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Abstract Faba bean flours (germinated, soaked, cooked

and raw) were evaluated for physiochemical and functional

properties. The flour samples exhibited considerable

amounts of carbohydrates (58.79–66.19 g/100 g) and pro-

teins (21.9–29.1 g/100 g). Soaked faba bean (SFB) (29.1 g/

100 g) and raw faba bean (RFB) (25.70 g/100 g) flour

contained significantly higher amount of protein than ger-

minated faba bean (GFB) and pressure cooked faba bean

(PCFB). The physicochemical and functional composition

of GFB and PCFB were improved compare to raw flour.

Physical and functional properties such as water absorption

index (2.97 g/g) and foaming stability (140.13 mL/

100 mL) were increased by germination. The functional

properties of pressure-cooked faba bean such as water

solubility index (2.12 g/100 g) and water absorption

capacity (2.02 g/g) were higher than other flour samples.

The microstructure of legume flour samples explained that

the starch granules of raw flours were smooth, oval and

granular structure whereas soaked, germinated and cooked

flours showed damaged starch granules. The effect of

soaking, germination and pressure-cooking demonstrated

significant variations in functionals characteristics of faba

bean flour. Therefore, various processing conditions can be

combined to obtain the desired characteristics in faba bean-

based food products.

Keywords Legume � Nutritional composition � Functional
properties � Microstructure

Abbreviations

RFB Raw faba bean

SFB Soaked faba bean

GFB Germinated faba bean

PCFB Pressure cooked faba bean

WAI Water absorption index

WSI Water solubility index

WAC Water absorption capacity

OAC Oil absorption capacity

Introduction

Legumes are the earliest plants familiarised by human and

considered as the rich source of proteins, phenolic com-

pounds, flavonoids, vitamins minerals etc. and are com-

monly used as a staple food in various countries (Campos–

Vega et al. 2010). Faba bean (Vicia faba L.) is a rich

source of protein (27–34% of the dry weight) and various

bioactive compounds such as phenolic compounds and

flavonoids, with high antioxidant, anti-diabetic and anti-

inflammatory properties (Collado et al. 2019; Liu et al.

2019). Despite the nutritional value, pulses are not con-

sumed widely because of the presence of antinutrients

(tannins, saponins and phytic acid) cooking difficulties and

intense flavour profiles (Setia et al. 2019).

Soaking and germination are the traditional methods

used to enhance the nutritional quality and to reduce the

anti-nutritional factors of legumes (Handa et al. 2017).

Soaking is used domestically to hydrate seeds in water for a

few hours and to reduce the anti-nutrients present in the

legumes (Kajihausa et al. 2014; Singh et al. 2017). Soaking
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is done before several treatments such as germination,

cooking and fermentation (Handa et al. 2017). The soaking

time of 12–18 h was reported to be effective in reducing

the phytic acid and proteolytic enzyme inhibitors in

legumes which are partially soluble in soaked water (Em-

baby 2010; Kajihausa et al. 2014). Germination enhances

the nutritional value, flavour, aroma and organoleptic

qualities of legumes by the activation of enzymes which

reduces the antinutrients and indigestible compounds in

legumes (Collado et al. 2019; Saleh et al. 2017). Cooking

process helps in reducing anti-nutrients like trypsin and

flatulence-causing oligosaccharide (Medhe et al. 2019).

The use of legume flour is an emerging trend for the

development of functional food such as bread, pasta and

other bakery products (Medhe et al. 2019). The functional

properties of foods such as water absorption capacity, gel

hydration, swelling and viscosity are directly known to

influence the food formulation (Du et al. 2014). The

functional properties of the food depend on molecular size,

charge distribution and three-dimensional structure of the

protein (Du et al. 2014). The structure–function association

of proteins, decide their interactions with themselves and

with other ingredients in complex food systems (Joshi et al.

2015). Functional properties influence the behaviour of

food system during manufacturing, processing, storage and

consumption due to the nature, molecular structure and size

of the protein (Rodsamran et al. 2018).

None of the studies has yet been reported on compara-

tive physicochemical, functional and antinutritional prop-

erties of raw, soaked, germinated and cooked faba bean

flour. Therefore, the aim of this study was to investigate the

functional characteristics of faba been flour after various

processing techniques, such as soaking, germination and

cooking.

Materials and methods

Faba bean (BR-2) were procured from the local market in

Muzaffarpur, Bihar, India harvested in December 2017.

Samples were examined physically to ensure the absence

of any damage or disease and milled in milling machine,

passed through 70 mesh sieve and finally stored in the cold

(5 �C) temperature till further use.

Processing methods

Soaking, germinating and pressure cooking

For soaking, faba beans (200 g) were soaked for 24 h in

600 mL. For cooking process, 12 h soaked beans (200 g/

600 mL) were cooked with 400 mL of water in a pressure

cooker (TTK Prestige, 3.5 L). The pressure cooking was

done for 15 min at 120 �C and 14 psi. For germination, the

beans were soaked (200 g/600 mL) for 24 h and kept fur-

ther for 24 h at 25 �C in a dark place as a single grain bed.

After that, all the samples were oven-dried at 60 �C till

constant weight, followed by milling and passed through

70 mesh sieve and finally stored at cold (5 �C) temperature

for further use.

Chemical composition of flours

Flour samples of broad beans were estimated for their

moisture, ash, fat, carbohydrate and protein contents by

using the standard methods of analysis (AOAC 2005).

Antinutritional components of flours

Oxalate content

Oxalate content of the flour samples was determined fol-

lowing the method as described by Kaushal et al. (2012)

with slight modification. Samples (1 g) were dispersed in

75 mL of 3 mol/L H2SO4, with continuous stirring for an

hour and filtered through Whatman filter paper 1. The fil-

trate (25 mL) was titrated with 0.5 mol/L KMnO4 solution

while hot (80–90 �C) until a faint pink colour was pro-

longed for at least 30 s. The oxalate content was calculated

as 1 mL of 0.5 mol/L KMnO4 as equivalent to 2.2 mg of

oxalate.

Tannin content

Tannin content was determined by following the method of

H.P. Makkar (2003) with slight modifications. The sample

(0.25 g) was boiled in 20 mL of distilled water for 30 min,

followed by filtration with Whatman No 1 filter paper. The

Folin-Ciocalteu reagent (0.25 mL), Na2CO3 (1.25 mL) and

distilled water (0.50 mL) were added to the filtrate

(1 mL).The mixture was further incubated at room tem-

perature (25 �C) for 40 min. The absorbance at 725 nm

was measured by using UV–VIS spectrophotometer

(UNICAM UV/Vis spectrophotometer, UK). The standard

tannic acid was used to develop the standard curve.

Phenolic content

The phenolic content of flour sample was determined as

described by Sadiq et al. (2015) with slight modification.

The sample 0.5 mL (5 mg/mL in distilled water) was

mixed with 2 mL of the Folin-Ciocalteu reagent followed

by the addition of 4 mL of sodium carbonate (7.5%, w/v).

The reaction mixture was incubated at room temperature

(25 �C) for 30 min, followed by measuring the absorbance

at 765 nm using UV–Visible spectrophotometer. The
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standard curve was prepared by using gallic acid as a ref-

erence standard, and phenolic content was expressed as mg

gallic acid equivalent (GAE)/g.

Flavonoid content

The total flavonoid content was determined by the

colourimetric method as described by Sadiq et al. (2015)

with slight modification. The sample, 0.5 mL (5 mg/mL in

distilled water) was mixed with 10% aluminium chloride

hexahydrate (0.1 mL), 1 M potassium acetate (0.1 mL)

and distilled water (2.8 mL). The mixture was incubated

for 40 min at 25 �C, and the absorbance was read at

415 nm. The standard curve was prepared by using quer-

cetin as a reference standard. The total flavonoid content

was expressed as mg quercetin equivalent (QE)/g.

Physical properties of flours

Color characteristics

Sample colour was analyzed by Hunter Lab Spectrocol-

orimeter (Model TC-P III A, Tokyo Denshoku Co., Ltd.,

Japan) by following the method of Medhe et al. (2019).

Sample (10 g) flour was filled in the glass container of the

instrument and placed over the slit of the equipment. CIE

lab system was used to measure the colour parameters,

where L* (L* = null means black and L* = 100 means

white), a* (- a* = greenness and ? a* = redness)

and b* (- b* = blueness and ? b* = yellowness). The

total colour difference (DE) was calculated by using the

following Eq. 1

DE ¼ pðL� � L�i Þ
2 þ ða� � a�i Þ

2 þ ðb� � b�i Þ
2 ð1Þ

Water absorption index (WAI) and water solubility index

(WSI)

Water absorption index (WAI) and water solubility index

(WSI) of flours were determined following the method of

Du et al. (2014) with slight modification. The sample

(0.83 g) was mixed with 10 mL of distilled water and

cooked at 90 �C for 15 min in a water bath. The cooked

flour paste was then cooled at room temperature (25 �C)
and centrifuged (model EBA 8S, Hettich, Germany) at

2310 9 g for 10 min. The supernatant was further

transferred into a pre-weighed evaporating dish, and the

weight of sediment was taken. The sediment was dried at

110 �C and weighed again. Water absorption index and

water solubility index were calculated using Eqs. 2 and 3,

respectively:

WAI g=gð Þ ¼ weight of sediment

weight of flour sample
ð2Þ

WSI g=100gð Þ ¼ Weight of dissolved solids in supernatant

weight of flour sample
� 100

ð3Þ

Bulk density

The bulk density of flours was determined by the method

described by Medhe et al. (2019) with slight modification.

Samples were gently filled into 10 mL previously weighed

graduated cylinders. The bottom of each cylinder was

gently tapped several times until there was no further

constriction of the sample level after filling up to the

10 mL mark. Bulk density was calculated as the weight of

the sample per unit volume of sample (g/mL).

Functional properties of flours

Water absorption capacity and oil absorption capacity

Water absorption and oil absorption capacity of flour

samples were determined following the method described

by Chandra et al. (2015) with slight modification. For water

absorption, sample (0.83 g) was mixed in 10 mL of dis-

tilled water and transferred in centrifuge tubes. Then, the

dispersion was stirred periodically, held for 30 min, fol-

lowed by centrifugation (model EBA 8S Hettich, Ger-

many) for 25 min at 2310 9 g. For the determination of oil

absorption capacity, sample (0.5 g) was assorted with

6 mL of soybean oil and centrifuged at 2310 9 g for

25 min. Separated oil was removed from the tubes kept

inverted for 25 min to drain the oil before reweighing. The

oil and water absorption capacities were expressed as a

gram of water or oil bound per gram of the sample on a dry

basis. Water absorption capacity and oil absorption

capacity were calculated to follow the Eqs. 4 and 5,

respectively:
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Least gelation concentration of flour samples

Least gelation concentration of samples was determined by

the method of Joshi et al. (2015) with slight modification.

Sample was prepared in different concentrations (2, 4, 6, 8,

10, 12, 14, 16, 18 and 20 g/100 mL) and 5 mL from each

concentration was placed in test tubes and heated for an

hour at 98 �C in a water bath, followed by rapid cooling

under running tap water. The tubes were further cooled at

4 �C for 2 h. Least gelation concentration was expressed as

the concentration above which the sample did not fall or

slip when the test tubes were inverted.

Foaming capacity and foaming stability

Foaming properties of flours were determined by the

method described by Du et al. (2014) with slight modifi-

cation. Flour sample (1.5 g) was mixed with 50 mL of

distilled water and homogenised, using a homogeniser

(Servodyne, Model 50,000–25) at 960 rpm for 3 min. The

suspended mixture was transferred into a graduated cylin-

der, and the homogeniser cup was rinsed with 10 mL of

distilled water and added to the graduated cylinder. The

volume was recorded before and after whipping. Foaming

capacity (FC) and foaming stability (FS) were calculated

following the Eq. 6.

FC ¼ Increase in volume after homogenization� initial volume

Initial Volume

ð6Þ

FS = Foam volume changes in the graduated cylinder

recorded at an interval of 20, 40, 60 and 120 min of

storage.

Pasting properties of flours

Pasting properties of the legume flours were evaluated

following the method of Taslima et al. (2015) by using

Rapid Visco Analyzer (RVA) (Model 4, Newport Sci-

entific Pvt., Ltd. Australia). Sample (2.5 g) was placed

into the canister and dispersed thoroughly in 25 mL of

distilled water. The suspension was heated at 50 8C for

one min, and then the temperature was increased to

95 �C for 3.2 min and finally, the temperature was again

decreased to 50 �C. All the flour samples were dispersed

and homogenised with 960 rpm throughout the test.

FTIR of legume flours

Infrared spectra (500 to 4000 cm-1) of the raw, soaked,

germinated and pressure-cooked legume flours were

obtained by attenuated total reflectance (ATR) Fourier

transform infrared (FT-IR) spectrometer (Nicolet Avatar

36) following the method of Taslima et al. (2015).

Thermal properties

Thermal properties of legume flour samples were analyzed

by using differential scanning calorimeter (DSC) (SHI-

MADZU/DSC-60A Plus) following the method of Falade

and Christopher (2015) with slight modifications. The

sample (1 mg) was weighed into pierced DSC aluminium

pans, and distilled water was added to make the flour:

water ratio of 1:3. The pans were hermetically sealed, and

samples were left to stand for an hour at 25 �C for moisture

equilibration. The sealed pans were heated from 20 �C to

130 �C under nitrogen gas at a heating rate of

10 �C min-1 to gelatinize the flour samples. An empty

aluminium pan was used as a reference, and the calorimeter

was calibrated with indium. From the DSC thermograms,

the onset temperature (To), peak temperature (Tp), con-

clusion temperature (Tc) and enthalpy of gelatinization

(DHG) were determined.

Scanning electron micrographs of legume flours

Microstructure images of legume flours were observed

by scanning electron microscope (SEM) (Hitachi

SU8230, Japan), as described by Shrestha et al. (2018).

The sample particles were sprinkled with gold over

carbon tape splattered, and then examinations were

observed at an accelerated voltage of 5.000 kV using

SEM.

WAC g=gð Þ ¼ Weight of centrifuge tube after drying� weight of centrifuge tubeð Þ � weight of sample

weight of sample
ð4Þ

OAC g=gð Þ ¼ weight of centrifuge tube after drawing oil� centrifuge tube weight þ weight of sampleð Þ
weight of sample

ð5Þ
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Statistical analysis

The data were subjected to analysis of variance (ANOVA)

by using SPSS version 23 (SPSS, IBM, Chicago USA)

significant differences (p\ 0.05) among mean observa-

tions were evaluated by Tukey’s HSD test.

Results and discussion

Chemical composition of flour

The nutrient composition of flour samples is presented in

table.1. The moisture, ash, protein, fat and carbohydrate

contents vary considerably among samples and wherein the

range of 5.93–11.26 g/100 g, 2.29–2.96 g/100 g,

21.9–29.10 g/100 g, 1.34–1.87 g/100 g, 58.79–66.19 g/

100 g, respectively. SFB was observed with higher protein

content compared to other samples. The soaking resulted

an increase in biological breakdown of complex com-

pounds into simple and non-protein nitrogen compounds

which contributed to an increase in total protein content.

Handa et al. (2017) reported higher protein content in

soaked horse gram (22.62–27.52 g/100 g), as soaking

resulted in the breakdown of complex components into

simple compounds. Medhe et al. (2019) observed a

decrease in protein content of germinated (23.60 to

16.71 g/100 g) and cooked (23.60 to 12.70 g/100 g) moth

bean, which was similar to this study. The fat content in

raw flour was 1.69 g/100 g which was not significantly

different from the GFB (1.82 g/100 g) and SFB (1.87 g/

100 g), however, the fat content in PCFB was significantly

lower than other flours (1.34 g/100 g). Cooking treatment

significantly (p\ 0.05) decreased the fat content in PCFB

flour which was due to the breakdown and diffusion of fats

into the cooking water (Mubarak 2005). The slight increase

in crude fat content of GFB and SFB was due to the

leaching of soluble components, causing an overall

increase in concentration of the lipids in the flour (Agume

et al. 2017). Setia et al. (2019) reported higher fat content

of SFB and GFB bean (1.3 g/100 g) than in RFB (0.9 g/

100 g). Carbohydrate content of RFB was not significantly

different from SFB flour however, it was observed signif-

icantly lower (p\ 0.05) than GFB and PCFB flours.

During germination, the carbohydrate content was

increased due to increase in crude dietary fiber and struc-

tural carbohydrates like hemicellulose and cellulose. Mar-

tin et al. (2008) also observed an increase in dietary fiber

during germination of cowpea and soybean. Thakur et al.

(2019) also reported that soaking of legume grains softened

the outer coat which resulted an increase in cellulose,

hemicellulose and fiber content of the legumes. Medhe

et al. (2019) reported an increase in carbohydrate content

of germinated (69.93 g/100 g) and cooked (75.01 g/100 g)

moth bean as compared to raw beans (63.17 g/100 g).

Antinutrients and plant toxins such as phytic acid, oxalic

acid, trypsin inhibitor, cyanide etc. are well known for

interfering the bioavailability of some nutrients and also

having toxic effect. The Table 1 also presents some of the

antinutritional components of RFB flour. Oxalate content

in RFB was 21.78 mg/g. An excessive amount of oxalate

prevents calcium absorption due to the binding of calcium

ion to oxalate and form calcium oxalate complex (Kaushal

et al. 2012). Total polyphenolic content and tannin content

were observed in RFB as 0.45 mg/g and 0.08 mg/g

respectively, whereas, the flavonoid content was not

detected.

Table 1 Nutritional and

antinutritional composition of

faba bean flours

Parameters RFB SFB GFB PCFB

Moisture (g/100 g) 11.26 ± 0.07d 5.93 ± 0.05a 6.21 ± 0.05b 8.28 ± 0.06c

Fat (g/100 g) 1.69 ± 0.17b 1.87 ± 0.01b 1.82 ± 0.01b 1.34 ± 0.08a

Protein (g/100 g) 25.70 ± 0.6b 29.1 ± 0.7c 24. 9 ± 0.7b 21.9 ± 0.3a

Ash (g/100 g) 2.56 ± 0.10a 2.96 ± 0.12b 2.86 ± 0.13b 2.29 ± 0.12a

Carbohydrate (g/100 g) 58.79 ± 0.74a 60.14 ± 0.72a 64.21 ± 0.78b 66.19 ± 0.28c

Oxalate (mg/100 g) 21.78 ± 0.76 - - -

Tannin (mg/100 g) 0.083 ± 0.005 - - -

TPC (mg/g) 0.45 ± 0.02 - - -

TFC (mg/100 g) ND NM NM NM

Each value is a mean of triplicates ± SD of triplicates. Means with no common letters within a row

significantly differ (p\ 0.05)

- Not determined; RFB raw faba bean; SFB soaked faba bean; GFB germinated faba bean; PCFB pressure

cooked faba bean; ND Not detectable; NM Not measured
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Physical properties of flours

Color

Hunter colour values (L*, a*,b*) of flour samples are pre-

sented in Table 2. The lightness ‘‘L’’ values of RFB, SFB,

GFB and PCFB were observed as 85.53, 86.58, 88.96 and

73.61 respectively. GFB was observed with higher L* value

compared to other flours, whereas PCFB exhibited a lower

L* value than others. The ‘‘L*’’ value was significantly

different among different flour samples. The value of ‘‘a*’’

was also significantly different in legume flours. Medhe

et al. (2019) observed a decrease in ‘‘ L*’’of germinated and

cooked moth bean, whereas an increase in a* value was

reported. The colour of flour depends on the amount and

presence of flavonoids, anthocyanins and tannins (Medhe

et al. 2019). During cooking the formation of brown pig-

ments due to Maillard reaction and thermal oxidation of

polyphenols increased ‘‘a’’ (redness) and ‘‘b’’ (yellowness)

values of flours (Bagheri et al. 2016).

Water absorption index (WAI) and water solubility index

(WSI)

The WAI of different flours was in the range of 2.77 to

3.13 g/g, whereas the highest value was observed for GFB

(3.13 g/g) and lowest value for SFB (2.77 g/g). WAI is

unintegrated with hydrophilicity and gelation capacity of

biomacromolecules, such as starch and protein in flour

(Kaur et al. 2007). Chauhan et al. (2015) observed an

increase in WAI of amaranth after germination (3.48 to

4.20 g/g), which was similar to this study. Breakdown of

polysaccharide molecules and changes in the quality of

protein and protein content increased the water absorption

of germinated bean (Cahuhan et al. 2015).

WSI value was in the range of 0.09 to 2.12 g/100 g for

different flour samples, whereas the highest value was

observed in PCFB (2.12 g/100 g) and the lowest value

observed in RFB (0.09 g/100 g). The increase in WSI of

GFB than RFB, was associated with the formation of low

molecular weight compounds by amylases and proteases

during germination (Chauhan et al. 2015). High WSI index

of PCFB was associated with the breakdown of starch due

to thermal treatment and release of soluble polysaccharides

(Rashid et al. 2015).

Bulk density

The bulk density of flours was in the range of 0.55–0.71 g/

mL, whereas the highest value and lowest value were

obtained for RFB (0.85 g/mL) and PCFB (0.71 g/mL) flour

respectively. The bulk density of RFB and SFB was not

significantly different (p[ 0.05) whereas GFB and PCFB

were significantly (p\ 0.05) different from other samples.

The bulk density of flours depends on the moisture

content of grain (Subramanium and Viswannathan 2007).

Table 2 Physical and

functional properties of flours
Sample RFB SFB GFB PCFB

L* 85. 53 ± 0.30b 86.58 ± 0.21c 88.96 ± 0.21d 73.61 ± 0.57a

a* 0.13 ± 0.02a 0.85 ± 0.20c 0.26 ± 0.03b 1.53 ± 0.10d

b* 11.74 ± 0.14a 15.94 ± 0.01c 13.42 ± 0.03b 15.88 ± 0.18c

DE – 4.40 ± 0.29b 3.51 ± 0.19a 15.65 ± 0.62c

BD (g/ml) 0.60 ± 0.01b 0.58 ± 0.01b 0.55 ± 0.01a 0.71 ± 0.00c

WAI (g/g) 2.79 ± 0.08a 2.77 ± 0.03a 3.13 ± 0.10b 2.97 ± 0.08ab

WSI (g/100 g) 0.09 ± 0.05a 0.57 ± 0.57ab 1.35 ± 0.20c 2.12 ± 0.17c

WAC (g/g) 1.10 ± 0.08a 1.23 ± 0.04a 1.11 ± 0.07a 2.02 ± 0.09b

OAC (g/g) 0.58 ± 0.13a 0.60 ± 0.03a 0.61 ± 0.13a 0.59 ± 0.0a

FC (mL/100 mL) 1.77 ± 0.03c 1.57 ± 0.03b 1.77 ± 0.01c 1.37 ± 0.01a

FS (mL/100 mL)

20 min 110.16 ± 0.15a 130.13 ± 0.15c 140.13 ± 0.15d 120.1 ± 0.10b

40 min 110.16 ± 0.15a 130.13 ± 0.15c 140.13 ± 0.15d 120.1 ± 0.10b

60 min 99.5 ± 0.50a 120.16 ± 0.15b 129.7 ± 0.60c 99.4 ± 0.60a

120 min 64.86 ± 0.32a 109.4 ± 0.52c 118.76 ± 0.68d 80.83 ± 0.76b

L*, a*,b* are colour values. WAI: Water absorption index, WSI: Water solubility index, BD: Bulk density,

WAC: Water absorption capacity, OAC: Oil absorption capacity, FC: Foaming capacity, FS: Foaming

stability. Each value is a mean of triplicates ± SD of triplicates. Means with no common letters within a

row significantly differ (p\ 0.05)

- Not detectedp; RFB raw faba bean; SFB soaked faba bean; GFB germinated faba bean; PCFB pressure

cooked faba bean
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The higher bulk density of the flour sample suggested the

denser structure of flours (Du et al. 2014). Low bulk den-

sity flours are used in the preparation of baby food for-

mulations (Devisetti et al. 2014). Chauhan et al. (2015)

reported a lower bulk density in germinated (0.55 g/mL)

compare to raw amaranth (0.61 g/mL).

Functional properties of flours

Water and oil absorption capacity

The WAC of the flours were ranged from 1.10 to 2.02 g/g,

whereas the WAC of PCFB (2.02 g/g) flour was the

highest, and RFB (1.10 g/g) exhibited the lowest WAC

(Table 2). The WAC of RFB, SFB and GFB were not

significantly (p\ 0.05) different, whereas PCFB showed

significantly higher WAC (p\ 0.05). WAC was increased

in SFB due to breakdown of proteins with increased

activity of proteases, whereas, PCFB exhibited signifi-

cantly high WAC due to thermal degradation of proteins

and starch (Rashid et al. 2015). Handa et al. (2017) also

observed higher WAC in soaked horse gram, and germi-

nated horse gram compare to raw horse gram. The affinity

between water molecules and polar amino acids residues of

the proteins caused differences in WAC of flour (Devisetti

et al. 2014).

OAC plays a vital role in the improvement of mouth feel

and maintenance of the flavour of food products (Du et al.

2014). The OAC of flours ranged from 0.58 to 0.61 g/g.

The higher OAC was observed for GFB (0.61 g/g) and the

lowest for RFB (0.58 g/g). There was no significant

(p\ 0.05) difference observed among all flour samples.

Chauhan et al. (2015) reported an increase in OAC after

germination in amaranth because of change in protein

during germination and also increased the capacity to hold

fat globule by lipophilic protein. OAC is mainly affected

by total protein content which is composed of hydrophobic

and hydrophilic parts which can interact with both water

and oil, therefore; it enhanced the OAC (Chandra et al.

2015).

Least gelation concentration

Least gelation concentration (LGC) of different flour

samples was in the range of 6 to 16% as shown in Table 3.

LGC with lower value indicates the better swelling ability

of the flour and gelation ability of the protein ingredient

(Chandra et al. 2015). RFB, SFB and GFB formed a gel at

concentration 6–8% (w/v) whereas, PCFB formed a gel at a

higher concentration 10% (w/v). Swelling and hydration of

starch and predominatly amorphous region of starch form a

gel. Strength of gel depends on the annealing of amylose

and amylopectin, moisture treatment and the intragranular

binding force of swollen starch granules due to heat (De-

visetti et al. 2014). Medhe et al. (2019) reported that gel

formation of germinated and cooked moth bean exhibit

higher gel concentration compared to raw one because of

changes in quality of protein, fat and carbohydrate during

germination and cooking.

Foaming capacity and stability

Table.2 represents the foaming capacity and stability of

faba bean flour samples. The foaming capacity of flours

ranged from 1.37 to 1.77 g/g. Foaming capacity of RFB

(1.77 mL/100 mL) and GFB (1.77 mL/100 mL) was sig-

nificantly higher (p\ 0.05) than SFB (1.57 mL/100 mL)

and PCFB (1.37 mL/100 mL). Foaming stability of GFB

was significantly higher than all other flours whereas, RFB

exhibited lowest FS. GFB exhibited high foaming capacity

and stability due to the formation of soluble proteins during

germination (El-Adawy et al. 2003). Medhe et al. (2019)

also reported higher foaming stability of germinated moth

bean compare to the raw sample.

Pasting properties

Pasting properties play an important role in the selection of

food binder and thickener. Pasting properties mainly

depend on the rigidity of starch granules which affects

starch granule swelling potential and leaching amount of

amylose in the solution (Medhe et al. 2019). The pasting

temperature of RFB (57 �C) was higher than all other

flours, however there was not significant difference in

pasting temperatre of all samples. SFB was observed with

lower (54.33 �C) pasting temperature than all treatments.

Pasting temperature corresponds to minimum temperature

Table 3 Least gelation concentration of flours

Concentrations (% w/v) RFB SFB GFB PCFB

2 - - - -

4 - - - -

6 ? ? ? -

8 ? ? ? -

10 ? ? ? ?

12 ? ? ? ? ?

14 ? ? ? ? ? ?

16 ? ? ? ? ? ? ?

18 ? ? ? ? ? ? ? ?

20 ? ? ? ? ? ? ? ?

- No gelation; ? gel; ? ? firm gel; RFB raw faba bean; SFB soaked

faba bean; GFB germinated faba bean; PCFB pressure cooked faba

bean

J Food Sci Technol (January 2022) 59(1):257–267 263

123



required for cooking and it also indicates the temperature at

which viscosity starts to increase during thermal treatment

(Yadav et al. 2018). The lower pasting temperature of SFB

and GFB was attributed to degradation of starch which

resulted a decrease in final viscosity of SFB and GFB.

Chauhan et al. (2015) also found a decrease in pasting

temperature in germinated (77.13 �C) amaranth compare to

raw (78.25 �C) one. SFB and GFB observed a higher peak

viscosity compare to other samples. Setia et al. (2019)

reported that the higher peak viscosity found in soaked faba

bean. Trough viscosity of RFB and GFB flour samples was

observed significantly different, but it was not significantly

different for SFB and PCFB. Breakdown viscosity of

processed flours was lower than the raw flour. Chauhan

et al. (2015) also observed a decrease in the breakdown of

germinated amaranth compare to raw. Low breakdown of

flour, indicates that flour exhibits good paste stability and

strong shearing (Du et al. 2014). Set back value was found

higher in RFB compare to other samples. Chauhan et al.

(2015) reported the same trend in raw and germinated

amaranth.

Thermal properties

Flours are a blend of the fibres, lipids, proteins, starch

molecules and other components which overall affect the

heat capacity of the flour (Chávez-Murillo et al. 2018). The

onset temperature ranged from 63.43 to 80.12 �C for flour

samples, as shown in Table 4. The highest onset temper-

ature was observed in PCFB and lowest in RFB flour. The

processing treatments such as pressure cooking trans-

formed the inter-crystalline amorphous form of starch and

these structural changes in starch granules caused an

increase in onset gelatinization temperature (To)

(Sharanagat et al. 2019). The peak gelatinisation temper-

ature ranged from 71.34 to 97.55 �C, whereas the highest

in PCFB, and the lowest one was observed in RFB. The

gelatinisation temperature differs in flour because of size,

form and distribution and internal structure of starch

granules (Kaur et al. 2007). Wani et al. (2017) reported

higher gelatinisation temperatures in the microwave and

pan-roasted chestnut flours because of high temperature

while roasting. Conclusion temperature ranged from 80.85

to 112.12 �C whereas the highest one was observed in

PCFB and the lowest one in RFB. Setia et al. (2019)

reported raw, soaked and germinated faba bean onset

temperature (66.2,65.9–65.9 �C), peak temperature (72.9,

70.8–71.1 �C), conclusion temperature

(85.2,84.0–82.3 �C) and enthalpy (5.0, 5.0–4.5 J/g)

respectively.

FTIR analysis of flours

Figure 1 illustrates the FT-IR spectra of RFB, SFB, GFB

and PCPM. The peaks were observed in the range of

specific spectral regions in raw, soaked, germinated and

pressure cooked faba bean. The peaks observed in the

range of 3271, 2930, 1651, 1543, 1449, 1398, 1240, 1157,

1079 and 762 cm-1. There were some spectral changes

observed in flour samples. There was no difference

observed in the carbohydrate region (1200- 900 cm-1)

among the samples. The peaks in the range of

1600–1100 cm-1 were found in all flour samples and

corresponded to amide groups, i.e. amide I and amide II,

which indicated the presence of lysine, valine, phenylala-

nine and tyrosine. The peak at 1651 cm-1 was corre-

sponded to oxalate and peak intensity was reduced in

treated flour samples (Handa et al. 2017). There was slight

Table 4 Pasting properties of

legume flours
Parameters RFB SFB GFB PCFB

Peak viscosity (RVU) 2157.94 ± 1.50ab 2165.08 ± 1.95c 2160.32 ± 1.25b 2154.22 ± 1.96a

Trough viscosity (RVU) 2124.75 ± 2.68a 2144.80 ± 3.08c 2134.55 ± 2.50b 2147.27 ± 1.23c

Break down (RVU) 34.53 ± 1.27b 24.39 ± 0.55a 25.08 ± 0.72a 25.87 ± 0.92a

Final viscosity (RVU) 2147.72 ± 1.84bc 2145.47 ± 0.64b 2133.33 ± 0.64a 2149.69 ± 0.58c

Set back (RVU) 6.27 ± 0.42b 4.46 ± 0.36a 5.74 ± 0.37b 4.61 ± 0.17a

Pasting temp (�C) 57.00 ± 1.71a 54.33 ± 1.42a 54.88 ± 2.51a 55.2 ± 1.28a

TO (�C) 63.43 66.59 65.06 80.12

TP (�C) 71.34 72.46 72.83 97.55

TC (�C) 80.85 82.69 92.29 112.12

H (J/g) 0.78 0.96 2.22 2.13

TC – TO (�C) 17.42 16.1 27.23 32

To: onset gelatinisation temperature, Tp: peak gelatinisation, Tc: conclusion, H: enthalpy. Each value is a

mean of triplicates ± SD of triplicates. Means with no common letters within a row significantly differ

(p\ 0.05)

RFB raw faba bean; a SFB soaked faba bean; GFB germinated faba bean; PCFB pressure cooked faba bean
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difference observed in SFB, GFB and PCFB compare to

RFB in protein region (1700–1600 and 1570 -1534 cm-1)

which was attributed to degradation of proteins during

processing treatments.

Microstructure of faba bean flour

Figure 2 illustrates the morphological micrographs of dif-

ferent flour samples. The flours of RFB were spherical,

granular, smooth and oval close together without gaps.

Some granules were damaged and irregular in shape. After

germination and cooking significant changes were found in

starch, i.e. granules were damaged. Compared with raw

samples, the geminated and cooked flours showed many

branching structures that connected to form a network.

Medhe et al. (2019) found rough and damaged starch

granules of geminated and cooked moth bean flour com-

pared to raw flour. Shrestha et al. (2018) reported changes

in starch such as irregular shapes and an amorphous mass

of cohesive structure in culled banana starch after heat

treatment.

Conclusions

The soaking, germination, and pressure cooking were

found improving significantly the physiological and func-

tional properties of faba bean flour. The soaking and ger-

mination improved the overall properties of flour. The low

setback of SFB, GFB and PCFB suggests its use to develop

the food-based products, in which starch stability is desired

at low temperature. The germination improved effects on

functional and physiochemical properties including the

enhanced WAI and WSI. Soaking and germination

enhanced the functional properties, such as WAC and

OAC, which will be useful for flavour retention and

Fig. 1 FTIR spectra of RFB,

SFB, GFB and PCFB.

RFB = raw faba bean,

SFB = soaked faba bean,

GFB = germinated faba bean,

PCFB = pressure cooked faba

bean

Fig. 2 Scanning electron

microscopic structures of RFB,

SFB, GFB and PCFB.

RFB = raw faba bean,

SFB = soaked faba bean,

GFB = germinated faba bean,

PCFB = pressure cooked faba

bean
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improvement of palatability. This study confirms the great

potential of this under-utilized faba bean to be used in the

food industry for the formulation of new functional food

products or as a replacement in food products due to their

improved nutritional physiochemical and functional

properties.
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