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Abstract: Glutinous rice, also known as waxy rice, is a variety of short or long rice grains 

that become sticky when cooked. The physical properties (length, width, thickness, 

equivalent diameter, aspect ratio, surface area and colour) of brown and white glutinous rice 

kernels from cultivar Siding were determined in this study. The physical properties of the 

glutinous rice kernels differed significantly (p<0.001). For brown glutinous rice kernels, the 

length, width, thickness, equivalent diameter, and aspect ratio were 6.95 ± 0.27 mm, 1.83 ± 

0.08 mm, 1.42 ± 0.07 mm, 2.64 ± 0.06 mm, and 0.26 ± 0.01, respectively. The white glutinous 

rice kernel had mean values of 6.24 ± 0.38 mm (length), 1.70 ± 0.09 mm (width), 1.41 ± 0.06 

mm (thickness), 2.47 ± 0.08 mm (equivalent diameter), and 0.27 ± 0.02 (aspect ratio). The 

obtained colour values showed that the glutinous rice kernels were light brown and white. 

Based on the results, the dimensions (length, width, thickness, equivalent diameter, aspect 

ratio, surface area) decreased due to the milling process applied to brown glutinous rice 

kernels, producing white glutinous rice kernels. The physical properties of glutinous rice 

significantly impact the design of postharvest machinery, handling equipment, grading, and 

other applications. 
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1. Introduction 

Rice is one of the most popular staple foods in the world, especially in Asian 

countries. There are thousands of rice cultivars worldwide, and glutinous rice (Oryza sativa 

var. glutinosa), often known as sticky rice or waxy rice, is one of the best-known (Mahmood 

et al., 2018). Siding cultivar is one of the most preferred cultivars in Malaysia. According to 
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Zainal and Shamsudin (2021), the Siding cultivar seed germinated below their leaves. Mature 

paddy rice (whole grains with the husk intact) has a brown kernel enclosed by the husk. The 

husk, also known as the hull, is the most outer part of a paddy grain. The caryopsis also 

includes endosperm and embryo. The bran part accounts for one-tenth of the weight of the 

raw grain and has a significant nutritional value due to the presence of proteins, lipids, and 

fibre (Nawaz, 2018). The pericarp is made up of thin bran layers of proteins. The embryo is 

the grain’s reproductive organ, high in protein and fat. The endosperm, the grain’s main 

component, mainly comprises starch granules with minor amounts of proteins, lipids, and 

water. Therefore, brown rice is the unpolished rice kernel that includes the bran, embryo, and 

endosperm layers. Brown rice has recently been identified as a significant functional food 

due to its high phenolic content and biological activity (Gao et al., 2018). Meanwhile, white 

rice is the polished rice kernel that includes the embryo and endosperm layers without the 

bran layer. White glutinous rice is readily available in the marketplace and is used to make 

food. 

Rice kernel quality differentiation implies market worth and significantly impacts 

local cuisine recognition or prospective adoption of new cultivars (Nádvorníková et al., 

2018). Physical properties are one of the most important quality characteristics. Researchers 

have made valuable efforts to investigate the fundamental physical properties of biomaterials, 

emphasizing their application in the design of machines and processes (Pathak et al., 2019). 

All engineers, industrial processors, scientists, physicists, plant breeders, researchers, and 

others who can identify novel applications for biomaterials can benefit from basic 

information on their physical properties (Pradhan et al., 2010). The physical properties of 

foods, including rice, have critical impacts on optimizing agricultural machinery and 

practices, developing new varieties with specific properties to improve milling efficiency, 

and designing conveyor systems and transportation equipment. 

In recent times, the physical properties of glutinous rice have been explored across 

various cultivars, including Ketan Nangka, Ketan Bilatung, Ketan Bodas, Ketan Pecut, Susu 

Thai, local Susu and local Siding, as evidenced by the research conducted by Indrasari et al. 

(2019) and Zainal and Shamsudin (2021), respectively. Nevertheless, it’s worth noting that 

there is a scarcity of prior studies that have delved into comparing the physical properties of 

brown and white glutinous rice. As a result, this study aimed to evaluate the physical 

properties of brown and white Malaysian glutinous rice kernels, such as mean length, width, 

thickness, equivalent diameter, aspect ratio, surface area, and colour. 

2. Materials and Methods 

2.1 Sample Preparation 

Local paddy glutinous rice (Siding cultivar) was obtained from a Kuala Selangor, 

Malaysia farm. The paddy glutinous rice has been hulled to produce brown rice kernels, 

which have then been milled to make white rice kernels. Only head rice samples were 
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collected and analysed; each measurement was conducted with enough values to provide a 

significant result. Physical properties of the samples, such as length (mm), width (mm), 

thickness (mm), equivalent diameter, aspect ratio, surface area (mm2), and colour, were 

conducted at room temperature. 

2.2 Length, Width, and Thickness 

One hundred kernels of brown and white glutinous rice were chosen randomly. 

Dimensions such as length (L), width (W), and thickness (T) were measured using a Vernier 

calliper with an accuracy of 0.01 mm, as shown in Figure 1. 

 
Figure 1. Dimensions of glutinous rice kernel 

 

2.3 Equivalent Diameter 

The equivalent diameter in considering a prolate spheroid shape for one hundred 

glutinous rice kernels was calculated using an equation (1) as below (Mohsenin, 1986; 

Nádvorníková et al., 2018): 

De(mm)= (
L × (W+T)2

4
)

1
3

 

(1) 

2.4 Aspect Ratio 

Aspect ratio is defined as the ratio of its width to its length. The dimensionless aspect 

ratio (𝑅𝑎)  of 100 glutinous rice kernels was determined using equation 2 (Zainal & 

Shamsudin, 2021):  

Ra=
W

L
 

(2) 
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2.5 Surface Area 

The surface area (SA) of one hundred glutinous rice kernels was calculated by 

substituting the measured length, width and thickness into an equation 3 (Mohsenin, 1986; 

Nádvorníková et al., 2018): 

SA (mm²)= 
π×B×L2

2×L-B
 

(3) 

Where B (dimensionless) is a function of width and thickness (equation 4), 

B=(𝑊 × 𝑇)
1
2 

(4) 

Where 𝐿 = length (mm); 𝑊 = width (mm); 𝑇 = thickness (mm) of glutinous rice kernels. 

2.6 Colour 

The colour properties of glutinous rice kernels were determined using a colour meter 

(WR-18, FRU, China) to determine the values of 𝐿∗ (whiteness or darkness), 𝑎∗ (greenness 

or redness), and 𝑏∗  (yellowness or blueness). These dimensionless values were used to 

calculate the chroma using equations 5 and 6 (Azman et al., 2020) below. (𝑐∗) and hue angle 

(ℎ∗). Each sample was measured five times, and the results were recorded. 

Chroma, c∗ = [(a*)
2
+ (b*)

2
]

1

2
 

(5) 

Hue angle, h
*
=tan-1 (

b
*

a*
) 

(6) 

2.7 Statistical Analysis 

All the collected data was analysed using Minitab Statistic 16 Edition. On all data, a 

one-way analysis of variance as a function of glutinous rice kernel form was applied to 

determine the significant differences between mean values (p<0.05) at a 95% confidence 

level. Tukey test was used to predict homogenous groups and analyse the physical properties 

between brown and white glutinous rice kernels. Each study was conducted in five replicates, 

and the details were reported as the average of five independent data. 

3. Results 

Tables 1 and 2 indicate the mean values of physical properties of the brown and white 

glutinous rice kernels measured, such as length, width, thickness, equivalent diameter, aspect 

ratio, surface area, and colour. 
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Table 1. Physical properties of each 100 brown and white glutinous rice kernels 

Physical 

properties 

Glutinous rice kernels 

Brown  White 

Min Max Mean  Min Max Mean 

L (mm) 6.60 7.70 6.95 ±0.27a  5.60 7.00 6.24 ±0.38b 

W (mm) 1.70 2.00 1.83 ±0.08a  1.50 1.80 1.70 ±0.09b 

T (mm) 1.30 1.50 1.42 ±0.07a  1.30 1.50 1.41 ±0.06b 

𝐷𝑒  (mm) 2.54 2.81 2.64 ±0.06a  2.27 2.67 2.47 ±0.08b 

𝑅𝑎 0.25 0.30 0.26 ±0.01b  0.24 0.31 0.27 ±0.02a 

SA (mm2) 18.59 22.93 19.89 ±0.92a  14.64 20.47 17.35 ±1.28b 

Data are expressed as mean ±SD; L, length; W, width; T, thickness; 𝐷𝑒 , equivalent diameter; 𝑅𝑎, aspect ratio; 

SA, surface area; min, minimum; max, maximum value. Different letters indicate statistically significant 

differences exist p<0.001 for each row. The means of not sharing a letter are significantly different. Tukey test 

was applied with 95% simultaneous confidence intervals. 

Table 2. Colour values of brown and white glutinous rice kernels 

Colour 

Glutinous rice kernels 

Brown  White 

Min Max Mean  Min Max Mean 

𝐿∗ 64.35 65.48 64.99 ±0.48b  77.34 79.01 78.26 ±0.60a 

𝑎∗ 8.23 8.71 8.41 ±0.20a  3.97 4.31 4.14 ±0.13b 

𝑏∗ 32.18 32.77 32.49 ±0.22a  21.03 21.73 21.20 ±0.30b 

𝑐∗ 33.34 33.79 33.56 ±0.18a  21.40 22.15 21.60 ±0.31b 

ℎ∗ 1.00 1.00 1.00 ±0.00b  1.00 1.00 1.00 ±0.00a 

Data are expressed as mean ±SD; 𝐿∗, whiteness or darkness; 𝑎∗, greenness or redness; 𝑏∗, yellowness or 

blueness; 𝑐∗ , chroma; ℎ∗ , hue angle; min, minimum; max, maximum value. Different letters indicate 

statistically significant differences exit p<0.001 for each row. The means of not sharing a letter are significantly 

different. Tukey test was applied with 95% simultaneous confidence intervals. 

3.1 Length, Width, and Thickness 

The dimensions of each 100 brown and white glutinous rice kernels were measured, 

and the results of mean values were shown in Table 1. The length of brown and white 

glutinous rice kernels varied from 6.60 to 7.70 and 5.60 to 7.00 mm, while their width also 

varied from 1.70 to 2.00 and 1.50 to 1.80 mm, respectively. The brown and white glutinous 

rice kernels' thickness varied from 1.30 to 1.50 mm. The mean dimensions of the brown 

glutinous rice kernel length, width, and thickness were 6.95 ± 0.27 mm, 1.83 ± 0.08 mm, and 

1.42 ± 0.07 mm, respectively. Meanwhile, the white glutinous rice kernel had the length, 

width, and thickness with mean values of 6.24 ± 0.38 mm, 1.70 ± 0.09 mm, and 1.41 ± 0.06 

mm, respectively.  

The dimensions for length, width, and thickness of brown glutinous rice kernel were 

slightly higher than white glutinous rice kernel, with differences of 10.22%, 7.10%, and 

0.70%, respectively. Significant differences existed between the glutinous rice kernels' 
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length, width, and thickness (p<0.001). Based on the previous study of Zainal and Shamsudin 

(2021), the white local Siding glutinous rice had the highest values in width (1.98 ± 0.08 mm) 

and thickness (1.48 ± 0.10 mm) compared to white glutinous rice kernel in this study, with 

the differences of 14.14% and 4.73%, respectively. However, they had the same length value, 

which was 6.24 mm. Furthermore, the length and width values obtained for Ketan Gadok, 

Ketan Nangka, Ketan Bilatung, Ketan Bodas and Ketan Pecut were 5.87 mm and 2.44 mm, 

5.81 mm and 2.64 mm, 6.15 mm and 2.53 mm, 5.95 mm and 2.46 mm, and 5.77 mm and 

2.41 mm. These results from the study of Indrasari et al. (2019) were the lowest compared to 

the previous research by Zainal & Shamsudin (2021) and this current study. The dimensions 

of glutinous rice varied depending on the rice cultivar and the cultivation method in different 

places. Rice kernel dimensions are physical properties that must be considered when 

selecting sieve separators and calculating power during rice milling (Shittu et al., 2012).  

3.2 Equivalent Diameter 

Table 1 shows the mean values of each 100 brown and whit glutinous rice kernel's 

equivalent diameter. Based on the results, the equivalent diameter varied from 2.54 to 2.81 

and from 2.27 to 2.67 mm for brown and white glutinous rice kernels, respectively. The 

brown glutinous rice kernel had an equivalent diameter of 2.64 ± 0.06 mm. Meanwhile, the 

equivalent diameter of the white glutinous rice kernel measured was 2.47 ± 0.08 mm. Table 

1 showed that the brown glutinous rice kernel had the highest value (6.44%) of equivalent 

diameter compared to the white glutinous rice kernel. Equivalent diameter is crucial to 

establishing grain properties (Nádvorníková et al., 2018). This difference between brown and 

white glutinous rice kernels was due to the milling process. 

3.3 Aspect Ratio 

In Table 1, the aspect ratios of each 100 brown and white glutinous rice kernel ranged 

from 0.25 to 0.30 and from 0.24 to 0.31, respectively. The aspect ratio of brown glutinous 

rice kernel was 0.26 ± 0.01. Meanwhile, the white glutinous rice kernel had an aspect ratio 

of 0.27 ± 0.02. Therefore, the white kernel had the highest (3.70%) aspect ratio value 

compared to the brown glutinous rice kernel. From the obtained aspect ratio values, the brown 

and white glutinous rice kernels were confirmed as cylindrical. The flow ability 

characteristics of the rice can be viewed in terms of its aspect ratio (Pathak et al., 2019). 

3.4 Surface Area 

Surface area values varied from 18.59 to 22.93 mm2 and 14.64 to 20.47 mm2 for each 

100 brown and white glutinous rice kernels. The mean value for the brown glutinous rice 

kernel's surface area was 19.89 ± 0.92 mm2. The surface area for white glutinous rice kernel 

was 17.35 ± 1.28 mm2. Thus, the result showed that the surface area of brown glutinous rice 

kernel was higher (12.77%) than white glutinous rice kernel. However, the white local Siding 

glutinous rice in the previous study (Zainal & Shamsudin, 2021) had the highest (10.80%) 

surface area with a value of 19.45 ± 1.73 mm2 compared to the white glutinous rice kernel in 
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this study. The surface area perpendicular to the rice's length, width, and thickness will 

determine the rice's sizing system, water loss, and heat transfer evaluation during the drying 

and soaking. 

3.5 Colour 

Based on Table 2, the colour values of brown and white glutinous rice kernels were 

obtained. The 𝐿∗, 𝑎∗, 𝑏∗, and 𝑐∗ values of brown glutinous rice kernels ranged from 64.35 

to 65.48, from 8.23 to 8.71, from 32.18 to 32.77, and from 33.34 to 33.79, respectively. For 

brown glutinous rice kernel, the mean values of 𝐿∗, 𝑎∗, 𝑏∗, 𝑐∗ and ℎ∗ were 64.99 ±0.48, 

8.41 ±0.20, 32.49 ±0.22, 33.56 ±0.18, and 1.00 ±0.00, respectively. Meanwhile, the range 

values of 𝐿∗ , 𝑎∗ , 𝑏∗ , and 𝑐∗  white glutinous rice kernel values were 77.34−79.01, 

3.97−4.31, 21.03−21.73, and 21.40−22.15, respectively. The white glutinous rice kernel had 

𝐿∗, 𝑎∗, 𝑏∗, 𝑐∗, and ℎ∗ with the mean values of 78.26 ± 0.60, 4.14 ± 0.13, 21.20 ± 0.30, 21.60 

± 0.31, and 1.00 ± 0.00, respectively.  

The results showed that both glutinous rice kernels' colours significantly differed at 

p<0.001. The hue angle represents the pure spectrum of light, whereas chroma represents 

light's purity, quality, strength, or saturation. According to the results, the white glutinous 

rice kernel had the highest whiteness value (16.96%) compared to the brown glutinous rice 

kernel. The highest value of 𝑎∗, therefore, the brown glutinous rice kernel was closest to 

“reddish” colour compared to the white glutinous rice kernel. Based on the 𝑏∗, the brown 

glutinous rice kernel had the highest value of yellowness (34.75%) compared to the white 

glutinous rice kernel. By concluding the obtained results of colour values, it was proved that 

both glutinous rice kernels were light brown and white. 

5. Conclusions 

This study presents information on the physical properties of local glutinous rice 

kernels, including brown and white kernels cultivar Siding. The results showed the physical 

properties such as length, width, thickness, equivalent diameter, aspect ratio, surface area and 

colour among brown and white glutinous rice kernels. According to the obtained results, the 

dimensions (length, width, thickness, equivalent diameter, aspect ratio, surface area) had 

decreased to produce the white glutinous rice kernel affected by the milling process of the 

brown glutinous rice kernel. The dimensions for length, width and thickness of brown 

glutinous rice kernel were slightly higher than white glutinous rice kernel. Moreover, the 

brown glutinous rice kernel had the highest value of equivalent diameter compared to the 

white glutinous rice kernel. From the obtained aspect ratio values, the brown and white 

glutinous rice kernels were confirmed as cylindrical. The result showed that the surface area 

of brown glutinous rice kernel was higher than white glutinous rice kernel. The colour values 

of glutinous rice also revealed that they were light brown and white. These physical 

properties of glutinous rice kernels were interpreted as essential information for developing 
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milling machines and optimising postharvest processes (handling, processing, and 

packaging) while minimising losses and damage.  
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