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1. Introduction  

Rice has been one of the most essential crops in the world. Rice 

has been a staple food for billions of people globally [1]. It 

holds particular cultural and economic significance in Southeast 

Asia, especially Malaysia and Thailand. Rice is an important 

component of Malaysian daily consumption, with a yearly 

consumption of 82.3 kilograms per capita [2]. Malaysians 

consume rice daily as cooked rice or indirectly as a processed 

food. Thailand is also the world's sixth-largest rice producer, 

with 32,2 million tonnes produced annually [3]. Both countries 

heavily depend on rice as a primary source of carbohydrates, 

ensuring its status as a long-term staple food. 

 Malaysia is now in the process of targeting 100% of its rice 

supply [4]. This challenging objective encompasses several 

strategic initiatives, including enhancing domestic rice 

agriculture via advanced farming practices, investing in 

agricultural technologies, and promoting high-yielding rice 

cultivars [4]-[6]. These initiatives are components of a 

comprehensive national food security strategy.  

Notwithstanding the significant importance of rice in Malaysia 

and Thailand, a notable gap exists in the comparative analysis 

of their rice varieties' distinct chemical and thermal 

characteristics [7], [8]. Although prior works have examined 

certain elements, including the physical attributes of glutinous 

rice and regional rice varieties (e.g., [9], [10]), these remain 

inadequate regarding the essential physicochemical properties 
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that differentiate Malaysian and Thai white rice. 

Comprehending these distinctions is essential, as rice's 

chemical composition and thermal properties impact cooking 

characteristics, storage stability, and disintegration during 

processing, all of which affect consumer approval. 

Thai Khao Hom Mali rice, also known as Jasmine rice, is 

celebrated for its distinctive aroma, superior cooking qualities, 

and lower gelatinization temperature, contributing to its 

desirable texture and fragrance when cooked [11], [12]. The 

higher presence of 2-acetyl-1-pyrroline (2AP), a compound 

responsible for its aroma, enhances its appeal in domestic and 

international markets [13]. Additionally, its higher amylose 

content produces a firmer texture upon cooking [14]. In 

contrast, though cultivated for quality, Malaysian rice varieties 

often lack the aromatic and textural appeal of Thai rice [15]. 

Predominantly non-aromatic, Malaysian rice focuses on 

improving local cultivars through breeding programs [16]. 

Malaysian rice's thermal properties and quality vary due to soil, 

cultivation practices, and environmental conditions, influencing 

consumer preferences and marketability [14]. 

The deficiency of thorough works on Malaysian and Thai rice's 

chemical and thermal properties is a significant concern, as 

these elements are crucial for rice quality and classification 

[17]-[20]. These attributes can directly influence the rice 

industry's capacity to innovate and enhance rice cultivars, 

rendering them more appropriate for home and international 

markets. This work seeks to address the work gap by examining 

and contrasting the chemical and thermal properties of 

Malaysian and Thai white rice types. The results will yield 

significant insights into the physicochemical distinctions 

between the two varieties, presenting prospective uses for rice 

categorization, processing, and further advancement in the rice 

industry. 

2. Materials and Methods 

2.1. Sample Preparation 

For this work, five kilograms of Malaysian rice varieties 

(MR219, MR220CL, MR297, MR269, MR303, and MR309) 

were obtained from a rice mill in Terengganu, Malaysia. Five 

kilograms of Thai Khao Hom Mali from Royal Umbrella 

Thailand were used. Both are popular rice cultivars in each 

country. To preserve their qualities before the examination, the 

rice samples were stored in vacuum-sealed packages with silica 

gel and placed in sealed containers, thereby minimizing 

moisture absorption and environmental exposure. The rice 

grain was ground using laboratory mill 120, Perten, Sweden, for 

chemical and thermal properties analysis. Then, it sieved 2 mm 

size. 

2.2. Determination of Chemical Properties 

The chemical property determined was amylose [21]. The 

standard curve was used to determine the amylose content of 

the samples [22]. Moisture content was determined using 

gravimetric (method number 950.46), crude protein Kjedahl 

method conversion factor 6.25 (method number 928.08), fat 

content was determined using Soxhlet extraction (method 

number 963.15), ash content was determined using direct 

ashing (method number 920.153), and crude fiber content 

(method number 920.153) [23]. Equation (1) was used to 

compute carbohydrates:  

% Carbohydrate =  100% − (% moisture +  % crude protein +
 % fat +    % ash +  % crude fiber)                                                   (1) 

2.3. Determination of Thermal Properties 

A quantity of rice flour weighing 3.5 milligrams on a dry basis 

was measured and placed into an aluminum pan with a capacity 

of 40 milliliters (Mettler, ME-27331). Distilled water was then 

added using a Hamilton micro syringe to create a suspension of 

flour and water with a water content of 70% [24], [25]. Before 

being heated in the Differential Scanning Calorimeter (DSC), 

the samples were tightly sealed and left undisturbed for 1 hour 

at the ambient temperature. The sample pans were heated from 

20 to 100 degrees Celsius at a constant rate of 10 degrees 

Celsius per minute. Temperatures at the start (To), peak (Tp), 

and end (Tc) were all computed automatically. The 

gelatinization range (R) was calculated as (Tc – To) because the 

peaks were symmetrical [26].  

2.4. Statistical Analysis 

Analysis of variance was utilized to determine statistically 

significant differences between the means of triplicate raw data 

of samples using the paired-T statistic. Using Minitab Software 

Version 17, significance was accepted at P 0.05. Minitab 

Software version 17 was used to calculate Pearson’s 

correlation.  

3. Results  

3.1. Chemical Properties From Different Rice Flour 

Varieties 

Rice (Oryza sativa L.) is a hydrophilic plant typically cultivated 

in regions with low elevation. Rice cultivation currently spans 

around 137 million hectares in over 100 nations, primarily in 

the tropical and subtropical regions, with Asia being the 

predominant region. Several million hectares are cultivated in 

temperate zones, with a maximum limit of 53 degrees latitude. 

In Malaysia, the predominant location for rice cultivation is the 

granary, which uses an irrigation network and is commonly 

referred to as a lowland area. The origin of rice can influence 

its chemical qualities. The comparison of chemical properties 

between Malaysia and Thailand rice can be shown in Table 1. 
 

Table 1. The Chemical Characteristics of White Rice From 

Malaysia and Thailand 

Chemical 

properties 

Malaysia mix 

varieties 

Thailand Khao 

Hom Mali Thai 

Variety 

Amylose content 17.49± 0.078 a 17.54± 0.11 a 

Moisture content 10.05 ± 0.06 a 10.02± 0.08 a 

Crude Protein 8.33± 0.11 a 7.73± 0.10 b 

Crude fat  0.20± 0.08 a 0.08± 0.01 a 

Crude ash  0.43± 0.01 a 0.28± 0.01 b 

Crude Fiber  0.0033± 0.01 b 0.0165± 0.02 a 
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3.1.1. Amylose Content 

The amylose level in rice grain is a crucial characteristic for 

accurately predicting the eating quality of rice grain. Amylose 

concentration is a crucial determinant of rice cooking and 

processing characteristics [27]. Amylose represents the long 

chain and unbranched part of the rice starch. The amylose 

content of different rice types is depicted by the results of the 

work, which show no significant variance (p >0.05). The 

amylose concentration of different types varied greatly, ranging 

from 17.49±0.078 percent to 17.54±0.11 percent. The lowest 

amylose content was found in Malaysian rice, whereas the 

greatest amylose content was found in Thai rice. The data were 

expressed as mean ± SD; each value is a mean of duplicate 

readings. Means followed by a different letter within the same 

row are significantly different (p< 0.05) 

3.1.2. Moisture Content 

Rice cooking quality and palatability are linked to moisture 

content, which substantially impacts shelf life. Typically, rice 

intended for long-term storage should have no more than 12% 

moisture content to prevent spoilage and maintain its 

palatability over time [28]. However, in this work, the measured 

moisture content of Malaysian and Thai rice samples was lower 

than the limit. Moisture content percentages ranged from 

10.02±0.08% to 10.05±0.06% (Table 1). Thai rice is projected 

to have a lower moisture percentage (10.02%), while Malaysian 

rice will have a high moisture content (10.05 percent). 

Compared to previous work regarding the rice grain, all had a 

moisture content that was practically within the permissible 

limit (12 percent) for long-term storage of rice [29]. This 

discrepancy suggests that the rice samples in this work have a 

lower moisture content than expected for optimal long-term 

storage. However, this lower moisture content could still be 

beneficial, as it may contribute to extended shelf life by 

reducing the risk of microbial growth and spoilage. The 

statistical analysis revealed no significant variance in moisture 

content between the rice samples (p > 0.05), indicating 

consistency across the two varieties. 

Further investigation may be necessary to explore whether such 

lower moisture levels affect cooking quality or consumer 

preferences, particularly as lower moisture content can 

influence the texture and palatability of cooked rice. 

Nonetheless, the findings suggest that Malaysian and Thai rice 

in this work are well-suited for long-term storage, even though 

their moisture content is below the commonly referenced 12% 

limit. 

3.1.3. Crude Protein Content 

Rice's nutritional quality is influenced by its protein 

concentration [30]. Rice has a small proportion of protein since 

it has an adequate carbohydrate percentage [22]. The protein 

network also affects rice's structure and gelling properties 

during cooking [31]. The protein content of the samples in this 

work is higher than that of Ali et al. [32], who found that the 

protein content in rice samples was around 4%. This 

investigation showed a significant difference in protein content 

(p<0.05). The protein content of several rice cultivars ranged 

from 7.73±0.10 to 8.33±0.11 percent, as shown in Table 1. The 

crude protein for Malaysian mixed white rice samples is higher 

than for Thailand varieties (7.8%). 

3.1.4. Crude Fat Content 

The crude fat content of rice grains was a significant 

characteristic. Prior authors have investigated the impact of 

lipid content in rice grains on the rheological characteristics of 

rice flour [33]. The lipid can make a complex with amylose by 

creating crystalline amylose lipid complexes that can increase 

rice's texture during storage [34]. Gu et al. [35] investigated the 

impact of lipid content and components on the cooking quality 

of rice grains and discovered similar investigations conducted 

by other authors. There is no significant variance in crude fat 

content in the results of both samples (p >0.05). Two rice 

cultivars had fat content ranging from 0.08±0.01 to 0.20±0.08 

percent. This lack of variance suggests that, while lipid content 

plays a role in rice texture and quality, it may not be a 

distinguishing factor between these specific rice varieties, 

which could be attributed to similar growing conditions or 

milling processes that reduce the overall lipid content in both 

samples. 

3.1.5. Ash Content 

Ash content represents the minerals in rice and is a key indicator 

of its nutritional value. Previous work investigated that rice is a 

good source of P, K, Mg, Na, Fe, and Zn, which are important 

for human health [36]. The amount of mineral varies depending 

on several factors, including the seasonal conditions during 

cultivation and the geographic location of the rice plantation 

[37]. Not only is it a good source of minerals, but the ash content 

also represents the toxic minerals such as Pb, Cu, and As that 

can be absorbed from the environment by the rice [38]. One of 

the main factors affecting the amount of minerals in foods is the 

degree of milling, with more heavily milled rice typically 

showing lower ash content due to removing the bran layers 

where minerals are concentrated [39]. Table 1 showed a 

significant difference (p<0.05) in ash content. Two rice types 

had ash content ranging from 0.43±0.01 to 0.28±0.01 percent. 

Malaysian mixed rice varieties have 53% more than Thai rice. 

This variation could be attributed to differences in rice variety 

and plantation conditions. Al- Daej [36] also mentioned that the 

mineral content in rice is affected by the variety and the 

plantation area. The higher ash content in Malaysian rice 

suggests it may retain more nutrients, possibly due to less 

intensive milling or more mineral-rich soil in the growing 

regions. 

3.1.6. Crude Fiber 

Most milled rice contains endosperm, which consists of starch. 

The fiber in the paddy was mostly found in the bran part. Fiber 

is a non-digestible polysaccharide. Wang et al. [39] mentioned 

that the fiber content depends on the degree of milling. They 

also found that rice's fiber content varies between 0.7 to 1.64 %. 

All of the rice examined had fiber levels < 1.0 percent. 

According to Table 1, the two rice types have crude fiber 

content ranging from 0.0033±0.01% to 0.0165±0.02%. Thai 

rice has 5 times higher fiber content than Malaysian mixed rice 

varieties (p<0.05). Due to the nutritional purpose, there has 
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been an attempt to increase the amount of dietary fiber in rice 

by increasing resistant starch using processing [40]. 

3.1.7. Carbohydrate Content 

The central part of milled rice is carbohydrate. The 

carbohydrate is mostly made up of amylose and amylopectin 

[41]. Around 80% of the carbohydrates consist of amylopectin. 

White rice is considered a high amylose starch. In glutinous 

rice, the amylose content is very low, around 2%. The ratio of 

amylose and amylopectin will affect the starch properties  [42]. 

The carbohydrate is counted as a difference based on the other 

chemical components of the white rice. There is a significant 

difference in carbohydrate content between both samples 

(p<0.05). The amount of ash in two rice cultivars ranged from 

64.33±0.01 percent to 80.98±0.01 percent. Malaysian mixed 

rice varieties have 25.88% higher carbohydrate content than 

Thai starch. 

3.2. Thermal Properties 

The thermal properties of the rice flour from Malaysian mix 

varieties and Thailand Khao Hom Mali varieties can be shown 

in Fig. 1. It can be explained that the onset temperature, 

conclusion temperature, peak temperature, and gelatinization 

range are significantly different from both varieties. 

Specifically, the Malaysian mixed varieties show higher onset, 

peak, and conclusion temperatures than the Thailand Khao 

Hom Mali variety, while the Thai variety has a broader 

gelatinization range. 

Gelatinization is a key thermal property that affects rice's 

cooking quality and suitability for various culinary uses. The 

onset temperature (the point where gelatinization begins), peak 

temperature (where gelatinization is most rapid), and 

conclusion temperature (where gelatinization completes) are 

crucial indicators of how rice behaves when cooked. In this 

work, the Malaysian mixed varieties had a higher onset 

temperature (72.4°C), peak temperature (78.6°C), and 

conclusion temperature (84.1°C), indicating that they require 

more heat to gelatinize compared to the Thailand Khao Hom 

Mali variety, which had lower corresponding temperatures 

(onset 69.8°C, peak 74.5°C, and conclusion 79.0°C). The 

gelatinization range, which is the difference between the onset 

and conclusion temperatures, was broader for the Thai variety 

(9.2°C) than for the Malaysian variety (7.7°C), suggesting that 

the Thai rice gelatinizes over a wider temperature range, 

potentially affecting its texture and versatility in different 

cooking methods. 

The high temperature of the gelatinization process for the 

Malaysia mix variety might be due to the structure of the starch. 

The chemical properties data support this: The Malaysia mix 

varieties have higher amylose, and the higher protein content 

would lead to higher crystallinity of the starch [43]. Also, the 

chemical properties indicate a higher crude protein. The 

formation of the amylose-protein complex might also lead the 

Malaysian mix varieties to have a higher gelatinization 

temperature than the Thailand Khao Hom Mali variety [44]. 

In terms of culinary applications, these thermal properties play 

a significant role. With its lower gelatinization temperatures 

and broader gelatinization range, the Thai Khao Hom Mali 

variety may be better suited for dishes that require softer or 

stickier textures, such as steamed rice or rice-based desserts. 

Conversely, with their higher gelatinization temperatures, the 

Malaysian mixed varieties may be more appropriate for dishes 

requiring firmer, non-sticky grains, such as fried rice or rice 

dishes that benefit from a more distinct grain separation [45]. 

By understanding these thermal properties, consumers and 

industry professionals can better select rice varieties for specific 

culinary uses, ensuring optimal texture and quality in the final 

dish. 

 

Figure 1. Comparison of Thermal Properties of Rice Between 

Mixed Varieties Malaysia and Thai 

 

4. Conclusions  

This work examined the chemical properties (amylose, 

moisture, crude protein, crude fat, crude ash, crude fiber, and 

carbohydrate) and thermal properties (onset temperature, 

conclusion temperature, peak temperature, enthalpy of 

gelatinization, gelatinization range) of rice from Malaysian 

mixed varieties and Thailand's Khao Hom Mali variety, 

revealing significant differences. The Malaysian rice had higher 

amylose (17.49%), moisture (10.05%), crude protein (8.33%), 

crude fat (0.20%), and ash (0.43%) content compared to the 

Thai variety, which showed a wider gelatinization range 

(14.29°C) and lower gelatinization temperatures. These 

chemical and thermal properties differences could influence 

consumer preferences, with Malaysian rice offering a firmer 

texture due to its higher amylose and protein. In contrast, Thai 

rice is softer and more aromatic. These findings can inform rice 

cultivation and processing practices in both countries. For 

example, breeders in Malaysia could focus on enhancing rice's 

amylose and protein content to meet consumer demand for 

firmer rice. At the same time, Thailand could optimize 

cultivation techniques to preserve the distinctive thermal 

properties of Khao Hom Mali, ensuring its soft texture and 

flavor. Additionally, rice processors could use this data to refine 

milling and storage processes to maintain desirable cooking 

traits, improving rice quality and marketability.  
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