


Comparative Evaluation of Physico-Chemical and Nutritional Attributes of 
Black Rice and White Rice 
ABSTRACTAims: The primary aim of this study was to compare the nutritional composition and physico-chemical properties of indigenous Assam black rice with Swetha white rice, in order to evaluate the potential of black rice as a functional food source and its suitability as a healthier dietary alternative to commonly consumed white rice.
Study Design: Completely Randomized Design (CRD).
Place and Duration of Study: Department of Community Science, College of Agriculture, Vellayani, Thiruvananthapuram, Kerala Agricultural University, India; December 2024 - June 2025.
Methodology: Rice samples were subjected to standardized laboratory analyses to determine nutritional profile such as soluble fiber, crude fiber, starch, amylose content, amylose–amylopectin ratio, and key micronutrients such as calcium (Ca), phosphorus (P), thiamine (B1), and iron (Fe). Physical parameters including moisture content, grain dimensions, length-to-breadth ratio, thousand grain weight, and bulk density were also assessed using standard procedures.
Result: Black rice exhibited significantly higher values for soluble fiber (10.29 ± 1.05%), thiamine (25.17 ± 7.92 mg/kg), calcium (0.77 ± 0.05%), and iron (28.77 ± 4.65 mg/kg) compared to white rice. Physical properties such as L/B ratio (2.94 ± 0.31), 1000-grain weight (19.23 ± 0.76 g), and bulk density (0.87 ± 0.03 g/cm³) were significantly higher in black rice than in white rice.
Conclusion: Indigenous Assam black rice shows superior nutritional and physico-chemical qualities compared to Swetha white rice. Its higher content of fiber, micronutrients and favorable grain properties makes it a promising approach for promoting dietary diversification and addressing micronutrient deficiencies. Black rice may serve as a valuable functional food ingredient in health-focused dietary strategies.
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1. INTRODUCTION
Rice (Oryza sativa L.) remains one of the most important staple foods globally, serving as a primary source of nutrition for over 3.5 billion people (CGIAR, 2016). Its role in ensuring global 
1. INTRODUCTION
Rice (Oryza sativa L.) remains one of the most important staple foods globally, serving as a primary source of nutrition, food security and supporting agricultural economies is especially critical across Asia, where rice is not only a dietary essential but also holds deep cultural and traditional significance. According to the Food and Agriculture Organization of the United Nations (2025), India’s aggregate paddy production in 2024/25 is forecast to reach a record 214.2 million tonnes, with the Kharif crop contributing an estimated 175 million tons.
Historically, white rice has been the predominant variety in both production and consumption, largely due to its high yield, extended shelf life, and consumer preference. However, the milling and polishing process that produces refined white rice removes the bran and germ layers, causing substantial losses of dietary fiber, essential minerals (such as iron, zinc, and magnesium), and B vitamins, particularly thiamine .Regular consumption of such nutrient-depleted rice, especially in populations heavily reliant on it as a staple, has been linked to higher risks of micronutrient deficiencies, elevated glycemic index responses, and increased incidence of type 2 diabetes and other metabolic disorders (Ito and Lacerda.,  2019.
However, recent years have seen a paradigm shift in consumer behaviour, there has been a growing interest in traditional, indigenous rice varieties—many of which are classified as medicinal or functional rice—because they retain their bran and germ layers, contain higher levels of bioactive compounds such as anthocyanins, phenolic acids, and γ-oryzanol, and exhibit health-promoting properties including antioxidant, anti-inflammatory, and glycemic-lowering effects (Ito and Lacerda, 2019). These varieties are not new discoveries; rather, they have been integral to traditional healthcare systems, particularly in Asian cultures, where rice is revered as the “Grain of Life” for its dual role in sustenance and therapy (Chaudhari et al., 2018).
India, blessed with vast agro-climatic diversity and a rich repository of indigenous agricultural knowledge, harbors a wide range of traditional rice cultivars. Many of these are currently undergoing scientific re-evaluation for their medicinal and nutritional potential. These varieties are not only culturally significant but are also biologically rich, containing bioactive compounds such as antioxidants, flavonoids, tocotrienols, phytosterols, phenolics, and anthocyanin’s all of which have been associated with enhanced disease prevention and improved health outcomes (Ito and Lacerda, 2019)
Among these, Black rice has garnered special attention for its exceptional nutritional profile and historical importance for its distinctive dark purple to black pigmentation, which is primarily due to high concentrations of anthocyanins—water-soluble flavonoid pigments located in the pericarp. The predominant anthocyanins in black rice are cyanidin-3-O-glucoside and peonidin-3-O-glucoside, compounds with strong antioxidant capacity and demonstrated anti-inflammatory and anti-carcinogenic activities (Thilavech et al., 2025). Traditionally consumed in regions like China, Japan, and parts of India, black rice has evolved from a regional heritage grain into a globally recognized superfood. China and India together account for over 52% of global rice production, with China producing approximately 208 million tonnes and India close behind at around 207 million tonnes (FAO, 2022).
As noted by FAO, 2025, the global resurgence in medicinal and functional rice consumption reflects a growing recognition of food as a key pillar of preventive healthcare. In India, this trend aligns with national nutrition priorities under initiatives such as Poshan Abhiyaan and the National Nutrition Policy, which emphasize dietary diversification, inclusion of whole grains, and promotion of traditional, nutrient-dense foods to address micronutrient deficiencies and non-communicable diseases. The renewed interest in indigenous varieties like black rice also supports the objectives of the Eat Right India movement, which encourages healthier food choices. Such policy alignment positions pigmented rice varieties as both culturally relevant and nutritionally strategic options for improving public health outcomes in India. 
The Swetha variety of white rice, developed by the Kerala Agricultural University, was selected as the control in this study because it is a non-pigmented, high-yielding variety with stable agronomic and grain-quality traits. Although not the most widely cultivated white rice in Kerala, it is an officially released and well-characterized variety, readily available from the Regional Agricultural Research Station (RARS), Pattambi, Kerala. Using Swetha ensured that the control sample was authentic, genetically pure, and processed under uniform conditions, eliminating variability due to unknown cultivar origin or inconsistent milling. Its grain type and physical status are representative of commercially available white rice, making it a suitable baseline for nutritional and physico-chemical comparisons with Assam black rice (Regional Agricultural Research Station, Pattambi, 2025).
2. MATERIALS AND METHODS
The experiment was carried out at the Department of Community Science, College of Agriculture, Vellayani, Kerala Agricultural University, Thiruvananthapuram, India, during the period from December 2024 to June 2025. The study site is characterized by a humid tropical climate with mean daytime temperatures ranging from 28°C to 32°C and relative humidity levels between 70% and 90% throughout the study duration. A Completely Randomized Design (CRD) was employed to ensure uniform treatment allocation and to minimize experimental error. Two treatments were evaluated: T₁ –  Assam black rice, and T₂ – Swetha white rice, which served as the control. Swetha, a non-pigmented rice variety developed by Kerala Agricultural University, was selected as the control treatment to enable comparative assessment of the nutritional and physico-chemical characteristics of the pigmented black rice variety.
2.1 Collection of Raw Materials
Black rice (Assam black variety) was procured from a traditional local market in Wayanad, Kerala, where it is sold by farmer groups cultivating indigenous rice varieties. The authenticity of the sample as Assam black rice was confirmed based on its characteristic morphological features, including dark purple-black pigmentation of the pericarp and elongated grain structure, as described in earlier reports for this variety. White rice (Swetha variety) was obtained from the Regional Agricultural Research Station (RARS), Pattambi, Kerala, which provided official authentication of the variety. Both rice samples were manually cleaned, milled under standardized laboratory conditions, and stored in airtight containers under controlled temperature and humidity until further analysis.
2.2 Nutritional parameters	
2.2.1 Crude fiber 
Crude fiber consists largely of cellulose, variable proportion of hemi cellulose and highly variable proportion of lignin along with some minerals. The amount of crude fiber present in the rice samples was determined by digesting with 1.25 % of H2SO4 followed by 1.25 % of NaOH solution based on the procedure given by Raghuramalu and Sundaram (1983).

2.2.2 Soluble dietary fiber 
The rice sample was first treated with specific enzymes to break down starch and protein, leaving the fiber fraction intact. The soluble fiber was then separated by adding ethanol, which allowed it to precipitate out. The precipitate was carefully collected, dried, and weighed after correcting for residual protein and ash content. The percentage of soluble dietary fiber was finally calculated based on the weight of the original sample. A small modification was the use of Celite in the crucibles to ensure more efficient filtration and recovery of the fiber fraction (Raghuramalu and Sundaram, 1983).
2.2.3 Total starch 
The rice sample was refluxed with concentrated hydrochloric acid to depolymerize starch into monosaccharide units. After hydrolysis, the mixture was cooled and neutralized with sodium hydroxide before titration, in order to eliminate excess acid that could interfere with the reaction. The resulting reducing sugars were quantified by direct titration against Fehling’s solution, using methylene blue as an internal indicator. A standard glucose solution was used to calibrate the titration and prepare the reference curve for quantification (Sadasivam and Manikam, 1992).
2.2.4 Amylose
For the determination of amylose content in rice samples involves grinding rice into fine flour, followed by defatting using methanol. Then the sample was treated with sodium hydroxide to disperse the starch and form a complex with iodine. The absorbance of the amylose – iodine complex was measured at 720 nm using a spectrophotometer. The procedure suggested by Juliano (1971) was used to determine amylose content in the test sample.
2.2.5 Amylose – amylopectin ratio 
The method suggested by Mc Cready and Hassid (1943) was used to determine amylose amylopectin ratio of rice samples. Rice flour was solubilized in sodium hydroxide, neutralized with hydrochloric acid, and treated with iodine–potassium iodide solution. Amylose formed a deep blue complex with iodine, measured at 620 nm, while amylopectin produced a reddish-brown complex measured at 540 nm. The ratio was calculated using absorbance values, and quantification was validated against calibration curves prepared with standard amylose and amylopectin solutions.
2.2.6. Calcium (Ca) 
Calcium content in rice was determined following the titration method described by Sadasivam and Manickam (1992). About 5 g of finely ground rice sample was dispersed in 5 mL of distilled water. To this, 10 drops of hydroxylamine hydrochloride (to prevent interference from other ions) and triethanolamine (to mask magnesium) were added, followed by a measured volume of NaOH to maintain alkaline conditions. Then, 1 mL of calcon indicator was introduced, and the mixture was titrated against a standard EDTA solution until the color changed from pink to pure blue, indicating the endpoint.
2.2.7 Phosphorus (P) 
Phosphorus content was estimated following the method described by Sadasivam and Manickam (1992). The sample was first digested with 10 ml of a nitric acid and perchloric acid mixture (9:4 ratio) in a conical flask. The mixture was heated on a hot plate until it became clear and colorless, then cooled and diluted to 100 ml with distilled water. Phosphorus was then determined colorimetrically by developing a blue color using ammonium molybdate and stannous chloride reagent, and the absorbance was measured at 650 nm using a spectrophotometer 
2.2.8 Thiamine (B1)
Thiamine content was estimated by UV–Vis spectrophotometry following the method of Rohman (2007), with preparation of 0.1 N HCl as solvent. A calibration curve was constructed using thiamine hydrochloride (THC) standards in the range of 0.5–10 µg/mL, with absorbance recorded at 246 nm against 0.1 N HCl blank. For analysis, 10 g of rice flour was extracted with 90 mL of 0.1 N HCl by heating in a water bath at 100 °C for 30 min with continuous stirring. The extract was cooled, filtered through Whatman filter paper, and diluted to 100 mL with 0.1 N HCl. Absorbance of triplicate aliquots was measured at 246 nm, and thiamine concentration was determined from the calibration curve.
2.2.9 Iron (Fe)
Iron content in rice samples was determined following the A.O.A.C (1990) method. The sample was dry-ashed and the residue dissolved in dilute hydrochloric acid. The solution was treated with an appropriate oxidizing agent to reduce all iron to the ferrous state, and then complexed with 1,10-phenanthroline. The orange-red complex was measured spectrophotometrically at 510 nm, and concentrations were calculated against a standard iron calibration curve.
2.3 Physical parameters
Physical characteristics of the rice grains were found to be a major determinant of quality and acceptability of rice. Different indicators ascertained under physical characteristics are:
2.3.1 Moisture 
Moisture content of rice varieties was determined by the method given by A.O.A.C (1990).
 2.3.2 Size
The grain size of rice varieties was determined following the classification method of FAO (1970). Individual kernels were measured using an electric digital caliper (±0.01 mm accuracy), and the average kernel length was used to classify grains into extra-long, long, medium, or short categories.
	Category
	Length (mm)

	Extra long
	< 7.5

	Long 
	6.6 – 7.5 

	Medium
	5.51 -6.6 

	Short
	≤5.5 


LIST 1 : grain size of rice
2.3.3 Shape
Shape of the rice varieties were determined by grouping them into, slender, medium, bold and round grains based on the method given by IRRI (1996).
	Category
	L/B ratio

	Slender
	>3.0

	Medium
	2.1-3.0

	Bold Round 
	1.1-2.0

	Round
	<1.0


LIST 2: Shape of rice
2.3.4 Length and breadth ratio 
Grain shape was determined based on the length-to-breadth (L/B) ratio, following the classification method described by IRRI (1996). Rice grains were categorized as slender (L/B > 3.0), medium (2.1–3.0), bold (1.1–2.0), or round (L/B < 1.0). The L/B ratio was calculated by measuring average kernel length and breadth as per the method of Pillaiyar and Mohandoss (1981). 
2.3.5 Thousand grain weight 
Thousand grain weight of the rice varieties are estimated by weighing one thousand rice grains randomly from the sample. An electronic balance was used to measure thousand grain weight (Sindhu and Bains, 1975).
2.3.6 Bulk density
In a 50 ml beaker, the material was filled to a height of 20 cm and the height was marked. In the same beaker after removing rice, water was filled up to the marked level (Sindhu and Bains, 1975). 
Bulk density (g/cm³) = Weight of equivalent volume of water (g)
                                                    Weight of sample (g)​




3. RESULT AND DISCUSSION
3.1 Dietary Fiber and Starch Profile of the Rice Samples
The nutritional profiling of black rice and white rice demonstrates significant differences across all tested parameters. Black rice, being minimally milled, retains its bran, aleurone, and germ layers, which are reservoirs of fibers, minerals, and bioactive compounds. This is clearly reflected in the soluble fiber content of black rice (10.29 ± 1.05%), which is over seven times higher than that of white rice (1.40 ± 0.13%). Soluble fiber, which is primarily composed of pectins, β-glucans, and gums, contributes to reduced blood glucose response, slower gastric emptying, and improved cholesterol metabolism. The significantly higher crude fiber content in black rice (0.07 ± 0.01%) compared to white rice(0.02 ± 0.01%) further supports its classification as a whole grain with intact structural polysaccharides such as cellulose and hemicellulose, which promote bowel health and satiety (Hu et al., 2022). .
Black rice exhibited significantly lower starch content (36.03 ± 0.22%) relative to white rice (73.71 ± 0.19%). Conversely, the lower starch content in black rice, along with its higher fiber levels, slows down starch hydrolysis resulting in a more favorable glycemic response. A similar trend was observed in amylose content, where white rice recorded a significantly higher level (4.75 ± 0.01%) than black rice (1.71 ± 0.53%). Amylose influences the gelatinization and retrogradation behavior of starch; higher amylose content usually leads to firmer cooked rice and slower digestibility. Thus, the lower amylose and higher amylopectin fraction in black rice contribute to a softer texture but also to altered digestibility, though this is mitigated by the fiber matrix and polyphenols in the bran. The amylose-to-amylopectin ratio further confirmed this with black rice exhibiting a lower value (0.04 ± 0.00) than white rice (0.07 ± 0.00), indicating more branched starch structure which can also influence pasting and thermal properties (Rebeira et al., 2022).
                  Table 1. Dietary fiber and starch profile of the rice samples
	Dietary fiber 
and starch 
profile
	Soluble fiber
	Crude fiber
	Starch
	Amylose
	Amylose amylo pectin ratio

	Black rice
	10.29±1.05a
	0.07±0.01a
	36.03±0.22b

	1.71±0.53b
	0.04±0.00b

	White rice
	1.40±0.13b
	0.02±0.01b
	73.71±0.19a
	4.75±0.01a
	0.07±0.00a

	CD
	0.87
	0.01
	0.24
	0.44
	0	

	SE(m)
	0.28
	0.00
	0.08
	0.14
	0.00

	SE(d)
	0.4
	0.01
	0.11
	0.2
	0



  



3.2 Mineral and Vitamin Profile of Rice Samples
Mineral analysis demonstrated that black rice possessed significantly higher concentrations of essential micronutrients compared to white rice. Black rice contained calcium (0.77 ± 0.05%), phosphorus (0.06 ± 0.00%), thiamine (25.17 ± 7.92 mg/kg), and iron (28.77 ± 4.65 mg/kg), whereas white rice recorded lower values of 0.50%, 0.03%, 8.27 mg/kg, and 18.01 mg/kg, respectively. The superior mineral and vitamin composition of black rice can be attributed to the presence of intact bran and germ layers, which are largely removed during the polishing process that produces white rice. Comparative studies consistently report that pigmented rice varieties, especially black rice, are richer in calcium, phosphorus, magnesium, and iron than non-pigmented rice, highlighting their importance in addressing micronutrient deficiencies in populations heavily dependent on rice as a staple food (Oo et al., 2023).
The thiamine content in black rice was observed to be more than threefold higher than in white rice, supporting evidence that pigmented rice varieties serve as better reservoirs of B-vitamins, which are otherwise lost during milling. The higher iron concentration in black rice is particularly relevant for reducing the risk of anemia in rice-consuming regions, while its elevated calcium and phosphorus levels play crucial roles in bone health and metabolic functions. Overall, these findings reinforce the nutritional advantage of minimally milled pigmented rice, such as black rice, in promoting dietary diversity and strengthening public health interventions (Summpunn et al., 2023).
	Mineral and Vitamin profile
	Calcium
	Phosphorus
	Thiamine
	Iron

	Black rice
	0.77±0.05a
	0.06±0.00a
	25.17±7.92a
	28.77±4.65a

	White rice
	0.50±0.01b
	0.03±0.00b
	8.27±0.68b
	18.01±1.32b

	CD
	0.04
	0
	6.55
	3.98

	SE(m)
	0.01
	0.00
	2.12
	1.29

	SE(d)
	0.02
	0
	3
	1.83


                     Table 2. Mineral and vitamin profile of rice samples
3.3 Assessment of Physical Properties of Rice Varieties
The comparative analysis between black rice and white rice revealed statistically significant differences across all studied physical parameters, emphasizing the distinct compositional advantages of black rice. Black rice exhibited significantly higher moisture content (12.99 ± 0.61%) compared to white rice (11.03 ± 0.57%), which is attributable to its retained bran layer that is rich in hydrophilic phenolic compounds, particularly anthocyanins. These bioactive pigments are known for their hygroscopic nature, enabling enhanced water-binding and retention (Vijaya shama and Pullagura 2023).
Grain dimension analysis showed that black rice had a significantly longer kernel length(6.35 ± 0.13 mm) compared to white rice (5.30 ± 0.04 mm), aligning with the morphological characteristics reported for pigmented varieties that tend to exhibit longer, slender grains. Although the shape index (grain breadth) was slightly higher in white rice, the length-to-breadth L/B) ratio a critical indicator of grain slenderness was significantly greater in black rice (2.94 ± 0.31) versus white rice (2.18 ± 0.08). This suggests that black rice possesses a more elongated grain profile, which is often associated with superior cooking qualities such as higher elongation ratio and fluffiness upon cooking, as well as greater consumer appeal in specialty markets (Vijaya shama and Pullagura, 2023).
The 1000-grain weight was also significantly higher for black rice (19.23 ± 0.76 g) than white rice (17.85 ± 0.39 g), likely due to the structural robustness conferred by the presence of bound phenolic acids such as ferulic acid and proto-catechuic acid—in the outer bran layers, which contribute to grain mass and integrity (Divya,  2022). Furthermore, black rice displayed higher bulk density (0.87 ± 0.03 g/cm³) relative to white rice (0.83 ± 0.03 g/cm³), indicating tighter packing and lower inter-granular porosity. This can be explained by the denser microstructure and more compact starch matrix in pigmented rice varieties, as confirmed by scanning electron microscopy and physicochemical profiling studies (Sangma and Parameshwari, 2024). 
Collectively, the observed distinctions reinforce the conclusion that black rice possesses superior grain morphology and functional properties due to its richer biochemical composition and intact anatomical structure, supporting its potential as a high-value nutritional grain in health-promoting dietary.interventions.(Gite,,2022). 
                            Table 3. Assessment of physical properties of rice varieties
	Physical Properties
	Moisture
	Size
	Shape
	L/B ratio
	1000 grain weight
	Bulk density

	Black rice
	12.99±0.61a
	6.35±0.13a
	2.38±0.12b
	2.94±0.31a
	19.23±0.76a
	0.87±0.03a

	White rice
	11.03±0.57b
	5.30±0.04b
	2.50±0.03a
	2.18±0.08b
	17.85±0.39b
	0.83±0.03b

	CD
	0.69
	0.12
	0.1
	0.26
	0.7
	0.03

	SE(m)
	0.22
	0.04
	0.03
	0.09
	0.23
	0.01

	SE(d)
	0.32
	0.05
	0.05
	0.12
	0.32
	0.02



4. CONCLUSION
[bookmark: _Hlk201835975][bookmark: _Hlk193540946][bookmark: _Hlk180402183][bookmark: _Hlk183680988][bookmark: _Hlk197173371]This comparative study highlights that Assam black rice offers distinct nutritional and functional advantages over white rice. Its higher fiber, micronutrient, and anthocyanin-rich composition, along with favorable grain traits, indicate potential for lowering glycemic risk, improving micronutrient intake, and enhancing overall diet quality. Incorporating such pigmented varieties into mainstream consumption can contribute to better metabolic health and nutritional security. Future research should focus on clinical validation of health outcomes, scaling up cultivation, and developing value-added products to promote wider utilization of indigenous black rice.
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