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Abstract
Lucerne seeds (Medicago sativa L.) were germinated at different time-temperature regimes (24, 28, and 32 °C for 24, 48, and 
72 h). The effect of germination was evaluated on physicochemical properties, techno-functional characteristics, antinutri-
ents, bioactive constituents, antioxidant activity, and mineral profile of lucerne seeds to ascertain the best time-temperature 
regime for the germination. High germination capacity was observed in seeds germinated at 28 and 32 °C in comparison to 
24 °C, however, lower germination losses were manifested at 28 °C. Time-temperature regime of 28 °C for 48 h was most 
effective for the germination of lucerne seeds. Germination at aforesaid conditions improved hydration properties, foaming 
capacity, and gelation ascribed to protein denaturation reflected as a change in the α-helix and β-sheets in ATR-FTIR spectra 
of germinated flours. Furthermore, reduction in tannins (32.91%), lectin (100%), and trypsin inhibitor activity (67.42%) were 
observed. Increased DPPH∙ RSA (6.90%), ABTS∙+ RSA (10.51%), metal chelating activity (14.64%), and zinc concentration 
were also manifested with germinated flour. The optimal balance of techno-functionality, reduced antinutrients, and high 
antioxidant capacity of germinated flour (28 °C for 48 h) was validated using Principle Component Analysis.
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Introduction

Legumes are an integral part of our diet to obtain well bal-
anced nutrition. In addition to being a rich source of protein, 
carbohydrates, dietary fibre, and micronutrients; their role in 
preventive nutrition has been empathized due to its associ-
ated bioactive constituents and antioxidants [1]. Legumes 
have been processed and consumed traditionally in the form 
of boiled, pressure cooked, curried, sprouted, and roasted 
legumes. However, with the advent of the trend in the con-
sumption of convenience and healthy food products, leg-
umes are also processed (extruded/fermented/germinated) 
to form flours for household consumption or utilization as a 

functional ingredient to improve the nutritive value of food 
formulations. In recent years, many food products including 
pasta, baked products, breakfast cereal, snacks, and bever-
ages developed from germinated flours are making a sig-
nificant place on the market shelves [2]. Furthermore, such 
products offer better market positioning as ‘more nutritious’, 
‘healthier’, ‘natural’, and ‘tastier’ products to capture the 
wide demographics [3].

Germination or biological activation of legumes is a 
simple, cost-effective, and environment-friendly method of 
processing legumes to improve their nutritional composition, 
functional properties, and bioactive potential [4, 5]. Germi-
nation has been widely utilized for improving the nutritive 
value of legumes by reduction of antinutritional factors like 
tannins, phytic acid, lectins, and trypsin inhibitor [6–8]. Ger-
mination has also been manifested with the genesis of vari-
ous secondary metabolites that confer improved antioxidant 
activity to germinated legumes [9]. Furthermore, germina-
tion also induces changes in the morphology and functional 
behaviour of macromolecules with consequent improvement 
in the techno-functional characteristics to allow better func-
tionality in the food systems [1, 5].
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Lucerne (Medicago sativa L.) is a widely cultivated per-
ennial non-conventional legume. It is native to southwest 
Asia with its cultivated forms that arose from western Persia 
and eventually spread to Asia, Europe, and America. It has 
a deep root system and thus it can be grown in an area with 
scarcity of water [10]. It can also grow well on irrigated 
soils of arid and semi-arid tracts [11]. Sowing of the lucerne 
is done around the middle of October and the harvesting 
takes about 75 days, with the subsequent cutting of fodder 
at an interval of 30–40 days. After the last cutting of fodder 
around mid March, the irrigation is stopped to arrest vegeta-
tive growth to allow the good yield of seeds [11]. Lucerne 
is commonly known as rijka in northern India and differ-
ent varieties of lucerne including Sirsa-8, Sirsa-9, Type-9, 
GAUL-1, GAUL-2, LL Composite-5, LL Composite-3, and 
Anand Lucerne-3, etc. have been developed in India [10]. 
Lucerne is popularly known as the “father of all foods” and 
is considered to be the green food of the millennium [12]. 
Lucerne seeds contain high amount of protein, dietary fibre, 
essential polyunsaturated fatty acids, vitamins, and total phe-
nols [13–15]. Lucerne seeds also exert therapeutic potential 
by conferring antiatherosclerotic, anticancer and antioxidant 
activity, antidiabetic effect, and positive influence on hyper-
cholesterolemia [16]. The potency of lucerne saponins in the 
reduction of cholesterol has been demonstrated in a study 
where diets containing lucerne seeds exhibited a positive 
influence on serum cholesterol of patients suffering from 
type II hyperlipoproteinemia [17].

Few studies have documented the development of sprouts 
with improved antioxidant activity from lucerne seeds [12, 
4]. However, a detailed study on the germination of lucerne 
seeds at different time-temperature regimes and its effect on 
the composition and functional properties of lucerne flour 
has not been reported in the literature. Therefore, the present 
study was aimed to evaluate the germination behaviour of 
lucerne seeds at different time-temperature regimes. Fur-
thermore, the effect of germination was evaluated on the 
techno-functional characteristics, proximate composition, 
antinutrients, bioactive constituents, antioxidant activity, 
and mineral profile to ascertain the best temperature-time 
combination for the germination of lucerne to obtain ger-
minated flour with improved functionality.

Materials and methods

Material

Clean and damage free lucerne seeds (LL Composite-5) 
were obtained from Punjab Agricultural University, Ludhi-
ana (India) and stored in airtight PET jars at 4 °C. All the 
chemicals used in the study are of analytical reagent grade.

Steeping behaviour

Steeping behaviour was evaluated as per Montanuci et al. 
[18] with some modifications. Seeds (100 g) were soaked 
in distilled water (1:10 w/v) at 24, 28, and 32 °C in a ther-
mostat controlled incubator (Narang Scientific Works, 
New Delhi). Hydrated seeds were taken out after every 1 
h, excess water was removed using filter paper and dried at 
130 °C. The moisture content of the seeds was expressed 
on % dry basis and plotted against steeping time (h).

Germination of lucerne seeds

Germination was carried out as per Singh et al. [5] with 
some modifications. Lucerne seeds were soaked in dis-
tilled water (1:10 w/v) at different temperatures (24, 28, 
and 32 °C) in a thermostat controlled incubator (Narang 
Scientific Works, New Delhi). Soaking was carried out 
for 8 h, based on the optimum soaking time of lucerne 
seeds obtained after evaluating the steeping behaviour of 
the seeds. Soaked seeds were spread out thinly between 
the double layered wetted muslin cloths and covered with 
another wet muslin cloth. Germination temperatures were 
selected based on the preliminary trials carried out as per 
the observations and recommendations of Singh et al. [5] 
and Devi et al. [19]. Temperature lower than 24 °C resulted 
in the germination of very few seeds whereas germination 
at a higher temperature (35 °C) resulted in high germi-
nation losses as well as development of mild off flavour. 
Therefore, germination was carried out at 24, 28, and 
32 °C for 24, 48, and 72 h and R.H. 90–95% in a thermo-
stat controlled incubator (Narang Scientific Works, New 
Delhi). Muslin cloth was kept moist by sprinkling it with 
distilled water. Germinated seeds were dried at 50 °Cin a 
hot air oven (≈ 8% m.c.).

Germination characteristics

Germination characteristics viz. germination rate, ger-
mination capacity, and sprout length were determined as 
outlined by Pinzino et al. [20] by germinating 100 sound 
seeds as per aforesaid germination conditions. Sprout 
length was calculated by using digital vernier calliper 
by noting the length of the sprout and expressed in cm. 
Germination capacity was calculated by calculating the 
number of seeds germinated out of 100 and expressed in 
percentage. Germination rate was expressed in percentage 
and calculated as per the following equation.

Germination rate =
(

G1 × 100 + G2 × 50 + G3 × 33.3
)

∕GTotal
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 where  G1,  G2 and  G3 refer to the number of seeds germi-
nated at 24, 48, and 72 h respectively.

Germination losses

Germinated seeds were devegetated manually by gentle rub-
bing. Dry matter loss was evaluated by determining 1000 
kernel weight and germination (leaching, metabolic and veg-
etative) losses were determined as per Eqs. 1–3 [21]

Preparation of the flour

Flour was prepared from ungerminated and germinated 
seeds (≈ 8% m.c.) using cyclotec mill (Newport Scientific, 
Australia) and passed through 60 mesh sieve. Flours were 
packed in airtight PET jars and stored at 4 °C.

Attenuated total reflectance Fourier transform 
infrared spectroscopy (ATR‑FTIR)

ATR-FTIR spectra of flours were recorded using Fourier 
transform infrared spectrometer (Thermo Scientific, Nico-
let 67000) in 400–4000 cm−1 by directly placing onto ATR 
crystal.

Functional properties

Bulk density

Bulk density of flour was evaluated as per Singh et al. [5] by 
taking 20 g flour in a measuring cylinder and gently tapping 
ten times and noted the volume and expressed as g/cm3.

Water absorption capacity and water solubility index

Water absorption capacity was evaluated as per Singh et al. 
[5] by taking 3 g flour sample in a pre-weighed 50 mL cen-
trifugation tube and added 30 mL deionised water to it and 
allowed the flour to absorb water for 30 min with gentle 
stirring at an interval of 10 min, followed by centrifuga-
tion at 3000 rpm for 15 min and decanting the water. The 

(1)Leaching loss (%) =
Weight of ungerminated seed −Weight of seed after steeping

Weight of ungerminated seed
× 100

(2)Metabolic loss(%) =
Weight of ungerminated seed − Weight of germinated seed

Weight of ungerminated seed
× 100

(3)Vegetative loss (%) =
Weight of vegetative portion seperated from germinated seed

Weight of devegetated seed
× 100

increase in weight was evaluated by weighing the centrifu-
gation tube and expressed as g/g. Decanted water was taken 
in a pre-weighed petri plate and allowed to dry in a hot air 
oven at 100 °C till it gets completely dry to determine the 
water solubility index. Water solubility index was expressed 
in percentage.

Oil absorption capacity

Oil absorption capacity was evaluated as per Singh et al. 
[5] by taking 3 g flour sample in a pre-weighed 50 mL cen-
trifugation tube and added 30 mL refined soybean oil to it 
and allowed the flour to absorb oil for 30 min with gentle 
stirring at an interval of 10 min, followed by centrifugation 
at 3000 rpm for 15 min and decanting the oil. The increase 
in weight was evaluated by weighing the centrifugation tube 
and expressed as g/g.

Swelling index

Swelling index was determined by the procedure of Awolu 
et al. [22] by taking 1 g sample in a measuring cylinder and 
noting the initial volume followed by the addition of 10 mL 
deionised water and left undisturbed for 1 h, followed by 
noting the volume of swelled sample and calculating using 
the following equation.

Swelling capacity and leaching loss

Swelling capacity was determined as per Singh et al. [5] by 
taking 0.5 g flour sample in a pre-weighed 50 mL centrifu-
gation tube and added 15 mL deionised water to it and cov-
ered tubes were heated in a water bath at 90 °C for 30 min 
and shaken every 5 min to avoid lump formation. Tubes were 
cooled, followed by centrifugation at 3000 rpm for 25 min 

Swelling index =
Volume occupied after swelling

Volume occupied before swelling
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and decanting the water. The increase in weight was evalu-
ated by weighing the centrifugation tube and expressed as 
g/g. Decanted water was taken in a pre-weighed petri plate 
and allowed to dry in a hot at oven at 100 °C till it gets com-
pletely dry to determine the leaching loss. Leaching loss was 
expressed in percentage.

Emulsification capacity and emulsion stability

Emulsification capacity and emulsion stability were deter-
mined as per Singh et al. [5] by taking 2 g flour in a 50 mL 
centrifugation tube and added 20 mL deionised water and 
20 mL soybean oil, shaken well and followed by centrifuga-
tion at 4000 rpm for 10 min. After centrifugation, the height 
of the emulsion layer was noted and emulsification capacity 
was determined in percentage as per the following equation.

Emulsion stability was determined by heating the afore 
formed layer at 80 °C for 30 min on a boiling water bath, fol-
lowed by cooling at room temperature and centrifugation as 
mentioned above. The height of the emulsion layer obtained 
after centrifugation is noted and emulsion stability was 
expressed in percentage as per the following equation.

Foaming capacity and foam stability

Foaming capacity and foam stability were determined as per 
Singh et al. [5] by taking 2 g flour sample in a 500 mL beaker 
and added 100 mL deionised water to it and suspension was 
blended using blender (Kalsi Company, Ambala, India) for 
1 min and contents were transferred to 250 mL measuring 
cylinder and foaming capacity was determined in percentage 
as per the following equation. Foam appearance was visually 
assessed and described as dense foam, moderately dense foam, 
and foam with large bubbles based on the characteristics of 
the foam.

Foam stability was evaluated by noting the decline in the 
volume of foam after every 10 min interval of 60 min and 
calculated by the following equation.

Emulsification capacity(%) =
Height of emulstion layer

Height of whole layer
× 100

Emulsion stability(%) =
Height of emulstion layer after heating

Height of whole layer
× 100

Foaming capacity (%) =
Volume after whipping − volume beforewhipping

Volume beforewhipping
× 100

Foam stability (%) =
Volume of foam after 10min

Initial volume of foam
× 100

Gel consistency

Gel Consistency was determined by following the proce-
dure of Singh et al. [5] by taking 0.2 g flour in a screw cap 
tube and added 0.2 ml of ethanol and 3 mL 0.1 N acetic 
acid solution/deionised water and heating the suspension 
in boiling water bath for 8 min. Tubes were cooled at room 
temperature by keeping them in an upright position, fol-
lowed by laying them down on the levelled surface for over 
1 h and noted the distance travelled by the gel and reported 
in cm. The gel consistency is inversely proportional to the 
distance travelled by the gel.

Dispersibility

Dispersibility was determined by taking 10 g flour in a 
200 mL measuring cylinder and adding deionised water up 
to the mark of 100 mL, mixed well, and allowed to stand 
for 3 h. The volume of settled particles was subtracted 
from 100 and dispersibility was expressed in percentage.

Gelation behaviour

Gelation behaviour of the flour was determined by evaluat-
ing the least gelation concentration and appearance of the 
resultant gel. Least gelation concentration was evaluated 
by the method described by Singh et al. [5]. 2–30% (w/v) 
of flour dispersions were made in distilled water. The 
suspension was vortex and heated in a boiling water bath 
in covered test tubes for 1 h, followed by cooling under 
running water. Test tubes were further cooled by keep-
ing at 4 °C for an hour. Gelation was deemed when gelled 

suspension does not fall on inverting the tube whereas a 
slight flow of gelled suspension on inverting the tube was 
regarded as partial gelation. Gel appearance was recorded 
by visual assessment based on the firmness of gelled sus-
pension as liquid, viscous, curdy, gel, firm gel, and solid 
gel.
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Proximate composition

Crude protein (using the factor 6.25 × N), crude fat, crude 
fibre, and ash were evaluated using standard procedures 
[23].

Estimation of antinutrients

Tannins and phytic acid were evaluated by standard pro-
cedures using tannic acid and sodium phytate as standard 
respectively and results were expressed as mg/g [24]. For 
the estimation of trypsin inhibitor activity, the flour sam-
ple was extracted with 0.01 M phosphate buffer (pH 7.5). 
Trypsin inhibitor activity was estimated by enzyme assay 
using BAPNA (Nα-benzoyl-DL-Arginine-p-Nitroanilide) 
as a substrate [25] and expressed as trypsin inhibitor unit 
(TIU/mg protein). One trypsin inhibitor unit (TIU) refers 
to an increase of 0.01 absorbance units per 10 ml of the 
reaction mixture at 410 nm. Lectins were extracted using 
pre-cooled phosphate-buffered saline (pH 7.2). Lectin activ-
ity was determined using 2% suspension of trypsinised rab-
bit erythrocytes [26] and expressed as haemagglutinin unit 
(HU/g). One HU refers to as the reciprocal of the agglutina-
tion in the highest dilution.

Bioactive constituents

Total phenolic content [27], total flavonoids [28] and sapo-
nins [25] were estimated colorimetrically using standard 
procedures and results were expressed as gallic acid equiva-
lent (GAE), quercetin equivalent (QE), and diosgenin equiv-
alent (DE) mg/g respectively.

Antioxidant activity assays

DPPH∙ radical scavenging activity [28] and ABTS∙+ radi-
cal scavenging activity [29] was evaluated and expressed 
as trolox equivalent antioxidant capacity (μmol TE/100 g). 
Ferric-Ion Reducing Antioxidant Power (FRAP) was evalu-
ated by the method of Thaipong et al. [29] and results were 
expressed as μmol TE/g. Reducing power was estimated as 
described by Gupta et al. [30] and expressed as ascorbic acid 
equivalent (mg AEE/g). Metal chelating activity was deter-
mined as per Chew et al. [31] and results were expressed as 
mmol EDTA equivalent/100 g.

Mineral profile

Macrominerals (Na, K, Ca, Mg & P) and microminerals (Fe, 
Cu, Mn & Zn) were estimated in unprocessed and germi-
nated flours. One gram flour sample was digested using the 
mixture of nitric and perchloric acid (3:1) using microwave-
assisted digestion. The volume of digested material was 

made to 50 mL using deionized water, followed by filtra-
tion and estimation using inductively coupled plasma mass 
spectrometry (X-Series2, Thermo Scientific). Results were 
expressed as mg Kg−1 [32].

Statistical analysis

The data obtained were analyzed statistically using SPSS 
software (Version 22.0, IBM Corporation) to determine sta-
tistical significance and expressed as mean ± standard devia-
tion. ANOVA was performed and means were compared 
by post-hoc Tukey’s test. P-value < 0.05 was considered 
significant. Principle component analysis (PCA) was car-
ried out using Statistica v.12 to understand the overall influ-
ence of germination on composition and techno-functional 
characteristics.

Results and discussion

Steeping behaviour

Hydration isotherms of lucerne seeds at different tempera-
tures are shown in Fig. 1. Evaluation of steeping behaviour 
is crucial to assess the optimum time required for the soak-
ing of the grains based on maximum hydration to allow the 
biological activation of seeds [33]. Initially, the water uptake 
was faster at all the temperatures; especially during the first 
3 h of the steeping, followed by a gradual increase up to 
8 h and no increase in the moisture content was observed 
after 8 h. Higher soaking temperature demonstrated better 
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Fig. 1  Hydration isotherms of lucerne seeds at different temperatures. 
Values are expressed as mean and error bars represent standard devia-
tion (n = 3). The means with different small superscripts (a, b, c) are 
significantly different at p < 0.05 for the effect of soaking temperature. 
The means with different capital superscripts (A–H) are significantly 
different at p < 0.05 for the effect of soaking time
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hydration ascribed to increased grain diffusivity [18]. How-
ever, no significant difference (p > 0.05) in the water uptake 
was observed for the seeds steeped at 28 and 32 °C after 
7 h. Similar observations of increase in the water uptake 
were observed for barley and finger millet with the increase 
in the temperature of steeping [18, 21] Based on the steep-
ing behaviour, 8 h soaking time was found to be optimum 
(Fig. 1).

Germination characteristics

Germination characteristics of lucerne seeds at different 
temperature-time regimes are shown in Table 1. Germina-
tion temperature is a crucial factor in the germination of 
seeds and optimum temperature favours germination by 
activation of metabolic processes as it affects the activity 
of enzymes required for the biological activation of grain 
[33]. Optimum temperature of germination refers to the 
temperature range where seeds exhibit highest germination 
rate and can vary depending upon seed species and quality 
[34]. High germination rate and capacity were observed in 
seeds germinated at 28 and 32 °C in comparison to 24 °C, 
however no significant difference (p > 0.05) was observed in 
seeds germinated at 28 and 32 °C. In addition, the germina-
tion capacity of seeds after 24 h of germination at 24 °C was 
markedly lower (39.20%) in comparison to seeds germinated 
at 28 and 32 °C that showed almost 95% germination capac-
ity. The increase in the sprout length was observed with the 
increase in the temperature and time of germination. Heidari 
et al. [34] and Devi et al. [19] reported concomitant increase 
in the sprout length with the increase in the temperature and 
time of germination.

Germination losses

The total loss of dry matter due to germination was indi-
cated by a concomitant decrease in the 1000 kernel weight 
of the seeds with an increase in the temperature and time of 
germination as a function of increased leaching, metabolic 
and vegetative loss (Table 2). The higher leaching loss at 
increased temperature can be ascribed to increased grain 

diffusivity [18]. Furthermore, the increase in the metabolic 
loss with the increase in time and temperature of germina-
tion was due to increase in the activity of the enzymes that 
in return dictated the vegetative loss as a function of sprout 
length. During the germination period of 72 h, the vegetative 
loss was found to be more as compared to the metabolic loss. 
Malleshi and Desikachar [21] documented a similar trend 
for the germination losses in malted barley. Based on the 
germination characteristics and germination losses, 28 °C 
was selected for the germination of the lucerne seeds due 
to good germination capacity and lesser germination losses.

ATR‑FTIR spectra

ATR-FTIR spectras for ungerminated and germinated 
lucerne flours are given in Fig. 2. Amide I (C=O stretch-
ing) and amide II (N–H bending and C–N stretching) peak 
at 1600–1700  cm−1 and 1580–1480  cm−1 is associated 
with the secondary structure of proteins [35]. Major peak 
at 1635.1 and 1635.4 cm−1 in flours germinated for 24 and 
48  h respectively represented no major conformational 
change in intermolecular β-sheets. However, the shift in the 
peak from 1635.7 to 1662.7 cm−1 after germination for 72 h 
represented major conformational change [35]. Small shift 
from 1544.3 cm−1 to 1543.2, 1538.4 and 1536.5 cm−1 after 
germination for 24, 48, and 72 h can be manifested with 
conformation changes in the α-helix. Furthermore, the peaks 
ranging from 3291.8 to 3275.5 cm−1 manifests with -OH 
stretching vibration and can be associated with the phenolic 
compounds.

Functional properties

The effect of germination on the functional properties of 
lucerne flour is presented in Table 3. Bulk density (BD) of 
the flour reduced (0.428 to 0.402 g/cm3) with progression 
in germination. Reduced bulk density is advantageous in 
the preparation of weaning foods [36]. Water absorption 
capacity (WAC) decreased after germination for 24 h due to 
the degradation of starch [5] whereas further germination 
increased the WAC due to the denaturation of protein that 

Table 1  Germination characteristics at different temperature-time regimes

Values are expressed as mean ± standard deviation (n = 5*,  10**)
a, b, c The means within column followed by different superscripts are significantly different at p < 0.05 for the effect of germination temperature
A, B, C The means within row followed by different superscripts are significantly different at p < 0.05 for the effect of germination time

Temperature of 
germination (°C)

Germination rate (%)* Germination capacity (%)* Sprout Length (cm)**

24 h 48 h 72 h 24 h 48 h 72 h

24 106.63 ± 2.36b 39.20 ± 1.78bC 74.40 ± 2.57bB 90.80 ± 1.16aA 0.27 ± 0.03cC 1.01 ± 0.19cB 1.41 ± 0.14cA

28 175.62 ± 1.06a 95.20 ± 0.20aB 97.00 ± 0.63aA 98.80 ± 1.16aA 0.63 ± 0.02bC 1.54 ± 0.09bB 1.86 ± 0.15bA

32 176.24 ± 1.78a 94.20 ± 1.78aB 97.40 ± 0.80aA 98.60 ± 0.87aA 0.96 ± 0.08aC 1.79 ± 0.06aB 2.32 ± 0.09aA
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resulted in the exposure of polar side chains and peptide 
bonds [37]. However, no significant difference (p > 0.05) was 
observed after 48 and 72 h of germination. The dispersibility 
(D) of the flour improved after germination and maximum 
dispersibility of the flour was observed after 24 and 48 h 
of germination, followed by a slight reduction after 72 h of 
germination. Similarly, swelling capacity (SC) of the flour 
decreased after germination for 24 h, followed by an increase 
after 48 h and again a slight reduction after 72 h. Increase in 
the oil absorption capacity (OAC) was observed only after 
germination for 72 h. Aforesaid trends of WAC, D, SC, and 
OAC after 72 h germination can be ascribed to exposure of 
hydrophobic residues due to excessive denaturation of pro-
tein as observed in the FTIR spectra (Fig. 2). Elkhalifa and 
Bernhardt [36] documented a similar trend in the BD, WAC, 
and OAC of germinated sorghum flour. Swelling index is a 
function of lose particles of flour and exhibits the binding 
forces within the starch granules [22, 38]. Swelling index of 
the flour increased with the progression of the germination. 
Higher swelling index can be attributed to the weakening of 
the bond between starch and protein molecules due to ger-
mination. Water solubility index (WSI) decreased after ger-
mination for 48 h, followed by a further reduction in the WSI 
after germination for 72 h. Reduced WSI can be ascribed to 
the denaturation of water soluble albumin proteins. Further-
more, denatured proteins tend to entangle flour particles and 
reduce their leaching into the water. Leaching loss reduced 
up to germination for 48 h, followed by a slight increase 
due to amplified denaturation of protein during heating of 
flour paste that resulted in leaching of low molecular weight 
fractions of proteins.

Emulsification and foaming capacity of legume flours 
is majorly attributed to its storage proteins. These proteins 
exert surface activity by the formation of the viscoelastic 
film when an unfolded polypeptide chain interacts with the 
neighbouring molecules at air/water or oil/water interfaces 
[37]. Emulsification capacity and emulsion stability slightly 
decreased after germination and no significant (p > 0.05) 
variation was observed in flours germinated for different 
time durations. Foaming capacity (FC) of flour was signifi-
cantly (p < 0.05) higher after germination and maximum 
FC (101%) was observed after germination for 24 h. Simi-
lar trend was observed for foam stability (Supplementary 
Fig. 1). Increase in the FC can be ascribed to easy unrav-
elling and migration of partially denatured protein at the 
air-water interface [37]. Dobhal and Raghuvanshi [39] also 
observed a similar trend for the emulsification and foaming 
capacity of the germinated black soybean. The effect of ger-
mination was also evident on the foam appearance (Table 3). 
The bubble size of foam is proportional to the flexibility of 
the protein molecules [37]. Flour from ungerminated flour 
produced denser foam in contrast to germinated flours. Foam 
with very large bubbles was observed after germination for Ta
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Fig. 2  Effect of germination on ATR-FTIR pattern of lucerne flour

Table 3  Effect of germination on functional properties of lucerne flour

Values are expressed as mean ± standard deviation (n = 3). The means within row followed by different superscripts are significantly different at 
p < 0.05
Temperature of germination: 28 °C *Unprocessed seed

Functional properties Germination time (h)

0* 24 48 72

Bulk density (g/cm3) 0.428 ± 0.003a 0.413 ± 0.001b 0.398 ± 0.003c 0.402 ± 0.002c

Water absorption capacity (g/g) 2.046 ± 0.04b 1.944 ± 0.01c 2.496 ± 0.02a 2.450 ± 0.04a

Water solubility index (%) 25.50 ± 0.44a 25.40 ± 0.36a 23.80 ± 0.24b 18.33 ± 0.57c

Oil absorption capacity (g/g) 0.963 ± 0.03b 0.949 ± 0.03b 0.969 ± 0.04b 1.325 ± 0.04a

Swelling index 4.459 ± 0.01d 4.612 ± 0.04c 4.876 ± 0.02b 5.102 ± 0.04a

Swelling capacity (g/g) 3.701 ± 0.06b 3.252 ± 0.02d 3.874 ± 0.04a 3.608 ± 0.04c

Leaching loss (%) 26.50 ± 0.44a 21.80 ± 0.34c 21.80 ± 0.57c 24.25 ± 0.34b

Emulsification activity (%) 55.66 ± 1.15a 50.0 ± 0.0b 50.0 ± 0.0b 51.00 ± 1.73b

Emulsion stability (%) 55.33 ± 2.15a 47.5 ± 0.0b 47.5 ± 0.0b 47.5 ± 0.0b

Foaming capacity (%) 15.0 ± 0.0d 101.0 ± 2.0a 68.66 ± 1.52b 56.33 ± 0.57c

Foam appearance Dense foam Foam with very 
large bubbles

Foam with large bubbles Moderately dense foam

Foam stability (%) 9.66 ± 0.57d 72.66 ± 10.01a 39 ± 2.08b 27.0 ± 2.0c

Dispersibility (%) 63.94 ± 0.57c 76.0 ± 0.0a 75.45 ± 0.40a 70.0 ± 0.0b

Gel consistency (cm) –In Deionised Water 11.26 ± 0.24b 11.64 ± 0.26ab 10.44 ± 0.19c 11.85 ± 0.12a

Gel consistency (cm) – In Acid 9.94 ± 0.14d 11.10 ± 0.0b 11.65 ± 0.22a 10.90 ± 0.36c
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24 h followed by gradual reduction. Initial phase of germina-
tion resulted in partial denaturation of protein and as the ger-
mination progressed, large polypeptide chains were broken 
down to smaller fractions and engendered smaller bubbles. 
Minimum value for gel consistency in deionised water was 
observed after a germination period of 48 h whereas unger-
minated flour exhibited the lowest gel consistency value in 
acid. The increase in the gel consistency value in deion-
ised water after germination period of 24 and 72 h can be 
ascribed to starch degradation and exposure of hydrophobic 
residues of protein respectively [5]. The disparity in the gel 
consistency under acidic conditions with a minimum value 
of gel consistency by ungerminated flour can be ascribed to 
the cumulative effect of gelation of starch as well as acid and 
heat mediated denaturation of proteins.

Gelation behaviour

The gel formation in lucerne flour is the cumulative func-
tion of gelatinization of starch and denaturation of protein 
and their relative interaction as a result of germination. Heat 
induced gelation of a protein involves the formation of a con-
tinuous three-dimensional network as a result of interaction 
of partially denatured proteins [37]. However, the presence 
of other macromolecules (e.g. starch) affects the gelation 
behaviour depending on the compatibility of the other mac-
romolecule with proteins in mediating gel formation [37, 
40]. Germinated flours exhibited significant reduction in the 
least gelation concentration (LGC) in comparison to unger-
minated flour (Table 4). The least gelation concentration 
was in order; 0 h (20%) > 24 h (12%) > 48 h (8%) ≈ 72 (8%). 
High LGC of ungerminated flour can be ascribed to the pres-
ence of separate gel phase of protein and starch that resulted 
in competitive water binding by both the macromolecules. 
Shim and Mulvaney [40] also reported similar findings for 

corn starch/whey protein isolate mixed gels. The progres-
sion of germination manifests with the gradual degradation 
of starch and denaturation of proteins that resulted in better 
apolar interactions and consequently improved gelation. Fur-
thermore, the formation of clotted particles at lower concen-
trations (2–6%) indicated the hydrophobic interaction of the 
proteins due to the apolar aggregation, and as the concentra-
tion increased there was the formation of single coagulum/
gel. In addition, germination also discerned its effect on the 
opaqueness of the gel, and flours germinated for 48 and 72 h 
exhibited translucent gel from 8 to 14% and 8 to 10% flour 
concentration respectively. Elkhalifa and Bernhardt [36] 
also reported a reduction in the least gelation concentration 
of germinated sorghum flour (12%) in comparison to the 
ungerminated counterpart (18%).

Proximate composition

The proximate composition of unprocessed and germinated 
lucerne flour is presented in Supplementary Table 1. Germi-
nation exhibited a significant effect on the proximate com-
position of lucerne. The crude protein content of lucerne 
significantly (p < 0.05) increased from 34.50 to 41.23% over 
the germination period of 72 h. Increase in the protein con-
tent can be attributed to the loss in the dry weight due to 
the loss of carbohydrates and lipids in the respiration and 
germination process. Furthermore, the increase in the pro-
tein content can be attributed to the synthesis of amino acid 
during germination [41, 42]. Significant (p < 0.05) reduction 
was observed in the crude fat content of germinated lucerne 
flour (3.32%) in comparison to the unprocessed counterpart 
(7.13%). As aforesaid, fat gets hydrolyzed and oxidized dur-
ing its utilization as a substrate for biochemical processes 
during germination and resulted in a significant decrease in 
the fat content as the germination progressed [41]. Similar 

Table 4  Effect of germination on gelation behaviour of lucerne flour

L Liquid, V Vicious, C Curdy, G Gel, F Firm Gel, SOG Solid Gel, LWCP Liquid with clotted particles, WGWS Weak gel with syneresis, SG Soft 
gel, WTGWS Weak translucent gel with syneresis, SGWS Soft gel with syneresis, STGWS Soft translucent gel with syneresis, (+) Gelation, ( ± ) 
Partial Gelation, (–) No Gelation
Temperature of germination: 28 °C *Unprocessed seed

Germina-
tion Time 
(h)

Flour concentration(% w/v)

2 4 6 8 10 12 14 16 18 20 22 25 30

0* Gelation – – – – ± ± ± ± ±  + + + +
Appearance L L L L V V C C C G FG SOG SOG

24 Gelation – – – – – + + + + + + + +
Appearance LWCP LWCP LWCP LWCP LWCP WGWS SG SG G G G G FG

48 Gelation – – – + + + + + + + + + +
Appearance LWCP LWCP LWCP WTGWS WTGWS WTGWS STGWS G G FG FG FG SOG

72 Gelation – – – + + + + + + + + + +
Appearance LWCP LWCP LWCP WTGWS WTGWS SGWS G G G G FG FG SOG
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trend of gradual reduction was also observed for the crude 
fibre and ash content. The reduction in the crude fibre can be 
ascribed to the activity of cell wall degrading enzymes and 
loss of seed coat during the removal of vegetative portion 
of the germinated seed. The reduction in the ash content can 
be partly due to the leaching of minerals during the pro-
cess of steeping and partly as a result of the loss of mineral 
associated with the seed coat [43, 44]. Pandey et al. [45] 
documented a similar trend for the proximate composition 
after the malting of alfalfa seeds.

Antinutrients

Gradual decrease (36.05%) in the tannin content was 
observed with the progression of germination (Table 5). 
Pronounced decrease after 24 h can be ascribed to leach-
ing of tannins in the steep water during soaking whereas a 
comparatively lower reduction afterward was due to oxida-
tion of tannins during germination [46]. Maximum reduction 
(13.29%) in the phytic acid was observed after 48 h of ger-
mination due to the activity of endogenous phytase enzyme 
[7]. Higher reduction of tannin content (36.05%) in compari-
son to phytate (13.29%) was due to high concentration of 
phytates in the cotyledons of the seeds in contrast to tannins 
that are present in the seed coat [47]. Mittal et al. [8] also 
observed meagre reduction (3.46%) in phytic acid content 
after germination for 48 h in chickpeas. Furthermore, slight 
increase in the phytic acid content (10.04 to 10.34 mg/g) 
after germination period of 72 h in comparison to 48 h can 
be ascribed to the depletion of the endosperm portion of the 
seeds that resulted in an overall increase in the phytic acid 
content due to dominant phytic acid rich cotyledon fraction. 
Germination (72 h) resulted in a drastic reduction in the 
trypsin inhibitor activity (75.56%). Complete inactivation of 
lectin activity was observed after the germination period of 
24 h. Germination resulted in the inactivation of lectin and 
trypsin inhibitor activity due to conformational changes in 
their native structures [48, 6].

Bioactive constituents and antioxidant activity

Germination resulted in a gradual reduction of total phenol 
content (65.35%) whereas total flavonoids were slightly 
higher after 48 h in comparison to 24 and 72 h, which 
showed no significant (p > 0.05) difference (Table  5). 
The reduction in total phenol and flavonoid content can 
be ascribed partly to leaching in steep water and partly 
to enzymatic degradation during germination [49]. How-
ever, an increase in the flavonoid content after germination 
for 48 h can be ascribed to the release of bound flavo-
noids due to germination. Gujral et al. [50] observed a 
similar decrease in the total phenol content of legumes 
after germination period of 12 and 24 h. Saponins showed Ta
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an interesting trend of 17.55% reduction after 24 h (due 
to leaching of saponins in steep water) followed by an 
increase in saponin content (48 h) due to the biogenesis 
of saponins and their enhanced extraction from weakened 
cell structure [51]. However, further germination (72 h) 
decreased the saponin content by 5.34%. Guajardo-Flores 
et al. [52] observed a similar trend in the increase of sapo-
nin content in black beans after germination for 24 h, fol-
lowed by a decrease in saponin concentration on further 
germination.

Different methods exhibited diversification in the anti-
oxidant capacity of germinated lucerne based on the affin-
ity of different antioxidant species formed during germina-
tion. DPPH radical scavenging activity showed a gradual 
increase (8.84%) with the progression of the germination 
whereas the maximum increase in the ABTS radical scav-
enging (10.51%) and metal chelating activity (14.64%) was 
observed after germination for 48 h. In addition, FRAP and 
reducing power of germinated lucerne flour was lower in 
comparison to ungerminated lucerne flour. The reduction 
in FRAP and reducing power was concomitant with the 
reduction in total phenol and flavonoids. Minimum reduc-
tion in FRAP (22.33%) and reducing power (15.66%) was 
observed after germinated for 48 h. The highest reduction 
of 34.40% FRAP and 30.19% reducing power was observed 
after germination for 72 h. Correlation of total phenol and 
flavonoids with antioxidant assays is highly specific to anti-
oxidant species present in the food. Studies have demon-
strated a positive correlation of total phenol and flavonoids 
with FRAP and reducing power assay in contrast to DPPH 
and ABTS radical scavenging activity [53, 54]. Furthermore, 
the increase in DPPH RSA, ABTS RSA, and metal chelat-
ing ability suggests the genesis and better extraction non-
phenolic antioxidants after germination of seeds [55, 56]. 

Similar increase in DPPH RSA besides reduction in phenolic 
compounds was observed in germinated peas and beans [49].

Mineral profile

Germination exerted diverse effect on the mineral profile of 
lucerne flour (Fig. 3). Na content increased after germination 
for 24 h, followed by decrease in the Na. K content signifi-
cantly (p < 0.05) decreased after germination. However, no 
significant (p < 0.05) variation was observed in K content of 
the flours germinated for 24, 48, and 72 h, speculating the 
loss of K primarily due to leaching in the steep water. Kajla 
et al. [57] reported a similar reduction in the Na and K in 
germinated flaxseeds. Ca content increased after germina-
tion for 24 h followed by a decrease and seeds germinated 
for 0, 48 and 72 h showed no significant (p > 0.05) variation 
in the Ca content. Mg and Mn content increased after germi-
nation with no significant (p > 0.05) variation between sam-
ples germinated for 24, 48, and 72 h. Fe content decreased 
after germination whereas Cu content only showed reduction 
after germination for 24 h. Minerals are differently local-
ized in the legumes and trends for aforesaid minerals can 
be ascribed to the cumulative effect of solid loss, leaching, 
and remobilization of minerals during the germination. 
Sangronis and Machado [58] documented an increase in 
Ca and Mg, no variation in Cu, and a decrease in the Fe 
content after the germination of pigeon pea. An increase in 
the Ca, Mg, and Mn has been reported in germinated pearl 
millet [59]. P content decreased after germination for 24 h 
and increased after 72 h due to leaching and breakdown of 
phytic acid respectively [60]. Azeke et al. [60] reported an 
increase in P content of rice, maize, millet, sorghum, and 
wheat after germination. A pronounced increase in the Zn 
content was observed after germination. Zn is associated 
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with the cotyledon fraction of legumes and usually interacts 
with proteins and other food constituents that ascribe to its 
low extraction [61, 62]. Germination modified the cellular 
structure of seeds and weakened the interaction of Zn with 
other food constituents and resulted in its better extractabil-
ity [51]. However, the slight reduction in Zn after germi-
nation of 72 h in comparison to 24/48 h can be due to the 
complexation of Zn with the denatured protein. Atlaw et al. 
[63] observed a similar trend in the Zn content of germinated 
fenugreek seed flour.

Principal component analysis

PCA loading plot (Fig. 4a) elucidates the relationship 
between various characteristics of ungerminated and ger-
minated lucerne flours. The characteristics in the same 
quadrant are positively correlated whereas the charac-
teristics that lie in the opposite quadrants are negatively 
correlated. Total phenols (TP) and flavonoids (TF) were 
positively correlated with the Ferric Reducing Antioxidant 
Power (FRAP) and reducing power (RP) in contrast DPPH 
RSA, ABTS RSA, and metal chelating activity (MC). 
However, ABTS RSA and MC were positively correlated. 
PCA score plot (Fig. 3b) elucidated that germinated flours 
exhibited marked variation in their characteristics in com-
parison to ungerminated flour. Furthermore, germinated 
flours also depicted variations in their characteristics. 

Ungerminated flour was manifested with the high concen-
tration of antinutrients (T, PA, TI, and LA) and bioactive 
constituents (TP and TF) and high LGC. Flours obtained 
after germination for 48 and 72 h showed a negative cor-
relation with antinutrients. However, flour obtained after 
germination for 48 h showed better correlation with DPPH 
RSA, ABTS RSA, and MC along with an optimal balance 
of good functional properties (WAC, OAC, D, FC, and FS) 
and mineral concentration (particularly Zn, Mg, and Mn).

Conclusions

Germination temperature of 28 °C exhibited good ger-
mination capacity with lower associated germination 
losses. Germination at 28 °C for 48 h was an optimum 
time-temperature regime for the germination of lucrene 
to improve its functionality. Germination at aforesaid 
conditions exhibited an optimal balance of reduction of 
antinutritional factors, increase in the free radical scav-
enging (DPPH and ABTS), and metal chelating activity 
and improvement in the techno-functional properties. In 
view of the aforesaid improved techno-functionality and 
antioxidant capacity, germinated lucerne flour presents 
opportunities for utilization as a functional ingredient in 
food formulations.

Fig. 4  Principle component analysis (PCA) showing loading (a) and 
score plot (b) describing the relationship between the germination 
and characteristics of lucerne flour. WAC  Water Absorption Capacity, 
WSI Water Solubility index, OAC Oil Absorption Capacity, SC Swell-
ing Capacity, LL Leaching Loss, EC Emulsification Capacity, ES 
Emulsion Stability, FC Foaming Capacity, FS Foam Stability, D Dis-
persibility, LGC Least Gelation Concentration, T Tannins, PA Phytic 

acid, TI Trypsin Inhibitor Activity, LA Lectin Activity, TP Total Phe-
nolic Content, TF Total Flavonoids, S  Saponins, DPPH RSA DPPH 
Radical Scavenging Activity, ABTS RSA ABTS Radical Scavenging 
Activity, FRAP Ferric Reducing Antioxidant Power, RP Reducing 
Power, MC Metal Chelating Activity, Macrominerals (Na, K, Ca, Mg 
& P), Microminerals (Fe, Cu, Mn & Zn)
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