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The purpose of soyabeans is their high nutritional value. Its elevated protein levels provide an alternative to milk for those 
who cannot consume it due to allergies or intolerances. Nonetheless, the possible advantages of soyabean may be 
constrained by the existence of anti-nutritional elements such as trypsin inhibitor activity. This research aimed to evaluate 
the nutritional quality and mineral composition of Soyabean, Bengal gram, and Green gram seeds, which are locally 
recommended as food. The nutrients were assessed using various biochemical techniques, while the mineral elements 
were evaluated through flame photometry and different titration methods. Green gram, Bengal gram and Soyabean seeds 
were immersed for 24 hours and permitted to sprout for 1 to 10 days. Manually dehulled, soaked seeds were assessed for 
their nutritional and anti-nutritional components in the resulting flours. Results show that dehulling and germination lead 
to a notable rise in crude protein, crude fibre, and ash content. The levels of crude fat and starch decreased, although the 
change was not significant. Our results indicate that the selected plant seeds contain significant amounts of nutrients and 
minerals, making them suitable for inclusion in diets to enhance daily nutrient intake and serve as nutraceuticals to combat 
various diseases. 
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INTRODUCTION  
A seed is a reproductive structure created by the 
maturation of an ovule in seed plants after fertilization 
occurs. The seed originates from the fertilized ovule 
(Prodanov, Sierra, & Vidal-Valverde). 1997). 
 
Seed Sprouting 
The start of active growth of the seed following a 
dormant phase is referred to as germination (Sierra & 
Vidal-Valverde, 1999; Urbano et al., 1995). There are 
two types of germination: hypogeal, in which the seed 
germinates beneath the soil, and epigeal, in which the 
seed germinates above the soil (Vidal-Valverde et al., 
1994). 
 
Hypogeal and Epigeal Seedling Growth 
In the germination process, the radicle emerges first to 
anchor the seedling, followed by the plump's emergence, 
enabling the plant to produce its own food. When 
planted and given suitable conditions, the seeds adapt, 
absorb water, and expand. Upon receiving water, the 
cells of the embryo, endosperm, and cotyledons initiate 
primary biochemical processes (Ghorpade & Kadam, 
1989). 
The embryo's meristematic cells begin to divide, and to 
facilitate gas exchange, their cell walls become more 
active and permeable, allowing the hydrolysis of stored 
complex food for transport to meristematic areas where 
it is required. The respiratory rate of meristematic tissue 
quickly rises to supply energy for its growth. 
Consequently, the radicle and the plumule emerge to 
grow the Seedling. When the hypocotyl grows quickly 

to elevate the cotyledons and the shoot above the soil, it 
is referred to as the epigeal type of germination 
(Dychdala 1983). 
When the hypocotyl section grows minimally to push 
out the cotyledons, this type of germination is referred to 
as hypogeal germination. Seeds have seed coats of 
varying thicknesses, and depending on the seed coat's 
thickness and hardness, the time required for 
germination may differ. In some instances, the testa must 
break to permit the radicle and the plumule to emerge. 
In case of 
• Green gram 
• Bengal gram 
• Soyabeans 
During germination, the seed coat breaks open as water 
is absorbed, allowing the seedling to grow. Initially, the 
radicle emerges and develops downwards. The plumule 
emerges, expands, and establishes its own 
photosynthetic system (Pandey, 2002). 
 
Physiological and Biochemical Changes Occurring 
During Seed Germination 
Water Absorption (imbibition) 
Seed germination initiates with the absorption of water 
by the dry seed coat, which is entirely a physical process. 
In the physical process, different hydrophilic groups like 
-NH2, -OH, -COOH, etc., present in proteins and 
polymeric carbohydrates located in the seed coats, draw 
in dipolar water molecules, creating hydrated layers 
around them, which leads to the swelling of these 
materials (Hegeman & Grabau, 2001; Ravindran et al., 
1994). This absorption of water through swelling is 



Biochemical Changes Of Bengal Gram, Green Gram, And Soya Bean During Seed Germination 
 

IJDDT, Volume 16 Issue 47s, 2026 Page 90 

 

followed by significant water uptake associated with 
germination. As a result of water absorption, the seed 
coats become 
I. More permeable to O2 and H2O 

II. Less resistance to outward growth of the embryo 
(Charles et al., 1982). 
Respiration 
The absorption of water is paired with a swift rise in the 
embryo's respiration rate. At first, anaerobic respiration 
may occur, but it is quickly supplanted by aerobic 
respiration because of the presence of O2. In contrast to 
dry seeds, the oxygen uptake of germinating seeds can 
increase in cereals from 0.05 µ/g tissue/hour to 100 µ/g 
tissue/hour. Within a brief time after germination, the 
water content reaches approximately 40%, and sucrose 
likely serves as the respiratory substrate at this point, 
sourced from the endosperm (Charles et al., 1982). 
 
Activation of Reserve Substances during Seed 
Germination 
During germination, reserve materials are mobilized to 
supply (i) building blocks for embryo development (ii) 
energy for biosynthesis (iii) nucleic acids for regulating 
protein synthesis and overall changes in embryonic 
development. The variations in these components 
throughout seed germination are outlined below. 
 
Carbohydrates 
Insoluble carbohydrates, such as starch, serve as the key 
reserve food source in cereals, found in the endosperm. 
Starch is initially hydrolyzed into maltose during 
germination with the help of α-amylase and β-amylase. 
Subsequently, maltose is turned into glucose by maltase. 
The scutellum absorbs glucose, which is transformed 
into soluble sucrose and sent to the developing 
embryonic axis (Charles et al., 1982). 
Throughout germination, the embryonic axis releases 
gibberellic acid into the aleurone layer, prompting the de 
novo production of α-amylase. This enzyme is absent in 
seeds that have not germinated. Elimination of 
gibberellic acid at this time leads to a swift stage of α-

amylase production. Providing external gibberellic acid 
can reinstate the latter. The synthesis of α-amylases 
induced by gibberellic acid is regulated by abscisic acid. 
Unlike α-amylase, which exists in the seed in its mature 
form and gets activated during germination (Ghorpade 
& Kadam, 1989) 
 
Proteins 
Certain plants reserve proteins in their seeds as aleurone 
grains for future nourishment. The mobilization of these 
proteins requires their hydrolytic cleavage into amino 
acids by peptidase. These enzymes are produced in the 
denovo phase, as germination initiates similarly to how 
α-amylase is generated in cereals. The amino acid can 
either supply energy through oxidation post-germination 
or be used in the formation of new proteins (Charles et 
al., 1982). 
During seed germination, there is vigorous production of 
enzymes and various proteins, along with the generation 
of diverse RNA types necessary for their synthesis. 
Polysomes are engaged in the synthesis of these 
proteins. It is unclear if they are already found in the seed 
or produced during germination (Charles et al., 1982 and 
Vidal-Valverde, 1995). 
 
Inorganic Materials 
Several inorganic substances, such as phosphate, 
calcium, magnesium, and potassium, are accumulated in 
seeds as phytin. These substances, which can stimulate 
several enzymes, are released during germination due to 
the action of various phosphatases, such as phytase 
(Duff et al., 1994). 
 
MATERIALS AND METHODS 
Seeds 
Green gram, Bengal gram and Soyabean seeds were 
procured from local market. Seeds were immersed for 24 
hours and permitted to sprout for 1 to 10 days. Manually 
dehulled, soaked seeds were assessed for their 
nutritional and anti-nutritional components in the 
resulting flours. 

 

 
GREEN GRAM           BENGAL GRAM     SOYABEAN 

 
The following methods have been used to analyze the 
biochemical changes during seed germination of some 
cereals such as qualitative and quantitative methods. 
 

Qualitative Analysis 
Analysis of amino acids 
Proline-Ninhydrin method 
Tyrosine-Millons method 
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Tryptophan-Hopkin’s Cole method 
Histidine-Pauly’s method 
Arginine-Sakaguchi test 
 
Analysis of carbohydrate 
Carbohydrate confirmation- Molish method 
Dextrin-Iodine method 
Pentose-Bial’s method 
 

Quantitative Analysis 
Estimation of protein- Biuret method 
Estimation of carbohydrate- Anthrone method 
Estimation of inorganic phosphorus- Fiske and Subbarao 
method 
 
RESULT AND DISCUSSION 
The concentrations of Protein, Carbohydrate and 
Inorganic Phosphorus for each sample were determined. 

 
FIG.1. DETERMINATION OF PROTEIN CONTENT IN GERMINATED GREEN GRAM FOR 10 DAYS 

 
 

FIG.2. DETERMINATION OF CARBOHYDRATE CONTENT IN GERMINATED GREEN GRAM FOR 10 
DAYS 

 
 

FIG.3. DETERMINATION OF INORGANIC PHOSPHORUS CONTENT IN GERMINATED GREEN GRAM 
FOR 10 DAYS 
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FIG.4. DETERMINATION OF PROTEIN CONTENT IN GERMINATED BENGAL GRAM FOR 10 DAYS 
 

 
 

FIG.5. DETERMINATION OF CARBOHYDRATE CONTENT IN GERMINATED BENGAL GRAM FOR 10 
DAYS 
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FIG.6. DETERMINATION OF INORGANIC PHOSPHORUS CONTENT IN GERMINATED BENGAL 
GRAM FOR 10 DAYS 

 
FIG.7. DETERMINATION OF PROTEIN CONTENT IN GERMINATED SOYABEAN FOR 10 DAYS 

 

 
FIG.8. DETERMINATION OF CARBOHYDRATE CONTENT IN GERMINATED SOYABEAN FOR 10 

DAYS 
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FIG.9. DETERMINATION OF INORGANIC PHOSPHORUS CONTENT IN GERMINATED SOYABEAN 

FOR 10 DAYS 

 
 

GREEN GRAM 
Fig.1 shows the Protein concentration in Green gram on 
various days. In Green gram, the protein concentration 
increased gradually up to the 6th day and then decreased. 
Green gram shows the maximum protein concentration 
when compared to Bengal gram and soyabean on the 6th 
day. From the 7th day, the protein concentration 
decreased gradually, then increased slowly, as with 
Bengal gram and Soyabean. 
Fig.2 shows the Carbohydrate concentration of Green 
gram on various days. Green gram shows the maximum 
Carbohydrate concentration on the first day compared to 
Bengal gram and Soyabean. Green gram shows the 
highest carbohydrate concentration on the 10th day, 
compared to Bengal gram and soyabean. In green gram, 
Carbohydrate concentration decreased from the first day 
to the 5th day, then decreased on the 6th and 7th days, 
and gradually increased thereafter. 
Fig.3 shows the Inorganic phosphorus concentration in 
Green gram. The inorganic phosphorus concentration is 

very low on the first day itself, compared to Bengal gram 
and soyabean. Green gram showed the maximum 
concentration of Inorganic phosphorus on the 4th day; 
the inorganic phosphorus level increased slowly up to 
the 4th day and decreased gradually until the 10th day. 
 
BENGAL GRAM 
Fig.4 shows the Protein concentration of Bengal gram. 
Bengal gram shows the maximum protein concentration 
on the 10th day, compared to Green gram. Initially, 
protein concentration increased slowly up to the 4th day, 
then decreased on the 5th and 6th days and gradually 
increased thereafter. Bengal gram shows the maximum 
concentration from the 6th day to the 10th day compared 
to Green gram. 
Fig.5 shows the carbohydrate concentration of Bengal 
gram. In Bengal gram, the carbohydrate concentration is 
high, like in green gram, from the 1st day to the 4th day. 
It shows the maximum concentration on the 4th day. 
Then it decreased slowly till 10th Day. Initially, until the 
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4th day, it shows the highest carbohydrate concentration 
compared to soyabean. 
Fig.6 shows the Inorganic Phosphorus concentration in 
Bengal gram. In Bengal gram, the concentration of 
Inorganic phosphorus is higher on the 1st day than in 
Green gram and Soyabean. From the first day, the level 
of Inorganic phosphorus gradually decreased till the 10th 
day. Compared to others, it shows the highest 
concentration of inorganic phosphorus on the first day. 
 
SOYABEAN 
Fig. 7 shows the protein concentration levels on various 
days in soyabean. Soya bean shows the maximum 
protein concentration and maximum yield on the 10th 
day, compared to Bengal gram and Green gram. Soya 
bean shows the maximum protein concentration from 
the 1st day to the 10th day, more than green gram and 
Bengal gram. The protein concentration increased up to 
the 3rd day, then decreased slowly up to the 5th day, and 
finally increased again by the 10th day. 
Fig. 8 shows the level of Carbohydrate concentration on 
various days in soyabean. Carbohydrate concentration is 
high on the 4th day, which is almost equal to that of 
Bengal gram on the 4th day. Initially, up to the 4th day, 
it shows the maximum carbohydrate concentration, and 
it increases on the 7th day compared to Bengal gram and 
Green gram. From the 7th day to the 10th day, 
carbohydrate concentration decreased slowly. 
Fig. 9 shows the concentration of Inorganic phosphorus 
on various days in soyabean. The inorganic phosphorus 
level is higher on the 1st day than in green gram and 
soyabean. It shows the highest concentration on the 4th 
day, like green gram. The concentration of Inorganic 
phosphorus gradually increased from the 1st day to the 
4th day, then decreased slowly until the 10th day. 
 
CONCLUSION 
Soyabeans have significant nutritional value. Its 
elevated protein levels render it a suitable substitute. The 
rising demand to enhance understanding of the key 
processes related to seed germination and growth has 
become more apparent in recent years. When evaluating 
seed germination, it's important to consider both external 
and internal factors. For medicinal plants, seeds may 
germinate only under their native conditions and might 
not sprout in laboratory settings. Understanding the 
germination of medicinal plant seeds has been beneficial 
in creating effective conservation strategies. This brief 
communication examines the biochemical and 
physiological aspects of dormancy and germination. 
Blending traditional food preparation and processing 
methods can enhance the nutritional quality of soyabean 
and boost the bioavailability of protein and 
micronutrients. This is significant because the ANFs 
found in legumes are effective inhibitors of protein and 
iron absorption, even in small amounts. Soaking, 
dehulling, and germinating are easy and low-cost 
methods to enhance the nutritional quality of soy flour 
and the dishes made with it. 
This study indicates that the aforementioned seedlings 
will comprise carbohydrates, proteins, and various 

mineral nutrients. Following germination, their contents 
rise or fall. Thus, the consumption of these seeds by 
humans should be more significant or beneficial in their 
germinated state, as the levels of protein and minerals 
are higher. 
It concludes that the germinated seed has a higher 
nutrient content. At this point, the energy emitted by the 
seeds will be greater. Minerals play a crucial role in the 
diet, serving as cofactors for various physiological and 
metabolic processes. The biological effects of trace 
elements in living organisms depend largely on their 
concentrations and should therefore be managed with 
caution, particularly when herbs and medicines are used 
in humans. The plant possesses significant nutritional 
and mineral content, indicating substantial medicinal 
potential, and its extracts can be used in medical 
formulations. These plant seeds could be examined as a 
potential supplement and an accessible source of dietary 
minerals in human nutrition to combat different diseases. 
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