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Abstract: A Vigna aconitifolia (V.aconitifolia), also known as moth bean, is a
nutrient-rich legume that is commonly consumed in many parts of the world.
Germination is a process that can enhance the nutritional and functional
properties of legumes. However, there is limited information on the effects of
germination on the physicochemical, functional, and cooking attributes of V.
aconitifolia. The objectives of this study were to evaluate the effects of
germination on the physicochemical, functional, and cooking attributes of V.
aconitifolia and to compare the properties of germinated and ungerminated V.
aconitifolia seeds. Seeds were germinated for 24 hours and then dried and
milled into flour. The physico-chemical properties of the flour, including
moisture content, ash content, and pH, were evaluated. The functional
properties, including water absorption, oil absorption, and emulsification
capacities, were also evaluated. The cooking characteristics, including
cooking time, water uptake ratio, and swelling power, were evaluated using
standard methods. The results showed that germination significantly
improved the physicochemical properties of V.aconitifolia, including moisture
content, ash content, and pH. The functional properties, including water
absorption, oil absorption, and emulsification capacities, were also
significantly improved. The cooking characteristics, including cooking time,
water uptake ratio and swelling power, were significantly reduced. The
results suggest that germination can enhance the nutritional and functional
properties of V.aconitifolia, but may also affect its cooking characteristics. The
findings of this study have significant implications for the food industry, as
they suggest that germination can be a simple and effective method to
enhance the quality and functionality of legume flours.

Keywords: V.aconitifolia; germination; physico-chemical & functional properties;
cooking characteristics; nutritional quality

1. Introduction

Vigna aconitifolia (V.aconitifolia), a nutrient-rich legume native to western
and northern India, has been an underutilized crop in regular diets, despite its
potential as a valuable source of protein, fiber, and antioxidants [1]. This
legume plays a vital economic role, particularly in rural India, where it serves
as a cash crop, providing income for farmers. Moreover, V.aconitifolia 's
nutritional profile makes it an attractive alternative to cereals, which
dominate Indian diets but often lack protein digestibility [2].However,
V.aconitifolia’s utilization is hindered by limitations such as low protein digestibility,
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high phytic acid content, and a coarse texture. Germination, a cost-effective and straightforward processing technique,
has been shown to enhance the nutritional and functional properties of legumes[3]. This process involves
soaking, sprouting, and drying the seeds, which activates enzymes that break down phytic acid and other
anti-nutrients. Germination has been demonstrated to improve protein digestibility, mineral bioavailability,
and antioxidant activity in V.aconitifolia [4].The findings of this study have significant implications for the
food industry, particularly in the development of novel, nutrient-dense food products. By enhancing the
nutritional and functional properties of V.aconitifolia, germination can unlock new opportunities for food
manufacturers, processors, and marketers. Moreover, the increased availability of nutrient-rich, germinated
V.aconitifolia can contribute to addressing malnutrition, promoting sustainable agriculture, and supporting
the growth of the food industry in India and beyond.

2. Methodology

2.1 Selection and Processing of V.aconitifolia

V.aconitifolia (moth bean) is a nutrient-rich legume that is widely cultivated in Tamil Nadu, India.
Two genotypes of V.aconitifolia, TN 12 (wild type) and TN 27 (cultivation), were identified by Tomooka et al.
[5] and Tomooka et al. [6]. Based on cultivation and availability throughout the year, TN 27 was selected for
this study. The selected variety was procured from farmers in the Namakkal district of Tamil Nadu. The
legume was manually winnowed to remove dust and other unwanted solid matter. The selected legume was
authenticated by the Botanical Survey of India, Southern Regional Center, Coimbatore, Tamil Nadu. The
V.aconitifolia seeds were cleaned, washed, and sun-dried at 38°C for 24 hours. The seeds were then roasted in
an iron tawa and finely powdered using a high-speed food processor equipped with a stainless steel blade.
The powder was processed to achieve a uniform particle size, passing through a 60-mesh sieve (particle size
<250 um). The powder was stored in an airtight container for later use.

2.2 Germination

The germination process of V.aconitifolia was initiated by selecting healthy, mature seeds. To prevent
fungal growth, the seeds were washed with distilled water to remove any residual mercuric chloride, and
then soaked in distilled water for 8 hours to facilitate germination. The soaked seeds were transferred to a
germination tray lined with moist paper towels, covered with a thin layer of moist paper towels, and
maintained at a temperature of 25°C and relative humidity of 80%. The seeds were allowed to germinate for
different periods, namely 12, 24, 36, and 48 hours, and monitored for changes in color intensity, which was
evaluated using a subjective scale (High, Medium, Low). The color intensity was recorded at each time point
to assess the progression of germination. The germination process was terminated by drying the germinated
seeds in a hot air oven at 50°C for 2 hours [7].

2.3 Physicochemical characteristics of Ungerminated and Germinated V.aconitifolia Flour

The physical characterization of V.aconitifolia was determined, as its characterization indicates the
adaptability of the legume. Analyzing the physical characteristics of the legume is most important, as it
helps to anticipate the performance of the legume. The most common parameters used for assessment were
shape, size, weight, volume, sphericity, and Density [8]. The understanding of the physical characterization
of legumes, such as surface area, true density, sphericity, volume, bulk Density, projected area, and
dimensions, is crucial to counter the difficulties and enhance the capacity of the legume during post-
harvesting, processing, and storage. The procedure followed is explained under the following headings.
Physico—chemical properties influence the processing, storage period, preparation process, and consumption,
and hence, palatability increases when the quality of physico-chemical reactions is within a proper range [9].
The following physicochemical characteristics of V.aconitifolia flour (ungerminated and germinated) were
studied using standard procedures (triplicate):

2.3.1 Thousand Legume Weight
The thousand legumes were randomly selected and weighed using an electronic weighing
balance. The weight of V. aconitifolia was taken as the mean of triplicate measurements and noted in grams [10].
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2.3.2 Thousand Legume Volumes
The thousand selected legumes were taken in a measuring cylinder. A measured quantity of
distilled water (250 ml) was added, and the difference obtained was recorded in milliliters [10].

2.3.3 Length, Breadth, and Thickness of the Legume

The three dimensions were calculated by taking an average of 100 legumes using a vernier
caliper (least count = 0.01 cm). If the arrangements of starch matrix in the granules are high, then the
thickness of the legume or granule strip is also high [11-12].

2.3.4 Equivalent Diameter
The equivalent diameter or geometric mean of the V.aconitifolin was determined by using the
given formula by Mohesenin [13]. The measurements were expressed in mm.

Dm = (LBT)"*Where L=length, B= Breadth, T=Thickness
2.3.5 Sphericity

The sphericity of the ungerminated and germinated V.aconitifolia was determined as the proportion of
the volume of the seed with the same surface area as a sphere. It is calculated by the given formula [14].

Sh (%) = (1-b-t)1/3 =1

2.3.6 Density
The Density of V. aconitifolia was determined using the formula Mass/Volume, where V = ((1)
x (b) x (h)), and it is expressed in mm. Less moisture and crystallinity result in less Density [11].

2.3.7 Standardization of Germination

The V.aconitifolia was soaked for 12 hours and allowed to germinate over four different periods,
as follows, and the growth of the sprout was noted [15]. The temperature was under control at 300 °C (Table
I). The International Seed Testing Association (ISTA) has standardized testing procedures for several
medicinal plants and seeds. It also exposed the procedures [16]. The calculated parameters included shoot
length, seed germination, and weight [17]. The properties of germinated legumes with different germination
hours were calculated and discussed in the results.

2.3.8 Bulk density

Bulk Density of ungerminated and germinated V.aconitifolia flour was calculated by the
measurement of proportion of mass of the legumes to its volume in total (Ungerminated & germinated) was
determined (g/ml) by the formula and method used in the article Shreelalitha [14]. When the
physicochemical factors of a legume are said to be beneficial, the impact of anti—nutritional factors in the
legume will be lower [10].

2.3.9 True Density

True Density of V.aconitifolia flour (Ungerminated & germinated) was estimated by the method
of sand displacement [18]. When the moisture content is high, the true density will decrease. True density
was determined by the following equation quoted by Matouk et al. [19].

Ms
Pt = T kg /m3.

Where, Pt True Density of V.aconitifolia, kg/
M3 Ms; Weight of the V.aconitifolia, kg;

Vi:Displaced Volume of Toluene, M?

2.3.10 Porosity
Porosity of V.aconitifolia flour (Germinated & ungerminated) was estimated by measuring the
percentage of space of the inner volume of the legume into the volume of legume bulk [19].
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Porosity = P1-P2/ P2

Where P=Porosity of V.aconitifolia flour (%);
P1 - Constant pressure inside the tank 1

P2 - Constant pressure inside the tanks 1 and 2

2.3.11 Scanning Electron Microscope (SEM)

SEM analysis was done in the laboratory of Periyar University a clear picture of starches present
in ungerminated and germinated V.aconitifolia (The morphological study of starch)were recorded with the
magnification of 300x, 1000x 2000x, 3000x and 5000x with the range of 100pm,20 pum, 10pm,10 pm and 5
um(Make: Carl Zeiss Microscopy GmbH Germany). The SEM analysis helps in understanding the structure
of films present in both ungerminated and germinated V.aconitifolia flour [11].

2.3.12 Fourier Transform Infrared (FT-IR) Spectra

V.aconitifolin germinated, and a PerkinElmer FT-IR spectrophotometer analyzed non-
germinated flour to find the chemical composition of the flour qualitatively; a Vector 22 model made
inGermany was used to record the FT-IR in solid state with the Frequency range — 4000 — 400 cm[20].

2.4 Functional characteristics of Ungerminated and Germinated V.aconitifolia Flour

The good functional properties of legumes result in good output during processing, storage,
development, and consumption of the food product. The functional characterization of V.aconitifolia, which
includes Water absorption capacity, Oil absorption capacity, water solubility index, foaming capacity and
index, emulsification, and antinutritional factors, was determined as it determines the quality of the legume.
A functional characteristic purely depends on the activities of physicochemical properties, structure, and
composition of the legume [14]. The functional properties of legumes depend on the structure and
composition of proteins and amino acids, as well as the influence of other external components [21]. The
procedure followed is explained under the following headings

2.4.1 Water Absorption Capacity

Water Absorption Capacity (WAC) is used to determine the legume's ability to absorb water.
The assessment is more important because legumes that possess lower WAC have less water-holding
capacity, resulting in a poor food product. Legumes that possess high WAC have a high water-holding
capacity, which results in achieving brittle and dry conditions [9]. WAC was determined by adding 40 mL of
water to the mixture of 2 g of V. aconitifolia flour and stirring well at a continuous speed for one hour using a
Griffin flask shaker. The mixture was then centrifuged at 220 rpm for 10 minutes. The following formula was
used for the calculation of the capacity of water absorption [22], and the results obtained were denoted in
grams/grams

Final weight — initial weight
WAC =

X100
initial weight

2.4.2 Oil Absorption Capacity

Oil Absorption Capacity (OAC) or Fat Absorption Capacity (FAC) was high when the legume
contains a high amount of fibre, because of the fibre’s capability of holding or trapping fat ata higher level
[9]. OAC was determined by the reference of Shuang et al. [23]. 2.5 g of both the ungerminated and
germinated V.aconitifolia flour in separate test tubes were mixed with peanut oil (30 mL). The mixture was
stirred for one minute, left undisturbed for 30 minutes, and then centrifuged for 30 minutes at 3000 g. When
the oil formed as a separate layer, it was filtered out using a pipette, and the remaining oil was removed by
keeping the tube inverted for 30 minutes. The quantity of oil absorbed by the sample was measured and denoted in
grams per gram.

2.4.3 Water Solubility Index
Water solubility index indicates the quantity of the polysaccharide present or released from the
legume by adding excess water. The mixture was constantly stirred to control the higher speed during
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centrifugation and also to prevent the putrefaction of the starch granules. Both samples were heated in a
controlled temperature environment at 85 °C for half an hour with continuous stirring. After heating, the
samples were kept outside to cool down to room temperature. The samples were centrifuged at 560g for 15
minutes. The capacity of solubility was determined by evaporating the supernatant solution. The remaining
residues were weighed. Using the formula provided below, the water solubility index was calculated [22].

Weight of the dissolved solid in supernatant.

X100

WSI (%) =

weight of thedry solids

2.4.4 Foaming Capacity and Stability

Foaming capacity was determined by the reference of Salma, H. A., Nahid et al. [24]. 2g of the
sample was mixed with 10 ml of buffer solution at pH ranges in a blender (Moulinex) for 2 minutes at “HI”
speed. The blended mixture was transferred to a measuring cylinder (250 ml) After 30 seconds, the volume
of foam was measured and noted in %.

Volume of flour after whipping—Volume of flour before whipping
FC (%) = 2rod FPZEX 100

Volume of flour before whipping

Where FC = Foaming Capacity

Foaming stability was determined using the same procedure, but the volume of foam was
measured after a 15-minute time interval. The formula used was taken from the reference of Nahid etal. [24],
and it was given below

Foam volume of the flour after 15 minutes

FS (%) = X100

Initial foam volume of the flour

Where FS = Foaming Stability

2.4.5 Emulsification Capacity

The capacity used to determine the emulsifying property of the legume flour was determined
by the method followed by Shuang et al. ([23] and Adeleke and Odedeji[25]. 3.5 g of ungerminated and
germinated V.aconitifolia flour was mixed with distilled water in a separate test tube and homogenized at
10,000 rpm for 30 seconds using a High-Speed Homogenizer. Then another 25 ml of oil (peanut) was mixed
with the same sample and homogenized for another 90 seconds. The formed emulsion was equally divided
and transferred into centrifuge tubes, which were then centrifuged for 5 minutes at 1100 g. The capacity of
emulsification was calculated by dividing the volume of foam produced after centrifugation by the volume
before centrifugation.

2.5 Cooking Characteristics of Ungerminated and Germinated V.aconitifolia Flour

When compared to the utilization of pulses, the use of food in the form of legumes is less due to
multiple factors. The hardness present in the legumes makes difficult to cook and decreases the palatability;
inhibiting enzymes etc but good quality cooking can help in counteract those factors [26]. cooking
characteristics of the legume can be assessed to precise the value of a legume to develop a good food product
and also for the process of incorporation of a food product.

2.5.1 Optimum Cooking Time (min)

The cooking time of V.aconitifolia was determined by cooking 2g of V.aconitifolia grains in 20 ml
of distilled water. The distilled water was kept in a 100 ml beaker and heated using a boiling water bath. The
V.aconitifolia grains were taken after 25 minutes of cooking and pressed between two plates; the time taken for
optimum cooking was recorded [14].

2.5.2 Water Uptake Ratio (%)
The water uptake ratio of V.aconitifolia grains was calculated by cooking 2 grams of grains with 20
ml of distilled water. The grains were then placed in a 100 ml beaker with water and allowed to heat in an
electric heater. After the grains were cooked, they were removed. It was calculated using the formula below [14].
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. Weight of cooked grains
Water uptake ratio(%) = = =

x 100
Weight of uncooked grains

2.5.3 Elongation Ratio (mm)

The average length of the uncooked V.aconitifolia grains was recorded. Then, 2g of V.
aconitifolia grains were taken in a beaker with 20 ml of distilled water and cooked using an electric heater.
When the grains reached their optimum cooking time, they were taken to measure the length of the grain.
The elongation ratio was calculated using the formula below[14].

Legthofthe cooked grains
length of the uncooked grains

Elongation ratio (mm) =

2.5.4 Alkali Spreading Value

V.aconitifolia (10 seeds) were taken and placed with individual spacing in a petri dish with 1.7%
Potassium Hydroxide solution (10 ml). The petri dish was then placed in an incubator at a temperature of 27.8 °C
for 24 hours. The value of the spreading of each grain was measured by a 7-point numerical scale [22].

2.5.5 Swelling Power (%)

Swelling power was determined by the Reference of Malomo et al. [22-27]. 40 ml of distilled
water was added to a 50 ml centrifuge tube, along with 1 gram of ungerminated and germinated V.
aconitifolia flour, and the volume was denoted in ml/grams. The divergence in positioning of starch and
amylase within the granules influences the capacity for swelling and solubility [27].

2.6 Statistical Analysis

The data were analyzed using descriptive statistics to summarize the physical and functional
properties of V.aconitifolia. The mean and standard deviation (SD) were calculated for each parameter.
The experiment was conducted in triplicate (n = 3). The data were presented in tables to provide a clear
overview of the results. All statistical analyses were conducted using SPSS version 20.

3. Results and Discussion
3.1 Standardization of Germination

Table 1. Growth of the sprout with different colours based on hours

Variation Germination Hours Colour intensity
I 12 High
I 24 High
III 36 Medium
v 48 Low

The changes in color intensity of the sprout over time (Table 1) can be attributed to physiological
changes during germination. Initially, the high color intensity observed at 12 and 24 hours may be due to the
breakdown of seed dormancy and the initiation of germination, characterized by enzyme activation and the
mobilization of stored nutrients. As germination progresses, the seedling's reliance on stored nutrients
decreases, transitioning to a photosynthesis-based food production system. This shift may be reflected in the
decrease in color intensity from medium to low between 36 and 48 hours.

The decrease in color intensity over time may also be related to pigment degradation, such as
anthocyanins responsible for initial sprout coloration [28]. As the seedling grows, new pigment production
(e.g., chlorophyll) may contribute to changes in color intensity. This is consistent with studies showing that
chlorophyll biosynthesis and photosynthesis increase during germination [29]. Additionally, physiological
and biochemical changes during germination, such as the breakdown of stored nutrients and the activation
of enzymes, can also influence seedling coloration.
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3.2 Physicochemical Characterization of Ungerminated and Germinated V.aconitifolia
The physical properties like legume length, breadth, thousand kernel weight, equivalent diameter,
and sphericity of V.aconitifolia are presented in Table .2.

Table 2. Physical characterization of V.aconitifolia legume

S. . . Ungerminated Germinated
Physical Properties ip 1 e g

No. V.aconitifolia legume V.aconitifolia legume
1.  Thousand Legume weight (g) 4.00£0.23 6+0.22
2. Thousand kernel volume (ml) 3.640.16 5.4+0.27
3.  Legume length(cm) 0.46+0.02 0.57+0.03
4. Legume breadth (cm) 0.3+0.01 0.6+0.01
5. Thickness (cm) 0.47+0.02 0.52+0.03
6. Equivalent diameter(cm) 0.0135+0.001 0.0148+0.001
7. Sphericity (cm) 0.03+0.001 0.05+0.002
8. Density (mm) 1.140.01 1.6+0.02

The physical properties of V.aconitifolia legume were significantly affected by germination. The
thousand-legume weight and thousand kernel volume increased by 50% and 50%, respectively, after
germination. This increase in weight and volume is consistent with previous studies, which reported that
germination can improve the physical properties of legumes [3-4]. The legume length, breadth, and thickness
also increased after germination, indicating an overall increase in size. The equivalent diameter and
sphericity of the legume increased slightly from 0.03 to 0.05 after germination, indicating a minor change in
shape.

These results are in agreement with a recent study, which reported that germination can improve

the physical properties of legumes, including size, shape, and texture [14].
The density of the legume also increased after germination, indicating an improvement in compactness. This
result is consistent with previous studies, which reported that germination can improve the density of
legumes [3-4]. Overall, the results suggest that germination can significantly improve the physical properties
of V.aconitifolia legume, making it a more desirable ingredient for food applications.

Table 3. Physical characterization - Bulk Density, True Density, and Porosity

. o Ungerminated Germinated

S.No Rhysical Charactexization V.acon:'gtifoliuﬂour (g V.aconitifoliaflour(g)
1. Bulk density (ml) 0.783 + 0.02 0.691 £ 0.02
True Density (ml) 1.349 £ 0.01 1.234+0.01
Porosity (%) 41.76 + 2.66 44.31 +2.04

The physical characterization (Table 3) of V.aconitifolia flour revealed interesting results. The bulk
density and true density values were found to be similar, indicating minimal porosity or void space between
the particles. This suggests that the germination process may not have significantly altered the physical
structure of the V.aconitifolia flour. The similar density values could be attributed to the dense packing of
particles, which may not have been affected by the germination process.

The porosity of ungerminated V.aconitifolia flour was 41.76%, which increased to 44.31% after
germination. This increase in porosity can be attributed to the breakdown of complex cellular structures and
the activation of enzymes during the germination process. Specifically, the enzymes a-amylase, f-amylase,
and proteases are activated, breaking down starches and proteins into simpler molecules [4]. This breakdown
creates more spaces within the flour, leading to increased porosity. Furthermore, the germination process
also involves the degradation of phytic acid, a compound that can inhibit enzyme activity and bind minerals
[3]. The reduction of phytic acid during germination can contribute to the increased porosity and improved
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nutritional availability of the flour. Overall, the results suggest that germination can improve the physical
properties of V.aconitifolia flour, making it a more desirable ingredient for food applications.”

Table 4. Scanning Electron Microscopy (SEM) Analysis of Ungerminated and Germinated V.aconitifolia Flour

Particulars .
S. - e Germinated
Magnitude Range V.aconitifolia Flour erer 7s
No V.aconitifolia Flour
X) (um)
1. 300 100
EHT = 2000kV. porr s BN NN
2. 1000 20
R I N R
3. 2000 10
mry e
4. 3000 10
Wossotmn g siorx
5. 5000 5
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The SEM micrographs of V.aconitifolia flour and germinated V.aconitifolia flour (Table 4) revealed
distinct topographical features, underscoring the impact of germination on the physical properties of the
flour. The images, captured at various magnifications, showcased a range of surface morphologies, including
triangular, elliptical, pipe arch, and oval shapes, which were more pronounced in the germinated sample.

The SEM analysis revealed a soft and smooth surface texture for both ungerminated and
germinated V.aconitifolia flour, with no visible pores. This observation is consistent with previous studies,
which reported similar surface characteristics in moth bean granules [30]. Furthermore, the SEM images
revealed the presence of both small and large starch granules in both ungerminated and germinated
V.aconitifolia flour, with shapes ranging from cylindrical to oval and elliptical. This finding is corroborated
by the high starch content reported in V.aconitifolia[4].

The germinated sample exhibited a more heterogeneous surface morphology, with a greater
presence of irregularly shaped starch granules. The SEM analysis revealed changes in the starch granule
structure of V.aconitifolia flour after germination, suggesting potential alterations in its functional properties.
During germination, the activity of enzymes such as amylase and protease can lead to the partial degradation of
starch granule structures, resulting in changes to the molecular structure and breakdown of starch. These
changes may impact the flour's texture, solubility, and digestibility. Further research is needed to fully understand
the effects of germination on starch breakdown and molecular structural changes in V. aconitifolia flour.
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Figure 1. Graphical Representation of Fourier Transform Infrared (FT-IR) Spectra of ungerminated V.aconitifolia

The FTIR spectral imaging comparison between ungerminated and germinated V.aconitifolia flour
reveals significant biochemical differences associated with germination. FTIR absorbance intensity at various
wave numbers is indicative of the concentration of biomolecular functional groups such as proteins, lipids,
and phenolic compounds.

Fourier Transform Infrared (FTIR) spectroscopy was employed to investigate germination-induced
alterations in the molecular composition of V.aconitifolia flour. Comparison between ungerminated (51) and
germinated (S2) samples revealed significant changes in the infrared absorption patterns, particularly in
regions corresponding to key biomolecules. The germinated sample exhibited higher mean absorbance
intensity (3.47) compared to the ungerminated one (4), indicating an increased presence of functional groups
associated with bioactive and nutritional compounds. This molecular enrichment is consistent with the
activation of enzymatic and metabolic pathways during germination, leading to hydrolysis of macromolecules
and synthesis of simpler, more bioavailable compounds [31].
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Figure 2 Graphical Representation of Fourier Transform Infrared (FT-IR) Spectra of germinated V.aconitifolia

Characteristic absorption bands observed near ~3300 cm™ (O-H stretch) were more prominent in the
germinated sample, signifying an increase in hydroxyl-containing compounds, such as phenolics and
carbohydrates. These compounds contribute to enhanced antioxidant activity and improved
physicochemical functionality. Likewise, the elevated peak intensity around ~2940 cm™, attributed to C-H
stretching in lipids, suggests changes in lipid profiles, possibly through lipid mobilization or remodeling
during germination. The bands observed at ~1650 cm™ and ~1540 cm™ correspond to amide I and II regions
respectively, and their increased intensity in the germinated flour points to elevated protein levels or
conformational changes in existing proteins—alterations that are closely linked with improved dough-
forming ability, water absorption, and textural properties relevant to cooking performance.

These structural changes, highlighted by FTIR imaging, support the observed enhancements in the
functional and cooking properties of the germinated flour. Improved solubility, emulsifying activity, and
thermal behavior, as documented in similar studies, can be attributed to these biochemical transformations
[32]. The molecular insights from FTIR spectroscopy thus reinforce the potential of germination as a natural
and effective method to enhance the physicochemical and functional value of V.aconitifolia flour for use in
nutritionally enriched food formulations.

3.3 Functional Properties of Ungerminated and Germinated V.aconitifolia

The functional properties (Table 5) of V.aconitifolia flour were significantly affected by germination.
The water absorption capacity (WAC) of germinated V.aconitifolia flour was significantly higher (21 + 1.65%)
compared to ungerminated flour (18 + 1.66%). This increase in WAC can be attributed to the structural
changes in starch granules upon germination. Specifically, the activation of enzymes such as amylase during
germination can lead to the disruption of starch granules, increasing the availability of hydrophilic groups,
such as hydroxyl and amino groups, on the surface of the starch granules [4]. Additionally, the breakdown
of starch molecules into simpler sugars can also contribute to the increased water absorption capacity. These
changes in starch structure and composition can enhance the hydrophilic properties of the flour, leading to
improved water absorption capacity
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Table 5. Functional Properties

S.No. Functional Properties Ungern.uflat?d Germl.n.atec'l
V.aconitifolia V.aconitifolia
1. Water Absorption Capacity (%) 18 £1.66 21 +1.65
2. Oil Absorption Capacity (%) 23+1.95 15.62 +1.20
3. Foaming capacity (%) 25+2.05 28 +1.85
4. Emulsification capacity (%) 10.5+0.95 13 £1.06
5. Water solubility index (%) 71.17 + 4.66 82 +4.44

In contrast, the oil absorption capacity (OAC) of germinated V.aconitifolia flour was lower (15.62 +1.20%)
compared to ungerminated flour (23 + 1.95%). This decrease in OAC can be attributed to the increased
availability of hydrophilic groups on the surface of the starch granules after germination, which reduces the
ability of the flour to absorb oil [14]. The foaming capacity (FC) of germinated V.aconitifolia flour was higher
(28 +1.85%) compared to ungerminated flour (25 + 2.05%).

This increase in FC can be attributed to the increased availability of proteins and other surface-active
compounds after germination, which enhances the ability of the flour to form and stabilize foams [3]. The
emulsification capacity (EC) of germinated V.aconitifolia flour was higher (13 + 1.06%) compared to
ungerminated flour (10.5 = 0.95%). This increase in EC can be attributed to the increased availability of
proteins and other surface-active compounds after germination, which enhances the ability of the flour to
form and stabilize emulsions [4].

The water solubility index (WSI) of germinated V.aconitifolia flour was significantly higher (82 +
4.44%) compared to ungerminated flour (71.17 + 4.66%). This increase in WSI can be attributed to the
enhanced enzyme activity during germination, which leads to partial starch degradation. The breakdown of
starch molecules into simpler sugars and the increased availability of hydrophilic groups on the surface of
the starch granules contribute to improved water solubility [14]. Specifically, the activation of enzymes such
as amylase during germination facilitates the hydrolysis of starch molecules, resulting in increased solubility
and enhanced ability of the flour to dissolve in water.

3.4 Cooking properties of Ungerminated and Germinated V.aconitifolia

The cooking properties (Table 6.) of V.aconitifolia flour were significantly affected by germination.
The optimum cooking time (OCT) of germinated V.aconitifolia flour was shorter (18 + 1.40 minutes)
compared to ungerminated flour (25 + 1.90 minutes). The decrease in Optimum Cooking Time (OCT) can be
attributed to the structural modifications of starch and proteins caused by enzymatic activity during
germination. Specifically, enzymes such as amylase may partially hydrolyze starch, leading to a softer
structure and a shorter cooking time. Additionally, the increased availability of hydrophilic groups on the
surface of the starch granules after germination may also contribute to enhanced water absorption, further
reducing the cooking time [4].

Table 6. Cooking properties

S.No. Cooking Properties Ungc.er.mir?ated Ger.n.lina.ted
V.aconitifolia flour V.aconitifolia flour
1. Optimum cooking time (min) 25+1.90 18+1.40
2. Water uptake ratio (%) 18.5+1.22 20+1.82
3. Elongation ratio(mm) 2.25+0.15 295+ 1.67
4. Swelling Power (%) 15 +0.95 21+1.35

The water uptake ratio (WUR) of germinated V.aconitifolia flour was higher (20 + 1.82%) compared to
ungerminated flour (18.5 + 1.22%). This increase in WUR can be attributed to the increased availability of
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hydrophilic groups on the surface of the starch granules after germination, which enhances the ability of the
flour to absorb water [14].

The elongation ratio (ER) of germinated V.aconitifolia flour was significantly higher (2.95 + 1.67 mm)
compared to ungerminated flour (2.25 + 0.15 mm). This increase in ER can be attributed to the changes in
protein structure and composition during germination, which in turn affect the starch structure. Specifically,
the breakdown of protein-starch complexes and the increased availability of proteins and other surface-
active compounds after germination can enhance the flexibility of the starch structure, leading to improved
gel formation and stability [3]. A higher ER indicates better gel formation in starch, which can contribute to
improved texture and structure in food products made from germinated V.aconitifolia flour.

The swelling power (SP) of germinated V.aconitifolia flour was higher (21 + 1.35%) compared to
ungerminated flour (15 + 0.95%). This increase in SP can be attributed to the increased availability of hydrophilic
groups on the surface of the starch granules after germination, which enhances the ability of the flour to
absorb water and swell [4].

4. Conclusion

In conclusion, the present study investigated the effect of germination on the physical, functional,
and cooking properties of V.aconitifolia flour. The results showed that germination significantly altered the
physical properties of the flour, including bulk Density, true Density, and porosity. Specifically, germination
led to a decrease in bulk density and true density, while increasing porosity. These changes can impact the
functionality and cooking behavior of the flour.

The functional properties, such as water absorption capacity, foaming capacity, and emulsification
capacity, were also enhanced after germination. Furthermore, the cooking properties, including optimum
cooking time, water uptake ratio, elongation ratio, and swelling power, were improved after germination.

Overall, the study suggests that germination can be a useful technique to improve the physical,
functional, and cooking properties of V.aconitifolia flour, making it a more desirable ingredient for food
applications. The improved properties of germinated V.aconitifolia flour can be attributed to the increased
availability of hydrophilic groups, proteins, and other surface-active compounds after germination.

The findings of this study have important implications for the food industry, as they suggest that
germination can be a simple and effective way to improve the quality and functionality of legume flours.
Further research is needed to explore the potential applications of germinated V.aconitifolia flour in specific
food products, such as gluten-free baked goods, starch-based gel formulations, or functional snack foods,
where its modified physical and functional properties can be leveraged to enhance nutritional value, texture,
and overall product quality.
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