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In today’s globalized and mechanized world, the consciousness of the people about health, food quality and healthy nutrition options is continuously increasing. Therefore, maintaining health of people, the access of good quality food to the people in convenient manner is needed to be addressed. Pulses are a rich source of dietary protein and essential micronutrients which can relive the dependency on animal food products in the diet. Apart from this, their bioactive and functional properties have also been well documented (Philanto and Korhonen, 2003). 
In developing world people have become more oriented towards the nutritive food products and one of the potential ways for addressing their demands is increase the availability of pulse based value added products. Generally, the value addition of food is purely for commercial purpose but sometimes it can be done for the augmentation of nutrient content in food products. Besides providing a nutritionally rich food to consumer, value addition to agri-products also stabilize and make agriculture more lucrative and create employment opportunities both at the production and marketing stages. The focus on value addition to agricultural products is vital for comprehensive development or improving the socio-economic status of rural community. Since the food processing industry creates job opportunities, the demand for value added products can lead to diversification and commercialization of agriculture and bring improvement in total income of the farmers.

1.1. Value addition of food products
World Health Organization (WHO) and Food and Agricultural Organization of the United Nations (FAO) defines fortification as "the practice of deliberately increasing the level of an essential micronutrient in food irrespective of whether the nutrients were originally in the food before processing or not, so as to improve the nutritional quality of the food supply and to provide a health benefit with minimal risk to health, whereas enrichment is the addition of micronutrients to a food which are lost during processing. Finding new cost effective and sustainable ways to fight hidden hunger and nutrient deficiencies is core part of the programmes associated with the food and nutritional security. Fortifying a variety of foods with essential nutrients is one of the potential ways for the attainment of nutritional security. Food fortification is generally the addition of micronutrients to the food. It may be a purely commercial in order to provide extra nutrients in food, while other times it is a public health policy programme aiming to improve healthiness of  the people. Since the health benefits are huge, food fortification can be a way cost effective interventions for bringing significant improvement in health of people. However, an obvious requirement is that the fortified food products should be easily available to the people and should be consumed in adequate amounts by target people in population.
1.2. Necessity of value addition of underutilized crops

The underutilized crops are valuable source of providing food as well as cash income for indigenous people. They also play significant role in maintaining the productivity and stability of traditional agro-ecosystems. These little-known crops contribute to food security and play vital roles in the nutrition that enrich the diet of the rural population. Most of the underutilized crops are often available only in the local markets and are practically unknown in other parts of the world. A large number of these crops have the potential to resist the adverse growing conditions with excellent nutritive and therapeutic value and can satisfy the demands of health-conscious consumers. 
The value addition of underutilized crops is an effective approach for their utilization. The most of consumers these days are demanding new, delicious, nutritious and attractive food products to meet their food and nutritional requirements. The value addition and utilization of underutilized crops which have excellent nutritive value and therapeutic properties is a possible way for meeting the current requirement of the consumers. Furthermore, the generation of different food products by means of value addition would be useful in promoting and commercializing the underutilized crops in global market. Among the underutilized legumes, rice bean has high production potential, balanced nutritional profile with high protein content, essential amino acids, vitamins, and minerals in comparison to other well established legumes. Low fat content and a relatively high proportion of healthy, unsaturated fatty acids make rice bean a wholesome food over other traditionally consumed pulses. Therefore, it is worthwhile for promoting rice bean as potential pulse crop for development of different value added products and their popularization among the masses.
1.3. Physico-chemical attributes of rice bean for formulation of different products
Physicochemical properties of food can be defined as the characteristics of agricultural products that can be quantified, or the state of the food material. The assessment of physic-chemical properties is required for designing the strategies for better utilization of the food material. Designing of strategies without taking the physical properties of the food into considerations may yield poor results. For the reason, a deep knowledge of the physiochemical properties is important for scientists. The important physicochemical properties of rice bean seeds have been discussed in the subsequent subheads: 
1.3.1. Density, porosity and angle of repose

To explore the potential of legume seeds in the formulation of various end products, relevant machinery and equipment for processing operation is essential. Furthermore, for efficient, adequate, effective and economical equipment design for product development, knowledge of physical properties of legume under consideration is of paramount importance (Bhise et al., 2014). The density, porosity and angle of repose are essential for the designing of the process and manufacturing of food products. These properties encompasses the practical application of food science to develop efficient industrial production, storage, packaging and physical distribution of nutritious and convenient foods that are safe and uniform in quality. In simpler term these properties establish a reference data for their processing (Chukwu and Orhevba 2011). 
For obtaining better quality of the final food product and the maximum efficiency of the processing and handling machines, it is essential to understand physical properties of the legume seeds. Density (Bulk density and True density) and porosity are important physical properties of the legume seeds for designing systems for providing proper storage conditions. The high porosity of seeds ensures better heat exchange, aeration during heating, drying and cooling operations in product development (Theertha et al., 2014). The angle of repose is the characteristics of the bulk material which indicates the cohesion among the individual grains. Additionally, it is beneficial for designing equipment for proper storage facility for the food product. The angle of repose is important for designing the equipment for mass flow and structures for seed storage (Kaleemullah and Kailappan, 2003). The bulk density and true density are two important parameters to assess the quality of food. Bulk density of grain is the ratio of mass of grain to its bulk volume. True density is the (including pore spaces between grains) of grain is greater than actual volume (without pore spaces between grains). Hence, bulk density of grain is smaller than that of true density. 
Seed density is one of the important parameter to assess the quality of seeds. Higher bulk density of flour is desirable for greater ease of dispersibility of flours. In contrast, lower bulk density would be an advantage in the formulation of complementary foods. The bean flour could also be favorable in infant feeding where less bulk density is desirable. 
High bulk density of flour suggests its suitability to be used as thickener in food products and for use in food preparation since it help to reduce paste thickness which is an important factor in convalescent and child feeding (Chandra et al., 2015). Rice bean seeds have 0.98 g/mL density in comparison to 0.85 g/ml of faba bean seeds (Saharan et al., 2002). The bulk density, true density, porosity and angle of repose of rice bean seeds ranges from 820 kg m-3 to 877 kg m-3, 1138.40 kg m-3 to 1388.79 kg m-3, 26.47% to 40.57% and 9.75 o to 21.40o, respectively (Rejaul et al., 2017).
1.3.2 Hydration parameters 

1.3.2.1. Swelling capacity and swelling index: Starch is one of the most important but flexible food ingredients possessing value added attributes for innumerable industrial applications. Starch contributes significantly to the texture and sensory properties of processed foods. It exhibits a wide range of functional properties, and it is probably the most commonly used hydrocolloid in the formulation of various food products. The swelling capacity and swelling index denote the swelling power of the starch in the food products. Swelling index represents the volume occupied by the starch in seeds after soaking in excess of water, which maintains the integrity of starch in aqueous dispersion (Kaushal et al., 2012). Swelling index is related to gelatinization of starch which is probably the result of breaking of intra-molecular hydrogen bonds in crystalline regions and water absorption by non-starch polysaccharides and proteins (Wani et al., 2013). The swelling power of starch depends on the formation of protein–amylose complex as it reduces swelling power of starch. 
The processing of food item at higher temperature make starch granules increasingly susceptible to shear disintegration as they swell and starches with lower amylose content (higher amylopectin content) swell more than those rich in amylose content. High the swelling capacity and swelling index of item denotes delayed gastric emptying and concurrently increases the stomach distension, which triggers the feeling of fullness in the stomach. The swelling capacity and swelling index of different rice bean genotypes ranged from 0.46 to 0.79 ml/seed and 5.50 to 9.93, respectively (Kaur et al., 2013). In the study, the genotype LRB-13 (0.79 ml/seed) had highest swelling capacity followed by the genotype SKMRB1 (0.78 ml/seed) IC-563980 (0.66 ml/seed) and IC-360564 (0.60 ml/seed) (Figure-1a). The highest swelling index was observed for the genotype IC-360564 (9.93) followed by SKMRB1 (9.75), LRB-10 (9.33) and LRB-160 (9.33) (Figure-1b). Saharan et al. (2002) reported 0.32 ml/seed swelling capacity and 0.73 swelling index for rice bean seeds which was higher than faba bean seeds. 
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Figure 1: (a) Swelling capacity (b) Swelling index of seeds of different rice bean genotypes

1.3.2.2. Hydration capacity and hydration index: Soaking is the initial stage of most technological processes in pulses. Proper selection of soaking conditions is important, as it affects the behavior of seeds during further processing, as well as the nutritive and sensory quality of the final product. Soaking makes uniform expansion of the seed coat and cotyledons easier. 
The amount of water absorbed by seeds during soaking decides about protein denaturation and the degree of starch granule gelatinization during heat processing. Soaking of pulses is directly related to the cooking quality and cooking time. It could be well understood by knowing the hydration capacity and hydration index. Hydration capacity is defined as the amount of water that whole seeds absorb after soaking in excess water for 16 hrs at room temperature (22 ± 2°C) and is expressed as the amount of water absorbed per 100 gm of seeds. In other words, hydration capacity is the ability of a seed to absorb water and swell for desired consistency in food which creates a quality end-product. The hydration capacity increased with increase in temperature. 
Hydration index is calculated as hydration capacity per seed/ weight of one seed (gm). Higher hydration capacity is associated with the shorter cooking time. In general, higher seed weight has higher hydration and swelling capacity but they took longer cooking time. The hydration capacity and hydration index are two important factors while formulating baked product where different bakery products require different water absorption or hydration levels. Rice bean seeds have been reported with 0.19g/seed hydration capacity and 0.86 hydration index (Saharan et al., 2002). Kaur et al. (2013) observed that the hydration capacity and hydration index of different rice bean genotypes ranged from 0.02 to 0.19 g/seed and 0.25 to 2.33, respectively. The genotype LRB13 showed the highest hydration capacity (0.19 g/seed) and hydration index (2.33), whereas genotype LRB005 showed lowest hydration capacity (0.02g/seed) and hydration index (0.25) [Figure 2(a) and (b)]. They also reported that seed weight has proportional relationship with hydration capacity and swelling capacity and negative relationship with cooking time. The seeds having higher seed weight has less compact and loose intercellular structure with large size starch granules while those with lower seed weight shows more compact structure and presence of small size granules. The differences in the hydration properties may be attributed to the difference in seed characteristics like weight, seed coat thickness and water absorption (Sefa-Dedeh and Stanley, 1979).
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Figure 2: (a) Hydration capacity (b) Hydration index of seeds of different rice bean genotypes

1.3.3. Cooking time

Cooking is known to be fundamental processing method for legume consumption, as it increases digestibility, inactivates anti-nutritional factors, increases nutrient biological value and confers the sensorial quality (Tharanathan and Mahadevamma, 2003). Cooking results in gelatinization of intracellular starch and denaturation of proteins, accompanied by softening of seeds as a result of partial solubilization of the middle lamella, which leads to separation of individual cotyledon cells. Generally, pulses are soaked before they cooked, in order to render good sensory quality. The seeds undergo important physico-chemical changes during soaking and cooking resulting in much softer texture (Stanley and Aguilera, 1985). 
The cooking quality of pulses is a function of the cooking time. Cooking in other word means the time taken between the beginning of the boil and when the seeds are ready to eat. This means that at least 90% of them are soft enough to masticate. Long cooking times are associated with the hard-to-cook defect, a condition that aggravates during storage. Proneness of beans to the hard-to-cook defect has been determined to be a function of both variety and storage conditions (Giselle et al., 2004; Shiga et al., 2004). Besides, the cooking quality is also a function of an increase in volume after cooking, higher dispersibility of solids into cooking media and improved texture after cooking from consumer point of view. 
Rice bean seeds generally take 30 to 44 mins for cooking however varietal differences in cooking time has also been reported (Kaur et al., 2013). Their study revealed that genotypes BC2 and LRB-417 had highest and lowest cooking time, respectively (Table 1). The genotypes viz., PRR-2007-2, LRB005, EC97882 and IC563980 has higher cooking time (40–41 mins) (Figure-3). Although, there is a variation in the cooking time of rice bean, but still it require less time to be cooked in comparison to the other legumes. Generally Kidney bean, Lima bean, Pinto bean, White bean and cowpea take 70 to 90 mins, 50 to 70 mins, 60 to 90 mins, 45 to 60 mins and 45 to 60 mins which is quite higher than cooking time of rice bean. The difference in cooking times has been related to the rate at which cell separation occurred and attributed to loosening of the intercellular matrix of the middle lamella upon cooking (Rockland and Jones, 1974). 
The cooking time is also affected by the permeability of the seed coat and internal structure of the endosperm, which is determined by the rate of soaking of water. The cotyledons with higher density shows slower water uptake capacity and longer cooking time (Seena and Sridhar, 2005). Grain soaking followed by cooking are fundamental for the utilization of pulses in routine cuisine by guaranteeing the inactivation of anti-nutrients and providing sensorial and color characteristics, flavor and texture. Soaking generally reduces the cooking time of leguminous seeds, however, it is a time requiring process (between 12 and 24 hrs at room temperature). The dehulling process has been resulted in considerable reduction in the soaking time of pulses. Increasing the temperature of the soaking solution has also been identified as another method for reducing the soaking time (Abu-Ghannam and McKenna, 1997). Soaking of the pulses in either high pH or monovalent salt solutions can also reduces the cooking time. Cooking of beans under high pressure (13 psi to 15psi) also reduces the cooking time, significantly. 
[image: image5.png]=
b

wowowow
FIASAQ-=

(seynurur) durn Suryoo,)

0

Genotypes



 Figure 3: Cooking time of seeds of different rice bean genotypes

1.4. Physicochemical properties of rice bean starch

A starch paste is defined as a viscous mass consisting of a continuous phase of solubilized amylose and/or amylopectin and a discontinuous phase of granule ghosts and fragments. Pasting refers specifically to the changes in the starch upon further heating after gelatinization has occurred. Rapid Visco Analyser (RVA) is commonly used to determine pasting properties of starch. During RVA test, the starch granules imbibe water rapidly. However, as the mixture is heated granule begin to swell significantly and the imbibed water aids the melting of the crystalline regions of starch granules which allows for rapid movement of water into and within the granules (Hung and Morita 2005). Starch granules absorb and bind more water while swelling which reduces the available water resulting in physical interactions between them. These interactions referred to as the pasting and results in sudden increase in the viscosity of starch and water mixture. Disruption of granules by shearing action of paddle releases starch molecules in the solution where they can have random interactions among them. The maximum viscosity i.e. peak viscosity is achieved when the rate of granules swelling equals the breakdown of granules. Peak viscosity indicates the water-holding capacity of the starch or mixture. It is often correlated with final product quality.  Disruption of starch granules results in a decrease in paste viscosity which is termed as trough viscosity and the difference between peak viscosity and trough viscosity is termed as breakdown viscosity. Therefore breakdown is regarded as the measure of the degree of disintegration of the granules. Set back viscosity represents re-association between starch molecules during cooling. It involves retrogradation, or re-ordering, of the starch molecules, and has been correlated with texture of various products. Pasting temperature is the temperature at which the viscosity begins to increase during heating. The high pasting temperature of starches indicates a higher resistance to swelling and rupture. During cooling, glucan chains of starch molecules entangle each other and form gel and thus increase in paste viscosity. The setback viscosity (difference between peak and final viscosity) is exhibited due to recrystallization of amylose molecules in the gel, which is the measure of the gelling ability or retrogradation ability of starches (Hung and Morita 2005).  Kaur et al. (2013) studied the pasting properties starch from different rice bean genotypes and reported that pasting temperature (°C), peak viscosity, trough viscosity, final viscosity, breakdown viscosity and setback viscosity (cP; Centipoise) ranged between 74.97 to 76.43 °C, 5053 to 8059 cP, 3079 to 3924 cP, 4268 to 7396 cP, 1829 to 4763 cP and 2471 to 3625 cP, respectively (Figure-4 and 5). The pasting behavior during cooking from 50 to 90°C reflects the capacity of starch to absorb water and swell. Pasting temperature provides an indication of the minimum temperature to cook as well as temperature at which the viscosity begins to increase during the heating process. The higher pasting temperature for rice bean starches indicates their high resistance towards the swelling. Rice bean starch shows pasting temperature around 75°C, which is lower than kidney bean starch (82°C) reported earlier (Kaur et al., 2013) but higher than faba beans (66°C) and mung beans (71°C). 
The differences in pasting properties may be attributed to the difference in amylose content. Peak viscosity in rice bean seeds ranges from 5053 to 8059 cP. Peak viscosity was the highest for PRR-2007-2 (8059 cP) and the lowest for LRB417 (5053 cP) (Kaur et al., 2013). The increase in viscosity with increase in temperature may be attributed to the removal of water from the exuded amylose by granules as they swell. The increase in viscosity with increase in temperature may be attributed to the removal of water from the exuded amylose by granules as they swell. 
Breakdown viscosity of rice bean ranged from 1829 cP to 4763 cP (Kaur et al., 2013). The breakdown viscosity was the highest for PRR-2007-2 (4763 cP) and the lowest for LRB-417 (1829 cP) (Figure-4). Breakdown viscosity and peak viscosity of rice bean starch has shown negative relation with amylose content. These results demonstrates that the starch granules swell to the restrictive levels as well as disrupt to lesser extent in the presence of higher amylose during heating, thus resulted into reduced peak viscosity and breakdown viscosity. The higher breakdown viscosity indicates lower stability of the swollen granules against disintegration during cooking. During cooling increase in viscosity may be due to aggregation of amylose molecules. Setback viscosity observed to be highest for IC-360616 (3625 cP) and the lowest for IC-341977 (3017 cP). The higher degree of the setback value shows a strong tendency of aggregation of starch chains. A significant positive correlation of final viscosity and setback viscosity has also been observed. The difference in pasting properties may be in extent up to which the granule structure is broken down and dispersion of amylose. The rice bean starch has been reported to absorb 83.20% of water and 77.60% of fat (Chavan et al., 2009). Starch obtained from rice bean exhibits a gelatinization temperature of 66 ± 2°C. 
Rice bean genotypes with higher seed weight are suitable for the products where higher thermal stability is required since these lines showed higher amylose and lower paste breakdown viscosity (Kaur et al., 2013). Starch gelatinization is the process where starch and water are subjected to heat, causing the starch granules to swell. As a result, the water is gradually absorbed in an irreversible manner. This gives the system a viscous and transparent texture. The result of the reaction is a gel, which is used in sauces, puddings, creams, and other food products, providing a pleasing texture. The most common examples of starch gelatinization are found in sauce and pasta preparations and baked goods. The degree of starch gelatinization in rice bean seeds ranges from 48.65 to 55.33%. The degree of gelatinization is mainly attributed to starch content and their starch properties, including amylose/amylopectin content and gelatinization enthalpy. Soaking of rice bean seeds facilitate the gelatinization of starch which may be due to leaching of tannin, facilitation of water into seed through seed coat which increases the swelling ratio. The swelled seed having more water content which bound with starch may have led to higher degree of gelatinization during cooking. 
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Figure 4: Amylose content and pasting temperature of rice bean starch 
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Figure 5: Physical properties of rice bean starch 
1.5. Food fortification with rice bean seed flour
Food fortification can be described as a method of adding essential vitamins and minerals to foods to increase their nutritional value. According to Codex Alimentarius, fortification or enrichment is the addition of one or more essential nutrients to a food, whether or not it is normally present in food. The food to which the nutrients are added is called vehicle for fortification and the added nutrients are called “food fortificants”. 
One of the approaches to address the problem of deficiencies of micronutrients is by development of value added products from local ingredients for better affordability, accessibility and availability. Different global organizations like FAO and WHO focus on the potential utilization of orphan legumes in the preparation of the value added products with commonly consumed food ingredients making use of their nutrient strengths. The fortification of food can be a potential way of preventing hunger, starvation and micronutrient deficiencies among vulnerable section of community. The most successful and well known example of global fortification has been fortification of common salt with iodine. A significant proportion of the populations in more than 120 countries have access to iodized salt. Nearly 76% of salt consumed in the world is being iodized, protecting nearly 80 million newborn babies each year from the threat of mental impairment caused by iodine deficiency. Successful salt iodization has reduced the incidence of goiter and cretinism, prevented mental retardation and subclinical iodine deficiency disorders. 
Baruah et al. (2018) developed food multi mix (FMM) using raw and malted rice bean, millet (Konidhan), flax seed, rice (luit variety) and tomato powder. Two food multi mix were developed, the first one (FMM-I) was formulated based on energy density value between 1512.00 to 1890.00 kJ (360 to 450 kcal) per 100 gm of sample and further by mixing all the ingredients at appropriate amount (Table-1). Subsequently FMM II was formulated by inoculating probiotic bacteria viz., Lactobacillus plantarum and Lactobacillus rhamnosus in FMM-I both individually and in combination in different test samples. The study revealed that FMM developed from malted rice bean had appreciable level of nutrients (Table-3). The FMM also had good physical properties in terms of bulk density, viscosity, water holding and fat holding capacity and these properties make these food mixes suitable to be used for the preparation of different value added products like cakes, cookies and savory items.

Table 1: Nutritional composition of food multi mix

	
	      Moisture
	Carbohydrate
	Protein
	Fat
	Crude fiber
	Energy

	
	gm/100gm
	  Kcal/100gm

	FMM I
	4.23
	63.28
	16.31
	4.75
	12.47
	365

	FMM II
	6.13
	64.04
	17.86
	3.91
	12.00
	362


Source: Baruah et al. (2018)

The knowledge of physicochemical characteristics of Food Multi Mix is important for developing different value added food products. Since the choices of consumers are getting diverse in this new millennium, the food manufacturers are increasingly demands best base product which imparts good functional properties to the food, apart from nutritional quality. Physical properties of foods are very crucial in product development, process design, shelf life and quality. Knowledge of physical properties is important in handling, preparing, processing, preserving, packaging, storing and distribution of foods. The data regarding the results for physicochemical characteristics like bulk density, viscosity, water holding and fat holding capacity of both FMM I and FMM II are presented in Figure-6.
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Figure 6: Physical properties of food multi mix prepared from rice bean

From figure-6, it was evident that the bulk density of FMM II (0.46 g/ml) decreased after the process of probiotification of FMM I (0.48 g/ml). This reduction in starch content after its breakdown leads to decrease in the bulk density. Reports have shown that decrease in bulk density of fermented flours would be an advantage in the preparation of infant foods. The low value of bulk density in food multimix I and II makes the samples suitable for packaging and transportation.
Viscosity is an important constraining factor and also a rheological property related to the quality of the liquid multimix which invariably depends on various factors like composition, total solid content and temperature. The results showed increase in viscosity of fermented Food Multi Mix (FMM II). Many researchers revealed that the decrease in pH during fermentation is the main cause of increase in viscosity. Many researchers also revealed that a combination of malting and fermentation is known to be better than malting alone because this combination not only reduces viscosity, but the fermentation components also impart colour and flavour along with increase in shelf life of end products.

Water-holding capacity (WHC) is an important protein-water interaction that occurs in various food systems. WHC is the ability of a protein matrix to absorb and retain bound, hydrodynamic, capillary, and physically entrapped water against gravity. Fat holding capacity is an important property in food formulations because fats improve the flavour and mouthfeel of foods. The fat holding capacity of FMM I and FMM II were 2.32 gm and 2.32 gm respectively (Figure-6). It has been observed from the data that both the mixes had comparatively similar fat holding capacities. No or less change in fat holding capacity after processing indicates their suitability for low-fat snacks food formulations.

1.6. Preparation of value added products and common culinary uses of rice bean 

Rice bean has multiple culinary uses as several food items are being prepared locally from this crop according to social, culture setting and food habits of the local people.  The preparation of some important culinary and value added products from rice bean have been described under the following subheads:

1.6.1. Dhal (Boiled pulse): Rice bean seeds are usually taken as a soup or as a pulse (Dhal) with rice. Dhal (soup, curry) is the common use of pulses and is prepared by different kinds of pulses. In the rice based food system, dhal is being preferred by the most of the people in the morning meal with pickle and vegetables People use both dehulled and non dehulled seeds, directly to make dhal. However, the ways of preparing dhal from dehulled and non-dehulled seeds is different. The non-dehulled bean is normally soaked and cooked but the dehulled bean is not soaked before cooking. Mostly it is mixed with other pulses such as black gram. The rice bean dhal also known as Dhal Mori and Dhal Khatti which is prepared by mixing non splited rice bean seeds with others pulses and by adding mango powder in the recipe, respectively.
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Figure 7: Dhal

Recipe:
Cook rice bean seeds in a pressure cooker with chopped garlic, turmeric powder, red chillies, salt, and 2½ cups of water for 20 minutes.
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Separately fry finely chopped onion in oil/ghee until the onion turns golden brown 

Add cumin seeds and sauté for a few seconds


Add chopped/pureed tomatoes

Cook until tomatoes are done and mixture leaves the sides of the pan

Add boiled rice bean to above mixture


Add garam masala to dhal and garnish it with finely chopped coriander leaves
1.6.2. Nuggets (Barian): Rice bean is also served using a number of other recipes, including mixed bean sprout soup, rice bean stuffed items, and grinding soaked rice bean into a paste to make various products. Nuggets (Barian) are also prepared from the paste of soaked and grinded rice bean seeds with black gram. These nuggets are sundried and stored in air tight containers for future use. 
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Figure 8: Nuggets

Recipe: 

Soak rice bean seeds overnight


Drain it and grind it with ginger and green chilies to a fine paste without adding water.


Now add spices and mix well.


Grease a polythene sheet or a steel thali (plate).


Pour 1 spoonful of the paste all over the sheet and let it dry in the sun for a day or two.


When dried store them in airtight jars.

1.6.3. Stuffed bread (Bhatura): The fermented products of rice bean are also used for preparing nutritious recipes. Stuffed bhatura is a fermented product made up of soaked and grinded rice bean with yeast. 
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Figure 9: Stuffed bhatura

Recipe:

Take half cup of warm water and add yeast to it along with sugar. Place it in a warm and humid place for 7 to 8 minutes. Once the yeast gets nice frothy and bubbly it’s ready to use.

Sieve rice bean flour, salt, ajwain seeds and keep aside. Add the activated yeast to the sifted flour. Knead with fingers.

Now add curd and knead into soft and smooth dough. Knead for 10 to 15 mins lastly add 1 tbsp oil. Shape into an oval shape.

Place into a greased vessel with a damp cloth or cling film over it. Keep in a warm or humid place for an hour. Now again knead for 2 mins and shape into small balls about 2-inch size.

Now roll the risen balls with a roller and deep fry
The mixing of rice bean flour and cereal flour is another method for making a large number of value added products. Babroo, Halwa, Puri, Chapati, Mathari, Chilla (Pancake), Patrodu (rice bean paste in taro leaf rolls, steam cooked and fried), Poha (pan fried with spices), Kandal veg. (taro stem rolled in rice bean paste, dried and deep fried), Gulgulae and Ankaliyan are important recopies which could be prepared from rice bean flour.
1.6.4. Halwa (Sweet pudding): Halwa is the most common sweet dish made across India. It is has evolved in various forms in different parts of the country. Basically halwa is made by continuously frying the ingredients in ghee till it all mixes up together and becomes semi solid paste. Halwa is made on all good occasions or to celebrate happiness in a homely way.
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Figure 10: Halwa (Sweet pudding)
Recipe:                                               

       Heat ghee or refined oil

Add rice bean flour and roast slowly untill turns golden brown


Add sugar and water slowly while stirring continuously


Cook on the slow flame for 5 to 10 minutes


Cool at room temperature

Garnish with dry fruites


    Serve hot in bowl
1.6.5  Colocasia leaf rolls with rice bean seed flour (Patrodu): Patrodu is local delicious snack prepared in hilly areas during rainy season with healthy leaves of Arbi (Colocasia).
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Figure 11: Colocasia leaf rolls with rice bean seed flour
   Recipe:

Wash colocasia  leaves


Mix rice bean flour in water and add spices


Spread rice bean flour paste over taro leaves and roll


Cook over steam for 15 mins


Cut the leaves and deep fry for serving
1.6.6. Pancake: 
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Figure 12: Rice bean pancake
Add rice bean flour in water and adjust the thickness of the batter by adding water, if required, to make it of dropping consistency.
Add lemon juice and mix well.

Heat oil in a non-stick pan and wipe dry with a tissue paper. Pour batter on it and gently spread in form of a disc.
Add some chopped onion on top, press and cook evenly from both sides.

Serve hot.

1.6.7. Noodles
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Figure 13: Noodles

Rice bean seed flour + Wheat grain flour

Sieving (twice a time)

Steaming for 5mins

Sieving (to remove clots)

Kneading

           Water and salt                                                     Water, salt, and Tomato juice

Extrusion

Steaming for 5 mins

Tempering

Drying

Noodles

Packing, sealing labeling and storage
1.6.8.1. Poha with rice bean sporuts
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Figure 14: Poha

Recipe:

Put rice flakes in a sieve and wash under tap water.


Boil potatoes and cut into small pieces.


Chop cabbage, onions, and coriander leaves. Fry onion in oil/ghee until golden brown.


Add potatoes, cabbage, steamed rice bean sprouts, chopped coriander leaves, turmeric powder, mustard seeds, red chillies, peanuts and salt. Cook for 2–3 minutes.


Add tamarind chutney and mix well.
Dhokla and Bhujia are also some value added products, prepared by mixing of rice bean and Bengal gram flour. 
Batuk, Bara, Biraunla, Masyaura, Kwanti, Rot, Furaula, and Khichdi are other major local recipes prepared from rice bean in Nepal. The Nepalese people consumed soon after harvest, so the crop will only indirectly impact on food security during the lean season in the pre- and early monsoon period. 
1.6.9. Bhujia: 
-

Figure 15: Bhujia

Recipe:

Boil the potatoes


Sieve the flour and keep it in any utensil


Grate the potatoes, salt, turmeric powder, garam masala mix well in the rice bean flour

Knead to make smooth dough

Cover the dough with wet muslin cloth for 15 to 20 min.

Make dough in to desirable size and pass through Sev making machine


Heat oil in a frying pan


Push the machine’s piston and put sev in hot oil


Allow sev to fry for some time, till it turns light brown
1.6.10. Nuggets (Sepuwadi)
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Figure 16: Sepuwadi

Recipe:

Soak split dhal overnight


Prepare paste of dhal

(Add Garam masala and salt)


Roll dhal into ball


Steam the ball


Cut into desirable size (perfectly rectangular) and deep fry in oil


Cool at room temperature and pack in selective packing material
1.6.11 . Wafer with rice bean flour (Papad)
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Figure 17: Papad
Recipe: 

Sieve mixture of rice bean and gram flour

              Add Ajwan, cumin seed, sodium bicarbonate, chilly powder and salt


Add water to form very hard dough


Cover the dough and keep aside for 2 hours

Make equal and small size balls


Roll out each ball on a rolling board in a circular movement


Dry in hot air drier at 60oC and cool


          Pack in selected packing material till consumption
1.6.12  Sweet round rolls with rice bean flour  (Ladoo) 
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Figure 18: Ladoo
Recipe:

                                           Heat ghee


                           Add rice bean and gram flour


Roast on a low flame stirring constantly till brown


Keep for some time to allow cool and add powdered sugar


Shape into desired size (perfectly round)


Pack in selected packing material flour
1.6.13 Boondi
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Figure 19: Boondi 

Recipe:
Take rice bean flour in bowl


Add water and whisk it thoroughly to avoid lumps


Heat oil in a pan


Take 1 tsp of boondi batter and pour it over slotted spoon


Allow the batter to fall gently into oil in the form of small pearl like balls


Fry for some time, till it turns light brown


Take it out and place on a plate and cover with paper napkin


Cool at room temperature and pack in selected packing material

17.6.14. Snack with rice bean seed flour (Pakauda): Pakauda is made from legume flour, mixed with water and spices, and deep fried and served as a snack. Sometimes pakauda is also prepared by soaking beans and grinding them into a paste, which is seasoned and shaped into patties. 
Rice bean pakauda is popular in the Tharu people (Nepalese community) and is locally called khariya. They offer it during social gathering. The availability of the rice bean increases the variety in serving guest in social gathering. According to them more food varieties show their social status and respect to the guest. Therefore most Tharu people grow at least a small amount of ricebean in their field. They have a preference for rice bean as a vegetable at social gatherings. In all communities there is tradition for making soup from rice bean if one gets cold in the winter, due to its perceived medicinal value. Rice bean also has cultural and religious values in Nepalese society. Batuk and Bara are used during marital ceremony and other social functions in Magar and Newar communities respectively. 
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Figure 20: Rice bean pakauda
Recipe:

Soak rice bean seeds overnight (6–8 hours) in water


Grind the soaked dhal in electric blender or with pestle and mortar into a fine paste.


Clean and chop spinach leaves.


Add spinach, salt, red chillies, and garam masala to the dhal paste.


Make balls using above mixture and deep fry in oil/ghee. Serve hot with tamarind and mint chutneys.
1.6.15. Bara: Bara is made by the flour of the legume deep fried in oil, which in other parts of the country is known by Khariya. 
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Figure 21: Rice bean bara
Recipe:

Preheat air fryer to 180º C.

Coarsely grind together drained soaked rice bean seeds in a food processor.

Roughly chop green chillies and add to carrot mixture. Roughly chop almonds and add to the bowl along with raisins, salt and ground mixture. Mix well.

Grease palms with some coconut oil, divide the mixture into equal portions, shape them into balls and flatten slightly.

Place the baras into the air fryer basket, fit it to the fryer and air fry for 15-20 minutes or till golden and crisp, brushing some coconut oil once in between.

To prepare chutney, grind together almonds, coriander leaves and broken green chilies to fine mixture.

Add coconut and grind. Add 1-2 tablespoons water and grind again to a smooth mixture. Transfer into another bowl, add salt and mix.

Heat coconut oil in a non-stick tempering pan. Add mustard seeds and let them splutter.

Discard the stem from dried chilies, roughly chop and remove seeds.

Add curry leaves and chopped chilies to hot oil.

Garnish the baras with coriander sprigs and serve hot with few green chilies and chutney.

17.6.17. Khichdi 

Khichadi is a traditional dish prepared from a mixture of rice and black gram bean is one of the five grains used in preparing Biruda, an offering that is made to the festival deity or rice bean on the occasion of Maghe-Sankranti, a festival celebrated by Nepalese during mid-January. 
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Figure 22: Khichdi

Recipe:

Cook onion in oil/ghee until golden brown in a pressure cooker.


Add cumin seeds and finely chopped tomatoes and green chillies.


Cook until tomatoes are done and the mixture leaves the sides of the cooker.


Wash rice and rice bean dhal.


Wash and chop cauliflower/radish leaves.


Add rice, rice bean dhal, chopped cauliflower/radish leaves, and water (4 cups) to the above mixture in a pressure cooker and cook for 15 minutes.
1.6.18. Some other value added products from rice bean

During Gaura Parba, a festival celebrated widely in far-western region of Nepal, rice bean is one of the five grains used in preparing Biruda, an offering that is made to the festival deity. The Newar community has a tradition of preparing soup known as Quantee (kwanti/kwati) from a mixture of sprouted seeds of nine grain legumes during the festival of Janai-Purnima and rice bean constitutes one of these grain legumes. Many of these recipes are existing local ones, and field demonstrations show that ricebean is a versatile raw material which can substitute other pulses in common recipes that are locally popular. Thereby, rice bean has potentials when it comes to value added products which can be produced at a local market place and tea-shop level. 
In India, food scientists have been investigating the possibilities of rice bean utilization in routine cuisine and for various industrial uses. The research involves the nutritional analysis of different value added products prepared from whole bean or in combination with cereals and other crops such as Sundal, Pulikulambu, Ball curry, fried ball, snacks, sweets and other supplementary products and their acceptability among the consumers.
1.7. Value addition and nutritional security  
Nutrition security is a global challenge, and a prerequisite for a healthy and peaceful society. At present about 795 million malnourished people (comprising around 12% of the total global population), exist in the world and apparently 98% of them lives in developing and underdeveloped countries. The malnutrition can affect all age groups but young children and women at reproductive age tend to have high risk of malnutrition. The malnutrition has many serious detrimental effects on human health. Besides having direct effect on human physiology, malnutrition also has profound effect on economic development of any country. Major factor responsible for this situation are over-dependency of rapidly growing population on cereal-based diets in addition to, high volatile prices of protein rich foods, paucity of fertile lands and degradation of natural resources are major contributing factor for nutritional insecurity in human population. 
To address the cause of malnutrition which rest intrinsic to in poverty and unsustainable livelihoods, strategies that promote increase in the supply of quality food to all population groups should be supported. The value addition of agriculture products is one of the key strategies for the attainment of nutritional security. In the process of value addition the raw commodity changes its form to produce a high quality end product with desirable nutritional characteristics. In current context of malnutrition in world, the value addition or formulation of value added products are highly desirable, as these can remove the overdependency on few staple crop which are able to provide food but unable to provide enough nutrients, thereby lead to malnutrition among people. 

With the increasing globalization and industrialization, the food habits of the people are continuously changing, and people prefer the consumption of ready to eat nutritionally rich products. Food fortification is one of the approaches of value addition in which the deficiency of micronutrient overcome with the addition of micronutrients. A large number of fortified food products are available to combat with hidden hunger and malnutrition associated problems such as fluid milk, including fat-free and low-fat milk, is typically fortified with vitamin D. Enriched bread, flour, pasta, rice, and other grain products are fortified with folic acid. Many ready-to-eat cereals are also fortified with folic acid. Efforts have also been made for bio-fortification of food crops employing biotechnological tools. One of the significant examples of fortified food crops is “Golden Rice-1 and Golden Rice-2” which have been produced to combat vitamin A deficiency in the people.  Endemic brain damage, goiter and cretinism can be prevented by correcting for iodine deficiency and provided the rationale for the iodine fortification of salt with associated major impacts on the prevalence of these conditions. The introduction of commercially produced iodized salt during the middle of the last century substantially reduced iodine deficiency. 
Reduction and recovery of food losses throughout the food chain from production to consumption and improvements in preservation, transportation, nutritional content, safety and shelf life of foods will be key strategies to combat food and nutrition demands of the future. Value addition of agriculture food products through food processing has been used to preserve food, improve food safety and maintain their quality. Over the years, traditional food preparation and preservation processes have been industrialized and due to which the availability of foods in both in local and export markets has been increased. Processing of the food product can occur at various points along the supply chain. It can be applied proximate to food harvest (e.g. initial processing of agricultural commodities) or further downstream when it is applied in the manufacture of formulated food products (e.g. bread, biscuit, noodles, yoghurt). 

The transfer of technology to farmers or making them aware of different value addition techniques is absolute for the commercial exploitation of agro-product. For example, by knowing the way of increasing shelf life of food products through value addition is helpful in raising the income of the farmers by increasing the availability of their products in local and distant markets. Furthermore, the value addition technology also creates job opportunities which can lead to the diversification and commercialization of agriculture and improvement in the socioeconomic status of rural households. Family farming is one of the most predominant forms of agriculture world-wide, both in developing and in developed countries.
Despite vast crop diversity, only few food crops have gained acceptability of the people. Many of the indigenous crops have still remained untouched from commercial exploitation due to the lack of awareness of their potential, lack of market access, weak market demand, poor market structure, market incentives, and improper market chains have been identified as some of the many concerns that small-scale farmers face. 
Presently, the raising concern of the people regarding their health has increased the demand for food having excellent nutritive value and therapeutic values. The world agriculture is dominated by few food crops and this exclusive dependency on these creates major roadblock in the success of any food and nutritional security programme. Various international organizations working for the betterment of the humankind have made serious emphasis on the use of alternative food resources particularly underutilized legumes. 
Underutilized legumes are endowed with excellent nutritional and therapeutic properties and have shown the potential to become promising pulse crops. However, there is a need of formulation of different strategies for their commercial exploitation. Preparation of different value added products is one of the potential ways for their commercial exploitation and utilization. Rice bean, an underutilized crop has enormous nutritional, medicinal, and economic values and when promoted, could highly contribute to poverty reduction mainly in rural areas and to the improvement of both nutritional and health status of the local populations. The development of different value added product with rice bean will offer uncommon opportunities for income generation to the farmers, in particular the farm women. The quantitative and qualitative aspects of dietary intake are important factors influencing the nutritional status in young children in a developing country. 
In a developing country like India, ensuring optimal food safety, healthy environment and availability of health services is a target still to be achieved. The excellent nutritive profile make rice bean to be potentially utilize in the formulation of feeding babies and those convalescing. Further, it can also be used in different preparations for meeting the nutritional requirements in growing children’s and lactating mother. The overall impact of such interventions in rice bean utilization will be reflected on socioeconomics of the communities, enhancing their food and nutritional security and strengthening of their traditional food culture. 
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