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Abstract 
Rudbeckia hirta L. is an ornamental plant of Asteraceae family, largely used in landscaping and 

prevention of soil erosion. The aim of the study was to extend the uses of this species, in relation to 
phenolic content.  Two cultivars, 'Moreno' and 'Goldilocks', were studied. Height and plant diameter, 
number and diameter of inflorescences and total polyphenols content were registered related to 
cultivar, fertilisation and aerial organs of the plants. The chemical profile was established by TLC 
techniques (thin layer chromatography) and the total content of polyphenols was established by Folin–
Ciocalteu method. A general spectrum of these compounds was assessed by ultra-high pressure liquid 
chromatography on a Thermo-Fischer UltiMate 3000 system. The results indicated that plants adapted 
well to local conditions and inflorescences could represent a source for these compounds in both 
cultivars (1,146g% and 0,8924g% for 'Goldilocks' and 'Moreno' respectively). Enriched soil conditions 
have significant increased the polyphenols in 'Moreno' flowers (0,8924g% and 1,801g% respectively). 
Chlorogenic acid and hyperoside were commonly met in Rudbeckia inflorescences. 
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Introduction 
The availability of medicinal resources and drug discovery are some major benefits that 

biodiversity and ecosystems provide to humanity. Many industrial materials derive directly 
from biological sources. Adaptation of plants and future use by humans create long term 
economic and environmental sustainability (MENDELSOHN & BALICK [1]).  

Ornamental plants appear to be a resource of many biologically active compounds 
(ARSENE MIRCEA & DRAGHIA [2]). The use of ornamental perennial plants connects horti-
cultural and ornamental traditions with market opportunities for the use of plant extract products.  

The most current research on bioactive plant constituents focuses on antioxidant 
compounds. Phenols, powerful antioxidants, are common secondary metabolites in plants, with 
potential health benefits. There have been reported antibacterial, antiviral, anti-inflammatory, 
anti-carcinogenic and vasodilatory actions for these chemical constituents (FÎNTÎNERU & al. 
[3], NAGAVANI & al. [4], GIURESCU-BERDEAG & al. [5], ROBU & al. [6]). 

There are so many environmental factors, such as pedoclimatic conditions and 
agrotechniques, that affect both phenolic concentration in plant and plant’s biometrical 
parameters (CHEN & al. [7]). The age and stages of growth and development of the plant 
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generally have an impact on secondary metabolites content. Plant parts can also influence 
biochemical variations (CIOANCA & al. [8]). 

Bioactive constituents of ornamentals are insufficiently characterised. In this regard, 
Rudbeckia hirta L. can be used for decorative or basic research purposes (MICHAEL & al. 
[9], NORCINI & al. [10]). The genus Rudbeckia consists of more than 25 species native to 
most of North America. Rudbeckia hirta is one of the most common species of the genus and 
has been considered an annual, biennial, or short-lived perennial depending on location and 
genetic background (HARKESS & LYONS [11]). Many forms of Rudbeckia hirta are known. 
It was introduced in Europe as an ornamental species which became naturalised in many 
countries, including Romania. Known as ‘black-eyed Susan’, the species is easily established 
with seeding techniques and is considered a perennial and hemicriptophyte plant in our 
country (DRAGHIA & CHELARIU [12], ŞELARU [13]). Rudbeckia hirta is characterised by 
floral heads composed of disk and ray florets. The stems and leaves are coarsely hairy. As 
cultivated plants, Rudbeckia hirta may be distinguished based on flowering plant height, ray 
floret colour and appearance of inflorescences. 

This research aims to evaluate that Rudbeckia hirta can be a source of natural phenolics 
and could play an important role in ecosystem patterning in the pedoclimatic conditions of 
NE Romania.  

The objectives of the present work were to identify the phenolic compounds in two 
Rudbeckia hirta cultivars ('Goldilocks' and 'Moreno') and to measure total polyphenols in 
aerial parts of the plants. Macromorphology of the cultivars was registered and related to local 
conditions and phenolic content. 

 
Materials and Methods  

Local conditions 
This research was conducted on the experimental field of USAMV Iasi, Floricultural 

Department, in 2014. The experimental field is located in NE of Romania, Iasi area, at 47o10’ 
north latitude and 27o40’ east longitude, at a 200 m altitude and with continental type climate 
and complete sun exposure. Climatic data of the year 2014 emphasised normal temperature 
but higher rainfalls and humidity in comparison with multiannual month averages. During the 
May-July interval, average rainfalls exceed 31,1 mm, 48,9mm and 31,4mm respectively, the 
normal month average. The data was collected by the AgroExpert Station of UASMV Iasi. 
The soil properties of the top 250mm were determined just before planting. Soil granulometry 
indicated 9,9% coarse sand, 36,6% soft sand, 22,4% silt and 31,1% clay. Analytical results 
were: pH 7,8, 3% carbonates, 4,2% hummus content, 29,5% cation exchange capacity, 1,08 
me/100g complex Na and Na/T*100=3,66. Values of elements registered were 0,219% total 
N, 246 ppm accessible P and 429 ppm accessible K. Zinc, copper, boron, mangan were 15 
ppm, 5,0 ppm, 0,32 ppm and 51 ppm respectively. Analyses were performed by Iasi Center 
for Pedological and Agrochemical Studies.  

Experimental Design 
The experiment was performed as plot design based on randomised complete blocks with 

three replications. Two cultivars of Rudbeckia hirta, 'Goldilocks' and 'Moreno', were studied 
related to their macromorphology and phenolic contents, in two nutritional statuses: local 
(V1) and enriched soil conditions (V2).  

The chosen fertiliser was osmocote-type, ecofriendly with a slow release and 5-6 months 
availability, NPK (Mg): 15-10-12(2), microelements B, Cu, Fe, Mn, Zn supporting 
ornamental growth and development with easy maintenance. The product was administered in 
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75g m-2 just before planting in accordance with manufacturer instructions. Seedlings were 
planted  in the field at the beginning of May, at a density rate of 6 plants m-2. All intercultural 
operations were done in proper time. Weeds were controlled manually. No other pesticide 
was administered.  

Measurement of biometric parameters was performed on 25/07/2014 when plants reached 
maximum of decoration. Followed parameters were: height and width of plant, number and 
diameter of inflorescences. Ten plants from each cultivar were randomly selected from each 
plot for all parameters evaluated and the average was calculated in both nutritional statuses. 
Statistical significance between mean values were assessed through classic statistical 
calculations: significance of differences between the variants using LSD test (ARDELEAN & 
al. [14]). The variants were compared with their average.   

Leaves and inflorescences were chemically studied for phenolic content in the flowering 
stage (samples dated 25/07/2014) for both nutritional statuses (V1, V2). 

Plant materials 
Seedlings of Rudbeckia cultivars were obtained from seeds brought from local market 

(Johnson UK).  
Rudbeckia hirta 'Goldilocks' is a taller cultivar, the shortest from its group, with semi-

double golden ray-florets and dark cone. It has dense branching, a compact habitat, with a 
generally reported height of 50-60cm and width of 30-35cm. 

Rudbeckia hirta 'Moreno' has compact habitat, basal branching and a unique rich 
mahogany-red colour with golden-orange tipped ray florets. The flowering high plant is 30-
35cm and has a width of 24-30cm respectively. 

Herbarium voucher samples were deposed in the Department of Floriculture, Faculty of 
Horticulture, University of Agricultural Sciences and Veterinary Medicine Ion Ionescu de la 
Brad Iasi. 

Chemicals and phytochemical analysis 
Chemicals 
All chemicals used in the present research were purchased from Sigma Aldrich 

(Germany) and Fluka (Switzerland). Stock solutions were prepared in HPLC grade methanol 
and stored at 4ºC until the finalization of the tests. All solvents were of analytical grade. 

Extraction method 
Frozen plant material (leaves and inflorescences) was extracted twice with ethanol 70% 

for 30 minutes under reflux (DER=1:10 g/mL) on a thermostatic water bath. An aliquot of 50 
mL from each extract was concentrated using a rotary evaporator (Buchi R 210, Switzerland) 
to remove the solvent. The residues were dried and stored at 4°C for analysis. 

TLC conditions 
Thin-layer chromatography method for flavones and polyphenolic acid derivatives was 

according to a previously published method (WAGNER & al. [15]). Standards used are 
mentioned in Fig.3. 

Spectrophotometric analysis 
The total phenolic content of each sample was quantified with Folin-Ciocalteu reagent 

according to the Singleton & Rossi method using gallic acid as a standard (SINGLETON & 
al. [16]). The measurements were performed on ABLE-JASCO V 550 UV-VIS spectro-
photometer. The absorbance was measured at 765 nm versus blank sample. The blank 
consisted of samples, all reagents and solvents except sodium carbonate.  

LC-DAD analysis of phenolic derivatives 
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To identify the main compounds a Thermo-Fischer UltiMate 3000 system coupled with 
DAD detector was used. The working conditions were: Accucore XL-C18 column (4.6 x 150 
mm, 4 μm); column temperature: 38 °C; detection wavelengths: 241, 254, 280, 326 and 521 
nm; flow rate: 0.7 mL/min; gradient elution: fosforic acid 0.1% (solvent A) and acetonitrile 
with fosforic acid 0.1% (solvent B); the initial conditions were 80% A and 20% B; the 
gradient program was 20-23-35-50% solvent B; sample injection (20 μL of 4mg/mL dry 
extracts in methanol). As standards, caffeic, chlorogenic, ferulic, and rosmarinic acids, 
quercetin, rutin, luteolin-7-O-glucoside, apigenin-7-Oglucoside, luteolin, apigenin were used 
(LC Standards). 

Statistical analyses 
Experiments were performed  in triplicate and  data for phenolic content were presented 

as mean values with standard deviations. 
 

Results and Discussions 
Macroscopic description  
The characteristics of Rudbeckia hirta cultivars inflorescences are shown in Fig.1 and 

Fig.2 and the biometric parameters of plants are presented in table 1 and table 2.  
 

 
 

 
 

 
 

 
 
 

Figure 1. Macroscopic evaluation of Rudbeckia hirta 'Moreno' 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Macroscopic evaluation of Rudbeckia hirta 'Goldilocks' 
 

Table 1. Macromorphology of Rudbeckia hirta 'Moreno' 
 

Treatments Plant height (cm) Plant width 
(cm) 

No. of 
inflorescences 

Diameter of 
inflorescences (cm) 

V1 23,39 0 21,51 NS 9,21 000 7,9 NS 

V2 29,31 X 24,24 NS 12,33 XXX 8,16 NS 

Average 26,35 22,88 10,77 8,03 
0/X=negative/positive significance; 000/XXX=negative/positive very significant; NS=not significant. 
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Table 2. Macromorphology of Rudbeckia hirta 'Goldilocks' 
 

Treatments Plant height (cm) Plant width (cm) No. of 
inflorescences 

Diameter of 
inflorescences 

(cm) 
V1 41,65 00 34,85 0 23,49 00 9,87 0 

V2 44,75 XX 37,26 X 25,75 XX 10,98 X 

Average 43,20 36,06 24,62 10,425 
0/X= negative/positive significance; 00/XX=distinctly negative/positive significance; 
000/XXX= negative/positive very significant; NS=not significant. 

 
Results showed that both cultivars reached ornamental performance in local conditions, 

despite of the higher rainfalls in 2014. The biometric parameter values are similar with 
existing data from literature, with the particular aspect of plants height, which registered 
smaller values. 

The enriched soil conditions influence both cultivars but with more effectiveness in 
'Goldilocks' than in 'Moreno'. The number of inflorescences was specifically influenced by 
the nutritional status with greater values in fertilised treatment in both cultivars. In terms of 
statistics, fertilised treatment on 'Goldilocks' cultivar had significant positive difference 
regarding plant and inflorescence diameters and distinctly significant positive differences 
related to plant height and total number of inflorescences.  

Rudbeckia hirta 'Moreno' was not significantly influenced by fertilisation related to plant and 
inflorescence diameter. Significant positive difference was obtained related to plant height and 
very significant differences related to total number of inflorescences were recorded. 

 
Chemical profile of phenolic compounds 
The chemical profile of phenolic compounds and their concentration varied significantly 

in the aerial parts of Rudbeckia cultivars in different nutritional status. The results are 
presented in the TLC chromatograms (Fig.3). In the photo blue coloured spots represent 
polyphenolcarboxilic acids, whereas the spots in shades of yellow are flavones.  

 

 
 

Figure 3.  TLC chromatograms for the polyphenolic acids and flavonoids 
(Samples: 1,2 – 'Goldilocks' and 'Moreno' flowers without treatment; 3,4 – 'Goldilocks'  

and 'Moreno' flowers with fertiliser; 5,6 – 'Goldilocks' and 'Moreno' leaves without treatment; 
7,8 – 'Goldilocks' and 'Moreno' leaves with fertiliser; Standards: RHC = rutin, chlorogenic acid, 
hyperoside; A7g=apigenin-7-glucoside; A= apigenin; Ros= rosmarinic acid; Fer= ferrulic acid) 
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The common compounds identified in the flower samples were chlorogenic acid 
(fluorescent blue spot with Rf 0.49) and hyperoside (orange-yellow spot with Rf 0.58), 
whereas the only identified substance in the leaves was chlorogenic acid (fluorescent blue 
spot with Rf 0.49). On a general view, all analysed flower samples look similar presenting the 
same number of compounds with almost the same spot fluorescence intensity. Still, sample 2 
has less compounds (the blue spot Rf 0.84 is absent). Also, the intensity of some of the 
compounds in sample 3 is lower, which signifies a lower quantity of polyphenols. Moreover, 
there was a slight variation between the V1 and V2 samples of 'Moreno' cultivar, indicating 
that the fertilisation improved especially the polyphenolcarboxylic acids spectra. 

All the leaf samples have a similar spectrum, but it is significantly different from the 
flower extracts. The chromatogram indicates that the leaves of the investigated samples 
contain mainly polyphenolcarboxylic acids while flavonoid fraction is found only as trace.  

 
Total phenolic content (Folin-Ciocalteu assay) 
Knowing that polyphenols are important secondary metabolites for the growth of the 

plants further studies were conducted to establish possible correlations between the nutritional 
status and the type and quantity of the chemical compounds. Recognised as natural 
antioxidants both flavonoids and polyphenolic acid derivatives are used by the plants for 
protection against UV rays and also as insect attractants for pollination due to their colours.  
Thus, it is important to assess if fertilization induces any changes in the chemical profile of 
the plants and in what manner is influenced the compound spectra.  

The quantity of total polyphenols was measured by Folin-Ciocalteu assay and the results 
(average values) are presented in the diagram (Fig.4). All samples were analysed in triplicate 
and STD was established to ±0.048. 
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Figure 4. Total polyphenol content in the investigated samples: 

V1 – no treatment; V2 – with fertiliser; G - 'Goldilocks'; M - 'Moreno' 
 
The quantity of polyphenols in the leaves is influenced positively by fertilization for both 

cultivars, yet there was a slight decrease of these compounds in the flowers of 'Goldilocks' 
cultivar. This is uncommon and we might presume that a different fertilizer could be more 
suitable for the growth of the plant. 

Clearly notable was the impact of the used treatment on 'Moreno' cultivar, when the total 
quantity of polyphenols was doubled in flowers. This is somehow expected and indicates a 
positive influence of the used nutritional substrate on the plant growth and biosynthetic 
metabolism. 
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HPLC analysis 
The HPLC analysis confirmed the presence of chlorogenic acid and apigenol derivatives, 

as well as other flavonoid compounds. In the image (Fig. 5) are presented the UPLC 
fingerprints of both cultivars without fertilization. 

 

 
 

Figure 5. HPLC profile of polyphenols from flowers of: 
A. Rudbeckia hirta 'Moreno', B. Rudbeckia hirta 'Goldilocks' 

 
 
The polyphenol profile is similar in both cultivars, but Goldilocks variety is richer in 

certain flavonoids. The HPLC of the leaves of the plants included in our study proved to be 
poor in compounds, thus confirming the TLC results. Therefore we did not include their HPLC 
fingerprint in this paper. Furthermore, HPLC analysis results correlate with the TLC when only 
the height of the peaks is influenced by fertilization and not their number. This signifies that the 
plants do not synthetize new compounds, but they increase the concentration (confirmed by the 
spectrophotometric test) of the ones already present in the plant from the beginning.     

In literature, data regarding the phenolic fraction from Rudbeckia hirta are scarce, only 
one article studied the implication of flavonol derivatives for the importance of attracting 
pollinators to the mature flowers (SCHLANGEN & al [17]). Generally, three main flavonols 
were identified in the flowers of Rudbeckia hirta (no cultivar is mentioned): quercetagetin (6-
hydroxyquercetin), patulitrin (6-methoxyquercetin 7-O-glucoside) and 6,7-
dimethoxyquercetin 3-O-glucoside. The researchers noted that all these flavonols have either 
an extra hydroxyl or methoxyl group in position 6 in addition to the basic 5,7-hydroxylation 
pattern of the common flavonols. This particular characteristic is thought to influence the light 
absorption, and contribute to the yellow colour of the flower. No other research had 
previously included the polyohenolcarboxilic acid compound study neither their profile. 
Therefore, we consider that our results could enlarge the scientific data on the chemical 
composition of Rudbeckia cultivars. Also, these data represent the starting point for further 
research in regards to the biological potential of the plants and their possible use as 
polyphenol-rich sources in industry and therapy. 

 
Conclusions 

The present study indicated that Rudbeckia hirta species are a potent source of 
phenolic compounds could play effective role in local habitat and emphasise the importance 
of naturalised ornamental perennial plant use. The nutritional status of the soil has an 
important impact on the plant metabolism; therefore further studies are necessary to establish 
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the best type of fertilizer and its concentration for good productivity of specific secondary 
metabolites.  
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