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Abstract. The content of alkaloids and flavonoids and the yield of herb were analyzed in
greater celandine cultivar ‘Cynober’ during six following phases: spring rosette for-
mation, the beginning of flowering, full bloom, green fruit, seed harvest, fall rosette for-
mation. Yield of celandine herb was different at the investigated phases and in years of
cultivation. The highest yield of herb was observed at the beginning of flowering, then a
decrease was noticed, up to the phase of seed harvest, when the yield grown up. The low-
est yield of celandine herb was obtained in last phase — fall rosette formation, except 2011
when the lowest yield was in spring rosette formation. The average content of alkaloids
was the highest in phase of green fruit (1.097%), while in 2012, the highest content was
reached in phase of fall rosette formation — 1.200%. The lowest content of alkaloids was
obtained in herb of the beginning of flowering (0.608%) in both years. The mean content
of flavonoids was from 0.310% (the beginning of flowering) to 0.522% (seed harvest) and
was the same in both years. The stable high content of total alkaloids and flavonoids and
individual alkaloids was noticed in phase of fall rosette. Our results suggest that seed ma-
turity is the best time for celandine herb harvest regarding the herb yield and content of
alkaloids and flavonoids.
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INTRODUCTION

Greater celandine (Chelidonium majus L.) is the interesting species of Papaveraceae
family, which commonly grows in Europe and Western Asia, mainly as a ruderal plant
[Colombo and Bosisio 1996]. Celandine herb (Chelidonii herba) harvested when
blooming and celandine roots (Chelidonii radix) are used in phytotherapy for their
spasmolytic effect on muscles of digestive tract and bile duct. Celandine extracts have
also fungistatic [Matos et al. 1999, Kedzia et al. 2013] and antiviral effects [Kéry et al.
1987, Tan et al. 1991, Gerencer et al. 2006]. In folk medicine, the juice or orange latex
of celandine has been used to remove verrucae, papillomas, condylomas and malignant
tumors of the skin [Kéry et al. 1987]. Celandine alkaloids are regarded as tumor inhibi-
tors [Colombo and Bosisio 1996, Garcia et al. 2006, Nawrot et al. 2007]. Celandine raw
material contains mainly alkaloids but also flavonoids, phenolic acids, carotenoids and
proteins. The others active substances are organic acids, choline, amins, saponins,
triterpens, vitamins, tannins and essential oil, lipids and carbohydrates [Gertig et al.
1957, Kwasniewski 1958, Hahn and Nahrstedt 1993, Fik et al. 2000, Stancic-Rotaru et
al. 2003, Kopytko et al. 2005, Horvath et al. 2010]. Celandine raw material contains
isoginoline alkaloids with different structures: benzophenanthridine (chelidonine, chel-
erythrine, sanguinarine) and protoberberine (coptisine, berberine) [Slavik and Slavikova
1977, De Rosa and di Vincenzo 1992, Sarkozi et al. 2006]. Chelidonine, berberine and
coptisine are the main alkaloids in the herb, while sanguinarine and chelerythrine are
dominant in the roots of celandine [Colombo and Bosisio 1996].

Celandine raw material show significant differences in alkaloids content in different
parts of plant. Tomé and Colombo [1995] observed 3.5 times higher total amount of
alkaloids in roots compare to herb. They also found the differences in alkaloids content
in raw material collected in different parts of day — the highest content was determined
in late evening while the lowest in the morning. The average content of alkaloids in
celandine raw material is reported to vary for different part of plant from 0.84% (stems),
0.96% (leaves), 1.20% (herb), 1.71% (roots) to 18.40% (milky sap) [Kustrak et al. 1982,
Bugatti et al. 1987, Tamas et al. 1987, Tomé and Colombo 1995, Sarkdzi et al. 2006].
Probably, the differences depend on genotype (chemotype), plant age, plant part, deve-
lopmental stage or environmental conditions. According to Polish Pharmacopoeia 1X
[2011] dried herb of celandine should contain no less than 0.6% of total alkaloids recal-
culated on chelidonine. The herb harvesting at the flowering phase is also re-
commended. Evaluation of total alkaloids content in celandine raw material during
every stage of production process is a subject of standardization following Polish Phar-
macopoeia 1X [2011].

Wide variation of the content of active substances in celandine herb has inspired the
authors to discover the correlation between total content, the selected alkaloids and total
flavonoids with plant age and developmental phases, which can help recognized the
optimum time for herb harvest.
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MATERIAL AND METHODS

Plant material. Between 2011-2012, in the experimental field of Institute of Natural
Fibres and Medicinal Plants of Poznan, the experiment was established on the loamy
soil of medium fertility. The mean temperature of vegetation period (March-October)
was 12.2°C (2011) and 16.4°C (2012) and the amount of rainfall was 299.7 mm (2011)
and 364.0 mm (2012). Celandine plants of cultivar ‘Cynober’ were investigated. The
experimental design was completely random. Plants were harvested randomly in the
second and third year of the experiment. Ten plants from each of the six following
phases were collected: spring rosette formation, the beginning of flowering, full bloom,
green fruit, seed harvest, fall rosette formation. The collected herbs from each harvest-
ing phase were dried in dark, well ventilated place, then stored at room temperature.
The yield of herb was measured in fresh and dried samples as well.

Determination of alkaloids. Total alkaloids expressed as chelidonine were analyzed
according to the European Pharmacopoeia VI [2008] (monography of greater celan-
dine).

Sample: 0.75 g of dry greater celandine herb was placed in a 250 ml round-
bottomed flask and heated under reflux condenser for 30 min in 200 ml of 12% V/V
glacial acetic acid. The sample was cooled down and diluted with the same solution up
to 250 ml. The first 20 ml of the filtrate was rejected. To 30.0 ml of filtrate was added
6.0 ml of concentrated ammonium and 100.0 ml of methylene chloride. The solution
was shaken for 30 min. 50.0 ml of the organic fraction was evaporated to dryness in
vacuum at a temperature not higher then 40°C. The residue was dissolved in 3 ml of
96% ethanol, transferred to a 25 ml volumetric flask by rinsing with sulphuric acid
(98 g-L) and diluted with the same solution to 25.0 ml.

Test solution: to 5.0 ml of the sample was added 5.0 ml of 10g-L chromotropic acid
sodium salt in sulphuric acid and diluted to 25.0 ml by the sulphuric acid.

Compensation liquid: to 5.0 ml of the sulphuric acid (98 g-L*) was added 5.0 ml of
10 g'L chromotropic acid sodium salt in sulphuric acid and diluted to 25.0 ml by the
sulphuric acid.

All samples were placed in water-bath for 10 min and cooled down to 20°C, diluted
if necessary to 25.0 ml with sulphuric acid. The absorbance was measured at 570 nm by
comparison with the compensation liquid.

Determination of alkaloids by HPLC-DAD. Alkaloids were analyzed by means of
modified methods of: European Pharmacopea VI [2008] (monography of greater celan-
dine) and Sarkozi et al. [2006].

Sample: 0.5-1.0 g of dry greater celandine herb was placed in a 250 ml round-
bottomed flask and heated under reflux condenser for 30 min in 150 ml of 12% V/V
glacial acetic acid. The sample was cooled down and diluted with the same solution to
200 ml. To 60.0 ml of filtrate was added 6.0 ml of concentrated ammonium and
200.0 ml of methylene chloride. The solution was shaken for 30 min. The organic frac-
tion was evaporated to dryness in vacuum at a temperature not exceeding 40°C.
The residue was dissolved in 5.0 ml of methanol.

HPLC-DAD analysis. HPLC-DAD analysis was performed on a Agilent 1100.
Separation of methanolic sample was prepared on ZORBAX Poroshell 120 SB-C18
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(Agilent) 3 x 100 nm (2.7 pm). Column temperature was: 40°C. The volume of injec-
tion was 50 ul. A gradient mixture of: phase A: 30 mM ammonium formate (pH = 2.8)
and phase B: acetonitrile:methanol 14.7:18.0 (V:V) were used as eluent, starting from
20% phase B to 60% phase B in 16 min. The flow-rate was: 0.50 mL-min. Peaks were
identified by the addition of standards solutions and by UV-VIS spectra.

Quantitative determination for coptisine and chelidonine were performed at 240 nm,
for sanguinarine and chelerithrine — 280 nm and for berberine — 345 nm by an external
standard method. Standard solutions were prepared in methanol.

Determination of flavonoids. Total flavonoids, expressed as quercetine, were ana-
lyzed according to the European Pharmacopoeia VI [2008] (monography of birch leaf).

Sample: 0.5-1.0 g of dry greater celandine herb was placed in 100 ml round-
bottomed flask. 1 ml of hexamethylenetetraamine solution (5 g-L), 20 ml of acetone
and 2 ml of hydrochloric acid (250 g-L*) were added and heated under reflux condenser
for 30 min. The liquid was cooled down and filtered into 100 ml flask. The absorbent
cotton was added, to remove residue, in the round-bottomed flask and extract two times,
each of 20 ml of acetone for 10 min. All liquid extracts were combined and diluted to
100.0 ml with acetone. 20.0 ml of this solution was transferred to a separating funnel,
20 ml of water and extracted the mixture with 1 quantity of 15 ml and 3 quantities, each
of 10 ml, of ethyl acetate. Combined ethyl acetate fractions were rinsed with 2 quanti-
ties, each of 50 ml of water. Organic fraction was filtrated over anhydrous sodium sul-
phate and diluted to 50.0 ml with ethyl acetate.

Test solution: to 10.0 ml of ethyl acetate solution was added 1 ml of aluminum
chloride reagent (2 g-100 ml** of a 5% V/V glacial acetic acid in methanol) and diluted
to 25.0 ml with 5% V/V glacial acetic acid in methanol.

Compensation liquid: a 10.0 ml of ethyl acetate solution was diluted to 25.0 ml
with 5% V/V glacial acetic acid in methanol.

The absorbance was measured after 30 min, by comparison with the compensation
liquid at 425 nm.

Statistical analysis. The normality of distribution of studied traits was tested using
Shapiro-Wilk’s W test (P < 0.05) [Shapiro and Wilk 1965]. A two-way analysis of
variance (ANOVA) was used to analyze content of: chelidonine, coptisine, sanguinar-
ine, berberine, chelerythrine, flavonoids and alkaloids as well as fresh and dried herb
yield with year and phase as the two fixed factors. The mean value and standard devia-
tions were calculated. The least significant differences (LSDs) post hoc test was used to
distinguish significant treatments. The relationships between observed traits were esti-
mated using Pearson correlation coefficients [Kozak et al. 2013]. Analysis of the data
was performed using the GenStat v. 17 statistical package [VSN International 2014].

RESULTS AND DISCUSSION

The main effects of year were significant for alkaloids and flavonoids content
(tab. 1) as well as for content of: chelidonine, coptisine, sanguinarine, berberine and
chelerythrine (tab. 2). The main effect of phase were significant for fresh and dried herb
yield (tab. 1) as well as for all alkaloids content of celandine in herb, except chel-
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erythrine content (tabs 1 and 2). The effects of year x phase interaction were significant
for all observed traits, except fresh and dried herb yield (tab. 1) and chelerythrine con-
tent (tab. 2).

Table 1. Mean squares from two-way analysis of variance for quantitative traits of celandine herb
(Poznan 2011-2012)

Source of variation d.f.  Fresh herb yield  Dried herb yield Alkaloids content Flavonoids content

Year 1 18330 158 0.0168*** 0.0990***
Phase 5 148713** 3892.1* 0.2818*** 0.0414***
Year x phase 5 10847 547.3 0.1560*** 0.0347***
Residual 36 10958 676.8 0.0009 0.0001

* P <0.05, ** P <0.01, *** P <0.001

Table 2. Mean squares from two-way analysis of variance for alkaloids content of celandine herb
(Poznan 2011-2012)

Source af Chelidonine  Coptisine Sanguinarine Berberine Chelerythrine
of variation a content content content content content
Year 1 2.37675***  1.75418***  0.0005243***  0.0008551***  0.0002938***
Phase 5 0.21431***  0.03251***  0.0001221***  0.0001454*** 2.26E-05
Year x phase 5 0.21377***  0.01528***  0.00009117*** (0.00002284*** 2.17E-05
Residual 12 0.00009 0.00002 3.07-108 5.12:10 9.33-10°®

*** P < 0,001

Fresh and dried yields of celandine herb were different at the investigated phases
and years (tab. 3). Dynamics of herb development and yield were similar for both years
of investigation. The highest yield of herb was observed at the beginning of flowering,
then a decrease was noticed, up to the phase of seed harvest, when the yield grown up.
The lowest yield of celandine herb was obtained in last phase — fall rosette formation,
except 2011 when the lowest yield was in spring rosette formation (data not shown).
At the full bloom, green fruit and seed harvest the herb yields were similar, but the ratio
between fresh and dried herb was different because of different drying rate. The herb
yield collected in the fall reached the quantity of that at the beginning of vegetation.

According to Polish Pharmacopoeia 1X [2011] the recommended time for celandine
herb harvest is plant flowering. Kucharski [2010] claimed that the dried yield of celan-
dine herb oscillated from 15 to 20 dt-ha™? and the highest yield is usually obtained in the
second year of cultivation. The herb should be harvested during plant flowering, then in
autumn, before root harvest. Harvesting of herb decreases the yield of roots. Similar
yields of celandine herb (6-16 dt-ha) were obtained in our experiment. The plant phase
affected differences in the herb yield.

Hortorum Cultus 15(4) 2016



Table 3. Yield of fresh and dried herb and total alkaloids and flavonoids content (+ standard deviation) in celandine cultivar ‘Cynober’ herb at the
selected developmental phases (Poznan 2011-2012)

Yield of herb (g'm?) Alkaloids (%) Flavonoids (%)
Phase 2011 2012 mean
- - - 2011 2012 mean 2011 2012 mean
fresh | dried | fresh | dried fresh dried

Spring rosette
formation 2875 | 483 | 4265 | 73.5 | 357.0498.29 | 60.9 +17.82 | 0.712 +0.01 0.620 +£0.01 | 0.681 £0.05 | 0.253 £0.01 | 0.468 +0.02 |0.361 +0.14
Beginning
of flowering 1020.8 | 174.2 | 1075.0 | 150.8 [1047.9 +38.33[162.5 +16.55| 0.604 +0.05 | 0.616 +0.03 | 0.608 +0.04 |0.189 +0.0034| 0.432 +0.01 {0.310 +0.13
Full bloom 590.1 | 114.1 | 541.7 | 83.4 | 565.94+34.22 | 98.8 +21.71 | 0.941 +0.01 0.858 £0.03 | 0.913 +0.05 | 0.403 +0.01 | 0.424 +0.01 |0.414 £0.01
Green fruit 458.3 | 100.2 | 676.5 | 117.6 | 567.4 +£154.3 [108.9 £12.30| 1.265+0.05 | 0.760 £0.01 | 1.097 £0.26 | 0.334 +0.01 |{0.396 +0.003 (0.365 +0.03
Seed harvest 533.3 | 143.7 | 750.1 | 178.6 | 641.7 +£153.3 |161.2 £24.68| 0.622+0.02 0.726 £0.01 | 0.657 +0.06 | 0.528 +0.01 | 0.516 +0.03 |0.522 +0.03
Fall rosette
formation 320.5 | 100.8 | 209.7 | 33.9 | 265.1+78.35 | 67.4+47.31 | 0.858 +£0.004 | 1.200+0.06 | 0.972 +0.18 |0.476 +0.002 [0.493 +0.004 |0.485 +0.01
Mean 535.08 | 113.5 | 613.25|106.30 | 574.2 +£271.2 {109.9 +46.24| 0.834 +0.23 0.797 +£0.80 - 0.364 +£0.12 | 0.455 +0.04 -

Y =0.0177 Y =0.00552
LSD a = 0.05 PH = 0.0307 PH = 0.00956

Y x PH=0.0434| Y x PH=0.0135

Y = year, PH = phase




Table 4. Alkaloids content in celandine cultivar ‘Cynober” herb at the selected developmental phases (Poznan 2011-2012)

Chelidonine content (%)

Coptisine content (%)

Sanguinarine contet (%)

Berberine content (%)

Chelerythrine content (%)

Phase 2011 2012 mean 2011 2012 mean 2011 2012 mean 2011 2012 mean 2011 2012 mean
Spring rosette formation  0.053  0.483 0.268 0.068 0.343 0.206 0.005 0.006 0.006 0005 0.016 0011 0.0001 0.001 0.001
s.d. 0.008 0.001 0243 0.002 0.004 0160 0001 0001 0.001 0001 0.001 0006 0.000 0.000 0.001
Beginning of flowering ~ 0.082 0.179 0131 0.057 0340 0.199 0.006 0.007 0006 0.005 0014 0.010 0.0001 0.002 0.001
s.d. 0.007 0.005 0.057 0001 0.009 0165 0001 0001 0.001 0001 0.001 0006 0.000 0.001 0.001
Full bloom 0.059 0203 0131 0056 0478 0.267 0005 0012 0.009 0004 0.010 0.007 0.0001 0.004 0.002
s.d. 0.006 0.001 0.083 0002 0.004 0244 0001 0001 0.004 0001 0.001 0003 0.000 0.001 0.002
Green fruit 0.085 0598 0341 0058 0466 0.262 0006 0024 0.015 0005 0.010 0.007 0.0001 0.005 0.003
s.d. 0.001 0.016 029 0001 0.001 0.236 0001 0001 0.010 0001 0.001 0003 0.000 0.001 0.003
Seed harvest 0.053 0532 0293 0092 0489 0291 0009 0012 0010 0.007 0.012 0009 0.0002 0.007 0.004
s.d. 0.001 0.014 0277 0001 0.002 0.229 0.001 0001 0002 0001 0.001 0003 0000 0.001 0.004
Fall rosette formation 0.069 1.077 0573 0.122 0.626 0374 0008 0019 0.014 0012 0.026 0019 00002 0.010 0.005
s.d. 0.010 0.020 0582 0001 0.013 0.292 0001 0001 0.006 0001 0.001 0008 0.000 0.011 0.009
Mean 0.067 0.512 0.075 0.458 0.007 0.013 0.006 0.15 0.0001  0.005
s.d. 0.014 0312 0025 0.101 0.001  0.007 0.003  0.006 0.000  0.005

Y =0.0061; PH = 0.0106
Y x PH =0.0150

LSD o =0.05

Y =0.0031; PH = 0.0053
Y x PH =0.0075

Y =0.0001; PH = 0.0002
Y x PH =0.00027

Y =0.00014; PH = 0.00025

Y x PH =0.00035

Y =0.0019; PH = 0.0033
Y x PH =0.0047

s.d. = standard deviation, Y = year, PH = phase
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The total alkaloids content in celandine herb was significantly different at the stu-
died phases, and years (tab. 3). The average content of alkaloids was the highest in
phase of green fruit (1.097%), while in 2012, the highest content was reached in phase
of fall rosette formation — 1.200%. The lowest content of alkaloids was obtained in herb
of the beginning of flowering (0.608%) in both years. Alkaloid content increased over
the period from the beginning of vegetation up to green fruit, then there was decrease of
content in phase of seed harvest, whereas in herb of fall rosette formation the following
increase was noticed. Over the two investigated years the process of alkaloids accumu-
lation in the investigated phases was similar. A correlation among alkaloids and other
active substance contents was not found (tab. 5).

Table 5. Correlation coefficient among the investigated traits in celandine herb (Poznan 2011-2012)

Content of Chelidonine  Coptisine  Sanguinarine  Berberine  Chelerythrine  Flavonoids
Coptisine 0.855***
Sanguinarine 0.745*** 0.734***
Berberine 0.839*** 0.794*** 0.474**
Chelerythrine 0.768*** 0.760*** 0.654*** 0.622**
Flavonoids 0.378 0.450%** 0.259 0.578** 0.284
Alkaloids 0.288 0.109 0.231 0.190 0.272 0.066

** P <0.01, *** P <0.001

The content of flavonoids in celandine herb was significantly different depending on
the year of cultivation and plant phase. The mean content of flavonoids was from
0.310% (the beginning of flowering) to 0.522% (seed harvest) and was the same in both
years (tab. 3). In 2012, the lowest content of flavonoids was noticed in herb of green
fruit phase. The tendency of flavonoids content was variable. Over the two investigated
years the process of flavonoids accumulation in the investigated phases was similar.
A correlation among flavonoids and two of alkaloids coptisine and berberine content
was significant (tab. 5).

Following the recommendation for Polish celandine growers [Kucharski 2010] herb
should be harvested during plant flowering in the second year. At that time herb yield is
high, but alkaloid and flavonoids contents are low. Results presented by Kustrak et al.
[1982] showed that the highest content of total alkaloids (1.17-1.74%) in herb collected
in three location was obtained in summer (end of August) and in the early autumn (be-
ginning of October) which is almost similar to our results. The authors recommend the
best time for harvest period from early August to late October. Migas and Heyka [2011]
reported that the total content of alkaloids is from 0.1 to 1.0% in herb of celandine and
in roots could even reached 3.0%. These data are corresponded with our results. These
authors obtained 2.0% of total flavonoids content in herb, which is much more then
results presented in this paper. According to Kohlmiinzer [2000] the content of total
alkaloids in celandine herb is 0.3% which is very low compare to results obtained in our
investigation and recommendation given in Polish Pharmacopoeia 1X [2011]. Similar

Acta Sci. Pol.



Content of alkaloids and flavonoids in celandine (Chelidonium majus L.) herb... 169

results of total content of alkaloids in celandine herb (0.351-0.938%) was presented by
Tamas et al. [1987] who used volumetric method of analysis. The stem, leaves and flo-
wers of celandine contain a single flavonoid — flavonol in aglyconic form which was
found by Stancic-Rotaru et al. [2003], but these authors have not presented any quantity
data. They also claimed that fruit and seeds of celandine did not contain flavonoids at all.

In 2012, the content of chelidonine, coptisine, sanguinarine, berberine and chel-
erythrine was higher in all analyzed phases then in 2011 (tab. 4). The high differences
were caused probably by plant age or higher mean temperature during vegetation. The
average amount of chelidonine oscillated from 0.131% (the beginning of flowering, full
flowering) to 0.573% (fall rosette formation). In 2012 the highest content of chelidonine
was noticed in fall rosette formation, while in 2011 in green fruit phase. However, the
fluctuation of chelidonine content in celandine herb during vegetation was similar in the
both analyzed years. The content of chelidonine was positively correlated with others
analyzed alkaloids (tab. 5). The average content of coptisine was from 0.199% (begin-
ning of flowering) to 0.374% (fall rosette) (tab. 4). In both years the highest amount of
coptisine was noticed in fall rosette. During vegetation the celandine herb slightly in-
creased in content of coptisine. There were no big differences among sanguinarine con-
tent in the evaluated phases, but the highest content was obtained in the green fruit
phase (average 0.015%, and 0.024% in 2012). While in 2011, the highest amount
(0.009%) was in seed harvest phase. At the green fruit and the fall rosette phases an
increase in sanguinarine content in celandine herb was noticed, after a slight decrease
during the seed harvest phase. The highest content of berberine was in herb of fall ro-
sette phase in the both years of investigation. The average content was from 0.007%
(full flowering and green fruit) to 0.019 (fall rosette). Also, the relatively high content
of berberine was noticed in the first two phases: spring rosette and beginning of flower-
ing (0.010-0.011%). The highest content of chelerythrine in celandine herb of fall ro-
sette was also indicated. The average content was from 0.007% (spring rosette) to
0.005% (fall rosette). Over the two investigated years the process of chelethrine accu-
mulation was similar with growing tendency from beginning of vegetation. All alka-
loids had a positive correlation among each other (tab. 5).

The investigation done by Fulde and Wichtl [1994] and Colombo and Bosisio
[1996] showed that celandine herb contains mainly chelidonine, berberine and coptis-
ine, while sanguinarine and chelerythrine are dominant in the roots. Our results con-
firmed these observation. The results of the study of alkaloid composition of celan-
dine done by Sarkozi et al. [2006] showed that the main component of herb (leaf,
stem, generative part) was coptisine which varied from 275.3 to 970.7 mg-100 g,
chelidonine (17.7-78.27 mg-100 g), sanguinarine (18.4-107.9 mg-100 g), berberine
(20.3-61.37 mg-100 g) and chelerythrine was not detected. The authors indicated that
alkaloid distribution showed significant differences. Therefore, the adequate harvesting
time of herb was of greatest importance. Kustrak et al. [1982] who analyzed seasonal
changes of alkaloids content in celandine reported that chelidonine, chelerythrine, san-
guinarine and berberine were found in both herb and roots, but they did not show any
quantity of these alkaloid.
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CONCLUSION

1. The highest yield of celandine herb was obtained in the beginning of flowering,
but at that time the herb contained the lowest amount of alkaloids and flavonoids.

2. The stable high content of total alkaloids and flavonoids and individual alkaloids
was noticed in phase of fall rosette.

3. Seed maturity is the best time for celandine herb harvest regarding the herb yield
and content of alkaloids and flavonoids.
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ZAWARTOSC ALKALOIDOW | FLAWONOIDOW W ZIELU GLISTNIKA
JASKOLCZE ZIELE (Chelidonium majus L.) W WYBRANYCH FAZACH
ROZWOJOWYCH

Streszczenie. W latach 2011-2012 oceniano plonowanie oraz zawarto$¢ alkaloidéw
i flawonoidéw w zielu glistnika jaskotcze ziele odmiany ‘Cynober’ w szeéciu fazach roz-
wojowych: rozeta wiosenna, poczatek kwitnienia, petnia kwitnienia, zielony owoc, doj-
rzale nasiona, rozeta jesienna. Plon ziela réznit si¢ zarowno w badanych fazach, jak
i w latach. Najwickszy plon ziela zanotowano w fazie poczatku kwitnienia, a nast¢pnie
obserwowano spadek az do fazy zbioru nasion, po czym nastgpowat wzrost plonu surow-
ca. Najmniejszy plon uzyskano w fazie rozety jesiennej, jednak w 2011 r. najmniejszy
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plon zebrano w fazie rozety wiosennej. Najwicksza zawarto$¢ alkaloidéow w zielu zano-
towano w fazie zielonego owocu (1,097%), a w 2012, w fazie rozety jesiennej — 1,200%.
W obu latach najmniej alkaloidow wystepowato w zielu zebranym w fazie poczatku kwit-
nienia (0,608%). Srednia zawarto$¢ flawonoidéw wynosita od 0,310% (poczatek kwitnie-
nia) do 0,522% (zbior nasion) i byta podobna w obu latach. Wysoka zawarto$¢ sumy alka-
loidow, flawonoidow oraz poszczegélnych alkaloidow obserwowano w fazie rozety je-
siennej. Uzyskane wyniki sugeruja, Ze najwlasciwsza faza zbioru surowca glistnika jest
faza zbioru nasion ze wzgledu na zawartos¢ substancji czynnych oraz catkowity plon su-
rowca.

Stowa kluczowe: rosliny lecznicze, plon ziela, fazy fenologiczne, substancje aktywne, ro-
$liny lecznicze
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