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Abstract 
The physical properties of grains are important factors in designing 
efficient food processing, handling and storage systems. In this 
work we investigated the influence of degree of germination (in 
terms of the duration of germination treatment) on some 
geometric, mass-related and flow-related properties of germinated 
paddy grains. Paddy grains germinated at 38oC and 85% relative 
humidity over a period of 24, 48 or 72 hours and dried to a 
moisture content of about 11% (wet basis) after or without 
parboiling, were used for physical characterization. Results show 
that degree of germination had a significant influence on the mass 
properties of paddy grains, with evidence of  linear decrease in 
both bulk density and 1000-grain mass with increasing 
germination time. A similar trend was observed for the porosity of 
both raw and parboiled germinated paddy grains. However, degree 
of germination did not appear to influence the geometric properties 
of raw germinated paddy grains, even though it appeared to show a 
significant effect on the thickness of the parboiled form. 
Conversely, coefficient of friction and angle of repose increased 
with increase in germination time for various test surfaces. 
Although the parboiling treatment did not seem to affect the 
coefficient of friction, it appeared to have a significant effect on 
the angle of repose. The study revealed consistent relationships 
between degree of germination and various physical properties of 
germinated paddy grains  that will be useful in the analysis and 
design of handling systems for such grains. 

 

INTRODUCTION 

Germinated brown rice (GBR) is becoming 
an increasingly popular functional food in 
the developing world, as the rice eating 
community becomes more aware of its 
numerous health benefits (Kayahara and 
Tsukuhara, 2000). The Institute of 
Medicine, Food and Nutrition Board 
defines a functional food as any food or 
food ingredient that may provide a health 
benefit beyond the traditional nutrient it 
contains (IOM/FNB, 1994). Accumulating 

evidence suggests that the continuous 
intake of GBR will lead to many health 
benefits, which include accelerating 
metabolism of the brain; preventing 
headache, relieving constipation, 
preventing colon cancer, regulating blood 
sugar level; preventing heart diseases, 
lowering blood pressure as well as reducing 
the risk of Alzheimer’s disease (Kayahara 
and Tsukuhara, 2000). In fact, it has 
recently been demonstrated that regular 
intake of GBR could potentially provide 
more glycemic control in Type II diabetes 
mellitus than metformin, the commonly 
prescribed antiglycemic drug (Imam and 
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Ismail, 2013). The popularity of GBR will 
continue to increase with the discovery of  
more corroboratory evidence of its health 
benefits. Thus, as this knowledge filters 
down across the rice eating world, the 
demand for germinated rice products will 
increase and so will the need for suitable 
processing, handling and storage systems 
that are compatible with the nature of 
germinated rice grains. 

Normally, germinated brown rice is 
produced through a simple process of 
hydrating unpolished dehulled rice grains 
and exposing them to conditions suitable 
for germination. Germination is allowed to 
progress over a period of 24 to 72 hours 
(depending on processor) before 
termination. The germinated grains are then 
dried before further processing. An 
alternative method is to start with paddy 
(husk rice). Paddy subjected to similar 
conditions for germination processing will 
result in germinated paddy, which may then 
be processed to the desired germinated rice 
product. The use of paddy for producing 
germinated rice products is particularly 
advantageous because it facilitates 
parboiling and may result in better 
protection of the product against microbial 
contamination during the course of 
hydration and germination (Kim et al., 
2012). Although the presence of the hull 
tends to slow down the rate of moisture 
absorption (Bello, 2004) it is apparent that 
concerns over the safety of germinated 
products may eventually favour a tendency 
towards the use of paddy for the production 
of safe germinated rice products.  

Anticipated increase in the demand for 
GBR products presents new opportunities 
to the food industry. At the same time it 
also presents important challenges to 
agricultural and food process engineers. For 
most engineering design, grains are 
generally assumed to be ellipsoid or 
spherical in shape. Thus, from knowledge 
of the three axial dimensions (length, width 
and thickness) it is possible to determine a 

range of derived properties that may be 
extremely useful approximations of grain 
geometry. For example, properties such as 
aspect ratio, sphericity, surface area, 
arithmetic mean diameter, geometric mean 
diameter and single kernel volume are 
useful descriptive properties of grain shape 
and size, which are critical in aerodynamic 
process design and analysis for grain sizing, 
grading, aeration, fluidization, and 
transport. Mass related properties like 
density and specific gravity are important in 
studying flow processes for heat and mass 
transfer, gravity separation, predicting loads 
imposed by grains on handling and storage 
structures as well as in predicting the 
physical and chemical structures of crop 
products (Mohsenin, 1978). These 
properties can also be used for estimating 
grain porosity (i.e., the percent void of an 
unconsolidated mass of materials) needed 
in air and heat flow work (Correa et al., 
2007). The 1000-grain mass can even serve 
as a signature value that could be used to 
authenticate the purity of grain varieties. 
Angle of repose and coefficient of friction 
are highly interrelated and very useful 
indicators of grain flowabilty. The angle of 
repose describes the natural shape of pile 
grains make on a given surface and depends 
on both surface and inter-granular friction. 
It is particularly useful in accounting for 
lateral load components imposed by grains 
on the walls of grain hoppers and storage 
structures. Knowledge of the coefficients of 
friction between food grains and various 
surfaces is also critical to the efficient 
performance of self-emptying bins and 
handling equipment designed to function as 
gravity mass flow systems (Bart-Plange et 
al., 2012). 

Many studies have reported the physical 
and mechanical properties of different 
agricultural products and how these 
properties are influenced by conditions 
such as moisture content. Examples include 
Varnamkhasti et al. (2007) for paddy, 
Solomon and Zewdu (2009) for Niger seed 
(Guizotia abyssinica Cass.), Sobukola and 
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 Onwuka (2011) for Locust beans, Khanali 

et al. (2012) for rough rice, and Bart-Plange 
et al. (2012) for cowpea.  However, similar 
information on the physical and mechanical 
properties of germinated rice products and 
how these properties are influenced by 
process conditions and treatments do not 
seem to be available in the current 
literature. This work was carried out to 
determine the influence of degree of 
germination (in terms of germination 
duration) on some physical properties of 
germinated paddy grains. 

MATERIALS AND METHODS 

Fifty kilograms of paddy grains of rice 
variety Nerica-21, collected from a local 
farmer’s field around Njala Campus, in 
Njala University, in the Moyamba District 
of Sierra Leone, was hydrated for 12 hours 
at room temperature (approx. 30oC) and 
germinated in a dark germination chamber 
at approximately 38oC and 85% relative 
humidity for 24, 48 and 72 hours. Some 
germinated grains obtained for each 
germination time were parboiled using a 
laboratory steam rice parboiler (fabricated 
in the Department of Agricultural 
Engineering, Njala University). All grains 
were dried at about 50 to 55 oC in a 
greenhouse house solar dryer to a moisture 
content of about 11% (w.b.) before 
analysis.  

Moisture content  
 

Moisture content was determined by the 
standard oven method. Ten grams of grains 
(Wi) were dried in an oven at 106oC for up 
to 72 hours, after which samples were re-
weighed to determine the final bone dry 
mass (Wf). The grain moisture content was 
then determined on percent wet basis three 
replications per treatment using Equation 
(1).  

MC(%wb) = × 100                   (1)                                                 

 

Geometric properties 
The three axial grain dimensions (mm) 
were determined by direct measurement 
using digital Vernier Callipers. Grain 
dimensions were estimated from 10 kernels 
laid out in their natural rest position and 
measured along their major and minor axes 
to determine length (L) and width (W) 
respectively. The grains were then re-
orientated and measured along their 
intermediate axis to determine the thickness 
(T). Values of the three axial dimensions 
(L, W & T) were used to estimate surface 
area (S), arithmetic (Da) and geometric (Dg) 
mean diameters, aspect ratio (Ra), 
sphericity (Φ) and single kernel volume 
according to equations (2) to (7).  

 

Aspect ratio: 

R =                                               (2)         

Arithmetic mean diameter: 

D =                                       (3) 

Geometric mean diameter: 

D = (LWT)                                     (4)       

Sphericity: 

Ø = × (LWT)                                (5) 

Single grain volume:   

V = 0.25 π × L × (W + T)        (6) 

Surface area:  

S = π ( ) /

( ) /                                  (7) 

 
Angle of repose 
The angle of repose of germinated paddy 
grains was determined on four test surfaces  
as follows: a container of known volume 
was filled to the brim with grains and the 
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excess removed by quickly passing the flat 
surface of a straight edge over the top end 
of the container. The grains were then 
poured through a mounted metal funnel 
fitted with a “flood gate” to control opening 
and closure. A sudden opening of the spout 
allows grains to flow through the funnel 
onto the test surface where it forms a 
conical pile. A Tri-square with a sliding 
ruler arrangement was used to measure the 
height (H) and diameter (D) of the conical 
grain pile. The angle of repose was then 
calculated using equation (8) below. All 
determinations were made in three 
replications. 

Angle of repose: 

   = tan                                     (8)   (8) 

Coefficient of friction 
The coefficient of friction between the 
grain and four surfaces were determined 
using the tilting table apparatus 
(Varnamkhasti et al., 2007 and Bart-Plange 
et al., 2012). A 5cm deep and 10cm in 
diameter open cylinder was filled with the 
grain while resting on the test surface. The 
cylinder was slightly raised above the test 
surface to prevent it from touching the test 
surface and bring the grain in full contact 
with the test surface. The surface was then 
gradually tilted until the container and grain 
set up just start to move. The angle the 
tilting plane makes with the horizontal (θ) 
was then measured directly using a 
protractor installed on frame of the tilting 
table. The coefficient of friction (µ) was 
then calculated from three replications 
using Equation (9) below: 

Coefficient of friction: 

µ = tan                                               (9)                   (9) 

Mass properties 
Mass properties of germinated paddy were 
expressed in terms of 1000-grain mass, 
bulk density, solid density and porosity. To 
determine 1000-grain mass 1000 thousand 
grains were counted out using an automatic 

grain counter and weighed to determine the 
1000-grain mass for all samples, in three 
replications. The bulk density was 
determined by carefully filling a container 
of known volume (V) with grains and 
weighing the grains afterwards (M). Bulk 
density was then calculated from three 
replications using Equation (10) below: 

Bulk density: 

 ρ =                                             (10) 

Solid density was determined by the 
toluene displacement method. Toluene is 
the ideal displacement liquid used for the 
determining the solid density of grains 
because of its negligible absorption by 
grains. A known volume (V1) of toluene 
was measured out in a 100 ml plastic 
cylinder into which a known mass of grains 
(M) was gradually added and tapped gently 
for up to 30 seconds to eliminate air 
bubbles trapped between the grains and the 
liquid. The new volume of the liquid 
containing grains (V2) was then recorded 
and used to calculate the solid density of 
the grain using Equation (11).  

Solid density: 

 ρ =                        (11)                         

Porosity expresses the proportion of 
voidage (%) in the grain mass. Porosity was 
calculated from values of the bulk and solid 
densities according to Equation (12): 

Porosity: 

 P(%) = 1 −  ρ
ρ

× 100     (12)                                                   

Data  analysis 
Inferences from data on geometric 
properties (length, width, thickness, 
arithmetic mean diameter, geometric mean 
diameter, sphericity, aspect ratio, single 
kernel volume and surface area), 1000- 
grain mass, bulk density solid density and 
porosity were analyzed with the Analysis of 



Influence of Germination Time on Some Physical Properties of Germinated Paddy (Oryza 
sativa L.) 

 
Journal of Postharvest Technology 

 02 (04): 213-222, October’ 2014 

jp
ht

 
Re

se
ar

ch
 A

rt
ic

le
 Variance (ANOVA) procedure. The angle 

of repose and coefficient of friction were 
analyzed using the generalized linear model 
performed for a three-factor multivariate 
ANOVA in SPSS, and Duncan multiple 
range test was used for pair wise 
comparison of means. 

 

RESULTS AND DISCUSSION 

Geometric properties 
The result obtained for length, width, 
thickness, arithmetic mean diameter, 
geometric mean diameter, sphericity single 
kernel volume and surface area are 
summarized in Table 1. Degree of 
germination (germination time) had no 
significant effect on the geometric 
properties of raw germinated grains, except 
for aspect ratio.  Values obtained for the 
aspect ratio of raw germinated grains range 
from about 4.4 to 4.6 and indicate a slight 
change in the oblong geometry of the 
grains. Length, width, sphericity, aspect 
ratio and single kernel volume did not vary 
significantly as a result of parboiling 
treatment. However, unlike the width, 
which did not seem to be affected by 
parboiling treatment, the arithmetic and 
geometric mean diameters, from the 
splitting of grains during parboiling, an 
event which might have increased the 
minor axis of the grain. Varnamkhasti et al. 

(2007) reported slightly lower values of 
length (8.54mm), width (2.47mm) and 
thickness (1.83mm), probably due the 
variety of rice used. 

Mass properties 
The values of 1000-grain mass decreased 
linearly with increase in germination time; 
decreasing from 29.6 to 27.7 and from 29.3 
to 27.0 g/1000-grain with increase in 
germination time from 24 to 72 hours for 
raw and parboiled germinated paddy 
respectively (Figure 1). 

These values are within the range reported 
by Gayin et al., (2009). Decrease in grain 
mass could have resulted from the loss of 
grain material used up during the 
germination process. It can be observed that 
for a given degree of germination, values 
for parboiled germinated grains were lower 
than those of the non-parboiled grains. This 
difference may be the result of material loss 
caused by leaching during the course of 
parboiling. Figure 1 shows the variation of 
1000-grain mass of raw and parboiled 
germinated paddy with germination time, 
with Equations 13 and 14 describing these 
relationships respectively: 

M = −0.041t + 30.77 (푟 = 0.96)   (13)                

M = −0.048t + 30.66 (푟 = 0.94)    (14) 

                                           

Table 1: Some geometric properties of raw and parboiled germinated paddy produced over 
24, 48 and 72 hours of germination.  
 
Properties Type of 

Germinated 
Paddy 

Degree (duration) of germination 

24 hr 48 hr 72 hr 

Length (mm ± sd) 

Raw 

8.7±0.84a 9.3±0.71a 9.3±0.67a 
Width (mm ± sd) 3.1±0.20 a 3.0±0.21 a 3.0±0.22 a 
Thickness (mm ± sd) 2.0±0.11 a 2.0±0.09 a 2.1±0.12 a 
Arithmetic mean diameter (mm ± sd) 4.6±0.33 a 4.8±0.23 a 4.8±0.28 a 
Geometric mean diameter (mm ± sd) 3.8±0.22 a 3.9±0.13 a 3.9±0.20 a 
Sphericity 0.4±0.02 a 0.4±0.02 a 0.4±0.02 a 
Aspect Ratio 4.3±0.27 a 4.6±0.48 c 4.4±0.02 b 
Single grain Volume (mm3 ± sd) 30.1±5.08 a 31.2±3.24 a 31.7±5.07 a 
Surface area (mm2 ± sd) 142.8±16.33 a 146.6±9.40 a 149.2±15.71 a 
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Properties Type of 
Germinated 

Paddy 

Degree (duration) of germination 

24 hr 48 hr 72 hr 

Length (mm ± sd) 

Parboiled 

8.7±0.77a 9.2±0.80a 8.5±0.83a 
Width (mm ± sd) 3.1±0.18 a 3.0±0.09 a 2.8±0.23 a 
Thickness (mm ± sd) 1.9±0.17 a 2.1±0.16 b 1.9±0.13 a 
Arithmetic mean diameter (mm ± sd) 4.6±1.35 b 4.8±1.41 c 4.4±1.32 a 
Geometric mean diameter (mm ± sd) 3.7±0.26b 3.8±0.21 c 3.6±0.25 a 
Sphericity 0.4±0.17 a 0.4±0.02 a 0.4±0.02 a 
Aspect Ratio 4.6±0.35 c 4.5±0.29 b 4.4±1.43 a 
Single grain Volume (mm3 ± sd) 29.6±5.61 a 31.1±5.01 a 25.4±5.32 a 
Surface area (mm2 ± sd) 139.1±18.85 b 146.5±16.58b 127.7±17.75a 

In each row, means with the same superscripts are not significantly different at the α = 0.05 level 

 
Table 2: Relations for the variation in angle of repose (θº) and coefficient of friction (µ) with 
germination time (t) for raw and parboiled germinated paddy on mild steel, plastic, wood and 
glass surfaces. 

Property Surface Raw germinated paddy  Parboiled germinated paddy 
Equation r2 Equation r2 

Angle of repose 
(θº) 

Mild steel  = 0.74t + 13.67 1.00 

 

 = 0.49t + 22.23 0.99 
Plastic  = 0.64t + 18.26 0.99  = 0.51t + 21.80 0.96 

Wood  = 0.81t + 11.88 0.99  = 0.68t + 15.05 0.99 

Glass  = 0.69t + 20.90 0.98  = 0.61t + 20.12 0.96 

Coefficient of 
friction (µ) 

Mild steel µ = 0.002t + 0.31 0.99 

 

µ = 0.001t + 0.33 0.98 

Plastic µ = 0.002t + 0.19 0.93 µ = 0.003t + 0.26 0.74 

Wood µ = 0.001t + 0.39 0.93 µ = 0.001t + 0.40 0.87 

Glass µ = 0.001t + 0.29 0.96 µ = 0.001t + 0.31 0.94 
 
Table 3: Coefficient of friction and angle of repose for raw germinated and parboiled 
germinated paddy on four surfaces (mild steel, plastic, wood and glass) 

Surface 
 Germination time (hours) Coefficient of friction  Angle of repose (degrees) 

Parboiled Raw  Parboiled Raw 
Mild steel 24 0.36f 0.36f  33.63a 31.60a 

 48 0.42h 0.43h  46.29c 49.03c 

 72 0.45i 0.47j  57.05d 67.34e,f 

Plastic 24 0.27b 0.24a  32.59a 32.37a 

 48 0.29c 0.27b  49.44c 51.01c 

 72 0.29c 0.34d,e  57.18d,e 62.86e 

Wood 24 0.42h 0.42h  30.26a 30.99a 

 48 0.45i 0.46j  50.05c 51.91c,d 

 72 0.47j 0.47j  62.96e 70.11f 

Glass 24 0.33d 0.33d  33.12a 36.26a,b 

 48 0.36f 0.34e  52.82c,d 56.73d 

 72 0.38f,g 0.38g  62.47e 69.52f 

Within each pair of columns (including data for raw and parboiled paddy), values for coefficient of friction or angle of 
repose with the same superscripts are not significantly different at α = 0.05. 
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Figure 1: Scatter plots with linear fits 
showing relationship between germination 
time and 1000-grain mass (top), bulk density 
(middle) and porosity (bottom) for raw (♦) 
and parboiled (■) germinated paddy grains. 
 
 

Bulk density also decreased linearly with 
increase in germination time with lower 

values for the parboiled grains, possibly as 
a result of similar reasons as in the 
thousand grain-mass. This could have also 
resulted from the higher percent of voids 
created by the elongating germ as 
germination progresses, thus reducing bulk 
density at higher degrees of germination. 
Similar but somewhat lower values were 
reported by Khanali et al., (2012) for paddy 
(a.k.a. rough rice). The relations and 
coefficients of determination for the bulk 
densities of raw germinated paddy and 
parboiled germinated paddy are represented 
by Equations 15 and 16 respectively. 

ρ = −4.827t + 669 (푟 = 0.94)       (15)                   
 

ρ = −2.855t + 532 (푟 = 0.99)       (16)                  
 

Measures of grain porosity varied 
significantly with germination time but not 
as a result of parboiling. As expected, grain 
porosity show a linear increase with degree 
of germination. This relationship is 
described by Equations 17 and 18 
respectively. 

P = 0.394t + 45.35 (푟 = 0.93)        (17)                                

 P = 0.194t + 56.95  (푟 = 0.82)         (18)              
   

Flow properties 

Angle of repose increased linearly with 
increase in germination time, with higher 
values for the raw germinated paddy. There 
was significant variation in both the angle 
of repose and coefficient of friction with 
degree of germination. The equations 
describing these relationships are presented 
in Table 2. The apparent positive 
correlation observed between values for 
angle of repose and germination time 
(degree of germination) could be as a result 
of the increase in germ length with higher 
degree of germination. It is expected that 
higher degree of germination leads to 
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extended hair-like sprouts which tend to 
intertwine, thereby restricting the spread 
grains on the test surface. This observation 
is depicted in the photographs on Figure 2. 

Similar to the angle of repose (in the 
previous section), the coefficient of friction 
increased linearly with increase in degree of 
germination with numerically higher, but 
not significantly different values for the 
parboiled germinated paddy. Also, these 
values were observed to be significantly 
different for all degrees of germination and 
test surfaces. Values for the coefficient of 
friction of paddy on various surfaces are 
presented in Table 3 for raw and parboiled 
germinated paddy for mild steel, plastic, 
wood and glass surfaces respectively. This 
could be for similar reasons as in angle of 
repose. The coefficient of friction is a 
function of both the surfaces of the grain 
material and the sliding material. Thus, 
higher and lower values indicate the 
roughness and smoothness of the sliding 
surfaces. Similar values were reported by 
Varnarikhasti et al. (2007) for paddy on 
wood (0.43) and glass (0.22). However, 
slightly higher values were reported by Mir 
et al., (2013) for rice on wood (0.49) and 
glass (0.38). The equations and coefficients 
of determination of the fitted lines are 
shown in Table 3. 

CONCLUSION 

The results show that degree of germination 
(in terms of germination time) does not 
have significant influence on most of the 
geometric properties of raw germinated 
paddy grains, but had significant effect on 
the mass properties, with an apparent linear 
decrease in both bulk density and 1000-
grain mass with degree of germination. 
There was an apparent linear increase in 
both the coefficient of friction and angle of 
repose with increasing degree of 
germination time for wood, mild steel, 
plastic and glass surfaces. Parboiling 
treatment did not seem to affect coefficient 
of friction but had significant effect on the 

angle of repose. However, the interaction 
between parboiling treatment and degree of 
germination produced a significant effect 
on both coefficient of friction and angle of 
repose. Apparent variations in the results 
for various physical properties of 
germinated paddy with respect to degree of 
germination lead to the conclusion that 
degree of germination could be an 
important factor influencing the physical 
properties of germinated paddy. It is 
therefore recommended that such variations 
be considered in the analysis and design of 
processing, handling and storage systems 
for geminated grains. 

 

Figure 2: Photograph depicting variation in 
angle of repose for germinated paddy grains on 
wood surface with increasing degree of 
germination. 
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NOMENCLATURE 

D = Diameter of piled grain (cm),  

Dg = Geometric mean diameter (mm),  

Da = Arithmetic mean diameter (mm),  

H = Height of grain pile (cm),  

L = Length (mm),  

M = Mass (g),  

MC = Moisture content (% wb),  

Mg = Mass of grain (g),  

Ra = Aspect ratio,  

r2 =Coefficient of determination,  

S = Surface area (mm3),  

T =Thickness (mm),  

V = Volume (cm3),  

V1 & V2 = Initial and Final volume of 
toluene (ml),  

W = Width (mm), 

Wi & Wf = Initial and final mass of grains,  

% wb = Percent wet basis,  

% = Percentage,  

ρb =Bulk density (Kgm-3),   

ρs = Solid density (Kgm-3),  

µ = Coefficient of friction,  

�=Angle (oC),  

Ø = Sphericity,  
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