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CHEMICAL COMPOSITION, PASTING PROFILE, AND PHYSICOCHEMICAL PROPERTIES OF RICE VARIETIES CULTIVATED IN SOUTH KALIMANTAN 
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ABSTRACT 

	Rice quality is largely determined by its chemical composition, pasting properties, and physicochemical characteristics during cooking. Amylose content plays a key role in defining cooking quality, texture, and consumer preference. This study aimed to evaluate the chemical composition, pasting properties, and physicochemical characteristics of five rice varieties (Ciherang, Gunung Wangi, Siam Mayang, Siam Unus, and Mutiara) cultivated in South Kalimantan, Indonesia. Chemical composition was analyzed for starch, amylose, protein, and lipid contents. Pasting properties were determined using a Rapid Visco Analyzer (RVA), while physicochemical properties included volume expansion, water uptake, and total soluble solids. Significant differences among varieties were observed. Amylose content ranged from 20.75% to 33.56%, with Ciherang and Gunung Wangi classified as medium amylose, and Siam Mayang, Siam Unus, and Mutiara as high amylose. High-amylose varieties exhibited higher pasting temperature (85.60–89.30 °C), lower peak viscosity and breakdown, and greater setback values. Siam Mayang showed the highest water uptake (300.18%) and the lowest soluble solids (0.22%), while Ciherang exhibited the highest soluble solids (1.25%). Protein content ranged from 7.06–8.48% and was associated with differences in texture and cooking time. Amylose content is the main factor influencing pasting and physicochemical properties of rice, ultimately determining cooked rice quality. High-amylose varieties produce firmer, less sticky rice, while medium-amylose varieties yield softer, stickier rice. This study highlights that amylose content and starch structure (amylose–amylopectin ratio) are the dominant factors shaping the pasting behavior and physicochemical characteristics of rice.
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1. INTRODUCTION
 
Rice (Oryza sativa) is one of the most important staple food crops in the world and serves as the primary source of nutrition for more than half of the global population. It contributes over 20% of the total human caloric intake, particularly in East Asia, South Asia, the Middle East, the West Indies, and Latin America (1). Rice is cultivated in more than 100 countries, with approximately 90% of global production originating from Asian nations. To date, more than 110,000 rice varieties have been reported, exhibiting high genetic, morphological, and quality diversity (1).
As the major source of carbohydrates, rice predominantly contains starch, accounting for about 75–80% of its dry weight, with moisture and protein contents of approximately 12% and 7%, respectively (2,3). Rice starch is composed of amylose and amylopectin in varying proportions depending on the variety. The relative proportions of these two components largely determine the physicochemical properties and cooking quality of rice. In addition to carbohydrates, rice also contains proteins with a complete profile of essential amino acids, including a relatively high lysine content (~4%). Rice protein is highly digestible (93%), with a biological value of 74% and a protein efficiency ratio of 2.02–2.04%, making rice an important contributor to human nutrition (3,4). Furthermore, rice contains moderate levels of fat and is a source of B-complex vitamins such as thiamine, riboflavin, and niacin.
In daily consumption, rice is generally obtained through the milling of paddy, which involves de-husking and polishing to produce white rice (5,6). Rice is then cooked with a certain amount of water until gelatinization occurs. During cooking, starch granules absorb water, swell, and form a gel that defines the texture of cooked rice. A portion of soluble solids leaches into the cooking water, altering the flavor, consistency, and nutritional quality of rice or rice porridge.
Rice quality is a combination of physical, chemical, and physicochemical factors. Quality evaluation typically includes grain shape, size, and color, as well as chemical composition such as protein, fat, and fiber content. Additionally, physicochemical characteristics—including amylose content, gelatinization temperature, gel consistency, and viscosity profile—play key roles in determining the eating quality of cooked rice (7). These factors are closely related to organoleptic attributes that influence consumer preferences, such as texture, stickiness, sweetness, transparency, and palatability (8). High-amylose rice generally yields harder, fluffier cooked rice, whereas rice with low to medium amylose content tends to be softer, stickier, and more preferred (9).
The physicochemical and pasting properties of rice are primarily determined by its chemical composition, particularly the amylose–amylopectin ratio, starch granule structure, and protein content. These factors influence swelling, gelatinization, and the texture of cooked rice. Common indicators for evaluating rice physicochemical properties include amylose content, protein content, alkali spreading value, and gel consistency. High amylose and protein contents typically result in harder, less cohesive cooked rice, while lower levels produce softer, stickier, and more palatable rice (9). 
In South Kalimantan, there exists a wide diversity of rice varieties, including both local cultivars and nationally released improved varieties. Local varieties generally have high amylose content, while improved varieties usually contain medium levels of amylose, although some also exhibit high amylose content (10). Variations in amylose and other chemical components among rice varieties result in differences in nutritional value, taste quality, physicochemical properties, and milling quality, ultimately influencing consumer preferences. The amylose–amylopectin ratio plays a critical role in determining gelatinization, viscosity, and cooked rice texture (9). Thus, variation in starch composition among rice varieties, both local and global, greatly affects the eating and cooking quality of rice.

2. MATERIALS AND METHODS
2.1. Materials
The materials used in this study were milled rice obtained from local markets in Banjarbaru, South Kalimantan, consisting of five varieties: Ciherang, Gunung Wangi, Siam Mayang, Siam Unus, and Mutiara. The chemicals used included ethanol (Merck), sodium hydroxide (Merck), hydrochloric acid (Merck), trichloroacetic acid (Merck), iodine (Merck), potassium iodide (Merck), standard amylose (Sigma aldrich), glucose, dinitrosalicylic acid (Sigma Aldrich), phenol (Merck), sodium sulfite (Merck), sodium potassium tartrate (Merck), soluble starch Merk, pH paper (Merck), filter paper, and distilled water.
2.2. Experimental Procedure
The research began with the procurement of milled rice from five varieties, followed by analyses of chemical composition, pasting properties, and physicochemical characteristics. The physicochemical analyses included measurements of volume expansion, water absorption, and total soluble solids during cooking.
2.3.  Chemical Composition analysis
2.3.1. Moisture Content (11)
Moisture content of rice and rice flour was determined using the gravimetric method (AOAC, 1996). Aluminum dishes were oven-dried at 105 °C for 15 min, cooled in a desiccator for 10 min, and weighed prior to use. Approximately 2.0 g of sample was weighed into the dish, dried at 105 °C for 6 h, cooled in a desiccator, and weighed until a constant weight was achieved. Moisture content was calculated as:

where:
a is initial weight of sample (g)
b is weight of dried sample + dish (g)
c is weight of empty dish (g)
2.3.2 Starch Content (11) 
Approximately 2–5 g of ground sample was placed in a 250 mL beaker, mixed with 50 mL distilled water, and stirred for 1 h. The suspension was filtered and washed with distilled water to a final filtrate volume of 250 mL. The residue was transferred into an Erlenmeyer flask with 200 mL distilled water, followed by the addition of 20 mL of 25% HCl. The flask was fitted with a reflux condenser and heated in a boiling water bath for 2.5 h. After cooling, the solution was neutralized with 45% NaOH and diluted to 500 mL (for rice, further diluted 1:50). The glucose content was determined from the filtrate and expressed as starch content using the factor 0.9.
2.3.2. Amylose Content (12)

Rice flour (20 mg) and 5 mL of 85% methanol were put into the test tube, heated at 60°C for 30 min and occasionally mixed to extract the lipids. The sample was centrifuged and the supernatant liquid was removed. The addition of 85% methanol, heating and centrifugation was repeated 3 times. Then, 4 mL distilled water and 2 mL of 0.4 N NaOH was added to the rice flour residue and the mixture was heated at 100°C for 30 min with occasional mixing. An aliquot (0.1 mL) was added to 5 mL of 0.05% trichloroacetic acid in a separate test tube, vortexed and then 0.05 mL of iodine solution (1.27 g I2 and 3.0 g KI/ litre) was added and mixed immediately. The absorbance was read at 620 nm after 30 min at 25°C against a H2O blank. To calculate amylose content, a standard curve was made using amylose corn starch with amylose content from 0-75%.

2.3.3. Protein Content (11)
Protein content was determined using the Kjeldahl method (AOAC, 1996). Samples were digested with K₂SO₄ (2 mg), HgO (50 mg), concentrated H₂SO₄ (2 mL), and boiling chips, then heated for 1–1.5 h until a clear solution was obtained. The digest was cooled, transferred to a distillation flask, rinsed with distilled water, and diluted with additional water (5–6 times). Approximately 8–10 mL of NaOH–Na₂S₂O₃ solution (60% NaOH + 5% Na₂S₂O₃) was added, and the distillation was carried out. The distillate was collected in 5 mL of boric acid solution with methyl red–methylene blue indicator and titrated against standardized 0.02 N HCl until a gray end-point was reached. Protein content was calculated using nitrogen content (%N) with a conversion factor of 6.25:



Where: 
v₁ is volume of HCl solution for the sample (mL)
v₂ is volume of HCl solution for the blank (mL)
N HCl is concentration of HCl solution (0.02 N)
w is weight of sample (mg)
 
2.3.4. Fat Content (11)
Fat content was analyzed using the Soxhlet extraction method (AOAC, 1996). A fat flask was oven-dried at 105 °C for 15 min, cooled in a desiccator, and weighed. About 2–3 g of rice flour was wrapped in filter paper and extracted with diethyl ether for approximately 6 h. The solvent was evaporated, and the flask containing fat extract was dried at 105 °C for 12 h, cooled in a desiccator, and weighed until constant weight. Fat content was calculated as:

where:
a = weight of flask after extraction (g)
b = weight of empty flask (g)
c = weight of sample (g)
2.4. Pasting Properties
The pasting property of rice flour was determined using a Rapid Visco Analyzer (RVA) (Newport Scientific RVA-S4. Rice flour (3.0 g in dry weight) was weighed in an RVA canister and then 25 g distilled water was added and mixed thoroughly. The RVA analysis included the heating process phase and cooling with constant stirring (160 rpm). Insert Pasting properties were analyzed using a Rapid Visco Analyzer (RVA). A sample (3.0 g, dry weight basis) was mixed with 25 g distilled water in an RVA canister. The heating–cooling cycle was performed with constant stirring at 160 rpm of the heating phase, the solution of starch was heated from 50-95°C at a rate of 12°C/min and then held at 95°C for 5 min. After the heating phase was complete, the starch paste was passed to the cooling phase and the temperature wasdecreased from 95-50EC at a rate of 12EC min-1 and then held at 50°C for 2 min. Peak Temperaturre (PT), Peak Viscosity (PV), Trough Viscosity (TV), Breakdown (BD), Final viscosity (FV), Setback (SB), Peak time (PkT) were recorded.
2.5. Physicochemical Properties
2.5.1. Volume Expansion (13)

Two grams of rice were weighed and placed into a 10 mL graduated cylinder, followed by the addition of 4 mL of distilled water. The initial volume was recorded, and the sample was then steamed for 45 min. The volume of cooked rice was measured, and volume expansion was calculated using the following equation:

2.5.2. Water Absorption (13)

Four grams of rice were weighed and soaked in 40 mL of distilled water for 30 min, then cooked in hot water (99 ± 1 °C) for 12 min. Water absorption was calculated using the following equation:

2.5.3. Total Soluble Solids (13)

Four grams of rice were weighed and soaked in 40 mL of distilled water for 30 min, then cooked in hot water (99 ± 1 °C) for 12 min. The cooking water was collected in an Erlenmeyer flask, evaporated at 104 °C for 24 h, cooled in a desiccator for 45 min, and weighed. Total soluble solids were calculated using the following formula:


2.6. Statistical Analysis
The experiment was conducted using a Completely Randomized Design (CRD). Data were analyzed using Analysis of Variance (ANOVA). When significant differences were detected, mean separation was performed using the Least Significant Difference (LSD) test at a 5% significance level (α = 0.05).

2. results and discussion

3.1 Chemical Composition of Rice
The chemical composition of rice analyzed in this study included moisture, starch, amylose, protein, and fat contents, as presented in Table 1. The results showed that chemical composition was significantly affected by variety. This finding is consistent with Susiyanti et al. (8), who reported that moisture, ash, fat, protein, carbohydrate, starch, and amylose contents were influenced by varietal differences. Similarly, Pereira et al. (7), emphasized that amylose, fiber, and protein contents were affected by variety, whereas fat content was not.
Table 1. Chemistry Composition of rice varieties
	Variety
	Moisture (%)
	Starch (%)
	Amylose (%)
	Protein (%)
	Fat  (%)

	Ciherang
	13.43±0.05d
	80.64±1.85c
	20.75±2.60a
	7.06±0.45a
	0.47±0.03a

	Gunung Wangi
	12.10±0.08a
	77.94±1.45ab
	23.56±1.65a
	8.48±0.11b
	0.60±0.02b

	Siam Mayang
	12.13±0.05a
	75.92±1.96a
	33.56±2.35b
	6.69±0.26a
	0.65±0.01b

	Siam Unus
	12.57±0.05b
	79.21±0.92bc
	32.15±1.80b
	8.20±0.09b
	0.41±0.01a

	Mutiara
	12.90±0.08c
	79.53±2.09bc
	32.30±1.93b
	8.10±0.03ab
	0.32±0.03a


Different superscripts in the same column mean that the mean values are significantly different at p<0.05
Moisture content ranged from 12.10% to 13.43%, with the lowest in Gunung Wangi and the highest in Ciherang. Shakri et al. (14)  reported that the moisture content of white rice was 12.08%, while Susiyanti et al. (8) documented local Indonesian rice varieties with moisture levels ranging from 12.12% to 14.44%. Moisture plays an important role in rice quality, palatability, and storage stability (4).
Starch content ranged between 75.92% and 80.64%, with Ciherang showing the highest and Siam Mayang the lowest levels. According to Susiyanti et al. (8), starch content of local Indonesian rice ranged from 72.92% to 88.28%. As the major constituent of rice, starch is a determinant of its physicochemical properties and cooking quality.
Amylose content varied from 20.75% to 33.56%. Amagliani et al. (15)  reported that amylose content varies widely among rice varieties, with glutinous rice starch containing only 0.8–1.3% apparent amylose, whereas non-glutinous rice starch contains 8–37%. Similarly, amylose content of several Bangladeshi rice varieties ranged from 21.18% to 30.37% (16). The amylose content of milled rice can be classified as glutinous rice, 1-2%; low, 7-20%; medium, 20-25% and high, >25% (17). Based on Juliano’s classification, Ciherang and Gunung Wangi are categorized as medium-amylose rice (20–25%), while Siam Mayang, Siam Unus, and Mutiara belong to high-amylose rice (>25%). High-amylose rice generally produces dry and flaky cooked rice, whereas low to medium-amylose rice results in softer and stickier cooked rice. Amylose variability contributes to differences in physicochemical properties, including swelling power, solubility, gelatinization transition temperature, retrogradation, and pasting profiles (18).  
Protein content ranged from 7.06% to 8.48%. These values are higher than those reported by He et al. (19) (4.03–6.99%),  Sangwongchai et al. (18) (5.22–6.89%) and Wordu et al. (20) (5,73-6,07%), but lower than those observed by Susiyanti et al. (8) (7.32–10.93%). Protein is important for rice quality because it influences palatability and texture by forming a barrier that reduces leaching of components during cooking. Variation in protein content is associated with differences in pasting viscosity, starch granule expansion, and rigidity (8). Rice with high protein content generally requires longer cooking time, and yields harder and less sticky cooked rice (18).
Fat content ranged from 0.32% to 0.65%. Lipids in rice grains are mainly concentrated in the bran (19.4–25.5%), germ (34.1–36.5%), and milled endosperm (~0.8%). Fat contents of aromatic and non-aromatic rice varieties range from 0.06% to 0.92% (4). Indonesian local rice varieties contain fat ranging from 0.21% to 2.12% (8), and 0.27% to 1.53% (19). Differences in fat content among varieties may be attributed to milling degree, as most lipids are concentrated in the aleurone layer (19,20). Lipid oxidation also contributes, since most rice lipids are unsaturated and therefore prone to atmospheric oxidation (4)..
3.2. Pasting Properties
The pasting properties of rice flour, analyzed using a Rapid Visco Analyzer (RVA), reflect starch viscosity changes during heating–cooling cycles, which indicate the molecular dynamics of starch granules. The pasting profile demonstrates structural changes of starch granules upon heating and cooling under excess water and shear forces. This process includes hydrogen bond disruption, water absorption and swelling of granules, amylose leaching, granule disintegration, and retrogradation of dispersed molecules (Sangwongchai et al., 2024).
The pasting viscosities of the five rice varieties are shown in Figure 1, with detailed profiles presented in Table 2. Although all varieties exhibited similar RVA patterns, the viscosity values differed. Siam Unus exhibited the lowest viscosity compared to Ciherang, Gunung Wangi, Siam Mayang, and Mutiara, suggesting that Siam Unus rice flour granules are more resistant to swelling, possibly due to a more ordered crystalline structure.
[bookmark: _GoBack][image: ]
Figure 1. RVA curves of rice varieties
The pasting temperature (PT) is the initial temperature at which gelatinization occurs, indicated by a rise in starch suspension viscosity. In this study, PT ranged from 85.60 °C to 89.30 °C. Siam Unus showed the highest PT, while Ciherang had the lowest. A higher pasting temperature reflects greater resistance of starch granules to swelling, requiring higher energy (temperature) for maximum swelling (21).
Table 2. Pasting properties of rice varieties
	Variety
	PT
(°C)
	PV 
(cP)
	TV (cP)
	BD (cP)
	FV (cP)
	SB (cP)
	PkT (min)

	Ciherang
	85.60
	4021
	3104
	917
	5238
	2132
	10.67

	Gunung Wangi
	86.40
	3719
	2884
	835
	4842
	1958
	11.00

	Siam Mayang
	88.85
	4320
	3583
	737
	4711
	1128
	11.67

	Siam Unus
	89.30
	3076
	2536
	540
	4028
	1492
	11.53

	Mutiara
	87.80
	4049
	3682
	367
	4920
	1238
	13.00


Peak Temperaturre (PT), Peak Viscosity (PV), Trough Viscocity (TV), Breakdown (BD), Final viscosity (FV), Setback (SB), Peak time (PkT).
Peak viscosity (PV) represents the maximum viscosity attained during heating, reflecting the water-binding capacity of swollen starch granules (22).. Once granules reach maximum swelling, structural breakdown occurs, causing a decrease in viscosity. Breakdown (BD) indicates the ease of granule rupture and reflects starch stability during cooking (23). During cooling, viscosity increases again (setback, SB) due to retrogradation, primarily by amylose. Final viscosity (FV) reflects the ability of starch to form a paste or gel after cooking and cooling (23).
Siam Unus showed lower PV and BD values but higher PT and peak time than other varieties. This suggests that Siam Unus starch granules are more resistant to swelling and require higher temperature and longer time to reach maximum viscosity. The reduced PV and BD may be due to a more ordered crystalline matrix and the presence of amylose–lipid complexes, which limit granule swelling and improve paste stability during heating (24). Meanwhile, He et al. (19). reported that peak viscosity tends to increase as protein content decreases.
This study also demonstrated that high-amylose rice varieties exhibited higher PT and PkT values, likely due to more ordered crystalline structures. Amylose, a linear glucose polymer, forms strong intermolecular associations, making it less susceptible to gelatinization. In contrast, amylopectin, a branched polymer, has a more open structure (25–27). Park and Shoemaker (28), stated that gelatinization temperature is positively correlated with amylose content, negatively correlated with the proportion of short amylopectin chains (degree of polymerization (DP) 6–12), and positively correlated with long amylopectin branches (DP ≥ 37). Moreover, proteins and lipids influence gelatinization temperature through complex formation with amylose, which reduces starch granule hydration and increases gelatinization temperature (29,30).
3.3. Physicochemical Properties of Cooked Rice
During heating of rice in excess water, the crystalline structure of starch is disrupted as hydrogen bonds are broken. Subsequently, water molecules interact with the hydroxyl groups of amylose and amylopectin, leading to granule swelling and solubilization. The extent of swelling and solubility reflects the degree of interaction between starch chains within amorphous and crystalline domains, which is strongly influenced by amylose content, the molecular architecture of amylose and amylopectin, granule size distribution, and other intrinsic and extrinsic factors (31,32). 
The results of this study showed that volume expansion was not significantly affected by variety, whereas water absorption and total soluble solids (TSS) were strongly influenced. Siam Mayang exhibited the highest water absorption, while Ciherang showed the lowest, but not significantly different from Siam Unus. For TSS, the highest value was observed in Ciherang, but not significantly different from Mutiara, whereas the lowest was found in Siam Mayang. The volume expansion of cooked rice ranged from 4.59 to 4.86, with the lowest value recorded in Ciherang and the highest in Mutiara. Water absorption varied between 238.11% and 300.18%, with Siam Unus showing the greatest absorption capacity. TSS ranged from 0.22% to 1.25%, with the highest value in Siam Mayang.
The variation in physicochemical properties among rice varieties was strongly associated with amylose content. High-amylose rice (Siam Mayang, Siam Unus, Mutiara) generally exhibited greater volume expansion and water absorption but lower soluble solids compared to medim-amylose rice (Ciherang, Gunung Wangi). According to Juliano (17)  and Zhou et al. (33), amylose content affects the degree of expansion and water absorption capacity. Higher amylose levels enhance the ability of starch granules to absorb water and swell without rupture, as amylose has a greater capacity to form hydrogen bonds. However, Kemashalini et al.  (34)  reported that increasing amylose content can reduce rice swelling capacity, since the long linear chains of amylose act as a barrier to granule expansion.
In addition, several researchers have reported that proteins and lipids may influence the swelling properties of rice flour (30). Recent studies have further confirmed that non-starch constituents such as protein and lipid, together with the amylose–amylopectin ratio, significantly affect swelling, water absorption, gelatinization, and pasting behavior of rice (35–37). 
Table 3. Physicochemical properties of cooked rice varieties
	Variety
	Volume expansion
	Water absorption (%)
	Total soluble solid (%)

	Ciherang
	4.76±0.28a
	238.11±7.19a
	1.25±0.07d

	Gunung Wangi
	4.86±0.45a
	279.97±2.03c
	0.77±0.01c

	Siam Mayang
	4.73±0.48a
	300.18±5.47d
	0.22±0.01a

	Siam Unus
	4.64±0.31a
	239.67±0.83a
	0.68±0.10b

	Mutiara
	4.59±0,52a
	268.96±6.72b
	1.19±0.06d


Different superscripts in the same column mean that the mean values are significantly different at p<0.05
In this study, although Siam Mayang showed the highest amylose content and water absorption, Siam Unus with similarly high amylose did not follow the same pattern. This suggests that other factors, such as moisture content, amylose chain length, or amylopectin structure. Vandeputte et al. (38) reported that short amylopectin chains with a degree of polymerization (DP) of 6–9 increase swelling volume at 55–65 °C, whereas longer chains (DP 12–22) exert the opposite effect. Other factors influencing water absorption include surface area, amylose content, protein content, and gelatinization temperature (39).  Zhang et al. (40) reported that rice protein interactions at certain moisture levels can reinforce granule integrity and limit damage during swelling. In addition, the  internal chain profiles of amylopectin and granule morphology correlate with gelatinization temperature and water absorption among Indonesian rice varieties (41). Similarly Gu et al. (42) indicated that a more compact granule structure and longer amylopectin chains raise the energy needed for gelatinization and are associated with lower soluble solids release.
Total soluble solids (TSS) represent the fraction of starch that leaches from granules during cooking. TSS can serve as an indicator of cooking quality because it affects the appearance of cooked rice. High TSS content results in softer, porridge-like rice with broken and sticky grains, whereas low TSS yields intact, non-sticky rice. The findings of this study demonstrated that low TSS levels correlate with stronger intermolecular starch interactions, indicating greater resistance to high temperature and shear forces during processing (29). This stability may also be reinforced by higher amylose, protein, and lipid contents in rice flour (43). The linear structure of amylose, together with amylose–protein/lipid complexes, restricts water uptake by starch granules while. maintaining granule integrity through intermolecular starch interactions (44)

4. Conclusion

Rice varieties exhibit variations in amylose, amylopectin, protein, and lipid contents. Mutiara, Siam Mayang, and Siam Unus are classified as high-amylose varieties, whereas Ciherang and Gunung Wangi fall into the medium-amylose group. Amylose content emerged as the dominant factor influencing both pasting and physicochemical properties of rice. RVA analysis revealed significant differences in peak viscosity (PV), breakdown (BD), setback (SB), pasting temperature (PT), and peak time (PkT) among varieties. Siam Unus showed lower PV and BD but a higher PT, indicating greater resistance to granule swelling. While expansion volume was relatively similar among varieties, significant differences were observed in water absorption and Total soluble solids (TSS). Siam Mayang exhibited the highest water absorption, whereas Ciherang recorded the highest TSS. These physicochemical variations are closely related to the amylose–amylopectin ratio, granule size, and protein and lipid contents. This study confirms that amylose content and starch structure (amylose–amylopectin) are the key determinants of pasting and physicochemical properties of rice. High-amylose varieties tend to be more resistant to granule swelling, display higher gelatinization temperatures, absorb more water, but release less SS, thereby producing hard cooked rice. In contrast, low- to medium-amylose varieties gelatinize more readily, exhibit higher viscosity, release more SS, and produce soft and sticky cooked rice.
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