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In the years 2002 to 2004 the content of rutin and total polyphenols was determined in the leaves of spinach and amaranth using the
HPLC method. The experiment included three amaranth species — love-lies-bleeding (4. caudatus), red-blooded amaranth (4. cruen-
tus) and red-spiked amaranth (4. hypochondriacus) and two spinach varieties — Matador and Triptiek F1. It is evident from the results
that average rutin content was lowest at the beginning of vegetation 159.11 mg.g™' and the highest in the phase of elongation of stem
—294.10 mg.gf1 (F'=2233.89, p=0.00). The highest average rutin content was recorded in 4. hypochondriacus (234.54 mg.gfl) and
on the contrary, the lowest one in 4. cruentus — 154.92 mg.gj1 (F=608.84, p = 0.00). The difference in the content of total polyphe-
nols in spinach leaves was statistically significantly influenced of development (F = 165.84, p = 0.00) when their lowest average
content was at the beginning of spinach vegetation, i.e. 10.95 mg.gﬁ1 and the highest in the 31 sampling (formation of leaf rosette)
—15.60 mg.g’l. Statistically significant differences were found between studied spinach varieties (¥ = 409.08, p = 0.00) compared
with the variety Matador (12.38 mg.g ). Average content of polyphenols was recorded in amaranth in the phase 24 — 10.38 mg.g '
and in the phase of full ripeness (15.40 mg.gfl) (F=393.60, p =0.00). The content of total polyphenols was the lowest in 4. cauda-
tus (13.43 mg. gfl) and the highest in 4. hypochondriacus (15.24 mg. gfl). The effect of year on studied characteristics was confirmed.

Concerning nutrition, leaves of amaranth and spinach should be harvested to the onset of anthesis.

amaranth; Amaranthus sp.; spinach; Spinacia sp.; rutin; total polyphenols; vegetables

INTRODUCTION

The beginning of the 21* century is marked by increas-
ing concern about cultivation of new species of plants that
should be utilised in food, chemical, cosmetic and phar-
maceutical industries or in further branches of human ac-
tivities. This new and old crop such as is e.g. rediscovery
of amaranth (dmaranthus sp.), which has universal use not
only as a source of high quality flour but its leaves are
utilised as a vegetable or feed. The use of amaranth as
a vegetable has been still concentrated above all in the
regions of the tropics and subtropics (Holubova,
Hnilicka,2001). Accordingto Shukla etal. (2006)
amaranth belongs to the most important leaf vegetable in
summer months in India. For example Mediterranean
Amaranthus blitum L. and/or Asian Amaranthus tricolor
L. are used for preparation of spinach, prepared as an as-
paragus or added into soups.

Amaranth leaves are an excellent source of carotenoids,
iron, calcium, ascorbic acid and proteins. Their content is
comparable with that of other vegetable species, in some
cases even higher. According to Kala¢ and Moudry
(2000) the amaranth leaves contain 70-94% of water, min-
eral substances 7.6-22% of dry matter, proteins 17.4-38% in
dry matter, fats 1.0-10.6% in dry matter and saccharides of
38-47% in dry matter. According to Petr et al. (2008)
amaranth has 13.1 g dry matter, 3.5 g proteins, 6.5 g saccha-
rides, 1.3 g fibrous material and 2.6 g ashies in 100 g. Beside
these substances amaranth leaves contain bioflavonoid (vita-
min P) rutin, flavonoids and polyphenols.

This study has been focused on the research of the
quality indicators that should help to reveal a meaning and
quality of amaranth as “a new” species of leaf vegetable
on the Czech market and its comparison with traditional
representative of leaf (spinach) vegetable — spinach.

MATERIAL AND METHODS

Three amaranth species were used as an experimental
material: love-lies-bleeding (Amaranthus caudatus L.) —
‘CAC 48A’, Amaranthus cruentus L. — ‘Ficha’ and Ama-
ranthus hypochondriacus L. — 1008’.The seeds of ama-
ranth were obtained by GeneBank of Crop Research
Institute. Spinach varieties Matador and Triptiek F1. The
seeds of spinach were obtained by Sempra.

The trial was established as a small plot field experi-
ment in the years 2002 to 2004. Experimental plots were
situated at the experimental field of the Faculty of Agro-
biology, Food and Natural Resources of the Czech Uni-
versity of Life Sciences in Prague-Suchdol. The area of
experimental plot was 2 m”. The trial was established by
the method of the Latin square in four replications. The
trial establishment and cultural practices were carried out
according to methodologies of JaroSova et al
(1997).

The termopluviograms method was selected for
weather valuation in the experimental years (Klabzuba
et al. 1999). From weather survey results that the January
2002 was warm and droughty. The February, March, April,

* The following results were obtained under the support of the Research project of the Ministry of Education, Youth and Sports of the Czech Re-

public No. MSM 604607901.
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Fig. 1. The rutin content (mg.g" DM) in amaranth leaves. Vertical columns denote 0.99 intervals of reliability. Average values are determined by the

method of least squares
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June, July, August and December were warm and muggy. The
others months from year 2002 were cold and muggy.

In experimental year 2003 were most of the months
warm and droughty except February and October, that
were drought and cold. At the other side the months Janu-
ary, May and July were warm and muggy. January and
April of the year 2004 were cold and muggy. The part of
the year 2004 (February, July, August, September and Oc-
tober) was warm and drought. May was cold and drought
and March, June, December and November were warm
and muggy.

Samples of amaranth plants were sampling in selected
growth stages according to Hradecka, BureSova
(1994); the first four leaves (phase 24), intensive prolonga-
tion of the stem (phase 39), formation of the apex of main
panicle (phase 40), full anthesis (phase 60), start of seeds
formation (phases 61-68) and full ripeness of seeds
(phase 90).

Spinach plants were sampled a weekly intervals from
formation of 5 leaves up to anthesis. In 7 partial samplings
were always done experimental years, four samples for
each variety and species of amaranth.

The rutin identification from water-ethanol extracts,
highly efficient liquid chromatography (HPLC) was cho-
sen by isocratic elution manufactured by the company
Waters™ (prefabricated system — pump Waters™ 6008,
auto sampler Waters'" 717 plus, detector PDA 996 — UV-
VIS) for identification in UV and visible region. The
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method used for determination of rutin was according to
Faustusova (2000).

The content of total polyphenols such as gallic acid
were determined in homogenised leaves calculated on dry
matter (Lachman etal., 1997).

The results obtained were statistically evaluated by
analysis of variance of multiple classification on the sig-
nificance level a = 0.01. The presented statistical evalua-
tion was processed using the computer program “Statis-
tica CZ version 7.

RESULTS AND DISCUSSION

The content of total polyphenols and rutin was deter-
mined in leaves of amaranth and spinach during their on-
togeny. Rutin was not confirmed in spinach leaves. Changes
in the content of rutin in amaranth leaves during their on-
togeny demonstrate the fact that the least rutin content was
found in leaves at the end of vegetation where gradual
limitation of metabolic activity of leaves and transport of
assimilates into seeds occur. On the other side, the greatest
amount of rutin is in the period of prolongation of stem
and formation of the apex of main panicle. According to
Hagels etal.(1995)and Lachman etal. (2000c) the
highest amount of rutin is in buckwheat in the time of
anthesis. This conclusion was not confirmed in case of
amaranths. The deductionof Kalinova, Dadakova
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Legend: See Fig. 1

(2006) accounted, that the rutin content is highes at flover
beginnig in the buckwheat. This idea was not valida-
tioned.

The differences in the rutin content between phases of
ontogeny were statistically significant (Fig. 1). The aver-
age content of rutin was 159.11 mg. gfl at the beginning of
vegetation and 126.02 mg. gfl at the end of vegetation. The
highest average rutin content was measured in the phase
of elongation of stem (294.10 mg. gfl). Average content of
rutin in amaranth leaves was in the time of anthesis 173.29
mg.gﬁl. The rutin content in amaranth leaves was increas-
ing up to the phases 30 and 39, then the fall was recorded.
Red-spiked amaranth (4. Aypochondriacus), in which fur-
ther maximum of rutin content was obtained in the phase
60. Lachman et al. (1998) e.g. present changes of rutin
content in buckwheat in their study. The differences were
found among phases of ontogeny Kalinova etal. (2000),
too. The congruent results were founded in amaranths.

Statistically significant differences in the values of ru-
tin content in leaves were recorded among different spe-
cies (Fig. 1). The highest average rutin content was dem-
onstrated by A. hypochondriacus out of studied species
(234.52 mg. gfl) where the rutin content ranged in the in-
terval of values from 98.75 mg.gﬁ1 (phase 65) up to 375.52
mg. gfl (phase 39). On the contrary, the lowest content was
found in 4. cruentus (154.92 mg.gfl). In this species the
rutin content was from 82.84 mg.g "' (phase 60) up to
348.92 mg.gfl (phase 30). Kalinova, Dadakova

Vertical columns denote 0.99 intervals of reliability. Average values are

(2006) found the differences in the buckwheat’s leaves
among its cultivars. This conclusion were valited our re-
sults with amaranths. These results that the values are
higher than for leaves of pagoda tree (61.76 mg. gfl), tops
of buckwheat (55.99 mg.gﬁl) and fringed rue (9.68 mg.gfl)
(Lachman etal., 2000a). After Bilbao etal. (2007)
citrus fruits contain 3.26 mg.gﬁ1 of rutin. This amount of
rutin is much lower than it was determined for amaranth
leaves.

Seveik etal. (2001) states that rutin content embody
wide variability from 200 to 400 mg.gﬁ1 in buckwheat
achene. Presented values are higher than rutin content in
the amaranth leaves. According to Kraft et al. (2002)
that rutin accumulation is cultivationed by drought
weather, but experimental years were in the vegetation
master warm, that why does not this conclusion validated
neither controvert.

In addition, the content of total polyphenols was stud-
ied in the leaves of experimental plants. The content of
total polyphenols in amaranth and spinach leaves was low-
est in spinach in the period of 4 right leaves (sampling 1)
~10.38 mg.g .

The differences in the content of total polyphenols in
spinach leaves were statistically significantly influenced
by ontogeny development of the studied plants (Fig. 2).
Average content of total polyphenols at the beginning of
vegetation of spinach was 10.95 mg.g ' and the end of
vegetation 12.63 mg.gﬁl. The highest average content of
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Table 1. The effect of phase of development on the content of total polyphenols of amaranth leaves (mg.gﬁ1 DM) calculated by the method of the

least squares.

Total polyphenols Rutine
Year average content average content average content average content average content average content
(mg.gfl) —99% deviation +99% deviation (mg. g’l) —99% deviation +99% deviation
2002 10.51% 10.41 10.61 157.794 155.33 160.26
2003 18.00° 17.90 18.10 212.28% 209.33 215.23
2004 14.24°€ 14.14 14.34 199.77% 197.31 202.24

A

BC_ denoted differences are statistically significant on the level of significance o= 0.01

Table 2. The effect of phase of development on the content of total
polyphenols of spinach leaves (mg.g’1 DM) calculated by the method
of the least squares

Total polyphenols
Year average content | average content | average content
(mg.gfl) —99% deviation | +99% deviation
2002 14.79* 14.68 14.91
2003 11.87° 11.75 11.99
2004 13.61° 13.52 13.75

A B C_ denoted differences are statistically significant on the level of

significance a = 0.01

total polyphenols was found at 31 sampling (formation of
leaf rosette) — 15.60 mg.g . The content of total polyphe-
nols decreased to the value 12.63 mg.g ' in the period of
anthesis.
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Statistically significant differences were recorded
among studied spinach varieties (Fig. 2). The highest aver-
age content of total polyphenols had more modern variety
Triptiek F1 (14.29 mg. gfl) compared to the Matador vari-
ety (12.38 mg.gfl). In the variety Triptiek F1 the content
of polyphenols ranged between 11.12 mg.g "' (sampling 1)
and 17.42 mg.gfl (sampling 3).

In the case of evaluation the content of total polyphe-
nols in amaranth leaves can be statistically significantly
higher than in spinach leaves. Average content of total
polyphenols in spinach leaves was 13.33 mg.gf1 and in
amaranth leaves it was 14.27 mg.gfl.

Content of total polyphenols in amaranths leaves was
save as in case of spinach variant in dependence on plant
ontogeny (Fig. 3). Average content of studied substances
was in amaranth in the phase 24 — 10.38 mg. gf1 and in the
time of full ripeness it was 15.40 mg.gﬁl. Compared to



spinach leaves in the case of amaranth species, it is not
possible to observe unambiguous tendency in the growth
or drop in the content of polyphenols. The content of total
polyphenols in all studied amaranth species showed iden-
tical tendency. The increase occurred always between two
phases of development and then decrease polyphenols
content. Compared to the remaining amaranth species, the
content of polyphenols was increasing only in love-lies-
bleeding (4. caudatus) from the onset of anthesis (11.87
mg.gﬁl) to full ripeness (16.6.0 mg.g"). Despite of this, it
is possible to mention that the highest average content of
studied substances was found in the period of intensive
elongation of stem (15.71 mg.gﬁl) to formation of apex of
main panicle (15.92 mg.gfl). No significant differences
were found among these growth stages.

Significant differences among studied amaranth spe-
cies are probably given by their earliness when the earliest
species is love-lies-bleeding (4. caudatus), and on the con-
trary, the late one is red-spiked amaranth (Fig. 3). The
content of total polyphenols was the lowest in love-lies-
bleeding (4. caudatus) (13.43 mg.g ") and the highest one
in red-spiked amaranth (15.24 mg. gfl).

Regarding the obtained results, it is evident that ama-
ranth and spinach are the richest source of polyphenols
than carrot, celery leaves, red rape (Lachman et al.,
2000a) and pepper (Lachman et al.,, 2000a; Haque
etal., 2006). Accordingto Sellapan etal. (2006) cran-
berries and blackberries contain 0.0019 to 2.559 mg of
polyphenolic substances per g ' of fresh mass, then less
than they comprise in leaves of spinach of amaranth.

On the other side, the content of total polyphenols in
spinach and amaranth leaves is lower than that in onion
and tomatoes, as presented Lachman et al. (2000b).
Leaves of spinach and amaranth contain also less polyphe-
nols than polyphenols content of citrus peels presented by
Alicia etal. (2005) . The content of extracted polyphe-
nols for Citrus reticulata was 76.00 mg.gfl, Citrus sinen-
sis 43.30 mg.gfl and 51.00 mg.gf1 for Citrus paradisi.

The effect of the year is evident from Tables 1 and 2
as affected studied indicators in both plant species. It fol-
lowed from statistical analysis that the content of total
polyphenols and rutin in amaranth leaves had been sig-
nificantly lowest in 2002 (10.51 mg.g "' and 157.79 mg.
g ") and on the contrary, it was the highest in 2003 (18.00
mg.g ' and 259.90 mg.g ") — Table 1. On the contrary, the
content of total polyphenols was the highest in spinach
leaves in 2002 (14.79 mg.gfl) and the lowest in 2003
(11.87 mg.g ') as presented in Table 2. It follows from the
results obtained that warmer and drier years are much suit-
able for amaranth plants (2003), whereas spinach prefers
warmer but moister years (2002). According to Pos-
pisil etal. (2006) is yield formation of amaranth in de-
pendence on the years. This conclusion was confirming in
our experiment.

On the basis of our trials, it would be suitable to mod-
ify our eating habits and supplement of our food by “new”
plant species that fulfil criteria of healthy nutrition. Except
buckwheat that is highly valued for its rutin content, we
can use amaranth leaves as a source of these substances.

10

The content of rutin is higher in amaranth leaves than e.g.
in buckwheat and rue. Compared to rue, amaranth leaves
do not contain photo-sensible furanocoumarins. The con-
tent of total polyphenols in leaves of studied plants is com-
parable with other vegetable species. Spinach and ama-
ranth leaves can be harvested from the beginning of
anthesis. In the period of bud formation, anthesis and ripen-
ing of seeds, the share of dry matter is increasing, worse
digestibility of leaves occur, and in case of amaranth
leaves grow their bitter.

REFERENCES

ALICIA, M., R. — MARINA, V. A. - FANNY, C. P.: Chemical
composition and bioactive compounds of flour of orange
(Citrus sinensis), tangerine (Citrus reticulata) and grapefruit
(Citrus paradisi) peels cultivated in Venezuela. Agric., Biol.
Environ. Sci., 3, 2005: 305-310.

BILBAO, M. D. M. -ANDRES-LACUEVA, C. - JAUREGUI,
0O.-LAMUELA-RAVENTOS, R. M.: Determination of fla-
vonoids in a Citrus fruit extract by LC-DAD and LC-MS.
Food Chem. 101, 2007: 1742-1747.

FAUSTUSOVA, E.: Flavonoidni komplex ve vybranych rost-
linach jako zdroj rutinu. (Flavonoid complex as a source of
rutin). [Thesis.] CZU v Praze, 2000.

HAGELS, H. - WAGENBRETH, D. — SCHILCHER, H.: Phe-
nolic compouds of buckwheat herb and influence of plant and
agricultural factors (Fagopyrum esculentum Moench. and
Fagopyrum tataricum Gértner). In: 6th Int. Symp. on Buck-
wheat. Shinshu. Current Advances in Buckwheat Research.
Vol. II, IV. Biochemistry and Food Science, 1995. 115 pp.

HAQUE, A. S. K. — SEN, D. - BAGCHI, U. B. - CHAKRA-
BARTY, M. M. - MUKHERIEE, S.: Evaluation of total anti-
oxidant capacity of some vegetables, spices and tea. J. Food
Sci. Tech. Mys., 43, 2006: 467-469.

HOLUBOVA, K. — HNILICKA, F.: Photosynthetic rate and
chlorophyll active pigments content in the plants of Amaranth
(Amaranthus sp.). Agricultura tropica et subtropica. Univer-
sitas agriculturae Praga, 34, 2001: 65-71.

HRADECKA, D. — BURESOVA, M.: Productivity of the “K-
343” amaranth in the Czech Republic. Agricultura tropica et
subtropica. Universitas agriculturae Praga, 27, 1994: 34-47.

JAROSOVA, J. et al.: P&stovéni a vyuziti amarantu. Metodiky pro
zemedeélskou praxi. (Cultivation and use of amaranth. Method-
ologies for agricultural practice). Praha, UZPI MZe CR 1997.

KALAC, P. - MOUDRY, J.: Chemické sloZeni a nutri¢ni hod-
nota semen amarantu (Chemical composition and nutritional
values of amaranth seeds). Czech J. Sci., 18, 2000 (5): 201—
206.

KALINOVA, J. - DADAKOVA, E.: Varietal and year variation
of rutin content in common buckwheat (Fagopyrum esculen-
tum Moench). Cereal Res. Commun., 34, 2006: 1315-1321.

KALINOVA, J. - TRISKA, J. - VRCHOTOVA, N.: Distribu-
tion of vitamin E, squalene, epicatechin, and rutin in common
buckwheat plants (Fagopyrum esculentum Moench). J. Agr.
Food Chem. 54, 2006: 5330-5335.

KLABZUBA, J. - KOZNAROVA, V. - VOBORNIKOVA, J.:
Hodnoceni pocasi v zemédélstvi (Classification of weather
in agriculture). CZU Praha, 1999.

KREFT, S. — SRUKELJ, B. - GABERSCIK, A. — KREFT, L.:
Rutin in buckwheat herbs grown at different UV-B radiation

SCIENTIA AGRICULTURAE BOHEMICA, 40, 2009 (1): 6-11



levels: comparison of two UV spektrophotometric and
an HPLC Metod. J. Exp. Bot., 53, 2002: 1801-1804.

LACHMAN, J. - HOSNEDL, V. — PIVEC, V.: Changes in the
content of polyphenols in barley grains and pea seeds after
controlled accelerated ageing treatment. Scientia Agric. Bo-
hem., 28, 1997: 17-30.

LACHMAN, J. - HRADECKA, D. — PIVEC, V.: Rutin — uka-
zatel jakosti pohanky seté (Fagopyrum esculentum Moench.)
a faktory ovliviiujici jeho obsah. (Rutin — indicator of qual-
ity of buckwheat /Fagopyrum esculentum Moench./ and fac-
tors influencing its content). In. Proc. XXV. Seminaf o jako-
sti potravin a potravinovych surovin, MZLU Brno, 4. 3. 1998,
pp. 10-11.

LACHMAN, J. — ORSAK, M. — PIVEC, V.: Antioxidant contents
and composition in some vegetables and their role in human
nutrition. Zahradnictvi — Hort. Sci., 27, 2000a: 65-78.

LACHMAN, J. — ORSAK, M. - PIVEC, V.: Obsah a slozeni
antioxidantli ve vybranych druzich ovoce a jejich vyznam
v lidské vyzivé (The content and composition of antioxidants
in selected fruit species and their meaning in human nutri-
tion). Zahradnictvi — Hort. Sci., 27, 2000b: 103—117.

LACHMAN, J. - ORSAK, M. - PIVEC, V. - FAUSTUSOVA,
E.: Content of rutin in selected plants sources. Scientia Agric.
Bohem., 31,2000c: 89-99.

PETR, J. - CAPOUCHOVA, L. - KALINOVA, J.: Alternativni
plodiny, pseudocerealie a produkty ekologického zemédélstvi

(Alternative crops, pseudocereals and products of ecological
agriculture). In: PRUGAR, J. et al.: Kvalita rostlinnych
produktl na prahu 3. tisicileti (Quality of vegetable products
on beginning 3 milennium). VUPS a Komise jakosti rostlin-
nych produkti CAZV, Praha, 2008: 159—161.

POSPISIL, A. — POSPISIL, M. — VARGA, B. — SVECNJAK,
Z.: Grain yield and protein concentration of two amaranth
species (Amaranthus spp.) as influenced by the nitrogen fer-
tilization. Eur. J. Agron., 25, 2006: 250-253.

SELLAPPAN, S. —AKOH, C. C. - KREWER, G.: Phenolic com-
pounds and antioxidant capacity of Georgia-grown blueberries
and blackberries. J. Agr. Food Chem.. 50, 2002: 2432-2438.

SHUKLA, S.—-BHARGAVA, A.— CHATTERJEE, A. — SRIVAS-
TAVA, A. —SINGH, S. P.: Genotypic variability in vegetable
amaranth (Amaranthus tricolor L.) for foliage yield and its
contributing traits over successive cuttings and years. Eu-
phytica, 151, 2006: 103—110.

SEVCIK, R. — OPATOVA, H. — MICHALOVA, A. —
KVASNICKA, F. - KRATKA, J.: Stanoveni obsahu rutinu
v extraktech pohanky a vyrobcich z pohanky (Determination
rutin content in buckwheat extractions and buckwheat prod-
uct). In: Sbor. Konf. “Péstovani a vyziti né€kterych opomije-
nych a netradi¢nich plodin v CR”, VURV, Praha, 21. 3. 2001,
pp. 103-106.

Received for publication on June 20, 2007
Accepted for publication on January 14, 2009

MARTINKOVA, J. — HNILICKA, F. — HNILICKOVA, H. — ORSAK, M. (Cesk4 zemédélska univerzita, Fakulta
agrobiologie, potravinovych a piirodnich zdroji, Praha, Ceska republika):

Stanoveni obsahu rutinu a celkovych polyfenolu v listech Spenatu a laskavce.

Scientia Agric. Bohem., 40, 2009: 6—11.

V letech 2002 az 2004 byl v listech laskavce a $penatu stanovovan metodou HPLC obsah rutinu a celkovych poly-
fenold. Do pokusu byly zafazeny tii druhy laskavce — laskavec ocasaty, laskavec krvavy, laskavec ¢ervenoklasy, a dvé

v

tace — 159,11 mg.g’1 anejvyssi ve fazi prodluzovani stonku — 294,10 mg.g’1 (F=2233,89, p=0,00). Nejvyssi praméer-
ny obsah rutinu mél laskavec ¢ervenoklasy (234,52 mg.g’l) a naopak nejnizsi laskavec krvavy — 154,92 mg.g’1 (F=
608,84, p = 0,00). Rozdil v obsahu celkovych polyfenolu v listech §penatu byl statisticky prikazné ovlivnén fazi vyvo-
je (F=165,84, p = 0,00), kdy nejniz§i praimérny obsah byl na poc¢atku vegetace Spenatu — 10,95 mg.g’1 anejvyssi ve
3. odbéru (vytvoreni listové razice) — 15,60 mg.g’l. Statisticky prukazné diference byly nalezeny mezi sledovanymi
odridami $penatu (F = 409,08, p = 0,00), nebot’ nejvyssi pramérny obsah celkovych polyfenolti méla odriida Triptiek
F1 (14,29 mg.g’l) ve srovnani s odradou Matador (12,38 mg.g’l). Pramérny obsah polyfenolt byl u laskavce ve fazi
24-10,38 mg.g’1 av obdobi plné zralosti 15,40 mg.g’1 (F=393,60, p=0,00). Obsah celkovych polyfenolii byl nejnizsi
u laskavce ocasatého (13,43 mg.g ') a nejvyssi u laskavee Cervenoklasého (15,24 mg.g ). Byl prokazan vliv roéniku
na sledované charakteristiky. Z hlediska nutri¢niho je vhodné sklizet listy laskavce a $penatu v obdobi do pocéatku
kveteni.

laskavec; Amaranthus sp.; Spenat; Spinacia sp.; rutin; celkové polyfenoly; zelenina
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