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Abstract: This study studies the effect of 4 level of moisture content; 12.2333, 11.7133, 10.8167 and 10.3133% on 
physical properties (geometrical, gravimetrical and frictional properties). The results show that width, height and 
length were in negative linear relationship with moisture content as shown by the regression equation. Whereas 
sphericity, true density and static coefficient for all surfaces investigated exhibited negative quadratic model 
relationship, except for sphericity which positively correlate with moisture content. Cubic relationship were 
signified by arithmetic mean diameter, geometric mean diameter, surface area, mass, bulk density, porosity, filling 
and emptying angle of repose. Thus, by investigating the effect of moisture content on these physical properties, one 
can determine the most suitable condition for processing, transporting and storing of N. lappaceum seed. 
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INTRODUCTION 

 
The centre of origin of Nephelium lappaceum or 

generally known as rambutan was possibly the Malay 
Archipelago and belongs in the same family 
(Sapindacae) as the subtropical fruits; lychee and 
longan (Ong et al., 1998). This seasonal fruit grows in 
Asia countries such as Malaysia, Thailand, Indonesia 
and others. In Malaysia, it covered 26, 946 hectare and 
able to produce 86, 085 metric tons of fruits in 2011 at 
Kelantan, Johor, Terengganu, Pahang and Kedah 
(Norlia et al., 2011). There are a total of 62 clones of 
rambutan were registered by 1986. Only 7 of these 
clones were recommended for general planting due to 
many of the original clones yield only under specific 
environmental conditions. These includes R3 (‘Peng 
Thing Cheng’), R134, R156 (‘Muar Gading’), R160 
(‘Khaw Tow Bak’), R161 (‘Lee Long’), R162 (‘Daun 
Hijau’) and R170 (‘Deli Cheng’) (Tindall, 1994). 
Generally, N. lappaceum is consumed fresh and in 
certain places, it is processed in the industry as juices, 
jams, jellies and marmalades. In some Asian countries, 
the residues left from these processes; N. lappaceum 
seeds were considered as an edible food after went 
through certain process (Solís-Fuentes et al., 2010).  

Prior to utilizing N. lappaceum seed as food, it is 
important for it to be dried before further processed. 
The drying operation affects the quality and nutritious 
level by stabilizing the storage condition, undesirable 
chemical reaction, longer shelf life and retards or 
eliminates the growth of microorganism thus preventing 
rot (Nejad et al., 2003; Kashaninejad and Tabil, 2009; 

Abano and Amoah, 2011). After drying to certain level 
of moisture content, the seeds will be stored or 
packaged for allocation.  

There are 3 types of physical properties of N. 
lappaceum seed as a function of moisture content to be 
analyzed. Those are geometrical properties, 
gravimetrical properties and frictional properties. 
Geometrical properties include length, wide, height, 
sphericity and surface area (Razavi et al., 2007a). It is 
essential to obtain the information on the geometrical 
properties of the seeds at different moisture level for the 
accurate equipment design for structural, processing, 
cleaning, grading, separation and storing as well 
practical utility in control engineering (Amin et al., 
2004; Milani et al., 2007; Gharibzahedi et al., 2010). 
To design such equipment that responsible in aeration, 
drying, storage and transport, gravimetrical properties is 
important to be considered. True density, bulk density 
and porosity have their own specific role; designing 
separating equipment (separation of desirable materials 
and impurities), capacity of storage and transport 
systems and determination of the resistance of air flow 
during aeration and drying of seeds are their roles 
respectively (Altuntas and Yıldız, 2007; Tavakoli et al., 
2009; Gharibzahedi et al., 2010) The volume and 
density are significant as they play a major role in 
numerous technological processes as well as in the 
evaluation of product quality (Ozguven and Vursavus, 
2005). From the data acquired for porosity, one can 
design the force ventilation system for drying and 
cooling the stored bulk as the resistance to airflow 
through the seed is an important parameter 
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(Kashaninejad and Tabil, 2009). In supporting this, 
Tarighi et al. (2011) stated that grain with low porosity 
contributed to high power to drive the aeration fans due 
to great resistance to water vapor escaped during the 
drying process. Friction coefficient is important to 
determine the design of storage, transporting structures, 
seed bins, compressibility and flow behavior of 
materials (Altuntas and Yildiz, 2007; Tavakoli et al., 
2009; Gharibzahedi et al., 2010). This phenomenon was 
explained by Tarighi et al. (2011), stating that the 
friction coefficient can be used to determine the angle 
at which chutes must be positioned. This is so to 
achieve consistent flow of materials through the chute 
thus the information obtained is manipulated to sizing 
motor requirements for transportation and handling. 

Besides friction coefficient, another property 
needed to be considered for flow ability of seeds is 
angle of repose as it is the angle at the horizontal at 
which the seeds will stand when piled (Razavi et al., 
2007c). It is a measure of the internal friction between 
samples thus useful in designing hopper. For a 
continuous flow of material by gravity, the wall’s 
inclination angle should be greater than the angle of 
repose (Gharibzahedi et al., 2010). Considering these 
importance of physical properties and advantages it 
brings towards the industrial capability of N. lappaceum 
seed as food product, this study aims to study the 
geometrical, gravimetrical and frictional properties as a 
function of moisture content since there is no research 
on it yet has been done. 

 
MATERIALS AND METHODS 

 
Sample preparation and moisture content 
determination: Samples were collected from a 
rambutan canning factory at Sungai Petani, Kedah, 
Malaysia and stored in chiller at School of Industrial 
Technology lab prior to drying at 60°C. Moisture 
content was determined by using A&D MX-50 
Moisture Analyzer for 5 different levels at different 
drying times of 0, 12, 24, 36 and 48 h. 
  
Geometrical characteristic measurement: Sixty 
individual seeds for each moisture level were randomly 
selected to determine the dimensions namely length, 
width and height by using RS Batty micrometer with 
accuracy 0.01 Cm. As a reference, Fig. 1 shows the 
length (L), width (W) and height (H). Where L is the 
distance from calyx end to the stem, W is the diameter 
and H is the distance from the highest point to the 
lowest point of the seed when placed on a horizontal 
plate. After those have been obtained, the arithmetic 
mean diameter (Da), geometric mean diameter (Dg) and 
sphericity can be calculated with relationships as below 
(Dursun and Dursun, 2005; Mohsenin, 1986): 

 
 
Fig. 1: Schematic three major perpendicular dimensions of 

N. lappaceum seed 
 

 D  

 
 D √LWH 

 

 ϕ 	 √  

 
The surface area of N. lappaceum seed is assumed 

to be analogical with sphere of the same geometric 
mean diameter thus the equations by Abano and Amoah 
(2011) were used to calculate the surface area: 
 

 S 	πD  
 
Gravimetrical properties: Sixty individual seeds for 
each moisture level were randomly selected to obtain 
the unit mass by weighing on precision A&D GR-200 
electronic balance to accuracy of 0.0001 g. After that, 
volume displacement method was used to analyze true 
volume (V, Cm3) of each seed by using toluene as a 
function of moisture content. Toluene is used instead of 
water due to its property of less absorbed into the seed, 
low surface tension that it fills the shallow dips in seed 
and low dissolution power (Milani et al., 2007; 
Gharibzahedi et al., 2010). Then, the mass were divided 
by its true volume to have true density (ρt, g/mL). Bulk 
density was determined by using a container with the 
dimension of 7.5 x 4 x 6 Cm with opening at the top. 
The container is placed on a balance prior filled with 
seed until it’s full. No separate or additional 
compaction was done. The bulk density is defined as 
mass of the bulk divided by the volume of the container 
(ρb, kg/m). The bulk density and true density can be 
utilized to express the porosity as a function of moisture 
content (Mohsenin, 1986): 
 

 ε 	 100 

 
Frictional properties: There 3 frictional properties to 
be measured, namely static coefficient, filling angle of 
repose  and emptying angle of repose. Static  coefficient  
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Fig. 2: Schematic diagram for estimation of the angle of 

repose of a pile (fixed base) 
 
were measured on 3 different surfaces namely 
aluminum sheet, glass and plywood. A bottomless and 
topless box were made out of cardboard box with the 
size of 7.5x6x4 Cm and put on adjustable inclined 
plane, faced with the test surface and filled with the 
sample. Then, the box was raised slightly about 5-10 
mm so that the box wouldn’t touch the surface thus 
doesn’t affect the friction coefficient. The plane was 
inclined gradually with a screw device until the box 
started to slide down and the angle of tilt (α) was 
analyzed. The static coefficient of friction (μs) was 
calculated as described by Mohsenin (1986): 
 

μs = tan α 
 

Filling or static angle of repose were determined by 
using a bottomless at topless plastic cylinder with 
diameter of 7 and 11.5 Cm height. It is placed at the 
centre of circular plate with 13 Cm diameter (D) and 
filled with the seeds. Then, the cylinder is raised slowly 
until the seeds formed a cone shaped pile. The filling 
angle of repose is calculated following the method by 
Bart-Plange and Baryeh (2003), Paksoy and Aydin 
(2004) and Ozguven and Vursavus (2005) and with the 
height (H) and diameter (D) were shown as in Fig. 2: 
 

θf = tan-1 (2H/D) 
 

For determination dynamic or emptying angle of 
repose ( , a 10 x 10 x 10 Cm card box plastic lined 
inside with removable front panel was used. The seed 
were filled inside until full, then the front panel was slid 
open quickly allowing the samples to flow out with 
assumption as a natural heap (Oje and Ugbor, 1991). 

Calculation of emptying angle of repose was according 
to Jain and BaL (1997), Bart-Plange and Baryeh (2003) 
and Paksoy and Aydin (2004) as follows: 
 

 θ 	 tan  

 
where, h h  represents the height of samples at two 
points and x x  is the horizontal distance between 2 
points. These frictional properties data is useful in 
hopper design because the inclination angle of hopper 
walls should be greater than the angle of repose to 
ensure the continuous flow of the crops (Razavi et al., 
2007c). 
 
Data analysis: All experiments were done with 
triplicates. Mean and standard deviations were 
calculated by Microsoft Excel 2010 whereas the 
regression and coefficient of determination were 
obtained by Minitab 11.12. 

 
RESULTS AND DISCUSSION 

 
Moisture content: Moisture content for every level 
was summarized in Table 1. 
 
Geometrical properties analysis: Table 2 summarizes 
the geometrical analysis including the regression 
equation that shows the correlation between the 
properties and moisture content. The results shows that 
during the moisture desorption process, the variation of 
dimensions (length, width and height) were decreasing 
linearly with increasing of moisture content. The 
correlations observed between these dimensions and 
moisture content is very low, but nonetheless slightly 
effecting each other. This is due to the hardening of the 
pulp bits on the seeds during moisture desorption, thus 
affecting the measurement. Equations in Table 2 can be 
used to design the machine for harvesting, threshing 
and separating. From the coefficients of determination 
in Table 3, the seed has the most relationship between 
its length and width thus proves they are statistically 
correlated to each other.  

Figure 4 and 5 show the variation of geometrical 
and arithmetic mean diameters for different moisture 
content of N. lappaceum seed. These figures and 
regression equation in Table 2 indicates that the 
diameters decrease in moisture content as axial 
dimensions.   Figure   6     shows     the  sphericity  of 
N. lappaceum seed as a function of moisture content. 
The relationship is depicted in quadratic model. 
Fathollahzadeh et al. (2008) in the research study on 
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Table 1:Mean and standard deviation of moisture content levels of N. lappaceum seed for five level of moisture content used in this study 
Moisture content (w.b. %) 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Level 1 Level 2 Level 3 Level 4 
12.2333±0.2065 11.7133±0.4917 10.8167±0.2318 10.3133±0.1850 

 
Table 2: Regression equation obtained for geometrical analysis 

Properties Equation R2 
L L = -0.0705MC+ 3.7681 0.9918 
W W = -0.0126MC + 1.6245 0.0828 
H H = -0.0396MC + 1.3965 0.4081 
Da Da = -0.1MC

3 + 3.3997MC
2 - 38.501MC + 146.99 1.0000 

Dg Dg = -0.115MC
3 + 3.9356MC

2 - 44.85MC + 171.71 1.0000 
ϕ ϕ =   0.0298MC

2 - 0.6628MC + 4.2121 0.8559 
S S = -1.2225MC

3 + 41.822MC
2 - 476.23MC + 1812.9 1.0000 

 
Table 3: Regression equation and coefficient of determination for the 

dimensions ratio of N. lappaceum at 5 different moisture 
levels 

Ratio Equation R2 
L/H y = -0.0054x + 3.143 0.6970 
L/W y = -0.0036x + 2.0551 0.8782 

 

 
 
Fig.3: Effect of (◊) length; (□) height; (∆) width of N. 

lappaceum seed as a function of moisture content, % 
w.b 

 

 
 
Fig. 4: The geometric mean diameter, Dg (Cm) of N. 

lappaceum seed as a function of moisture content, 
% w.b 

 
physical properties of barberry also follows the same 
model. Sphericity is related to the hardening of extra 
pulp  surrounding  the seed  towards the ending of calyx  

 
 
Fig. 5: The arithmetic mean diameter, Da (Cm) of N. 

lappaceum seed as a function of moisture content, 
% w.b 

 

 
 
Fig. 6: The sphericity, ϕ(%) of N. lappaceum seed as a 

function of moisture content, % w.b 
 
end and decreases the sphericity when water is 
desorbed out. Surface area values were plotted in 
Figure 7 against moisture content and show a cubic 
model. With coefficient of determination being 1.0000 
as shown in Table 2, it proves that it has significant 
correlation with moisture content. 
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Fig. 7: The surface area, S (Cm2) of N. lappaceum seed as a 

function of moisture content, % w.b 
 

 

Fig. 8: Unit mass (g) of N. lappaceum seed as a function of 
moisture content, % w.b 

 
Gravimetrical properties analysis: For moisture 
content of level 1 of N. lappaceum seed, the range of 
mass are between 0.9808 to 2.9073 g. Seeds with the 
moisture of 11.7133% bear the mass in the range of 
1.0137 and 3.2084 g. Moisture contents at 10.8167  and 
10.3133% have the range of 1.0894 to 2.8957 g and 
1.1732 to 2.6347 g, respectively. From the results 
shown in Fig. 8, the unit mass of N. lappaceum seed 
were found to decrease at first, then increase with 
moisture content in a form of a cubic model. Table 4 
shows the model for unit mass as well as the coefficient 
of determination. The model shows a positive and 
significant correlation with moisture content. The range 
of true volume for moisture content 12.2333, 11.7133, 
10.8167 and 10.3133% are between 1.1000-4.0000, 
1.2000-3.3000, 1.1000-3.5000 and 1.3000-3.2000 mL, 
respectively. The relationship between moisture content 
and   true    volume   are  summarized in Table 4. As the  
 

table shown, the coefficient of determination with the 
value of 1.0000 proves that there is a correlation 
relationship between true volumes with moisture 
content. Observation of Fig. 9 shows the decrease and 
increasing of true volume could be related to mass from 
Fig. 8 as discussed above. The quadratic effect was also 
obtained by Kashaninejad and Tabil (2009) in a 
research on pistachio nut and kernel. The values of true 
density (ρt) for 12.2333, 11.7133, 10.8167 and 
10.3133% of moisture content are 0.6569-1.1356, 
0.5305-1.2145, 0.6003-1.1591 and 0.5899-1.2126 g/mL 
respectively. As Fig. 10 depicts, it has quadratic model 
as Erica Baumler et al. (2006) for the research on 
safflower seed. The confirmation from coefficient of 
determination which bears the value of 0.9971 proves 
the relationship between true density and moisture 
content were correlated with each other.  

For bulk density, ρb at moisture content of for 
12.2333, 11.7133, 10.8167 and 10.3133% are 0.4003, 
0.4188, 0.4584 and 0.4436 g/mL. As the analysis for 
Fig. 11 in Table 4, as the moisture increases, the bulk 
density decreases in quadratic model. Singh and 
Goswami (1996) and Baryeh (2002) also found the 
same relationship between bulk densities of seed with 
its moisture content. The coefficient of determination 
also suggests that there was correlation relationship 
between the variables. Bulk density can be affected by 
the changes in the cell structure of the seeds as the seed 
moisture decreases (Razavi et al., 2007b). From 
observation on Figure 12, the porosity cubic 
relationship with moisture content as described by the 
regression equation in Table 4. Abano and Amoah 
(2011) also have the same trend. Equation by Mohsenin 
(1986) indicated that porosity affected by bulk and true 
density thus it is depended on this factors only. As the 
result shown, when the moisture content at 12.2333%, 
it possesses the porosity with the range of 39.0623-
64.7487%. The second, third and fourth level of 
moisture content hold the range of porosity between 
21.0609-65.5167, 23.6392-60.4518 and 24.8008-
63.4175%, respectively. 
 
Frictional properties analysis: For frictional 
coefficient, the experimental data shows slightly 
different than other types of grains such as research by

Table 4: Relationship between gravimetric properties to moisture content, % w.b 
Properties Equation R2 
Mass, g m =  0.1474MC

3 - 5.0067MC
2 + 56.514MC - 210.17 1.0000 

True volume, Cm3 v =   0.2701MC
3 - 9.0009MC

2 + 99.697MC - 364.88 1.0000 
True Density, g/Cm3 ρt = -0.0354MC

2 + 0.8184MC - 3.8325 0.9971 
Bulk density, g/Cm3 ρb =  0.0305MC

3 - 1.0552MC
2 + 12.101MC - 45.611 1.0000 

Porosity, % ɛ = -4.9349MC
3 + 165.82MC

2 - 1849.8MC + 6901 1.0000 
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Fig. 9: True volume (mL) of N.lappaceum seed as a function 

of moisture content, % w.b 
 

 
 
Fig.10: True density, ρt (g/mL) of N.lappaceum seed as a 

function of moisture content, % w.b 
 

 
 
Fig.11: Bulk density, ρb (g/mL) of N.lappaceum seed as a 

function of moisture content, % w.b 
 
Fathollahzadeh et al. (2008) that studied the effect of 
moisture content on barberry. Experimental data as 
tabulated in Fig. 13 indicates that the effect of moisture 
content on static coefficient is in quadratic model. The 
regression equation in Table 5 shows that plywood, 
glass and aluminum have different effect on moisture 
content. For plywood, the coefficient of determination 
is 0.9897 which implies that the relationship between 
the effect and moisture content is significant. Glass also 
shows almost the same trend with plywood with its 
determination coefficient being 0.9640; significant 
between  static  coefficient  and  moisture  content. The  

 
 
Fig. 12: Porosity, ɛ (%) of N.lappaceum seed as a function of 

moisture content, % w.b 
 

 
 
Fig. 13: The static coefficient of friction of N.lappaceum seed 

as a function of moisture content, % w.b. on surfaces 
of (◊) plywood; (□) glass; (∆) aluminum 

 

 
 
Fig. 14: The filling angle of repose (◊); emptying angle of 

repose (□) of N.lappaceum seed as a function of 
moisture content, % w.b 

 
same goes to the coefficient of determination for 
aluminum with the value of 0.9388 which shows a 
significant correlation between the variables. Gupta and 
Das (1998) stated that the value of coefficient of 
friction is greater in surfaces of plywood and others 
than on metals or glass. This trend is due to roughness 
of the surfaces and the moist in the sample. Figure 6 

2

2.05

2.1

2.15

2.2

2.25

2.3

10 10.5 11 11.5 12 12.5

T
ru

e 
vo

lu
m

e,
 m

l

Moisture content, % w.b.

0.83
0.84
0.85
0.86
0.87
0.88
0.89
0.9

10 10.5 11 11.5 12 12.5

T
ru

e 
de

ns
it

y,
 g

/m
l

Moisture content, % w.b.

0.39
0.4

0.41
0.42
0.43
0.44
0.45
0.46
0.47

10 10.5 11 11.5 12 12.5

B
ul

k 
de

ns
it

y,
 g

/c
m

3

Moisture content, % w.b.

45
46
47
48
49
50
51
52
53
54

10 10.5 11 11.5 12 12.5

P
or

os
it

y,
 %

Moisture content, % w.b.

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

10 10.5 11 11.5 12 12.5

S
ta

ti
c 

co
ef

fi
ci

en
t

Moisture content, % w.b.

0

5

10

15

20

25

30

10 10.5 11 11.5 12 12.5

R
ep

os
e 

an
gl

e,
 d

eg
re

e

Moisture content, % w.b.



 
 

Adv. J. Food Sci. Technol., 4(4): 199-206, 2012 
 

205 

Table 5: Relationship between frictional properties to moisture content, % w.b 
Properties Equation R2 
Static coefficient 

 Plywood 
Glass 
Aluminium 

 
μs = -0.1573MC

2 + 3.4606MC - 18.284 
μs = -0.2574MC

2 + 5.6815MC - 30.621 
μs = -0.2765MC

2 + 6.218MC - 34.289 

 
0.9897 
0.9640 
0.9388 

Repose angle 
Filling angle of repose 
Emptying angle of repose  

 
θf =  34.526MC

3 - 1164.7MC
2 + 13071MC – 48777 

θe =  19.628MC
3 - 660.05MC

2 + 7383.8MC - 27457 

 
1.0000 
1.0000 

 
depicts the effect of moisture content on sphericity. As 
the moisture content increase, the sphericity decreases. 
When the sphericity is low, the rolling effect on each 
other will be decreased. Stickiness also becomes a 
major factor in determining the static coefficient. This 
phenomena applied to both aluminum and plywood 
surface. But, plywood surface has the higher static 
coefficient in comparison with aluminum. Thus proves 
that plywood has much more rough surface thus 
causing changes in sliding characteristics. These results 
gave the observation that the condition of sample gives 
greater impact on static coefficient of friction than the 
friction surfaces. The variations for angle of repose 
against moisture content were plotted in Fig. 14. The 
regression equation and R2 were displayed in Table 5. 
As it can be seen, the filling angle of repose for 
moisture content of 12.2333, 11.7133, 10.8167 and 
10.3133 % were 26.2024, 10.0071, 27.2075 and 
15.1853°, respectively. Its R2 is 1.0000 which described 
the correlation between filling angle of repose and 
moisture content. The highest filling angle of repose is 
due to the stickiness of seeds from the high moisture 
content thus adheres the seeds together that didn’t 
permit the seeds to roll over each other. Emptying angle 
of repose also has R2 value of 1.0000 which defines 
correlation ship between the variables. The angle for 
the moisture content 12.2333, 11.7133, 10.8167 and 
10.3133 % were 27.9414, 17.0214, 26.5180 and 
21.0069°, respectively.  

 
CONCLUSION 

 
The investigation of the effects of moisture content 

on various physical properties of N.lappaceum seed 
revealed the following conclusions: 

Length, width, heigh, arithmetic mean diameter, 
geometric mean diameter and surface area were 
decreasing with increasing moisture content. Whereas, 
the sphericity were inreasing with with moisture 
content. Width and height were having insignificant 
effect from the moisture content. 
 
 For mass, true volume, true density and bulk 

density were increasing with moisture content, 
unlike porosity that was decreasing instead. 
Porosity also has insignificant relationship with 

moisture content that has been shown by its R2 of 
0.1666 

 The static coefficient on glass was giving the most 
significant effect when compared to plywood and 
aluminium with thr R2 of 0.8326. But, all were 
having negative linear relationship. This also 
confirms that the sphericity also giving effect to the 
static coefficinet when compared to Fig. 2 

 The filling repose angle was increasing with 
increasing moisture content significantly 

 The emptying angle of repose also increasing with 
moisture content. But, the R2 of 0.0592 tells that 
the effect was insignificant 
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