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Abstract

In order to select a good genetic material for cultivation, the influence of fertilizer on the biosynthesis of active principles
from the inflorescences of six Calendula officinalis L. (marigold) varieties was investigated. The marigold flowers were
cultivated and harvested from Romania, Cluj County. The qualitative and quantitative analyses were performed by
spectrophotometric methods and HPLC. The concentrations of flavonoids (0.43 - 0.66%, expressed in rutin), phenylpropane
derivatives (0.21 - 1.25%, expressed in caffeic acid) and carotenoids (0.40 - 0.75%, expressed in beta-carotene) were
determined. Although the ‘Agrosel 696’ and ‘Starsem 922’ varieties were the richest in flavonoids and phenylpropane
derivatives, other varieties, as ‘Cluj 2’ and ‘Novi Sad’ may be preferred for cultivation as natural sources of carotenoids. The
use of fertilizer stimulated, in small degree, the biosynthesis of flavonoids, but it decreased the quantities of carotenoids and
phenylpropane derivatives. All samples were in accordance with the requirements of the European Pharmacopoeia (min 0.4%
flavonoids).

Rezumat

in vederea selectionarii unui material genetic avantajos pentru introducerea in culturd, s-a urmarit influenta utilizarii de
fertilizant asupra biosintezei de principii active 1n inflorescente de Calendula officinalis L. (géalbenele), recoltate de la 6
varietati cultivate in judetul Cluj. Analizele calitative si cantitative s-au efectuat prin metode spectrofotometrice si HPLC. S-au
determinat concentratiile de flavonoide (0,43 - 0,66%, exprimate in rutozidd), derivati fenilpropanici (0,21 - 1,25%, exprimati in
acid cafeic) si carotenoide (0,40 - 0,75%, exprimate in beta-caroten). S-au remarcat varietitile ‘Agrosel 696 si ‘Starsem 922°,
mai bogate 1n flavonoide si derivati fenilpropanici si varietatile ‘Cluj 2’ si ‘Novi Sad’ cu concentratii ridicate de carotenoide.
Utilizarea de fertilizant a stimulat in mica masura biosinteza de flavonoide, dar a scazut cantitatile de carotenoide si derivati
fenilpropanici. Toate probele au fost conforme cu prevederile Farmacopeei Europene (min. 0,4% flavonoide).
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Introduction Romania, in condition of using different quantities of
natural fertilizer (farmyard manure) to increase the

Calendula officinalis L. (Asteraceae), the marigold, soil fertility.

is a perennial cultivated plant used worldwide in
pharmaceutical and cosmetic products. The flowers

contain active principles like polyphenols (flavonoids, Materials and Methods

caffeic acid derivatives, tannins), terpenes (saponins, The inflorescences of Calendula officinalis were
carotenoids), essential oil, polysaccharides. The extracts harvested from 6 varieties, cultivated in the experimental
are used for their anti-inflammatory, antimicrobial, fields of UASVM Cluj-Napoca (Jucu, Cluj County,
emollient, trophic, protective and healing properties, Romania): ‘Petrana’ variety (sample 1), ‘Cluj 2’
especially in topical application, to treat minor wounds, variety (sample 2), ‘Novi Sad’ variety (sample 3),
skin disorders, superficial burns or as analgesic in ‘Agrosel 696’ variety (sample 4), ‘Starsem 922’ variety
mouth or pharyngeal diseases [3, 6, 7, 9]. (sample 5), ‘Belleza del Pacifico’ variety (sample 6)
The aim of this study was to evaluate the content in [4]. The voucher specimens of the studied plants
some active principles (flavonoids, phenylpropane were stored in the Herbarium of the Pharmacognosy
derivatives, carotenoids) from the inflorescences of 6 Department, Faculty of Pharmacy, Cluj-Napoca,
Calendula officinalis varieties cultivated in Cluj County, Romania (Voucher no. 40 - 46). The plants were
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cultivated in different agrotechnical conditions: with-
out fertilizer (FO) and respectively with 20 t/ha (F20),
and 40 t/ha (F40) fertilizer.

Total flavonoids, phenolic acids (phenylpropane
derivatives) and carotenoids contents were determined
by spectrophotometric methods, using an UV-VIS
JASCO V-530 spectrophotometer [11, 13, 16, 19].
The spectrophotometric aluminium chloride method
was used for the determination of flavonoids. The
absorbance was measured at 430 nm. The total
flavonoids content values were determined using an
equation obtained from calibration curve of the
rutin graph (R? = 0.9996) [18]. The total phenolic
acids content in the plant material was determined
using the spectrophotometric method with Arnow’s
reagent [19]. The absorbance was determined at 500
nm. The percentage of phenolic acids, expressed as
caffeic acid equivalent on dry weight, was calculated
using an equation obtained from calibration curve
of caffeic acid graph (R* = 0.9941). Quantitative
determination of carotenoids [11] was carried out
using a spectrophotometric method, the absorbance
was determined at 450 nm. The carotenoid contents
were calculated using the formula: mg carotenoids/
100 g sample = (A * V * 1000)/(A e’ * M), where:
A = absorbance of the solution at 450 nm; V = the
volume of the solution (= 50 mL); Alcml% = the
specific absorbance of B-carotene (= 2500); M = the
mass of the test sample (g).

The identification and quantification of phenolic
compounds were made by HPLC [1, 2, 5, 8, 10].
The analyses were carried out using an Agilent
1100 HPLC Series system (Agilent USA), binary
pump. The separation was done using a Zorbax SB-
C18 reverse-phase column (100 x 3.0 mm i.d., 3.5 pm
particles), using the previous described conditions
[12, 14, 15, 17]. Quantitative determinations were
performed using an external standard method.
Standards: 18 polyphenolic compounds: caftaric,
gentisic, caffeic, chlorogenic, p-coumaric, ferulic, sinapic
acids, hyperoside, isoquercitrin, rutin, myricetin, fisetin,
quercitrin, quercetin, patuletin, luteolin, kaempferol,
apigenin.

HPLC analysis. Samples preparation: dried natural
products were extracted with methanol (1:10) after
degreasing with chloroform in the Soxhlet apparatus.
In order to obtain more accurate data on the studied
compounds, each sample was analysed before and
after acid hydrolysis. 2 mL extractive solution was
treated with 2 mL 2 M hydrochloric acid and 0.2 mL
ascorbic acid solution 100 mg/mL, and the mixtures
were heated at 80°C on a water bath for 30 min,
ultrasonicated for 15 min, and heated for another 30
min at 80°C. Quantification was performed on the
basis of linear calibration plots of peak area against
concentration. All compounds were identified by both
standard addition and comparison of their retention
times and MS spectra with those of standards in the
same chromatographic conditions.

Statistical analysis. The samples were analysed in
triplicate; the average and the relative SD were
calculated using the Excel software package.

Results and Discussion

The quantitative determination of carotenoids and
phenylpropane derivatives showed a decrease in active
compounds concentration when a higher quantity of
fertilizer was used. For the flavonoid content, increasing
the amount of fertilizer determined a slightly increase
in the concentration levels. The richest variety in
carotenoids was ‘Cluj 2’ (749.5 mg/100 g vegetal
product), with the more intensive orange colour of the
inflorescences. High flavonoid contents were found
in ‘Agrosel 696°, ‘Starsem 922’ and ‘Belleza del
Pacifico’ varieties (more than 0.58%). The variety
‘Starsem 922’ was the richest in phenylpropane
derivatives (1.25%). Although for ‘Belleza del Pacifico’
variety the highest production of inflorescences was
observed, the carotenoids (549.5 mg/100 g vegetal
product) and phenylpropane derivatives levels (0.46%)
were lower, and only the flavonoids (0.58 - 0.67%)
were determined in high concentrations (Table I).
The flavonoid contents were in accordance with
European Pharmacopoeia in all samples (min. 0.4%
flavonoids) [19].

Table I

The concentrations of carotenoids, flavonoids and phenylpropane derivatives in C. officinalis varieties

Sample Carotenoids Flavonoids Phenylpropane derivatives (caffeic acid —
C. officinalis/ (B-carotene — mg/100 g vegetal product) (rutin— mg/100 g vegetal product) mg/100 g vegetal product)
variety F, Fj Fi F, Fa Fq F, Fy Fa
Pct:ana 614.9+ 0.01| 487.3+0.02 | 406.2 +0.01 [479.95 +0.05|534.74 + 0.04|604.76 = 0.02| 714.14 +0.03 |214.89 + 0.04|263.69 + 0.02
C1121j ) 749.5 + 0.04 | 640.1 +0.03 | 485.6 +0.06 [551.64 +0.01|553.95+0.05|588.51 £0.03| 593.14 +0.02 |439.61 + 0.03|288.46 + 0.03
Nov? Sad 715.0+0.03 | 574.9+0.02 | 434.9+0.11 [660.12 +0.03]|430.04 + 0.02| 604.31 = 0.03 | 809.72 +0.04 |338.59 +0.01|286.74 + 0.02
Agro:cl 696 490.6 + 0.01 | 438.9+0.01 | 408.9 +0.05 |580.21 + 0.05|514.05 + 0.05|548.38 + 0.02| 976.47 +0.05 |275.22 +0.02|399.94 + 0.04
Starscsm 922 676.3+0.05 | 594.5+0.04 | 434.2 +£0.04 [583.96 + 0.06|555.88 + 0.06|581.57 = 0.04 | 1253.39 + 0.02 |455.87 + 0.04|365.71 £ 0.01
6 . 549.5+ 0.02| 537.5+0.03 | 511.7 £ 0.04 [585.44 +0.02|531.67 £ 0.02|675.59 = 0.05| 459.25+0.05 |210.82 + 0.03|268.44 + 0.02
Belleza del Pacifico

The results represent the average of three determinations
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In order to analyse the influence of fertilizer on the
phenolic compounds from C. officinalis flowers
(‘Belleza del Pacifico’ variety), a HPLC analysis
was performed. No significant differences were
observed when comparing the results obtained for
the determination of composition from the flowers
when the fertilizer treatment was used, the highest

levels being found in the samples cultivated without
fertilizer. The major compounds were the flavonoid
glycosides isoquercitrin (3-O-glucoside of quercetin)
and rutin (quercetin-3-O-rutinoside). After hydrolysis
some aglycons were identified (quercetin, kaempferol,
luteolin, apigenin). The identified compounds are
presented in Table II.

Table IT
Phenolic compounds identified by HPLC performed on sample 6
Identified compounds RT +SD C. officinalis C. officinalis C. officinalis
(min) FO (ng/mL) F20 (ng/mL) F40 (ug/mL)
NH H NH H NH H
Gentisic acid 3.70 + 0.07 - X X - X
Caffeic acid 5.90 + 0.04 X X X X X X
Chlorogenic acid 6.62 + 0.05 X X X X X
p-Coumaric acid 9.20 +£0.08 - 0.10+0.03 - X - 0.25+0.03
Ferulic acid 12.40 +0.10 - 0.35+0.14 - X X X
Isoquercitrin 19.90+0.10 | 7.41 £ 1.08 - 5.80 +0.90 6.10 +£0.89 -
Rutin 20.40+0.15 | 3.67+0.32 - 3.10 £ 0.69 3.49 +0.50 -
Quercetin 26.80 +0.15 - 4.71 £0.58 - 435+0.54 | 2.17+0.42 | 421 +0.38
Luteolin 29.20+0.19 - - - 0.16 =0.03 - -
Kaempferol 31.78+£0.17 - 0.30 £ 0.09 - 0.37+0.12 X 0.40 +£0.19
Apigenin 33.20 £ 0.15 - - - 0.14 +0.01

NH = non-hydrolysed sample; H = hydrolysed sample; — = not found; x = qualitatively identified by MS

The concentrations of the active principles varied in
the 6 investigated varieties of C. officinalis: for the
flavonoids content stood out ‘Agrosel 696°, ‘Starsem
922’ and ‘Belleza del Pacifico’ varieties, for the
carotenoids content ‘Cluj 2’ and ‘Novi Sad’ varieties,
and for the phenylpropane derivatives content, the
‘Starsem 922” and ‘Agrosel 696’ varieties. The use of
fertilizer in different proportions was an advantage
in order to obtain a higher production of flowers,
but this was not in relationship with the levels of
active principles, except the flavonoids.

Conclusions

The contents of active compounds in the inflorescences
of 6 varieties of C. officinalis were investigated, in
order to evaluate the quality of natural product and
the influence of the fertilizer used in cultivation.
The ‘Agrosel 696’ and ‘Starsem 922’ varieties may
be considered suitable for the cultivation as natural
sources of flavonoids and phenylpropane derivatives,
while ‘Cluj 2° and ‘Novi Sad’ varieties are important
sources of carotenoids. Although there appears to be
no evident advantage between the use of fertilizer
and the carotenoids and phenylpropane derivatives
contents, a slightly increase in flavonoids level was
observed.
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