Nutritional retention of Field Beans dhal (Dolichos lablab) using various Cooking Techniques







Abstract:
This research examines the impact of different cooking methods-boiling, steaming, and microwave cooking-on the nutritional content and anti-nutritional factors of field bean dhal (Dolichos lablab). After soaking (except for microwave cooking), the beans were subjected to each cooking method and analyzed for key nutritional parameters such as moisture content, protein, fat, soluble sugars, crude fibre, and ash, as well as anti-nutritional components like phytic acid and tannins. The results showed that boiling led to the highest moisture content and significant losses in soluble sugars and minerals due to leaching into water. Steaming, however, helped preserve protein, fibre, and minerals, likely because of the minimal water usage and gentler heat exposure. Microwave cooking, although reducing soluble sugars, effectively retained protein and fibre, owing to its rapid heating process that minimizes nutrient loss. In terms of anti-nutritional factors, boiling reduced phytic acid levels, while steaming and microwave cooking caused a slight increase in tannins. Overall, steaming and microwave cooking were found to be the most efficient methods for preserving the nutritional value of faba beans, with microwave cooking excelling in protein retention. These findings emphasize the importance of choosing the right cooking methods to maximize the nutritional benefits of legumes in food processing.
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1. [bookmark: _xwypfcrrlnu9]Introduction
Field Bean (Dolichos lablab) are  highly nutritious legume known for their impressive protein content (36–39 %) and substantial amounts of complex carbohydrates and dietary fibre, making them an excellent source of plant-based nutrition. They are abundant in essential minerals such as iron, potassium, and magnesium, along with vitamins and polyphenols, which offer antioxidant properties (Alghamdi, 2009). With their high protein and low  fat content, faba beans serve as a sustainable alternative to animal-based proteins, particularly in vegetarian and vegan diets. Their comprehensive nutritional profile provides various health benefits, including enhanced digestion, improved cardiovascular health, and better blood sugar regulation, underscoring their role in a balanced diet.
Legumes differ from cereals primarily in their higher protein content, dietary fibre, and low glycaemic index, along with lower fat levels (2–5 %) and a high carbohydrate concentration (Xu, Yuan, & Chang, 2007). Among legumes, field beans stand out as one of the most economical sources of protein, especially in developing regions such as Africa, Latin America, and Asia (Duc, 1997). Additionally, the protein profiles of legumes and cereals complement each other, making their combined consumption nutritionally advantageous. Legumes are deficient in sulphur-containing amino acids, such as tryptophan, cysteine, and methionine, but they are rich in lysine. In contrast, cereals are low in lysine but abundant in sulphur-containing amino acids, making their amino acid profiles complementary (Ali et al., 2014).
The growing demand for plant-based proteins has spurred extensive research on legumes, including field beans. Epidemiological studies highlight the protective role of legumes against chronic diseases such as type 2 diabetes, cancer, cardiovascular disorders, and hypercholesterolemia, largely due to their dietary antioxidants and bioactive compounds. These compounds have demonstrated health benefits, including reducing LDL cholesterol levels and preventing cardiovascular diseases. Field bean are versatile, with their green pods consumed as vegetables and dry cotyledons recognized as an affordable, lysine-rich protein source, making them particularly significant in addressing nutritional needs (Coda et al., 2007).
Field bean  are rich in essential nutrients like proteins (36–39 %) and starch (42–47 %), along with minerals, vitamins, and polyphenols. However, they also contain anti-nutritional factors (ANFs) such as tannins, lectins, trypsin inhibitors, vicine, and convicine. Tannins reduce energy and protein digestibility, while vicine and convicine can cause favism—a
condition leading to hemolytic anemia in individuals with glucose-6-phosphate dehydrogenase (G6PD) deficiency. This condition damages red blood cells due to glycosides like vicine and convicine (Wiesinger et al., 2022).
Cooking field beans in ways that retain their nutrients is crucial for maximizing their health benefits and meeting dietary needs. Different methods affect the availability of key nutrients like proteins, starch, vitamins, and minerals. While cooking enhances digestibility and reduces anti-nutritional factors (ANFs) like tannins, vicine, and convicine, it can also lead to nutrient loss. For instance, boiling may cause water-soluble vitamins such as B-complex to leach into the water (Rahate et al., 2021). Steaming and pressure cooking are more effective alternatives, retaining nutrients while neutralizing harmful ANFs (Khattab & Arntfield, 2009).
The impact of cooking on ANFs, especially vicine and convicine, is particularly important for individuals with glucose-6-phosphate dehydrogenase (G6PD) deficiency, as these compounds can trigger hemolytic anemia. While soaking and boiling can reduce ANFs, they often result in nutrient depletion (Jezierny, Mosenthin, & Weiss, 2010). Newer methods like roasting and microwave cooking offer better outcomes by preserving nutrients while reducing ANFs (Alghamdi, 2009). Understanding these methods is key to enhancing the safety and nutritional value of faba beans in global diets.
Retaining the nutritional value of field beans dhal during cooking is essential for optimizing their health benefits. Cooking methods affect the bioavailability of proteins, vitamins, and minerals, with boiling causing the loss of water-soluble nutrients. Methods like steaming, pressure cooking, and roasting help preserve nutrients and deactivate anti-nutritional factors (Khattab & Arntfield, 2009; Alghamdi, 2009). Understanding these effects is key to maximizing faba beans' nutritional quality in a healthy diet.
2. Material and methods
2.1 Procurement of raw materials
High-quality mature field bean (Dolichos lablab) of variety “HA-4” were procured from the National Seed Project (NSP), University of Agricultural Sciences, GKVK, Bangalore and the samples were analysed in the Department of Processing and Food Engineering laboratory. The beans were carefully cleaned to eliminate any dirt, debris, or foreign particles. To ensure accuracy and reproducibility, all experiments were conducted in triplicate. The chemicals used for analysis were of analytical grade.
2.2 Boiling method

For the boiling process, the field bean dhal were first soaked in distilled water for 12 h at room temperature (25 °C) to ensure proper hydration and uniform cooking. After soaking, the beans were drained and transferred to a stainless-steel beaker with a bean-to-water ratio of 1:10. They were boiled over medium heat for 30 min until softened, with occasional stirring to prevent sticking (Xu and Chang, 2008). Once cooked, the beans were drained, allowed to cool to room temperature, and stored in sealed containers for further analysis
2.3 Steam cooking method

The dhal intended for steaming were soaked in distilled water for 12 h, using the same conditions as those for boiling. After soaking, the dhal were placed in a steaming apparatus with continuous steam flow at atmospheric pressure and cooked for 30 min (Alajaji & El- Adawy, 2006). Once cooking was complete, the dhal were removed, allowed to cool to room temperature, and then stored for further analysis.
2.4 Microwave cooking method

Unlike the boiling and steaming methods, the dhal for microwave cooking were not pre-soaked. Raw dhal were placed in a microwave-safe dish with a 1:3 bean-to-water ratio and cooked in a standard microwave oven at 800 W for 10 min. To ensure even cooking, the dhal were stirred every 2 min (Alajaji & El-Adawy, 2006). After cooking, the dhal were allowed to cool and were then stored as described earlier.
2.5 Nutritional analysis

2.5.1 Moisture content

Moisture content was measured using the hot air oven technique (AOAC, 1995). A 5- 10 g sample was weighed (W1) and dried at 105±2 °C for 24 h. After cooling, the sample was reweighed (W2), and the drying process was repeated until a consistent weight was achieved. The moisture content was calculated using the formula



Where,
Moisture content (% wb) =w₁−w₂ × 100	… (3.1
w₁
W₁= Initial weight of sample, g W₂= Final weight of sample, g
2.5.2 Ash content
The ash content was measured by placing 2-3 g of the sample in a preheated porcelain crucible and heating it in a muffle furnace at 500 °C for 3-4 h (Raguramulu et al., 2003). After cooling, the ash was weighed, and the ash content was calculated using the formula:

Ash content (%) = Weight of ash(g) × 100	… (3.2)
Weight of sample

2.5.3 Total soluble sugars

Total soluble sugars were determined using the anthrone reagent method (Aruna & Devindra, 2016). The sample was extracted with 75% ethanol and then centrifuged. A glucose standard solution was used to create a calibration curve, and the absorbance was measured at 630 nm to quantify the soluble sugars in the sample.
2.5.4 Total fat content

Total fat was measured using the Soxhlet extraction method (AOAC, 1980). Approximately 5 g of the sample was placed in a Soxhlet apparatus and extracted with ether for 14-26 h. After solvent evaporation, the fat content was calculated using the formula:

Fat content (%) =Weight of ether extract (g) × 100	… (3.3)
Weight of sample taken (g)
2.5.5 Crude protein

The protein content was determined using the Bradford method (Srivastava & Vasishtha, 2012). The sample was homogenized with a phosphate buffer, and the protein concentration was measured by reading the absorbance at 280 nm, with a protein standard curve used for calculation.
2.5.6 Crude fibre

Crude fibre content was calculated by subtracting the total soluble sugars, fat, protein, ash, and moisture content from 100, using the following formula:
Crude fibre (%) = 100 - [Total soluble sugars (%) + Total fat (%) + Protein (%) + Ash (%) + Moisture content (%)].	… (3.4)





2.6 Statistical analysis

All experiments were carried out in triplicate, and the results are presented as mean ± standard deviation. Statistical analysis was performed using one-way Analysis of Variance (ANOVA) to evaluate the impact of different cooking methods on nutritional composition and anti-nutritional factors. Tukey’s post-hoc test was applied to identify significant pairwise differences between cooking methods at a significance level of p < 0.05. Data analysis was conducted using SPSS statistical software.
3. Results and discussion

The biochemical properties of field beans were analysed after subjecting them to various cooking methods, including boiling, steaming, and microwave cooking. The parameters assessed included moisture content, total soluble sugars, crude protein, crude fibre, total ash, and total fat content. Each cooking method was compared with raw (uncooked) dhal to evaluate the effects on nutritional retention.
3.1 Moisture content

The moisture content of field beans dhal increased across all cooking methods due to hydration during processing. Raw dhal, with an initial moisture content of 9.02 %, increases to 11.48 % with boiling, 11.80% with steaming, and 11.92 % with microwave cooking. Among these methods, microwave cooking retained the highest moisture, attributed to its rapid heating process and limited exposure to water compared to boiling. This result aligns with Muliterno et al. (2017), who observed better moisture retention in microwaved legumes. The findings underscore the effectiveness of microwave cooking in preserving water content, likely due to its efficient heating mechanism, which minimizes nutrient and moisture loss during cooking.
3.2 Total soluble sugars

The soluble sugar content of field bean dhal decreased across all cooking methods, reflecting the impact of heat on sugar stability. Raw beans, containing 56.12 % soluble sugars, experienced a slight reduction to 56.10 % after boiling, followed by a more significant decrease to 53.50 % after steaming and 51.67 % after microwave cooking. The pronounced reduction observed in microwave cooking can be attributed to the high temperatures involved, which likely promote sugar caramelization or thermal degradation.
These findings align with Xu et al. (2022), who reported substantial sugar degradation during high-temperature processing. The differences between cooking methods highlight how temperature intensity and cooking medium influence sugar stability, with microwave cooking introducing more rapid and concentrated heating, leading to higher sugar loss. This underscores the importance of selecting cooking methods based on the desired nutritional profile of the final product.
3.3 Crude protein

Steaming and microwave cooking significantly increased protein concentrations in field bean dhal compared to raw and boiled samples. While raw beans contained 23.37 % protein, levels decreased to 21.50 % after boiling but rose to 25.20 % with steaming and 25.72 % with microwave cooking. The enhancement in protein concentration can be attributed to the denaturation of proteins and the reduction of anti-nutritional factors like trypsin inhibitors, which improve protein availability. These findings are consistent with Mubarak (2005), who
reported improved protein digestibility in legumes subjected to heat treatments, demonstrating the nutritional benefits of these cooking methods.
3.4 Crude fibre

The crude fibre content in field bean dhal was better preserved with dry-heat cooking methods, as shown by the increase in fibre following steaming and microwave cooking. Raw beans had a fibre content of 7.77 %, which slightly increased to 7.60% after boiling, and further to 8.13 % after steaming and 8.74 % following microwave cooking. This increase is indicative of the beneficial effects of heat treatment in enhancing fibre availability, likely due to the breakdown of cell walls and improved digestibility of fibre components. These results align with findings by Pratibha et al. (2009) and other studies showing that heat processing can increase fibre concentration in legumes.
3.5 Total ash content

Ash content, representing the mineral composition of the beans, decreased across all cooking methods, with raw dhal containing 3.62 % ash. After boiling, the ash content dropped to 2.70 %, and further reductions were observed with steaming (2.29 %) and microwave cooking (2.07 %). This reduction in ash content, particularly under wet heat treatments like boiling and steaming, suggests a loss of water-soluble minerals. However, microwave cooking, being a dry-heat method, effectively retained more minerals, which is consistent with the findings of Wang et al. (2013), they reported that microwave cooking preserves mineral content better than conventional methods due to reduced leaching.
3.6 Total fat content

The fat content remained fairly consistent across all cooking methods, with raw dhal containing 1.41 %, slightly increase led  to 1.48 % after boiling, then decreased slightly to 1.28
% after steaming, and 1.26 % after microwave cooking. The minor reduction in fat content observed in microwave cooking is likely due to oxidative processes that occur under intense heat, a phenomenon highlighted by Venkatesh and Raghavan (2004). Similar reductions in fat have been noted in other studies on microwave cooking, suggesting that the high temperatures and rapid cooking times might lead to some degradation of fats or cause them to break down into smaller compounds (Zhang et al., 2017).
Microwave cooking and steaming emerge as superior methods for preserving the nutritional quality of field bean dhal. These methods ensure higher retention of proteins, fibres, and minerals, making them nutritionally favourable for consumption. Boiling, while effective for hydration, results in greater leaching of water-soluble nutrients. These findings are consistent with research emphasizing the importance of optimizing cooking methods for legumes to maximize their health benefits.
Table.1 Biochemical properties of field bean dhal different cooking method


	


Sl. No
	


Cooking methods
	


Parameters
	


Moisture content (w.b, %)
	

Total soluble sugars (%)
	


Protein (%)
	


Crude fibre (%)
	


Total ash (%)
	


Total fat (%)

	
1
	
Raw dhal
	Mean± SD
	9.02±0.28
	56.12±0.20
	23.37±0.21
	7.77±0.11
	3.62±0.20
	1.41±0.1

	
	
	S. Em±
	0.166
	0.12
	0.125
	0.068
	0.118
	0.057

	
2
	
Boiling
	Mean± SD
	11.48±0.33
	56.1±0.48
	21.5±0.44
	7.6±0.37
	2.7±0.06
	1.48±0.074

	
	
	S. Em±
	0.148
	0.219
	0.2
	0.167
	0.026
	0.033

	
3
	Steam cooking
	Mean± SD
	11.8±0.17
	53.5±0.63
	25.2±0.56
	8.13±0.60
	2.29±0.08
	1.28±0.07

	
	
	S. Em±
	0.08
	0.282
	0.253
	0.271
	0.035
	0.033

	
4
	Microwave cooking
	Mean± SD
	11.92±0.35
	51.67±0.38
	25.72±0.41
	8.74±0.21
	2.07±0.09
	1.26±0.08

	
	
	S. Em±
	0.158
	0.171
	0.186
	0.186
	0.026
	0.035



Conclusion

In conclusion, different cooking methods-boiling, steaming, and microwave cooking have varying impacts on the nutritional composition of field bean dhal. Boiling caused notable losses in soluble sugars and minerals due to water leaching. Steaming, which uses less water and indirect heat, helped to  retain more protein, fibre, and minerals, making it a more effective method for preserving nutrients. Microwave cooking, while reducing soluble sugars to a greater extent, proved the most efficient at maintaining protein and fibre content because of its quick and direct heating process. Overall, steaming and microwave cooking emerged as the most effective methods for nutrient retention, with microwave cooking excelling in preserving protein.
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