
INTRODUCTION
Edi ble sprouts are an ex cel lent source of pro tein, amino

ac ids, fi bre, vi ta mins and min er als. They also con tain phe -
nolic com pounds and or ganic se le nium de riva tives, which
are bene fi cial to hu man health [17]. The va ri ety of seeds and
their sprouts makes them a rich source of taste sen sa tions.
Sprouts are con sumed in the ini tial stage of growth of the
plant, dur ing which the con cen tra tion of nu tri ents is very
high. Most sprouts con tain greater amounts of vi ta min C,
poly phe nols and B vi ta mins than ma ture plants, and ex hibit
higher an ti oxi dant ac tiv ity [10]. 

In this study, two dif fer ent meth ods were used to com pare 
the an ti oxi dant prop er ties of sprouts of two plants of the
Leg umes fam ily - mung beans and len tils. The seeds of these 
plants, like other pulses, are a rich source of pro tein with a
bene fi cial amino acid com po si tion [11]. Mung bean sprouts
con tain es sen tial mi cro ele ments - iron, cop per, mag ne sium,
so dium, po tas sium, cal cium and zinc, as well as sub stan tial
amounts of die tary fi bre, lino lenic acid and to co pher ols [1].
Mung bean sprouts are mainly used in Chi nese and Viet nam -
ese cui sine, in both hot and cold dishes. Len til sprouts are

rich in B vi ta mins and amino ac ids, as well as cal cium, zinc,
iron, po tas sium, mag ne sium and phos pho rus.  

Regu lar con sump tion of sprouts pro vides pro tec tion
against many se ri ous ill nesses, ac ti vates the im mune sys tem, 
cor rects vi ta min and min eral de fi cien cies, and most im por -
tantly, has anti car cino genic ef fects.

MATERIALS AND METHODS
We used for the study mung bean and len til seeds pur -

chased from PNOS Ożarów Ma zow iecki S.A. The seeds
were mois tened with dis tilled wa ter and ger mi nated in Petri
dishes lined with fil ter pa per, in natu ral light con di tions, at
22°C [2]. The sprouts were col lected on days 1 - 6 of the cul -
ture. Aque ous ex tracts from the seed lings were pre pared
ac cord ing to Zieli ński and Kozłowska [19]. To tal an ti oxi -
dant ca pac ity in the seed ling ex tracts was de ter mined by
spec tro pho tome try, us ing ABTS cat ion radi cal [13, 4] and
the FRAP as say pro posed by Ben zie et al. w 1996 [5].

The ABTS method for as sess ing an ti oxi dant ac tiv ity is
based on a re ac tion be tween   ABTS cat ion radi cal and an ti -
oxi dants pres ent in an ex tract, which is ac com pa nied by
a de crease in in ten sity of the col our of the so lu tion. Ab sor -
bance was meas ured 30 min utes af ter the re ac tion had been
ini ti ated, at a wave length of 414 nm [4]. An ti oxi dant ac tiv ity 
was ex pressed as mo les of Trolox per 1 g fresh weight and
as mo les of Trolox per seed ling.
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In the FRAP as say, the an ti oxi dants con tained in the ex -
tract re duce Fe+3 TPTZ (2,4,6- tris(2- pyridyl)-1,3,5- triazine)
com plex to Fe+2 ions. Ab sor bance was meas ured af ter 15
min utes of in cu ba tion at 37°C at a wave length of 593 nm. An 
ana lyti cal curve was ob tained for FeSO4x7H2O [3].  The re -
sults were ex pressed in mo les of iron re duced by the
an ti oxi dants con tained in 1g fresh weight of seed lings and in
moles of iron per seed ling. 

All de ter mi na tions were made in at least three in de pend -
ent rep li ca tions.  

RESULTS AND DISCUSSION

Ta ble 1.  Meas ure ment of the an ti oxi dant prop er ties of ger mi nat ing
seeds of the Leg umes fam ily

Time
[day]

Antioxidant properties of the
extract measured by the ABTS

method 

Antioxidant properties of the
extract measured by the FRAP

method 

[mol 
trolox •g-1] 
(± standard
deviation)

[mol trolox
in sprouts] 
(± standard
deviation)

[mol
FeSO4x7H2O

•g-1] 
(± standard
deviation)

[mol
FeSO4x7H2O
in sprouts] 
(± standard
deviation)

Mung Beans sprouts (Phaseolus aureus) 
1 60.12 (± 1.54) 2.31 (± 0.06) 25.68 (± 5.63) 1.98 (± 0.43)
2 63.24 (± 0.59) 2.84 (± 0.24) 30.00 (± 2.59) 2.73 (± 0.15)
3 62.63 (± 0.83) 3.97 (± 0.53) 33.03 (± 2.51) 4.18 (± 0.60)
4  55.95 (± 0.65) 3.83 (± 0.25) 34.39 (± 4.20) 4.72 (± 0.76)
5  59.84 (± 3.66) 4.49 (± 0.13) 40.23 (± 3.29) 6.03 (± 0.15)
6 66.34 (± 1.09) 5.00 (± 0.34) 57.44 (± 8.25) 8.58 (± 0.68)

Lentil sprouts (Lens culinaris)
1 72.55 (± 0.54) 4.27 (± 0.11) 31.45 (± 3.23) 1.85 (± 0.23)
2 69.15 (± 0.93) 4.72 (± 0.22) 20.22 (± 2.77) 1.38 (± 0.15)
3 61.82 (± 1.37) 5.16 (± 0.18) 18.58 (± 1.74) 1.55 (± 0.10)
4 58.17 (± 0.61) 6.65 (± 0.22) 18.58 (± 0.68) 2.05 (± 0.17)
5 57.25 (± 0.91) 7.16 (± 0.11) 18.05 (± 2.58) 2.26 (± 0.32)
6 56.98 (± 1.34) 7.60 (± 0.18) 17.88 (± 2.28) 2.23 (± 0.13)

Ob ser va tion of the ger mi na tion pro cess showed that the
seeds dif fered in terms of the time, en ergy and rate of ger mi -
na tion, as well as the sen sory val ues of the sprouts. Test ing
of an ti oxi dant con tent was be gun af ter one day of growth; at
this time most of the len til seed coats had split and more than
half of the seeds had pro duced a radi cle. Most of the mung
bean seeds had al ready pro duced a radi cle af ter the first day
of growth, and the mean length of the seed ling was 15.83
mm. Ac cord ing to the pro duc er’s rec om men da tions, the
sprouts are ready for con sump tion af ter 3-4 days of growth.
Ac cord ing to our ob ser va tions, mung bean sprouts were best 
for con sump tion af ter 3 days, when the mean length of the
seed ling, meas ured from the root to the coty le don, were
50.17 mm. Len til sprouts are best con sumed af ter the 4th day 
of growth, when the mean seed ling length, meas ured from
the root to the coty le don, is 56.56 mm. A study by Ga jewski
con firms the high qual ity of sprouts of len tils, clo ver, broc -
coli, peas, wheat, rad ishes and al falfa col lected on the 3rd
day of growth and stored for 2 days.  Or gano lep tic test ing
has shown that the domi nant sen sory char ac ter is tics of len til
sprouts are their pea- like odour, grainy tex ture, and sweet
taste [7]. 

Va rie ties of sol vents are used to ob tain plant ex tracts: wa -
ter [19] or aque ous ex tracts of etha nol, metha nol or ace tone.
A com para tive study of how the type of sol vent af fects the
phe nolic com pound con tent and an ti oxi dant prop er ties of

a so lu tion was pre sented by Xu and Chang. The authors de -
ter mined that dif fer ent types of food re quire dif fer ent kinds
of sol vents, and fol low ing ex trac tion dif fer ent com po si tion
of phe nolic com pounds and other an ti oxi dants is ob tained.
The authors sug gest that the bio ac ces si bil ity of the ex tract
should be one of the cri te ria used in re search [18].  For the
pres ent study, aque ous ex tracts were pre pared due to the low 
cost of this method. Moreo ver, aque ous ex tracts can be used
di rectly for con sump tion or fur ther tech no logi cal pro cesses,
as there is no need to re move sub stances that are of ten harm -
ful to hu man health, such as metha nol, n- hexane or ace tone.  

The an ti oxi dant ac tiv ity of aque ous ex tracts of the sprouts 
was meas ured us ing two meth ods, ABTS and FRAP. Due to
dif fer ences in the re ac tions that take place in each method,
the meas ure ments had dif fer ent re sults. The an ti oxi dant con -
tent of the seed lings in creased with the time of growth
(Ta ble 1). An ti oxi dant ac tiv ity was meas ured us ing ABTS
on days 1-6 of growth, with simi lar an ti oxi dant con tent per 1
g fresh weight ob tained for the two kinds of sprouts (66.34 to 
55.95 mol trolox•g-1 fresh weight for mung beans, 72.55 to
56.98 mol trolox•g-1 fresh weight for len tils). An ti oxi dant
con tent per seed ling was found to in crease with time of
growth. The an ti oxi dant con tent in one seed ling meas ured
by the ABTS method was about twice as high on day 6 as in
the one- day seed lings, in the case of both mung beans and
len tils. Simi lar de pend en cies were ob tained with the FRAP
method. An ti oxi dant con tent per seed ling on day 6 of growth 
in creased more than 4- fold for mung beans and 1.2 times for
len tils.

In the case of the mung beans, the great est in crease in an -
ti oxi dant ac tiv ity per seed ling was noted be tween days 2 and
3 of growth (an ti oxi dant ac tiv ity in creased by 28.46% in the
ABTS method and by 34.69% in the FRAP method). In the
case of the len tils, the great est in crease in an ti oxi dant ac tiv -
ity per seed ling was noted be tween days 3 and 4 of growth
(an ti oxi dant ac tiv ity in creased by 22.41% in the ABTS
method and by 24.39% in the FRAP method). The in crease
in an ti oxi dant ac tiv ity on suc ceed ing days was smaller. 

The meth ods used con firmed the high con tent of an ti oxi -
dant com pounds in the ex tracts tested. When Sa mo tyja et al.
tested the an ti oxi dant prop er ties of etha nol ex tracts of
sprouts us ing the DPPH and FRAP meth ods, they ob served
that the ex tracts of len til and mung bean sprouts ex hib ited
con sid era bly lower an ti oxi dant ac tiv ity than ex tracts of sun -
flower or rad ish sprouts [15]. 

The chemi cal com po si tion of seeds of Leg umes fam ily
plants changes dur ing ger mi na tion. Mung bean sprouts con -
tain con sid era bly fewer an tinu tri ents than seeds; for
ex am ple, de creases oc cur in the con cen tra tion of hae mag -
glu ti nins, star chyose and to tal cya nide, as well as in tryp sin
in hibi tor ac tiv ity [12]. Len til seeds ger mi nat ing in light were 
also found to lack pro cya nid ins, which are pres ent in un ger -
mi nated seeds [9]. En zyme ac tiv ity dur ing ger mi na tion
af fects sugar, pro tein and fat con tent. Dur ing ger mi na tion of
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len til seeds, changes oc cur in their amino acid com po si tion,
in clud ing ly sine, his ti dine and ty ro sine con cen tra tions [14].

The an ti oxi dant prop er ties of plant ex tracts are posi tively
cor re lated with phe nolic com pound con tent [18].  In ger mi -
nat ing buck wheat seeds, changes are ob served in the
con cen tra tion and com po si tion of phe nolic com pounds, par -
ticu larly ru tin [8]. Phe nolic com pound con tent also in creases 
dur ing lu pin seed ger mi na tion. Their con cen tra tion af fects
the free- radical scav eng ing abil ity of the ex tract [6]. 

In len tils ger mi nat ing in light, con cen tra tion of trans p-
 coumaric acid and trans feru lic acid in creases [9]. 

Flour and bran from ger mi nated bar ley seeds con tain con -
sid era bly more an ti oxi dants than seeds. Af ter only 24 hours
of the ger mi na tion pro cess the an ti oxi dant ac tiv ity of the
prod ucts ob tained in creases by 15-22 % [16]. 
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