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1.1 Background 

CHAPTERl 

INTRODUCTION 

Rice ( Oryza sativa L.) is one of the leading food crops of the world and is a 

staple food of more than half of the world's population. Thousands of rice varieties are 

available throughout the world and glutinous rice ( oryza saliva var. glutinosa) is one 

of the most popular varieties. Commonly known as sticky rice or waxy rice. It has a 

type of short- or medium-grained rice that is especially sticky when cooked. 

Glutinous rice has been growing in mainland Southeast Asia for at least 4,000 

years (Ives, 2011). According to Food Agriculture Organization (FAQ) (2018), global 

consumption of rice has been slightly increase about 490.27 million metric tons (MT} 

from 437.18m MT in 2008. From ricepedia, Asia account for 90% of global rice 

consumption and expected to continue to rise year by year. In Malaysia, about 2. 7m 

MT was consumed in 2017. However, 1.8m MT of rice processed and remaining 

821,869 MT of demand were fulfilled by importing rice (Khazanah Research Institute, 

2019). 
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According to FAO statistics (2018), the worldwide top three of biggest rice 

exporters were from Thailand followed by Vietnam and then Cambodia. While in 

Malaysia, as reported by Khazanah Research Institute (2019), from the reported value 

20% were consisted of speciality rice such as basmathi, glutinous, fragrance rice and 

others. 4% from them were consisted of glutinous rice which is about 38,880 MT of 

imported glutinous rice annually. 

Preference towards glutinous rice based on Malaysian people can be categorized 

as seasonal where the highest demand is during Hari Raya festival making of ketupat 

palas, lemang, wajik, bubur pulut hitam, and others. As stated by Padiberas Nasional 

Berhad (BERNAS) (2017), 80% of Malaysian preference chose for white rice 

remaining 20% for import speciality rice. From 20%, only 4% of glutinous rice is 

preferred by Malaysian people in sufficient with the total of importing glutinous rice. 

Besides that, there are many varieties of rice and each type has its own 

characteristics. Unlike other cereals, rice is consumed as a whole grain. In conclusion, 

physicochemical characteristics of rice are the determinant factor. This fact has been 

proved from previous studies and researches (Singh et al., 2003; Sing et al., 2005; 

Y adav et al.,2007). Hence, the aim of this study is to determine and compare the 

physicochemical properties of local glutinous rice whether it is on par with the imported 

glutinous rice cultivar to reduce our dependency from importing glutinous rice. 

1.2 Benefit of glutinous rice 

Rice is used mainly for human nutrition. In addition, it is particularly valuable 

for use in medical and functional foods (Medealf, 2000). Besides being the main source 

of calories and protein, rice is an important cereal because it has the highest 
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digestibility, biological value and protein efficiency ratio (PER) among all the cereals 

(Kaul, 2001). 

Different type of rice has different nutritional value and benefit towards 

consumer. Table 1.1 below shows the different nutritional value between white rice of 

which the most people consume and glutinous rice. 

Table 1.1: Nutritional composition between white and glutinous rice 

Nutrient Composition (%) 

Content White rice Glutinous rice 

Carbohydrate 80.14 78.89 

Protein 5.96 8.14 

Fats 1.24 1.12 

Ash 0.39 0.82 

Dietary fiber 7.07 7.47 

Moisture content 12.08 11.23 

Source : (Thomas, Wan-Nadiah & Bhat, 2013) 

From table 1.1, the nutritional value between glutinous rice and white rice does 

not differ much for each nutrient contents. However, protein content of glutinous rice 

is significantly higher compared to white rice. Glutinous rice significantly has higher 

protein levels, 8.14% than white rice, 5.96% (Thomas, Wan-Nadiah & Bhat, 2013; 

Singh et al., 2003). This is because protein composition highly relative to the free amino 

acid composition. Thus, protein rich in glutinous rice compared to white rice. 

Moreover, according to Organic Facts (2019), glutinous rice also various in 

vitamin B's, selenium, zinc, magnesium, copper and phosphorous. The health benefits 

of glutinous rice include its ability to regulate diabetes, prevent chronic diseases, and 

reduce inflammation, and optimize digestion, among others. The health benefits is 

based on the vitamins and mineral contents inside glutinous rice to fight the diseases. 
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1.3 Problem statement 

At the moment of writing, Malaysia only import glutinous rice from Thailand. 

According to Khazanah Research Institute (2019) about 38,880 metric tonne of 

glutinous rice imported into Malaysia. Glutinous rice has been cultivated in Malaysia 

around year 1970's and stopped during late year 1980's. Since then there were no 

publications about local glutinous rice cultivar published by Malaysian Agricultural 

Research and Development Institute (MARDI). To simplify, minimal studies of local 

glutinous rice were found since it is not a staple variety of rice that consume by people 

in Malaysia. 

In Malaysia, majority of consumers more prefer to buy imported glutinous rice 

since there is no available local glutinous rice in the market. According to Harun et al. 

(2019), there is a great potential to cultivate glutinous rice locally which is viable in the 

present local rice market. Thus, at the end of2019 Langkawi has been identified as one 

of the main producer of glutinous rice by year 2020. The cultivation of glutinous rice 

project by Malaysia's government in 2019 is expected to reduce dependency of 

imported glutinous rice from neighbouring country such as Thailand and Vietnam. In 

accordance, this research is to study the properties of local glutinous rice that was 

obtained from Langkawi and Kedah cultivation. 

In addition, traditionally Malaysian people much likely to soak glutinous rice 

before cook. In contradict to current developing era, Malaysians more emphasize on 

convenience food which provide short cooking time to cope with busy lifestyle in a 

squeezed time. However, at the same time they highly consider on texture acceptability. 

Thus, the cooking and texture properties of cooked glutinous with different soaking 

treatment is measured. 
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Filif11STAKW WURIITEft.WI DAN S8UBillA
UN/VEilsm PU1RA MAlA YSIA

Therefore, the objective of this research is to compare the physicochemical, and 

textural properties of local glutinous rice with imported Thailand glutinous rice. 

1.4 Objectives 

1. To determine and compare the physicochemical properties of local

glutinous rice from varieties Siding and Susu on par with imported Thailand

glutinous rice variety Susu.

2. To analyse and compare the texture properties of cooked rice with different

parameter of soaking treatment.

1.5 Scope of study 

This study focused on the properties of two different local glutinous rice cultivar 

(local Susu and Siding) and commercial Susu Thai glutinous rice cultivar acted as a 

benchmark. Both local glutinous rice cultivar were collected from Lembaga 

Pengurusan Peladang (LPP), Langkawi to observe the physical properties such as 

length, width, thickness, sphericity, porosity, bulk density, 1000 weight kernel, 

aspect ratio, angle of repose and colour of glutinous rice. The chemical behaviour of 

grounded glutinous rice was determined in term of their amylose content (UV­

spectrophotometer), and proximate analysis ( carbohydrate, protein, fat, ash, fiber, 

and moisture) using AOAC standard method. The thermal properties of glutinous 

rice were analysed by using differential scanning calorimeter (DSC) while the 

morphological properties were analysed by using scanning electron microscope 

(SEM). In completion for the second objective, the glutinous is cooked at varied 

soaking time (0, 60, and 120 minutes) to observe its cooking properties and texture 

properties. The cooking properties of rice such as cooking time, water uptake, 

5 

@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



Figure 2.2: Flowchart of rice milling process 

Based on Figure 2.2, firstly the received paddy must be dried within the range 

of moisture content from 13%-14% which is ideal for milling (IRRI,1990). If the 

m isture content is too low, high grain breakage will occur resulting in low head rice 

recovery. The function of cleaning process is to separate impurities from paddy. Use of 

paddy without impurities will ensure a cleaner and higher quality of end product. Then, 

de-husking process use rubber roll huskers to remove the husk from the grain. Next, 

paddy separation use to separate all paddy from the brown rice before whitening. This 

is to ensure only rice grain is allow until the end of process. Polishing also known as 

whitening process. It is to remove the bran layer from brown rice to get white kernel 

rice. Then, grading is a process of application using screen sifter to separate broken rice 

and head rice. The head rice is desired one for market while broken rice can be utilized 

to produce rice flour. Lastly, the graded rice is package in a jumbo bag for storage 

purposes. Figure 2.3 below shows the milled of glutinous rice. 

Figure 2.3: Milled glutinous rice grain (Source: Mala Food community) 
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Volume (mm3) 20.27±2.88 

Aspect ratio 0.28±0.02 

Sphericity(%) 39.71±1.5 

1000 weight kernel (g) 8.45±0.36 

Source: 
(V arnamkhasti et al., 2007) 

2.3.4 Bulle density, true density, and porosity 

21.06±2.45 

0.29±0.02 

39.88±1.37 

8.54±0.41 

Bulk density is defined as the weight of the material including the intergranular 

air space in unit volume (Bhattacharya, 2013). The bulk density of grains is useful in 

design of silos and storage bins (Nalladulai et al., 2002). The larger value of bulk 

density, the bigger size requirement for the silo and bin design despite of their same 

weight. According to Thomas et al. (2013) findings, bulk density of glutinous rice 

(0.83g/ml) is just below brown rice (0.86glml) slightly higher than bario rice (0.82 

g/ml). Based on Table 2.3, Sorkheh cultivar recorded lower bulk density value which it 

needs a bigger silo compared to Sazandegi cultivar, 

While, true density is defined as the measurement is the particles that make up 

a powder or particulate solid. Cereal grain kernel densities have been of interest in 

breakage susceptibility and hardness studies (Morita et al., 1987). 

The importance of determining weight, bulk density, true density, and porosity 

is because they have positive correlation to each other. Such as density, it is a function 

the rice mass and volume. In term of density, the air spaces inside the rice will determine 

its porosity, true, and bulk density of the particulate grain. Milled rice grain has high 

bulk density compared to paddy. Thus, a high bulk density is importance in packaging 

and transportation. 
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3.5.2 Determination of crude protein 

Kjeldahl method of (Association of Official Analytical Chemists, 1990) was 

used to determine the crude protein content of the samples, which involved protein 

digestion and distillation. About 2.0 g of the sample was weighed and 2 tablets of 

Kjeldahl Catalyst were added into a Kjeldahl flask for the protein digestion. Next, 25 

ml of concentrated sulphuric acid was poured into the Kjedahl flask. The entire solution 

became subjected to heat in the fume cabinet. The heating changed into accomplished 

gently at the beginning and extended with occasional shaking till the solution received 

an inexperienced shade (green colour). The digester was remained at the temperature 

above 420 °C for approximately 30 minutes. After that, the solution was cooled and the 

neck of the flask was washed with distilled water if the black particles found on it. The 

solution was re-heated lightly at beginning until the inexperienced coloration (green 

colour) disappeared. It was allowed to cool. 

In protein distillation preparation, 15 minutes were taken to steam the Kjeltec 

distillation apparatus (KjeltecTM 2300, Foss Analytical; Denmark). After that, 5 ml of 

the boric acid / indicator was added into a 100 ml conical flask and placed under the 

condenser as the condenser tip was under the liquid. A small funnel aperture is used to 

pipette 5.0 ml of the digest into the apparatus. The 50 ml of 60% NaOH solution was 

added after the digest was washed with distilled water. The ammonium sulphate was 

collected sufficiently. Next, the steaming process of the digest inside the condenser 

takes place about 1 until 5 minutes. The condensed water become removed, and then 

the receiving flask was removed and the top of the condenser was washed down into 

the flask. The 0.01 M hydrochloric acid was used to treat the solution in the receiving 

flask. Additionally, a blank was run via together with the sample (James, 1995). The 

nitrogen content was calculated in percentage by using equation (3.2) after titration. 
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% Nitrogen = (VI - V2) X (M) X 0.01410 X (W) X 100% 

Where; 

VI: Volume of the acid used in the titration (ml) 

V2: Corresponding amount of acid for the blank titration (ml) 

W: Weight of the sample (g) and M: Molarity of acid (M) 

(3.14) 

Commonly, 16% of nitrogen consisted in all biological proteins. Therefore, the 

percentage of nitrogen must be multiplied by 6.25 (6.25 is the reciprocal of 0.16) in 

order to estimate the protein content. Thus, nitrogen in feed samples was not 

differentiated by the crude protein, which coming from either true crude protein or other 

non-protein nitrogen (NPN) compounds. It also does not differentiate between available 

and unavailable protein. 

%N x 6.25 = % CP (3.15) 

Where; 

N: Nitrogen 

CP: Crude Protein 
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3.5.3 Determination of fat 

According to the Soxhlet extraction method, Soxtec Extraction (SoxtecTM 

2050, Foss Analytical, Denmark) was used to detennine the total fat in the sample. 

Firstly, a 250 ml clean aluminium cup was dried at 105°C in an oven for 30 minutes 

and then it was cooled in a desiccator. About 1 gram of the sample was weighed and 

put into labelled thimbles. Next, the aluminium cup was weighed before filled with 

solution. The 80 ml of petroleum ether which is boiling point from 40°C until 60°C was 

poured into an aluminium cup. The cotton wool was put into the extraction thimbles as 

they have been plugged tightly. The assembled of Soctex apparatus was allowed to 

reflux for 75 minutes. After the thimble was removed, the collected petroleum ether 

from the top container was drained into another container for reuse. When the flask 

become almost free of the petroleum ether, it was dried at 105°C for 1 hour. It turned 

into cooled in a desiccator and weighed after drying. The fat percentage of the sample 

was calculated as below (Association of Official Analytical Chemists, 1990): 

(Weight of fat)/ (weight of sample) x 100% =%fat (3.16) 

3.5.4 Determination of ash 

The total ash content of the samples was determined by using furnace 

incineration based on the vaporization of water and volatiles with burning organic 

substances in the presence of oxygen in the air to carbon dioxide at 550°C. A porcelain 

crucible was filled with 1 gram of the finely-ground dried sample and it was incinerated 

in an  ashing muffle furnace (KSL-1700X, MTI Corporation, USA) for 6 hours at 525°C 

until ash was acquired. After that, the ash becomes cooled in a desiccator and weighed. 
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The calculation for the percentage of ash content in the samples was shown as below 

(Association of Official Analytical Chemists, 1990): 

(Weight of ash)/ (weight of the original) x 100% =%ash 

3.5.5 Determination of crude fiber 

(3.17) 

According to .. 4.ssociation of Official Analytical Chemist (2000), this method 

was used to determine the crude fiber. The petroleum ether (initial boiling temperature,

35-38°C; dry-flask end point, 52-60°C; >95% distilling <54°C and gi0% distilling

<40°C; specific gravity at 60°F, 0.630-0.660; evaporation residue :50.002% by weight) 

was used to extract the 2 g of ground test portion. If the fat is :51 %, the extraction can 

be neglected. In order to avoid fiber contamination, the 600ml reflux beaker was

transferred from paper or brush. About 0.25-0.5g of the bumping granules and 200ml

near-boiling 1.25% H2S04 solution were added in small stream directly to sample to 

aid in complete wetting of the sample. In every 24  samples, the two blanks were run.

The beakers were placed on digestion apparatus at 5 minutes intervals and 30 minutes

for boiling, then the beakers were rotated periodically to keep solids from adhering to

sides. 

California Buchner was placed at near end of refluxing, previously fitted with 

No. 9 rubber stopper to provide vacuum seal, into filtration apparatus (Model AS-2000,

Analytical Bio-Chemistry Laboratories, Columbia) and vacuum was adjusted to ca 25

mm Hg (735 mm pressure). The near-boiling H20 was flow through funnel to wann it;

then the liquid was decanted trough funnel, washing solids into funnel with minimum 

of near-boiling H20. After that the filtration was done by using 25 mm vacuum and

residue was washed with four 40-50 ml portions near-boiling H20, then each washing
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was filtered. Do not add wash to funnel under vacuum; the funnel was lifted from 

apparatus when adding wash. The residue from funnel into reflux beaker was washed 

with near-boiling 1.25% NaOH solution. The beakers were placed on reflux apparatus 

at 5 minutes intervals and reflux 30 minutes. Near end of refluxing, the filtration 

apparatus was turned on, the crucible was placed and vacuum was adjusted to ca 25 

mm. Near-boiling H2O was flow through crucible to warm it. At end of refluxing, the

liquid was decanted trough crucible and solids were washed into crucible with 

minimum of near-boiling H2O. The vacuum was needed to increase to maintain 

filtration rate. 

Next, the residue was washed once with 25-30 ml near-boiling 1.25% H2S04 

solution, and then with two 25-30 ml portions near-boiling H20, each washing was 

filtered. The crucible with residue was dried for 2 hours at 130 ±2 °C or overnight at

l 10°C, and then it was cooled in desiccator and weighted (J/2). After that, it was done

for ash at 550 ± 1 o0
c for 2 hours. It was then cooled in desiccator before weighted CH J).

Do not remove crucible� from furnace until temperature is �250°C, as fritted disk may

be damaged if cooled too rapidly. 

Crude fiber(%)= [(W2 -W3)-(B2 -B3)] / W1 x 100 

Crude fiber on desired moisture basis,% (w/w) = 

C X 
100-% moisture basis desired 

100-% moisture in test sample 

Or C X 
% dry matter basis desired

. 
% dry matter in test sample 

(3 .18) 

(3.19) 

(3.20) 

Where B2 and B3 are average weights of all blanks after oven drying and ashing,

respectively (Association of Official Analytical Chemists, 2000). 
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3.5.6 Determination of carbohydrate 

The method used to determine total percentage of carbohydrate content in the 

samples involves adding the total values of moisture, crude protein, fat, ash and crude 

fiber constituents of the sample and subtracting it from 100. The detennination of 

carbohydrate was calculated as below: 

% Carbohydrate = 100% - (% moisture + % crude protein+ % fat+ 

% ash + % crude fiber) 

3.6 Determination of thermal properties 

(3.21) 

Rice flour (3 .5 mg, dwb) was weighed into a 40 ml capacity aluminium pan 

(Mettler, ME-27331) and distilled water was added with the help of a Hamilton 

microsyringe to achieve a flour-water suspension containing 70% water. Samples were 

hermetically sealed and allowed to stand for 1 hat room temperature before heating in 

the DSC. Sample pans were heated at a rate of 10°C/min from 20 to 100°C. Onset 

temperature (T 0), peak temperature (T p), conclusion temperature (Tc) were calculated 

automatically. Because the peaks were symmetrical, the gelatinization range (R) was 

computed as (Tc - T 0) (Singh et al., 2003). 

3. 7 Determination of morphological properties 

Rice grains were fractured in the mid-region using a razor blade by applying 

slight pressure to the top of the grain. The fractured rice grains were mounted on a 

circular aluminium specimen stub and gold coated in a vacuum using sputter coater. 

The rice granular structures in the centre part of the grain were examined using an 

environmental scanning electron microscope (S-570, Hirachi, Japan) operating at 10 

kV (Kang et al., 2010). 
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3.8 Determination of cooking properties 

Initially, the rice was rinsed with water for three times. For unsoaked rice 

treatment was proceed to cook the rice in an automatic rice cooker (PSN-SRElO, 

Panasonic, Malaysia). For soaking treatment, the rice was let soaked in a container 

containing water twice amount from the rice for 60minutes and 1 20 minutes 

(Sareepuang et al., 2008). Then, the water is drained and the rice were cooked following 

in the next step as describe in section 3.8.1 . 

3.8.1 Cooking time 

Then, rice was mixed with water in weight of ratio of 1: 1.2 and put in an 

automatic rice cooker (ERC1066T, Elba, Malaysia) and cooked until the thennostat 

trips the shut-off switch which indicate the rice is done (Sundelin, 201 1). 

3.8.2 Water uptake ratio 

The water uptake ratio is determined based on the mass of raw rice and mass of 

cooked rice. Water uptake ratio is calculated by using the fonnula below (Thomas et

al., 2013) : 

3.8.3 Cooked 1/b 

k 
. mass of cooked rice (g) 

Water upta e rat10 
= mass of raw rice (g) 

(3.2 2) 

These measurements are measured by using vernier calliper to an accuracy of 

0.05mm. 20 grains from each sample were collected at random and the dimensions were 

measured to obtain the average length (1) in millimetre (mm), width (w) in mm, and 

thickness (t) in mm of cooked rice grain. Measurement similar as shown in Section 

3.3.1. Based on the length to breadth ratio (1/b), the shape of the cooked rice was 

determined (IRRI, 2004). I1b ratio is calculated as follows: 
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Where 

lib = average length of rice in mm 

average breadth of rice in mm 

l= length of grain (mm); 

w= width of grain (mm); 

b= breadth of grain (mm); 

t= thickness of grain (mm) 

3.8.4 Elongation ratio 

(3.23) 

(3.24) 

The elongation ratio is  determined by mea suring the length (I) and breadth (b) 

of the raw rice and cooked rice. 20 grains from each sample were mea sured by using 

Vernier calliper to an accuracy of 0.05mm. The elongation i s  calculated by using 

fonnula below (Sa reepuang et al., 2008): 

El 
. . _ 1/b of cooked rice

ongation ratio - 1/b of raw rice

3.9 Analysis of texture properties 

(3.25) 

Textural analysi s of cooked rice wa s  tested by a texture analyser (TA-XT plus, 

Stable Micro Systems Ltd, United Kingdom) according cooked rice (after cooled at 

room temperature for 2 hours) were arrayed on the platfonn and tested. This analysi s 

used a two-cycle compression program (TP A) and the pa rameters a s  follow: 70%strain, 

the pre-test speed, test speed and post-test speed were set 1.0, 0.5, a n d  1.0 mis

respectively. 1 Og of cooked rice were weighed and shaped into circle. Then, the samples 

were put at the centre of the platform. Cylindrical probe P/36 wa s  used. Each samples 

repeated for 3 times.
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4.1 Physical properties 

CHAPTER4 

DISCUSSION 

4.1.1 Grain dimension and shape 

Table 4.1 shows a summary of the physical properties oflocal rice cultivar, Susu

and Siding. The Susu Thai cultivar is act as a reference. Length (mm), width (mm), and

thickness (mm), of rice grain determine its dimension. Based on Table 4.1, the average

value of length, width, and thickness for local Susu cultivar were found to be 6.63mm,

l .88mm, and 1.50mm respectively while 6.24mm, 1.98mm, and 1.48mm were obtained

for Siding cultivar. In comparison, Susu Thai results 6.57mm, 1.98mm, and 1.47mm

respectively for its length, width, and thickness. Susu Thai and Siding cultivars were

wider compared to local Susu. However, local Susu cultivar was thicker than Susu Thai

and Siding cultivars. Length of Susu Thai and local Susu did not show significant

difference {P>O.O5) between them but, significantly longer than Siding cultivar. The

result for width and thickness of Susu Thai and Siding cultivar did not differ

significantly {P>O.O5). However, it shows significant differences (P<0.05) to local Susu
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cultivar. Length of local Susu cultivar similar to the length of Pulut Malaysia I cultivar 

which was 6.63mm reported by Husain (198 4) in the past literature. 

The mean value of length-breadth (LIB) for Susu Thai, local Susu, and Siding were 

3.58, 3.82, 3.17 respectively as shown in Table 4.1. The LIB ratio for three of the 

glutinous rice cultivars shows no significant difference (P>0.05). In addition, LIB ratio 

has positive correlation with cooked LIB when the rice has cooked. This is because 

during cooking, the water is absorbed and volume expanded as well with the length. As 

the result for those three cultivar were above 3, it is considered as slender(IRRI,1980). 

For the local cul ti vars, both of the seeds can be considered as slender. However, local 

Susu has the highest L/B ratio which yield very significant slender shape compared to 

Susu Thai and Siding cultivars. LIB ratio shows the dimension of rice grain. This proves 

that the dimension for different cultivar is similar since they were same of rice type of 

glutinous rice. 

4.1.2 Surface area, volume and sphericity 

Based on the result from Table 4.1, the surface area for Susu Thai, local Susu, 

and Siding were 22.02 mm2, 20.22 mm2 and 19.45mm2 respectively. Susu Thai cultivar 

recorded the highest surface area value followed by local Susu then Siding cultivars. 

For these three cultivars they showed significant difference (P<0.05) of swface area 

values. 

The grain volume showed significant differences between both Susu cultivar 

and Siding cultivar. From Table 4.1, the average volume values for Susu Thai, local 

Susu and Siding were 9.76 mm3
, 9.89 mm3 and 9.95 mm3

, respectively. Susu Thai 

recorded the lowest volume of rice grain compared to local Susu and Siding. Susu Thai 

and local Susu cultivars did not showed significant difference (P>0.05) however they 

56 

@
 C

OPYRIG
HT U

PM



are significantly different (P<0.05) with Siding cul ti var. Surface area of the grain has 

positive correlation with the volume of the grain. Heat transfer surface importantly 

influence the rate or speed of heat transfer during cooking or drying process. Higher 

rate of heat transfer occur when the material has smaller volume per unit surface contact 

(Vamamkhasti et al., 2008). From this study, Susu Thai has the highest rate of heat 

transfer hence might short in drying or cooking time. 

From Table 4.1, the result for surface area for Susu Thai, local Susu, and Siding 

were 0.41, 0.40 and 0.42 respectively. Sphericity for these three cultivars showed no 

significant difference (P>0.05). Sphericity of Siding is the highest may due to the 

rounded ends, which decreases the length of grains. The sphericity ranges from 0.40% 

- 0.42%. For many agricultural materials, raw rough rice fall within ranges from 0.32

to 1 % for the sphericity values (Mohsenin, 1986). Thus, result from these three cultivars 

obeyed with the statement. 

4.1.3 Bulk density, true density and porosity 

Table 4.1 shows that the bulk density mean values for local Susu and Siding 

were 800.54 kg/m3 and 767.22 kglm3 respectively. Compare to Susu Thai cultivar, the 

mean value bulk density was 722. 73 kg/m3
. Bulk density values show no significant 

difference (P>0.05) between three cultivars regardless of local or commercial cultivars. 

This study recorded slightly lower to the past result of imported glutinous rice cultivar 

reported by Thomas (2013) which is 830 kglm3
. In an existing grain of a combine 

hopper, the design needs to ascertain the volume. So, various approaches are applied in 

this agricultural industry. Information about bulk density is useful in controlling the 

load of product in the hopper. Also, bulk density is useful in this application for 

outlining storage bins and silos desgn (Nalladulai et al., 20 02). Due to the bulk density 
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value for Siding was smaller than Susu cultivar, Siding cultivars will need a bigger silo 

in comparison to Susu cultivar in relation with same load of rice kernels. In addition, 

bulk density was found to be positively correlated with thousand weight kernel (TWK) 

and water uptake ratio. Density is proportional to the mass of grain, so that bulk density 

increase resulted in increase in TWK.. Water uptake ratio is an important parameter 

while cooking rice. If the bulk density is higher, then correspondingly water uptake will 

also be high. Similar findings has been reported by Harper et al. (2005). 

Then, the true density of Siding showed significant differences between Susu 

Thai and local Susu cul t i  vars. From Table 4.1, the mean value of true density for Susu 

Thai, local Susu and Siding were found to be 1234.70 kg/m3
, 1502.36 kg/m3 and 1206.2 

kg/m3
, respectively. The true density showed no significant difference (P>0.05) 

between Susu Thai and local Susu but differ significantly (P<0.05) with Siding cultivar. 

Siding recorded in the same range to Sorkheh cultivar from India which was 1210 kg/m3

(Vamamkhasti et al., 2008). True density has strong correlation with porosity 

parameters (Chen, 2010). Local Susu recorded the highest true density value since its 

porosity is the lowest due to its void spaces inside the grain. 

From Table 4.1, the mean value of porosity for Susu Thai, local Susu and Siding 

were found to be 37.67%, 35.92% and 41.76%, respectively. The porosity values for 

three difference cultivars showed significant difference (P<0. 05) between them. The 

highest porosity value possessed by Siding cultivar due to its large void spaces. SuSu 

cultivar recorded within the same range to Ozgon cultivar from Kyrgyzstan which is 

36.54% (Martina et al., 2018). When the porosity of the material is large, it will effects 

in lower TWK of rice grain due to many void spaces (Danbana, 2011). 
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4.1.4 Thousand weight kernel 

Based on Table 4.1, an average of TWK for Susu Thai, local Susu, and Siding 

cultivars were 18.79g, 19.02g and 17.05g, respectively. The TWK result showed no 

significant difference (P>0.05) between Susu Thai and local Susu but differ 

significantly (P<0.05) with Siding cultivar. Local Susu has the heaviest weight 

compared to Susu Thai and Siding cultivar because it has the highest value in density; 

proportional to the mass of the grain. Also, the weight for both Susu cultivars were 

affected with the small porosity in the grain. Thus, the result was in agreement with 

Thomas et al. (2013) which he said that TWK has strong correlation with density and 

porosity of r ice grain. Weight kernel is reliable to measure the correlative amount of 

foreign substance in a designated bulk of raw rice and the number of shrink or unripe 

kernels, normally it based on the index of milling outturn. So, thousand grain weight of 

rice is important in this matter (Luh, 1980). 

4.1.5 Angle of repose 

Based on Table 4.1, the mean value angle of repose for Susu Thai, local Susu 

and Siding cultivars were 40.08°, 39.45° and 38.85° respectively. These three cultivars

showed no significant difference (P>0.05) between each other. Grains with high value 

of angle may be due to the large size of grains and their relatively rough surface which 

reduced flow of grains (Akintunde,2007). Also, this angle of repose is important for 

the design of processing, storage, and conveying systems of particulate materials. 

Materials with low angle of repose are highly flowable and can be transported using 

gravitational force or a small energy (Teferra, 2019). 

59 

@
 C

OPYRIG
HT U

PM



Table 4.1: Average value of physical properties of different glutinous rice cultivars 

Properties 

Length (mm) 
Width (mm) 
Thickness (mm) 
LIB ratio 
Aspect ratio 
Surface area 
(mm2) 

Sphericity (%) 
Volume (mm3) 
Bulk density 
{kg/m3) 
True density 
(kg/m3) 
Porosity(%) 
I 0000 weight 
kernel (g) 
Angle of repose 
(deg.) 

Susu Thai 
(reference) 
6.57±0.28

3

l.98±0.09b

1.47±0.09
3

3.58±0.34
3

0.30±0.02
3

22.02±1.36
c

0.41±0.01 a 

9.76±0.90
3

772. 73±1.28
3

1234.7±1.8! 3

37.67±0.338

18. 79±0.1 oa

40.08"±1.053

Grain/Rice cultivar 

Local Susu 

6.63 ±0.24a

1.88 ±0.1 oa

l.50 ±0.07
C

3.82±0.06
a

0.28±0.02
a

20.22 ±1.31
a

0.40 ±0.0 l a

9.89±0.91 
a

800.54±1.20
a

1502.36 ±2.30
a

35.92±0.44
c

19.02±0.02
a

39.45
°

±1.03
a

Mean (±SD) with same letter in the same row do not differ significantly (P>0.05) 

4.1.6 Colou� appearance 

Siding 

6.24±0.426

l.98±0.08
b

1.48±0.lOa

3.17±0.06
a

0.32±0.03a

19.45±1.73
b

0.42±0.02
a

9.95±0.68
b

767.22±1.77
a

1206.2±2.806

41.76±0.766

} 7.Q5±0.04b

38.85
°

±0.95
a

Table 4.2 represents the colour parameters; L*,a*, b* and whiteness for three 

different cul ti var of glutinous rice. Based on the result Table 4.2, Siding has the highest 

L * which is 73. 7 5 followed by local Susu cultivar and Susu Thai cultivar which are 

69.98 and 67.35 respectively. For the L*, a* and whiteness parameters showed no 

significant difference (P<0.05) between these three cultivars. Lightness, L* and 

whiteness has nothing much difference between them. Moreover, these two parameters

has a positive effect on consumer acceptance. Customer acceptability is usually based 

on luster and whiter appearance of the particular rice. Whiteness of rice is proportional 

to the lightness of rice. The whiteness of the rice measures the opaqueness of the rice. 

From Table 4.2, Siding cultivars recorded highest whiteness 72.43 followed by local 

Susu and Susu Thai cultivars which were 69.10 and 66.20 respectively. 
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For a* value, Susu Thai recorded -0.58 while local Susu and Siding cultivars 

both recorded -1. 02 . The minus sign showed that all cultivars tendency on the greenness 

region. The value of a* showed the highest for Susu Thai cultivar compared to local 

cultivars. For b* value, Susu Thai, local Susu, and Siding cultivar recorded 8.66, 7.24, 

8.35 respectively. The highest b* value recorded by Susu Thai cultivar followed by 

Siding then local Susu cultivar. However, the b* value showed significant difference 

(P<0.05) between Susu Thai and local Susu but they showed no significant difference 

(P>0.05) when compared with Siding cultivar. 

Table 4.2:Colour parameters of different glutinous rice cultivars 

Sample Colour Earameters 
L* a* b* Whiteness 

Susu Thai 67.35+2.40
a -0.58+0.348

8.66±0.79
8

66.20±2.27
8

Local Susu 69.98+1.27
a - l .02+0.178 7.24+0.89

b 69.10±1.44
8

Siding 73.75+1.41
a

-1.02+0.22
3 8.35±0.24 ab 72.43±1.373

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05) 

The positive sign showed that all cultivars tendency on the yellowness region. 

The lightness of l ocal glutinous rice is slightly higher than lightness of Korean glutinous 

rice cul ti var reported by (Hapsari et al, 2016) which recorded at 65.50. The trend for 

L *, a*, b* value can be seen through figure 4.1 below. 
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Figure 4.1: L *, a*, b * value for glutinous rice with different cultivars 

4.2 Chemical properties 

4.2.1 Amylose content 

Amylase content is one of the important parameter that can be measured in rice. 

Starch is the major composition of rice and the amylose content of rice is different 

among the varieties. Based on Table 4.3, Susu Thai recorded the highest, 1.33% of 

amylose content followed by local Susu and Siding rice cultivar which are 1.25% and 

1.18% respectively. The amylose content for these three cultivars showed significant 

different {P<O.O5) to each other. Amylose content parameter has positive correlation 

to cooking time for the rice to fully cook. According to Kang (2015), as amylase content 

decreases, the rice takes longer time to fully cook. This is because during cooking,
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mainly the amylopectin, not the amylose will leached out (Hongyan et al., 2017). 

Hence, low amylase content correspondingly has high in amylopectin which takes 

longer to leach out during cooking. However, these results slightly higher with the 

observation made by Singh et al. (2005) where he  observed the value of amylose for 

imported glutinous rice at 1.03% which was lower than this study. However, according 

to Husain ( 1984 ), pulut Siding and pulut Malaysia I cul ti var recorded amylose content 

of 1.4% and 1.1 % respectively. The result were in ranged with these three cultivars. All 

of the glutinous rice cul ti vars has relatively small amount of amylose content since their 

amylopectin is higher. Amylopectin gives high eating quality to the rice. Eating quality 

can be measured from textural parameter of rice after being cooked such as the 

hardness, adhesiveness, cohesiveness, and chewiness. 

Table 4.3: Amylase content of different glutinous rice cultivars 

Rice cultivar 

Susu Thai 

Local Susu 

Amy lose content (%) 
1.33±0.00a

1.25±0.0lb

Siding 1.18±0.00c

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)

4.3 Proximate analysis 

These three cultivars from different origin were analysed the proximate analysis 

for the following parame ters which are moisture content, protein content, ash conten� 

fiber content, fat content, and carbohydrate content. 

4.3.1 Moisture content 

Table 4.4 below shows the result for moisture content in two particular ways

which are wet basis and dry basis for three different cultivars. Wet basis is a measure

of the water in a solid, while dry basis expressed as the ratio of the amount of moisture

From the resul t  in Table 4.4, the value of moisture content for local Sttsu cultivar found
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out to be the lowest at 8.96% followed by Siding and Susu Thai cultivar which are 

I 0.63 % and 11.10% on their wet basis respectively. In tenn of their dry basis moisture 

content, local Susu contains 9 .85% of moisture followed by Siding and Susu Thai which 

are 11.89% and 12.49% respectively. The moisture content for three different cultivar 

showed no significant difference (P>0.05) regardless of the wet basis and dry basis. 

Among these three cultivars, local Susu is the most dry cultivar compared to 

Siding and Susu Thai. This is becaus·e the cultivation of local Susu was located at 

Langkawi island where according to "Malaysia Climate" (2016), it is located off the 

west coast of the mainland receives approximately I OOmillimeters or less of rainfall 

from November to  Iviarch; dry season in Langkawi. During this time, the local Susu 

cultivar is scheduled to be harvested. Furthermore, moisture content plays important 

role in determining the shelf life (Webb, 1985) was recorded to vary from 9.85-12.49% 

between three different cultivars. The acceptable level for storage grain moisture is 

below 14%. The recorded result almost within the acceptable limit (12%-13%) to 

literature reports (Adair et al., 1973) for long term storage of rice. 

Table 4.4: Percentage  composition of moisture content 

Rice cultivar 
Moisture content(%) 

Wet basis Dry basis 

Susu Thai 11.10±0.018 12.49±0.0la

Local Susu 8.96±0.018 9.85±0.013

Siding l 0.63±0.003 11.89±0.00°

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)

4.3.2 Protein content 

Table 4.5 below shows the result for percentage of protein content for three 

different glutinous rice cul t i  var. The percentage of protein content in between of 6.35% 

and 7.60% for these three cultivars. Susu Thai cultivar results 6.35% of protein content 

while local Susu and Siding results 7.15% and 7.60% respectively. Siding has the 
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highest protein content compared to Susu Thai and local Susu. The results for Susu Thai 

and Siding shows significant (P<0.05) while comparison between local Susu with Susu 

Thai and Siding cultivar shows no significant different (P>0.05). 

The recorded result for Siding is within acceptable value of protein content 

which reported by Husain (1984) which ranges from 6.9% to 7.60%. Also, according 

to the past result that was presented by Thomas et al. (2013) recorded protein content 

ranges from 7 .60% to 8.0%. According to Pan and Khir (2019), protein content in rice 

contain lysine that is considered hypoallergenic and is therefore give favourable touch 

for human consumption. High percentage value recorded for Siding cultivar considered 

as high in lysine that give more favourable taste to the rice itself. On the other hand, 

higher value of protein will let the consumer grow faster as proteins were used in the 

construction of body tissues such as muscles, nerves, cartilage, skin, and other parts of 

human body (Jacquie, 2018). 

Table 4.5: Percentage composition of protein content 

Rice cultivar Protein content (%) 

Susu Thai 6.35±0.078

Local Susu 

Siding 7.60±0.006

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)

4.3.3 Fat content 

Fat is called as lipid mainly present in food including grain crop such as rice. 

Based on Table 4.6, the fat content between local Susu and Susu Thai cultivar showed 

no significant different (P>0.05) same goes between local Susu and Siding cultivar. 

However, commercial Susu Thai and Siding showed significant difference (P<0.05) 

between them. Siding resulted with the highest value which is 0.35% of fat content 

followed by local Susu and Susu Thai cultivar which are 0.33% and 0.23% respectively. 
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The recorded result for Siding is within acceptable value of fat content which reported 

by Husain (1984) which recorded at 0.34% . However, the commercial Susu Thai 

cultivar is slightly lower of fat content compared to imported glutinous rice that was 

presented by Thomas et al. (2013) which is 1.21 %. The addition of oils and fats to such 

food will make these food more palatable and enable the consumer to meet energy 

requirements more effectively. Fats must be present in the diet to absorb the fat-soluble 

vitamins A,D, E and K. 

Table 4.6: Percentage composition of fat content 

Rice cultnvar Fat content (%) 
Susu Thai 0.23±0.243

Local Susu 0.33±0.213b 
Siding 0.35±0.22b

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)

4.3.4 Ash content 

Table 4. 7 shows the fat content of Susu Thai, local Susu, and Siding cultivar. 

From Table 4. 7, the result recorded for ash content are 0.42%, 0.45%, and 0.50% for 

Susu Thai, local Susu, and Siding cultivar, respectively. Siding has the highest ash 

content compared to Susu cultivar from local and commercial sample. 

However, the ash content of Susu Thai and Siding cultivar showed significant 

difference (P<0.05). But, comparison between local Susu and Susu Thai and Siding 

cultivar shows no significant difference (P>0.05). The high value of ash content in the 

grain could be to Siding cultivar has major composition of mineral content since ash 

analysis is important in determining essential mineral for the food product such as 

magnesium, potassium, calcium, iron and zinc (Bhat & Sridhar, 2008). 
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Table 4.7: Percentage composition of ash content 

Rice cultivar Ash content(%) 
Susu Thai 0.42±0.24a

Local Susu 0.45±0.2l ab 
Siding 0.50±0.226

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)

4.3.5 Fiber content 

Table 4.8 shows the fiber content for thr e e  different glutinous rice cultivars. The 

fiber content of Susu Thai, local Susu, and Siding cultivar were 0.30%, 0.32%, and 

0.39% respectively. Based on the value, Susu Thai cultivar has the lowest fiber content 

compared to local Susu and Siding cultivars. The result of fiber content of StlSU Thai 

and Siding cultivar showed significant difference (P<0.05). While, comparison between 

local Susu with Susu Thai and Siding cultivar showed no significant difference 

(P>0.05). 

However, Siding cultivar recorded similar amount of fiber content with Pulut

Siding which reported by Husain (1984) which is at 0.39%. Although, fiber helps to 

reduce disease of heart attack and stroke, rice is one of the source of soluble fiber that 

human can consume within the accepatable range of below than 0.50% (Anonymous, 

2019) 

Table 4.8: Percentage composition of fiber content 

Rice cultivar 

Susu Thai 
Local  Susu 

Fiber content(%) 
0.30±0.24°

0.32±0.21 ab

0J9±0.22b

Siding 
Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)

67 

@
 C

OPYRIG
HT U

PM



4.3.6 Carbohydrate content. 

Table 4.9 shows the percentage composition of carbohydrate content for three 

different glutinous rice cultivars. The carbohydrate content for Susu Thai, local Susu, 

and Siding cultivars were 80.21 %, 81.90%, and 79.27% respectively. Carbohydrate 

content is the major constituent in the proximate analysis. It was observed that local 

Susu cultivar has the highest carbohydrate content which is 81.90% compared to Susu 

Thai and Siding cultivars. Carbohydrate content of local Susu and commercial Susu 

Thai does not differ much. This is may due it is from the same cultivar however planted 

at different region, Thailand and Malaysia. The value of carbohydrate content was quite 

similar to the study by Thomas et al. (2013) which ranges from 78.21 %-82.23%. Also, 

glutinous rice exhibited fairly higher amount of carbohydrate and somewhat similar and 

near about the desired range 80% that recorded by Juliano (2000). 

Carbohydrate is the major source of energy needed by human because rice is 

considered as good source of carbohydrate in food pyramid despite in any type of rice 

variety. Most important nutritional property of total carbohydrate is their easy 

digestibility in the small intestine (Devindra & Longvah, 2011). 

Table 4.9: Percentage composition of carbohydrate content 

Rice cultivar Carbohydrate content(%) 

Susu Thai 80.21 

Local Susu 81.90 

Siding 79.27 
Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)
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4.4 Thermal properties 

Table 4.10 shows the result of Onset temperature {To), peak temperature {T p), 

conclusion temperature (Tc), enthalpy (AH) and gelatinization range (R) of three 

different glutinous rice cultivar. T p is considered as the gelatinization temperature 

where the starch starts to swell (Hongyan et al., 2017). From Table 4.10, Susu Thai, 

local Susu and Siding cultivar shows the value of MI at 8.20 Jig, 1.02 J/g, and 1.22 

J/g respectively. The highest value of MI recorded by Susu Thai cultivar then followed 

by Siding and local Susu. 

According to Bert (2003), high enthalpy makes the rice cooks faster which 

means the starch gelatinized within the short time. The lower value of MI reflected 

loss of double helical structure at lower temperature in the former type. The highest 

transition temperatures possessed by $usu Thai then followed by Siding and local Susu 

cultivar. This may be attributed to the p resence of lower amylase and higher 

amylopectin contents (Singh et al., 2003). Because amylopectin has been reported to 

play a major role in starch crystallinity, the amylose lowers the melting point of 

crystalline regions and the energy for starting gelatinization (Flipse et al., 1996). 

Therefore Susu Thai with high amylose contents might have less amorphous 

region and more crystalline region, decrease in gelatinization temperature and 

endothermic enthalpy (Sasaki, Yasui & Matsuki, 2000). Moreover, similar result have 

been reported for rice by (Nakazawa, 1994). The value of To, Tp, and Tc showed the 

lowest for Susu Thai cultivar. This is because it has high amylase content as well as 

the small and compact nature of starch granules (Sodhi &Singh, 2003). 
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Table 4.10: Thermal properties of different glutinous rice cultivar

Rice To (°C) Tp(°

C) Tc(°C) AHgel Tgd 
cultivar (J/g) c·c) 

Susu Thai 45.54 59.51 65.26 8.20 61 19.72 
Local Susu 64.17 71.10 78.56 1.02 72 14.39 

Siding 63.72 72.01 80.81 1.22 73.5 17.09 
To=onset temperature, Tp=peak temperature, R=gelatinization range (Tc-To);
A Hgc1

=enthalpy of gelatinization 

4.5 Morphological properties 

Figure 4.2 below shows two different magnification which are lOOOx on 

the left side and 5000x on the right side. On the left side, it shows the distribution and 

size of the granules. Also, on the right side, the pores of the granules can be seen 

clearly. When viewed under the scanning electron microscope, the endospenns of 

rice samples have relatively same morphology. This is due rice amyloplast produces 

compound granules consist several polyhedral and irregular-shaped granules (Yun &

Kawagoe, 2010). From the proximate composition, glutinous rice is a type of rice that

rich in protein content. Hence, the microstructure of protein bodies of glutinous rice

kernel was disengaged from the starch particles leave very small dimples. Similar

findings have also been reported by Kakar et al. (2019). Amyloplasts were round with

different s izes but starch granules were spherical and gathered without airgaps which

lead the way for normal accumulation structure (Tran et al., 2019).

Based on Figure 4.2, protein b odies were located around and on the

surface of the amyloplasts. The amylase and amylopectin content influenced

morphology of rice granule size and shape of the samples (Svegmark & Hennansson,

2001). For Susu Thai and Siding cultivar, shapes of the amyloplasts were clearly round

and polyhedral. However, amyloplasts shape for local Susu were not very significant

might due to its nature of cross-section. High amylase content were observed in Sus11
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Figure 4.2: Scanning electron micrograms of different glutinous rice cultivars (A=

Susu Thai , C= local Susu, E=Siding; 1 OOOx magnification, B=Susu Thai, D=local 
Susu, F=Siding; 5000x magnification);A: amyloplast; S: Starch granules 

4.6 Cooking properties 

These three cul t i  vars from different origin were analysed the cooking properties 

for the following parameters which are cooking time, water uptake ratio, cooked length 

to breadth (lib), and elongation ratio. 

4.6.1 Cooking time 

The effect of different soaking time on cooking quality in tenns of cooking time 

is shown in Table 4.11. Each samples were soaked at different soaking time of 0, 60,

and 120 minutes. From Table 4.11, Susu Thai cultivar recorded the shortest cooking

time ranging from 10.05 to 11.05 minutes then followed by local SttSll cooking time

ranging from 11.15 to 12.3 O minutes and lastly Siding which are ranging from 11.20 to

12.45 minutes. However, cooking time showed significant different after soaking at 120

minutes of soaking (P<0.05). The reported result of Siding is within acceptable limit

which is 13.0 minutes to literature reports (Husain, 1984). The cooking time was

significantly decreased with increasing soaking time for three different cultivars. When
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the rice has been soaked it absorbs water, swelling and increasing in volume. The 

cracked granule formed disorganised cellular structure offers opportunity for fast 

diffusion of water and causes a decrease in cooking time (Lisle et al., 2000 ; Herath, et 

al., 2016). In addition , this result agreed with the the chemical properties where cooking 

time has strong correlation with amylose content; low amylase content (Siding) has 

longer cooking time. However, the cooking time for these three different cultivars 

shows no remarkable difference with each other within the same period of soaking time. 

Table 4.11: Cooking time of different glutinous rice cultivar 

Cooking time (min) 
Cultivar No soaking 60min soaking 120min soaking 

Susu Thai 1 l .05±0.20a 10.20±0.lSa 10.05±0.106

Local Susu 12.30±0. lSa 1 l .40±0.16a 11.15±0.106

Siding 12.45±0.20a 11.40±0.18a 11.20±0.156

Mean (±SD) with same letter in the same row do not differ significantly (P>0.05) 

4.6.2 Water uptake ratio 

Water uptake ratio is an important parameter while cooking rice. The weight of 

rice increases after cooking is due to water absorption by it during cooking process. The

effect of water uptake ratio with different soaking period is shown in Table 4.12. Each

samples were soaked at different soaking time of 0, 60, and 120 minutes. Local Susu

recorded the highest water uptake ratio which both ranging from 1.83 to 2.18 then

followed by Susu Thai ranging from 1.82 to 2.18 and lastly Siding cultivar which

ranging from I .80 to 2.17. For three different glutinous rice cultivar, the water uptake

ratio significantly decreases once the rice is being soaked. However, water uptake

showed significant different once the rice has been soaked (P<0.05) for either local or

imported cultivars. Factors affecting water absorption include the surface area, amylase

and bulk density (Bett-Garber et al., 2007). These factors only gives medium to high

correlation with each other. When bulk density and surface area of the rice grain is

73 

@
 C

OPYRIG
HT U

PM



larger, it occupies more water for absorption thus increase in water uptake. On the other 

hand, water uptake ratio of local and imported Susu cultivars are in range to the 

glutinous rice reported by (Thomas et al., 2013) which is 2.20. While, the recorded 

result for Siding is within acceptable value of water uptake which reported by (Husain, 

1984) which is 2.05. 

Table 4.12: Water uptake of different glutinous rice cultivar 

Cultivar 
Water uptake ratio 

No soaking 60min soaking 120min soaking 
Susu Thai 1.82±0.ooa 2.18±0.0l b 2.15±0.0lb

Local Susu l .83-+-0.01 a 2.18±0.026 2.16±0.006

Siding 1.80±0.01 a 2.17±0.00b 2.10±0.00b

Mean (±SD) with same letter in the same row do not differ significantly (P>0.05) 

4.6.3 Cooked lib

The effect of different of soaking time towards the cooked 1/b is shown in Table

4.13. From Table 4.13, local Susu was observed has the highest 1/b ratio of cooked rice

ranging from 5.35 to 5.05. Then, followed by Susu Thai cultivar ranging from 4.83 to

4.61 and Siding ranging from 4.28 to 4.01. Cooked lib has positive correlation with lib

ratio of raw rice grain and elongation ratio of cooked rice. This is because during

cooking, the water is absorbed and volume expanded as well with the length. Thus,

increase also in term of the elongation ratio because it correlated between raw and

cooked rice length. The cooked 1/b was significantly increase as soaking period

increases for three different cultivars. Cooked lib for no soaking parameter showed

significant difference (P<O. 05) between three different cul ti var of glutinous rice. While,

at 120 minutes of soaking period, it showed significant difference (P<O.OS) in cooked

1/b for both Siding and Susu cultivars. Cooked lib of Siding cultivar has similar value

reported by Thomas et al. (2013) of imported glutinous rice. Increase in eilber length
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or breadth can occur depending on the increase in volume during cooking and when 

water is absorbed (Danbana, 2011). 

Table 4.13: Cooked 1/b ratio of different glutinous rice cultivar 

Cultivar Cooked 1/b 
No soaking 60min soaking 120min soaking 

Susu Thai 4.61±0.35 a 4.74±0.213 4.83±0.56b

Local Susu 5.03±0.24a 5.28±0.21 3 5.35±0.59b

Siding 4.0 l±O. l 6a 4.18±0.34 3 4.28±0.216

Mean (±SD) with same letter in the same row do not differ significantly (P>0.05)

4.6.4 Elongation ratio 

Based on Table 4.14, local Susu was observed has the highest 1/b ratio of cooked 

rice ranging from 1 .40 to 1.32. Then, followed by Susu Thai cultivar ranging from 1.35 

to 1.30 and Siding ranging from 1.35 to 1.26. In addition, a positive correlation was 

also recorded by lib ratio and cooked 1/b in relation to elongation ratio of rice (Singh et 

al., 2005; Danbana et al., 2011 ). El ongation of rice significantly increases as soaking 

period increases for three different glutinous rice cultivars. From the result below, Susu 

and Siding cultivar showed significant different (P<0.05) after soaking at 120 minutes 

period. The longer soaking period, more significant difference resulted to the cooked 

rice. The recorded result for Susu Thai and local Susu is within acceptable range from 

1.40 to 1.30 of elongation which reported by Danbana et al. (201 I). Elongation ratio of

rice is proportional to the cooked 1/b which elongation ratio increases, cooked lib 

mcreases. 

Table 4.14: Elongation ratio of different glutinous rice cultivar

Cultivar Elongation ratio 
No soaking 60min soaking 120min soaking 

Susu Thai l.30±0.26a 1.32±0.338 1.35±0.Slb

Local Susu l .32±0.08a 1.38±0.068 1.40±0.136

Siding l.26±0.07a 1.32±0.158 1.35±0.0Sb

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)
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4.7 Correlation coefficient 

Pearson correlation coefficients for relationships among three different 

glutinous rice cultivars have been shown in Table 4.15. Amylose content was 

negatively correlated with cooking time (r= -0.963, p<0.01). When the amylose content 

is lower, then correspondingly cooking time will b e  longer. Bulk density was found to 

be positively correlated with TWK. (r= 0.86, p<0.05) and water uptake ratio (F 0.82, 

p<0.01). Density is proportional to the mass of grain, so that bulk density increase 

resulted in increase in TWK. Water uptake ratio is an important parameter while 

cooking rice. If the bulk density is higher, then correspondingly water uptake will also 

be high. This has been attributed to the compact structure of a rice variety (Horigane et 

al., 2000). Another strong correlation was observed for volume with TWK (F 0.74, 

p<0.05) and surface area (r= -0. 79, p<0.05). Similar findings have also been reported 

by V arnamkhasti et al. (2008) . She said that higher rate of heat transfer highly 

attributed when material has small ratio of volume to surface area contact. 

Next, L/B ratio was positively correlated with cooked LIB (r= 0.96, p<0.01). 

Increase in either length or breadth can occur dep e nding on the increase in volume

during cooking when water is absorbed. Elongation ratio has negatively strong 

correlation with cooking time (r= -0.77, p<0.01). This has been reported by Yadav et 

al. (2007) which he said that the cooking time influenced the increment volume and 

length of rice during cooking. On the other hand, another physicochemical parameters

also showed small correlation but some had no correlation with cooking properties. 
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4.8 Textural properties 

4.8.1 Hardness 

The effect of different soaking time on texture properties in tenns of hardness

is shown in Table 4.16. Each samples were soaked at different soaking time of 0, 60,

and 120 minutes. Hardness is related to the strength of solid structure under

compression and is the peak force during first cycle of compression (Chandra &

Shamasundar, 2014). Based on Table 4.16, the hardness for Susu Thai is the highest 

ranging from 1154. 7 to 1611.2 N followed by local Susu and Siding ranging from 

1065.7 to 1248.4 N and 989.9 to 1289.5 N respectively. The hardness for each sample 

significant! y decreases as soaking time increases. This is because during soaking, the 

amylose will leached out and causes granules swells and disintegrates. However, the 

hardness for each cul ti vars of glutinous rice showed significant different when soaking 

at different soaking period of time (P<0.05). As soaking time increases, the cooked rice

produced much less firmer than that of the unsoaked rice. These result are in agreement

with reported from Sareepuang e t  al. (2008). In addition, the highest of hardness in Susu

Thai cultivar may be attributed to the high amylose content in the rice grain. This

relationship similar as reported by Singh et al., (2003). He said that high amylose and

long chain amylopectin can lead to hard texture, while low amylose can have a softer

texture on cooking.

Table 4.16: Hardness of cooked glutinous rice cultivars at different soaking time

Cultivar No soaking 

Hardness (N) 
60min soaking 120min soaking 

Susu Thai 161 l .2±4.80a 1327.8±3.516 1154.7±3.SOc

Local Susu 1387.2±4.17a 1248.4±3.20b 1065.7±3.90c

Siding 1289.5±4.908 l 186.8±2.80b 989.9±3.28c

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)
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4.8.2 Adhesiveness 

Adhesiveness is the property of sticking together or the joining of surfaces of 

different composition known as stickiness (Kasapis, 2009). The adhesiveness 

parameter in texture analysis for different glutinous rice cultivar is represented on Table 

4.17. From Table 4.17, the maximum adhesiveness is observed from Siding cultivar 

which ranging from -1147.2 to -706.3 N.s followed by local Susu which its 

adhesiveness value ranging from -996.9 to -686.3 N.s. While, Susu Thai resulted in the 

minimum adhesiveness which ranging from -776.9 to-628.1 N.s. As soaking period 

increase, the adhesiveness for three different glutinous rice cultivars decreases. The 

adhesiveness for all of the glutinous rice cultivars showed remarkable differences 

(P<0.05) at different period of soaking time. Adhesiveness or stickiness is related to the 

amount of starch and starch gelatinization. Soaking produces a more compact 

arrangement of starch in the kernel and greater cohesion (Kato et al., 1993; Hapsari et 

al., 2016). Hence, adhesiveness has positive correlation to the cohesiveness. Soaking 

treatment is suggested to reduce the stickiness of rice after cooked. As soaking time 

increases, the cooked rice produced much less stickier than that of the unsoaked rice. 

Table 4.17: Adhesiveness parameter of different glutinous rice cultivar 

Adhesiveness (N.s) 
Cultivar No soaking 60min soaking 120min soaking 

_Susu Thai -776.9±3.708 -697.5±3.lSb -628.1±3. l lc
_Local Susu -996.9±3.338 -878.4±4.20b -686.3±2.92c
_Siding -I 147.2±4.108 -765.9±3.926 -706.3±3.0 lc
Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)
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4.8.3 Cohesiveness 

Cohesiveness or consistency indicates the strength of internal bonds making up

the body of food which here means the cooked rice and the degree to which the cooked

rice grains can be deformed before it ruptures (Kasapis, 2009). The cohesiveness

parameter in texture analysis for different glutinous rice cultivar is represented on Table

4.18. From Table 4.18, the highest value of cohesiveness is the highest for Siding 

cultivar ranging frorn 0.354 to 0.292 followed by local Susu ranging from 0.353 to 

0.285. While, the lo·west value of cohesiveness resulted by Susu Thai which ranging 

from 0.298 to 0.275.Based on the results, the cohesiveness ofeach samples significantly 

decreases as soaking time increases. However, it showed significant different (P<0.05) 

for these three cultivars at different period of soaking. In addition, cohesiveness has

positive correlation with adhesiveness which they are highly relatable with sticking or

pasting properties. Based on the result, the soaked rice produced much less cohesive

and less sticky than unsoaked rice. This is due to the unsoaked rice retained the stronger

kernel structure prevented loss of solid during cooking, resulting in higher cohesiveness

of cooked r ice. These results are on par with the observation made earlier by Hapsari et

al. (2016). 

Table 4.18: Cohesiveness parameter of different glutinous rice cultivar

Cultivar No soaking 

Cohesiveness 
60min soaking l 20min soaking

Susu Thai 0.298±0.028 0.280±0.04 b 0.275±0.06c

Local Susu 0.353±0.068 0.336±0.016 0.285±0.0 lc 
Siding 0.354±0.038 0.331±0.03b 0.292±0.04c 

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)
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4.8.4 Springiness 

Table 4.19 shows texture quality of cooked rice in terms of springiness towards 

three different glutinous rice cultivar. Springiness could describe the initial 

compression that could destroy the gel structure (Tian et al., 2014). Based on Table 

4.19, Susu Thai has the highest value of springiness ranging from 0.493 to 0.418 

followed by local Susu and Siding cultivars which are ranging from 0.447 to 0.351 and 

0.430 to 0.288 respectively. The springiness of the rice decreases as soaking time 

increases. From the results, it showed no significant different (P>0.05) for these three 

cultivar for no soaking and 60 minutes of soaking period. However, it showed 

significant different (P<0.05) during 120 minutes of soaking period. This may 

attributed from the physical changes of Siding after a long period of soaking since

Siding has the shortest grain compared to Susu Thai and local Susu cultivar. Also, 

during soaking, the starch has swelled and started to leach out from the grain. High 

springiness generally shows a gel structure is broken into few big pieces during the fir5l

compression, whereas low springiness breaking into many small pieces (Huang et al.,

2007). Moreover, high springiness requires more mastication or chewing energy in the

mouth (Rahman, 2009). From the result ,  it shows that local Susu and Siding cultivars

broke into small pieces i� the mouth compared to Susu Thai cultivar.

Table 4.19: Springiness parameter of different glutinous rice cultivar 

Springiness 
Cultivar No soaking 60min soaking 120min soaking 

_§usu Thai 0.493±0.098 0.470±0.038

_Local Susu 0.447±0.058 0.389±0.128

0.418±0.02
b

0.35 l±0.05b

0.288±0.036
_§iding 0.430±0.048 0.365±0.08°

Mean (±SD) with same letter in the same column do not differ significantly (P>O.OS)
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4.8.5 Chewiness 

Chewiness is a measure of energy required to masticate or chewing the food and 

is nonnally reported for solid foods. Chewiness is defined as the product of hardness, 

cohesiveness, and springiness (Chandra & Shamasundar, 2014). The chewiness 

parameter in texture analysis for different glutinous rice cultivar is represented on Table 

4. 20. From Table 4.20, Susu Thai resulted the highest of chewiness value which is 

ranging from 234.5 to 127.5 N followed by local Susu and Siding ranging from 2 11.9 

to 114.9 N and 168. 7 to 116.2 N respectively. From the results, the chewiness value for 

each cultivar decreases as soaking period increases. The longer soaking period resulted 

less chewy of cooked rice. However, i t  showed significant different (P<0.05) for these 

three cultivars once the rice had been soaked. This results is corresponded with the 

springiness, cohesiveness, and hardness since they are in relationship with these three 

parameters. In addition, chewiness is another important texture parameter of cooked 

rice to measure the acceptability for people preference of cooked glutinous rice. Thus, 

Susu Thai required high mastication energy to chew the rice compared to local Susu 

and Siding cultivars.

Table 4.20: Chewiness parameter of different glutinous rice cultivar

Cultivar No soaking 
Chewiness (N) 

60min soaking 120min soaking 

Susu Thai 234.5±1.218 153.3±1.28b 1 27 . 5±1 .0Jh 
Local Susu 211.9±1.208 1 34.1±1.706 114.9±1.16b 
Siding 168. 7±1.618 139. 1±1.47b 116.2±1.18b 

Mean (±SD) with same letter in the same column do not differ significantly (P>0.05)
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CHAPTERS 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusions 

Different cul ti var of glutinous rice have different composition and properties in 

tenn of its physical, thermal, morphological, and also cooking properties. Hence, it

gives different in texture properties result which it is important to validate consumer

acceptance towards the cooked rice.

The first objective has been achieved which from its physical appearance, the 

local Susu cultivar is superior as imported glutinous rice cultivar. But for different type 

of cultivar, Siding cultivar has significantly shorter in length compared to Susu cultivar. 

Susu Thai resulted the highest in amylose content and enthalpy thus have a short in 

cooking time. In term of its proximate analysis, these three cultivars did not showed 

much significant difference since they are from the same group of rice type. This proved 

that local glutinous rice cultivar is on par with imported glutinous rice cultivar. 
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5.2 Recommendations 

As recommendations or suggestions for future studies, the analysis for essential 

mineral content such as Na, K, Zn, Ca can be determined to acknowledge more benefits 

from the glutinous rice. Further research on free amino acid content is also 

recommended to analyse the good amino acid in the glutinous rice since protein 

constituted second highest amount in the proximate analysis. 

Furthermore, some extensive research on value added such as study on the 

behaviour of cooked glutinous rice when adding coconut milk since this is the malay 

cuisines normal practice. Also, it is recommended to explore on black glutinous rice as 

it is one of the popular variety that consume by majority people in Malaysia. 

Besides, varying on the treatment for the cooking method of glutinous rice could 

help such as steaming method. This is because steaming gives more fluffy rice rather 

than cooking method and also sensory test helps to determine kinetic studies of cooking 

glutinous rice and at the same time acceptability of consumers regarding to the method 

of cooking glutinous rice.

85 

@
 C

OPYRIG
HT U

PM



REFERENCES 

Adair, C. R., Bol lich, C. N., Bowman, D. H., Joson, N. E., Johnston, T. H., Webb, B. 

D., & Atkins, J. G. (1973). Rice breeding and testing methods in the United 

States. USDA Agr Handb. 

Adu-Kwarteng E, El lis W 0, Oduro I, Manful J T. (2003). Rice grain quality: A 

comparison of local varieties with new varieties under study in Ghana. Food 

Control, 14(7): 507-514. 

Asghar, S., Anjum, F.M., Amir, M.R. and Khan, M. A. (2012). Cooking and eating 

characteristics of Rice ( Oryza saliva L.)-A review. Pakistan Journal of Food 

Sciences 22: 1��8-132 

Bett-Garber, K., Champagne, E., Ingram, D., & McClung, A. (2007). Influence of 
Water-to-Rice Ratio on Cooked Rice Flavor and Texture. Cereal Chemistry 
Journal, 84(6), 614-619. doi: 10.1094/cchem-84-6-0614 

Bhat, R. and Sridhar, K.R. (2008). Nutritional quality evaluation of electron beam­

irradirated lotus (Nelumbo Nucifera) seeds. Food Chemistry 107: 174-184 

Bhattacharya, K. (2013). Analysis of rice quality. Rice Quality, 431-530.

Bhattacharya, K.R. and Sowbhagya, C.M. (1971). Water uptake by rice during cooking.

Cereal Science Today 16: 420-424. 

Cai, Y., Liu, C., Wang, w. and Cai, K. (2011). Differences in physicochemical

properties of kernels of two rice cultivars during grain fonnation. Journal of

Science of Food and Agriculture 91: 1977-1983. 

Chakkaravarthi, A., Lakshmi, S., Subramanian, R., & Hegde, V. (2008). Kinetics of

cooking unsoaked and presoaked rice. Journal Of Food Engineering, 84(2),

181-186.

Chen, H. S., Wu, P. L., Gao, C.C., He, Z. F., Niu, A. Z. and QingX.H. (1986). studies

on amino acid content of rice protein. Seed 4: 13-19 

Devindra, S., & Longvah, T. (2011). Analysis of Digestible Carbohydrates in Different

Varieties of Basmati Rice and Other Popular Cereal Samples by Using HPLC­

RI. World Journal of Dairy & Food Sciences, 146-151. 

Dipti, S.S., Bari, M.N. and Kabir, K.A. (2003). Grain quality characteriStics of some

beruin rice varieties of Bangladesh. Pakistan Journal of Nutrition 2: 242-245

86 

@
 C

OPYRIG
HT U

PM



Food and Agriculture Organization of the United Nations. (2010). Fats and fatty acids 
in human nutrition. Rome. 

Fraser, B. M., Verma, S. S., & Muir, W. E. (2008). Some physical properties of 
fababeans. Journal of Agricultural Engineering Research, 23(1),53-57. 
https://doi.org/10. I 016/0021-8634(78)90079-3 

Gavahian, M., Chu, Y., & Farahnaky, A. (2019). Effects of ohmic and microwave 
cooking on textural softening and physical properties of rice. Journal Of Food 
Engineering, 243, 114-124. 

Han, J.A., Lim, S.T., (2009). Effect of presoaking on textural, thennal, and digestive 
properties of cooked Brown rice. Cereal Chemistry Journal 86, 100-105. 

Hapsari, A., Kim, S., & Eun, J. (2016). Physical characteristics of parboiled Korean 

glutinous rice (Olbyeossal) using a modified method. LWT- Food Science And 

Technology, 68, 499-505. 

Herath, H., Weliwita, J., Senanayake, S., & Witharana, S. (2016). Effect of moisture 

content on cooking time of rice. 2016 Manufacturing & Industrial Engineering 

Symposium (MIES). 

Hirannaiah, B. V., Bhashyam, M. K. and Ali, S. Z. (2001). An improved cooking quality 

test for Basmati rice. Journal of Food Science and Technology 38: 116-119. 

Horigane, A. K., Engelaar, W. M. H. G., Toyoshima, H., Ono, H., Sakai, M., Okubo, 

A. and Nagata, T. (2000). Differences in hollow volumes in cooked rice grains

with various amylose contents as determined by NMR micro-imaging. Journal

of Food Science 65: 408-412.

Horino, T. and Okamoto, M. (2005). Relationship between nitrogen and mineral content 

in rice grain and its palatability after cooking. Bull. Chugoku Natl. Agric. Exp. 

Stn. IO: 1-15. 

Hotz, C. and Brown, K. H. (2004). Assessment of the risk of zinc deficiency in 
populations and options for its control. Food Nutrition Bulletin 25: 94-204 

Houston, D. F. and Kohler, G. 0. (1970). Nutritional properties of rice. Washington 
D.C.: National Academy of Science

Husain, A. N. (1984). Quality Parameters for Malaysian Rice Varieties. MARDI Res. 
Bull., 320-332 

IRRI International Rice Research Institute. (2008). Annual report for I 980. Los Banos, 

Laguna, Philippines. p 25-38 

87 

@
 C

OPYRIG
HT U

PM



Jain, R.K., Bal, S., (1997). Properties of pearl millet. Journal of Agricultural 
Engineering Research 66, 85-91 

Jenning B H, Akoh C A. (2009). Effectiveness of natural versus synthetic antioxidants 
in a rice bran oil-based structured lipid. Food Chem, 114(4): 1456-1461 

Juliano B 0. ( 1999). Factors affecting nutritional properties of rice protein. Trans Nat
Acad Sci Technol, 7: 205-216 

Juliano, B.O. (2000). A simplified assay for milled rice amylose. Cereal Science Today 
16: 334-338 

Julino, B.O. (2001). Physicochemical properties of starch and protein in relation to 
grain quality and nutritional value of rice. In IRR! Rice Breeding. IRR!: 3 89-
405 

Kamara, J. S., Konishi, S., Sasanuma, T. and Abe, T. (2010). Variation in free 
aminoacid profile among some rice (Oryza sativa L.) cultivars. Breeding 
Science 60: 46- 54 

Kang, M., Rico, C., & Lee, S. (2010). Physicochemical Properties of Eight Popular 
Glutinous Rice Varieties in Korea. Plant Production Science, 13(2), 177-184. 

Lisle, K. J ., Martin, M. and Fitzgerald, M. A. (2000). Chalky and translucent rice grains 
differ in starch composition and structure and cooking properties. Cereal 
Chemistry 77: 627-632 

McKenzie, K. S. and Ruther J. N. (1983). Rice grain shape and rice grain quality. Crop 
Science 23: 306-313 

Mohsenin, N.N. (1986). Physical Properties of Plant and Animal Materials, second ed. 
Gordon and Breach Science Publishers, New York. 

Nalladulai, K., Alagusundaram, K., Gayathri, P., (2002). Airflow resistance of paddy 
and its byproducts. Biosystems Engineering 83 I, 67-75. 

Roy, P., Ijiri, T., Okadome, H., Nei, D., Orikasa, T., Nakamura, N., Shiina, T., (2008).
Effect of processing conditions on overall energy consumption and quality of
rice (Oryza sativa L.). J. Food Eng. 89 (3), 343-348.

Sanusi, M., �noso, R.� & Danbaba, N. (2017). Evaluation of physical, milling and
cookmg properties of four new rice (0 ti. L ) . ti. . . . ryza sa va . vane es m 
Nigena. lnternahonal Journal Of Food Studies, 6(2), 245-256.

88 

@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM




