191 58.403 0.356 0.372 0.309 28.43  

18.94 524.979 ± 3.035 1226.412 ± 1.264 57.194 0.362 0.355 0.323 29.23  

22.50 543.544 ± 4.796 1197.488 ± 2.652 54.610 0.387 0.341 0.324 29.83  

 

 = 472.017 + 3.055 MC,  R2 = 0.896*              [9] 

 

The true density was calculated at different moisture contents 

and observed to decrease with an increase in moisture content 

ranging from 1244.571 to 1197.488 kg/m3 as moisture 

content increase from 14.26 to 22.50% as shown in Figure 3 

and Table 2.  These densities  related to moisture content by 

equations [9 and 10]. Similar findings of various research 

works Dutta et al., (1988) on gram seeds; Ozarslan, (2002) on 

cotton seeds; Sacilik et al., (2003) on hemp seeds;  Garnayak 

et al., (2008) on jatropha seeds (jatropha curcas L.) were also 

reported that, the mass of the seeds linearly increased with 

increasing moisture. But the reports of Kingsly et al., (2006) 

on dried pomegranate indicated an increase on true density 

with increasing moisture of 6 to 18.13%. 

ρt = 1327.165 – 0.562 MC,   R2 = 0.957*  [10] 

Where, ρb is bulk density (kg/m3) and ρt is true density 

(kg/m3), MC is Moisture content (%) and R2 represents 

coefficient of determination. 

Effect of porosity ( ) on moisture content 

 

The porosity of MR219 rice seed decreases with the increase 

in moisture content as shown in Table 2, Fig. 4 and Equation 

11, when the moisture content increased from 14.26 to 

22.50% the porosity dropped from 58.403 to 54.610. 

Therefore, this decrease may be attributed to the change in 

bulk and true densities with moisture content. Similar trends 

were reported for Sunflower (Gupta and Das, 2000), Cashew 

nut (Balasubramanian, 2001), Water melon (Koocheki et al., 

2007) and Bitter melon (Bande et al., 2012b) but the findings 

of Mustafa (2007) on Barbunia seeds reported an increase in 

porosity with increasing moisture. He recorded an increase 

from 47.85 – 48.56% with the moisture rising from 18.33 to 

32.43%.  

 

 = 65.091 – 0.450 MC,      R2 = 0.921*   [11] 

Where, ε is porosity (%), MC is Moisture content (%) and R2 

represents coefficient of determination. 

 

Static coefficient of friction (cf) of MR219 rice variety 

against different surfaces 

 

The static coefficient of friction with respect to three surfaces, 

namely PVC, plywood and aluminum were evaluated against the 

moisture content (ranged from 14.26 to 22.50% dry basis). These 

were found to increase linearly with increasing moisture, thus on 

PVC from 0.356 to 0.387 and aluminum (0.309 to 0.324), 

respectively. But a decrease was observed on plywood from 

0.372 to 0.341 as the moisture increased. Table 2, Figure 5 and 

Equations [12], [13], and [14] represent a summary of the 

relationships between moisture content and static coefficient of 

friction. Similar findings were reported on the relationship 

between moisture content and coefficient of friction at different 

surfacesby Coskun et al., (2005) on sweet corn; Kingsly et .al., 

(2006) on dried pomegranate; Razavi and Farahmandfar, (2008) 

on rice; Bande et al., (2012a) on egusi melon, but the findings of 

(Karimi et al., 2009) on wheat and (Tavakoli et al., 2009) on  

 

 

 
Fig 3. Influence of moisture content on bulk and true density 

 

 
Fig 4. Influence of moisture content on porosity. 

 

 
 

Fig 5.  Influence of moisture content on coefficient of 

friction. 

 

soybean grain revealed a linearly increased on all the surfaces 

with increasing moisture.. The findings of Ghasemi et al, (2008) 

revealed similar results with Sorkhen rice variety on plywood 

(0.43) at 10% moisture content.  

Cf (PVC) = 0.301 + 0.004 MC,       R2 = 0.835 ns         [12] 

Cf (Plywood) = 0.428 – 0.004 MC,   R2 = 0.999 ***    [13] 

Cf (Aluminum) = 0.284 + 0.002 MC,  R2 = 0.858ns            [14] 

Where, Cf (PVC) is static coefficient of friction on PVC, Cf 

(Plywood) is static coefficient of friction on plywood while Cf 

(Aluminum) stands for static coefficient of friction on aluminum, 

MC is Moisture content (%) and R2 represents coefficient of 

determination. 
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Material and Methods 
 

Samples and sample preparation 

 

The MR219 rice seeds for the study were obtained from 

Tanjong Karang rice growing area in Selangor, Malaysia. 

The sample seeds were manually cleaned so as to ensure that 

all foreign matter such as dirt, husk, immature or broken 

seeds, stones, weed – seeds and sand particles have been 

removed. The initial moisture content of the seed was then 

determined by oven drying method at 130±3ºC for 16 hours, 

following the (ASAE, 2003; IRRI Rice Knowledge Bank) 

standards (Coskum, et al., 2005; Yelcin and Ersan, 2007; and 

Jouki et al., 2012). The initial moisture content was 14.26 % 

dry basis. Readings were then repeated in ten replicates in 

order to minimize error. 

 

MR219 rice samples were prepared by adding calculated 

amount of distilled water and sealed in polythene bags in 

order to raise the seeds moisture. These samples were 

refrigerated for 3 days at 5ºC to enable uniform moisture 

distribution. This approach of raising the moisture has been 

validated by many researchers such as (Mohsenin, 1980; 

Sacilik et al., 2003; Dursan et al., 2007; Solomon and Zewdu, 

2009).  Before starting the experiment, only the required 

quantity of seeds were removed from the refrigerator and 

allowed to cool to room temperature for 2 hrs. Equation [15] 

recommended by (Balasubramanian, 2001; Sacilik et al., 

2003; Davies et al. 2010; Sharma et al., 2011) was used for 

calculating the amount of moisture to be added over the level 

of equilibrium moisture.  

 

     [15] 

Where, Q is mass of water added (kg), Wi is initial mass of 

sample (kg), Mi is initial moisture content (% d.w.), and Mf is 

final moisture content (% d.w.) 

 

Determination of basic dimensions 

 

The basic dimensions of the seed (length, width and 

thickness) were measured using a digital micrometer screw 

gauge (Mitutoyo Digital Micrometer, Series - 193) with 

accuracy 0.001mm. Similarly, method was reportedly used 

by (Mohsenin, 1980; singh et al., 1996; Vilche et al., 2003; 

Karababa, 2006; Bande et al., 2012a) in measuring different 

seeds size and shape. Calculation of the average diameter of 

MR219 rice seeds was done by arithmetic and geometric 

means of the three basic seed dimensions (length, width and 

thickness). These values were computed using the 

relationship in Equations [16] and [17] suggested by 

(Mohsenin, 1980; kiani Deh Kiani et al., 2008; Shkelqim et 

al., 2010). 

 

       [16] 

            [17] 

Where, Da is Arithmetic mean (mm), Dg is geometric mean 

diameter (mm), L is length, (mm), W represents Width (mm) 

and T is thickness (mm).  

 

The Sphericity is defined as the ratio of the surface area of 

the sphere having the same volume as that of the seed. 

Likewise, it is regarded as the degree of closeness of seed to 

a sphere.   Furthermore, it also describes the rolling ability of 

seed during processing therefore it is a function of the basic 

dimensions (length, width and thickness) and can be 

calculated using the formula in Equation [18] (Mohsenin 

1980; Erica et al., (2006); Garnayak et al., 2008; Davies and 

Zibokere, 2011). 

 

                    [18] 

Where, L is the length, W as the width of the seed and T 

represents the seed thickness. 

 

Determination of 1000 seed mass 

 

Mass of 1000 seeds was determined using an electronic 

digital balance (Mitutoyo Digital Scale) with accuracy of 

0.001g. To determine the average weight of 1000 seeds, a 

sample size of 100 seeds were randomly selected and 

weighted. This result was then multiplied by 10 so as to get 

mass of 1000 seeds.  Similar method was reportedly used by 

Visvanthan et al., (1996); Ozarslan, (2002); Sacilik et al., 

(2003); Ibrahim (2007); Garnayak et al., (2008) and Sharma 

et al., (2011). Readings were repeated in five replications to 

reduce error.  

 

Determination of surface area 

 

Surface area is an important property of seed. It helps the 

designer in estimating the hopper, processing chamber and 

the chute. The surface area was found by analogy with a 

sphere of some geometric mean diameter using the 

expression in Equation [19] cited by (McCabe et al., 1986; 

Amin et al., 2004; Jouki and Khazaei, 2012). 
 

                   [19] 

Where; S (mm2) represents surface area and Dg stands for 

geometric mean diameter (mm) respectively. 

 

Determination of static coefficients of friction 

 

The static coefficients of friction were found with respect to 

three surfaces, viz. PVC, aluminum sheet and plywood. This 

can be expressed as the degree of resistance of seed to flow 

on a given surface. The static coefficient of friction of the 

seed was determined by tilting on a platform of 330mm by 

200mm. A hollow plastic cylinder of diameter 70mm and 

height as 50mm and open at both ends was used. The 

cylinder was filled with the seeds and placed on the material 

surfaces and gently lifted until the filled cylinder just started 

to slide down. Height at which the slide began was read as h 

and the distance from the base to the platform was read as d. 

Coefficient of tilt µ and the angle of tilt were calculated using 

the formula in Equation [20] ( Dutta et al., 1988; Razavi and 

Milani 2006; Altuntas et al., 2007; Davies and Zibokere, 

2011).   

 

                    [20] 

Whereas, is the coefficient of friction, h is the height of 

cone and d is the base diameter of the cone while α is the 

angle of inclination. 

 

The bulk density is the ratio of the mass of seed samples to 

its total volume. This is determined by freely pouring the 

seeds in a fixed volume container of predetermined weight 

and re-weighted to find the mass of seed. The density is then 

enumerated from the mass of seeds as a function of volume 
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of the container. The average bulk density was determined by 

filling 100 ml container with seed from a height of 70.90mm 

at a constant rate and reweighting the content with no 

compaction on the seeds. The volume of the beaker was 

calculated using Equation [22] and the bulk density as shown 

in Equations [21] by Mohsenin, (1986); Razavi and Milani, 

(2006); Karimi et al., (2009); Tavakoli et al., (2009) and 

Bande et al. (2012b)  and it was repeated for ten replications. 

Furthermore, increase in mass of the seed increases or 

decreases the bulk density of the seed. Some researchers have 

presented negative trends on some seeds while some reported 

otherwise. It is therefore used in determination of porosity 

and in estimation of food fungal attack rate.   

 ρb = Wb / Vb                              [21] 

 Vb = πr2h                                 [22]  

Where, ρb is Bulk density, Wb is mass, Vb represents volume, 

r is the radius and h stands as height respectively. 

 

The water displacement method was used to determine the 

true density of the seeds which has been defined as the ratio 

of mass of the seeds to the true volume of displaced water 

(Mohsenin, 1986; Deshpande et al. 1993; Omobuwajo et al., 

2000; Garnayak et al., 2008). The true density was obtained 

by measuring 10g of MR219 seeds and filling into a 100ml of 

distilled water, thus the difference in liquid displacement was 

taken in 10 replications and average recorded. 

 

The porosity is defined as the ratio of empty space of seeds to 

its total volume. This was calculated from the measured 

values of densities (Bulk and True) using the relationship 

given in Equation [23] (Mohsenin, 1986; Mustafa, 2007). 

 

             [23] 

Where, ρb is the bulk density and ρt is the true or grain 

density. 

 

Repose angle was determined by pouring the seeds in a 

hollow circular plastic material of diameter 60 mm base by 

80 mm height. The container was carefully filled with seeds 

and slowly lifted until it is free of the seeds to obtain a 

conical pile of seeds. The height of the cone was measured. 

The angle of repose was calculated using Equation [24] 

(Kalamullah and Gunasekar, 2002; Sirisomboon et al., 2007; 

Garnayak, 2008  as reported on jatropha to be in the range of 

28 to 40. This variation of angle of repose with seed moisture 

is, as reported and concluded by many, that it increases 

linearly with the seed moisture content as the surface of the 

seeds become wet thereby sticking to one another. This 

information will help in design of storage facility also.      

 

Ra = tan-1 (2h/d)                     [24] 

Where Ra is the repose angle while h and d are the height and 

diameter of the cone, respectively. 

 

Conclusion 

 

This study concludes that 1000 seed mass, basic dimensions, 

sphericity, repose angle, bulk density, and static coefficient 

of friction on PVC and aluminum increase with the 

increasing moisture content (14.26 to 22.50%). But a 

decrease was observed in porosity, true density and static 

coefficient of friction on plywood surface. These data are 

highly essential  for design and development of dehulling 

machine , raising rice seedling singly in nursery tray and as 

well as transplanter to plant seedling singly. 
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