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ABSTRACT: The present study describes the effects of germination on nonnutritional factors and antioxidant activity in the
nonconventional legumes Vigna unguiculata (cowpea), Canavalia ensiformis (jack bean), Lablab purpureus (dolichos), and
Stizolobium niveum (mucuna). Protease inhibitors and lectins were detected in raw legumes and were significantly decreased
during the germination. Regarding total and individual inositol phosphates (IP5-IP3), important reductions of IP6 and high
increases in the rest of inositol phosphates were also detected during this process. In addition, total phenols, catechins, and
proanthocyanidins increased, accompanied by an overall rise of antioxidant activity (79.6 μmol of Trolox/g of DW in the case of
mucuna). Germination has been shown to be a very effective process to reduce nonnutritional factors and increase bioactive
phenolic compounds and antioxidant activities of these nonconventional legumes. For this reason, they could be used as
ingredients to obtain high-value legume flours for food formulation.
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■ INTRODUCTION

The role of seed legumes in the diets of animals and man in
developed countries is well documented.1 There is a lack of
sufficient animal protein; hence it is necessary to search for
alternative sources of protein from lesser-known legumes in lieu
of expensive and scarce animal protein. The research efforts are
being directed to this area to identify and evaluate under-
exploited legume food sources as alternative protein crops for
the future. This development has stimulated research on the
utilization of some underutilized legumes such as Vigna
unguiculata (cowpea), Canavalia ensiformis (jack bean),
Stizolobium niveum (mucuna), Lablab purpureus (dolichos),
which are potential sources of plant protein for many
developing countries.2,3 The protein quality of these wild
pulses seems to be similar to that of most edible legumes, and
thus, they are advocated to be good sources of extending
protein sources.4 In addition, they provide a large amount of
structural carbohydrates mainly due to their higher dietary fiber
content when compared to other fiber rich plant foods such as
cereals and tubers.5,6 Many studies have been carried out to
determine the benefits of legume dietary fiber such as
prevention of obesity, cardiovascular disease, type 2 diabetes,
and large intestine cancer. Thus, the role of legumes as
therapeutic agents in the diet of healthy vulnerable populations
(diabetes, metabolic disorders, etc.) is actually of great interest.7

Moreover, the uses of legumes in food formulation are
assuming a greater importance and have attracted the attention
of food processors, marketers, and consumers,8 since their
properties show a great impact on their utilization and are very
important in the development of functional ingredients in some
foods such as breads, cakes, and biscuits.9,10

However, their nutritional quality is limited by the presence
of heat labile and heat stable nonnutritional factors (NNFs).
The NNFs are structurally different compounds broadly
divided into two categories: proteins (such as lectins and
protease inhibitors) and others such as phytate, tannins, or
proanthocyanidins, saponins, and alkaloids. The presence,
distribution, and negative impact of the ingestion of NNFs in
grain legumes have extensively been reported.11 In general, raw
legumes contain far higher levels of some NNFs than their
processed forms, and hence processing is necessary before the
incorporation of these grains into food or animal diets.12

In this regard, germination has been identified as an
inexpensive and effective technology for improving the quality
of legumes, by enhancing their digestibility increasing the
content of soluble protein13 and dietary fiber5,6 and reducing
the levels of nonnutritional factors.14 Numerous investigations
into the effects of germination on protein, starch, and dietary
fiber have been carried out in common legumes. However,
there is a paucity of literature about the changes of this process
on underexploited legumes.2,3 Moreover, germination con-
ditions and their effects on legume composition can vary with
the plant species, seed varieties, or cultivars.15

Thus, the present study was carried out with the aim to
evaluate the influence of the germination process on nonnutri-
tional factors and also antioxidant properties in four non-
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conventional legumes in order to make them more useful than
the raw seeds for human and animal feed.

■ MATERIALS AND METHODS
Samples. Seeds of cowpea (Vigna unguiculata L.), jack bean

(Canavalia ensiformis L.), dolichos (Lablab purpureus L.), and mucuna
(Stizolobium niveum L.) were grown and supplied by the Instituto de
Ciencia Animal (La Habana, Cuba).
Germination. The germination procedure for seeds was as follows:

four portions of 150 g of seeds were washed with 0.7% sodium
hypochlorite, soaked in 450 mL of distilled water at room temperature
for 6 h, and shaken every 30 min. The water was then drained off, and
the seeds were transferred to a separating funnel. The samples were
germinated using 12 h of light daily.4 The germination was carried out
at 25 °C for 4 days, and seeds were sprayed daily with distilled water in
order to maintain an adequate hydration level. The sprouts and seeds
were ground and freeze-dried for analysis.
Enzyme Inhibitors. Seed flours were extracted (1:10 w/v) by

stirring with 0.02 M sodium phosphate buffer pH 7.0 containing NaCl
(8 g/L) overnight at +1 °C and centrifuged (5000g for 25 min). The
resultant clear supernatants were stored at −20 °C. Estimations of
protease-inhibitors content were carried out as described previously.16

The α-amylase inhibitor content of the seed extracts was determined
by the starch/iodine procedure of Piergiovanni.17

Lectins. Hemagglutinating activity in the pH 7.0 buffer extracts was
estimated by a serial dilution procedure using rat blood cells.18 The
amount of material (g) that caused agglutination of 50% of the
erythrocytes was defined as that containing 1 hemagglutinating unit
(HU) and for comparison; values were expressed as HU/kg of seed
meal. Trypsinized rat blood cells were used in order to detect the
hemagglutination activity in legumes that showed lower activity.
Phytic Acid. The individual inositol phosphates (IP3-IP6) were

extracted according Burbano et al.19 with modifications and measured
by HPLC. Analysis was with a Beckman System Gold HPLC equipped
with a refractive index. The column was a macrosporous polymer PRP-
1 (150 × 4.1 mm, 5 μm) heated at 45 °C and was equilibrated with the
mobile phase for 1 h. The mobile phase was prepared by mixing
methanol/water (51.5:48.5 v/v) with addition of 8 mL of
tetrabutylammonium hydroxide (TBNOH), 1 mL of 0.5 M sulfuric
acid, 0.5 mL of formic acid (ACS reagent, 91%), and 0.2 mL of a
phytic acid solution (5 mg/mL). The pH was adjusted to 4.3. The
mobile phase was filtered through a Millipore filter (0.45 μm) and
degassed under a vacuum. The flow rate was 1.2 mL/min, and the
injection volume was 20 μL. The standard used was sodium phytate
(Sigma Chemicals, USA).
Polyphenolic Compounds. For extracting polyphenolic com-

pounds, legume flours (5 g) were macerated with 3 × 50 mL of a
solution of methanol-ClH (1/1000)/water (80:20 v/v) using an orbital
shaker (Stuart, Staffordshire, UK) at room temperature, separating the
supernatants by centrifugation (3024g, 10 min, 5 °C). The three
combined supernatants were taken to a fixed volume (150 mL) of the
methanol solution, yielding a methanol extract in which the phenolic
compound families and radical scavenging activity of the extract were
determined. In the methanol solution, total polyphenols were
quantificated by Folin-Ciocalteu reactant,20 catechins with vanillin/
HCl,21 and proanthocyanidins by hydrolysis with butanol/HCl.22

Antioxidant Capacity. Ferric reducing antioxidant power (FRAP)
assay was done according to Benzie and Strain23 with some
modifications. Legume flours (150 μL) were reacted with 2850 μL
of the FRAP solution for 30 min in dark conditions. Readings of the
colored product [ferrous tripyridyltriazine complex] were then taken
at 593 nm. The standard curve was linear between 25 and 800 mM
Trolox. Results are expressed in μmol of Trolox/g of dry weight
(DW). Additional dilution was needed if the FRAP value measured
was over the linear range of the standard curve.
The DPPH assay (2,2-diphenyl-1-picrylhydrazyl) was done

according to the method of Brand-Williams et al.24 with some
modifications. First, the absorbance of the disposable cuvette with 250
μL of the DPPH solution and 2.1 mL of 80% methanol was measured

as blank. Then, the 80% methanol extracts (100 μL) were added to
250 μL of the DPPH solution and 2 mL of 80% methanol and allowed
to stand at room temperature in the dark for 20 min. The decrease in
absorbance of the resulting solution was monitored at 517 nm for 20
min. The Trolox standard solution (concentration 100−200 μM) in
80% methanol was prepared and assayed under the same conditions.
DPPH-RSA-scavenging activity was expressed as μmol of Trolox/g of
DW of sample.

Statistical Analysis. Germination was carried out in duplicate.
Each sample was analyzed in triplicate. The data were analyzed by-one
way analysis of variance (ANOVA) using Duncan test. Differences
were considered to be significant at P ≤ 0.05. The statistical analysis
was performed by SPSS 17.0.

■ RESULTS AND DISCUSSION
Germination Process. The study of the effect of

germination may provide useful information for optimizing of
use of these legume seeds as food products, since germination
has proved beneficial for the nutritional quality of common
seeds. Table 1 indicates the changes in biomass and

germination percentages with 12 h of light daily for 4 days.
Fresh weight of seedlings increased from 113% to 340%.
Cowpea showed the highest increase in fresh weight, while jack
bean seeds exhibited the lowest increase. The obtained results
are similar to those found for common legumes,25 and few data
were found in the literature for the nonconventional legumes.2,5

The success of this process on these legumes was high, showing
the good viability of cowpea and jack bean (98%) and dolichos
(84%), while mucuna seeds only reached 63% of germination.
Regarding radicle development, 96 h of the germination
seemed to show high lengths in all studied legumes. Mucuna
was the nonconventional legume with the smallest size of
radicle (2.7 cm), while cowpea exhibited the greatest length
(7.1 cm).

Changes of Enzyme Inhibitors and Lectins during the
Germination. α-Amylase and protease inhibitors are widely
distributed in legumes, and their levels were influenced by the
germination process (Table 2). No α-amylase inhibitor content
was detected in raw legumes; only protease inhibitors that may
have a major impact on nutritional value were identified.
Trypsin inhibitors levels in raw seeds ranged from 1.4 mg/g of
DW in mucuna to 6.9 mg/g of DW in dolichos. It was observed
that colored cultivars showed lower trypsin inhibitor content, as
Makkar et al.26 established and also the different germination
conditions modified the levels.27 Regarding chymotrypsin
inhibitor, the contents were lower than trypsin inhibitors,
with cowpea, dolichos, and mucuna showing similar contents
(1.5−1.6 mg/g of DW), higher than those exhibited by jack
bean (0.7 mg/g of DW). Germination decreased significantly
the trypsin inhibitor levels in all legumes except for mucuna,
which did not show any change during process. Jack bean
exhibited the highest reduction (78%), followed by dolichos
and cowpea (54% and 38%, respectively). In the case of

Table 1. Changes in Seed/Seedings Biomass and Percent of
Germination at 25 °C for 4 Days

legume
%

germination
development of
radicle (cm)

% increase in fresh weight of
seeds/seedings

cowpea 98 7.1 ± 0.3 340
jack bean 98 5.9 ± 0.2 113
dolichos 84 5.2 ± 0.5 204
mucuna 63 2.7 ± 0.2 200

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf4022652 | J. Agric. Food Chem. 2013, 61, 8120−81258121



chymotrypsin inhibitor activity, the decreases by germination
were also significant; dolichos, mucuna, and jack bean had
reductions of 38%, 40%, and 43%, respectively, while cowpea
did not show any noticeable decrease. Although these legumes
contain significant levels of these protease inhibitors, the
germination process seemed to decrease their contents. This
fact might be related to different activities of endogenous
proteases, due to an increase of pre-existent proteases that are
activated.14

An initial evaluation of lectin content in all legume samples
was carried out by using the hemagglutination assay. The
results indicated that lectins were only detected in raw jack
bean (Table 2), with levels similar to those in the
literature;16−18 in germinated jack bean a 50% decrease was
observed. To detect the hemagglutination activity in the rest of
legumes, trypsinized blood cells were used. Dolichos was the
only legume that showed hemagglutination activity, exhibiting
76% of reduction in their germinated seeds. Hence, lectins in
jack bean and dolichos were reduced by the germination
treatment, improving the biological and nutritional value for
their utilization in human foods and animal feeds.
Quantification of Inositol Phosphates during the

Germination. Results of individual and total inositol
phosphates of legume flours are shown in Table 3 and Figure
1, respectively. The total inositol phosphates contents
determined by ion-pair HPLC exhibited differences among
legumes ranging from 6.7 mg/g of DW (jack bean) to 8.8 mg/g
of DW (dolichos). Similar contents were found in cowpea,
dolichos, and mucuna (∼8.4 mg/g of DW, respectively). The
phytic acid composition of the studied legumes agreed with
previously published data on nonconventional legumes by
Sridhar and Seena28 and Shohag et al.29 The relative percentage
values obtained of IP3-IP6 indicate that the legumes contained
more than 70% of their inositol phosphates in the IP6 form,
and in the case of cowpea and jack bean the value reached 83%
and gave results similar to those found in the literature.11,28,29

IP5 is the second predominant inositol phosphates in all
studied legumes, ranging from 15% in jack bean to 23% in
mucuna. The relative percentages of IP3 and IP4 are low and
never higher than 3%. Only the highly phosphorilated inositol
phosphates IP6 and IP5 have a negative effect on the
bioavailability of minerals; the other hydrolytic products
formed had a poor capacity to bind mineral.30

The germination process significantly affected the inositol
phosphates contents in all seeds except for dolichos, which
exhibited similar values after this treatment and the highest
levels among germinated legumes. Germination caused a
significant reduction (p < 0.05) of total inositol phosphates,

Table 2. Influence of Processing on α-Amylase and Protease Inhibitors (mg/g of DW) and Lectins Contents (mg/100 mg of
DW of Lectin) in Raw and Germinated Non-Conventional Legumesa

samples α-amylase inhibitor trypsin inhibitor chymotrypsin inhibitor lectinsb lectinsc

cowpea
raw n.d. 3.4 ± 0.13b 1.6 ± 0.08a n.d. n.d.
germinated n.d. 2.1 ± 0.12a 1.5 ± 0.04a n.d. n.d.
jack bean
raw n.d. 3.2 ± 0.18b 0.7 ± 0.07b 5.1 ± 0.06b

germinated n.d. 0.7 ± 0.06a 0.4 ± 0.08a 2.5 ± 0.06a

dolichos
raw n.d. 6.9 ± 0.14b 1.6 ± 0.10b n.d. 10.2 ± 0.03b

germinated n.d. 3.2 ± 0.09a 1.0 ± 0.10a n.d. 2.5 ± 0.03a

mucuna
raw n.d. 1.4 ± 0.01a 1.5 ± 0.15b n.d. n.d.
germinated n.d. 1.3 ± 0.10a 0.9 ± 0.08a n.d. n.d.

aValues are means of three analyses. n.d. not detected. Mean values within a column and legume followed by different superscript letter were
significantly different at p < 0.05. Mean ± SD (n = 3). bHemagglutinating unit (HU) or lectin equivalent (mg)/100 mg in legume seeds using rat
blood cells. cHemagglutinating unit (HU) or lectin equivalent (mg)/100 mg in legume seeds using trypsinized rat blood cells.

Table 3. Influence of Processing on Inositol Phosphates
Content (mg/g of DW) of Raw and Germinated
Nonconventional Legumesa

samples IP3 IP4 IP5 IP6

cowpea
raw n.d. 0.2 ± 0.01a 1.3 ± 0.09a 6.8 ± 0.09b

germinated 0.1 ± 0.00 0.3 ± 0.02b 1.5 ± 0.06b 5.0 ± 0.17a

jack bean
raw 0.1 ± 0.00 0.1 ± 0.01a 1.0 ± 0.07a 5.6 ± 0.12b

germinated n.d. 0.6 ± 0.02b 1.6 ± 0.05b 3.5 ± 0.17a

dolichos
raw 0.1 ± 0.00 0.3 ± 0.06b 1.9 ± 0.30b 6.5 ± 0.35a

germinated n.d. 0.2 ± 0.03a 1.3 ± 0.03a 6.7 ± 0.25a

mucuna
raw 0.1 ± 0.00 0.2 ± 0.03a 1.9 ± 0.11b 6.0 ± 0.18b

germinated n.d. 0.4 ± 0.02b 1.6 ± 0.10a 5.0 ± 0.13 a

aValues are means of three analyses. Mean values within a column and
legume followed by different superscript letter were significantly
different at p < 0.05. Mean ± SD (n = 3).

Figure 1. Influence of processing on total inositol phosphates content
(mg/g of DW) of raw and germinated nonconventional legumes
(mean ± SD, n = 3).
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being higher in cowpea (18%), followed by mucuna and jack
bean (15%). The observed reduction in phytic acid content of
legume seeds during germination may be partly due to the
increase of endogenous phytase activity and the corresponding
hydrolysis of the IP6. In fact, this enzyme makes soluble
phytates and releases soluble proteins and minerals.31 IP6
contents decreased significantly with a reduction of 17% to 37%
of the original value; no change in IP6 was noted for dolichos,
but there was an increase in the other inositol phosphates (IP4-
IP5). Therefore, germinated nonconventional legumes seemed
to present a better potential for mineral availability when
compared to raw legumes; however, the extent of reduction of
inositol phosphates is dependent on the type of legume.32 A
direct correlation between phytate reduction and phytase
activity was found during germination of lentils; however, in
chickpeas no correlation was established.31

Phenolics Contents during the Germination Process.
Table 4 shows the influence of the germination process on total
phenolics compounds (TPC), total proanthocyanidins (PC),
and total catechins (CAT). Mucuna showed the highest
amounts of TPC (37.40 mg/g of DW), followed by cowpea
and jack bean, while dolichos exhibited the least total phenolic
content (0.72 mg/g of DW). These results may be the cause of
the different color of seed coats exhibited by these legumes.
Similar behavior was observed in dark and highly pigmented
bean varieties reported by Xu and Chang.33 As was observed for
other bioactive compounds, the influence of processing is
relevant to total phenolic contents. Germination brought about
further significant increases in TPC contents of all nonconven-
tional legumes; increases varied from 12% (cowpea) to 136%
(dolichos). These results are in agreement with those reported
by earlier authors13,34−36 who found relevant increases of total
phenols in germinated legumes. In contrast, Khandelwal et al.37

detected reductions in the concentration of total polyphenols in
Indian pulses. During germination, endogenous enzymes are
activated, promoting differences in the composition of legume
varieties in terms of phenolic compounds.
Total proanthocyanidins have also been identified in raw

legumes, representing from 28% to 19% of total phenols in
dolichos, mucuna, and cowpea, respectively. After germination,
PC increased significantly in mucuna (50%) and cowpea
(40%); however, similar levels were found in the case of
dolichos. During the germination process, proanthocyanidins
could condense to highly polymerized forms through the

activation of polyphenoloxidase.32 The presence of catechins in
raw legumes is low compared to common legumes as the levels
represented <5% of total phenols in studied seeds (Table 4). As
a consequence of germination, the CAT contents increased in
all pulses. This could be attributed to the production of some
secondary plant metabolites,34,38 such as flavonoids. The ratio
proanthocyanidin/catechin, a relative approximation of the
polymerization degree of proanthocyanidins, showed decreases
in all germinated samples (Table 4). It is important from a
nutritional point of view that the degree of polymerization of
proanthocyanidins should be low because the proanthocyani-
din−protein interactions increases with the degree of polymer-
ization.39 The decrease in this process could be related to
several factors such as changes in their real solubility and
chemical reactivity that may modify the effectiveness of the
analysis.36 A decrease in the high polymerized proanthocyani-
dins was also reported for the germination and fermentation of
lentils.38

Total Antioxidant Capacity during the Germination.
The antioxidant capacity of ungerminated seeds, measured by
FRAP assay (Figure 2a), ranged from 1.8 to 55.3 μmol of
Trolox/g of DW, while the antioxidant capacity against DPPH-
free radical (Figure 2b) ranged from 1.4 to 8.6 μmol of Trolox/
g of DW (Table 4). In both assays, the highest antioxidant
capacity corresponded to mucuna legume and the lowest to
jack bean and dolichos. The initial antioxidant capacity in raw
seeds is similar to common legumes reported by Vernaza et
al.13 and Xu and Chang.33 An enhancement in antioxidant
capacity by germination was exhibited in all pulses except in
jack bean, and the increases were significant (p < 0.05) from
89% in cowpea to 22% in dolichos. The highest antioxidant
activity was seen in germinated mucuna by both methods (79.6
μmol of Trolox/g of DW by FRAP and 10.70 μmol of Trolox/g
of DW by DPPH), followed by cowpea and dolichos. A similar
tendency after the germination process has been reported in the
literature.13,36 Mixtures of phenolics can exhibit an enhanced
antioxidant activity since they can work together synergistically,
and also the germination process might produce some
secondary plant metabolites such as anthocyanins and
flavonoids from seed coats and cotyledons due to the enzymatic
reaction.38 Germination has been reported to lead to the
production of bioactive compounds with potent antioxidant
properties.15

Table 4. Influence of Processing on Total Phenols, Total Proanthocyanidins, and Total Catechins of Raw and Germinated
Nonconventional Legumesa

samples total phenols (mg gallic acid/g of DW) total proanthocyanidins (mg/g of DW) total catechins (mg/g of DW) PC/CAT

cowpea
raw 3.30 ± 0.11a 0.50 ± 0.02a 0.10 ± 0.01a 5.0
germinated 3.70 ± 0.03b 0.70 ± 0.02b 0.20 ± 0.01b 3.5
jack bean
raw 2.30 ± 0.05a 0.02 ± 0.01a 0.02 ± 0.01a 1.0
germinated 3.60 ± 0.02b 0.04 ± 0.01b 0.07 ± 0.01b 0.6
dolichos
raw 0.72 ± 0.02a 0.20 ± 0.02a 0.04 ± 0.01a 5.0
germinated 1.70 ± 0.03b 0.20 ± 0.01a 0.10 ± 0.01b 2.0
mucuna
raw 37.40 ± 0.42a 0.10 ± 0.02a 0.03 ± 0.01a 3.3
germinated 46.30 ± 0.12b 0.20 ± 0.03b 0.07 ± 0.01b 2.8

aValues are means of three analyses. Mean values within a column and legume followed by different superscript letter were significantly different at p
< 0.05. Mean ± SD (n = 3).

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf4022652 | J. Agric. Food Chem. 2013, 61, 8120−81258123



Correlation analyses between total phenolic contents and
antioxidant activities (FRAP and DPPH assays) were
performed; these analyses exhibited significant linear correla-
tions (r = 0.98, P < 0.05 and r = 0.97, P < 0.05, respectively).
High correlation between these compounds and their
antioxidant activity was also found in conventional legumes.13,36

Moreover, significant linear correlation between DPPH and
FRAP methods (r = 0.86, P < 0.01) was found with a
combination of ungerminated and germinated legumes. Overall
germinated legumes exhibited a more potent ability to inhibit
reactions promoted by oxygen or peroxides than the raw seeds
and showed a good correlation between antioxidant assays and
total phenols content.
In conclusion, germination is a simple technological process

that is easy to apply and has minimal cost. This process reduces
enzyme inhibitors, lectins, and inositol phosphates, thereby
improving the nutritional quality. In addition, a significant
increase of phenolic compounds accompanied by an overall
increase of antioxidant activity was observed in all germinated
legumes. The germination process may be considered as an
effective and promising method increasing the bioactivity of
these nonconventional legumes. Nevertheless, further work to
control the conditions of germination to obtain an optimal
concentration of nonnutritional factors and antioxidant activity
is needed to highlight the potential value of these nonconven-
tional legumes as ingredients.
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