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COMPARISON OF THE ANTIOXIDANT PROPERTIES
OF SELECTED EDIBLE SPROUTS
FROM THE CRUCIFERAE FAMILY
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WYBRANYCH JADALNYCH KIE£KÓW Z RODZINY KRZY¯OWYCH

Abstract: Germinating seeds of the Cruciferae family are a natural source of valuable nutrients. The aim of
this study was to compare the antioxidant properties of selected edible sprouts of the Cruciferae family using
different methods. We tested seeds of broccoli, white mustard, red cabbage and cardamine purchased from
PNOS Ozarow Mazowiecki S.A. The seeds germinated on Petri dishes lined with filter paper in natural light
conditions at 22 oC, with no added nutrients. Aqueous extracts from the seedlings were prepared according to
the method described by Zielinski and Kozlowska. Three methods were used to measure the total antioxidant
capacity of the extracts: one using ABTS, one by Brand-Williams et al based on the properties of DPPH, and
one using DMPD. Antioxidant content was expressed in mM of Trolox per 1g fresh weight of seedlings.
Substantial differences were found in the antioxidant properties of the extracts tested. The highest values were
obtained using the DMPD and ABTS methods. The richest sources of antioxidants were the extracts from red
cabbage and white mustard sprouts in the first day of growth. The extract from the cardamine sprouts had the
lowest antioxidant properties. The antioxidant content in the seedlings decreased with growth time. The
results presented indicate which sprouts have the highest antioxidant properties as well as the optimal time for
consuming them.
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Introduction

Sprouts are a natural source of nutrients, dietary fiber, vitamins and microelements.
The low cost of growing them, the availability and variety of seeds, and their beneficial
effects on human health are all arguments in favour of including them in our daily diet.
Nevertheless, they are still undervalued as a dietary constituent which could replace
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synthetic supplements. They are popular among people practising a vegetarian lifestyle.
The sprouts consumers most prefer include those of mung beans, broccoli, cardamine,
lentils, radishes, grains, alfalfa, pumpkin, sunflower, soy and maize. Due to the variety
of seeds and of the sprouts obtained from them, they are a source of diverse taste
sensations and, most importantly, of compounds with health-promoting effects. Sprouts
contain significantly more concentrated nutrients than seeds or adult plants. The
high-molecular-weight reserve substances (proteins, carbohydrates and fats) accumulat-
ed in seeds are broken down during the germination process into simple compounds that
are easily assimilated by the human body. In addition, enzymes taking part in the
breakdown of these substances facilitate digestion of food eaten together with sprouts.
Most sprouts contain more vitamin C, polyphenols and B vitamins than mature
vegetables, and exhibit higher antioxidant activity as well [1].

Regular consumption of sprouts provides protection against many serious illnesses,
activates the immune system, corrects vitamin and mineral deficiencies, and most
importantly, has anticarcinogenic effects. It has been estimated that an appropriate diet
and lifestyle can prevent 30–40 percent of tumours [2]. Epidemiological studies show
that a diet deficient in compounds with anticarcinogenic properties (e.g. tocopherols,
ascorbic acid, selenium, polyphenols and isothiocyanates) may contribute to the
occurrence of tumours more than the presence of carcinogenic compounds in the diet
(e.g. heterocyclic amines and aflatoxins). Plants of the Cruciferae family are particularly
recommended as a source of natural antioxidant compounds. Cruciferous plants contain
substantial quantities of vitamins, minerals and dietary fibre [3]. They are rich in
essential minerals such as Ca, Cu, Zn, P, Mg, Na, K, Fe and others [4, 5]. There is
significantly more Ca, Mg, Cu and Zn in edible sprouts than in seeds. Ready-to-eat
sprouts contain on average 12 % more Ca, 14 % more Mg, 25 % more Cu and 45 %
more Zn than seeds [3].

Sprouts are also contain considerable amounts of dietary fibre, which are beneficial
mainly to the peristalsis of the digestive tract. The total content of dietary fibre in
ready-to-eat seedlings is significantly higher than in seeds [3].

The aim of the study was to compare the antioxidant activity of selected edible
seedlings of plants of the Cruciferae family: broccoli, white mustard, red cabbage and
cardamine. In recent years numerous methods have appeared in the literature for
determining the presence or concentration of antioxidant compounds. Among the most
frequently used are spectrophotometric techniques, which assess the total antioxidant
potential of the substances tested. In the present study, three different spectro-
photometric methods were used to measure the antioxidant activity of seedling extracts.
In each of these methods a coloured indicator substance reacts with the antioxidants
contained in the sample, and the decrease in absorbance is proportional to the content of
compounds with antioxidant properties.

Total antioxidant capacity in the seedling extracts was determined using ABTS
cation radical [6, 7] and antioxidant activity was assessed using the method of
Brand-Williams et al [8], based on properties of DPPH. Also used to determine
antioxidant activity was the DMPD method described by Fogliano et al [9].
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Materials and methods

Materials

Chemicals

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), 1,1-diphenyl-2-picryl-

hydrazyl (DPPH), and N,N-Dimethyl-p-phenylenediamine (DMPD) were purchased
from Sigma; Trolox from Aldrich, potassium persulfate (K2S2O8) from Sigma-Aldrich
and ethanol and iron(III) chloride from POCH. All chemicals and reagents were
analytical grade or purest quality.

Plant material

For the study we used seeds of broccoli, white mustard, red cabbage and cardamine
purchased – from PNOS Ozarow Mazowiecki S.A.

The seeds germinated in Petri dishes lined with filter paper, in natural light
conditions, at 22 oC, with no added nutrients [10]. The seeds were watered daily.
Material for testing was collected on days 1 to 6. Aqueous extracts from the seedlings
were prepared according to the method described by Zielinski and Kozlowska [11]. For
each aqueous extract 10 grams of seedlings and 100 cm3 of water were used. The
seedlings were homogenized with water and the homogenate was centrifuged. The
extracts were diluted 5-fold. All extracts were prepared in three replications.

Methods

Determination of ABTS radical scavenging activity

The ABTS method for assessing antioxidant activity is based on determination of the
reduction of ABTS·+ produced beforehand in a reaction of ABTS with potassium
persulfate. To prepare the ABTS·+ stock solution, 7 cm3 of phosphate buffer (0.1 M,
pH = 7.4), 19.5 mg ABTS and 3.3 mg of potassium persulfate were used. The solution
was left in the dark at room temperature for 12–16 hours. The ABTS·+ solution obtained
was diluted so that the absorbance at l = 414 nm was 1.0 [7].

50 mm3 of the seedling extracts were added to 1500 mm3 an ABTS·+ cation radical
solution. When the antioxidants contained in the extract reduce the ABTS·+ cation
radical to colourless ABTS, they cause the solution to lose its blue-green colour, with
the decrease in the intensity of the colour dependent on the antioxidant content in the
sample. Absorbance of the solution was measured 30 minutes after the reaction was
initiated, at a wavelength of 414 nm [7]. Antioxidant activity was calculated as a
percentage of ABTS·+ cation radical inhibition. The results were expressed as mM of
Trolox per 1 g fresh weight. All determinations were made in at least three independent
replications.
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Determination of DPPH radical scavenging activity

The DPPH assay was done according to the method of Brand-Williams et al [8] with
some modifications. A 0.05 mM DPPH solution was prepared by dissolving 19.71 mg
of DPPH in 100 cm3 of ethanol. The solution obtained was diluted so that its absorbance
at l = 517 nm was 1.0. The solution was stored in the dark.

50 mm3 of the seedling extracts were added to 1500 mm3 of an ethanol solution of
DPPH. The mixture obtained was left in the dark at room temperature for 30 minutes.
When DPPH reacts with an antioxidant, the stable DPPH radical takes on electrons
from the antioxidant and loses its intense violet colour. The decrease in absorbance was
measured in relation to the control sample (DPPH solution + ethanol) 30 minutes after
the reaction was initiated, at a wavelength of l = 517 nm. Antioxidant content was
expressed as mM of Trolox per 1g fresh weight. All determinations were made in at
least three independent replications.

Determination of DMPD radical scavenging activity

The method using the reagent DMPD is based on generation of a coloured DMPD
cation radical in an oxidant solution (Fe3+). The cation radical loses its colour as a result
of the transfer of a hydrogen atom from the antioxidant. A DMPD solution (100 mM)
was prepared by dissolving 209 mg of DMPD in 10 cm3 of deionized water, and then
1 cm3 of this solution was added to 100 cm3 of 0.1 M acetate buffer (pH 5.25). DMPD
cation radical was obtained by adding 0.2 cm3 of 0.05 M iron(III) chloride solution.

50 mm3 of the seedling extracts were added to 1500 mm3 an DMPD·+ cation radical
solution. The decrease in absorbance was measured in relation to the control sample 30
minutes after the reaction was initiated, at a wavelength of l = 505 nm [12].
Antioxidant content was expressed as mM of Trolox per 1 g fresh weight. All
determinations were made in at least three independent replications.

Results and discussion

Observation of the germination process showed that the seeds differed in terms of the
time, energy and rate of germination, as well as the sensory values of the sprouts.
Testing of antioxidant content was begun after one day of growth; at this time the seeds
were swollen and some of the seed coats had split. On the first day of growth most of
the seeds had already produced a radicl. According to our observations, sprouts on days
4 and 5 of growth were best for consumption. Other authors have also emphasized that
sprouts have the best sensory characteristics after 4 days of growth in the dark, when
they contain bioactive compounds such as L-ascorbic acid, reduced glutathione, inositol
phosphates, phenolic compounds and tocopherols [13]. Moreover, in a study by
Zielinski et al, in the seeds of all species investigated the greatest accumulation of
tocopherols was found to occur after the 4th and 5th days of germination in light.
Tocopherol content on subsequent days (up to day 7) remained constant [14].
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The antioxidant activity of the aqueous extracts of the sprouts was measured by dif-
ferent methods. Due to differences in the reactions taking place in each method, the
measurements had different results, even though the content was expressed as Trolox
equivalent.

Substantial differences were found in the antioxidant properties of the extracts tested
(Fig. 1–3). One-day-old seedlings have the highest antioxidant content, but would be
difficult to eat due to their small size. In the ABTS method, the highest antioxidant
content was noted in one-day-old seedlings of white mustard (34.89 ± 0.88 mM
trolox × g–1) and red cabbage (34.42 ± 1.28 mM trolox × g–1); antioxidant content was
lower in the broccoli seedlings (30.99 ± 0.92 mM trolox × g–1), and the lowest in the
cardamine (16.29 ± 0.82 mM trolox × g–1).
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Fig. 2. Change in antioxidant content in seedlings of plants of the Cruciferae family determined by the DPPH
method
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Fig. 1. Change in antioxidant content in seedlings of plants of the Cruciferae family determined by the ABTS
method
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The highest values were obtained using the DMPD and ABTS methods. The richest
sources of antioxidants were the extract from white mustard (122.52 ± 8.66 mM
trolox × g–1), red cabbage (77.54 ± 3.15 mM trolox × g–1) and broccoli (74.02 ± 5.85 mM
trolox × g–1) prepared on day 1 of growth. The extract from the cardamine sprouts
(18.47 ± 0.13 mM trolox × g–1) had the lowest antioxidant properties. The numerical
values obtained using the various assays differ due to the specificity of the reactions of
the indicator substances with the antioxidants. Similar results were obtained using the
ABTS and DMPD methods: the same seedlings had the highest or the lowest
antioxidant content. A different ranking of antioxidant content was obtained using the
DPPH method: the highest was noted in red cabbage (11.18 ± 0.73 mM trolox × g–1) and
the least in cardamine (4.89 ± 0.21 mM trolox × g–1), while the level of antioxidants
found in white mustard seedlings (10.22 ± 0.46 mM trolox × g–1) was similar to that in
broccoli (10.37 ± 0.44 mM trolox × g–1).

The antioxidant content of the seedlings decreased with the time of growth (Fig.
1–3). However, between days 3 and 5 of growth sprouts attain the appropriate size and
are recommended for consumption. Other authors have also confirmed that the best
sprouts to eat are obtained on the third, fourth or fifth day, ie when they attain optimum
properties for consumption [15].

Antioxidant content measured using the ABTS method in the sample taken between
days 1 and 6 of growth decreased by about 55 % in the case of red cabbage, 40 % for
white mustard, 17 % for cardamine and 51 % for broccoli. Similar results were obtained
with the DPPH method. The DMPD method was considerably more sensitive; the initial
antioxidant content was found to decrease by about 86 % in the red cabbage extract,
87 % in the white mustard, 65 % for the cardamine and 82 % for the broccoli.

The methods used in this study to determine antioxidant activity are relatively simple
and fast. They are often used in determining the total antioxidant capacity of extracts
from plants and other biological material [16]. The results of measurements of
antioxidant capacity depend on the type of method used, but for the same method they
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Fig. 3. Change in antioxidant content in seedlings of plants of the Cruciferae family determined by the
DMPD method
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are highly repeatable. Barton et al draw attention to the speed with which the
antioxidants react with the indicator substance. The results obtained by different
methods for testing total antioxidant capacity do not reflect the content of all reactive
antioxidant components present in the sample. The greater the speed of the reaction, the
higher the results obtained by the method. According to these authors, the FRAP
method includes the most components, while the DPPH method only some of the most
reactive ones, and the ABTS method yields intermediate values. For this reason the
lowest numerical values are obtained in the DPPH method [17]. Comparison of the data
obtained in the present study confirms these observations: DPPH yielded the lowest
numerical values and ABTS intermediate values.

Schlesier et al point out that while it is difficult to compare results obtained using
different methods of measuring antioxidant capacity, results obtained using one test in
strictly defined conditions are repeatable and comparable. It is strongly recommended to
use at least two methods due to the differences between the test systems [18, 19].
Acetone-water, ethanol-water, methanol-water, or water solutions are most often used
for extraction [20]. The method of preparing the extract also affects the final result of
the assay, so this should always be taken into account in comparing data. One of the
criteria that should be applied is the bioaccessibility of the extract [21]. In the present
study, aqueous extracts were used because they are inexpensive to prepare and can be
used directly for consumption or further production processes without the need to
remove methanol or acetone from them.

Sprouts are becoming an important element of the human diet, which is reflected in
numerous scientific publications, including those concerning TEAC measurements.
However, it is difficult to compare data obtained by different laboratories due to the
lack of standardization of methods for measuring TEAC. The DPPH method has been
used to compare the antioxidant activity of ethanol extracts from the sprouts of wheat,
lentils, sunflower, radishes, and mung beans. The richest source of antioxidants was the
sunflower sprout extract, while a lower level of antioxidants was found in the radish
sprout extract. The remaining extracts had similar, low TEAC [15].

It is worth noting that while total antioxidant content decreases, the concentration of
particular antioxidant compounds can increase. This was confirmed by Zielinski et al,
who found that vitamin B1 (thiamine) content in white mustard seeds is higher than in
4-day ready-to-eat sprouts, while vitamin B2 (riboflavin) content increases with growth
[3]. The authors showed that vitamin B1 content in the seeds of selected cruciferous
plants – small radish, radish, rapeseed and white mustard – ranged from 0.41 to 0.70
mg/100 g d.m, while the amount of this vitamin in the sprouts was 46, 39, 42 and 47 %
lower, respectively. Vitamin B2 content in the sprouts is approximately three times
higher than in the seeds. Vitamin B2 content in the seeds ranges from 0.096 mg/100 g–1

d.m to 0.138 mg/100 g–1 d.m. [3]. The authors confirm that germinating seeds of
cruciferous plants are also an excellent source of microelements and fibre. Moreover,
cruciferous plants are a good source of vitamins C, E and K [22]. g-Tocopherol was
found to be the main contributor of vitamin E content in cruciferous sprouts [14].
Zielinski and Kozlowska demonstrated that a 100-gram portion of 4-or-5-day-old
sprouts produced from the seeds of the cruciferous plants they tested, or a mixture of
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them, can provide 15.3–21.6 % of the daily requirement of vitamin E for men and
19.1–29.5 % for women [14].

Plants of the Cruciferae family are rich in glucosinolates – secondary metabolites
with anticarcinogenic activity [23]. Other anticarcinogenic compounds occurring in
Cruciferae include quercetin [24], isothiocyanates [25] and selenium [26], as well as
Se-methylselenocysteine and 1,2-dithiole-3-thione [27].

Plants from the cruciferae family are particularly recommended as sources of natural
antioxidant compounds providing protection against lifestyle diseases. Consumption of
plants from the Cruciferae family reduces the risk of various types of cancer, including
tumours of the lungs [28], colon [29], prostate [30] and many others. Consumption of
cruciferous plants has been shown to better protect against cancer than other fruits and
vegetables [31].
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PORÓWNANIE W£AŒCIWOŒCI ANTYOKSYDACYJNYCH
WYBRANYCH JADALNYCH KIE£KÓW Z RODZINY KRZY¯OWYCH

Wydzia³ Nauk Rolniczych w Zamoœciu
Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Kie³kuj¹ce nasiona roœlin Krzy¿owych s¹ naturalnym Ÿród³em cennych sk³adników od¿ywczych.

Celem pracy by³o porównanie ró¿nymi metodami w³aœciwoœci antyoksydacyjnych wybranych jadalnych

kie³ków z rodziny kapustowatych. W badaniach zastosowano nasiona broku³a, gorczycy bia³ej, kapusty

czerwonej i rze¿uchy zakupione w firmie PNOS w O¿arowie Mazowieckim S.A. Nasiona kie³kowa³y na

szalkach Petriego wy³o¿onych bibu³¹ filtracyjn¹, w naturalnych warunkach oœwietlenia, w temperaturze

22 oC, bez dodatku sk³adników od¿ywczych. Wodne ekstrakty z siewek przygotowano wg metody opisanej

w pracy Zieliñski i Koz³owska. Do pomiaru ca³kowitej zdolnoœci antyoksydacyjnej ekstraktów z siewek

zastosowano trzy metody: metodê ABTS, metodê Brand-Wiliams i wspó³pr. opart¹ o w³aœciwoœci DPPH oraz

metodê z DMPD. Zawartoœæ antyoksydantów wyra¿ano w mmolach troloxu na 1 g œwie¿ej masy siewek.

Badane ekstrakty znacznie ró¿ni³y siê w³aœciwoœciami przeciwutleniaj¹cymi. Najwy¿sze wartoœci pomiarów

uzyskano w metodzie DMPD i ABTS. Najbogatsze Ÿród³o przeciwutleniaczy stanowi³ ekstrakt z kie³ków

kapusty czerwonej i gorczycy bia³ej sporz¹dzony w pierwszym dniu hodowli. Ekstrakt z kie³ków rze¿uchy

charakteryzowa³ siê najni¿szymi w³aœciwoœciami przeciwutleniaj¹cymi. Zawartoœæ antyoksydantów w siew-

kach spada³a w miarê czasu trwania hodowli. Prezentowane wyniki badañ umo¿liwiaj¹ wskazanie kie³ków

o najwy¿szych w³aœciwoœciach antyoksydacyjnych, a tak¿e pozwol¹ wybraæ optymalny czas ich spo¿ycia.

S³owa kluczowe: rodzina Krzy¿owych, ca³kowita zdolnoœæ antyoksydacyjna, ABTS, DPPH, DMPD
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