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SUMMARY

Research background. Legumes are superior sources of macro- and micronutrients
which can be further enhanced by fermentation. This can assist in addressing the food
security concerns. The present study aims to determine the effect of fermentation by Rhiz-
opus oligosporus on nutritional and antinutritional composition of some commonly con-
sumed legumes.

Experimental approach. Chickpea (kabuli and desi), pigeon pea and soybean were fer-
mented with Rhizopus oligosporus (at 34 °C for 52 h), dried at 45 °C for 16-18 h and milled.
Antioxidant potential, phenolic composition, antinutrients, mineral composition and FTIR
spectra of fermented and unfermented flour samples were evaluated.

Results and conclusions. Fermentation significantly (p<0.05) enhanced the total phe-
nolic and flavonoid contents, and antioxidant properties (radical scavenging activity, re-
ducing power, ferric reducing antioxidant power and metal chelation) of kabuli and desi
chickpeas, and soybean. Although fermented pigeon pea exhibited excellent antioxidant
properties, the effect of fermentation on such properties was either minimal or insignifi-
cant. Additionally, quantification of specific phenolics using HPLC showed higher mass
fractions of certain compounds such as chlorogenic, p-hydroxybenzoic, gallic and vanillic
acids in fermented legumes. Mass fraction of phytic acid in all the fermented legumes was
reduced (p<0.05), while trypsin inhibition increased (p<0.05). In kabuliand desi chickpeas,
and pigeon pea, saponin mass fraction increased (p<0.05) while it decreased in soybean.
Tannin mass fraction increased (p<0.05) in desi chickpea, pigeon pea and soybean and
decreased (p<0.05) in kabuli chickpea. Furthermore, fermentation enhanced the content
and estimated bioavailability of minerals. FTIR spectrum of fermented and unfermented
legumes showed the presence of several functional groups and modifications in the mo-
lecular structure after fermentation.

Novelty and scientific contribution. To our knowledge, this is the first study where leg-
ume (kabuli and desi chickpeas, pigeon pea and soybean) fermentation by Rhizopus oli-
gosporus has been assessed for nutritional and antinutritional profile and FTIR spectra. We
concluded that the treatment resulted in an optimal balance of nutrients and antinutri-
ents. The process proved to be a potential tool for tackling the concerns of nutritional se-
curity, and thus can be proposed for the development of novel legume-based functional
foods.

Key words: Rhizopus oligosporus, fermented legumes, antioxidant potential, nutritional
and antinutritional profile

INTRODUCTION

Growing population combined with climatic changes poses a huge threat to food and
nutrition securities. In such a scenario, plant foods, particularly legumes are playing an
important role ascribed to their rich nutritional composition that includes quality proteins,
essential minerals and amino acids as well as carbohydrates (7,2). Several epidemiological
studies have concluded that the regular consumption of legumes prevents the body from
various health conditions like coronary heart disease, diabetes and colon cancer (3). Such
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beneficial effects are mediated by the presence of phenolics,
bioactive peptides, amino acids and vitamins (4). However,
legumes contain certain antinutrients including phytic acid,
trypsin inhibitor, saponins and tannins, which reduce the bio-
availability of nutrients through complexation (5).

Several innovative strategies have been developed to
mitigate the negative effects of antinutrients and to enhance
the functionality of legumes. Fermentation is a potential
technique that has been found to be effective against antinu-
tritional factors; it also contributes to the organoleptic prop-
erties and shelf life extension (5). Enzymes (protease, tannase
and amylase) secreted during fermentation hydrolyze com-
plex molecular structures to simpler forms, which results in
enhanced digestibility and bioavailability of nutrients includ-
ing minerals (calcium and phosphorus) and limiting amino
acids. Moreover, fermentation has the ability to mobilize the
bound phenolics to improve the overall phenolic contentand
related antioxidant properties (3,6).

Rhizopus oligosporus, a filamentous fungus utilized in the
present study, belongs to the family Mucoraceae and is gen-
erally recognized as safe (GRAS). R. oligosporus has been
demonstrated as detoxifying agent against food toxins, such
as ochratoxin A. Moreover, R. oligosporus resists the proli-
feration of pathogens, for instance, Staphylococcus aureus,
through the formation of antibiotics (7,8). R. oligosporus has
been utilized for a long time for the fermentation of soybean
to produce tempeh, a traditional Indonesian soy product. Re-
cently, substrates like chickpeas, mung beans and kidney
beans have been utilized for the preparation of tempeh (9,70).
The aim of this study is to elucidate the effect of fermentation
on the antioxidants, antinutrients, mineral composition as
well as FTIR spectra of chickpea (kabuli and desi), pigeon pea
and soybean.

MATERIALS AND METHODS

Materials

Chickpea kabuli (genotype L 552), chickpea desi (geno-
type PBG 7), pigeon pea (variety AL 882) and soybean (varie-
ty SL 958) were procured from Punjab Agricultural University,
Ludhiana, India. Rhizopus oligosporus MTCC 556 was obtained
from Microbial Type Culture Collection and Gene Bank
(MTCC), CSIR-Institute of Microbial Technology, Chandigarh,
India. Methanol, Folin-Ciocalteu reagent, sodium carbonate,
aluminium chloride, sodium hydroxide, quercetin, 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothi-
azoline-6-sulfonic acid) (ABTS), potassium persulfate, potas-
sium hexacyanoferrate(lll), phosphate buffer, trichloroacetic
acid, iron(lll) chloride, 1-ascorbic acid, TPTZ (2,4,6-Tris(2-
-pyridyl)-s-triazine), iron(ll) sulfate heptahydrate, ferrozine,
acetonitrile, acetic acid, cinnamic acid, ferulic acid, chlorogen-
icacid, p-hydroxybenzoic acid, vanillic acid, gallic acid, tannic
acid, ammonium iron(lll) sulfate dodecahydrate, thioglycolic
acid, sodium phytate, ethyl acetate, anisaldehyde, saponin,
sodium chloride, bovine pancreatic trypsin, N-benzoyl-pt-ar-
ginine-p-nitroanilide (BApNA), calcium chloride and dimethyl

sulfoxide (DMSO) were purchased from SRL Chemicals, Mum-
bai, MH, India. Trolox, syringic acid, caffeic acid and Fo-
lin-Denis reagent were procured from Otto Chemicals, Mum-
bai, India. Hydrochloric acid, concentrated sulphuric acid,
nitric acid, perchloric acid and sodium nitrite were purchased
from Molychem, Mumbai, India. The 2,2-bipyridine and eth-
anol were purchased from HiMedia Laboratories Pvt. Ltd.,
Mumbai, India. Tris-HCI buffer and acetate buffer were pur-
chased from Sigma-Aldrich, Merck, Mumbai, India.

Fermentation

For fermentation, seeds were soaked overnight in water
at 25 °C followed by cooking for 30 min; all except soybean,
which was cooked for 1 h. Cooked seeds were inoculated with
R. oligosporus suspension (10° spore/kg) and incubated for 52
h at (34+1) °C. The cooking time and fermentation process
were optimized by preliminary trials. Fermented seeds were
dried in a tray dryer (model Td-12; Narang Scientific Works,
New Delhi, DL, India) at (45+1) °C for 16-18 h and milled to
flour (60 BSS mesh, i.e. 0.25 mm) using domestic mill (Saffron
Home Appliances, Ahmedabad, GJ, India). To obtain unfer-
mented flour, legumes were soaked, cooked, dried and milled
similarly to fermented flour. Fermented and unfermented
legume samples were kept at 4 °C in airtight pouches until
analysis (77).

Antioxidant properties

Extract preparation

One gram of each sample was refluxed twice with 20 mL
of aqueous methanol (80 % methanol acidified with 0.1 %
HCI) for 2 h. The extracts were pooled and centrifuged at
1600xg for 10 min (model T-8BL; Laby Instruments Industry,
Ambala, HR, India). The final volume was made up to 50 mL
with aqueous methanol (y(sample)=20 mg/mL). All the ex-
tracts were stored in amber glass bottles at 4 °C until analysis.

Total phenolic content

The method reported by Singleton et al. (12) was utilized
for the determination of total phenolic content (TPC). A vol-
ume of 0.5 mL of extract was taken in test tubes and diluted
to 1 mL with aqueous methanol. Then, 5 mL of freshly pre-
pared Folin-Ciocalteu reagent (10 % V/V) were added, fol-
lowed by the addition of 4 mL saturated Na,CO; solution. Af-
ter incubation for 2 h, the absorbance was measured at 765
nm (model Spectro-4; Laby Instruments Industry) against re-
agent blank. Results were expressed in milligrams of gallic
acid equivalents (GAE) per gram of dry sample.

Total flavonoid content

Total flavonoid content (TFC) was measured according to
the method given by Dini et al. (13) with certain modifications.
Avolume of 0.5 mL of extract and 2 mL of distilled water were
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mixed in test tubes followed by the addition of 0.15 mL of 5
% NaNO, aqueous solution. Tubes were incubated for 5 min
and then 0.15 mL of 10 % AICl; aqueous solution was added.
After 6 min, 1 mL of 1 M NaOH was added into the reaction
mixture followed by the immediate addition of 1.2 mL of wa-
ter. Final reaction mixture was thoroughly mixed, and absorb-
ance was measured at 510 nm (model Spectro-4; Laby Instru-
ments Industry) against reagent blank. Quercetin was used
as standard to express the results in milligrams of quercetin
equivalents (QE) per gram of dry sample.

Determination of radical scavenging
activities (DPPH and ABTS")

DPPH" (2,2-diphenyl-1-picrylhydrazyl radical) scavenging
activity was evaluated using the procedure given by
Brand-Williams et al. (14) with some modifications. In test
tubes, 0.1 mL of extract was mixed with 3.9 mL of freshly pre-
pared DPPH solution (0.2 mM) followed by incubation for 30
min in the dark. Absorbance was measured at 515 nm using
spectrophotometer model Spectro-4 (Laby Instruments In-
dustry). Absolute methanol and DPPH solution were used as
blank and control respectively. The standard curve of Trolox
was plotted as a function of the percentage of DPPH radical
scavenging activity. Results were expressed in micromoles of
Trolox equivalents (TE) per gram of dry sample.

The method reported by Yilmaz-Ersan et al. (15) was used
for the determination of ABTS*(2,2'-azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) radical cation) scavenging activi-
ty. The 20 mM ABTS and 2.45 mM K,S,0, solutions were
mixed in the ratio 1:1 (V/V) and kept in the dark for 12-16 h
at ambient conditions to produce stock solution. The work-
ing solution was prepared by diluting this stock solution with
ethanol to an absorbance of 0.70+0.02 at 734 nm (model
Spectro-4; Laby Instruments Industry). For analysis, 0.1 mL
extract, 3.9 mL ethanol and 1 mL freshly prepared working
solution were mixed. After 6 min, absorbance was recorded
at 734 nm against ethanol. The standard curve of Trolox was
plotted as a function of the percentage of antioxidant activ-
ity. Results were expressed in micromoles of TE per gram of
dry sample.

Reducing power analysis

Reducing power was measured according to the proce-
dure reported by Oyaizu (76). A volume of 1 mL of the meth-
anolic extract, 2.5 mL of 1 % potassium hexacyanoferrate(lll)
and 2.5 mL of phosphate buffer (0.2 M, pH=6.6) were mixed
thoroughly and incubated for 30 min at 50 °C. Then, 2.5 mL
of 10 % trichloroacetic acid were added into reaction mixture
followed by centrifugation at 1600xg for 10 min (model
T-8BL; Laby Instruments Industry). A volume of 2.5 mL of su-
pernatant was diluted with 2.5 mL distilled water and mixed
with 0.5 mL of 0.1 % FeCl, solution to record the absorbance
at 700 nm (model Spectro-4; Laby Instruments Industry)
against a prepared reagent blank. A standard curve was

prepared using L-ascorbic acid and the results were expressed
in milligrams of ascorbic acid equivalents (AAE) per gram of
dry sample.

Ferric reducing antioxidant power

Ferric reducing antioxidant power (FRAP) was deter-
mined as per the method given by Tomasina et al. (17). A vol-
ume of 0.1 mL of extract was mixed with 2.4 mL of freshly
prepared FRAP reagent followed by the incubation for 5 min
at 37 °C. The absorbance was recorded at 620 nm (model
Spectro-4; Laby Instruments Industry) against reagent blank.
Here, FRAP reagent was prepared by mixing 20 mM FeCl,
solution, acetate buffer (300 mM, pH=3.6) and 10 mM TPTZ
(2,4,6-Tris(2-pyridyl)-s-triazine) solution in the ratio 1:10:1.
Trolox was utilized as standard and the results were recorded
in micromoles of TE per gram of dry sample.

Metal (Fe**) chelating activity analysis

Fe?* chelating activity analysis was performed according
to Chew et al. (18) with certain modifications. The method in-
volved the dilution of 20 pL extract with 5 mL distilled water
followed by the addition of 50 yL of FeSO,-7H,0 (0.30 mM).
After 7 min, 75 L of ferrozine solution (0.80 mM) were added
and the mixture was allowed to stand for 15 min. Absorbance
was recorded at 562 nm (model Spectro-4; Laby Instruments
Industry) against aqueous methanol. The following equation
was used for the calculation of the percentage of chelating
activity:

Chelating activity=(1-A,pie/Acontrol) 100 /1/

where A, . and A, are the absorbances recorded for
sample and control, respectively. Aqueous methanol was re-
placed with extract in the control.

Antioxidant potency composite index

An equal mass was used for all the antioxidant assays
(DPPH, ABTS, FRAP, reducing power and metal chelating ac-
tivity) and an index value of 100 was assigned to the best
score for each test. Thereafter, index scores were calculated
for other samples within the test using the following equa-
tion:

Antioxidant index score=(sample score/best score)-100 /2/

Antioxidant potency composite (APC) index was calculat-
ed by taking the average of all five tests (79).

Phenolic composition

As per the method described by Xiao et al. (10), samples
were extracted with 80 % methanol (1:40) at 50 °C for 4 h fol-
lowed by cooling to room temperature. After centrifuging the
extracts at 15 000xg (model BS-SP-70BL; Biogenix System,
Delhi, DL, India) for 15 min, the solvent was evaporated under
reduced pressure and the obtained residue was dissolved in
HPLC grade methanol (80 %). The final solution was filtered
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through syringe filter (0.45 um PVDF membrane) and inject-
ed to HPLC (Agilent Technologies, Wilmington, DE, USA)
equipped with a reverse-phased ZORBAX Eclipse XDB-phenyl
column (4.6 mmx250 mm, 5 um particle size; Agilent Tech-
nologies) with the gradient elution solution A containing 80
% acetonitrile, 2 % acetic acid, 18 % water and solution B con-
taining 8 % acetonitrile, 2 % acetic acid and 90 % water. The
other parameters were adjusted as follows: solvent flow rate
1 mL/min, column oven temperature 25 °C and injection vol-
ume 20 pL. Detection of gallic, syringic and cinnamic acids
was performed at 276 nm, of chlorogenic, caffeic and ferulic
acids at 325 nm, and of p-hydroxybenzoic and vanillic acids
at 257 nm (model Spectro-4; Laby Instruments Industry). Re-
sults were expressed as mass fractions (g per 100 g of sample).

Determination of antinutrients

Phytic acid was analysed according to the method of
Haug and Lantzsch (20). Samples (1 g) were extracted with
0.2 M HCI at room temperature. After extraction, stoppered
test tubes containing 0.5 mL extract and 1 mL iron(lll) solu-
tion (0.2 g NH,Fe(S0O,),-12H,0 in 100 mL of 2 M HCl diluted to
1 L with distilled water) were heated in boiling water bath for
30 min, keeping the tubes well stoppered for the first 5 min.
After heating, the tubes were cooled for 15 min in ice water
and allowed to adjust to room temperature. Then, 2 mL of
2,2"-bipyridine solution (10 g 2,2"-bipyridine and 10 mL thio-
glycolic acid dissolved in distilled water and diluted to 1 L)
were added followed by thorough mixing. After 30 min, ab-
sorbance was recorded at 519 nm (model Spectro-4; Laby In-
struments Industry). Sodium phytate was utilized to obtain
the standard curve and the results were calculated in mil-
ligrams of phytate per gram of dry sample.

Saponins were extracted using the method of Fenwick
and Oakenfull (27). Defatted samples (1 g) with methanol
were kept at room temperature for 24 h. After centrifuging
the contents at 1600xg (model T-8BL; Laby Instruments In-
dustry), the supernatant was collected and final volume was
made to 10 mL with methanol. For determination of saponins,
Baccou et al. (22) method was used wherein 1 mL of extract
was kept in a boiling water bath to remove the methanol. Af-
ter cooling, 2 mL of ethyl acetate were added, followed by the
addition of 1 mL of reagent (0.5 mL anisaldehyde mixed with
99.5 mL ethyl acetate) and 1 mL of concentrated sulphuric
acid. The contents were thoroughly mixed and allowed to
stand for 10 min at room temperature. Absorbance was re-
corded at 430 nm (model Spectro-4; Laby Instruments Indus-
try) against reagent blank and the results were expressed in
milligrams of saponin per gram of dry sample.

Tannins were determined using the modified AOAC
method 952.03 (23). For extraction, 1 g of sample was re-
fluxed with 40 mL of 10 % methanol for 2 h. The contents
were centrifuged at 1600xg (model T-8BL; Laby Instruments
Industry) and the final volume was made to 50 mL with meth-
anol. For determination of tannins, 1 mL of extract was mixed
with 7.5 mL of distilled water in test tube followed by addition

of 0.5 mL Folin-Denis reagent. Then, 1 mL of saturated Na,CO,
was added and the contents were thoroughly mixed. After 30
min, absorbance was measured at 760 nm (model Spectro-4;
Laby Instruments Industry) against reagent blank. The results
were expressed in milligrams of tannic acid equivalents per
gram of dry sample.

Theisolation and estimation of trypsin inhibitor were per-
formed using the methods of Hajela et al. (24) and Nath et al.
(25) with slight modifications. A mass of 1 g of the sample was
soaked overnight in 10 mL of 0.01 M phosphate buffer
(pH=7.5) containing 0.1 M NaCl. The contents were centri-
fuged at 4850xg (model T-8BL; Laby Instruments Industry)
for 30 min. The supernatant was heated at 80 °C for 20 min
and centrifuged again at 4850xg for 30 min. Bovine pancre-
atic trypsin was used as the enzyme source and the substrate
was N-benzoyl-pi-arginine-p-nitroanilide (BApNA). To 100 pL
of the extract, 100 pL of the enzymatic solution were added,
followed by the addition of 200 pL of 0.01 M Tris-HCI buffer
(pH=7.5) containing 0.02 M CaCl,. The content was incubated
at 37 °Cfor 10 min. A volume of 2 mL of the substrate solution
(1 mM solution of 9 mg BApNA was prepared by dissolving it
firstin 2 mL dimethyl sulfoxide (DMSO) and the contents were
further diluted to required volume using 0.01 M Tris-HCl buff-
er, pH=7.5) was added and the content was incubated again
at 37 °Cfor 10 min. The reaction was terminated by the addi-
tion of 400 pL of 30 % acetic acid. Blank was prepared by add-
ing acetic acid before the substrate. Control was prepared by
adding 0.01 M Tris-HCl buffer (pH=7.5) containing 0.02 M
CaCl, instead of the extract. Protease inhibition activities
were measured by recording the absorbance of the test and
control reaction mixtures at 410 nm (model Spectro-4; Laby
Instruments Industry). Comparison of the absorbances of test
and control mixtures determined the units of inhibited
trypsin. Decrease in the absorbance (A) measured at 410 nm
after 1 min as compared to control of 0.01 A was considered
to be one unit inhibited per mL of the reaction medium. Re-
sults were expressed as trypsin inhibitor activity (TIA) per mil-
ligram of dry sample.

Mineral composition and bioavailability

Each sample was digested with a solution of distilled ni-
tric and perchloric acid (3:1) for 45 min at 90-95 °C. Digested
solution was diluted with distilled water, followed by filtra-
tion. Final solution was analyzed using inductively coupled
plasma optical emission spectrometry (ICP-OES model iCAP
6300; Thermo Fisher Scientific, Waltham, MA, USA) (26).

Phytate/mineral molar ratios were determined before
and after fermentation to estimate mineral bioavailability.
The molecular mass of phytate of 660 g/mol was used for cal-
culation of Phy:Ca, Phy:Zn and Phy:Fe molar ratios (27).

FTIR analysis

FTIR spectrum of samples was obtained using Nicolet
6700 FTIR spectrometer (Thermo Fisher Scientific), operating
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in the middle IR region (¥=500-4000 cm™), with attenuated
total refection (ATR) mode.

Statistical analysis

All the analyses were carried out in triplicates and the re-
sults were expressed as mean valuetstandard deviation. To
compare the changes before and after fermentation, data
sets were subjected to paired t test at p<0.05 significance lev-
el using SPSSv. 18.0 (28). Pearson’s correlation coefficient was
performed for correlation analysis.

RESULTS AND DISCUSSION

Effect of fermentation on the antioxidant properties
of legumes

Total phenolic and flavonoid content of legumes

Phenolics are ordinally correlated with the antioxidant
properties due to their electron donating ability. Table 1
shows the total phenolic and total flavonoid contents (TPC
and TFC, respectively) of unfermented and fermented leg-
umes. Fermentation significantly (p<0.05) enhanced the TPC
of all the legumes. Fermented soybean had the highest TPC,
482 % higher than unfermented soybean. Fermented kabuli
and desi chickpeas were found to contain 52 and 23 % high-
er TPC than the unfermented kabuli and desi chickpeas, re-
spectively. The lowest but significant (p<0.05) improvement
was observed in pigeon pea, where the fermented sample
contained 12 % higher TPC than the unfermented one. The
results are consistent with the findings of Xiao et al. (10) and
Lee et al. (29), who reported 80 and 39 % higher TPC in the
chickpea fermented by Cordyceps militaris SN-18 and pigeon
pea fermented by Bacillus subtilis BCRC 14715, respectively.
Phenolics exist as soluble free esters, and to a major extent,
as insoluble esters complexed with plant cell walls, proteins
and polysaccharides (30). As explained by Juan and Chou (37)
and Vong et al. (32), the enzymes B-glucosidases and
B-glucuronidases produced by R. oligosporus during fermen-
tation of legumes could hydrolyze these complexed pheno-
lics to soluble forms, which is reflected as enhanced phenol-
ic content.

Flavonoids are also correlated with antioxidant properties
and their consumption reduces the risk of various diseases,
like heart disease and cancer. As shown in Table 1, TFC of ka-
buli and desi chickpeas, and soybean significantly (p<0.05)
increased by 86, 60 and 90 % respectively, after the fermen-
tation, while insignificant difference was found between the

TFC of fermented and unfermented pigeon peas. In similar
context, Juan and Chou (37) and Lee et al. (29) reported 31 and
120 % higher TFCin soybean and pigeon pea fermented with
Bacillus subtilis BCRC 14715 and attributed such enhancement
to the activity of microbial enzymes which released bound
flavonoids from the substrate. Adetuyi and Ibrahim (33) have
reported fermentation as effective approach in enhancing
the flavonoid content of okra seeds. It was suggested that
during fermentation, the rise in matrix acidity led to liberation
of bound flavonoids to available forms. However, the studies
conducted on cowpea seeds and pistachio hulls gave contra-
dictory results and it have been explained that with the pas-
sage of fermentation time, the microorganisms start utilizing
available flavonoids, which reduces their concentration (4,34).
Thus, in the present study, the insignificant decrease in the
TFC of pigeon pea might be due to the utilization of flavo-
noids by microorganism for their growth.

Antiradical capacity of samples

DPPH-and ABTS* are free radicals which are reduced and
stabilized in the presence of electron-donating compounds.
Such phenomenon was used for the measurement of anti-
radical capacity of the samples. Results obtained for DPPH"
and ABTS*™ scavenging activities are in Figs. 1a and 1b, re-
spectively. A significant difference (p<0.05) was observed be-
tween the scavenging activities of fermented and unferment-
ed samples of kabuli and desi chickpeas, and soybean. In
terms of DPPH and ABTS* inhibition, the highest increment
was recorded in soybean, i.e. 76 and 370 %, respectively, fol-
lowed by kabuli (61 and 45 %) and desi chickpeas (46 and 29
%). Pigeon pea was found to have excellent radical scaveng-
ing activity; however, the effect of fermentation on such
properties was insignificant.

The ability of fermentation to enhance the radical scav-
enging activity has been reported by various investigators.
For instance, Lee et al. (29) and Juan and Chou (37) observed
higher scavenging of radicals in fermented pigeon pea and
soybean. Similarly, Xiao et al. (10) reported 48 and 38 % high-
er DPPH"and ABTS*™ scavenging activities in chickpea fer-
mented by Cordyceps militaris SN-18.1n another study, Xiao et
al. (35) observed 44 and 362 % higher DPPH and ABTS™ scav-
enging activities in mung beans fermented by Cordyceps mil-
itaris SN-18. These investigations have attributed better scav-
enging abilities in fermented legumes to the enrichment in
phenolic and flavonoid content during fermentation. Thus,
the enhanced TPC and TFC in fermented kabuli and desi

Table 1. Total phenolic content expressed as GAE and flavonoid content expressed as QE of unfermented and fermented legumes

wi(m/a) Kabuli chickpea Desi chickpea Pigeon pea Soybean
Unfermented Fermented Unfermented Fermented Unfermented Fermented Unfermented Fermented

GAE (1.05+0.02)° (1.6£0.1)2 (1.01£0.03)>  (1.24+0.03)? (3.24+0.04)>  (3.64+0.04) (0.87+0.06)°  (5.07+0.06)

QE (13.0+0.9)° (24.2+0.5)° (16.9+0.9)° (27.1£0.9) (33.1£0.9)° (32.0+0.4)° (11.4+0.8)° (21.7+0.8)*

Results are expressed as mean valuexstandard deviation of three replicates. Different letters in superscripts represent significant difference
(p<0.05) between fermented and unfermented legumes. GAE=gallic acid equivalent, QE=quercetin equivalent
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chickpeas and fermented soybean might be the reason be-
hind their better radical scavenging activities. Similar to the
insignificant change in the TFC of pigeon pea, fermentation
also had insignificant impact on its radical scavenging activ-
ities. In addition, Xiao et al. (10) demonstrated that the signif-
icant enhancement in the inhibition of DPPH and ABTS radi-
cals in fermented chickpeas was ascribed to the enzymatic
conversion of phenolic glycosides to more antiradical agly-
cones. This might also be the reason behind the enhanced
radical scavenging activities in the fermented kabuli and desi
chickpeas, and especially fermented soybean, which is an ex-
cellent source of these compounds.

Reducing power of legumes

Reducing power of unfermented and fermented legumes
is shown in Fig. 1c. Fermentation significantly (p<0.05) en-
hanced the reducing ability of all the legumes, with soybean
showing the highest increment of 210 %, followed by kabuli
(51 %) and desi (61 %) chickpeas and pigeon pea (9 %). In sim-
ilar studies, Xiao et al. (10) and Xiao et al. (30) reported 2- to
3-fold higher reducing power in chickpeas and oats ferment-
ed by Cordyceps militaris SN-18 and correlated it with the re-
ductone-enhancing ability of fermentation. Xiao et al. (30) ex-
plained that these reductones have the ability to stabilize free
radicals and thus obstruct toxic radical reactions. In addition,
Xiao et al. (35) ascribed strong reducing ability of fermented
mung beans to enhanced phenolics. Thus, it seems that the
enhanced phenolic and flavonoid contents in fermented ka-
buli and desi chickpeas, pigeon pea, and soybean are respon-
sible for their strong reducing power.
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Ferric reducing antioxidant power of legumes

FRAP reflected the antioxidant potential of food matrices
owing to their ability to reduce the complex from TPTZ-Fe3*
to TPTZ-Fe?". Fig. 1d shows that the fermentation significant-
ly (p<0.05) increased the FRAP of all the legumes. The highest
increase was in soybean (163 %), followed by kabuli (46 %)
and desi (43 %) chickpeas, and pigeon pea (19 %). This is con-
sistent with the findings of Razak et al. (36), who reported
higher FRAP values in R. oligosporus- and Monascus pur-
pureus-fermented cereals and attributed it to enhanced phe-
nolic contents during fermentation. Similarly, Xiao et al. (35)
demonstrated a strong correlation between the FRAP and
phenolic content of fermented mung beans. They explained
that the phenolic compounds enriched during fermentation
were responsible for higher reduction of TPTZ-Fe3* to TPTZ-
-Fe?, resulting in enhanced FRAP. Conclusively, the increment
in the FRAP of kabuli and desi chickpeas, pigeon pea and soy-
bean after fermentation with R. oligosporus was ascribed to
the enrichment of the phenolics as observed in the present
study.

Metal chelating activity of samples

Fe?*and Cu** are the major metal ions that initiate the rad-
ical chain reactions and catalyze the generation of toxic rad-
icals. Chelating agents can complex the transition metal ions
to stabilize them and prevent the body from oxidative dam-
age (37). Asdemonstrated in Fig. 1e, fermentation significant-
ly (p<0.05) improved the metal chelating activity of all leg-
umes, with the highest increase of 85 % in kabuli chickpea

c)

mmm  Unfermented
== Fermented

RP as AAE/(mg/g)

PP SB

7| == Unfermented
== Fermented

Metal chelating activity/%

CPK CPD PP SB

Fig. 1. Antioxidant capacity of samples measured as: a) DPPH radical scavenging activity, b) ABTS radical cation scavenging activity, c) reducing
power (RP), d) ferric reducing antioxidant power (FRAP) and e) metal chelating activity. Error bars represent the standard deviation of mean val-
ues of three replicates. Different letters on bars indicate significant differences (p<0.05) between unfermented and fermented legume. CPK=ka-
buli chickpea, CPD=desi chickpea, PP=pigeon pea, SB=soybean, TE=Trolox equivalent, AAE=ascorbic acid equivalent
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followed by pigeon pea (45 %), soybean (44 %) and desi chick-
pea (37 %). The results are in agreement with the findings of
Li et al. (38), who reported 329 % higher metal chelating ac-
tivity in whole soybean flour fermented with Lactobacillus
casei. It was suggested that the increase in the phenolic con-
tent during fermentation was responsible for strong chelat-
ing ability. Similarly, Xiao et al. (35) demonstrated the positive
impact of fermentation on the chelating activity of legumes.
However, the inconsistency between the chelating ability
and corresponding phenolic content has been reported. Sim-
ilar was observed in the present study; for instance, pigeon
pea showed the second highest enhanced metal chelating
activity after fermentation, while the lowest improved TPC
was recorded in the same extract. It seems that certain other
compounds (such as tocopherols or ascorbic acid) might con-
tribute to the metal chelation (35).

Antioxidant potency composite index of unfermented
and fermented legumes

Since five methods with varying principles were em-
ployed for the determination of antioxidant activities, the es-
timation of antioxidant potency composite (APC) index (Ta-
ble 2) from the indices of the different assays is necessary. The
antioxidant potency of all the legumes enhanced with fer-
mentation. Fermented pigeon pea was found to possess the
highest antioxidant potency (99) and even unfermented pi-
geon pea exhibited superior potency (89), thereby showing
excellent antioxidant potential of this legume. In fermented

kabuli and desi chickpeas, and fermented soybean, the anti-
oxidant potency is in the range of 42-54, which is approx.
2-fold higher than in the corresponding unfermented leg-
umes.

Effect of fermentation on the phenolic composition

Eight phenolic compounds were quantified using HPLC
to elucidate the effect of fermentation (Table 3). The mass
fractions of p-hydroxybenzoic acid and chlorogenic acid in
kabuli and desi chickpeas, and soybean increased with fer-
mentation, while in pigeon pea, p-hydroxybenzoic acid in-
creased but chlorogenic acid was not detected even after its
fermentation. Also, higher mass fractions of caffeic acid in
fermented kabuli chickpea and pigeon pea, ferulicacid in fer-
mented kabuli chickpea and soybean, gallic acid in ferment-
ed desi chickpea and pigeon pea, syringic acid in fermented
desi chickpea, pigeon pea and soybean, and vanillic acid in
fermented kabuli and desi chickpeas were observed. Howev-
er, mass fractions of a few compounds were reduced with
fermentation, for instance, cinnamic and syringic acids in ka-
buli chickpea, caffeic, cinnamic and ferulic acids in desi chick-
pea, cinnamic and ferulic acids in pigeon pea, while reducing
trend of any compound was not observed in soybean. Xiao
etal.(70) and Saharan et al. (39) have demonstrated the abili-
ty of fermentation to enhance the mass fractions of phenolic
compounds and corresponding antioxidant properties. Xiao
et al. (30) reported higher contents of gallic, ferulic, chloro-
genic, caffeic and p-hydroxybenzoic acid and vanillin in

Table 2. Antioxidant potency composite index of unfermented and fermented legumes

Index Kabuli chickpea Desi chickpea Pigeon pea Soybean
Unfermented Fermented Unfermented Fermented Unfermented Fermented Unfermented Fermented

DPPH 20.68 33.30 29.18 42.55 100 98.55 15.16 26.74
ABTS 11.04 15.99 31.64 40.90 100 96.57 9.18 43.18
RP 39.13 59.22 40.95 65.85 91.93 100 23.15 71.73
FRAP 16.54 24.09 26.98 38.55 84.07 100 16.70 43.91
MCA 42.55 78.72 62.77 86.17 69.15 100 57.45 82.98
APC 25.99 42.26 38.30 54.81 89.03 99.02 24.33 53.71

DPPH=2,2-diphenyl-1-picrylhydrazyl, ABTS=2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), RP=reducing power, FRAP=ferric reducing
antioxidant power, MCA=metal chelating activity, APC=antioxidant potency composite index

Table 3. Phenolic composition of unfermented and fermented legumes

Kabuli chickpea Desi chickpea Pigeon pea Soybean
Acid Unfermented Fermented Unfermented Fermented Unfermented Fermented Unfermented Fermented
w/(mg/100g)
Caffeic N.D. 4.0 0.7 N.D. 0.3 0.4 N.D. N.D.
Cinnamic 10.3 4.5 27.5 N.D. 3.6 N.D. N.D. N.D.
Chlorogenic N.D. 1.0 0.8 56.0 N.D. N.D. N.D. 109.9
Ferulic 18.8 211 5.7 54 2.2 1.1 0.8 1.3
Gallic N.D. N.D. N.D. 20.6 47 337 N.D. N.D.
Syringic 1.4 N.D. 53 9.5 12.8 30.1 10.1 86.7
Vanillic N.D. 1.4 35.6 88.8 N.D. N.D. N.D. N.D.
’g'Hydfoxy' 26 158.7 26 61.5 1.3 28.8 26.6 46.2
enzoic

N.D.=not detected
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fermented oats. This was attributed to the activity of micro-
bial enzymes that liberated the complexed phenolic com-
pounds. Furthermore, the strong antioxidant activity in fer-
mented oats was correlated with enhanced mass fractions of
these phenolic compounds. Xiao et al. (10) discussed that the
higher content of chlorogenic acid in fermented chickpeas
was the major contributor to the strong antioxidant activity
owing to its antioxidant potency. Conclusively, higher antiox-
idant activity in fermented kabuli and desi chickpeas, pigeon
pea and soybean could be attributed to the enhanced mass
fractions of specific phenolic compounds, especially chloro-
genic acid.

Effect of fermentation on the antinutrients

Phytic acid mass fraction of all legumes significantly
(p<0.05) decreased after fermentation (Fig. 2a). The highest
reduction of 55 % was observed in soybean, followed by ka-
buli chickpea (27 %), pigeon pea (24 %) and desi chickpea (24
%). Vong et al. (32) have demonstrated the ability of R. oli-
gosporus fermentation to reduce the phytic acid in okara.
Similarly, Ranjan et al. (40) reported 3.2 % lower phytate con-
tent in rice bran after fermentation with R. oryzae. These in-
vestigations stated that during fermentation in moderate
acidic environment, the activity of endogenous phytase in-
creased, which hydrolyzes the phytic acid present in the sub-
strate. Thus, the lower phytic acid mass fraction measured in
fermented kabuli and desi chickpeas, pigeon pea, and soy-
bean could be due to the enhanced activity of phytases dur-
ing fermentation. Since phytic acid can chelate divalent ions
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such as Fe?*, Mg?*, Zn*" and Ca** and make them unavailable
(40), fermentation could be an effective approach to degrade
phytic acid and liberate bound nutrients.

Saponins in fermented kabuli and desi chickpeas, and fer-
mented pigeon pea were found to be 40, 16 and 28 %, respec-
tively, higher (p<0.05) than in their unfermented counter-
parts (Fig. 2b). Xiao et al. (10) reported a similar result that
saponins in chickpeas increased 3-fold after fermentation
with Cordyceps militaris SN-18 and attributed it to the synthe-
sis of saponins as defence mechanism during fermentation.
Conversely, the saponin content of soybean significantly
(p<0.05) decreased (12 %) with fermentation. This is in agree-
ment with the findings of Rui et al. (47), who stated that re-
duced saponin content in soybean fermented with Lactoba-
cillus plantarum B1-6 was due to -glucosidase produced
during fermentation, which hydrolyzed the saponin mole-
cules to sapogenins and sugar side chains and reduced their
solubility. Saponins are usually reported as antinutrients due
to their haemolytic and membranolytic activities (47). How-
ever, they are also considered as bioactive components ow-
ing to their antioxidant properties (70).

Fermentation caused 8, 10 and 43 % increase (p<0.05) in
the tannins of desi chickpea, pigeon pea and soybean respec-
tively, while in kabuli chickpea, the values were reduced
(p<0.05) by 16 % (Fig. 2c). In a similar investigation, Osman (42)
observed 350 % higher tannin content in fermented pearl mil-
let. This was attributed to the enzymatic hydrolysis of con-
densed tannins. Conversely, Egounlety and Aworh (43) and
James et al. (44) have reported reducing effect of fermentation
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Fig. 2. Mass fractions of: a) phytic acid, b) saponins, c) tannins, and d) trypsin inhibitor activity. Error bars represent the standard deviation of
mean values of three replicates. Different letters on bars indicate significant difference (p<0.05) between unfermented and fermented legume.

CPK=kabuli chickpea, CPD=desi chickpea, PP=pigeon pea, SB=soybean
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on the tannin content of legumes. This could be due to the
degradation of tannins by polyphenol oxidase and/or tan-
nase enzymes produced during fermentation (44).

Trypsin inhibitor activity in kabuli and desi chickpeas, pi-
geon pea and soybean increased by 18, 46, 25 and 11 % re-
spectively, after fermentation with R. oligosporus (Fig. 2d).
This is in agreement with the findings of Egounlety and
Aworh (43), who reported increased trypsin inhibitor activity
in R. oligosporus-fermented soybean. Prinyawiwatkul et al.
(45) stated that 35 % higher trypsin inhibitory activity in R.
microsporus-fermented cowpea was due to fungal protease
that released the active trypsin inhibitors from heat-resistant,
inactive bound form. During fermentation, the activity of fun-
gal protease exposes the amino acid residues resulting in the
solubilization of heat-denatured trypsin inhibitors that form
a complex with trypsin. However, complete inactivation of
these released trypsin inhibitors can be achieved by ade-
quately cooking the flour before consumption (45). Contrari-
ly, some investigations have reported reduced level of trypsin
inhibitors after fermentation, attributing it to the activity of
hydrolytic enzymes produced during fermentation (40,47).

Correlation analysis

Pearson’s correlation coefficients among bioactive con-
stituents, antioxidant activities and antinutrients of unfer-
mented and fermented legumes were determined (Table 4).
A strong positive correlation (p<0.05) was found between
TFC and different antioxidant activities such as DPPH"
(r=0.884), ABTS* (r=0.867), reducing power (r=0.950), FRAP
(r=0.860) and metal chelating activity (r=0.761). Compared to
TFC, TPC was moderately correlated with these antioxidant
activities. The positive correlation among TPC, TFC and anti-
oxidant activities demonstrated the contribution of pheno-
lics to antioxidant potential of legumes. Besides, DPPH" and
ABTS* demonstrated a strong correlation (r=0.963, p<0.01).
Except metal chelation, other antioxidant activities had
strong correlation with each other. Antinutrients (phytic acid,
saponins and tannins) are also considered as bioactive con-
stituents; however, they were found to be poorly correlated
with antioxidant activities in the present study.

Effect of fermentation on the mineral composition
and bioavailability

Nine minerals (P, Mg, Na, K, Cu, Mn, Ca, Fe and Zn) were
quantified using ICP-OES. Fermentation significantly (p<0.05)
enhanced the mass fraction of minerals in all the legumes
(Table 5), which has also been observed by other investiga-
tors. For instance, Ali et al. (46) reported the higher contents
of macro- and microminerals in soybean fermented with Ba-
cillus subtilis. Asres et al. (27) discussed that higher mineral
contents in fermented legumes were ascribed to the activity
of microbial enzymes that released the minerals from chelat-
ed complex compounds. Dhull et al. (47) discussed that
phytates are mainly responsible for impaired bioavailability
of minerals and attributed enhanced content of minerals (Ca,
Na, K, Cu, Fe and Zn) in Aspergillus awamori-fermented lentil
to degradation of phytates during fermentation.

Furthermore, the bioavailability of specific minerals, i.e.
Ca, Fe and Zn, was assessed by calculating the phytate/min-
eral molar ratios (Table 5). In fermented kabuli chickpea and
soybean, the molar ratio of phytate to calcium was below the
critical value (0.24), showing good bioavailability of calcium.
Similarly, the phyate/iron molar ratio was <1 in fermented pi-
geon pea and soybean, which indicates good bioavailability
of iron. However, the phytate/calcium molar ratio in ferment-
ed desi chickpea and pigeon pea and phytate/iron molar ra-
tio in fermented kabuli and desi chickpeas were above critical
values, which is indicative of impaired mineral bioavailability.
All the fermented and unfermented legumes had superior
bioavailability of zinc as their phytate/zinc molar ratio was
<15. Overall, the molar ratios of phytate to minerals de-
creased with fermentation, which signifies the improved bi-
oavailability of minerals in fermented legumes. This is in
agreement with the findings of Asres et al. (27), who reported
the enhanced mineral bioavailability in fermented teff and
wheat, and attributed it to reduced levels of phytic acid after
fermentation.

FTIR spectra of unfermented and fermented legumes

FTIR analysis was performed to identify the changes in-
duced by fermentation in the structure of legumes using the

Table 4. Correlation among bioactive constituents, antioxidant activities and antinutrients of unfermented and fermented legumes

TPC TFC DPPH ABTS
TPC 1.000 0.547 0.476 0.631
TFC 1.000 0.884** 0.867**
DPPH 1.000 0.963**
ABTS 1.000
RP
FRAP
MCA
Phytic acid
Saponins
Tannins

RP FRAP MCA Phyticacid Saponins  Tannins
0.738* 0.657 0.578 -0.498 0.175 0.657
0.950** 0.860** 0.761* -0.564 -0.425 -0.096
0.883** 0.960** 0.536 -0.251 -0.477 -0.145
0.908** 0.981** 0.578 -0.392 -0.383 0.084
1.000 0.923** 0.756* -0.563 -0.359 0.080

1.000 0.648 -0.374 -0.315 0.099
1.000 -0.774* 0.026 0.228
1.000 0.157 -0.268
1.000 0.735%
1.000

TPC=total phenolic content, TFC=total flavonoid content, DPPH= 2,2-diphenyl-1-picrylhydrazyl, ABTS=2,2'-azino-bis(3-ethylbenzothiazoline-
-6-sulfonic acid), RP=reducing power, FRAP=ferric reducing antioxidant power, MCA=metal chelating activity. Significant at *p<0.05, **p<0.01
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Table 5. Mineral composition and their bioavailability in unfermented and fermented legumes

Kabuli chickpea Desi chickpea Pigeon pea Soybean
Mineral Unfermented  Fermented Unfermented  Fermented Unfermented  Fermented Unfermented  Fermented
w/(mg/100 g)
Phosphorus (111.3+8.0)° (278.5+9.2) (83.0+£7.7) (86.4+6.3)° (74.8+5.5)° (115.9+£8.4) (196.249.9)°  (299.13+10.08)
Magnesium  (98.9+4.4)° (126.4+5.4) (67.0£5.6)? (68.5+4.8) (45.4+3.9)° (93.8+7.7) (76.35.5)° (120.4+7.7)?
Sodium (18.1£1.7)° (26.0+£2.4)° (20.9+2.1)° (26.6+.2.63° (7.6+0.7)° (16.6%1.5)° (15.2+1.4)° (26.4+2.1)
Potassium (431.7£21.7)>  (662.0+29.0)° (214.8+16.5)*  (213.7+.15.8)° (757.4+20.1°>  (981.0+26.4) (335.2+11.7)°  (589.6%15.2)
Copper (0.78+0.01)°  (1.53+0.08)* (0.68+0.05)°  (0.93+£0.09)* (2.2+0.2)° (4.7+0.5)? (0.88+0.09)° (1.9+0.11
Manganese (8.3+0.8)° (20.7£2.1) (5.8+0.4) (6.8+0.5) (4.7+0.5)° (71+0.7) (1.5+0.1)° (3.1£0.5)
Calcium (40.4+3.0)° (81.55+4.07) (21.2+2.0)* (21.3+2.2)° (17.2+1.9)° (44.4+3.7) (75.0£5.6)° (117.67.7)
Iron (5.120.4)° (6.3£0.8)° (4.7+0.3)° (5.9+0.6)° (11.9+1.1)° (21.2+2.0) (16.3+1.0)° (31.1£2.2°
Zinc (2.9+0.2)° (4.2+£0.4) (5.2+0.5) (5.2+£0.4) (3.2+0.3)° (6.9+0.6) (2.840.3)° (4.4+0.6)
Tohytate,metal
Calcium 0.55 0.20 0.63 0.47 1.01 0.29 0.31 0.09
Iron 6.09 3.59 3.99 240 2.01 0.86 1.98 0.46
Zinc 12.32 6.31 419 3.19 8.69 3.08 13.76 3.80

Results are expressed as mean valuetstandard deviation of three replicates. Different letters in superscripts show significant difference (p<0.05)

between unfermented and fermented legume

vibrational pattern of various functional groups present. As
shown in figure Fig. 3, identical compounds were present in
unfermented and fermented legumes, which is observable
in similar patterns of absorption bands. After fermentation,
the band shifted to lower wavelengths for all the legumes
along with reduction in the intensities. The amide | band
(1600-1700 cm™) provides information on the protein sec-
ondary structures where 3-sheet structure, random coil,
a-helix structure and 3-turn structures are observed in the
ranges 1615-1638, 1638-1645, 1645-1662 and 1662-1682 cm™'
respectively (48). The changes in the carbohydrate zone (750-
1200 cm™ fingerprint region) and amide | zone after
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fermentation can be attributed to partial protein and starch
depolymerization. An intense band around 3300 cm™' was
observed for both fermented and unfermented legumes,
which may be due to the stretching vibration of O-H, mainly
in phenolic groups (49). Aromatic groups are inferred by the
band around 1407 cm™ (C-C stretch) and the peak near 798
cm™. Slight modification was recorded near these bands in
fermented legumes since fermentation was responsible for
changes in these functional groups, especially aromatic and
phenolic groups, which include antinutritional factors, such
as phytic acid, saponins and tannins.
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Fig. 3. FTIR analysis of unfermented (blue line) and fermented (red line) legumes: a) kabuli chickpea, b) desi chickpea, ) pigeon pea and d) soy-

bean
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CONCLUSIONS

Fermentation of some commonly consumed legumes: ka-
buli and desi chickpeas, pigeon pea and soybean with Rhizo-
pus oligosporus showed significant changes in the nutritional
and antinutritional composition. The total phenolic and fla-
vonoid contents and antioxidant activities increased, and the
phenolic composition was improved after fermentation. A
strong positive correlation was observed between the flavo-
noid content and different antioxidant properties. Further-
more, the phytic acid content of legumes was reduced with
fermentation, which consequently enhanced the content and
bioavailability of the minerals. However, the mass fractions of
tannins and saponins and the activity of trypsin inhibitors in-
creased in most of the legumes. FTIR analysis showed the
changes in the functional groups of the legumes after fer-
mentation. Based on this study, we conclude that legume fer-
mentation led to superior phenolic composition, enhanced
antioxidant properties and higher mineral bioavailability.
Thus, fermented legumes can be incorporated as functional
ingredients in the development of healthy diets possessing
the ability to counter the lifestyle-related oxidative stress,
chronic disorders and micronutrient (mineral) deficiency.
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