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The purpose of this study was to determine the antioxidant capacity and the content of antioxidant
compounds in raw mung bean seeds and sprouts (Vigna radiata cv. emmerald) germinated for 2, 3, 4, 5
and 7 days and of soybean seeds of Glycine max cv. jutro germinated for 2, 3 and 4 days and of Glycine
max cv. merit germinated for 2, 3, 4, 5 and 6 days. Antioxidant compounds, such as vitamin C and E, total
phenolic compounds and reduced glutathione (GSH) were studied. Antioxidant capacity was measured
by superoxide dismutase-like activity (SOD-like activity), peroxyl radical-trapping capacity (PRTC), trolox
equivalent antioxidant capacity (TEAC) and inhibition of lipid peroxidation in unilamellar liposomes of
egg yolk phosphatidylcholine (PC). The results indicated that changes in the contents of vitamin C, vita-
min E and GSH depended on the type of legume and germination conditions. Sprouts of mung bean and
soybeans provided more total phenolic compounds than did raw seeds. The SOD-like activity increased
after germination of mung bean seeds for 7 days, by 308%, while no change was observed in sprouts of
Glycine max cv. jutro and an increase was observed after 5 and 6 days of germination (�20%) in Glycine
max cv. merit. PRTC and TEAC increased during the germination process and retentions of 28–70% and
11–14%, respectively, for soybean, and 248% and 61%, respectively, for mung bean were observed at
the end of germination. The inhibition of lipid peroxidation increased by 389% in 5–7 days’ germination
of Vigna radiata cv. emmerald sprouts, and 66% in Glycine max cv. merit sprouts whilst, in Glycine max cv.
jutro, germination did not cause changes in lipid peroxidation inhibition. According to the results
obtained in this study, germination of mung bean and soybean seeds is a good process for obtaining func-
tional flours with greater antioxidant capacity and more antioxidant compounds than the raw legumes.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Antioxidants play an important role in food because they have
beneficial effects on the human body. In legumes, the most impor-
tant antioxidants are vitamin C, vitamin E, phenolic compounds
and glutathione. The antioxidant activity of vitamin C is involved
in the protection of lipids from in vitro and in vivo oxidation,
mainly in people subjected to oxidative stress. Moreover, it has
beneficial effects on vasodilatation in patients with cardiovascular
diseases and coronary risk, and there is epidemiological evidence
for its efficacy against cancer of lung, cervix, colon, rectum, pan-
creas and breast (Block, 1992; Cadenas & Packer, 2002). Foods rich
in vitamin E may have positive effects on human health since these
bioactive compounds can protect polyunsaturated fatty acids
ll rights reserved.
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against oxidative damage in cell membranes. Vitamin E may also
have anticarcinogenic properties because of its ability to destroy
nitrite, a component in the food chain associated with the produc-
tion of some types of cancers (Litescu & Radu, 2000). Phenolic com-
pounds are located in the lipid–water interface of the membrane
because of their lipophilic–hydrophilic structure. This location al-
lows them to scavenge free radicals inside and outside the cell.
Protective effects of GSH are widely known, and include protection
against oxidative destruction in systems in which scavenging of
free radicals, elimination of products of lipidic peroxidation, pres-
ervation of thiol-disulfide status of proteins, and repair processes
occur (Shan, Aw, & Jones, 1990). Moreover, the consumption
of foods high in glutathione may be associated with about a
50% reduction in the risk of oral and pharyngeal cancer (Valencia,
Marin, & Hardy, 2001).

In this research we have explored different methods for
studying antioxidant capacity, such as determination of SOD-like
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activity, since superoxide dismutase (SOD) is known to be an
important enzyme which acts as a cellular antioxidant, accelerat-
ing dismutation of the toxic superoxide radical (O��2 ) produced dur-
ing oxidative processes (Zielinski & Kozlowska, 2000). Peroxyl
radical trapping capacity (PRTC) is a specific method for determin-
ing peroxyl radicals, which are implicated in fatty acid oxidation,
since they are responsible for the chain propagation stage of the li-
pid oxidation process. Determination of the inhibition of lipid per-
oxidation in unilamellar liposomes shows cellular damage and can
indicate premature aging diseases (Chatterjee & Agarwal, 1998;
Terao, Piskula, & Yao, 1994). Furthermore, trolox equivalent antiox-
idant capacity (TEAC) gives a global measure of antioxidant capac-
ity in foods (Re et al., 1999).

Legumes play an important role in the traditional diets of many
regions throughout the world, including the Mediterranean diet.
They are excellent sources of protein, carbohydrates, dietary fibre,
lipids, a variety of micronutrients and phytochemicals (Anderson,
Smith, & Washnock, 1999; Messina, 1999). However, they must
be processed before consumption due to their content of non-
nutritive factors, such as trypsin inhibitors, phytic acid and
a-galactosides (Agustin, Klein, & Matthews, 1989; Vidal-Valverde
et al., 2002). Because of the presence of many bioactive compounds
in legumes with antioxidant activity and the relationship between
antioxidants and disease risk, there is a wide interest in the effects
of processing on the antioxidant compounds and antioxidant
capacity of legumes.

Germination is an economical and effective technology which
involves physiological changes, synthesis and breakdown of mac-
romolecules, improving the digestibility and nutritive value of le-
gumes. Numerous studies have reported higher levels of
nutrients, such as amino acids, digestive protein, available carbo-
hydrates, and other compounds, and lower levels of non-nutritive
factors in legume sprouts as compared to ungerminated seeds
(Urbano et al., 1995; Vidal-Valverde et al., 2002, 2003). Mung bean
sprouts (germinated Vigna radiata seeds, and commonly called soy
sprouts) are very popular in Asian cuisine, although, currently,
their consumption is also increasing widely in western countries,
not only for their better organoleptic characteristics compared
with raw seeds but also for their health benefits. Soya bean seeds
(Glycine max L.), however, are less frequently processed by germi-
nation, although their sprouts seem to be highly digestible and a
good source of protein and minerals (Lee, Park, & Rhee, 1999).
There is very little information on the effect of germination of these
legumes or the antioxidant capacity of legumes, and a systematic
study is required.

The objective of this research was to carry out a systematic ger-
mination process with one variety of mung bean and two varieties
of soybean to obtain processed legumes with a high content in
antioxidant compounds, such as vitamin C, vitamin E, phenolic
compounds and glutathione, as well as with a high antioxidant
capacity measured by SOD-like activity, PRTC and inhibition of li-
pid peroxidation of PC and TEAC. The optimized germination con-
ditions will provide functional legume flours with added value to
be used by the food industry.
2. Materials and methods

2.1. Seeds

Mung bean seeds (Vigna radiata cv. emmerald) and (Glycine max
cv. merit) were obtained from Mang Fong Pacific Trading, S.A. Soy-
bean seeds (Glycine max cv. jutro) were provided by the Institute of
Animal Reproduction and Food Research of The Polish Academy of
Science in Olsztyn (Poland). Seeds were cleaned and stored in dark-
ness in polyethylene containers in a cool room at 4 �C prior to use.
2.2. Germination process

Mung bean seeds and soybean seeds (200 g) were soaked in
1000 ml of 0.07% sodium hypochlorite for 30 min. Then, the seeds
were washed with distilled water until they reached neutral pH.
Afterwards, seeds were soaked with 1000 ml of distilled water
for 5 h and 30 min and shaken every 30 min. The hydrated seeds
were placed in germination trays where a wet laboratory paper
was extended, and were then covered. The trays were introduced
into the germination machine, G-120 model (ASL Snijders Interna-
tional S.L., Holland) and the paper was in contact with the circulat-
ing water of the germinator; therefore seeds were always wet by
capillarity. Germination time for all seeds was chosen to get
sprouts of full freshness. Vigna radiata cv. emmerald seeds were
germinated for 2, 3, 4, 5 and 7 days, Glycine max cv. jutro seeds
for 2, 3 and 4 days and Glycine max cv. merit for 2, 3, 4, 5 and 6 days.
Germination processes were carried out at 20 �C, at 99% relative
humidity and in darkness. The germination process was evaluated
by the percentage of germinated seeds and the sprouts seeds were
separated, freeze-dried, milled and passed through a sieve of
0.5 mm. The flour obtained was stored in plastic bags, in darkness
under vacuum conditions, in a desiccator at 4 �C.

2.3. Chemical analysis

2.3.1. Determination of vitamin C
Vitamin C in raw and germinated seeds was determined by the

micellar electrokinetic capillary electrophoresis (MECC) method, as
described by Frias, Miranda, Doblado, and Vidal-Valverde (2005),
using a P/ACE system 2050 (Beckman Instruments, Fullerton, CA,
USA) and UV detection at 254 nm.

2.3.2. Determination of tocopherols
The tocopherol isomers (a-tocopherol, b-tocopherol, c-tocoph-

erol and d-tocopherol) determination in raw or germinated seeds
was carried out by HPLC according to the method of Frias et al.
(2005), using a Waters 470 scanning fluorescence detector (Waters
Associates, Mildford, CT, USA) at kexc = 295 nm and kem = 330 nm.
The content of tocopherol isomers are expressed in mg/100 g dry
matter. Vitamin E activity was calculated as a-TE/100 g of dry mat-
ter according to Eitenmiller and Landen (1999): mg a-TE/
100 g = [a-tocopherol (mg) � 1.0 + b-tocopherol (mg) � 0.5 +
c-tocopherol (mg) � 0.1 + d-tocopherol (mg) � 0.03].

2.3.3. Determination of total phenolic compounds (TPC)
The content of total phenolic compounds was determined in

80% methanolic extracts according to Naczk and Shahidi (1989),
using spectrophotometric measurement at 725 nm and room
temperature.

2.3.4. Determination of reduced (GSH) and oxidized (GSSG)
glutathione

Reduced (GSH) and oxidized (GSSG) glutathione were extracted
from the samples according to Smith, Vierheller, and Thorne
(1988); samples were submitted to a previous extraction with
HPLC-grade n-heptane until lipid was removed (extract should re-
main clear and not opaque), and determined according to the spec-
trofluorometric method of Hissin and Hilf (1976). This method was
based on the reaction of o-phthalaldehyde (OPT) as a fluorescent
reagent with GSH at pH 8.0 and GSSG at pH 12.0. GSH was com-
plexed to N-ethylmaleimide (NEM) to prevent interference of
GSH with measurement of GSSG. The fluorescence was measured
at kem = 420 nm and kexc = 420 nm. The assays were performed
using a Perkin-Elmer LS 50B Luminescence Spectrometer (Perkin-
Elmer Corp., Norwalk, CT). The GSH/GSSG ratio was also calculated.
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Fig. 1. Germination of seeds expressed as percentage.
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2.3.5. Determination of SOD-like activity
The superoxide-scavenging activity of the phosphate-buffered

saline extracts followed by a HPLC-grade n-heptane extraction,
was done according to Fernandez-Orozco, Zielinski, Frias, Vidal-
Valverde, and Piskula (2002), using the superoxide dismutase kit
(RANSOD, Cat. No. SD 125, Randox Laboratories Ltd., Antrim, UK).
The assays were performed in a spectrophotometer set at 37 �C
(UV-160 1PC with CPS-Controller, Shimadzu, Japan). The superox-
ide dismutase activity was measured by the degree of inhibition of
this reaction at 505 nm.

2.3.6. Determination of peroxyl radical-trapping capacity (PRTC)
Samples were extracted with 80% aqueous methanol (1/10 w/v)

on an electromagnetic stirrer with continuous mixing for 2 h at
ambient temperature in the dark. The assay was carried out
according to the spectrophotometric method of Bartosz, Jan-
aszewska, Ertel, and Bartosz (1998) and Fernandez-Orozco et al.
(2006). Spectrophotometric measurements were obtained at
37 �C and 414 nm.

2.3.7. Determination of the inhibition of lipid peroxidation in
unilamellar liposomes

The antioxidant activities of 80% methanolic extracts of raw and
germinated seeds were evaluated according to the method de-
scribed by Terao et al. (1994), using a model system consisting of
unilamellar liposomes of egg yolk phosphatidylcholine (PC) and
the water-soluble azo compound AAPH as a free radical generator.

The antioxidant capacity in this system was calculated accord-
ing to the equation of Azuma, Ippoushi, Ito, Higashio, and Terao
(1999) as follows:

½PC-OOHp� � ½PC-OOHinh�
½PC-OOHp�

� �
� 100

where [PC-OOHp] is the concentration of phosphatidyl choline per-
oxides (PC-OOH) for 80% methanol after 2 h of incubation and [PC-
OOHinh] is the concentration of PC-OOH for seed extracts after 2 h of
incubation.

2.3.8. Determination of trolox equivalent antioxidant capacity (TEAC)
The determination of TEAC for phosphate-buffered saline (phos-

phate buffer 0.1 M pH 7.4 and NaCl 0.15 M) extracts of raw and
germinated seeds was carried out according to the methods of
Doblado et al. (2005) and Re et al. (1999). These methods use
potassium persulfate to generate free radicals and spectrophoto-
metric measurement at 734 nm for 10 min at 37 �C.

2.4. Statistical methods

Data were subjected to multifactor ANOVA using the least-
squared difference test with the Statgraphic 5.0 Program (Statisti-
cal Graphics Corporation, Rockville, MD, USA) and multiple
correlation using the Statistica 5.1 Program (Statsoft, Tulsa, Okla
74104 USA) for Windows using a PC.
3. Results and discussion

Fig. 1 shows the percentages of germination of Vigna radiata cv.
emmerald for 2, 3, 4, 5 and 7 days, Glycine max cv. jutro for 2, 3 and
4 days and Glycine max cv. merit for 2, 3, 4, 5 and 6 days. The per-
centage of germination reached 100% after the third day of germi-
nation for mung bean and after the fourth day of germination for
soybean Glycine max cv. jutro while, for Glycine max cv. merit, the
process started with a high efficiency during the first four days
(99%) and after 5 and 6 days the percentage of germination de-
creased to values of about 88%.
The contents of vitamin C and tocopherols and vitamin E activ-
ity in raw and germinated mung bean seeds (Vigna radiata cv.
emmerald) are shown in Table 1. The content of vitamin C in raw
mung bean was 1.9 mg/100 g d.m. Germination brought about a
sharp rise in the content of this vitamin and the highest value
was obtained after 7 days of germination (9.1 mg/100 g d.m.). In
raw seeds, c-tocopherol was the isomer with the highest concen-
tration (9.2 mg/100 g d.m.), then d-tocopherol (0.6 mg/100 g d.m.)
and finally a-tocopherol (0.1 mg/100 g d.m.). b-Tocopherol was
not detected. The vitamin E activity of raw mung beans was
1.0 mg a-TE mg/100 g d.m. Germination caused a rise in the con-
tent of a-tocopherol, which was very noticeable after 7 days of ger-
mination (309%). However, c-tocopherol and d-tocopherol contents
decreased gradually. Germination did not affect vitamin E activity



Table 1
Effect of germination on the vitamin C, tocopherols and vitamin E of Vigna radiata cv.
emmerald*

Vigna
radiata
cv.
emmerald

Vitamin C
(mg/
100 g d.m.)

Tocopherols (mg/100 g d.m.) Vitamin E
activity**

(a-TE mg/
100 g d.m.)

a-
Tocopherol

c-
Tocopherol

d-
Tocopherol

Raw 1.86 ± 0.06a 0.11 ± 0.00a 9.16 ± 0.17c 0.60 ± 0.04c 1.05 ± 0.02c

Germination time (days)
2 1.88 ± 0.15a 0.32 ± 0.01b 7.32 ± 0.18b 0.52 ± 0.07b 1.06 ± 0.01c

3 2.82 ± 0.09b 0.33 ± 0.02c 7.45 ± 0.12b 0.50 ± 0.06b 1.09 ± 0.03c

4 7.02 ± 0.07c 0.31 ± 0.01b 7.26 ± 0.40b 0.47 ± 0.08b 1.05 ± 0.03c

5 7.61 ± 0.07d 0.30 ± 0.01b 2.55 ± 0.27ª 0.25 ± 0.03ª 0.56 ± 0.03a

7 9.07 ± 0.02e 0.45 ± 0.02d 2.57 ± 0.23ª 0.26 ± 0.02ª 0.72 ± 0.04b

* Mean value ± standard deviation. Different letters in the same column mean
significant differences (P 6 0.05).
** Vitamin E activity as aTE (mg/100 g d.m.) = (mg a-tocopherol � 1.0) + (mg b-
tocopherol � 0.5) + (mg c-tocopherol � 0.1) + (mg d-tocopherol � 0.03).
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during the first 4 days, while a significant (P 6 0.05) decrease was
observed after the fifth and seventh day of the process (47% and
30%, respectively).

The content of vitamin C and tocopherols and vitamin E activity
in raw and germinated soybean seeds (Glycine max cv. jutro) are
shown in Table 2. Vitamin C was not detected, either in raw or in
germinated seeds. In raw seeds, c-tocopherol was also the most
abundant isomer (12.9 mg/100 g d.m.), followed by a-tocopherol
(2.9 mg/100 g d.m.), d-tocopherol (2.9 mg/100 g d.m.) and b-
tocopherol (0.2 mg/100 g d.m.). Vitamin E activity of this seed
was 4.4 a-TE mg/100 g d.m. Germination of Glycine max cv. jutro
induced an increase in the tocopherol isomer content after the
third day of the process and, in consequence, vitamin E activity also
rose (175% and 99% after 3 and 4 days of germination,
respectively).

The contents of vitamin C and tocopherols and vitamin E activ-
ity in raw and germinated soybeans (Glycine max cv. merit) are
Table 2
Effect of germination on the vitamin C, tocopherols and vitamin E of Glycine max cv. jutro

Glycine max cv. jutro Vitamin C
(mg/100 g d.m.)

Tocopherols (mg/100 g d.m.)

a-Tocopherol b-Tocop

Raw ND 2.94 ± 0.05a 0.21 ± 0

Germination time (days)
2 ND 2.94 ± 0.12a 0.19 ± 0
3 ND 8.37 ± 0.23c 0.33 ± 0
4 ND 5.79 ± 0.25b 0.34 ± 0

ND = not detected.
* Mean value ± standard deviation. Different letters in the same column mean significan
** Vitamin E activity a-TE (mg/100 g d.m) = (mg a-tocopherol � 1.0) + (mg b-tocopherol

Table 3
Effect of germination on the vitamin C, tocopherols and vitamin E of Glycine max cv. meri

Glycine max cv. merit Vitamin C
(mg/100 g d.m.)

Tocopherols (mg/100 g d.m.)

a-Tocopherol b-Tocop

Raw ND 1.00 ± 0.05a 0.25 ± 0

Germination time (days)
2 ND 1.13 ± 0.03b 0.33 ± 0
3 ND 1.12 ± 0.03b 0.34 ± 0
4 ND 1.57 ± 0.09d 0.37 ± 0
5 ND 1.93 ± 0.03e 0.40 ± 0
6 ND 1.32 ± 0.08c 0.38 ± 0

ND= not detected.
* Mean value ± standard deviation. Different letters in the same column mean significan
** Vitamin E activity a-TE (mg/100 g d.m.) = (mg a-tocopherol � 1.0) + (mg b-tocopherol
shown in Table 3. Vitamin C was not detected in this seed, either
raw or germinated. In raw merit soybean, c-tocopherol presented
the highest content (4.1 mg/100 g d.m.), followed by d-tocopherol
(1.6 mg/100 g d.m.), a-tocopherol (1.0 mg/100 g d.m.), b-tocoph-
erol (0.2 mg/100 g d.m.) and vitamin E activity was 1.6 mg of
a-TE/100 g d.m. Sprouting caused increases of a-, b-, c- and
d-tocopherol contents and vitamin E activity. The highest values
were observed after 5 days (93%, 60%, 83%, 413% and 97%, respec-
tively) (Table 3).

No information has been found about the vitamin C content in
raw Vigna radiata. The data provided in our work for raw soybeans
cv. jutro and cv. merit are in agreement with those published by
Bau, Villaume, Nicolas, and Méjean (1997) and Xu, Dong, and Zhu
(2005) who did not detect vitamin C in different varieties of Glycine
max seeds. However, Plaza, De Ancos, and Cano (2003) and Zielin-
ski (2003) found 0.6 and 10 mg/100 g d.m. of vitamin C in soybean
seeds.

Our data about the effect of germination on the vitamin C con-
tent of Vigna radiata cv. emmerald agree with those reported by
other authors (Abdullah & Baldwin, 1984; Plaza et al., 2003; Sattar,
Durrani, Mahmood, Ahman, & Khan, 1989; Zielinski, 2003). Xu
et al. (2005) observed that germination of Glycine max seeds for 4
days produced an increase of vitamin C whilst subsequent germi-
nation up to 9 days caused a decrease. In other legumes, increases
in vitamin C have been found after germination (Fernandez-Orozco
et al., 2006; Frias et al., 2002, 2005).

Soybean seeds are a source of vitamin E. This compound is a
major biological antioxidant, quenches free radicals and acts as a
terminator of lipid peroxidation, particularly in membranes with
high concentrations of unsaturated fatty acids (Burton & Traber,
1990). The results obtained in the present work on tocopherol iso-
mers and vitamin E activity for raw legumes are in agreement with
those previously reported (Fernandez-Orozco et al., 2006; Frias
et al., 2002, 2005). Zielinski (2003) studied tocopherol content in
raw seeds of Glycine max cv. mazovia and he reported values for
*

Vitamin E activity**

(a-TE mg/100 g d.m.)
herol c-Tocopherol d-Tocopherol

.02b 12.93 ± 0.18a 2.88 ± 0.06ª 4.44 ± 0.04a

.01a 13.07 ± 0.19a 2.85 ± 0.01ª 4.34 ± 0.04a

.02c 34.06 ± 0.28c 5.08 ± 0.16b 12.22 ± 0.16c

.01c 25.64 ± 0.26b 5.96 ± 0.19c 8.82 ± 0.14b

t differences (P 6 0.05).
� 0.5) + (mg c-tocopherol � 0.1) + (mg d-tocopherol � 0.03).

t*

Vitamin E activity**

(a-TE mg/100 g d.m.)
herol c-Tocopherol d-Tocopherol

.02a 4.10 ± 0.02a 1.65 ± 0.05a 1.59 ± 0.02a

.02b 5.23 ± 0.08b 2.90 ± 0.04b 1.89 ± 0.01b

.02b 5.90 ± 0.09d 3.04 ± 0.06c 1.98 ± 0.04c

.02c 7.33 ± 0.07e 5.83 ± 0.11e 2.69 ± 0.09e

.03d 7.51 ± 0.08f 8.46 ± 0.09f 3.13 ± 0.04f

.02cd 5.32 ± 0.08c 4.29 ± 0.07d 2.20 ± 0.06d

t differences (P 6 0.05).
� 0.5) + (mg c-tocopherol � 0.1) + (mg d-tocopherol � 0.03).



Table 5
Effect of germination on the reduced and oxidized glutathione content of Vigna
radiata cv. emmerald, Glycine max cv. jutro and Glycine max cv. merit*

Legumes GSH (lmol/g d.m.) GSSG (lmol/g d.m.) GSH/GSSG

Vigna radiata cv. emmerald
Raw 3.45 ± 0.23a 0.77 ± 0.03a 4.50 ± 0.14b

Germination (days)
2 3.98 ± 0.25b 0.80 ± 0.07a 4.99 ± 0.72b

3 4.04 ± 0.01b 0.85 ± 0.01a 4.75 ± 0.04b

4 4.40 ± 0.08c 1.34 ± 0.03b 3.28 ± 0.01a

5 4.09 ± 0.20b 1.39 ± 0.03b 2.94 ± 0.20a

7 3.64 ± 0.10a 1.38 ± 0.04b 2.64 ± 0.15a

Glycine max cv. jutro
Raw 3.55 ± 0.10a 0.61 ± 0.02a 5.86 ± 0.04d

Germination (days)
2 3.51 ± 0.13a 0.73 ± 0.01b 4.84 ± 0.13b

3 3.69 ± 0.05a 0.69 ± 0.01b 5.34 ± 0.07c

4 3.60 ± 0.02a 0.91 ± 0.01c 3.95 ± 0.02a

Glycine max cv. merit
Raw 3.51 ± 0.09a 0.61 ± 0.01a 5.71 ± 0.26d

Germination (days)
2 4.09 ± 0.10b 0.88 ± 0.01b 4.65 ± 0.27c

3 4.36 ± 0.07c 0.87 ± 0.06b 5.06 ± 0.62cd

4 4.43 ± 0.02c 0.89 ± 0.03b 4.96 ± 0.18cd

5 4.06 ± 0.05b 1.08 ± 0.03c 3.77 ± 0.15b

6 3.52 ± 0.11a 1.25 ± 0.06d 2.83 ± 0.23a

* Mean value ± standard deviation. Different letters in the same column for each
legume mean significant differences (P 6 0.05).
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a-, b-, c- and d-tocopherol of 0.01, 0.01, 0.28 and 0.43 mg/
100 g d.m., respectively.

The effect of germination on the content of vitamin E, obtained
in this work, coincides with the information obtained from the lit-
erature: a-tocopherol increases during the first days of germina-
tion and the other isomers depend on the type and variety of
legume (Fernandez-Orozco et al., 2006; Frias et al., 2002, 2005;
Zielinski, 2003).

The content of total phenolic content compounds (TPC) in raw
and germinated seeds of Vigna radiata cv. emmerald, Glycine max
cv. jutro and Glycine max cv. merit is shown in Table 4. During ger-
mination of Vigna radiata cv. emmerald, significant (P 6 0.05) in-
creases in TPC content were observed (217%) after 7 days of
germination although, in Glycine max cv. jutro (2.8 mg catechin/
g d.m. in raw seed) TPC did not significantly (P 6 0.05) change.
TPC in raw Glycine max cv. merit was 3.0 mg catechin/g d.m. and,
after 4 days of germination, its content increased significantly
(P 6 0.05), reaching 17% by the sixth day of germination.

Amarowicz, Troszynska, Barylko-Pikielna, and Shahidi (2004),
Fernandez-Orozco, Zielinski, and Piskula (2003), Madhujith, Naczk,
and Shahidi (2004), and Zielinski (2003) reported similar TPC val-
ues, ranging from 1.9 to 5.7 mg/g d.m., in different raw legumes.
Zielinski (2003) reported that germination of Glycine max cv. mazo-
via caused an increase in TPC from 2.6 mg catechin/g d.m. in raw
seeds to 3.1 mg catechin/g d.m. after 7 days of germination. Lin
and Lai (2006) showed that, in most Glycine max cultivars studied,
flavonoid content increased after 4 days of germination. In con-
trast, Randhir, Lin, and Shetty (2004) reported that germination
caused a decrease of TPC in Vigna radiata seeds.

The changes in reduced (GSH) and oxidized (GSSG) glutathione
and the ratio GSH/GSSG in raw and germinated seeds of Vigna rad-
iata cv. emmerald, Glycine max cv. jutro and Glycine max cv. merit are
shown in Table 5. GSH contents of these raw seeds were very sim-
ilar (4.5, 5.9 and 5.7, respectively). During germination of Vigna rad-
iata cv. emmerald, GSH content increased up to 4 days of
germination and after that time, gradually decreased. GSSG content
showed no significant (P 6 0.05) difference during the first 3 days of
germination, but after 4 days an increase was found that was main-
tained up to day 7. The germination process did not significantly
Table 4
Effect of germination on the total phenolic compound contents of Vigna radiata cv.
emmerald, Glycine max cv. jutro and Glycine max cv. merit*

Legumes Total phenolic compounds (mg catechin/g d.m.)

Vigna radiata cv. emmerald
Raw 1.09 ± 0.11a

Germination (days)
2 1.43 ± 0.08c

3 1.30 ± 0.02b

4 2.24 ± 0.02d

5 3.30 ± 0.08e

7 3.46 ± 0.07f

Glycine max cv. jutro
Raw 2.85 ± 0.06bc

Germination time (days)
2 2.71 ± 0.03ab

3 2.65 ± 0.15a

4 3.00 ± 0.09c

Glycine max cv. merit
Raw 2.98 ± 0.06a

Germination time (days)
2 3.06 ± 0.05ab

3 3.10 ± 0.06ab

4 3.18 ± 0.06bc

5 3.24 ± 0.08c

6 3.49 ± 0.08d

* Mean value ± standard deviation. Different letters in the same column for each
legume mean significant differences (P 6 0.05).
alter (P 6 0.05) the GSH/GSSG ratio during the first 3 days although,
from the fourth day, it decreased, and this decrease was constant up
to the seventh day of the process. GSH values in Glycine max cv. jutro
were not significantly (P 6 0.05) modified by consequence of ger-
mination, although GSSG content increased, reaching a 49% rise
after 4 days of germination. The GSH/GSSG ratio decreased during
germination. The germination process in Glycine max cv. merit sig-
nificantly (P 6 0.05) increased the GSH content during the first 4
days (17–26%); after that time GSH decreased up to the sixth day
of germination, reaching a value similar to raw seeds. A small in-
crease in GSSG was noted during germination, reaching the highest
value at the fifth and sixth days of germination. The GSH/GSSG ratio
showed a pronounced decrease after 5 days.

Different contents of GSH and GSSG in raw legumes have been
found in the literature (Doblado et al., 2005; Fernandez-Orozco
et al., 2003, 2006; Mills, Stinson, Liu, & Lang, 1997; Zielinski,
2003) and they show that the effect of germination on the glutathi-
one content depends on the kind of legume studied. Zielinski
(2003) reported an increase of 25% after 7 days of germination of
Glycine max cv. mazovia and a 47% reduction in the GSH/GSSG ratio,
due to the GSSG rise produced. We found an increase in GSSG after
germination. Changes in the GSH content could be due, not only to
the oxidation process, but also to the proteolitic action of enzymes
occurring during germination (Galleschi et al., 2002; Hemalatha &
Siva-Prasad, 2003; Neves & Lourenco, 2001; Ogbonna, Obi, & Okolo,
2004).

The SOD-like activities of Vigna radiata cv. emmerald, Glycine
max cv. jutro and Glycine max cv. merit are shown in Tables 6–8.
The SOD-like activity values of raw Vigna radiata cv. emmerald
seeds (314 U SOD/g d.m.) increased after 3 days of germination,
achieving an increase of 307% by the seventh day of germination
(Table 6). The SOD-like activity of raw Glycine max cv. jutro
(566 U SOD/g d.m.) did not change significantly (P 6 0.05) with
the germination process (Table 7). The SOD-like activity of raw Gly-
cine max cv. merit seeds was 557 U SOD/g d.m.; during the first 4
days of germination a slight decrease in SOD-like activity was
noted while an increase was observed after 5 and 6 days of germi-
nation (�20%) (Table 8).



Table 6
Effect of germination on the SOD-like activity, peroxyl radical trapping capacity, and
antioxidant activity in liposomal PC suspension system and trolox equivalent
antioxidant capacity of Vigna radiata cv. emmerald*

Vigna
radiata
cv.
emmerald

SOD-like
activity
(U SOD/
g d.m.)

Peroxyl radical
trapping
capacity
(lmol trolox/
g d.m.)

Antioxidant activity
in liposomal PC
suspension system
(% inhibition)

TEAC
(lmol trolox/
g d.m.)

Raw 314 ± 12.3a 2.65 ± 0.33a 17.8 ± 1.82a 27.0 ± 0.37ª

2 days 363 ± 27.5a 3.08 ± 0.18ab 26.2 ± 6.42a 30.0 ± 0.26b

3 days 670 ± 13.1b 3.30 ± 0.45b 20.1 ± 5.85a 27.9 ± 0.85ª

4 days 716 ± 7.0b 4.89 ± 0.26c 22.6 ± 4.93a 32.1 ± 0.89c

5 days 878 ± 47.2c 8.80 ± 0.12d 65.6 ± 1.35b 40.2 ± 0.54d

7 days 1283 ± 59.6d 9.21 ± 0.30d 87.1 ± 0.25c 43.5 ± 1.18e

* Mean value ± standard deviation. Different letters in the same column mean
significant differences (P 6 0.05).

Table 7
Effect of germination on the on the SOD-like activity, peroxyl radical trapping
capacity, and antioxidant activity in liposomal PC suspension system and trolox
equivalent antioxidant capacity of Glycine max cv. jutro*

Glycine
max
cv.
jutro

SOD-like
activity
(U SOD/
g d.m.)

Peroxyl radical
trapping capacity
(lmol trolox/
g d.m.)

Antioxidant activity in
liposomal PC
suspension system (%
inhibition)

TEAC
(lmol trolox/
g d.m.)

Raw 566 ± 2.7a 3.25 ± 0.17a 58.8 ± 3.07a 37.3 ± 0.50a

Germination (days)
2 552 ± 9.2a 3.32 ± 0.28a 49.1 ± 0.85a 40.2 ± 0.16b

3 506 ± 30.2a 3.65 ± 0.34a 45.6 ± 7.68a 41.9 ± 0.25c

4 562 ± 38.9a 4.15 ± 0.01b 51.5 ± 6.82a 41.3 ± 0.06c

* Mean value ± standard deviation. Different letters in the same column mean
significant differences (P 6 0.05).

Table 8
Effect of germination on the on the SOD-like activity, peroxyl radical trapping
capacity, and antioxidant activity in liposomal PC suspension system and trolox
equivalent antioxidant capacity of Glycine max cv. merit*

Glycine
max
cv.
merit

SOD-like
activity (U
SOD/
g d.m.)

Peroxyl radical
trapping capacity
(lmol trolox/
g d.m.)

Antioxidant activity in
liposomal PC
suspension system (%
inhibition)

TEAC
(lmol trolox/
g d.m.)

Raw 557 ± 5.7c 2.90 ± 0.07ab 47.5 ± 3.35a 63.0 ± 0.50a

Germination (days)
2 523 ± 6.6a 2.69 ± 0.00a 52.4 ± 5.71a 69.2 ± 1.31b

3 529 ± 0.0b 2.71 ± 0.00ab 55.0 ± 3.20a 68.4 ± 0.02b

4 523 ± 6.6ab 2.72 ± 0.11a 52.5 ± 2.05a 71.5 ± 0.59c

5 673 ± 6.8d 2.95 ± 0.15b 50.4 ± 6.06a 71.6 ± 0.06c

6 687 ± 0.0e 4.93 ± 0.18c 65.7 ± 2.59b 71.8 ± 0.03c

* Mean value ± standard deviation. Different letters in the same column mean
significant differences (P 6 0.05).
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Scarce information has been found about SOD-like activity in
raw and germinated legumes. According to the bibliography, the
SOD-like activity depends on the type of seeds and time of germi-
nation (Fernandez-Orozco et al., 2002, 2006; Zielinski, Frias, Pisku-
la, Kozlowska, & Vidal-Valverde, 2006).

Table 6 shows the peroxyl radical-trapping capacity (PRTC) of
raw and germinated mung bean Vigna radiata cv. emmerald seeds.
Germination caused increases in the PRTC of 16%, 25%, 85%, 232%
and 248% after 2, 3, 4, 5 and 7 days, respectively. PRTC in raw Gly-
cine max cv. jutro seeds presented values of 3.2 lmol trolox/g d.m.
and germination did not change this value significantly (P 6 0.05)
during the first 3 days of the process but, after 4 days, a significant
(P 6 0.05) increase of 28% was noticed (Table 7). In Glycine max cv.
merit, the PRTC of raw seeds was 2.9 lmol trolox/g d.m. (Table 8)
and, during the first 5 days of germination, PRTC did not show sig-
nificant (P 6 0.05) modifications compared with raw seeds
although, after 6 days of germination, a sharp increase in PRTC
(70%) was found (Table 8).

PRTC values of raw seeds studied are in the range found in the
literature for different legumes (Doblado et al., 2005; Fernandez-
Orozco et al., 2003; Zielinski, 2002). During germination of soybean
seeds, Zielinski (2002) found an increase in PRTC. In other legumes,
however, the changes in PRTC seem to depent on the type of seed
(Fernandez-Orozco et al.; 2003, 2006).

The antioxidant activities of germinated Vigna radiata cv. emm-
erald, Glycine max cv. jutro and Glycine max cv. merit extracts, in
phospholipid bilayers obtained by measuring the inhibition of lipid
peroxidation in large unilamellar vesicles of egg yolk PC, are com-
piled in Figs. 2–4, respectively. Tables 6–8 show the percentages of
peroxidation inhibition after 2 h of incubation for raw and germi-
nated seeds of Vigna radiata cv. emmerald, Glycine max cv. jutro
and Glycine max cv. merit, calculated according to the Azuma
et al. (1999) formula. The 5- and 7 day-germinated Vigna radiata
cv. emmerald extracts presented a higher inhibition than did the
raw seeds extract (268% and 389%, respectively) (Fig. 2, Table 6).
In Glycine max cv. jutro, raw seeds showed an inhibition of lipid
peroxidation of 58.8%, and germination did not produce any signif-
icant change (P 6 0.05) (Fig. 3, Table 7). In Glycine max cv. merit, the
raw seeds showed a percentage of peroxidation inhibition of 47%
after 2 h and percentages of peroxidation inhibition were not sig-
nificantly (P 6 0.05) modified up to 5 days of germination; how-
ever, after 6 days, a higher percentage of peroxidation inhibition
was found (65.7%) (Fig. 4, Table 8).

Most of the studies found in the literature on the inhibition of
PC peroxidation are based on model systems for evaluating antiox-
idant capacity using pure compounds, such as epicatechin, epicat-
echin gallate, quercetin, or vitamin E (Koga & Terao, 1996; Terao
et al., 1994). Nevertheless, few references have been found on per-
oxidation inhibition using a food matrix, such as raw and pro-
cessed legume seeds and, in general, germination brings about an
increment of this parameter (Doblado et al., 2005; Fernandez-Or-
ozco et al., 2006; Frias et al., 2005; Troszynska & Ciska, 2002).

TEAC values of raw and germinated Vigna radiata cv. emmerald,
Glycine max cv. jutro and Glycine max cv. merit are shown in Tables
6–8. Raw seeds of Vigna radiata cv. emmerald presented a TEAC of
27.0 ltrolox/g d.m. and germination caused a large increase after 4
days of germination, reaching an increment of 61% after 7 days
(Table 6). Raw seeds of Glycine max cv. jutro presented a TEAC of
37.3 lmol trolox/g d.m. and germination brought about an incre-
ment of 8–11% (Table 7). TEAC content of raw Glycine max cv. merit
seeds was 63.0 lmol trolox/g d.m. and germinated seeds presented
an increase of 10–14% after 6 days (Table 8).

Values of the TEAC obtained in this work are in agreement with
the range found in the literature for different legumes (Doblado
et al., 2005; Fernandez-Orozco et al., 2003, 2006; Frias et al.,
2005; Torres, Frias, Granito, & Vidal-Valverde, 2006). During germi-
nation, Zielinski (2003) reported a sharp decrease in TEAC values
after germination for 7 days of Glycine max cv. mazovia. However,
our results show an increase of TEAC after germination, which is
in agreement with those obtained by different authors in other
legumes (Fernandez-Orozco et al., 2006; Frias et al., 2005; Torres,
Frias, Granito, & Vidal-Valverde, 2007).

On the basis of the data presented in this work, it was possible
to calculate the relative contribution of antioxidant compounds to
the antioxidant capacity of raw and germinated seeds. In order to
carry out calculations, the following TEAC values of individual
compounds were taken: 2.4 lmol/g d.m. for catechin (Rice-Evans
& Miller, 1994), 0.97 lmol/g d.m. for vitamin E, 0.90 lmol/g d.m.
for GSH and 0.99 lmol/g d.m. for vitamin C (Rice-Evans, Miller, &
Paganda, 1996).
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Fig. 3. Inhibition by raw and germinated Glycine max cv. jutro extracts of AAPH-initiated peroxidation of PC liposomes.
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In raw Vigna radiata cv. emmerald seeds, it was found that TPC
were the compounds which contributed the most (74%) to total
antioxidant capacity, followed by GSH (25%), vitamin C (0.9%)
and vitamin E (0.2%). The germination process increased the con-
tribution of TPC (76–88%) and vitamin C (0.7–1.7%) to the total
antioxidant capacity, whilst it reduced the GSH (23–10%) and
vitamin E (0.2–0.04%) contribution. In raw seeds of Glycine max
cv. jutro it was again observed that TPC were the compounds
which contributed most to the total antioxidant activity (88%), fol-
lowed by GSH (12%) and, finally, vitamin E (0.4%). In this legume,
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germination caused slight changes in the contribution of TPC
(86–88%), GSH (11–13%) and vitamin E (0.4–1.1%) to the total anti-
oxidant capacity. In Glycine max cv. merit, a markedly higher con-
tribution percentage of total phenolic compounds was observed
in raw seeds (89%), whilst GSH and vitamin E activity delivered
about 11% and 0.1%, respectively. Germination produced slight
changes in these contributions: TPC 87–90%, GSH 10–13% and vita-
min E activity �0.2%.

4. Conclusions

The optimal conditions for obtaining legume sprouts with high
antioxidant capacity are the following: for Vigna radiata cv. Emmer-
ald, 7 days of germination increased the contents of vitamin C, total
phenolic compounds and glutathione by 388%, 217% and 6%,
respectively, and SOD-like activity, PRTC, inhibition of PC peroxida-
tion and TEAC increased by 308%, 248%, 389% and 61%, respec-
tively. For Glycine max cv. jutro, germination for 4 days brought
about an increase in vitamin E activity (99%), total phenolic com-
pounds (5%), PRTC (28%) and TEAC (11%). For Glycine max cv. merit,
germination for 6 days increased vitamin E activity and TPC by 38
and 17%, respectively. Also, SOD-like activity, inhibition of PC per-
oxidation, PRTC and TEAC increased by 23%, 38%, 70% and 14%,
respectively.
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