Nutritional and Sensory Evaluation of Protein Rich Fraction from Broken Rice After Bioethanol Production
Abstract
The growing demand for sustainable and affordable plant-based proteins has created opportunities for utilizing agro-food industry byproducts as value-added ingredients. The present study aimed to evaluate the proximate composition and sensory acceptance of a protein rich fraction (PRF) obtained after bioethanol production from broken rice, a byproduct of the rice milling industry. Proximate analysis revealed that PRF rice is a high-protein matrix (65.43 ± 0.68%), with moisture (7.76 ± 0.97%), crude fat (3.60 ± 0.20%), crude fiber (1.38 ± 0.17%), ash (3.20 ± 0.16%), and total carbohydrate (19.98 ± 1.59%). PRF rice (1–10%) was incorporated into a standardized millet-based flour mix and subjected to sensory evaluation. The formulation with 7% substitution received the highest overall acceptability score, while no significant differences (p > 0.05) were observed across treatments. These results demonstrate that PRF rice is a nutrient-dense, and sensory-acceptable plant protein ingredient with promising applications in the development of sustainable food products.
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1. Introduction
Rice (Oryza sativa) is one of the most widely consumed cereal grains, serving as a staple food for over half the global population. It is a primary source of dietary energy, protein, and essential nutrients, particularly in low and middle-income countries, where it contributes approximately 20% of daily caloric intake (Jayaprakash et al., 2022). In Southeast Asia, rice consumption is even higher, contributing up to 76% of the region’s caloric intake (Mohidem et al., 2022). Starch is the primary macronutrient constituting 75%–80% of rice endosperm, followed by protein, which constitutes about 6-7% of its composition (Verma and Srivastav, 2017; Jayaprakash et al., 2022). Rice has the highest net protein utilisation and digestible energy among all cereals, including wheat, corn, barley, millet, sorghum, rye, and oats. Its protein has a high digestibility (93%), along with excellent biological value (74%) and protein efficiency ratio (2.02 to 2.04). Due to its high nutritional value and digestibility, rice is often referred to as the “queen of cereals” (Mohidem et al., 2022; Verma and Srivastav, 2017). 

Globally, around 1,10,000 rice varieties are cultivated, though only O. sativa and O. glaberrima are widely grown (Mohidem et al., 2022). Rice remains a key agricultural commodity, with a total global production of 522.31 MMT in 2023/2024 (FDA, 2024). Approximately 90% of global rice production is concentrated in Asia, with O. sativa being the preferred variety cultivated in 112 countries, due to high yield and superior milling quality (Gupte et al., 2022).

Rice processing involves multiple steps, including drying of paddy, cleaning, destoning, milling (husk and paddy separation, polishing), grading, packaging, and storage (Mohidem et al., 2022). During milling, broken rice is generated as a byproduct, accounting for nearly 20% of the total rice yield (Gupte et al., 2022; Mondal et al., 2022). While traditionally the broken rice is used as low-value cattle feed, it holds significant potential for biofuel production like bioethanol (Gupte et al., 2022). Bioethanol, a promising renewable and environmental-friendly fuel, emits lower levels of carbon dioxide, sulphur dioxide, and suspended particulate matter compared to fossil fuels (Mondal et al., 2022). Fossil fuels remain the main energy source in developing countries like India and China, but their environmental impact and declining reserves have accelerated the search for sustainable alternatives such as biofuels. Several countries, including the USA, Brazil, and India, have adopted bioethanol blending policies (5-27%) as a green initiative to promote sustainable energy solutions. However, in India, only 2% of bioethanol demand is currently met primarily using molasses from the sugarcane industry (Mondal et al., 2022). 

Broken rice, with its high starch content, is a promising first-generation bioethanol feedstock. Through enzymatic saccharification and fermentation, its starch can be converted into fermentable sugars, which are then processed into ethanol. This process not only produces bioethanol but also leaves behind a nutrient-rich residual slurry known as Distiller's dried grains with solubles (DDGS) (Mondal et al., 2022). With growing consumer awareness and advancements in biotechnology, there is a surge in the demand for fermented protein rich products due to their enhanced bioavailability and absorption of amino acids and peptides in the human body (Singh et al., 2018a; Singh et al., 2018b). In this context, residual DDGS from rice-based bioethanol production represent underutilized yet promising source of protein. By employing environmentally friendly extraction techniques such as alkaline solubilization, isoelectric precipitation, and enzymatic hydrolysis, these by-products can be converted into high-value protein isolates, concentrates, hydrolysates, or powders, suitable for a wide range of food and nutraceutical formulations. Utilizing such protein rich fraction (PRF), in food systems not only support sustainable resource utilization but also contributes to combating protein-energy malnutrition, especially in populations with limited access to high-quality dietary proteins. Valorizing rice-based distillery residues in this way can significantly improve their market potential while promoting circular bioeconomy models in agri-food sectors (Singh et al., 2019). Additionally, several studies have highlighted the diverse biological benefits of plant proteins for promoting health and wellness, including their antidiabetic, anticancer, antioxidant, and nephroprotective activities. They have also been shown to help lower cardiovascular and metabolic risk factors, regulate appetite and lipid metabolism, and positively influence gut microbiota composition (Tang et al., 2024; Li et al., 2025).
This study aimed to evaluate the proximate composition of protein rich fraction (PRF) derived from broken rice after ethanol production. Additionally, it explored the incorporation of PRF into food formulation and assessed the sensory acceptability of the resulting products to determine their potential for diverse food applications. 
2. Material and Methods 
2.1 Sample collection
The protein rich fraction obtained from broken rice after ethanol production (PRF Rice) was procured from Nutri Circle Pvt. Ltd, Pune, India. The sample was then analyzed directly for microbiological quality, mycotoxins, heavy metal content and nutritional composition. 

2.2 Nutritional composition
2.2.1 Moisture 

Moisture content was determined according to IS 1155:2022 method. A 5 g sample was placed in a pre-weighed petri dish and dried in a hot air oven at 130°C ± 2°C for 2 hours. The petri dish was cooled in a desiccator and weighed again. Moisture content (%) was calculated as:

Moisture (%) = [image: image2.png]Final sample weight in g (After drying)

Initial sample weight in g (Before drying)



 x 100
2.2.2 Crude Protein
Crude protein was determined according to the AOAC 992.23 (2023) method. A 0.2 g sample was weighed into a sealed tin capsule and combusted in a Dumas nitrogen analyzer at 900 - 1,000°C in the presence of oxygen. Released gases (CO2, H2O, and N2) passed through absorbent traps, and nitrogen was quantified using a thermal conductivity detector (TCD). Crude protein (%) was calculated using the nitrogen to protein conversion factor (6.25). 

Crude protein (%) = Nitrogen content (%) X 6.25
2.2.3 Crude Fat 
Crude fat content was determined according to the AOAC 2003.06, (2023) method using the Soxhlet extraction method. A pre-weighed sample of 5 g was placed in a thimble and extracted with petroleum ether (boiling point 40 to 60°C) for 4-8 hours in a Soxhlet apparatus. The solvent was evaporated, and the extracted fat was dried in an oven at 105°C, cooled in a desiccator, and weighed.

Crude fat (%) = [image: image4.png]Weight of the extracted fat (g)
Weight of the sample (g)



 x 100

2.2.4 Crude fiber
The crude fiber was determined according to the AOAC 962.09 (2023) method. A defatted sample of 2 g was treated with 1.25% sulfuric acid and boiled for 30 minutes, followed by filtration and washing. The residue was then treated with 1.25% sodium hydroxide, boiled for 30 minutes, filtered and washed again. The insoluble residue was dried at 105°C, weighed, ashed at 550°C and reweighed. Crude fiber (%) was calculated as:
Crude fiber (%) = [image: image6.png]Dried residue weight (g)—Ash weight (g)

Weight of the sample (g)



 x 100

2.2.5 Ash
The crude fat of the sample was determined according to IS 1155:2022 method. A pre-weighed crucible was dried, cooled in a desiccator, and weighed. A 5 g sample was placed in the crucible, charred on a bunsen burner, and ashed in a muffle furnace at 550°C ± 25°C for 4 - 6 hours until a constant weight was obtained. The crucible was cooled in a desiccator and reweighed. Crude ash was calculated as:

Ash (%) = [image: image8.png]Weight of the Ash (g)
Weight of the sample (g)



 x 100

2.2.6 Total carbohydrate 
Carbohydrate content was calculated according to the difference method by subtracting the sum of other approximate components from 100%, according to IS 1155: 2022. The formula used was:

Total carbohydrate % = 100 – (Moisture + crude protein + crude fat + crude ash)
2.3 Sensory evaluation
To assess the sensory acceptability of the PRF rice, pancakes were developed by incorporating PRF rice into a standard composite millet flour mix. Previous studies by Lal et al., 2017 and Nalbandian et al., 2025 have explored the use of composite flour in pancake development. In the present study, a standardised formulation of pancake was developed as a pilot study and the same formulation was used with PRF rice substituted at levels ranging from 0% to 10%. The product prepared without PRF Rice (0%) served as the control. Sensory evaluation was conducted using a 9-point hedonic rating scale by a semi-trained panel of 15 members (Meilgaard et al., 1999). Samples were presented in a randomized order with a 3-digit random code under control conditions. Panellists evaluated attributes such as appearance, colour, odour, texture, taste and overall acceptability, rating them from 1 (dislike extremely) to 9 (like extremely). Acceptability Index was calculated based on the hedonic scores. Data were analyzed statistically using ANOVA to assess significant differences in sensory attributes between means of samples prepared with different concentrations of PRF rice.
2.4 Statistical analysis

All analyses were conducted in triplicate, and the results for various analytical parameters are expressed as mean ± standard deviation. The sensory evaluation data were analyzed using one-way analysis of variance (ANOVA) with the IBM Statistical Package for Social Science (SPSS Statistics; version 22). Significant differences among means were determined using post-hoc Tukey’s tests at a 5% significance level.
3. Results and discussion

3.1 Nutritional composition: Derived from ethanol production using broken rice, PRF rice showed a balanced composition suitable for high-protein formulations targeting shelf stability, nutrient enrichment, and regulatory compliance. The proximate composition of PRF rice is summarised in Table 1.

Table 1. Nutritional composition of the PRF Rice
	Components
	Percentage (%)

	Moisture
	7.76 ± 0.97

	Crude protein
	65.43 ± 0.68 

	Crude Fat
	3.60 ± 0.20

	Crude Fiber
	1.38 ± 0.17 

	Ash
	3.20 ± 0.16 

	Total carbohydrate
	19.98 ± 1.59 


Note: Values are expressed as means of three determinations ± SD

The moisture content of the PRF rice was 7.76 ± 0.97%, well within acceptable levels for dried food ingredients. Maintaining low moisture is vital for shelf stability, microbial safety, and enzymatic spoilage (Hamad 2012). The value aligns with FSSAI’s limits of 10% for soy protein and 12–14% for flours like wheat and besan (FSSAI 2022). Though slightly higher than the 2.25–6.24% range reported for rice protein concentrates and hydrolysates (Amagliani et al. 2017), this moisture level supports product stability. The optimal moisture content of PRF rice supports extended shelf-life and safe use in food systems without intensive drying or preservation.

PRF rice showed high protein content (65.43 ± 0.68%), far exceeding conventional rice flour (~7%), making it a promising alternative protein source (Kowsalya et al. 2022). According to FSSAI (2023), milk-derived products are classified as milk protein concentrate when they contain at least 40% protein, and whey protein concentrate when they contain a minimum of 35%. The Codex Standard (1989a) defines soy protein flour with 50-65% protein, soy protein concentrates with 65-90%, and soy protein isolate as having over 90% protein. While no specific guidelines exist for cereal-based protein ingredients, the Codex Standard (1989b) for vegetable protein products specifies a minimum protein content of 40% on a dry weight basis.

Based on the present study, the protein content of PRF rice exceeds 65%, categorizing it as a protein concentrate under these standards, making it suitable for high-protein food formulations. In comparison, a study by Alonso-Riaño et al. (2020) found that brewer’s spent grain, a common byproduct, had a much lower protein content of 17.8%. This highlights the significantly higher protein concentration (65.44%) in bioethanol production byproducts from broken rice. Additionally, Shih and Daigle (2000) demonstrated that enzymatic treatment of rice protein could reduce carbohydrate content from 34% to 9%, while increasing protein concentration from 49% to 86%, and up to 91% with multiple treatments. This suggests that similar enzymatic methods could further purify and concentrate the protein in PRF rice.

The crude fat content of PRF rice was 3.60 ± 0.20%, lower than in whey or chickpea protein, which benefits oxidative stability (Gumus and Decker 2021) thereby enhancing product stability and shelf-life. The crude fiber content was 1.38 ± 0.17%, aligning with Codex (≤10%) and FSSAI (0.5–6%) limits for protein products (Codex 1989b; FSSAI 2022). Although modest, owing to focus on protein extraction, this crude fiber level supports a balanced macronutrient profile without compromising texture. The crude ash content was 3.20 ± 0.16%, indicating the presence of essential minerals. This value was well within Codex (≤10%) and FSSAI (≤8%) limits (Codex 1989b; FSSAI 2022). supporting its suitability for food applications.

The carbohydrate content was 19.98 ± 1.59%, which is significantly lower than 73–89% in regular whole or milled rice (Amagliani et al. 2017), indicating starch reduction during ethanol production. This aligns with Agboola et al. (2005), who identified starch as a water-soluble contaminant reducing protein in rice isolates. Shih and Daigle (2000) also showed that enzymatic starch removal boosts protein concentration, highlighting potential for further optimization of starch removal to yield higher-purity protein fractions.

The high protein and acceptable levels of moisture, fat, fiber, ash, and low carbohydrate confirm PRF rice’s nutritional value and food-grade status. The confirmed microbial safety, lower levels of mycotoxins or heavy metals, and a strong nutritional profile, makes PRF rice ideal for high-protein, shelf-stable functional foods, especially for protein malnutrition and clean-label formulation trends

3.2 Sensory evaluation: PRF rice was incorporated as an additional protein source at 0–10% into a standardized millet-based pancake formulation. Sensory evaluation assessed various attributes, and results showed all formulations scored highly, indicating good palatability and overall acceptability (Table 2).

Colour and appearance scores of the pancakes were consistent across PRF levels, ranging from 7.80 to 8.46 for colour and 7.80 to 8.33 for appearance. The highest colour score (8.46 ± 0.51) was noted for F9 (9% PRF), while the lowest (7.80 ± 0.56) was in F3 (3% PRF). For appearance, the highest score (8.33 ± 0.61) was in F7 (7% PRF), with the lowest (7.80) in F1 (1% PRF) and F3. These differences were not statistically significant (p > 0.05), indicating that PRF inclusion up to 10% does not negatively impact visual appeal. These findings align with Wani et al. (2015), who found acceptable appearance in cookies enriched with up to 6% protein concentrate.

Texture scores ranged from 7.73 to 8.46, with the highest rating observed in F7 and the lowest in F2 (2% PRF). The differences were not statistically significant (p > 0.05), suggesting PRF did not adversely affect texture. Bhaskar Reddy et al. (2023) similarly reported improved texture in buffalo meat slices with protein concentrate due to better moisture retention and protein gel formation. Odour scores remained stable (7.73–8.33), while taste scores ranged from 7.33 to 8.40, with F7 highest and F2 lowest. No significant differences were observed (p > 0.05), showing PRF rice addition did not introduce off-flavours. Yadav et al. (2011) also reported successful incorporation of rice bran protein concentrate at 10% without compromising taste or texture.

Overall acceptability scores ranged from 7.73 to 8.60, with F7 scoring highest (8.60 ± 0.13), followed by F9 (8.33 ± 0.18). The control formulation (0% PRF) scored similarly high acceptability score (8.60 ± 0.15), indicating PRF incorporation up to 10% does not compromise sensory appeal. The acceptability index mirrored these findings, ranging from 85.35% to 93.21%, with F7 showing the highest acceptability (93.21 ± 4.57%), followed by F9 (92.34 ± 6.25%).  ANOVA results confirmed that these differences were not statistically significant (p > 0.05). These findings are consistent with Munaza et al. (2012), who reported high acceptability of biscuits enriched with 10% whey protein concentrate, and Yadav et al. (2011), who demonstrated that replacing refined wheat flour with up to 10% rice bran protein concentrate produced protein-enriched, well-accepted biscuits. Collectively, these results highlight the potential of PRF rice as a functional, high-protein ingredient that maintains sensory quality, and sensory-acceptable food products aimed at promoting sustainable nutrition. 

Table 2. Sensory evaluation of pancakes incorporated with PRF Rice at levels ranging from 0% to 10%

	Formulation
	PRF Rice %
	Colour
	Appearance
	Texture
	Odour
	Taste
	Overall Acceptability
	Acceptability Index (%)

	F0 (Control)
	0
	8.00 ± 0.65
	7.93 ± 0.70
	8.00 ± 0.53
	8.06 ±0.45
	8.00 ± 0.53 ab
	8.60 ± 0.15 ab
	88.97 ± 5.02abc

	F1
	1
	8.06 ± 0.59
	7.80 ± 0.41
	7.93 ± 0.25
	7.93 ± 0.45
	7.93 ± 0.59 ab
	7.86 ± 0.13 ab
	87.71 ± 3.30abc

	F2
	2
	7.93 ± 0.59
	7.86 ± 0.74
	7.73 ± 0.70
	7.73 ± 0.45
	7.33 ± 0.61b
	7.73 ± 0.15b
	85.35 ± 4.92c

	F3
	3
	7.80 ± 0.56
	7.80 ± 0.56
	7.73 ± 0.70
	7.80 ± 0.77
	7.80 ± 0.77 ab
	7.93 ± 0.15 ab
	86.02 ± 6.07bc

	F4
	4
	8.06 ± 0.70
	8.06 ± 0.45
	8.13 ± 0.83
	8.06 ± 0.79
	7.93 ± 0.88 ab
	8.00 ± 0.19 ab
	89.56 ± 6.90abc

	F5
	5
	8.13 ± 0.74
	8.00 ± 0.84
	7.93 ± 0.88
	8.13 ± 0.74
	7.86 ± 0.83 ab
	8.00 ± 0.16 ab
	89.05 ± 6.83abc

	F6
	6
	8.20 ± 0.41
	8.00 ± 0.65
	8.20 ± 0.56
	8.13 ± 0.63
	8.13 ± 0.63 ab
	8.26 ± 0.15 ab
	90.61 ± 4.71abc

	F7
	7
	8.33 ± 0.48
	8.33 ± 0.61
	8.46 ± 0.51
	8.20 ± 0.56
	8.40 ± 0.63 ab
	8.60 ± 0.13a
	93.21 ± 4.57a

	 F8
	8
	7.93 ± 0.70
	8.13 ± 0.51
	7.73 ± 0.79
	8.00 ± 0.53
	7.86 ± 0.83 ab
	8.00 ± 0.19 ab
	88.27 ± 5.75bc

	F9
	9
	8.46 ± 0.51
	8.20 ± 0.67
	8.26 ± 0.79
	8.33 ± 0.72
	8.26 ± 0.79 ab
	8.33 ± 0.18 ab
	92.34 ± 6.25ab

	F10
	10
	8.13 ± 0.63
	8.13 ± 0.63
	8.06 ± 0.79
	8.06 ± 0.70
	8.00 ± 0.65 ab
	8.13 ± 0.16 ab
	89.87 ± 6.05abc

	p-value
	0.163NS
	0.384 NS
	0.071 NS
	0.368 NS
	0.020*
	0.024*
	0.004**


Note: Values are expressed as Mean ± SD. Mean values with similar superscripts within a column do not differ significantly.  NS – Non-significant (p > 0.05), * - Significant difference (p < 0.05), ** - Significant difference (p < 0.01)

4. Conclusion
The present study demonstrates that the protein rich fraction (PRF) derived from broken rice after bioethanol production is a nutrient-dense ingredient with a high protein content (65.43%), balanced proximate composition, and safe levels of moisture, fat, fibre, and ash. Incorporation of PRF rice (1–10%) into millet-based pancakes showed that the product remained sensorially acceptable, with the 7% substitution achieving the highest overall acceptability. The absence of significant differences (p > 0.05) across formulations indicates that PRF rice can be effectively integrated into food systems without compromising sensory quality.

These findings highlight the potential of PRF rice as a sustainable, affordable, and functional plant protein source suitable for product development in the food industry. Its utilization not only supports circular bioeconomy approaches by valorizing agro-industrial byproducts but also contributes toward addressing protein-energy malnutrition and expanding the diversity of plant-based protein ingredients for human diets. Further studies on its amino acid composition, techno-functional properties, and digestibility would strengthen its application in a wider range of food formulations.
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