Physicochemical Behaviour of Green Gram During Soaking and Sprouting

ABSTRACT
Green gram is a highly nutritious legume with considerable potential to address malnutrition and protein deficiency, particularly in developing regions like India. This study focused on evaluating the physical, biochemical, and hydration characteristics of both fresh and sprouted green gram, emphasizing the effect of soaking time on sprouting efficiency. Sprouting resulted in notable changes in physical attributes, including increased grain dimensions, geometric mean diameter, and sphericity, while both bulk and true densities declined due to water absorption. Biochemical analysis indicated considerable enhancements in nutritional quality, with protein content rising from 22.56 % to 24.35 %, crude fibre increasing from 3.21 % to 4.12 %, and moisture content elevating with sprouting. In contrast, total soluble sugars, ash, and fat content decreased as these components were utilized during germination. To study hydration and sprouting behaviour, Soaking was carried out for green gram seeds for 3, 6, and 9 h. It was observed that soaking for longer periods (6 and 9 h) led to higher moisture levels (53.69 % and 58.34 %) and improved sprouting rates (97 % and 98 %) compared to shorter durations. Hydration kinetics were modelled using Lewis and Page equations, with the Page model showing superior accuracy (R² = 0.99). These findings demonstrate that optimal soaking durations not only enhance water uptake but also stimulate metabolic activity and reduce anti-nutritional factors. Overall, the study highlights the importance of adequate soaking time in improving the nutritional value and sprouting potential of green gram for better dietary outcomes.
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I. INTRODUCTION
Pulses play a crucial role in global nutrition, especially in developing countries where they are an affordable and rich source of plant-based proteins, dietary fibre, essential vitamins, and minerals (Hall et al., 2017). However, recent household consumption surveys in India reveal a decline or stagnation in pulse consumption, which is concerning given that India bears nearly 24 % of the world’s undernourished population and about 15.2 % of its people suffer from malnutrition (Langyan et al., 2022; John et al., 2021). This trend amplifies the urgency of pulses for ensuring both food and nutritional security in India 
Green gram (Vigna radiata L.) is a widely consumed pulse, respected for its high digestibility and rich composition of quality proteins, carbohydrates, essential fatty acids, vitamins, minerals, and dietary fibre (Mehta et al., 2021). It finds use in many forms: sprouts, dhal, fried beans, pastes, and in baked goods and desserts (Asif et al., 2013; Nair et al., 2013). Yet, like many legumes, green gram contains antinutritional factors such as phytic acid, tannins, trypsin inhibitors, and oligosaccharides that can reduce nutrient absorption and digestibility. Traditional methods such as soaking, sprouting, dehulling, and cooking have been demonstrated to mitigate these compounds, improving the nutritional profile of the grain.
Soaking is a conventional pre-treatment that enhances hydration, activates endogenous enzymes, and induces structural softening, thereby facilitating subsequent sprouting and cooking. The kinetics of water uptake during soaking depend heavily on temperature and duration; proper hydration is crucial for triggering germination and internal biochemical changes (ElMaki et al., 2007; Ranjbari et al., 2013).
The physical and hydration properties of legumes, including absorption, swelling, density, and diffusivity, are sensitive to moisture content and are key to optimizing postharvest processing steps like drying, soaking, blanching, and cooking (Bhattacharya et al., 2005; Mohsenin, 1970). Understanding these engineering characteristics aids both food scientists and agricultural engineers in enhancing handling, processing efficiency, and end-product quality (Balasubramanian & Viswanathan, 2010; Murthy & Bhattacharya, 1998).
The present study is highly relevant in the context of the growing global shift toward healthier diets and increased consumption of plant-based, nutrient-dense foods such as legumes, sprouted seeds and microgreens. By systematically evaluating fresh, soaked and sprouted green gram, the manuscript provides important insights into changes in nutritional composition, phytochemical content and antinutritional factors, while also highlighting traditional mitigation strategies such as soaking, cooking, and dehulling prior to consumption. Furthermore, the investigation of hydration behaviour, kinetic parameters and associated physicochemical properties adds scientific depth and practical relevance. The physicochemical, biochemical and nutritional characterization presented is not only valuable for the scientific community but also of significant relevance to the food industry, nutrition, and public health sectors, contributing to the development of healthier, functional, and value-added legume-based foods.
II. MATERIALS AND METHODS
2.1 Sample collection and preparation
Green gram variety “KKM-3” was procured from the National Seed Project (NSP), UAS, GKVK, Bangalore. The Analysis was done at the Department of Processing and Food Engineering laboratory using analytical grade chemicals. The samples were cleaned by removing dust, broken seeds, and foreign matter.
2.2 Engineering properties of green gram
	The following engineering properties of fresh, sprouted flaked green gram were determined using standard procedures are as detailed below. All the analysis of quality parameters was done in triplicates and mean values were recorded.
2.2.1 Size
	The tri-axial dimensions namely length, width and thickness of fresh, sprouted and flaked green gram were determined using a digital vernier callipers (Make: Mitutoyo, China; Model: CD-8 VC) having an accuracy of 0.01 mm.
2.2.2 Shape
	The shape of fresh, sprouted and flaked green gram considered for geometric mean diameter (Dg) and sphericity index (Ø) were calculated by using the relationships according to Pall and Mohsenin, 1980.
2.2.3 Thousand grain mass
	The thousand kernel mass was calculated using the technique provided by Williams et al., 1983. One thousand sound grains were counted and weighed using an electronic balance (Make: Essae-Teraoka Pvt. Ltd.; Model: DS-852G). Weight was expressed in grams.
2.2.4 Bulk density
Bulk density of green gram was determined by using a bulk density box having volume of 1 m3. The samples of sprouted green gram were filled into the box and the top was levelled off. The green gram was then weighed using a precision electronic balance. The formula was used to get the bulk density, Mohesenin, 1986. 
2.2.5 True density 
The apparatus used for measuring true density of sprouted green gram consisted of a 100 ml measuring jar and a weighing balance. 10 ml of toluene was taken in the measuring jar. A known weight of sample was poured into the measuring jar and the raise in toluene level was recorded as the true volume of the grains. The true density of green gram was computed using the following formula, Mohesenin, 1986. 
2.2.6 Colour
Colour measurements were taken using a spectrophotometer, which recorded values in L* (brightness), a* (red-green spectrum), and b* (yellow-blue spectrum). This colour data highlights differences in appearance between fresh, sprouted, and flaked green gram.
2.3 Biochemical properties of fresh, sprouted and flaked green gram
2.3.1 Estimation of moisture content
Moisture was determined by drying a sample in a hot air oven at 105± 2 oC for 24 h (AOAC, 1995) until a constant weight was achieved. The moisture percentage was calculated as the difference in initial and final sample weights, providing an indicator of water content in the green gram.
2.3.2 Total ash
The ash content of the samples were estimated by following the method described by Raguramulu et al., (2003). Ash content, indicating the mineral composition, was measured by heating samples at 500 °C in a muffle furnace until a consistent weight was obtained, leaving a residue that was either white or greyish white. 
2.3.3 Total soluble sugars 
The total soluble sugar content of the fresh and sprouted green gram was assessed by using anthrone reagent method (Aruna and Devindra, 2016). Soluble sugars were measured with the anthrone reagent technique. Ethanol extracts of the sample were mixed with anthrone reagent, producing a colour change measured spectrophotometrically at 630 nm. A standard curve of glucose was used to determine sugar concentration.
2.3.4 Total fat
Total fat content of fresh and sprouted green gram were determined by using AOAC, 1980). Fat was extracted using the Soxhlet apparatus, where samples were continuously exposed to fresh solvent over 14–26 h. The solvent was evaporated, leaving only the fat residue, which was weighed to calculate the fat content.
2.3.5 Protein
The protein content of the fresh, sprouted and flaked green gram was determined by using Bradford reagent method (Srivastava and Vasishtha, 2012). Proteins were extracted using a phosphate buffer and analysed using Bradford reagent, which binds to protein and changes color. UV absorbance was measured at 280 nm, with protein concentration determined from a standard curve.
2.3.6 Crude fibre
The total crude fibre content of fresh and sprouted green gram and were calculated using the differential method. According to this method, the crude fibre was determined by subtracting the sum of protein, fatty acids, total soluble sugars, ash and moisture content from 100. The Eqn. 3.9 was used to calculate the total crude fibre in the sample, 
Crude fibre (%) = 100- [Total soluble sugars (%) + Total fat (%) + Protein (%) + Ash (%) + Moisture content (%)].                                                                                               … (3.1) 
2.4 Hydration characteristics
2.4.1 Soaking and sprouting procedures
Three sets of pre-weighed green gram samples (100 seeds each) were subjected to different soaking durations. Soaking was carried out in distilled water. The samples were soaked for 3 different time intervals i.e., 3 h, 6 h and 9 h. After particular soaking time interval, the soaked seeds were subjected to sprouting by transferring it to the petri dishes lined with wet filter paper in a humidifier (27 °C and 70 % RH).
2.4.2 Determination of hydration rate of green gram
For hydration rate study, pre-weighed 10 g of green gram were soaked in beaker containing 4L of distilled water at 27± 1 oC for 9 h to know the hydration rate for 3 h, 6 h, and 9 h period. The grains were frequently drained during the soaking process in order to measure the rate of hydration. The initial moisture content of the green gram was then utilized to calculate the moisture content of the grains using the mass balance. After that, the grains go through another cycle of soaking. Weighing was done every 30 minutes for three, six, and nine hours of soaking time. At a steady temperature, the hydration process was repeated twice using a water bath that was set at 27 oC. In 2019, Dattatray et al. plotted a graph of moisture content against soaking time.
2.4.3 Estimation of moisture content
The moisture content attained at the conclusion of soaking is known as the equilibrium moisture content or moisture content at saturation. The following relationships were used to estimate the intermediate moisture content at different soaking and equilibrium moisture content intervals (Balkrishna and Visvanathan, 2019). 
                 M0 (db) =              (OR)                                          … (2.1)
Where,
Wd= Bone drymass of the soaked grain, g
M0= initial grain moisture content, % db 
mo = initial grain moisture content, % wb
W= Grain sample initial mass collected for soaking, g
Let W be the mass of the grain taken for soaking at moisture content of mo %(wb). Consequently, the soaked grains' corresponding mass of dry matter is,
                                        (OR)                                                       …(2.2)
Grain moisture content at time t during soaking,
                                                                                                            … (2.3)
Where, 
Mt =  Grain moisture content at time t during soaking, % wb 
Wt=  Grain sample mass at any point in time during soaking, g
After the grain reaches equilibrium after soaking, its mass and the moisture content at that point can be computed as,
                                                                                                           … (2.4)
Where, 
Me = Moisture content of the grains at equilibrium, % wb 
We = Mass of the grain at equilibrium, g
Hydration characteristics of both the millet grains in terms of Moisture content vs Soaking duration and Moisture Ratio (MR) vs Soaking duration were plotted. Hydration data were fitted using different established empirical mathematical models namely, Lewis, Page and Peleg models and the best model to represent hydration characteristics of green gram were identified.
Models tested
              1. Lewis model, MR = exp(-k*t)                                                             … (2.5)
                                2. Page model, MR = exp(-k*t)^n                                                           … (2.6)
Where, 
MR = Moisture Ratio 
t = Time, min 
k, k1, k2 & n = Constants 
M0 = Initial moisture content, % wb 
Mt = Moisture content of grain % wb at soaking time’t’ 
Me = Equilibrium moisture content, % wb
2.4.4 Determination of sprouting percentage
The following approach was used to determine the sprouting percentage of green gram samples that were exposed to varying soaking times. At 2 h intervals until the maximum number of seeds sprouted, the number of seeds sprouted for each soaking time treatment was noted. The following formula was used to calculate the sprouting percentage.
             Sprouting percentage (%)                           … (2.7)
2.5 Statistical analysis
2.5.1 Study of engineering and biochemical properties of fresh, sprouted green gram
	Experimental data observed and spread in spreadsheets using the MS office. Excel software version-2017. Calculation of description statistics was performed for each parameter.
2.5.2 Optimization of hydration characteristics of green gram
	The pre-treatment mean value and standard deviation of the triplicate results were computed for every adjustment in soaking time. The data were displayed as mean ± SD, and all analyses were carried out in triplicate. The statistical analysis program Origin Pro (2010) was used to model the data, while Matlab (2012) was used to construct the ANN. Using the CARET package in R studio (RstudioInc, Boston, USA), K fold cross validation was carried out to verify that the ANN model was overfit.
III. RESULTS AND DISCUSSION
3.1 Physical properties of green gram and sprouted green gram
3.1.1 Grain dimensions
3.1.1 Grain dimensions
When green gram seeds were soaked and allowed to sprout, their size increased noticeably. The average length, width, and thickness went up as the seeds absorbed water, which makes sense because the tissues swell and soften during hydration. For example, in our study, the length increased from 4.97 to 6.73 mm, width from 3.89 to 4.52 mm, and thickness from 3.40 to 4.29 mm as the moisture level rose from about 9.5 % to 53.2 %. Along with this, the overall geometric mean diameter and sphericity also rose slightly, showing that the seeds became plumper and rounder. This pattern isn’t unique to our work, Pandiselvam, et al. (2017) both reported similar swelling behaviour in mung beans and green gram, confirming that this dimensional growth is a natural outcome of hydration and germination.
3.1.2 Grain colour
Sprouting also changed how the grains looked. Dry green gram seeds were medium-dark green with a reddish tinge, but as they sprouted, they became lighter and fresher in appearance. The lightness value (L*) increased steadily, while the redness (a*) shifted into the green range and yellowness (b*) became stronger. By 24 hours of sprouting, the seeds looked brighter, greener, and slightly more yellow than the unsprouted ones. These changes can be explained by the way water affects pigments in the seed coat and by the new pigments that may form during early growth. Similar shifts have been seen in other legumes: for example, Liu et al. (2018) and Kemal et al. (2025) found that sprouting often makes pulses look lighter and more appealing, which is positive from a consumer perspective.
3.1.3 Thousand grain mass
As expected, seed weight increased with water absorption. The thousand-grain mass increased from approximately 25 g in dry seeds to nearly 59 g after sprouting. The relationship was quite linear and the wetter the seeds got, the heavier they became. This agrees with what Bakane et al. (2020) reported for green gram, where soaking and sprouting made the seeds significantly heavier. The big jump in weight is mostly due to water absorption, though sprouting also makes the internal tissues more capable of holding that water.
3.1.4 Bulk density and true density
As the seeds got heavier, they also spread out and took up more space, which actually lowered both bulk density and true density. Bulk density dropped from 842 to 586 kg/m³, and true density went from 1317 down to 1185 kg/m³. The drop in bulk density happened because the seeds expanded in volume more than they gained in mass, so the sample as a whole became lighter per unit volume. Other researchers have seen the same thing: Unal et al. (2008) found bulk density of mung bean decreased with moisture, and Bakane et al. (2020) reported similar declines for green gram splits. The changes in true density are more complicated and some studies report an increase, others a decrease. In our case, the drop likely reflects the loosening of seed structure and the formation of tiny air spaces during sprouting. This means the porosity of the seeds probably went up, which is important because higher porosity can improve air flow during drying or storage but may also make the seeds more fragile.
3.2 Proximate composition of fresh and sprouted green gram (KKM-3 variety)
3.2.1 Moisture content
	The unsprouted KKM-3 green gram started with a moisture content of 9.51 %. As sprouting proceeded, the grains absorbed water, and their moisture content increased markedly: at 6 h it reached 47.26 %, at 12 h about 51.34 %, and at 18 h nearly 53.21 %. This uptake of water is crucial in awakening the seed’s metabolic machinery: enzymes become active, internal transport begins, and cellular processes required for germination are launched. The increased moisture also softens the seed tissue, improving digestibility and enabling easier biochemical transformations inside the grain.
This trend of moisture rise during sprouting is consistent with observations in other recent studies of legume germination: for example, Gunathunga et al. (2024) provide a broad review of how moisture uptake is a key initial stage in leading to changes in nutritional quality. Also, Bagarinao et al. (2024) explain that imbibition (water absorption) is the first phase of germination, as seeds draw in water to allow metabolic reactivation. 
3.2.2 Total soluble sugars
At the start, green gram seeds had a relatively high total soluble sugar content (58.23 %). As sprouting went on, this content dropped from 21.31 % (unsprouted) to 18.26 % (at an intermediate sprout) and finally to 16.23 % by 18 h. This decline is expected, because those soluble sugars serve as available fuel, being metabolized by the seed in early germination to power growth, respiration, and biosynthesis.
This pattern a decrease in soluble sugars during germination is well supported in recent literature. In the review by Gunathunga et al. (2024), it is noted that germination typically leads to a reduction in soluble carbohydrates as they are consumed. Also, the paper “Effect of Germination on Total Dietary Fibre and Total Sugar in Legumes” shows how germination often reduces total sugar content in legumes, depending on species and conditions.
3.2.3 Total fat content
In the unsprouted KKM-3 green gram, the total fat was measured at about 2.62 g. As sprouting progressed, this fat content declined: at 6 h it dropped to 1.9 %, then to 1.8 % at 12 h, and to 1.6 % by 18 h. This downward trend likely happens because stored lipids serve as an energy and carbon source for the growing seedling, being mobilized and broken down through lipid metabolism during germination. Similar observations have been made in recent studies: for instance, Kemal et al. (2025) reported that fat levels in legumes decrease under germination, consistent with metabolic utilization of lipids. Also, in a review on sprouted grains, note that germination often causes decreases in fat as the seed taps into its reserves. 

Table 1: Engineering properties of fresh and sprouted KKM-3 variety of green gram 

	Sl. No
	Samples
	Parameters
	L
(mm)
	W
(mm)
	T
(mm)
	Bulk density
(kg/m3)
	True density
(kg/m3)
	G.M. D
(mm)
	Sphericity
	Colour

	
	
	
	
	
	
	
	
	
	
	L*
	a*
	b*

	1
	Normal
	Mean± SD
	4.97±0.71
	3.89±0.52
	3.40±0.31
	842±0.01
	1317±0.13
	4.78±0.33
	0.810±0.06
	36.80±0.04
	1.48±0.015
	19.13±0.035

	
	
	S. Em±
	0.130
	0.095
	0.057
	0.002
	0.024
	0.060
	0.012
	0.0240
	0.0088
	0.0202

	2
	6 h soaked
6 h sprouted
	Mean± SD
	6.21±057
	4.03±0.74
	3.81±0.92
	623±0.01
	1273±0.33
	4.868±0.30
	0.699±0.05
	46.66±0.22
	-0.43±0.02
	29.48±0.15

	
	
	S. Em±
	0.104
	0.135
	0.169
	0.003
	0.061
	0.055
	0.009
	0.130
	0.012
	0.0881

	3
	6 h soaked
12 h sprouted
	Mean± SD
	6.57±0.56
	4.21±0.15
	4.19±0.42
	613±0.01
	1203±0.24
	4.973±0.21
	0.65±0.02
	47.57±0.14
	-042±0.01
	29.51±0.99

	
	
	S. Em±
	0.103
	0.077
	0.077
	0.003
	0.045
	0.039
	0.004
	0.084
	0.01
	0.576

	4
	6 h soaked
18 h sprouted
	Mean± SD
	6.73±0.52
	4.52±0.43
	4.29±0.23
	558±0.02
	1185±0.06
	5.21±0.26
	0.61±0.04
	48.72±0.25

	-0.48±0.02

	30.94±0.59


	
	
	S. Em±
	0.095
	0.043
	0.043
	0.005
	0.011
	0.047
	0.007
	0.148
	0.0145
	0.345


Note: L=Length, W=Width, T=Thickness, SD=Standard deviation


Table 2: Proximate composition of KKM-3 variety fresh and sprouted green gram
	Sl. No
	

Samples

	
Parameters
	
Moisture content (w.b, %)
	Total soluble sugars (%)
	
Protein (%)
	
Crude fibre (%)
	
Total ash (%)
	
Total fat (%)

	1
	Normal
	Mean± SD
	9.51±0.42
	58.23±0.97
	22.56±0.10
	3.21±0.07
	3.25±0.22
	2.62±0.15

	
	
	S. Em±
	0.247
	0.562
	0.060
	0.045
	0.132
	0.091

	2
	6 h soaked
6 h sprouted

	Mean± SD
	47.26±0.28
	21.31±0.20
	23.29±0.21
	3.34±0.11
	2.65±0.20
	1.9±0.1

	
	
	S. Em±
	0.166
	0.12
	0.125
	0.068
	0.118
	0.057

	3
	6 h soaked
12 h sprouted

	Mean± SD
	51.34±0.29
	18.26±1.72
	23.65±0.26
	3.58±0.058
	2.22±0.20
	1.8±0.26

	
	
	S. Em±
	0.170
	0.998
	0.153
	0.033
	0.120
	0.152

	4
	6 h soaked
18 h       sprouted

	Mean± SD
	53.21±0.50
	16.23±1.00
	24.35±0.23
	4.12±0.13
	2.02±0.28
	1.6±0.25

	
	
	S. Em±
	0.289
	0.577
	0.135
	0.075
	0.162
	0.145



3.2.4 Protein content
The initial protein content in KKM-3 green gram is 22.56 %. Remarkably, protein levels increase during sprouting, with values recorded at 23.29 %, 23.65 %, and 24.35 % at the 6, 12, and 18 h, respectively. This increase in protein content is due to the synthesis of new proteins and enzymes required for cellular activities during germination. Furthermore, certain enzymes break down storage proteins into amino acids that are then reassembled into functional proteins for plant growth, enhancing the nutritional profile of the sprouted green gram. Oghbaei and Prakash (2017) reported the same findings.
3.2.5 Crude fibre
The crude fibre content in KKM-3 started at 3.21 g. Interestingly, unlike fat, crude fibre increased during sprouting: it rose to 3.34 % at 6 h, 3.58 % at 12 h, and reached 4.12 % by 18 h. This increase may be attributable to the formation of structural polysaccharides (cellulose, hemicellulose, lignin, or other fibrous components) as the seedling develops its cell walls and structural tissues. As new tissues emerge and the embryo differentiates, there can be more structural fibre deposition, which raises the measured crude fibre fraction.
3.2.6 Total ash content
Total ash (which reflects the sum of mineral matter) in the unsprouted seeds was about 3.25 %. During the sprouting period, ash content declined: from 2.65 % at 6 h to 2.22 %, and then down to 2.02 % at 18 h. This drop can be explained by leaching some soluble minerals may dissolve in the soaking water and get washed away. Also, some minerals may be used or redistributed internally during metabolic processes in the germinating seed. Evidence of mineral loss by leaching during germination or soaking has been documented: in studies of dehulling and sprouting, mineral content declines are often observed, attributed partly to leaching and partly to metabolic reallocation. 
3.3 Hydration characteristics 
3.3.1 Effect of soaking time on the hydration rate of green gram
The hydration rate of green gram has been studied at various intervals between soakings and shown in Fig. 1. From initial moisture content of about 10.32 %wb, the green gram attained equilibrium moisture levels of 58.34 %wb, respectively at 27 ℃ in 540 min of soaking duration. Hydration rate increased rapidly in first 3 h later within 3 to 6 h rate became comparatively slower and further no significant increase was observed during 6 to 9 h soaking time. This behaviour is most likely caused by the fibre content of the seed coat, which may contain certain hemicelluloses, pentosans, and non-starchy polysaccharides that can prevent hydration for several hours before beginning to absorb more water (Vasudeva et al., 2010). Moisture content of green gram at the end of 3 h, 6 h and 9 h soaking period was found to be 41.66 %, 53.69 % and 58.34 % indicated that moisture content was higher in 6 h and 9 h soaking time which will helps to increase the sprouting rate by using above soaking time. However other components such cellulose, starch, and pectic compounds also contribute to the phenomena, protein is the main component in legumes that absorbs water (Virendra Foke et al., 2018).
The green gram hydration rate fitting models of Page and Lewis are displayed in Fig. 2 and Table 1, examined at different intervals between soakings. The co-efficient of determination (R2) varied between 0.82 to 0.99 indicating a good fit of experimental data to Page and lewis models at the examined temperature. The results demonstrated that the Page model provided a more accurate representation of the hydration data, making it the preferred choice for describing water absorption during soaking. The Lewis model, while less precise, still achieved a reasonably high coefficient of determination (R2) value of 0.86, indicating a fair fit to the experimental data. These findings are consistent with the study by Balkrishna and Visvanathan (2019), which reported similar results for the hydration kinetics of little millet and proso millet at different soaking temperatures. Their research also highlighted the superior performance of the Page model for pulses and small millets due to its ability to effectively capture the non-linear dynamics of water absorption. In contrast, the Lewis model was found to be less suitable for pulses, as it often failed to account for the complex interactions affecting moisture gain. 
 This demonstrated that the rate of water absorption was high at first and afterwards slowed down. The researchers also found that the permeability characteristics of the seed husk, water temperature, and food colloids component properties all affect the mass transfer mechanism, which in turn affects the diffusion of water into the seeds due to the concentration difference between the soaking medium and green gram seeds. The exponential model provides a better explanation for the variance in the rate of water absorption observed with an increase in hydration time at room and high temperature. Kumar et al., 2021 observed same results for chickpea.

			



















Fig 1 Hydration characteristics of green gram at room temperatures 












		






Fig 2 Lewis and Page models depicting the hydration characteristics of green gram
    Table 3: Coefficients of various mathematical models and degree of fit representing the hydration characteristics data of green gram at different soaking temperature
	Temperature oC
	Lewis Model
	Page Model

	
	K
	R2
	K
	n
	R2

	27 oC
	0.02
	0.86
	0.11
	0.54
	0.99




3.3.2 Effect of soaking time on the sprouting rate of green gram
 The Fig. 3 indicates the sprouting rate of KKM-3 variety green gram which is subjected to different soaking times 3, 6 and 9 h, respectively. It indicates that sample soaked for 6 h (97 %) and 9 h (98 %) showed the highest sprouting percentage in 20 h of sprouting while sample soaked for 3 h showed the 87 % of sprouting in 22 h. This helps to prove the effect of soaking time on sprouting rate. Increase in the sprouting rate due to the effect of sufficient hydration of green gram during soaking time of 6 and 9 h as during hydration metabolic activity of resting seeds increases which will leads to complex metabolic changes resulting in onset of sprouting process. Insufficient imbibition of water during 3 h soaking resulted in the less sprouting rate of the sample. Sufficient soaking time followed by maximum sprouting will help to enhance the nutritional quality of green gam as it helps to reduce the antinutritional factors. Effect of soaking time on sprouting and rheological properties of green gram provide support for the earlier findings by Dattatray et al. (2019).
		













Fig 3: Sprouting rate of KKM-3 variety green gram at 3, 6 and 9 h interval

Conclusion
The study on the KKM-3 variety of green gram highlights the significant impact of soaking and sprouting on its physical, nutritional, and hydration characteristics. Moisture content positively influenced seed dimensions while reducing bulk and true densities. Sprouting markedly improved the nutritional profile by increasing protein, moisture, and fibre content, and reducing antinutritional components, making it more digestible and beneficial for addressing malnutrition. Soaking times of 6 to 9 h were found optimal for achieving higher sprouting rates (97–98 %) compared to shorter durations. Hydration studies confirmed that longer soaking enhanced water absorption, which is critical for effective sprouting. Among the models used, the Page model provided the best fit to describe hydration behaviour at 27 °C. These findings support the potential of sprouted green gram as a nutrient-dense, functional food for improving food and nutritional security.
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