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Introduction 
 

In order to design equipment for drying, 

storing, grading and processing the black 

pepper their physical properties should be 

known. Their size and shape, for instance, are 

important in the development of grading 

machines. Bulk density and porosity are 

needed in designing near ambient drying and 

aeration systems, because these properties 

affect the resistance to airflow of the stored 

mass. The theories used to predict the 

structural loads for storage structures use bulk 

density as a basic parameter. The friction 

coefficient of the capsules on various surfaces 

helps in designing bins, silos and other 

storage structures. The angle of repose is 

important in designing equipment for solid  

 

 

 

 

 
 

flow structures for storage. The objective of 

this study was to investigate the physical 

properties of black pepper namely, size, 

sphericity, bulk density, true density, porosity, 

angle of repose, coefficient of friction, 

thousand capsule mass and hardness in the 

moisture content range from 81.3 - 8.65 % 

(w.b). 

 

Materials and Methods 
 

Freshly harvested Black pepper, Piper nigrum 

(Panniyur-I variety) procured from 

Horticultural Research Station, 

Thadiyankudisai, Dindigul district, Tamil 

Nadu was used for this experiment. 

The paper presents the physical properties of freshly harvested and dried 

black pepper (Piper nigrum). The physical properties of black pepper in the 

moisture range of 81.3 - 8.65 % (w.b.) were determined. The length, 

breadth, thickness, sphericity, thousand capsule mass, porosity, true density 

and angle of repose were investigated and was found to increase with 

increase in moisture content whereas bulk density and hardness decreased 

with the increase of moisture content. The highest static coefficient of 

friction was observed on mild steel surface, followed by aluminium sheet, 

galvanized iron sheet and stainless steel sheet. The physical properties of 

black pepper were expressed in the form of regression equations as a 

moisture content function. 
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Immediately after harvesting the spike from 

vines, they were trampled to separate the 

pepper berries from spikes. The freshly 

harvested black pepper was manually cleaned 

to remove foreign materials. The initial 

moisture content was found as 81.3% (w.b.) 

after harvesting. Experiments were conducted 

in the moisture range of 81.3 - 8.65% (w.b.). 

 

The mean capsule size (dp) and sphericity (ɸ) 

were determined by picking twenty capsules 

randomly and measuring their three principal 

dimensions using vernier caliper having a 

least count of 0.01 mm (Mohsenin, 1980; 

Tabatabaeefar, 2003; Koocheki et al., 2007). 

The mass was determined by randomly 

selecting 100 capsules and weighing in an 

electronic balance of 0.01 g sensitivity. The 

mass was then converted into 1000 capsule 

mass (W1000). The bulk density (ϱb) of black 

pepper was determined by filling a circular 

container of known volume and weighing the 

content.  

 

During the experiment, care was taken to 

avoid any compaction of the material in the 

container. Bulk density was calculated as the 

ratio between the mass of black pepper and 

the container volume. At each moisture level, 

five replications were carried out and the 

average values were reported. The porosity 

(Ɛ) was calculated from the values of true 

density and bulk density (Ozguven and 

Vursavus, 2005). The angle of repose (ϴ) for 

the black pepper capsules was determined 

from the height and diameter of the naturally 

formed heap of seeds on a circular plate 

(Kingsly et al., 2006). The coefficient of 

friction (μ) was determined with respect to 

four test surfaces, namely; stainless steel (SS), 

galvanized iron (GI), mild steel (MS) and 

aluminium (Al) using the experimental setup 

according to Jha and Kachru (1998). The 

hardness (h) of black pepper was measured 

using texture analyzer (TA-Hdi, Stable 

Microsystems, UK) (Sajeev et al., 2004). 

Results and Discussion 

 

Size 

 

The size of Black pepper berries (dp) at 

different moisture content is presented in 

Figure 1. The length, breadth and thickness 

increased from 4.90 to 5.35 mm, 4.55 to 5.03 

mm and 4.38 to 4.87 mm respectively with 

increase in moisture content [Eq. (1), (2) and 

(3)].  

 

The dimension of Black pepper increased 

with increase in moisture content due to 

absorption of moisture that resulted in 

swelling of capillaries and expressing 

expansion in major, medium and minor axes 

along with the geometric mean diameter. 

Similar results have been reported by 

Karababa (2006) for popcorn kernel. 

 
Length= 4.928 + 0.005 MC (R

2
=0.903)…….(1) 

Breadth= 4.352 + 0.008 MC (R
2
=0.906)……(2) 

Thickness = 4.323 + 0.007 MC (R
2
= 0.929)..(3) 

 

Sphericity 

 

The sphericity of the pepper berries (ɸ) 

increased linearly from 0.938 to 0.949 as the 

moisture content increased from 8.65 to 

81.3% (w.b.) [Eq. (4)] (Fig. 1). Similar results 

were reported by Solomon and Zewdu (2009) 

for niger berries.  

 

ɸ = 0.936 + 0.000 MC (R
2
= 0.994)………. (4) 

 

Thousand capsule mass 
 

The mass of 1000 capsules (W1000) increased 

from 42.5 to 56.9 g with the increase of 

moisture content [Eq. (5)] (Fig. 2). Similar 

trends were reported by Singh and Goswami 

(1996) and Altuntas et al., (2005) for cumin 

and fenugreek berries, respectively.  

 

W1000 = 40.10 + 0.205 MC (R
2
=0.990)…... (5) 
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Porosity 

 

The values of porosity (ε) were calculated by 

using the data of bulk and true densities of the 

pepper berries. The results obtained are 

presented in Figure 2.  

 

The porosity of the pepper berries increased 

linearly from 43.2 % to 46.7 % with increase 

in moisture content [Eq. (6)]. Similar trend of 

porosity of black pepper berries and other 

grains was reported by Altuntas et al., (2005) 

and Coskuner and Karababa (2007). 

 

ε = 42.90 + 0.047 MC (R
2
=0.994)……..….(6) 

 

Bulk density and true density 

 

The variation in bulk density (ρb) and true 

density (ρt) with moisture content is shown in 

Figure 3. The bulk density of black pepper 

berries was found to decrease linearly 

whereas the true density increased with 

increase in moisture content [Eqs (7) and (8)]. 

ρb = 561.3 – 0.255 MC (R
2
=0.995)………..(7) 

ρt = 982.6 + 0.337 MC (R
2
=0.994)………..(8) 

 

The bulk density was found to vary from 

558.52 to 540.84 kg/m
3
. The decrease in bulk 

density with an increase in moisture content is 

mainly due to the increase in volume than the 

corresponding increase in mass of the 

material.  

 

It facilitates the same mass of material to 

occupy more volume of the cylinder thus 

decreasing the bulk density. Similar trend of 

decrease in bulk density has been reported by 

Coskuner and Karababa (2007) for coriander 

seed. The true density increased from 985.1 to 

1010.2 kg/m
3
 as the moisture content 

increased.  

 

This increase may be due to the increase in 

volume due to absorption of moisture. The 

same trend has been reported by Altuntas et 

al., (2005) and Coskuner and Karababa 

(2007). 

 

Fig.1 Effect of moisture content on size and sphericity of black pepper 
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Fig.2 Effect of moisture content on thousand capsule mass and porosity 

 

 
 

 

Fig.3 Effect of moisture content on bulk density and true density 
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Fig.4 Effect of moisture content on angle of repose and hardness 

 

 
 

 

Fig.5 Effect of moisture content on coefficient of friction 
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Angle of repose 

 

The experimental results for angle of repose 

(ϴ) with respect to moisture content are 

shown in Figure 4. It was observed that the 

angle of repose increased linearly from 22.25˚ 

to 32.65˚ with increase in the moisture 

content [Eq. (9)]. Most of the biological 

materials appear to exhibit an increase in 

angle of repose with higher moisture content 

(Mohsenin, 1980) and the present study also 

follows a similar pattern. The trend of 

increase in angle of repose with moisture 

content is similar to that reported by Altuntas 

et al., (2005) for fenugreek and by Coskuner 

and Karababa (2007) for coriander berries.  

 

ϴ = 19.44 + 0.157 MC (R
2
=0.987)……….(9) 

 

Hardness 
 

The hardness (h) as affected by the moisture 

content is presented in Figure 4. The hardness 

decreased linearly from 75.2 N to 51.6 N with 

the increase in moisture content [Eq. (10)]. 

The decrease in hardness may be due to the 

fact that at higher moisture content, the inner 

core of berry becomes markedly softer and 

requires less force, whereas at the lower 

moisture content, only the outer coat of berry 

absorbs moisture and requires higher force. 

Similar findings have been reported by 

Saiedirad et al., (2008) for cumin and Murthy 

and Bhattacharya (1998) for black pepper 

berry. 

 

h = 73.90 – 0.289 MC (R
2
=0.917)……….(10) 

 

Coefficient of friction 

 

The effect of moisture on Black pepper 

berries on the coefficients of friction against 

the various test surfaces viz., mild steel sheet 

(MS), aluminium sheet (Al), galvanized iron 

sheet (GI) and stainless sheet (SS) is given in 

Figure 5. The coefficient of friction increased 

linearly with moisture content for all contact 

surfaces. The static coefficient of friction 

ranged from 0.867 to 0.936, 0.846 to 0.920, 

0.726 to 0.813 and 0.705 to 0.813, 

respectively for mild steel sheet, galvanized 

iron sheet, aluminum sheet and stainless steel 

sheet as the moisture content increased. It was 

found that, the coefficient of static friction on 

MS sheet was higher than GI sheet, Al sheet, 

and SS sheet [Eqs (11), (12), (13) and (14)]. 

 

μ MS = 0.862 + 0.000 MC (R
2
=0.961)…..(11) 

μ Al = 0.838 + 0.001 MC (R
2
=0.983)…...(12) 

μ GI = 0.716 + 0.001 MC (R
2
=0.995)……(13) 

μ SS = 0.692 + 0.001 MC (R
2
=0.954)……(14) 

 

Static coefficient of friction increased with 

increase in moisture content on all four 

surfaces. The lower value of coefficient of 

friction in the case of stainless steel was due 

to the smooth and polished surface of the 

stainless steel sheet compared with other test 

surfaces used. It may be because, at higher 

moisture contents, the berries become rougher 

and sliding characteristics are diminished, so 

that the static coefficient of friction increases. 

Similar results were found by other 

researchers for coriander (Coskuner and 

Karababa, 2007).  

 

The following conclusions are drawn from the 

investigation on physical properties of black 

pepper. The length, breadth, thickness, 

sphericity, thousand capsule mass, porosity, 

true density and angle of repose ranging from 

4.90 to 5.35 mm, 4.55 to 5.03 mm, 4.38 to 

4.87 mm, 0.938 to 0.949, 42.5 to 56.9 g, 43.2 

to 46.7 % vol, 985.1 to 1010.2 kg/m
3
, 22.25˚ 

to 32.65˚ respectively. As the moisture 

content increased, the bulk density and 

hardness were found to decrease from 558.52 

to 54.084 kg/m
3
 and 75.2 N to 51.6 N 

respectively. The highest coefficient of 

friction was noted on mild steel followed by 

galvanized iron sheet, aluminium sheet and 

stainless steel sheet. 
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