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Abstract. Based on the data of the literature it can be stated that the
original composition of the seeds essentially changes during germination.
The quantity of the protein fractions changes, the proportion of the ni-
trogen containing fractions shifts towards the smaller protein fractions,
oligopeptides and free amino acids. Beyond this changes the quantity of
the amino acids (some of them increase, others decrease or do not alter)
during germination, and nonprotein amino acids also are produced. In
consequence of these changes, the biological value of the sprout protein
increase, and greater digestibility was established in animal experiments.
The composition of the triglycerides also changes, owing to hydrolysis free
fatty acids originate, that can be considered as a certain kind of prediges-
tion. Generally, the ratio of the saturated fatty acids increases compared
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to unsaturated fatty acids, and the ratio within the unsaturated fatty
acids shifts to the essential linoleic acid. The quantity of the antinutritive
materials decreases, and the utilization of the macro and micro elements
is increased owing to germination. Furthermore the sprouts contain many
such materials (sulphoraphane, sulphoraphene, isothiocyanates, glucosi-
nolates, enzymes, antioxidants, vitamins) that are proved to be effective
in the prevention of cancer, or in the therapy against cancer.

1 Introduction

Sprouts are forming from seeds during sprouting. The sprouts are outstanding
sources of protein, vitamins and minerals and they contain such in the respect
of health-maintaining important nutrients like glucosinolates, phenolic and
selenium-containing components in the Brassica plants or isonflavons in the
soyabean. As the sprouts are consumed at the beginning of the growing phase,
their nutrient concentration remains very high.

In the sprouts besides the nutrients phytochemicals, vitamins, minerals,
enzymes and amino acids are of the most importance as these are the most
useful in the respect of the human health (AACR., 2005; Schenker, 2002;
Finley, 2005; Webb, 2006).

In the last decades of the passed century the attention of experts dealing
with the healthy nutrition turned more and more towards the determination of
the biological value of the nutritional sprouts (Penas et al., 2008). In this pe-
riod the consumption of the germinated seeds became common also in Western
Europe as the sprouts meet the requirements of the modern nutrition. Com-
pared to the seeds it was established that the sprout due to its transformed
protein content which is of higher biological value, the higher polyunsaturated
fatty acid content, higher vitamin content and the better utilization of the
minerals has a higher nutritional value. During the germination the polysac-
charides degrade into oligo- and monosaccharides, the fats into free fatty acids,
whereas the proteins into oligopeptides and free amino acids, which processes
support the biochemical mechanisms in our organism. They improve the effi-
ciency of both the protein-decomposing and the carbohydrate- and fatty acid-
decomposing enzymes therefore germination can be considered as one kind of
predigestion that helps to break down the high-molecular complex materials
into their building blocks.

During the germination the amount of the antinutritive materials (trypsin
inhibitor, phytic acid, pentosan, tannin) decreases and after the germination
also compounds with health-maintaining effects and phytochemical properties
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(glucosinolates, natural antioxidants) could be detected that can have a consid-
erable role among others also in the prevention of cancer. Thus, germination
can lead to the development of such functional foods that have a positive effect
on the human organism and that help in maintaining the health (Sangronis

and Machado, 2007).
During germination from the seed at rest a new plant is developing if the

moisture content is favourable, the temperature is appropriate and oxygen is
available for the respiration. These processes were dealt with mainly in the
Far-Eastern countries but important researches were conducted also in Europe
(Martinez-Villaluenga et al., 2008). Due to this both at the European and the
Far-Eastern markets a varied supply of sprouts has been developed from which
the most popular are the sprouts of adzuki bean, alfalfa, broccoli, buckwheat,
clover, mungo bean, mustard, radish, red cabbage and soybean. In Japan the
sprouts are classified into different categories depending on they were grown in
artificial or natural light or in dark, out of which the sprouts produced in light
are consumed raw, whereas those produced in dark are consumed heat-treated.

In Transylvania no examinations have been carried out related to the sprouts
and also in Hungary there has been a few results on the nutritional value
and its change during germination. We set therefore as aim to determine the
nutritional value of the most common commercially obtainable sprouts, wheat,
lentil, sunflower and radish seed, and to monitor the change in the nutritional
value during germination. We would like to examine the fat content and fatty
acid composition, protein content and amino acid composition as well as the
amount of the free amino acids, the vitamin content and the possibility of
production of selenium-enriched sprouts, by which we could contribute to the
better selenium status of the population.

In our first communication we work up the freshest literature, then later we
would like to report our new scientific results.

Anti-cancer effect of the sprouts

In the recent years the prevention of diseases in natural ways gained more
and more attention. The potential protective effect of the consumable sprouts
and their active components against cancer was studied in several in vivo and
in vitro model experiments. The results show a positive correlation between
the prevention from cancer of several organs and the consumption of the veg-
etable or its active components. Despite this, the effect and mechanism of
these chemopreventive phytochemicals have not been clarified yet (Murillo

and Mehta, 2001; Munday and Munday, 2002).
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During investigation of the biological activity of the phytoactive substances
can be found in the Brassica sprouts their effect was studied as regards the
biotransforming enzymes taking part in the carcinogenic metabolism, the an-
tioxidant status and the chemically induced cancer (Moreno et al., 2006; Lee

and Lee, 2006; Pereira et al., 2002; Fahey et al., 1997; Shapiro et al., 2001;
Fahey and Talalay, 1999).

Consumption of Brassica plants especially broccoli is inversely proportional
to the development of breast cancer in case of premenopausal women, whereas
in case of postmenopausal women only a very little effect or no effect at all was
observed, and even the type of the glutathione-S-transferase did not influence
the course of the disease. These results emphasize the role of the Brassicae in
the decrease of the risk of the premenopausal breast cancer (Gill et al., 2004;
Ambrosone et al., 2004).

Some health-protecting phytochemicals can be found in the sprout in a much
higher concentration than in the developed plant (Harrison, 1994; Fernández-

Orozco et al., 2006). These have significant antigenotoxic effect against damage
to DNA induced by H2O2 as in those people who consumed for 14 days 113
g of cabbage and leguminous sprouts compared to the control diet the risk
of cancer reduced. The experiment supports the theory that consumption
of sprouts of the Brassica plants can be brought into connection with the
reduction of cancerous diseases (Gill et al., 2004; Haddad et al., 2005). It is
continuously necessary to develop such new kind of foodstuffs in an amount
that makes the marketing in the foodstuff supplying systems possible (Webb,
2006; Linnemann et al., 2006). These products have considerable added value
which promotes the healthy nutrition. The application of foodstuffs containing
bioactive components can lead to the improvement of the food technologies
and to healthy nutrition (Schneeman, 2004; Ubbink and Mezzenga, 2006).

The nutritional sprouts are new foodstuffs rich in nutrients and phytonu-
trients, that can be produced and consumed without special product devel-
opment, new appliances or expensive marketing. Protection against cancer
by the means of foods is very attractive, especially when taking into consid-
eration that in many kinds of cancer (eg. lung cancer) very little progress
was achieved by the medicine (Ferlay et al., 2004). So the consumer is inter-
ested in a higher consumption of the functional foodstuffs which contain also
physiologically useful components (Linnemann et al., 2006; International Food

Information Council Foundation, 2006). At the same time some people have
aversion to the establishment and accumulation of the bioactive components
in the foodstuffs (Finley, 2005; Brandt et al., 2004). Despite this the consump-
tion demand on the sprouts has been increased that requires the optimization
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of the quality, the consumability and bioactivity. In the first part of our work
we deal with the chemical properties of the nutritional sprouts and with the
evaluation of the in the respect of health-maintaining important components,
bioactive substances.

Sulforaphane and isothiocyanate content of nutritional sprouts

The bioactive components of the sprouts of the Brassica plants are the glucosi-
nolates and their products the isothiocyanates as well as the phenols, vitamins
and minerals. To the vegetables of the Brassica plants consumed by the hu-
mans belong the broccoli, cabbage, Brussels sprouts, cauliflower, chinese cab-
bage and radish. The Brassica plants contain carotenoids, vitamin C, fiber,
flavonoids and such health-protecting substances as the glucosinolates (Jef-

fery and Jarrell, 2001; Holst and Williamson, 2004). In the broccoli sprouts
the most important glucosinolate is the glucoraphanine that is hydrolyzed by
the microflora of the intestine into isothiocyanate and sulforaphane. In the
plants the mirosinase enzyme hydrolyzes the glucosinolates mainly into isoth-
iocyanates. These isothiocyanates have different biological effects: some of
them damage the liver or are goitrogen, the others have antibacterial, fungi-
cide and anticancer effect (Moreno et al., 2006; Heaney and Fenwick, 1987;
Shikita et al., 1999; Gamet-Payrastre, 2006).

The primary in vivo methabolic pathway of the isothiocyanates is the mer-
captane acid pathway which is the elimination pathway of most of the xenobi-
otics. The conjugation with glutathione resulting in thiol derivatives catalysed
by the glutathione-S-transferase is followed by a successive glutamine and
glycine cleavage resulting in L-cysteine isothiocyanates that are acylated to
N-acetyl-L-cystein isothiocyanate derivatives (mercaptane acids) that empty
from the organism via the urine. Based on this the GST plays an important
role in the formation of the isothiocyanates (ITC) in the human organism.
Number of isothiocyanates forming in the reactions can reach several hun-
dreds. Generally it can be established that the ITC produced is determined
by the type and amount of the consumed vegetable, by the way of processing
and the quality of the chewing, as well as the nature of GST (Munday and

Munday, 2002; Lampe and Peterson, 2002; Ambrosone et al., 2004).
The non-germinated seeds have the highest glucosinolate content that de-

creases in the sprouts. The Brassica sprouts at age of 3 days contain 10-100
times more glucoraphanine than the matching ripe plant (Pereira et al., 2002;
Perez-Balibrea et al., 2006) due to which even a small amount of cabbage
sprout reduces the risk of cancer, and is equally effective like a higher amount
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of the same plant (Fahey et al., 2006; Fahey et al., 1997; Shapiro et al., 2001;
Lee and Lee, 2006).

Sulforaphane in different experimental models both in vivo in animals and
in vitro in various cell cultures reduced the different forms of cellular prolifer-
ation, maybe by the activation of the enzymes that detoxicate the compounds
causing cancer (Bertelli et al., 1998; Barillari et al., 2005a; Barillari et al.,
2005b; Kensler et al., 2005). The broccoli sprouts and also the plant itself
are considered a very good source of sulforaphane that occurs in the broccoli
sprouts in a concentration of above 105 mg/100 g whereas in the broccoli plant
in a concentration of 40–171 mg/100 g in the dry matter (Bertelli et al., 1998;
Nakagawa et al., 2006; Perocco et al., 2006).

Different researchers studying the beneficial effects of the broccoli sprouts
and sulforaphane claim that due to its indirect antioxidant properties it strength-
ens the enzymes taking part in the antioxidant defence of the cells and detox-
icates the carcinogen ones reducing by this the possibility of development of
a cancer in the body (Shapiro et al., 2001; Perocco et al., 2006; Fahey et al.,
1997; Shapiro et al., 2001; Fahey and Talalay, 1999). In the literature several
reports confirm the anticarcinogenic effect of sulforaphane, however, there is
a lack of information as to the safe applicability of its natural precursor glu-
coraphanine. In an in vivo experiment by the examination of the absorption
and metabolism of glucoraphanine during consumption of Brassica plants it
was established that glucoraphanine in the intestine metabolizes partly due
to the effect of the microflora into sulforaphane in humans (Conaway et al.,
2000) and in the rodents (Perocco et al., 2006). The dosage used in the experi-
ment was set based on the glucoraphanine-sulforaphane content of the broccoli
sprout which was used previously in cancer chemotherapic studies (Fahey et

al., 1997; Lee and Lee, 2006; Fahey and Talalay, 1999).
Liang et al. (2005) established that sulforaphane is an isothiocyanate that

naturally occurs in the family of Brassica plants in a higher amount, and by its
consumption the formation of tumors can be prevented. Sulforaphane content
of five representatives of the Brassica family (broccoli, cabbage, cauliflower,
savoy, Brussels sprouts) was determined by reversed-phase HPLC, using aceto-
nitrile-water linear gradient. The raw sulforaphane was extracted first with
ethyl acetate, 10% ethyl alcohol and hexane then the obtained extract was
purified by low-pressure column chromatography on silica gel. The yield and
purity of sulforaphane was higher than 90% using the gradient elution.

Perocco et al. (2006) examining the increase of the free-radicals by complet-
ing the food with glucoraphanine, found only a slight induction in case of the
enzyme glutathione-S-transferase. These results are in contradiction with the
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previous findings. They suggest that long-time consumption of glucorapha-
nine rather increases than decreases the risk of cancer by inducing the enzymes
causing cancer by establishing oxidative stress. They claim that uncontrolled
glucoraphanine consumption over a long time is a potential source of danger,
despite this they recognize the advantageous effect of nutrition rich in fruits
and vegetables on health-maintaining.

The broccoli sprouts were earlier proven to be a rich source of such chemo-
preventive materials as isothiocyanates. The isothiocyanate extract of broccoli
prevents the cancerous cells of the bile from growing, due to its antiprolifer-
ative activity owing to the isothiocyanates it is good for the prevention and
treatment of cancer (Gamet-Payrastre, 2006; Lee and Lee, 2006). Sulforaphane
has antibacterial effect against the helicobacter pylori that causes chronic gas-
tritis and ulcer of the small intestine, thus this material in the Brassicae is
a potential medicine against helicobacter pylori. Furthermore, one week con-
sumption of broccoli sprout improved the cholesterol metabolism and reduced
the oxidative stress markers such as plasma amino acid content and various
enzymes (Murashima et al., 2004).

Clarke et al. (2008) examined the anticancer effect of sulforaphane in case
of broccoli, cabbage, Brussels sprouts and cauliflower. It was established that
sulforaphane occurs in an especially high concentration in the broccoli and
broccoli sprout and due to its high isothiocyanate content reduces the risk
of cancer including intestine and prostate cancer. Earlier also the enzyme
inhibitor effect of sulforaphane was examined studying such enzymes that can
be made responsible for cancerous lesions. The authors studied the effect of
sulforaphane on the renewal of the cells and on the mechanism of the death of
the cells during which they dealt with the anticancer properties of sulforaphane
focusing on the different chemopreventive mechanisms. When they treat the
effect of sulforaphane on humans they describe its chemistry, metabolism,
absorption and they studied those factors influencing the biological availability
of sulforaphane.

Glucosinolate content of nutritional sprouts

The two kinds of methionine glucosinolate have an extra sulfur atom in a
different oxidation state in the side chain. These are forming a redox sys-
tem (glucoraphenine, glucoraphasatine), which differs from the glucoerucin-
glucoraphanine system in one double bond only. There is a difference in the
radical-capturing capacity of the two systems (Barillari et al., 2005a; Barillari

et al., 2005b). Lepidium sativum sprouts grown in light contain during the first
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week of the germination high concentration of benzylglucosinolate, and only in
traces 2-phenethyl glucosinolate which finding involves a further vegetable with
its bioactive compounds into the circle of vegetables with health-maintaining
effect (Gil and Macloed, 1980; Glendening and Poulton, 1988).

White mustard is commonly consumed fresh worldwide due to its special
spicy taste. These vegetables contain several health-protecting compounds
such as carotenoids, vitamin C, fibres, flavonoids and glucosinolates (Baril-

lari et al., 2005a; Martinez-Sánchez et al., 2006). In the white mustard seeds
and in the lyophilized sprout among the glucosinolates the glucoerucin is the
main component. In contrast to other glucosinolates such as glucoraphanine,
glucoerucin has both direct and indirect antioxidant effect due to which con-
sumption of the white mustard and its sprouts is very useful for the human
health (Barillari et al., 2005a; Barillari et al., 2005b).

Interesting members of the glucosinolate-containing Brassica family are the
wild mustard and Turkish mustard, both of them are rich in such bioac-
tive phytochemicals as phenols, flavonoids and vitamin C, each of them are
present in the seed, the root and in the three, five and seven days old sprouts
(Martinez-Sánchez et al., 2006; Bennett et al., 2006). Methanolic extract of
the radish sprout has a very high antioxidative activity owing to the different
sinapic acid esters and flavonoids with very high radical-capturing capacity as
the basis of their biological activity (Takaya et al., 2003). Dichloromethanic
fraction of the sprouts obtained from the methanolic extract contains nicoti-
namide adenine dinucleotide and chinon-reductase that are playing a signifi-
cant role in the defence of the liver cells against chemically carcinogenic and
other compounds. These results indicate that the radish sprouts can be con-
sidered a safe, useful, new source of food that reduce the risk of cancer devel-
opment (Lee and Lee, 2006).

A new OH-containing jasmonic acid methyl ester stimulates the biosynthesis
of the vegetable secondary metabolites, the cell oxidation, the L-phenylalanine-
ammonia-lyase activity and takes a powerful effect on the biosynthesis of the
secondary metabolites in vegetable cell cultures. Co-ordinated activation of
the metabolic pathways by jasmonate helps in the development of resistance
against environmental stress including the synthesis of indole glucosinolates in
the Brassica family (Bennett and Wallsgrove, 1994; Liang et al., 2006).

One of the striking and typical features of the Brassica plants is the high
glucosinolate content often up to 1% of the dry-matter (Pereira et al., 2002;
Fahey et al., 1997). There has been a few attempt for the determination of the
human glucosinolate consumption which can reach according to some sources
the value of 300 mg/day (≈660 µmol/day). Clarification of the applicability,
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transport and metabolism of these glucosinolates is the precondition of the
understanding of the mechanism of the protective effect on the human organ-
ism (Moreno et al., 2006; Gill et al., 2004; Murillo and Mehta, 2001; Munday

and Munday, 2002; Lampe and Peterson, 2002; Ye et al., 2002).
If mirosinase of vegetable origin is present in the diet, the glucosinolates

hydrolyze in the intestine. If the mirosinase is inactivated by heat prior to the
consumption, the ionic feature of the glucosinolates prevents them from enter-
ing the intestine where they are metabolized by bacterial enzymes (Moreno et

al., 2006). Due to mirosinase glucose and other products e.g. isothiocyanates
are forming. The glucosinolates decompose due to the mirosinase of vegetable
origin in the small intestine or due to bacterial enzymes in the large intes-
tine and their metabolites can be detected in the urine 2-3 hours after the
consumption of the Brassica plants. The first step of the clarification of the
positive effect on the human health and the prophylactic activity is the moni-
toring of the chemistry and metabolism of the glucosinolates in the food chain
from the growing to the consumption (Ferlay et al., 2004; Jeffery and Jarrell,
2001; Pereira et al., 2002; Fahey et al., 1997; Shapiro et al., 2001; Fahey and

Talalay, 1999).
According to Bellostas et al. (2007) the sprouts of the Brassica plants con-

tain the glucosinolate in a high concentration therefore these plants can be
very well used for the chemical defence in case of cancers. In their experi-
ments they examined the glucosinolate content of the ripe seed, the sprout
and the sprouted plant of five cabbage species (white cabbage, red cabbage,
savoy, broccoli and cauliflower). The concentration of the individual glucosi-
nolates highly varied among the cabbage plants. Concentration of the alkyl
glucosinolates decreased whereas the indole-3-methylglucosinolate content in-
creased during the germination period. During the germination of four and
seven days the root of the sprouted plant contained the glucosinolate in the
highest amount both for the four and seven day-sprouting.

Flavonoid content of the nutritional sprouts

The different conditions of the seed sprouting have effect on the flavonol con-
tent. The highest miricetin, merin, quercetin and camphorol content in the
radish and lucerne sprouts was measured when the sprouting was done in dark
at 20◦C. Neither an increase of the germination temperature up to 30◦C nor a
decrease of that down to 10◦C affected the efficiency of the flavonol synthesis.
Similarly, neither a UV nor an IR radiation for between 20 min 24 hours in-
creased significantly the flavonol content of the sprouts compared to the seed
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(Janicki et al., 2005).
The economical importance of the family of the leguminous plant is obvi-

ous as many plants of this family are used as food and feeding stuff. Very
precious vegetables both in the animal and human nutrition are the broad
bean, mungobean, pea, chick pea, lupine and the lentil sprouts. Soybean is
one of the most important food seed in the Asian countries, beneficial effect of
foodstuffs made of it is known (Xu et al., 2005; Kim et al., 2006). It was also
reported that the phenolic components in the sprouts vary according to the
growing conditions, and it was also established that the light can stimulate
the production of the phytochemicals including the higher isoflavon content in
the soya sprouts (Kim et al., 2006).

Kim et al. (2007) sprouted buckwheat for a period of 1-10 days in a
glass house under low light conditions and determined the chlorogen acid and
flavonoid content including the C-glucoside flavons (orientin, isoorientin, vi-
texin, isovitexin) as well as rutin and quercetin. Rutin content of one meal
portion (on average 20-30 mg/g) was 30 times higher than in the root and
pericarp. By analyzing the radical-capturing capacity of the sprouts by the
2,2-diphenyl-1-picril-hydrazil method it was established that it increased sig-
nificantly for six to ten days in the portion from 1.52 to 2.33 µmol for the one
buckwheat variety whereas for the other it increased from 1.46 to 2.09 µmol
but the difference between the two sorts of buckwheat was not significant.
On the basis of their investigations they recommend the consumption of the
buckwheat sprouts during the everyday meals.

Other curative effects of the nutritional sprouts

Secondary metabolites of the vegetables are the unique sources of medicines,
food additives and taste materials and other industrial products. In the
passed hundred years certain vegetables became important sources of the new
medicines, various vegetable drugs. As soon as the hydroponical growing of
plants became selective and reproducible, the production of the bioactive com-
ponents increased dramatically, many of which showed in vitro activity against
bacteria, fungi and the cancer (Poulev et al., 2003; Zhao et al., 2005).

Plants are excellent sources of the phenolic phytochemicals out of which es-
pecially the antioxidants have outstanding role in the therapic applications as
functional food components. Based on these facts the system of phytochem-
icals in the leguminous plants was developed by natural controlling means
during which the pentose-phosphate cycle shifted into the direction of the
phenolic phytochemicals (Shetty and McCue, 2003).
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Antibiotic effect of nutritional sprouts

Many of the secondary vegetable metabolites have role in the fight against
living creatures causing damage to the plant and the pathogenic microbes.
Many of those components (cyanogen glucosides, glucosinolates, phenols, ter-
penes and sterols) originate from sikiminic acid or from aromatic hydrocar-
bons, that have important roles in those protecting mechanisms induced by
infection or parasites. Accumulation of these metabolites occurs in the cells
exposed to stress including phytoalexins after an infection by pathogen mi-
croorganisms (Zhao et al., 2005). Similar abiotic stress can be triggered also
by the UV light, yet the concentration of the flavonoids (morin, mircetin,
quercetin and camphorol) in case of the radish and alfalfa sprouts was higher
also when they were kept in dark than when they were treated with UV or IR
radiation (Janicki et al., 2005).

The pea can produce such phenolic phytochemicals that act as inhibitors on
the pathogenic microrganisms and by which the helicobacter can be contolled
like by a medicine. The pea sprouts combined with acetylsalicylic acid make
possible the development of such a phenolic functional foodstuff that is suitable
against the helicobacter pylori (Ho et al., 2006).

Phytic acid and phytase content of the nutritional sprouts

Seeds and four-day-old sprouts of four Brassica varieties (little radish, radish,
white mustard and rape) were established to contain inositol hexaphosphate
that is called phytic acid or phytate in the salt form. This component proved
to be biologically active and potentially useful in the respect of health as
it reduced the blood sugar level, the amount of cholesterol and triglycerols,
reduced the risk of cancer development and heart diseases (Frias et al., 2005b).
These contain high amount of tiamin, riboflavin, Ca, Mg, Cu, Mn, Fe and Zn as
well as dietary fibres, that makes possible the development of a new potential
foodstuff (Fernández-Orozco et al., 2006; Zielinski et al., 2005).

Sung et al. (2005) examined the effect of the germination temperature at
10, 20 and 25◦C, in a 6–10-day interval for barley seeds on the phytase en-
zyme production. The growing rate and protein production of the barley
plants increased with increasing temperature. Using SDS PAGE (sodium do-
decylsulfate polyacrylamide gel electrophoresis) it was established that during
the germination period the proteins transformed, some of them disappeared,
some of them appeared on the electrophoretogram. At the beginning of the
germination the phytase activity was practically null, and showed a significant
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increase during the sprouting. In the first couple of days it increased to the
eightfold value then reduced. The utilizable phosphate content in connection
with the activity of the phytase enzyme increased rapidly at the beginning of
the sprouting. The protein and phytase production reached their maximum
in two days. Partial purification of the raw enzyme extract by hydrophobic
chromatography resulted in two phytase fractions. Molecular weight of the
first fraction was 62 and 123 kDa, whereas that of the second fraction was 96
kDa. The ideal temperature for the production of the first fraction was 55◦C,
while for the second fraction it was 50◦C. The optimal pH of the first fraction
was 6.0, and 5.0 for the second fraction.

Biogenic amine content of the nutritional sprouts

Frias et al. (2007) examined biogenic amine content and citotoxicity of alfalfa
and fenugreek sprouts. The biogenic amines of both the alfalfa and the fenu-
greek affects the glucose and cholesterol content of the blood, therefore it is
very important to have information on them in the respect of healthy nutri-
tion. As the flours made of alfalfa and fenugreek sprouts can be considered
as new types of functional foodstuffs, therefore it is important to study the
biogenic amines and citotoxicity of the sprouts. The sprouts of both plants
were produced during four days at 20 and 30◦C under light and dark condi-
tions. The non-sprouted seeds contained putrescine, cadaverine, histamine,
tyramine, spermidine and spermine. Bioactive amine content of the alfalfa
sprouts was two times higher than that of the original seeds, and the sprout-
ing at 20◦C without light produced the lowest biogenic amine content. In the
fenugreek sprouts only cadaverine and putrescine increased during the ger-
mination; the temperature and light had only a slight effect on the biogenic
amine content. Biogenic amine content of the sprouted seeds always remained
below the yet acceptable healthy level. Based on the experiment regarding
the apoptosis and proliferation of cells it was established that the sprouts did
not affect the processes of the cells.

Nutritional value of the sprout protein

Wanasundara et al. (1999) examined the change in nitrogen-containing com-
ponents of linseed sprouts during the sprouting. The linseed sprouts were
germinated in an eight-day-period during which the dry-matter content de-
creased by 35%. During the germination period the decrease in the total
nitrogen content was relatively minimal, the nonprotein nitrogen content in-
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creased from 9% to 33.5% in the percentage of the total protein, however.
For the free amino acids an increase was observed. Among the amino acids
the glutamine exhibited the greatest change in the germination period as this
amino acid amide is an amide group donor, contributing to the development
of the sprout. During sprouting the water-soluble protein content increased,
the salt-soluble protein fractions decreased, however. Polyamine content, ie
agmatine, spermidine and putrescine that are very important in the regulation
of the cell metabolism and the growth, also increased during the germination
period. During eight days of sprouting the amount of the cyan-containing glu-
cosides, the linustatin and neo-linustatin decreased by around 40–70%. The
trypsin inhibitor content of the linseed is quite minimal and also in the sprouts
it can be detected in traces after eight days of sprouting.

Mbithi-Mwikya et al. (2000) studied the nutrients in finger-millet and the
change in the antinutritive materials during sprouting. They examined be-
yond this the in vitro protein digestibility during a germination of 96 hours
in sampling periods of 12 hours. The antinutritive materials were reported
to decrease, during which tannins and phytates decreased below the detec-
tion limit. The trypsin inhibitor activity reduced to its one-third. During 48
hours a considerable decrease was obtained in the starch content which was
in relation with the high increase of the sugar content. The protein digestibil-
ity increased significantly, however, 13.3% of the dry-matter was lost during
the 96-hour sprouting period. The authors came to the conclusion that it
was not necessary to apply a germination time longer than 48 hours since the
longer germination time reduces considerably the dry-matter content due to
the respiration without any significant improvement in the nutritional value.

Rozan et al. (2001) examined the amino acid composition of various seeds
and four days old sprouts in case of five different lentil varieties. The free
proteinous amino acid content increased considerably after the sprouting, with
asparagine in the highest concentration. Also the amount of the non-proteinic
amino acids differs substantially in the seeds and in the sprout. γ-OH-arginine,
γ-OH-ornithine, α-amino-adipic acid and taurine could be found both in the
seeds and the sprouts, whereas γ-aminobutyric acid, α-aminoadipic acid, 3-
isoxazolinone derivative and the 2-carboxylic-methyl-isoxazoline-5-pyrimidine
occurred only in the sprouts. These latter compounds were identified first in
the lentil varieties. Various combinations of the non-proteinic amino acids can
give information on the genetic distance of the different varieties and perhaps
explain also the cross-breeding of varieties.

Urbano et al. (2005a) germinated green peas both in dark and in light for
two, four and six days and examined the proteolytic activity of the obtained
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sprouts, the soluble protein content and the non-protein nitrogen content, and
the utilization of starch in growing rats. During their experiments the food-
intake significantly increased when two- and four-day-old pea sprouts were
eaten which was in a connection with a considerable decrease of the factors
causing puffing-up. The nitrogen digestibility was fully identical for the sprout
flours compared to the original green pea flour. The nitrogen balance, the
percentage of the absorbed retained nitrogen, the protein efficiency ratio and
the utilizable carbohydrate index were significantly higher for those animals
that consumed green pea sprouted for two to four days than for those consumed
raw green pea or green pea sprouted for six days. The authors came to the
conclusion that two days of germination is sufficient for the digestibility of
protein and carbohydrate content of the green pea to improve significantly.
Sprouting in light or in dark did not influenced the nutritional value.

Urbano et al. (2005b) in another experiment examined the digestibility of
protein and carbohydrate content of pea sprouts and the raw pea by in vitro

and in vivo methods. In their experiments the pea was germinated for 3 to 6
days then in vivo protein and carbohydrate balance of rats was investigated.
The germination considerably decreased the γ-galactosidase content and sig-
nificantly increased the sucrose, glucose and fructose content. The ratio of
the utilizable starch to the total starch increased due to the technological in-
tervention. The vitamin B2 content increased significantly, at the same time
there was no significant change in the vitamin B1 content in the sprouted
pea. Examining the protein digestibility it was established that it signifi-
cantly increased during the germination. The daily feeding stuff uptake, the
nitrogen absorption and nitrogen balance, the ratio of the retained nitrogen
to the absorbed nitrogen, the protein efficiency ratio and the utilizable car-
bohydrate index improved significantly during three days of sprouting, then
each value decreased significantly to the day 6 of sprouting. It was established
that sprouting of the pea for three days improved significantly the utilization
of both the protein and carbohydrate.

Nutritional value of the fat of the sprouts

Kim et al. (2004) examined the change in the fatty acid composition due
to sprouting. It was found that in the most sprouts the fatty acid present
in the highest concentration was linolenic acid, its concentration increased
in seven days up to 52.1%, and the total amount of unsaturated fatty acids
was higher than 83%, that is, the unsaturated fatty acids dominated over the
saturated ones. The amount of oleic acid was 36.8%, that of linoleic acid 38.1%
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and that of linolenic acid was 2.7% in the original seed. During sprouting
the concentration of the saturated fatty acids decreased rapidly and myristic
acid and stearic acid disappeared from the sample after one day of sprouting.
Out of the unsaturated fatty acids oleic acid decreased to a greater extent,
whereas linoleic acid and linolenic acid increased during the germination. This
is very important because linoleic acid, linolenic acid and arachidonic acid
are essential to the human organism. Linoleic acid is capable of transporting
bioactive compounds and it can be converted into arachidonic acid from which
hormone-like compounds are forming. Summarized, it was established that the
majority of the fatty acids of buckwheat are the unsaturated fatty acids, out
of which linoleic acid occurred in the highest amount.

Tokiko and Koji (2006) examining fat content and fatty acid composition
of various sprouts established that the fat content ranged from 0.4 to 1.6%.
During the examination of the fatty acid content it was found that linolenic
acid was present in the highest concentration, in 23% in case of buckwheat, in
48% in the soyabean, in 47.7% in the clover and in 40.6% in the pea.

Carbohydrate content of nutritional sprouts

Nodaa et al. (2004) examined the physical and chemical properties of the
partially degraded starch of wheat sprout. γ-Amylase present in the sprout
degrades partially the starch therefore the examinations targeted determina-
tion of physical and chemical properties of the starch degraded this way. By
determining the swelling ability and viscosity it was found that they consid-
erably decreased, at the same time the digestibility of starch increased due to
the glucoamylase activity, which was due to the extremely late harvest. There
are also such varieties that are not especially sensitive to the sprouting and
that did not show any change even when harvested very late. In case of certain
wheat varieties the extremely late harvest did not cause any significant change
in the amylase content, in the average particle size, in the behaviour against
heat and the lenght of the amylopectin chains. However, using electron mi-
croscope it was established that the late harvest can result in small sized and
porous starch particles.

Nutritional value of soybean

The nutritional value of soybean sprouts changes during the germination; the
free amino acid content increases and the vitamin C content increases approx.
to its 200-fold value compared to the non-germinated seed, at the same time
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the phytic acid content and the trypsin inhibitor activity decrease (Kim et

al., 1993). Chitosane (polymer of 2-amino-2-deoxy-D-glucose) is accepted as
natural food supplement that increases the growth and yield of seeds such as
soybean, potato, tomato, cabbage, improves the quality of the vegetables and
increases the lifetime of fruits after harvest (Kim, 1998). Wetting the soybean
seeds before sprouting with a chitosane solution with a molecular weight higher
than 1000 enhances the productivity of the soybean sprouts without any kind
of side effect. Due to the different dilution effects and to the molecular weight
the vitamin C content decreased somewhat (Lee et al., 2005).

Change in the lipoxygenase, phytic acid and trypsin inhibitor

activity of nutritional sprouts

Frias et al. (2005b) germinated seeds of four Brassica plants (dwarf radish,
radish, white mustard and rape) in order to study the presence of inositol
hexaphosphate and the change in the trypsin inhibitor activity. It was estab-
lished that the decrease in the phytic acid content was in a close relation with
the germination time. After four days of sprouting the phytic acid content was
less by 50% in three of the four analyzed samples. A strong decrease could be
observed in the phytic acid content due to heat treatment (pasteurization and
sterilization) both in the radish and rape sprouts. Due to heat treatment the
amount of inositol hexaphosphate, that transformed into penta-, tetra and
triphosphate. The trypsin inhibitor content in case of the radish and rape
sprouts was decreased only by the heat treatment to a more significant extent.

In a study, phytate and phenolic components of African millet, the pH,
viscosity, in vitro solubility of Fe and Zn and their change were examined
during the swelling, germination and fermentation. The germination is rec-
ommended combined with fermentation to the developing countries especially
for the feeding of children (Kayodé et al., 2006).

Kumar et al. (2006) investigated the change in the lipoxygenase isoenzymes
and the trypsin inhibitor activity during the sprouting of soybean at differ-
ent temperatures. Two sorts of soybean were incubated for 144 hours at 25
and 30◦C in a germination equipment and the activity of the lipoxygenase
isoenzymes and the trypsin inhibitor was determined in every 24 hours of the
germination. The lipoxygenase 1 as well as lipoxygenase 2 and 3 decreased
gradually during the 144 hours, the rate of decrease for both lipoxygenase
classes and for both soybean varieties was at 35◦C the fastest. The trypsin
inhibitor also gradually decreased during the germination, however, the rate
of the decrease was higher at higher temperature. By polyacrylamide gel elec-
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trophoresis analysis of the protein content of the sprouts it was found that
the original Kunitz inhibitor decreased continuously at both temperatures for
both of the genotypes in the course of sprouting, however, a new trypsin in-
hibitor could be detected during 48 hours at 35◦C. The early appearance of
the modified Kunitz inhibitor at 35◦C compared to 25◦C supports the theory
that at higher temperature the decomposition of the Kunitz inhibitor takes
place more rapidly.

Antioxidant, polyphenol and vitamin C content of the nutri-

tional sprouts

Giberenic acid and indole-3-acetic acid have positive effect on the biosynthesis
of vitamin C therefore during the sprouting of soybean the vitamin C content of
the sprouts increases (Kim, 1988). The effect of a weak lighting on the ascorbic
acid content and the growth of the soybean sprouts was also examined during
which the lighting of 12 hours of ultraviolet and 12 hours of red light enhanced
the phytochemical quality of the soybean sprouts (Xu et al., 2005). In the
course of two, three, four, five, six and nine days of sprouting the nutritional
value of the lupine sprouts increased significantly owing to the increase of
the vitamin C and polyphenol content, at the same time the amount of such
antinutritive materials as the trypsin inhibitor and phytic acid decreased. The
sprouting of lupine appears therefore to be a good method in the respect of
the increase of the antioxidant capacity (Fernández-Orozco et al., 2006).

Vitamin C takes part as antioxidant, cell marking modulator in the physi-
ological processes of plants including the biosynthesis of the cell wall. It sup-
ports the phytohormone synthesis, the establishment of the stress resistance,
the cell-division and the growth (Wolucka et al., 2005).

Gill et al. (2004) in their experiments examining extract prepared of sprouts
of Brassica plants and leguminous plants ten men and ten women consumed
113 g of sprouts of Brassica plants and leguminous plants for 14 days. The ef-
fect of the sprouts was examined based on the damage to the DNA, the change
of activity of glutathione-S-transferase, glutathione peroxidase and superoxide
dismutase detoxifying enzymes. Determination of the antioxidant status based
on the plasma Fe reducing ability as well as antioxidant and blood fat content
of the plasma, and the lutein and lycopene content of the plasma. There was
a significant antigenotoxic effect in case of the by hydrogen peroxide induced
damage to DNA for the peripheric blood lymphocytes for those persons who
consumed the sprouts compared to the persons being on the control diet. No
significant changes were found in case of the detoxifying enzymes by measur-
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ing the antioxidant level of the plasma and its activity. The results confirm
that consumption of the Brassica plants is in association with a lower risk of
cancer via a lower damage to DNA.

Doblado et al. (2007) examining the change in the vitamin C content and
antioxidant capacity of the raw and the sprouted horse-bean applied a 300,
400 and 500 MPa pressure for 15 minutes at room temperature. In the raw
seeds no vitamin C content could be detected, whereas the horse-bean sprouts
contained considerable amount of vitamin C. The antioxidant capacity in the
germinated seeds increased by around 58–67%. The high-pressure treatment
modified somewhat the vitamin C content and also the antioxidant capacity
and beyond a pressure of 500 MPa the decrease was significant. Although the
treatment of the sprouts at high pressure resulted in a high (15–17 mg/100 g)
vitamin C content and also the antioxidant capacity was by around 26–59%
higher than for the non-sprouted horse-bean, the high-pressure treatment had
only a slight effect on the quality of the freshly consumed sprouts.

Hsu et al. (2008) studied the improvement of the antioxidant activity of
buckwheat sprout using trace element containing water. Trace element con-
taining water of 100–500 mg/kg concentration was applied in order to find out
whether the trace elements have any kind of favourable effect on the increase
of the antioxidant activity. Trace element containing water of 300 mg/kg con-
centration increased significantly the Cu, Zn and Fe content of the sprouts,
but it did not affect their Se and Mn content. Rutin, quercitrin and quercetin
content of the sprouts did not differ whether the germination was carried out
in micro element containing water or in deionized water. Ethanolic extract
of the buckwheat sprout, germinated in a 300 mg/kg concentration trace ele-
ment containing water, exhibited a higher radical capturing activity, iron ion
chelate activity, superion anion radical capturing activity and also a higher
inhibitor activity prior to the lipid peroxidation. The extract of the sprouts
prepared in a trace element containing water increased also the intracellular
superoxide dismutase activity which resulted in compounds containing lower
level of active oxygen in the examined human cells.

Fernandez–Orozco et al. (2008) examined the change of the antioxidant ca-
pacity of mungo bean and two sorts of soybean during sprouting. The mungo
bean was germinated for 2, 3, 4, 5 and 7 days, the sort jutra of soybean for 2,
3, 4 days and the variety merit for 2, 3, 4, 5 and 6 days. Based on their exami-
nations the vitamin C and E content and the reduced glutathione activity vary
depending on the leguminous plants used and the sprouting conditions. The
mungo bean and soybean sprouts contain much more phenolic components
than the original raw bean. The superoxide dismutase activity in the mungo
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bean increased to 308% during seven days, there was no increase in the variety
jutra while for the sort merid an increase of 20% could be observed between
day five and day six of the germination. The peroxide radical-capturing ca-
pacity and the antioxidant capacity increased by around 28–70% and 11–14%,
respectively, in case of the soybean, which values were for the mungo bean
248 and 61% at the end of the sprouting. Inhibition of the lipid peroxidase
increased between day 5 and day 7 of the germination by 359% for the mungo
bean, by 67% for the soybean merid, and it was practically unchanged for the
variety jutra. It is established that the germination of mungo bean and soy-
bean is a good technology for producing a functional foodstuff with a higher
antioxidant capacity.

Amici et al. (2008) during their experiments with wheat sprout found that it
contained high amount of organic phosphates and it was a powerful mixture of
molecules such as enzymes, reducing glucosides and polyphenols. Antioxidant
compounds of wheat sprout are capable of protecting the deoxyribonucleic
acid from the oxidative damages caused by free radicals. They reported that
polyphenols like e.g. epigallokatechin-3-gallate had antioxidant and protease
effect in the cancerous cell. In the course of their examinations they could iden-
tified five different phenolic derivatives as follows: gallic acid, epigallokatechin-
3-gallate, epigallokatechin, epikatechin and katechin. They established that
the wheat sprout extract reduced the growth of the cancerous cells and in-
creased the amount of the intracellular oxidative proteins.

Randhir et al. (2008) examined the effect of the heat treatment in autoclave
on the total phenol content and the antioxidant activity, in case of barley,
buckwheat, wheat and oat sprouts as well as sprouted plants. α-Amilase
and α-glucosidase inhibition and the levo-dihydroxyphenylanaline content as
well as angiotensine enzyme inhibition being in association with high blood
pressure and inhibition associated with gastric ulcer were in vitro evaluated.
Due to heat treatment the total phenol content and the antioxidant activity
associated with the capture of free radicals were generally increased. Activity
of the α-amilase inhibitor increased in case of buckwheat and oat, at the
same time it decreased for the barley and maize sprout and sprouted plant.
Glucosidase inhibitor activity increased in wheat, buckwheat and oat, but
decreased in the maize sprout. In all of the examined sprouts and sprouted
plants the levo-dihydroxyphenylanaline content decreased. The angiotensine
enzyme activity increased in the buckwheat and oat, whereas decreased in
the wheat and maize sprout. Each sprout and sprouted plant increased the
inhibitor activity associated with gastric ulcer. From these changes it can
be concluded that due to heat treatment the phenolic compounds and the
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phenolic oxidation and polymerisation change, therefore in case of foods being
used in treatment of chronic diseases, modifications related to heat treatment
are required in order to produce the biologically active components.

Lopez-Amoros et al. (2006) studying phenolic components and antioxidant
activity of leguminous plants examined the effect of the different germination
conditions in case of bean, lentil and pea on such bioactive components as
the flavonoid and non-flavonoid phenolic compounds, and beyond this also
analyzed the free radical capturing capacity of the samples. The analyzed
leguminous plants contained in different amount the hydroxybenzoic acids
and aldehydes, hydroxycinnamic acid and its derivatives, the flavonoglucosides
and flavon-3-ols as well as procyanidines. It was established that in case of
the leguminous plants the germination alters the quality and quantity of the
phenolic components, the actual changes depend on the leguminous plant itself
and the germination conditions. The changes affect the functional properties of
the leguminous plants and consequently the antioxidant activity. Antioxidant
activity of beans and peas during the sprouting increased extremely, whereas
that of the lentil showed a decrease.

Vitamin B content of the nutritional sprouts

Sato et al. (2004) by examining the vitamin B12 content of the Japanese
radish looked for the answer to how the plant can absorb it from a vitamin
B12-containing solution and incorporate into their cells. It was established that
the B12 content of the raw sprout of the Japanese radish can increase up to 1.5
µg/g when a solution with 0–200 µg/ml vitamin B12 content was used during
the germination. Vitamin B12 content can be extracted due to heat treatment
from the sample compared to the control for which no heat-treatment was
applied.

Oestrogen content of nutritional sprouts

Vegetable components with oestrogen activity (daidzein, genistein, kumoe-
strol, formononetin and biokanin) can play a role in the cancer prevention, in
the improvement of the symptoms of menopause and they can have also other
health-protecting effects. The most important sources of the phytooestrogens
isoflavon and kumestan are the sprouts and the leguminous plants (Reinli and

Block, 1996). In experiments with Australian postmenopausal women who
consumed traditional foods with linseed, soybean flour and alfalfa sprouts it
was concluded that there was a relationship between the consumption of foods
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with low oestrogen content and the development of hormone-dependent cancer
(Morton et al., 1994).

Resveratrol content of nutritional sprouts

Resveratrol is one of the phytoalexins that were widely analyzed and that
are considered as potentially bioactive phytochemicals in the prevention of
cardiovascular diseases, inflammations, ageing and cancer (Alarcón and Vil-

legas, 2005; Vitaglione et al., 2005; González-Barrio et al., 2006; Valenzano

and Cellerino, (2006). Sprouting three sorts of peanut for 9 days at 25◦C in
95% humidity the resveratrol content increased significantly. Sucrose, glucose
and total free amino acid content of the sprout also increased significantly.
The taste and flavour of the sprouts were also improved therefore the peanut
sprouts can be considered as functional vegetables (Wang et al., 2005).

King et al. (2006) during their researches proved the positive effect of resver-
atrol on health-maintaining. Despite this, further information is required
regarding the applicability, metabolism and effect of resveratrol in the cells
(Wang et al., 2005; King et al., 2006).

Utilization of the macro and micro element content of nutri-

tional sprouts

Nutritional importance of pea is owing to the high protein content, polysac-
charides, vitamins, minerals, dietary fiber and the antioxidants (Ho et al.,
2006). Soaking prior to the germination is responsible for the loss of Mg and
Zn that continuously emptying from the seed during the sprouting. Absence
or presence of light did not affect in the four days old pea sprouts the Zn and
Mg content during the sprouting, at the same time sprouting for two and four
days improved the biological availability of Zn Mg (Urbano et al., 2006).

Selenium-enriched nutritional sprouts

During sprouting the developing vegetable organism can enrich from the ap-
propriately conditioned nutrient soil various macro and micro elements in its
tissues. A part of the population of Hungary and Romania consumes bread
made of wheat grown on selenium-defficient areas due to which the selenium
status of a good part of the population is not sufficient. By producing the
sprouted plants it is also targeted to investigate how the selenium content of
the sprouted plant can be increased. Plants with increased selenium content
can be produced only by growing on a high-selenium soil. For the increase of
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the selenium content of the soil selenite and selenate are used that can cause
environmental pollution. It appears therefore to be the best to produce these
plants with high-selenium content in a closed system for which an outstanding
approach applied by Japanese researchers for sprouts (Sugihara et al., 2004;
Yoshida et al., 2007a; 2007b; Hama et al., 2008; Li et al., 2008). In a closed
system it is relatively easy to raise sprouts with increased selenium content
and there are no environmental concerns.

In animal organisms selenium is present in the form of selenomethionine
that can be converted by the plants into selenocystein. These amino acids
and their monomethylated derivatives could be detected in some vegetables
with increased selenium content (Sugihara et al., 2004). The outstanding
anticancer effect of these vegetables was proved and it was found to be higher
than that of the inorganic selenite. These results made us to begin to deal
with the increase of the selenium content of the sprouts, hoping that by this
we can contribute to the optimal selenium status of the population.

Selenium supplementation in the form of selenomethyl-selenocystein (Se-
MSC) received much scientific attention as a chemopreventive compound.
Se-MSC and its derivatives occur mainly in selenium-enriched vegetables.
Selenium-enriched broccoli sprouts decreased significantly the incidence of the
abnormal epithelic protrusion in the colon in rats when the feeding stuff con-
tained 2 µg/g selenium (Finley et al., 2005), which demonstrates well the pro-
tecting effect of broccoli and broccoli sprouts against colon cancer. Beside Se-
methionine also Se-methyl-selenocystein and seleno-2-propenyl-selenocystein
were detected in alfalfa sprouts (Gergely et al., 2006).

Sugihara et al. (2004) germinated seeds of special Japanese radish on a
high-selenium soil and experienced that 5–10 µg/ml selenite acted as growth
inhibitor. Major part of the selenium taken up (69–98%) could be extracted
with 0.2 M HCl solution, and selenomethyl-selenocystein was found to be the
main selenium component by high-performance liquid chromatographic anal-
ysis. In the high-selenium sprouts also selenomethionine, non-utilized selen-
ite, γ-glutamyl-Se-methyl-selenocystein and an unknown selenium-containing
component could be detected. As monomethylated selenoamino acids were
proven to have anticancer effect, the sprouts enriched in selenium are thought
to be useful in the prevention of cancer.

Yoshida et al. (2007a) examined the utilizability of selenium-enriched radish
sprout and measured how selenium influenced the glutathione peroxidase ac-
tivity. In male rats intestinal tumour was caused by 1,2-dimethyl-hydrazine
and the anticarcinogen activity of the utilized selenium was evaluated. It was
established that selenium supplementation independently of the dose increased
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the selenium concentration of the serum and liver and the glutathione perox-
idase activity, with higher values obtained in the groups receiving selenite
supplementation that in case of selenium-enriched sprouts. The availability
of selenium in the sprout ranged between 33 and 65%. When the amount of
selenium was increased to 2 µg/g both the selenite form and selenium taken
in with the radish sprout prevented the tumour cells from growing. These re-
sults indicate that although selenium in the form of radish sprout had a lower
nutritional biological value but a significantly higher antitumour activity than
selenite.

Yoshida et al. (2007a,b) examined the nutritional availability of the selenium
content of selenium-enriched pumpkin and radish sprouts in male mice kept
on a Torula yeast selenium-deficient diet. After a three-week-feeding the mice
were divided into seven groups, some of the mice consumed the basic diet, the
others received a selenium supplementation of 0.05 and 0.25 µg/g in the form of
Na-selenite, selenium-enriched pumpkin and selenium-enriched radish sprout
for an additional one week. The supplementation increased depending on the
selenium content the selenium concentration of the serum and liver and the
glutathione peroxidase activity. Selenium content and glutathione peroxidase
activity of the serum were not affected significantly by the source of selenium,
however, both selenium content and glutathione peroxidase activity of the liver
were increased significantly by the Na selenite supplementation compared to
the selenium-enriched pumpkin and selenium-enriched radish sprout. There
was also a difference between the selenium-enriched pumpkin and selenium-
enriched radish sprout in the increase of the selenium content of the liver
as the selenium-enriched pumpkin increased significantly more the selenium
content of the liver than the selenium-enriched sprout. Based on the analysis
of the liver it was found that selenium was utilized both from the selenium-
enriched pumpkin and the selenium-enriched radish sprout in 97%, whereas
in case of selenite the utilization is only 65%. However, when the selenium
utilization was examined on the basis of the glutathione peroxidase it was
experienced that from both the selenium-enriched pumpkin and the selenium-
enriched radish sprout it was only 50% compared to Na selenite.

Hama et al. (2008) examined the effect of the selenium-enriched Japanese
radish on the activity of glutathione peroxidase and glutathione S-transferase
in rats. Based on their examinations the selenium-enriched Japanese radish
sprout having 80% of the total selenium content in the form of Se-methyl-
selenocystein, hindered the formation of mammilary cancer induced by 7,12-
dimethyl-benz(a)antracene in rats. Examining the effect of selenium-enriched
Japanese radish sprout on the oxidative stress 344 female rats were involved
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into the experiments during which 0; 2.4; 5.0; 8.8 and 12.5 mg/kg selenium
was fed with selenium-enriched sprout for three weeks, which was added to
a commercially obtainable rat feed. Glutathione peroxidase and glutathione
S-transferase activity of the liver, kidney and lungs of the rats were mea-
sured. When the highest selenium dose (12.5 mg/kg) was fed, the blood had
the highest selenium content, followed by the liver, and finally by the lungs.
The selenium diet of 12.5 mg/kg reduced the increase of the body mass but
increased the mass of the liver.

Li et al. (2008) analyzed the synergism of the broccoli sprout extract and se-
lenium in human hepatocytes by examining the thioredoxin reductase activity.
Isothiocyanates in foods have a regulating effect on the thioredoxin reductase
activity of the human cell cultures. The synergism between sulforaphane and
selenium induces the thioredoxin reductase activity by modifying both the
transcription and translation. Sulforaphane, erucine and ibarine regulate the
expression of thioredoxin reductase in the human cells both on the protein and
the mRNA level. The effect of the broccoli extract on the dying hepatocytes
rich in isothiocyanates, sulforaphane, iberine and induces selenium synergi-
cally. Isothiocyanates content of the broccoli sprout extract was 1.6; 4 and
8 µmol which was tested by mRNA induction during protein synthesis. Induc-
tion of the broccoli sprout was 1.7–2.2 times higher than that of the control,
due to a joint treatment with 0.2–1 µmol of selenium the expression increased
to a 3.0–3.3-fold value. Furthermore, broccoli sprout extract stimulated the
activity of the cellular enzymes which induction was associated with the sele-
nium addition. In the knowledge of these facts it can be stated that broccoli
sprout extract of 8 µmol and the selenium addition increased the amount
and activity of the enzymes in the cells to the 3.7–5-fold value. Selenium or
the broccoli sprout extract alone resulted in only an around twofold increase.
These data suggest that the broccoli sprout, by the application of the phys-
iologically appropriate concentrations between isothiocyanates contained and
selenium, can have an important role in the protection against the oxidative
stress.

Microbiological safety of nutritional sprouts

Several studies dealt with the food safety of nutritional sprouts especially
focusing on the microbiological quality, but also their physical and chemical
properties and the polluting materials were examined (Thomas et al., 2003;
Gabriel, 2005). It was found that organoleptic examinations should be carried
out in order to estimate the efficiency of the presprouting procedures also in
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respect of inactivity of the pathogenic sprouts (Gabriel, 2005; Fahey et al.,
2006).

Penas et al. (2008) examined the microbiological safety of wheat, mungo
bean and alfalfa sprouts due high pressure treatment. Using different time,
pressure and temperature combinations the germinating capacity of mungo
bean and alfalfa seeds as well as the improvement of the native microbiological
state were examined. In case of mungo bean the sprouting capacity was not
affected by the increasing temperature and pressure up to 250 MPa. When
the temperature was increased from 10 to 40◦C it had a positive effect on the
vitality of the alfalfa sprouts, that was, however, decreased by the pressure
when increased from 100 to 400 MPa. The number of the aerobic mesophyl
and fecal coliform bacteria, as well as yeast and mould populations decreased
when the pressure and temperature were increased. It was found that the
optimal treatment conditions without any loss in the germination capacity
were 48◦C and 100 MPa for the alfalfa, and 250 MPa in the case of the mungo
bean.
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[42] P.A.P. Kayodé, M.J.R. Nout, E.J. Bakker, M.A.J.S. Van Boekel, Evalua-
tion of the simultaneous effects of processing parameters ont he iron and
zinc solubility of infant sorghum porridge by response surface method-
ology, Journal of Agriculture and Food Chemistry, 54 (2006) 4253-4259.

[43] T.W. Kensler, L.P. Jacobson, J.B. Wiang, J.W. Fahey, L. Ye, J.G.
Chen, P.A. Egner, K.K. Stephenson, J.L. Coady, Effects of glucosinolate-
rich broccoli sprouts on urinary levels of aflatoxin-DNA adducts and
phenantrene tetraols in a randomized clinical trial in He Zuo township,
Qidong, People’s Republic of China, Cancer Epidemiology Biomarkers

and Prevention, 14 (2005) 2605-2613.

[44] E.H. Kim, S.H. Kim, J.I. Chung, H.Y. Chi, J.A. Kim, I.M. Chung, Anal-
ysis of phenolic compounds and isoflavones in soybean seeds (Glycine
max (L.) Merill) and sprouts grown under different conditions, Euro-

pean Food Research and Technology, 222 (2006) 201-208.

[45] S.J. Kim, I.S.M. Zaidul, T. Maeda, T. Suzuki, N. Hashimoto, S. Taki-
gawa, T. Noda, C. Matsuura-Endo, H. Yamauchi, A time-course study
of flavonoids in the sprouts of tartary (Fagopyrum tataricum Gaertn.)
buckwheats, Scientia Horticulturae, 115 (2007) 13-18.

[46] S.L. Kim, S.K. Kim, C.H. Park, Introduction and nutritional evaluation
of buckwheat sprouts as a new vegetable, Food Research International,
37 (2004) 319-327.

[47] S.D. Kim, S.H. Kim, E.H. Hong, Composition of soybean sprout and its
nutritional value, Korean Soybean Sigest, 10 (1993) 1-9.

[48] S.K. Kim, Application of chitin and chitosan in agriculture, Journal of

Chitin Chitosan, 3 (1998) 327-342.

[49] S.O. Kim, Effect of growth regulators on growth and vitamin C biosyn-
thesis during germination of soybeans, Journal Korean Society Food and

Nutrition, 17 (1988) 115-124.

[50] R.E. King, J.A. Bomser, D.B. Min, Bioactivity of resveratrol, Compre-

hensive Reviews in Food Science and Food Safety, 5 (2006) 65-70.



The role of sprouts in human nutrition. A review 111

[51] V. Kumar, A. Rani, V. Pandey, G.S. Chauhan, Changes in lipoxygenase
isozymes and trypsin inhibitor activityin soybean during germination at
different temperatures, Food Chemistry, 99 (2006) 563-566.

[52] Y.H. Kuo, P. Rozan, F. Lambein, J. Frias, C. Vidal-Valverde, Effects of
different germination conditions on the contents of free protein and non-
protein amino acids of commercial legumes, Food Chemistry, 86 (2004)
537-545.

[53] J.W. Lampe, S. Peterson, Brassica, biotransformation and cancer risk:
genetic polymorphism alter the preventive effects of cruciferous vegeta-
bles, Journal of Nutrition, 132 (2002) 2991-2994.

[54] S.O. Lee, I.S. Lee, Induction of quinone reductase, the phase 2 anticar-
cinogenic marker enzyme, cells by radish sprouts, Raphanus sativus L,
Journal of Food Sciences, 71 (2006) S144-S148.

[55] Y.S. Lee, Y.H. Kim, S.B. Kim, Changes in the respiration, growth, and
vitamin C content of soybean sprouts in response to chitosan of different
molecular weights, HortScience, 40 (2005) 1333-1335.

[56] D. Li, K. Wub, A. Forbes Howie, G.F. Beckett, W. Wang, Y. Bao, Syn-
ergy between broccoli sprout extract and selenium in the upregulation
of thioredoxin reductase in human hepatocytes, Food Chemistry, 110
(2008) 193-198.

[57] H. Liang, Q. Yuan, Q. Xiao, Purification of sulforaphane from Brassica
oleracea seed meal using low-pressure column chromatography, Journal

of Chromatography, 828 (2005) 91-96.

[58] Y.S. Liang, H.K. Kim, A.W.M. Lefeber, C. Erkelens, Y.H. Choi, R. Ver-
poorte, Identification of phenylpropanoids in methyl jasmonate treated
Brassica rapa leaves using two-dimensional nuclear magnetic resonance
spectroscopy, Journal of Chromatography, 1112 (2006) 148-155.

[59] A.R. Linnemann, M. Benner, R. Verkerk, M.A.J.S. van Boekel,
Consumer-driven food product development, Trends in Food Science and

Technology, 17 (2006) 184-190.

[60] J. Lintschinger, N. Fuchs, H. Moser, R. Jager, T. Hlebeina, G. Marko-
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