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Introduction
Shorea robusta commonly called as sal, belongs to 

Dipterocarpacese family. This plant is origins from the Indian 
subcontinent and also found in Myanmar, Nepal and Bangladesh. 
It can grow up to 50m height with 4 to 5m circumference and its 
stem is clean and straight. The leaves are shedding in February 
to April. Fruits ripen in the first week of May. Shorea robusta 
seeds start to shed down from third week of May till second 
week of June. Shorea robusta seeds are surrounded by calyx 
with five unequal wings. Seeds contain 66.4% kernel and pod, 
and 33.6% of shell and calyx (Figure 1). These seeds are mainly 
harvested and processed for extraction of oil or fat. These seeds 
contain around 34.6% of oil, 8.46% moisture (w.b) and 6% ash 
[1]. It plays an important role in food and non-food sector for 
the production of various products such as oil, soap, cocoa-
based products and vanaspati [2]. Recently Shorea robusta 
seed oil looked as a one of the potential source of biodiesel  

 
production [3,4]. At present, around 1.50 million metric tons of 
Shorea robusta seeds produced per year in India [3]. Sal seed 
also used in the production of waxes, paper coating, polishers 
and multipurpose greases and de-oiled cake was used in the 
manufacture of cattle feed [2].

Figure 1: Sal seeds with wing.
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Shorea robusta (Sal) is mainly harvested and processed for its seed oil, which has diverse application in commercial food and non-food 
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Many scientists have reported the physical and mechanical 
properties of the biological materials, which play a crucial role 
in the processing and production of various products [5-15]. 
Moisture content is one of the most important characteristics 
of all the biological material. It affects the physical and 
mechanical properties [10,15] and which directly influence the 
post-harvest handling, storage and processing operation of the 
biological materials. These engineering properties of biological 
materials are necessary, to design and development of particular 
equipment and structures for transporting, handling, processing, 
storage and also for assessing the behavior of product quality 
[10,16,17] and even design of various components for drying, 
cleaning, grading, de-shelling, and for oil extraction. Presently, 
in India, especially those in the rural areas have a problem with 
energy-efficient equipments for processing the Shorea robusta 
seeds to achieve the maximum amount of oil recovery and their 
by-products. Hence there is a need to understand its physical and 
mechanical behavior of agricultural materials for the design of 
appropriate processing technology [10,18]. Hence, the objective 
of the study was to investigate the effects of moisture content and 
compression axis on various physico-mechanical properties of 
Shorea robusta seeds. This study includes hardness, deformation 
at hardness, deformation at hardness percentage, and energy 
consumed for rupture. Also some physical properties like bulk 
density, true density, porosity, unit seed mass and coefficient of 
friction with different surfaces of the seeds were evaluated with 
different moisture level.

Material and Methodology
Sample

Shorea robusta seeds were procured form the Rourkela, 
Odisha, India. The sample was cleaned manually to remove all 
foreign materials such as dust, dirt, immature fruits and pooled 
together. The samples were dried in the sun and then stored 
in air tight container and allowed to dry under ambient room 
conditions (27-40 °C, 65-70%RH) to the equilibrium moisture. 
Experiments were carried out to evaluate the physical and 
mechanical properties of seeds at five different moisture levels.

Moisture content determination
The moisture content was determined by hot air oven 

method. Ten replicates were used for each size at five different 
moisture levels. About 100g of seeds samples were grounded 
with mortar and pestle. It was thoroughly mixed for analysis. 
10g of the comminuted material was dried using the hot-air oven 
(Yorco Sales Pvt. Ltd., India) at 105±2 °C for 24h and cooled in 
desiccators [18,19]. 

Determination of physical properties
The size of Shorea robusta seeds determined by randomly 

selecting 100 seeds and measure the two principal dimensions 
namely major axis (LEN) and minor axis (WID) by using a digital 
Vernier caliper (Mitutoyo, Japan) with accuracy of 0.1mm. The 
weight of seed (Wt) was determine using electronic weighing 
balance (Wensar, ISO 9001:2000 certified) with accuracy of 

0.001g. The arithmetic mean diameter (Da), geometric mean 
diameter (Dg), Sphericity (Φ), aspect ratio (Ra), surface area (S), 
unit seed mass (g), bulk density (ρb), true density (ρt), porosity 
(€) and coefficient of friction (μ) on different surface namely 
galvanized iron, plastic, ply wood and aluminum sheet were 
determined by standards formula [8,11,20-27].

Since the seeds size was considered an important 
characteristic in post-harvest processing. The bulk samples were 
classified into three categories namely small, medium and large 
based on their length [28,29]. The dimensional classification was 
set up by calculating the average dimension and the associated 
standard deviation. Then small, medium and large size Shorea 
robusta seeds were classified using the standard procedures 
followed by various researchers at initial moisture level [29,30].

Determination of mechanical properties

Figure 2: Compression test of Shorea robust seed different 
orientation of loading: (a) vertical orientation -major axis of 
the seed with direction of loading (LEN) and (b) horizontal 
orientation-minor axis of the seed perpendicular to the direction 
of loading (WID).

The mechanical properties of Shorea robusta seeds such as 
hardness, deformation at hardness, deformation at hardness 
percentage, and energy consumed for rupture were determined. 
The experimental samples were collected from the already 
cleaned bulk of sample. Tests were carried out for the seed 
sample at two loading position (major and minor axis) at five 
different moisture levels (Figure 2). Ten replicates were taken 
for an each experiment at specific moisture content [27]. The 
mechanical tests were carried out using the texture analyzer 
equipment (CT3 Texture analyzer, Brookfield, USA). Before 
conducting the experiment, the seeds samples were manually 
observed for cracks and any other form of damage to ensure that 
the best samples were used for the test.

Experimental procedure
The compression plates of the texture analyzer equipment 

were cleaned and the machine was then switched on. Each seed 
sample kept in between the probe and compression plate at 
defined orientation (Figure 2). TA44 cylindrical probe (4mm 
diameter) was used to determine the various mechanical 
properties. The height of the sample, probe number, sample type, 
test speed, moisture level and loading position (orientation) 
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were entered into the system (PC). All these experiments were 
carried out at 4mm distance. The graph of the force deformation 
(load deflection) was displayed as output on PC screen as the 
sample responds to compression test. When the probe reached 
at a distance, the test stopped automatically. The point of 
hardness was observed as a sharp or continuous decrease of the 
load on the graph of the load deflection (Figure 3). The hardness, 
deformation at hardness, deformation at hardness percentage 
and energy consumed for rupture seed can be easily read on the 
graph. This procedure was followed for the entire seeds sample.

Figure 3: Typical force-deformation curve for compressed 
Shorea robusta seed.
Hardness, H (N/mm) is the ratio of rupture force and 

deformation at rupture point [31]. Deformation at hardness 
(mm) is the deformation at the loading direction. Deformation at 
hardness percentage is the percent of deformation at hardness. 
The above parameters like hardness (N/mm), deformation at 
hardness (mm), and deformation at hardness percentage (%), 
were calculated by CT3 texture analyzer software. Energy for 
rupture (N-mm) is the energy needed to rupture the sample 
(Figure 3), which could be determined from the area under the 
curve between the initial point and the rupture point [31,32]. 
These experiments were replicated into 10times for each sample 
at different moisture level and the average values were recorded.

Statistical analysis
Experimental data collected from each test were analyzed 

statistically using the SPSS (software package used for statistical 
analysis) for windows statistical package. Statistical analysis was 
carried out using a one-way ANOVA with a significance level of 
p<0.05. From these statistical analyses, the effects of moisture 
content, hardness, deformation at hardness, deformation 
at hardness percentage, and energy for rupture, at various 
orientation axes were determined. The results were also fitted to 
regression analysis using same SPSS software to determine the 
influence of moisture content on varies mechanical properties.

Results and Discussion
Physical properties

The average initial seed moisture content at the time of 
experiment was 10.49% (d.b). The moisture content found can 
help to suggest the stability in storage of the seed and kernel, 
and also helps in de-hulling process of seeds [33]. (Table 1) 

shows the size distribution of the Shorea robusta seeds at initial 
moisture content. The length of Shorea robusta seed was found 
to be higher than the caper seeds [34], coriander seeds [35], 
cowpea [36], groundnut grains [37] and castor seed [38] and 
lesser than the neem seeds [39], raw cashew [40], hemp seed 
[41], Thevetia peruvuana [42], and tung seed [29]. Although 
Mohsenin [17] had effectively highlighted the importance of 
the axial dimensions for determining aperture size and other 
parameters in machine design, the comparison of the data with 
existing work on the other seeds may be sufficient for deciding 
symmetrical projections towards process equipment adaptation.

Figure 4: Frequency distribution curves of length and width of 
Shorea robusta seeds at 10.49% moisture content (d.b).

The frequency distribution curves of length and width 
of Shorea robusta seeds at 10.49% (d.b) moisture content 
are shown in (Figure 4). The frequency distribution curves 
are the mean values of dimensions show a trend towards a 
normal distribution. The curves were narrower and had higher 
peaks, indicating that the seeds dimensions have close to their 
corresponding means (Table 1).

Table 1: Size distribution of Shorea robusta seeds their initial moisture 
content of 10.49% (d.b.).

Particulars Ungraded
Size Category

Large Medium Small

Length of the 
seeds (mm) 33.1-21.2 >29.3 24.1-29.3 <24.1

Percentage of 
seeds (No) 100 18 68 14

Average Seed Dimensions

Length, L 
(mm) 26.7 (2.6) 26.8 (2.6) 26.7 (2.6) 26.6 

(2.6)

Width, W 
(mm) 12.8 (1.0) 13.0 (1.0) 12.8 (1.0) 12.7 

(1.0)

Arithmetic 
mean 

diameter(mm)
19.8 (1.5) 19.9 (1.5) 19.8 (1.5) 19.7 

(1.5)

Geometric 
mean 

diameter 
(mm)

16.3 (1.1) 16.7 (1.1) 16.54 (1.5) 16.3 
(1.1)

Figures in parenthesis are standard deviation
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The dimensional properties and some physical properties 
of the Shorea robusta seeds are presented in (Table 2). The 
properties were determined in the moisture content range 
of 6.38 to 21.95% (d.b). (Table 2) shows that the two axial 
dimensions increased with the increased in moisture content. 
Due the absorption of moisture the dimension were changed. The 

increase was not significantly different for the two axis, similar 
results were obtained for safflower seeds [43]. The average 
arithmetic mean and geometric mean diameter are increased 
with the increase in moisture content as axial dimension (LED, 
WID). The arithmetic mean and geometric mean diameter ranged 
from 18.27 to 19.57mm and 16.13 to 16. 90mm respectively. 

Table 2: Axial dimensions and some physical properties of Shorea robusta seeds at different moisture levels.

S.No Properties
Moisture Content in d.b (%)

6.8 10.49 13.63 17.64 21.95

1 Major axis (mm)
24.69 26.7 25.15 25.37 25.5

(2.22) (2.6) (2.43) (2.88) (1.43)

2 Minor axis (mm)
12.13 12.8 12.32 12.37 12.41

(2.15) (1) (1.87) (2.19) (0.78)

3 Arthmetic mean 
diameter (mm)

18.27 19.8 18.82 19.16 19.57

(1.82) (1.5) (1.35) (1.95) (1.03)

4 Geometric mean 
diameter (mm)

16.13 16.3 16.43 16.47 16.9

(1.82) (1.1) (0.95) (1.96) (0.76)

5 Sphericity 
(decimal)

0.61 0.71 0.72 0.75 0.77

(0.06) (0.04) (0.04) (0.06) (0.03)

6 Aspect ratio (%)
465.13 465.13 487.11 531.37 538.68

(100.3) (54.4) (54.99) (100.9) (51.1)

7 Surface area 
(mm2)

84.95 85.13 85.16 86.38 86.94

(10.61) (11.67) (9.33) (8.85) (7.19)

8 Unit seed mass (g)
0.916 1.04 1.09 1.41 1.54

(0.17) (0.17) (0.25) (0.36) (0.36)

9 Bulk density (kg/
m3)

354.46 362 365.33 361.46 376

(23.14) (31.9) (33) (25) (30)

10 True density(Kg/
m3)

805.68 850.9 871.8 925.27 933.5

(119) (104) (89) (118) (121)

11 Porosity (%)
56.62 57.41 58.09 60.92 61.78

(5.69) (3.12) (7.4) (5.05) (6.7)

12 Coefficient of friction

a Galvanised iron 
sheet

0.48 0.49 0.51 0.53 0.54

(0.03) (0.03) (0.05) (0.07) (0.03)

b Plastic sheet
0.41 0.42 0.43 0.44 0.46

(0.05) (0.05) (0.06) (0.05) (0.05)

c Aluminium Sheet
0.38 0.4 0.42 0.43 0.46

(0.06) (0.02) (0.08) (0.11) (0.03)

d Ply wood
0.35 0.37 0.38 0.4 0.42

(0.04) (0.03) (0.04) (0.03) (0.08)

Figures in parenthesis are standard deviation

The sphericity was determined by using the data on 
geometric mean diameter and the major axis of the seed and the 
results obtained are presented in (Table 2). The seed has mean 
values of sphericity ranging from 0.61 to 0.77. Sirisomboon [32] 
and Mangaraj & Singh [44] have reported the values of sphericity 
of jatropha seed as 0.61 and 0.64, respectively, which is close to 
the results of this investigation. Bal & Mishra [24] and Dutta [25] 

considered the grain as spherical when the sphericity value was 
more than 0.80 and 0.70, respectively. In this study seed should 
be treated as an equivalent sphere for calculating of the surface 
area. This tendency to either roll or slide is very important in the 
design of feed hopper and seed de-hulling equipments [30].

Aspect ratio and surface area of Shorea robusta seed 
increased linearly from 465.13 to 538.88% and 84.95 to 
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86.94mm2 respectively. The value of aspect ratio is increased 
significantly because the expansion of seed in widthwise was 
more as comparison to its length. A similar trend has been 
reported by Esref & Halil [45] for red kidney been grains. The unit 
seed mass of Shorea robusta seeds increased from 0.916 to 1.54g. 
The Shorea robusta seed bulk density, true density and porosity 
at different moisture level varied from 354.46 to 378.00kg/m3, 
805.68 to 933.50kg/m3 and 56.62 to 61.78% respectively. The 
similar increasing trend was in bulk density, true density, and 
porosity has been reported by linseed and vetch seed [36,46].

The coefficient of friction of Shorea robusta seed on four 
surfaces namely, galvanized iron sheet, aluminum sheet, plastic 
sheet and ply wood, against moisture content in the range of 6.38 
to 21.95% (d.b) are presented in (Table 2). It was observed that 
the coefficient of friction increased with increase in moisture 
content for all surfaces. It was found that coefficient of friction 
was higher for galvanized iron sheet (0.54) at 21.95% (d.b) 

moisture content and lesser for value for ply wood sheet (0.35) 
at 6.38% (d.b) moisture content. The reason for increased 
coefficient of friction due to seed absorbing the water, it affects 
the cohesive force on the surface contact [21]. Also various 
researchers reported that the dimensional properties of different 
seeds increases with increase in moisture content [29,30,42]. 
This is similar to those obtained in this study. The dimensional 
properties such as major, minor, intermediate dimension, 
arithmetic mean and geometric mean diameter are important 
in design and development of separating, harvesting, sizing and 
grinding equipments [47].

Mechanical properties
Hardness (N/mm): The mean of hardness, deformation 

at hardness, deformation at hardness percentage and energy 
consumed for rupture of Shorea robusta seed as function of 
moisture content and compression axis are presented in (Table 
3).

Table 3: Effect of moisture content and compression axis on hardness, deformation at hardness, deformation at hardness % and energy for 
rupture of Shorea robusta seed.

Moisture content, 
% d.b Loading Position Hardness, N/mm Deformation at 

Hardness, mm
Deformation at 

Hardness %
Energy for Rupture, 

N-mm

6.38
LEN 19.79 (3.14) 1.56(0.85) 07.80(4.30) 57.11(9.01)

WID 36.47(7.16) 3.08(0.77) 15.40(3.90) 104.40(91)

10.49
LEN 32.56(11.10) 3.50(1.01) 16.50(5.30) 63.32(8.59)

WID 64.42(11.32) 3.83(0.89) 18.70(4.40) 210.76(9.60)

13.63
LEN 25.53(8.26) 2.91(1.01) 14.60(5.00) 65.92(9.02)

WID 51.91(13.27) 3.67(0.78) 16.40(3.90) 217.02(10.5)

17.64
LEN 24.51(9.22) 2.87(0.91) 14.40(4.60) 69.60(9.04)

WID 40.61(14.28) 3.53(0.79) 16.30(4.00) 219.42(10.06)

21.95
LEN 24.50(10.18) 2.84(1.01) 14.20(5.10) 74.31(9.52)

WID 35.00(11.05) 3.49(0.19) 16.15(0.90) 232.60(10.31)

Each value is mean of 10 test samples. LEN=Major axis; WID=Minor axis. Figures in parenthesis are standard deviation

The seed hardness was evaluated at different moisture levels 
and along two dimensional compression axis (LEN and WID). 
Shorea robusta seed hardness was decreased more considerably 
along the minor axis (WID) as compared to major axis with 
decrease in moisture content and except for moisture content 
6.38% (d.b). At initial moisture content range, the hardness 
was higher (WID) compared to other direction of compression. 
When compressed along the length, an increase in hardness 
was observed with increase the moisture content. The highest 
hardness was 64.42+1.32N/mm (WID) at moisture content 
10.49% (d.b) were observed. This is consistent with the report 
12 that greater force is necessary to rupture the seeds at less 
moisture content. The less hardness was 24.53+10.18N (LEN) at 
21.95% (d.b) moisture content respectively, The lower value of 
hardness at higher moisture content, might have resulted from 
the fact that the seeds seemed to be very soft at higher moisture 
content [12].

Hardness was found to be decrease as moisture content 
increases for all two axis except initial drying moisture content 

for seed. This indicates that greater forces were necessary to 
rupture the seeds with lower moisture content [48]. The less 
hardness at higher moisture content might have resulted from 
the fact that the seed tended to be very soft at high moisture 
content. As the seed absorbs water, the shell becomes soft and 
its shell resistance is decreased. Mathematical correlations were 
established between moisture content (MC) and hardness (N/
mm) of Shorea robusta seed compressed along the length (LEN) 
and width (WID).

LEN = 0.089x2+2.5888x+9.2287(R2=0.7732)

WID = 0.2034x2+5.7 195x+12.507(R2=0.8885)

Deformation at hardness (mm): The mean values of 
deformation of Shorea robusta seed are presented in (Table 3). 
Result shows that deformation along the compression axis is 
highly dependent on the moisture content and seeds were more 
deformable at higher moisture content. The mean deformation 
at hardness was ranged from 1.56 to 2.84mm for length and 
3.08 to 3.49mm for width. Seed deformation is decreases with 
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increase in moisture content at different seed orientation. The 
deformation was higher along the minor axis (WID) at 21.95% 
(d.b) moisture content and lower value for minor axis (LED) 
at 6.38% (d.b). Manuwa & Muhammad [10] have reported the 
similar results for shea kernels. The mathematical correlation 
between the moisture content and deformation of Shorea robusta 
seed compressed along the two dimensions.

LEN = 0.0029x2+0.1834x+0.7811(R2=0.8735)

MID = 0.0015x2+0.0022x+2.9434(R2=0.9133)

Deformation at hardness percentage (%): The mean 
values of deformation percentage of Shorea robusta seeds with 
moisture content are represented in (Tables 3). Results show 
that deformation percentage along the compression axis is 
highly dependent on moisture content and that seeds were less 
deformable at higher moisture content. The mean deformation 
percentage was ranged from 7.80 to 14.20% (LEN) and 15.40 to 
16.15% (WID). The mathematical correlation between moisture 
content and deformation percentage of Shorea robusta seed 
compressed along the two orientations:

LEN = 0.0284x2+1.3425x+1.8964(R2=0.7756)

WID = 0.0076xi2+0.0135x+14.722(R2=0.9148)

Energy for rupture (N-mm): The effect of moisture 
content and compression axis on energy at rupture of Shorea 
robusta seeds are shown in (Table 3). The variation of energy 
at rupture increased as moisture content increases. Energy at 
rupture increased to a maximum as the moisture content of the 
seed increased to about 6.38% (d.b) to 21.95% (d.b) except for 
moisture content on 6.38% (d.b). The mean energy for rupture 
was varied from 57.11 to 75.31N-mm (LEN) and 104.40 to 
232.60N-mm (WID) with increased in moisture contents. This 
results were agrees well with Olaniyan & Oje [14] on shea nut, 
Swain & Gupta [49] on roasted cashew nut & Guner [48] on 
hazelnut. The following regression equations that best describe 
the relationship between moisture content and energy at 
rupture:

LEN = -0.0084x2+0.0009x-49.508(R2=0.9955)

WID = - 0.4996x2+22.085x+2.5167 (R2 =0.8467)

Conclusion
Shorea robusta is a non-timber forest product. It plays an 

important role in food and non-food industries for production 
of various products such as oil, soap and cocoa based products. 
The following conclusion were drawn from the investigation of 
moisture content and compression axis on physico-mechanical 
properties of Shorea robusta seed for moisture content ranging 
from 6.38 to 21.95% (d.b). The dimensions of Shorea robusta 
seeds was increases as the moisture content increased. It was 
also concluded that each parameter of physical properties (unit 
seed, bulk density, true density, porosity and coefficient of 
friction) increases with increase in moisture content. Mechanical 

properties such as hardness, deformation at hardness, 
deformation at hardness percentage decrease with increase in 
moisture content due to absorption of moisture.

Hence, energy for rupture has increased with the increase 
in moisture content mean while the seed structures become 
soft. From these experiments, it was observed that all the 
parameters used to indicate Shorea robusta seeds physical 
and mechanical properties were dependent on seed moisture 
content for compression axis. Higher force was required to 
rupture Shorea robusta seed through the minor axis (WID) and 
a lower force for major axis (LEN). Regression models that best 
fitted the relationships of the mechanical properties (hardness, 
deformation at hardness, deformation at hardness percentage 
and energy for rupture) and moisture content follows the 
polynomial function of the second degree order. These models 
have high R2 values and therefore will be good for predictive 
values for all the equation.
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