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ABSTRACT: Seeds sprouts have been used as a good source of basic nutrients and nutraceutical compounds. The high nutritional
value of seeds derives from the deposition of compounds during development. However some of these molecules are used in
metabolic processes like germination, which leads to a considerable variation in their concentrations once these events are
completed. In this work, we investigate the levels of inositols (myo-inositol, D-pinitol and ononitol), soluble carbohydrates and
proteins in cotyledons of Phaseolus vulgaris andVigna unguiculata sprouts. Sprouting increasedmyo-inositol and glucose content and
reduction of raffinose and ononitol was observed. The protein levels increased in P. vulgaris and decreased in V. unguiculata
sprouting. The level of sucrose was maintained in both sprouts. D-Pinitol was detected only in quiescent seeds. Our results suggested
that bean sprout is an important source of proteins, sucrose, glucose and myo-inositol. Additionally, bean sprouts have low levels of
raffinose, an antinutritional compound.

KEYWORDS: raffinose, sucrose, myo-inositol, D-pinitol, germination, seedling development

’ INTRODUCTION

Some works have reported bioactive components in plant
foods which show nutritive and nutraceutical properties related
to the maintenance of health. Among these substances are
proteins, carbohydrates, antioxidant molecules, polyunsaturated
fatty acids and inositols derivates.1 Legume seeds contain two
major classes of soluble R-galactosyl: raffinose family oligosac-
charides RFOs (e.g., raffinose, stachyose, and verbascose) and
galactosyl cyclitols.2 RFOs accumulate during seed development
and disappear rapidly during germination. Seeds often contain
homologous series of soluble R-galactosides based on cyclitol
compounds.3 There are fourmajor families of galactosyl cyclitols:
myo-inositols (galactinol and digalactosyl-myo-inositol), D-ono-
nitol (galactosylononitol), D-pinitol (galactopinitol) and D-chiro-
inositol (fagopyritols).4,5myo-Inositol (MI) is a component of all
eukaryotic cells, and it is the most abundant inositol in plants. MI
is the most well-known nutritionally active form of inositol, and it
has been used for hyperlipidemia treatment,6 as agent of anti-
epileptic therapy7 and as chemopreventive agent against cancer.8

MI is derived from glucose 6-phosphate, and it plays a number of
physiological roles in growth and normal cell function. Produc-
tion of other cyclitols, cyclitol galactosides and RFOs involves
metabolic processing of myo-inositol (MI).9 In plants, these MI-
derived compounds play important physiological roles in phloem
transport, seed development, seed desiccation and stress-related
responses.10 RFOs accumulate during seed development in the
range of 2�10% per dry mass and are mobilized early during
germination. They play protective physiological functions in
plants and serve as transport carbohydrates in the phloem.11

They also function as cryoprotectants in frost-hardy plant
organs and act as protective agents during seed desiccation
and storage.12 In contrast to their important function to plant

development, RFOs represent antinutritional compounds for
monogastric animals.13 Previous studies have suggested bean
sprouts as a healthy food, rich in nutrients and nutraceutic
phytochemicals. Germination has often been proposed as a
simple processing method by which the nutrient composition
and certain functional properties of cowpea seeds might be
improved.14 Diaz-Batalla et al.15 showed that some Phaseolus
vulgaris seed compounds were affected by germination, as a result
of a de novo synthesis of flavonols, phytoestrogens and phenolic
acids. Based on that, the authors suggested that germinated bean
seeds or bean sprouts of P. vulgaris (wild and cultivated
Mexican varieties) might be good source of antioxidants and
phytoestrogens.

In this work, we investigate the levels of free cyclitols (myo-
inositol, D-pinitol and ononitol), soluble carbohydrates (raffi-
nose, glucose and sucrose) and proteins in cotyledons of
Phaseolus vulgaris and Vigna unguiculata sprouts. The informa-
tion is relevant both for the understanding of metabolic changes
in seed composition during germination events and for the
characterization of adequacy of the bean sprout usage as food
and phytoterapic source.

’MATERIALS AND METHODS

Seeds. Phaseolus vulgaris and Vigna unguiculata seeds were commer-
cially obtained from local markets in Campos dos Goytacazes, RJ, Brazil.
The seeds were stored at �20 �C.
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Standards and Reagents. The D-pinitol standard used in this
work was isolated from Bougainvillea spectabilis leaves and supplied by
Dr. Selwyn Yorke (New Zealand Pharmaceuticals LTD). Reagents for
Bradford assay (Coomassie brilliant blue G, phosphoric acid, ethanol),
methanol, chloroform, sodium phosphate, adonitol, phosphopentoxide
(phosphorus pentoxide) and BSTFA (N,O-bis[trimethylsilyl]
trifluoroacetamide) were commercially obtained from Sigma-Aldrich.
Seed Germination and Seedling Development. Seeds of P.

vulgaris and V. unguiculata (cowpea) were germinated in Petri dishes
containing cotton soaked with sterile distilled water. Seeds were
germinated in a controlled environment cabinet (28 �C and 60% relative
humidity), and seedlings were allowed to develop for 72 h (light/dark
cycle of 12/12 h). After each imbibition time (0�72 h), the cotyledons
were separated, manually grounded to a flour in the presence of liquid
nitrogen and submitted for analysis. Experiments were run in triplicate
with 20 seeds/dish (a total of 60 seeds per treatment), and the data
shown are the average of these replicates. The results were analyzed
using a t test for dependent samples,16 and differences were considered
significant at the level of P < 0.05. The cotyledons obtained from each
germination time were freeze-dried and ground to a fine powder (flour).
Extraction and Analysis of Cyclitols and Carbohydrates.

The compounds were extracted and analyzed according to the method
of Richter et al.17 Fifty milligrams of P. vulgaris and V. unguiculata
powdered cotyledons (quiescent and germinated for 24, 48, and 72 h)
were extracted in 500μL ofmethanol:chloroform:water (12:5:1, by vol.)
containing 10 μg of adonitol as an internal standard. The solutions were
heated at 60 �C for 30 min (tubes were shaken every 10 min in vortex)
and centrifuged at 10000g for 2 min at 25 �C. Into a 1.5 mL tube, 350 μL
of supernatant was transferred followed by the addition of 350 μL of
water; the solution was vortexed, and the mixture was placed on the
bench for 5 min. The suspension was centrifuged at 10000g for 5 min,
and the supernatant (100 μL) was transferred to 1.5 mL tube, dried in a
speed-vac for at least 2 h and placed in a desiccator with phosphopent-
oxide for several hours to remove traces of water. The samples were
derivatized with 200 μL of pyridine and 50 μL of BSTFA (N,O-
bis[trimethylsilyl] trifluoroacetamide), shaken carefully and placed on
a heating block at 75 �C for 1 h (tubes were shaken every 10 min in
vortex). The samples were then transferred to a crimp-cap GC vial and
submitted for analysis by GC�MS (gas chromatography/mass spectro-
meter). The gas chromatograph (Agilent GC 6890, Agilent Technolo-
gies, USA) was equipped with an HP-5 capillary column (30 m � 0.25
mm � 0.25 μm, Agilent Technologies, USA) and coupled to a
quadrupole mass spectrometer (Agilent MSD 5973N, Agilent Technol-
ogies, USA). Helium was used as a carrier gas with a flux of 1 mLmin�1.
The analysis was performed using the following temperature protocol: 5
min of isothermal heating at 70 �C, a 5 �Cmin�1 oven temperature ramp

to 310 �C, a temperature hold for 1 min at 310 �C for metabolic profile
analysis.18 For cyclitol analysis we used the temperature protocol of 2
min of isothermal heating at 130 �C, an 8 �C min�1 oven temperature
ramp to 320 �C, and a temperature hold for 2 min at 320 �C.19 The
injector port was operated in the splitless mode at 230 �C, and the mass
spectrometer was held at 150 �C. Mass spectra were recorded at 2 scan
s�1 with a scanning range of 50 to 600 m/z. The chromatograms and
spectra were evaluated using the ChemStation software (Agilent Tech-
nologies, USA). The levels of D-pinitol were measured based on the
standard curve of D-pinitol purified from Bougainvillea spectabilis leaves.
Minor compounds present at the spectra were not evaluated. These
experiments were run in triplicate, and the results shown are averages.
Protein Determination. P. vulgaris and V. unguiculata cotyledon-

ary flours (quiescent and germinated for 24, 48, and 72 h) were extracted
(2 mg/mL) with 50 mM sodium phosphate buffer (pH 7.6) for 30 min
at 4 �C and centrifuged (10000g, 10 min). The resulting supernatant was
assayed by the Bradford method.20 These experiments were run in
triplicate, and the results shown are averages.
Statistical Analysis. Data were analyzed using a t test for depen-

dent samples,16 and differences were considered significant at the level of
P < 0.05. Data are presented as means ( SEM.

’RESULTS AND DISCUSSION

Change in myo-Inositol, D-Pinitol and Ononitol Levels
during Sprouting. Bean sprouts have been used in healthy food
diets as a good source of nutrients and phytochemicals related to
disease prevention. Reports have shown that nutrient transfor-
mation could be maximized during sprouting.15 In this work a
time course of myo-inositol, D-pinitol and ononitol levels was
followed in V. unguiculata and P. vulgaris cotyledons during
sprouting. Our results showed the presence of myo-inositol in all
germinated seed cotyledons. The level of MI was constant during
48 h of imbibition and increased at 72 h (Figures 1 and 2). V.
unguiculata cotyledonary sprouts showed the highest variation
(2.5 times) in myo-inositol levels, at 72 h, when compared to
quiescent seeds (Figure 1). P. vulgaris cotyledons showed a 1.5
times increase in myo-inositol level at 72 h of imbibition
(Figure 2).
myo-Inositol is derived from glucose-6-phosphate, and the

metabolic process of MI produces other forms of inositol. MI can
be further methylated to sequoyitol or ononitol, which are
epimerized to D-pinitol.1 Research has shown that MI, D-pinitol
and other inositols are present in high concentrations in legume
seeds.10,21 Jaindl and Popp22 suggested that accumulation of

Figure 1. Changes in myo-inositol, ononitol and D-pinitol levels in cotyledons from Vigna unguiculata sprouts. Experiments were run in triplicate, and
the results shown are averages. *Significantly different from the quiescent cotyledons (0 h) according to a t test (p < 0.05).
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cyclitols in plants, including seeds, is a widespread response that
provides protection against various environmental stresses. MI
has been considered an important phytochemical related to
disease prevention.6 In parallel, MI has demonstrated therapeutic
efficacy in obsessive�compulsive disorder (OCD), panic and
depression,6,23 as well as an antiepileptic activity.7,24 Nozadze
et al.25 showed evidence of anticonvulsant action of MI in rats.
MI treatment significantly decreased the severity and duration of
seizures and delayed the onset of seizures. Solomonia et al.24

showed that an aqueous extract of the plant Aquilegia vulgaris
contains compounds that have antiepileptic activity. In this
extract the authors have identified two constituents, MI and
oleamide. These data suggest a strong potential of MI as an
antiepileptic agent. Dietary myo-inositol significantly decreased
hepatic concentrations of total lipids, triglyceride and cholesterol
in rats.26 myo-Inositol has been also used as a substitute for
conventional treatment for hyperlipidemia6 and as a chemopre-
ventive agent in animal pulmonary, lung and liver cancer.8 Hecht
et al.8 showed that inhibition of lung tumor was obtained with
myo-inositol diet doses of 1 and 0.5%.
Our results showed that D-pinitol was present only in P.

vulgaris and V. unguiculata quiescent seeds and disappeared
during sprouting. V. unguiculata quiescent cotyledons had a
D-pinitol concentration of 0.35 μg/g of dry mass (Figure 1). P.
vulgaris cotyledons showed a concentration of 2.17 μg/g of
D-pinitol per dry mass (Figure 2). Ononitol was detected in V.
unguiculata cotyledons from quiescent seeds, in accordance with
previous reports from Yasui et al.21 The concentration increased
at 48 h of imbibition, and the ononitol disappeared from the
cotyledons after 72 h (Figure 1). Ononitol was not detected in P.
vulgaris cotyledons (Figure 2). Previous findings have shown in
vitro synthesis of myo-inositol-β-glucoside and diglucosyl-myo-
inositol when incubating a particulate enzyme fraction prepared
from mung-bean (Phaseolus aureus) seedling hypocotyls with a
low concentration of UDP-glucose.27 However the coumpounds
themselves have not been detected in the crude seedling extracts.

D-Pinitol (3-O-methyl-chiroinositol) is claimed to exert in-
sulin-like effects in mammals.28 Sivakumar et al.28 demonstrated
the renoprotective nature of D-pinitol by attenuating the hyper-
glycemia-mediated proinflammatory cytokines and antioxidant
competence in kidney tissues of diabetic rats. Oral administration
of D-pinitol to a diabetic group of rats showed a significant
increase in the level of total protein and significant decrease in the
levels of blood urea, serum uric acid and creatinine.28 Oral intake

of D-pinitol and myo-inositol stimulated translocation of glucose
transporter 4 in skeletal muscle of mice.29

Our results showed that V. unguiculata and P. vulgaris bean
sprouts contain high levels of myo-inositol, when compared to
quiescent seeds. We suggest that the consumption of these bean
sprouts enriches the diet with myo-inositol and this can be
beneficial for health promotion and prevention of disease.
Changes in Raffinose, Glucose and Sucrose Levels during

Sprouting. Sucrose, raffinose and glucose were detected in V.
unguiculata (Figure 3) and P. vulgaris (Figure 4) seed cotyledons
during germination and seedling development. Sucrose content
remained relatively constant in both species during 72 h of
imbibition, indicating that sucrose was not mobilized as an
energy source for germination and seedling development of V.
unguiculata and P. vulgaris. Raffinose was present in quiescent
seeds, and the concentration decreased during imbibition for
both seed types (Figures 3 and 4). After 72 h, raffinose levels
were 6 times lower in V. unguiculata cotyledons (Figure 3) and
raffinose disappeared in P. vulgaris cotyledons (Figure 4). Unlike
raffinose, glucose was not detected in quiescent seeds. However,
glucose content increased during imbibition at 24 and 48 h in
both seeds (Figures 3 and 4) and disappeared in V. unguiculata
cotyledons after 72 h (Figure 3).
Although plant foods are considered good sources of impor-

tant compounds to animal nutrition, depending on the types of
these compounds, their biological effects can also be toxic or
antinutritional. Legume seeds contain a number of antinutri-
tional compounds, and these molecules reduce the nutritive
value of these seeds.13 In both cowpea and common bean dry
seeds a number of antinutritional chemicals have been
described.13,15 Among them raffinose represents an antinutri-
tional compound for animals, including humans, in contrast to
their important functions to plant development. This sugar is
fermented by bacteria producing carbon dioxide, hydrogen and
methane gas that cause flatulence, abdominal rumblings, cramps,
diarrhea and nausea.13 RFOs are present in seeds in the range of
2�10% per dry mass and are the first stored energy source to be
degraded during seed germination in some legume seeds.11

Consequently their levels are low in germinated seeds. In some
seed species, the breakdown of RFOs occurs in the endosperm
and embryo, indicating that RFOs are important reserves in both
tissues.30,31 Bl€ochl et al.30 showed that the RFO levels rapidly
decreased to 50% within the first 40 h after imbibition. Oboh
et al.31 showed that germination reduced raffinose in Phaseolus

Figure 2. Changes in myo-inositol, ononitol and D-pinitol levels in cotyledons from Phaseolus vulgaris sprouts. Experiments were run in triplicate, and
the results shown are averages. *Significantly different from the quiescent cotyledons (0 h) according to a t test (p < 0.05).
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lunatus (red lima beans and white lima beans), African yam beans
and jack beans (Canavalia ensiformis). The sugar was completely
eliminated after 96 h of germination in these species.31

Change in Protein Levels during Sprouting. Our results
showed an increase in the soluble protein levels in P. vulgaris
cotyledons during sprouting; these levels reached increases of
over 85% (Figure 5). In V. unguiculata cotyledonary sprouts we
observed increases in protein levels at 12 h and 30 h of imbibition
followed by a decrease (Figure 6). Legume seeds accumulate

large amounts of proteins during development. Part of the energy
for germination and seedling development is provided by the
mobilization of these stored proteins.32 Proteins in legume seeds
represent up to 20�40% and are an important source of amino
acids for animal nutrition.14,32 Previous reports have stated that
germination is a simple processing event by which the nutrient
composition and certain functional properties of V. unguicu-
lata seeds might be improved.14 Germination increased the
crude protein content, total phosphorus content, and nitrogen

Figure 3. Changes in sucrose, raffinose and glucose levels in cotyledons from Vigna unguiculata sprouts. Experiments were run in triplicate, and the
results shown are averages. *Significantly different from the quiescent cotyledons (0 h) according to a t test (p < 0.05).

Figure 4. Changes in sucrose, raffinose and glucose levels in cotyledons from Phaseolus vulgaris sprouts. Experiments were run in triplicate, and the
results shown are averages. *Significantly different from the quiescent cotyledons (0 h) according to a t test (p < 0.05).

Figure 5. Changes in soluble proteins in cotyledons from Phaseolus vulgaris sprouts. Experiments were run in triplicate, and the results shown are
averages. *Significantly different from the quiescent cotyledons (0 h) according to a t test (p < 0.05).
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solubility of germinated Nigerian lines of V. unguiculata.14 At this
work, such increase was observed only at the early sprouting
stages for V. unguiculata. As a concluding remark, the consump-
tion of the cowpea and common bean young sprouts (72 h after
imbibition) may be considered a valuable way to enrich the diet
with sucrose and soluble proteins, and especially with myo-
inositol which can be beneficial for health promotion and
prevention of diseases.
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