


Nutritional and Physico-chemical Characterization of Indigenous Black Rice    Compared to  White Rice Swetha	Comment by Vineet Dheer: If you are comparing black rice and white rice then don't mention the variety, however if you are comparing the varieties of both then do mention it (Assam Black Rice).


                                                            ABSTRACT	Comment by Vineet Dheer: The abstract is not according to the journal guidelines. It will not be in a text box and the abstract should be concise. There should be no subheadings in the abstract, keep the background minimal, write the result and conclusion prominently.	Comment by Vineet Dheer: Keep keywords short and 4-5. Fewer keywords reflect better researchAims : 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 & 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.
Keywords: Assam black rice, Swetha white rice, nutritional comparison, pigmented rice, amylose–amylopectin ratio, grain quality,  micronutrients.






















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 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. Among the leading producers, China and India dominate the global rice landscape, contributing 145.5 million tonnes and 103.5 million tonnes, respectively, to the world's annual rice output (FAO, 2017).	Comment by Vineet Dheer: Keep the background brief; keep discussions of global significance brief.	Comment by Vineet Dheer: Provide latest govt./FAO source of data for India (2024, not 2017)
Historically, white rice has been the predominant variety in both production and consumption, largely due to its high yield, extended shelf life, and acceptance in mainstream markets. However, recent years have seen a paradigm shift in consumer behavior, with increasing interest in traditional, indigenous rice varieties—often categorized as medicinal or functional rice—owing to their superior nutritional and health-promoting properties. 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).	Comment by Vineet Dheer: Mention more nutrition loss here- add health impact of refined rice.	Comment by Vineet Dheer: Clarify the definition of medicinal/functional rice.
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 anthocyanins—all of which have been associated with enhanced disease prevention and improved health outcomes.
Among these, black rice has garnered special attention for its exceptional nutritional profile and historical importance. Known for its deep purple to black pigmentation—attributed to its high anthocyanin content—black rice exhibits potent antioxidant, anti-inflammatory, and anti-carcinogenic properties (Kumari, 2020; Ito & Lacerda, 2019). 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 alone accounts for nearly 60% of global black rice production and continues to invest in high-yield, disease-resistant cultivars (Sompong et al., 2011).	Comment by Vineet Dheer: Add chemical basis of pigmentation (anthocyanin) and recent reference.	Comment by Vineet Dheer: Please provide the latest (2022–24) research references to support these.	Comment by Vineet Dheer: Mention the context and exact states of Indian (Assam, Manipur) black rice.	Comment by Vineet Dheer: Provide latest production data or add comparative production of India.
As noted by Ryu et al. (2023), the global resurgence in medicinal rice reflects a growing recognition of food as a key pillar of preventive healthcare. The scientific community increasingly acknowledges these traditional grains as sustainable, plant-based alternatives to modern nutritional challenges, emphasizing their potential in addressing lifestyle diseases and micronutrient deficiencies.	Comment by Vineet Dheer: Add Indian scenario and health policy in any paragraph or this paragraph.
In this context, the current study uses white rice as a control for comparative evaluation, as it remains the most commonly consumed and extensively cultivated rice variety in Kerala and across India. The white rice variety Swetha developed by the Kerala Agricultural University (KAU), has been selected for this purpose. According to data from 2021–22, Kerala produced approximately 5.62 lakh tonnes of rice, the majority of which was white rice, with an estimated per capita consumption of 70 kg annually. For comparative analysis, Swetha white rice variety selected for comparative evaluation against traditional pigmented rice varieties like Assam black rice (The Hindu, 2023).	Comment by Vineet Dheer: Write clear justification/selection criteria for choosing Swetha variety.
2. MATERIALS AND METHODS	Comment by Vineet Dheer: Mention where the research was conducted, what were the environmental conditions, what design was taken and What treatments were taken. Also mention the who is in control treatment.
2.1 Collection of Raw Materials
Black rice (Assam black variety) was sourced from a local market in Wayanad, Kerala, while white rice (Swetha variety) was obtained from the Regional Agricultural Research Station (RARS), Pattambi, Kerala. Following milling, both rice samples were stored in airtight containers under controlled conditions for subsequent laboratory analyses.
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 
Soluble dietary fiber was determined by the procedure given by Raghuramalu and Sundaram, (1983).
2.2.3. Total starch 
Starch was converted to reducing sugar by hydrolysis with conc. HCl and the total reducing sugars are estimated by direct titration against Fehling’s solution using methylene blue as the indicator (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. Amylose binds with iodine form a deep blue complex, amylopectin forms a reddish – brown color in Colorimetric Iodine Binding Method.

2.2.6. Calcium (Ca) 
The method suggested by Sadasivam and Manickam (1992) was used to determine the calcium content in rice samples, the analysis was carried out by taking 5g of rice sample into a conical flask followed by the addition of 5ml distilled water, 10 drops of hydroxylamine hydrochloride and triethanolamine, a measured volume of NaOH and 1 ml of calcon indicator. Then the mixture was titrated with EDTA until at the end point blue color is obtained.
2.2.7. Phosphorus (P) 
The sample was digested with 10 ml of nitric acid and per chloric acid mixture (9:4 ratio) in a conical flask. The mixture was heated on a hot plate until clear and colorless, then cooled and diluted to 100ml with distilled water (Sadasivam and Manickam, 1992). 
2.2.8. Thiamine (B1)
The amount of thiamine present in the sample was determined using UV Spectrophotometry method given by Rohman (2007). 
2.2.9. Iron (Fe)
Iron was estimated by using the method given by A.O.A.C (1990).
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
For the determination of the size of rice varieties, the rice sample was classified into three categories ie, extra long, long, medium and short according to the method suggested by FAO (1970).
	Extra long 	Comment by Vineet Dheer: Mention the heading what is Extra-long and <7.5mm. Don’t repeat unit each time just mention in Row heading
	< 7.5mm

	Long
	6.6 – 7.5 mm

	Medium
	5.51 -6.6 mm

	Short
	5.5 or less



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).
	Slender	Comment by Vineet Dheer: Mention the heading what is slender and  L/B ration<7.5mm. Don’t repeat unit each time just mention in Row heading
	L/B ratio >3.0

	Medium
	L/B ratio 2.1-3.0

	Bold Round 
	L/B ratio 1.1-2.0

	Round
	L/B ratio <1.0



2.3.4. Length and Breadth ratio 
Length – Breadth ratio of rice varieties was determined as per the procedure given by 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
The ratio of mass to the volume of sample or mass per unit volume is known as bulk density and it was represented by the symbols g/cc or Kg/L. The volume of various foods can be compared using bulk density as an index. 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 =               Weight of the sample 
                           Weight of equivalent volume of water
3. RESULT AND DISCUSSION	Comment by Vineet Dheer: Instead of making it directly, some discussion has also been inserted in the results. Improve the separate discussion section.

Sometimes the references in the discussion are old (2011-2019). Add some new references (2022–24).
3.1. Dietary Fiber and Starch Profile of the Rice
According to Ito and Lacerda, (2019) 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. 	Comment by Vineet Dheer: First, make the main findings/data clear, compact, and referenced with a table/figure.

Then, explain the scientific or practical importance of those results- compare them to other studies or literature.

Finally, add 1-2 sentences on the implications or applications of the findings (e.g., nutrition, health, industry).
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 (Laokuldilok et al., 2013). 
According to the study of Aalim and co-workers (2021), 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 a more branched starch structure which can also influence pasting and thermal properties (Chaudhari et al., 2018).
                  Table 1. Dietary Fiber and Starch Profile of the Rice Samples	Comment by Vineet Dheer: If both varieties are compared, there is a lack of data visualization (graphs, bar charts). The result is unclear with just a table.
	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

	F stat
	497.28**
	49.71**
	118620.07**
	228.04**
	25415.67**

	p value
	0.00
	0.00
	0.00
	0.00
	0.00

	CD
	0.87
	0.01
	0.24
	0.44
	0	

	MSE
	0.56
	0.00
	0.04
	0.14
	0.00

	SE(m)
	0.28
	0.00
	0.08
	0.14
	0.00

	SE(d)
	0.4
	0.01
	0.11
	0.2
	0

	CV(%)
	12.76
	25.31
	0.37
	11.67
	0.73


   
3.2. Mineral and Vitamin Profile of Rice Samples
Mineral analysis revealed that black rice had significantly higher concentrations of essential micronutrients:..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), compared to white rice, which contained 0.50%, 0.03%, 8.27 mg/kg, and 18.01 mg/kg respectively (El‑Rahman and Shehata, 2010). 
                   





                        Table 2. Mineral and Vitamin Profile of Rice Samples
	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

	F stat
	214.90**
	6370.57**
	31.63**
	34.71**

	p value
	0.00
	0.00
	0.00
	0.00

	CD
	0.04
	0
	6.55
	3.98

	MSE
	0.00
	0.00
	31.60
	11.67

	SE(m)
	0.01
	0.00
	2.12
	1.29

	SE(d)
	0.02
	0
	3
	1.83

	CV(%)
	5.55
	1.56
	33.62
	14.60


3.3. Assessment of Physical Properties of Rice Varieties	Comment by Vineet Dheer: This heading is wrong because it is written in Nutritional parameters in MATERIALS AND METHODS. Or Place is not right
The comparative analysis between black rice and white rice revealed statistically significant differences (p < 0.05) 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 (Ito and Lacerda, 2019). 	Comment by Vineet Dheer: This is also correct as per the guidelines given above.
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 (El‑Rahman, 2010). 
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 (Ito and Lacerda, 2019). 
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 protocatechuic acid—in the outer bran layers, which contribute to grain mass and integrity (Shao et al., 2018). 
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

	F stat
	38.37**
	387.81**
	6.99*
	39.33**
	18.36**
	8.24*

	p value
	0.00
	0.00
	0.02
	0.00
	0.00
	0.01

	CD
	0.69
	0.12
	0.1
	0.26
	0.7
	0.03

	MSE
	0.35
	0.01
	0.01
	0.05
	0.36
	0.00

	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

	CV(%)
	4.92
	1.71
	3.56
	8.87
	3.26
	3.51

	Cohen’s F
	1.79
	5.68
	0.76
	1.81
	1.24
	0.83



4. CONCLUSION	Comment by Vineet Dheer: Clearly explain the important distinctions and how they can help people stay healthy. Keep the conclusion short and to the point, and don't repeat terms. Be sure to add any future uses, ideas, or "future directions" of the research, and be accurate and precise in your terminology.

This comparative study clearly demonstrated that Assam black rice possesses superior nutritional and physical properties compared to Swetha white rice. The black rice samples exhibited significantly higher levels of soluble fiber (10.29 ± 1.05%), crude fiber (0.07 ± 0.01%), and essential micronutrients such as 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). 
Physically, black rice showed greater grain length, higher length-to-breadth ratio (2.94 ± 0.31), 1000-grain weight (19.23 ± 0.76 g), and bulk density (0.87 ± 0.03 g/cm³), all of which contribute to improved cooking quality and storage characteristics. The lower starch and amylose content in black rice, combined with its higher fiber and mineral composition, suggest a lower glycemic response and better health potential. These findings emphasize the value of incorporating traditional pigmented rice varieties like Assam black rice into mainstream diets as functional food sources that can support dietary diversification, nutritional security and chronic disease prevention.
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