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Abstract

Background: This study aimed to quantify the active biological compounds in C. officinalis flowers. Based on the
active principles and biological properties of marigolds flowers reported in the literature, we sought to obtain and
characterize the molecular composition of extracts prepared using different solvents. The antioxidant capacities of
extracts were assessed by using spectrophotometry to measure both absorbance of the colorimetric free radical
scavenger 2,2-diphenyl-1-picrylhydrazyl (DPPH) as well as the total antioxidant potential, using the ferric reducing
power (FRAP) assay.

Results: Spectrophotometric assays in the ultraviolet-visible (UV-VIS) region enabled identification and
characterization of the full range of phenolic and flavonoids acids, and high-performance liquid chromatography
(HPLC) was used to identify and quantify phenolic compounds (depending on the method of extraction).
Methanol ensured more efficient extraction of flavonoids than the other solvents tested.
Antioxidant activity in methanolic extracts was correlated with the polyphenol content.

Conclusions: The UV-VIS spectra of assimilator pigments (e.g. chlorophylls), polyphenols and flavonoids extracted
from the C. officinalis flowers consisted in quantitative evaluation of compounds which absorb to wavelengths
broader than 360 nm.

Background
Owing to their distinct composition and economic
value, cultivation of marigolds (C. officinalis) continues
to increase [1], and the European Union has sponsored
several programs for the investigation and exploitation
of this species [2-4]. The therapeutic properties of mari-
golds are attributed to the diverse range of biologically
active substances they contain [5]. Owing to their anti-
inflammatory, healing, and antiseptic properties, C. offi-
cinalis extracts are applied externally to treat various
skin ulcerations, eczema and conjunctivitis, and intern-
ally to soothe pain arising from stomach ulcers and
inflammation. Marigold is renowned for its antispasmo-
dic, aperient, cholagogic, diaphoretic and vulnerary

properties [6]. Phenolic compounds (flavonoids and phe-
nolic acids) and saponins are both abundant in marigold
[7].
C. officinalis also contains carotenoids and triterpenic

alcohols, both in their free and esterified forms [8,9]. C.
officinalis-derived carotenoid pigments [10] and polyun-
saturated fatty acids, such as calendic acid [5], have
been shown to have inflammatory properties in vivo and
inhibitory properties in vitro [11].
Marigolds are also characterized by the presence of

some important polycarbohydrates [12], which are solu-
ble in water, and play a role in tissue soldering and con-
trolling cellular permeability [13-15]. Other substances
identified in C. officinalis extracts are proteins and
amino acids [16], saturated hydrocarbons [17], vitamin
C [18] and mineral substances [19]. Given their strong
aromas [20], etheric oils could attract insects, thereby
promoting pollination indirectly [21-23].
Some volatile substances [24] represent final products

of anaerobic biodegradation of carbohydrates [25]
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accumulate to levels comparable to those synthesised in
cells [26].
Besides their role as antioxidants [27], polyphenols

(especially flavonoids) have antimicrobial properties
[28,29].
Our previous studies used chromatography to demon-

strate that marigold is a good source of natural antioxi-
dants, in particular polyphenolic substances.
Polyphenols are normally characterized by their speci-

fic chromatographic behaviours and distinctive UV-VIS
spectra.
The objective of this study was to use spectrophoto-

metry to evaluate the contents of phenolic and flavonoid
compounds, and the radical-scavenging activity in
extracts of different marigold samples. The main pheno-
lic compounds in C. officinalis tested in this study were
systematically identified by comparing HPLC profiles of
samples with those of authentic phenolic standards and
published data (information in patents RO122836-B1)
[30]. We used HPLC to simultaneously separate, detect
and quantify phenolic compounds, chlorophylls and car-
otenoids in a single run. The availability of a method to
obtain a bioactive profile of different vegetation matrices
should help to meet increasing demands for information
on biological compounds and their properties, not only
in marigold flowers but also in other natural food
sources.

Results
Spectrophotometric assays
The present research describes a Folin-Ciocalteu (FC)
method for the analysis and the quantification in fast
time. The fast method was validated in term of repeat-
ability, reproducibility, linearity, accuracy, optimised
analytical method were then conducted in order to
quantify phenolic compounds. Spectrophotometric
assays to determine the total flavonoid and polyphenol
contents of plant extracts were adapted for use with a
UV-VIS spectrophotometer (PG Instruments) and soft
UV WIN 5.05 to measure the absorbances of reference
solutions (QE and GA), and the absorbances of samples
from plant extracts [31]. Spectrophotometric assays for
the calculation of concentrations of quercetin (QE) were
based on absorbance measurements taken at 420 nm.
Spectrophotometric determination of gallic acid (GA)
content was calculated at 765 nm. The linearity of the
method was verified through the method of least
squares, which was applied in the concentration range
2-32 μg/mL for QE and 1-10 μg/mL for GA, with a cor-
relation coefficient R2 > 0.99. To verify the results, repli-
cate calibration curves were compared to the reference
substances for three consecutive days. A slight difference
was observed between the calibrations curves generated
for QE, whereas those for GA were nearly identical. All

the determination factors of equations of calibration
straight lines (R2) were greater than 0.99. The precision
of the method was calculated by comparing the deter-
mined quantity of the substance with the quantity of
substance calculated based on statistical analysis using
the program ORIGIN 7 (Standard/Professional versions).
For all control samples, differences between experimen-
tal samples and standards were never statistically signifi-
cant (P < 0.05). The accuracy (percentage deviation of
the concentration determined relative to the calculated
concentration) and the precision (standard deviation/
coefficient of variation) of methods always fell within
accepted ranges (± 15% of the mean).
The sensitivity of the method was calculated using 2

μg/mL of QE and 1 μg/mL of GA. In both instances,
when the accuracy and precision framed in admitted
limits in such determinations added up to the quantifi-
cation limit (± 20%).
Phytochemicals and in particular phenolic acids and

flavonoids compounds present in C. officinalis flowers
may be partially responsible for these health benefits
through their antioxidants activity. In the present study,
the main goals consist in isolating total flavonoid and
polyphenolic compounds by spectrophotometric assays
in the ultraviolet-visible. To distinguish rapidly between
various samples, flavonoids were extracted from flowers
by immersing (without crushing the tissue) in solvents
(HPLC method, we investigation for a patent
RO122836-B1).

High Performance Liquid Chromatography
In accordance with the international standards of the
Organic Crop Improvement Association (OCIA), the
International Federation of Organic Agriculture Move-
ments (IFOAM) and the National Organic Program of
the U.S. Department of Agriculture, the use of environ-
mentally friendly extraction procedures, such as macera-
tion, is needed to obtain such natural ingredients.
We used an objective HPLC assay coupled to spectro-

photometric methods for exhaustive characterization of
polyphenolics, including compounds with antioxidant
potential such as flavanols, phenolic acids and carote-
noids, from an extract of C. officinalis flowers. The most
abundant phenolics were quantified using HPLC by
comparison with external standards of known phenolics.

Total polyphenol, flavonoid content and estimation of
antioxidant activity using DPPH and FRAP
Concentrations of polyphenols in experimental samples
varied according to the type of plant material and the
solvent used for extraction. Values determined using the
DPPH method (Additional File 1 and Figure 1) showed
that antioxidant activity was significantly greater with
the variety P2 than the variety P1. This might be
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explained by greater enzymatic activity in the former.
Measurements were taken between the wavelengths 440
and 750 nm. All scans obtained using experimental sam-
ples were compared with those obtained using pure sol-
vents. Measurements were taken 30 min after addition
of DPPH in order to ensure enough time for the antiox-
idants to react with DPPH. As shown in Additional File
1 absorbance changes at this wavelength indicate
whether DPPH radicals are in an oxidized or reduced
state. Thus, this wavelength enables a straightforward
analysis and interpretation of the measured decrease in
absorbance. The hydrophilic antioxidant activity was
evaluated using both the FRAP and DPPH methods.
Antioxidant activity was greater in samples from the
variety P2 samples than those from the variety P1, possi-
bly owing to greater levels of biosynthesis in the former
than in the latter. The use of FRAP methods resulted in
similarly small values for all three types of extracts. The
huge distribution of materials and biological liquids of
the biologically active molecule did not facilitate the
adoption of a general method-available for extraction-
which could be applied in a general way, and adopted as
standardized technic. The wide range of analytes and
solvents used prevented us from using a standard
extraction procedure throughout the study. Extraction
of carotenoids using the unipolar organic solvents [32]
ethylic ether or chloroform involved maceration of plant
tissue followed by mechanical agitation and transfer of
the extracts to a boiling water bath. A considerable
amount of trituration was necessary to ensure complete
extraction; because the unipolar solvent did not pene-
trate the cellular membrane to dissolve the carotenoids.
As fresh material has high levels it must first be dried
prior to extraction with miscible solvents, such as acet-
one, methanol, and ethanol [33,34]. The plant material

might then be sufficiently anhydrous to enable extrac-
tion using non-aqueous solvents.
The objective of this experimental part was to the

quantification of antioxidant activity by spectrophotome-
try (Additional File 1). We developed a simple and effi-
cient method for extracting. It was to identify flavonoids
in its extracts, to determine the quantity and make a
projection on its antioxidant capacity by DPPH spectro-
photometric method. The model of scavenging the
stable DPPH radical is a widely used method to evaluate
the free radical scavenging ability of various samples.

Pigment Analysis
Organic extracts contained carotenoids as well as some
waste substances, such as chlorophyll [35,36]. Analysis
of the results from Additional File 2 reveals differences
in the contents of assimilator pigments in the analysed
samples. The higher quantities of chlorophyll b (Figure
2 and Figure 3) suggest the capacity of flower tissues to
capture light radiation to enhance the capacities of the
plants to convert light energy into potential chemical
energy. Samples that produce larger quantities of carbo-
hydrates are derived from tissues that provide sub-
stances needed for development [37].
As previously reported [38], a quantasome (complex
between photosynthetic pigments and protein-phos-
phorus membranes of grana) [39] comprises 230 chloro-
phyll (Chl) molecules (160 Chl a and 70 Chl b
molecules) and approximately 50 carotenoid molecules.
Chlorophyll a molecules act as reaction (trap) centres
(P700 in photosystem (PS) I and P680 in PS II). Theoreti-
cally, the Chl a: Chl b ratio could vary between 1: 2-1:
3. From our data for the Petran variety (P1), the only
sample for which the ratio between chlorophyll types a/
b of chlorophyll was 1:2 was the methanol extract (sam-
ple 1). The ratio in the other three extracts was 1:3. For
both the methanol and ethanol extracts of the Plamen
(P2) variety, we found a Chl a : Chl b ratio of 1:4. The
variations in the relative contents of chlorophylls a and
b may be related to disturbances at the level of PS II
[40]. Wavelength scans of all extracts of C. officinalis

(a) Total flavonoid content and total polyphenolic content. 

(b) Ferric reducing antioxidant power and DPPH radical scavenging activity. 

Figure 1 Contents of compounds with antioxidant potential
from C. officinalis extracts.

Figure 2 The absorption spectrum of 80% methanolic flower
extracts of C. officinalis.
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are shown in Figure 3. Specific absorption patterns
enabled us to identify particular molecule groups and
domains. One of the most important functions of caro-
tenoids is the photoprotection of the photosynthetic
apparatus by quenching triplet chlorophyll, singlet oxy-
gen and other reactive species.
Carotenoids are structural components of light-har-

vesting chlorophyll a/b protein complexes of PSII
(LHCII) and PS I. They are involved in both the stabili-
zation of LHCII trimers and the assembly of LHCII
monomers [41]. To be useful as a measure of cellular
antioxidant potential, absorbance at the selected wave-
length should be mainly influenced by the DPPH radical
and not by interferences caused by antioxidants, such as
carotenoids and polyunsaturated fatty acids. Given that
signals at wavelengths below 530 nm are strongly influ-
enced by carotenoids, this could result in misinterpreta-
tion of the measured absorbance decrease when a
wavelength is chosen that is influenced by both the
DPPH radical and the absorptive properties of the
extract, as occurs for extracts containing carotenoids.
To a large extent, this kind of interference can be elimi-
nated by measuring the absorbance of a reference sam-
ple containing the same extract as the sample
containing DPPH.
Our efforts to quantify the total content of carotenoids

in extracts reveal the importance of the solvent selected
for sample extraction. Methanol extracted carotenoid
pigments more effectively than any of the other solvents
tested.

Discussion
We used two spectrophotometric methods, which involve
the capture of free radicals in solution by DPPH and esti-
mation of the total antioxidant potential (FRAP), to pro-
vide complementary sources of evidence for the different
antioxidant potentials of extracts from C. officinalis flow-
ers. By correlating the composition of phenolic com-
pounds with antioxidant action in flower tissues, we
found that extracts from the C. officinalis variety Plamen
(P2) had higher antioxidant potential than extracts from
the Petran (P1) variety. The relationship between

antioxidant activity and flavonoid content was not linear,
which suggests that the antioxidant activity depends on
the total polyphenol content. Volatile organic bio com-
pounds are directly amenable to analysis by gas chroma-
tography, a technique of unsurpassed separation capacity.
Flavonoids are considered favoured bio compounds as

chemotaxonomic markers in plants because they show
large structural diversity and are chemically stable.
The methodology developed in this work, identifica-

tion and quantification of major phenolic compounds by
samples used more easily accessible FC methods for
determination of polyphenols.
Method based on the classical norms and on the stan-

dard operating procedures developed in the Biochemis-
try Department, gave for each validation criterion a
value in agreement with the limitations of the previously
cited norms.

Conclusions
Antioxidant components in the extracts were identified
by combined HPLC methods and spectrophotometric
analysis. Through spectrophotometric analysis of the
extracts in the UV-VIS range, we identified specific phe-
nolic acids and flavonoids.
Methanol enabled more efficient extraction of flavo-

noids than the other solvents tested. The highest antiox-
idant activity correlated to the polyphenol content was
obtained for extracts prepared using methanol. Bio-
chemical analysis determined the content of assimilator
pigments, as well as flavonoids, which were expressed as
equivalents of QE. After the spectrophotometric dosage
of flavonoids expressed in QE was obtained, the values
included the following: 96.17/34.8 QEmg/100 mL.
According to the European Pharmacopeia, the mini-

mal condition of quality was of 0.4% total flavonoids
expressed in QE. The raw material quality of C. officina-
lis (Flores Calendulae) marigolds was conditioned by the
major content in flavons and polyphenols, which accu-
mulated during the flowering period.

Methods
Plant Samples
Plants were collected from a field site at the Teaching
Base of USAMVB Timisoara. The two types of plant
specimens, the variety Petran (P1) and Plamen (P2) were
collected and tagged on the spot using standard techni-
ques (the varieties were grown under the same
conditions).
The plant specimens that were preserved as herbarium

specimens were identified using the standard reference
for this purpose [42], compared with specimens from
the Department of Plant Resources, and identified with
the help of taxonomists from the Department of Plant
Phytotechny at the USAMVB Timisoara.

Figure 3 Absorption spectra of C. officinalis flower in methanol
80%, ethanol 96%, isopropanol 99% and ethanol 60%.
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Extraction of Active Biologic Compounds
The four solvents used for extraction were methanol
(80%), ethanol (96%), isopropanol (100%) and ethanol
(60%). The general process of maceration on a small
scale involved placing suitably crushed plant material, or
a moderately coarse powder made from it, in a closed
vessel and adding the selected solvent to allow the sol-
vent sufficient time to penetrate the cell wall to solubi-
lize the constituents within the cells and for the
resulting solution to penetrate the cell wall outwards. As
the system is static, except for the occasional shaking,
the process of extraction works by molecular diffusion,
which is very slow. A closed vessel is used to prevent
evaporation of the solvent during the extraction period,
and thus avoids batch-to-batch variation.
At the end of the maceration process, when equili-

brium has been reached, the solution is filtered by pas-
sage through a special press.
The concentrations of active constituents in the

strained and expressed liquids, sometimes called miscella,
are identical, and can thus be combined. Given that the
expressed liquid may be cloudy with colloidal and small
particles, a certain amount of time is often necessary for
coagulation and settling of particulate matter.
The settled matter is filtered using a filter press or any

other suitable apparatus.
The maceration extraction method is the simplest

non-selective method. C. officinalis flowers were kept in
a cold environment in contact with the solvent at room
temperature (17-22°C) for 14 h, stirring occasionally
before the extract was separated. An additional round(s)
of maceration increased the efficiency of the process.
The extracted product was first mixed with 1/2-2/3 of
the total quantity of solvent, after which the liquid was
separated and the residue released.
It comes in contact with the rest of the solvent, result-

ing in one ninth quantity of solution mining. The two
liquids extract and filter together after another 24 hours.
Owing to the relatively reduced thermal stability of

natural aromatic compounds, the process was conducted
in the presence of the antioxidant ascorbic acid (0.5% w/
v) [43]. Extraction rate (1: 10 g of flowers powder/mL
solvent).

High Performance Liquid Chromatography (HPLC)
Polyphenol-containing extracts of C. officinalis flowers
were separated on a C18 (150 mm × 4.6 mm, 3 μm) col-
umn, with a mobile phase consisting of three different
solvents, using an Agilent 1100 HPLC apparatus. The
flow rate was 0.7 mL/min and the injection volume was
20 μL. For the first separation system (ternary solvent),
which was used for the separation of flavanols and phe-
nolic acids, the initial mobile phase consisted of 2%

acetic acid in water/methanol. For separation of flavo-
nols the second system (binary solvent: 0.25 mM phos-
phate buffer, pH = 2.5/acetonitrile), polyphenolic
compounds were separated using a third system (binary
solvent: 0.1% formic acid in water/methanol). The col-
umn temperature was adjusted at 20°C.
Phenolic compounds were detected at 260 nm. The

separated compounds were identified by comparing
their retention time (Rt) and UV spectra with those of
authentic standards. Compounds were quantified using
a standard calibration curve.
Total phenolic and flavonoid contents were quantified

as the sum of the related identified phenolic com-
pounds. The compounds were identified by comparing
with standards of each identified compound using Rt,
the absorbance spectrum profile, and also by running
the samples after the addition of pure standards [35].

Total polyphenol content
The total polyphenol content was calculated using the
FC reagent and Na2CO3 10%; ulterior the maximum
absorption was evaluated by the obtained coloration, in
relation to the calibration curve. The total content of
phenolic compounds was evaluated using colorimetry
based on the chemical reduction of the mixture of tung-
sten and molybdenum oxides to form a blue product
that absorbs strongly at 760 nm.
The formation of blue compounds derived from FC-

reactive phenols was independent of the structures of
the phenolic compounds, enabling quantification of the
full complement of phenolics from plant extracts.
Approximately 10 g of pulverized plant material was
extracted with 100 mL solvent. The total concentration
of phenolic compounds in the extract was calculated
through comparison with a curve prepared in a similar
way based on measurement made using known concen-
trations of GA ranging between 0-00 μg GA/100 mL.
The total content of phenols in samples was expressed
in equivalents of GA (mg) in a gram of dried plant
material.
Levels of polyphenols were expressed in mg/g equiva-

lents of GA in relation to a final concentration 20 μg/
mL.

Total flavonoid content
The combined level of all flavonoids was calculated by
reaction with a 3% (w/v) solution of AlCl3 (anhydrous
salt) prepared in ethanol.
Concentrations were correlated with absorption values

by using a calibration curve constructed using known
concentrations of QE. The total content in flavonoids
expressed in mg/g (QE equivalents) was related to a
final concentration by 20 μg/mL.
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Estimation of antioxidant activity using DPPH
Approximately 10 g of pulverized plant material was
extracted in 100 mL of an 80% aqueous solution of
ethanol (or other solvents) at the room temperature for
1 h.
The extracts were filtered, and the filters were left to

evaporate in a dry environment.
The percentage free radical scavenging activity was

determined using the formula (1), where Ai was the
absorption before the tested extract adding and Af was
the absorption value after a 5 min reaction time:

100 · (Ai − Af) /Ai (1)

The neutralization effect of the DPPH◦ free radical
was calculated at three different concentrations of
methanol and ethanol extracts: portions of 0.05 mL
from extracts of 10, 5 and 2.5 mg/mL were mixed with
2.95 mL solution DPPH◦ in the cuvette used for
spectrophotometry.
After a 5-min reaction time, the absorption at 420 nm

was compared with that of methanol. QE was used as a
positive control. At a concentration of 2.5 mM, QE was
able to fully neutralize (the level of DPPH◦ radical used).

Ferric Reducing Antioxidant Power (FRAP) assays
We used a simple spectrophotometric method to evalu-
ate the antioxidant power of the plant extracts. This
involved reduction of ferric tripyridyltriazine [Fe(III)-
TPTZ] to coloured ferrous tripyridyltriazine [Fe(II)-
TPTZ] at low pH.
The coloured product absorbs strongly at 593 nm.

Pigment Analysis
All samples were extracted in acetone. The pigments
were extracted from C. officinalis flower with 80% acet-
one. We used the specific absorption coefficients of
chlorophylls a and b, and carotenoids (Car) to estimate
their levels using spectrophotometry. All of the chloro-
phylls contained two main absorption bands of radia-
tions: one on the blue side or near the UV portion of
the electromagnetic spectrum, and the other on the red
side or near the IR region of the electromagnetic spec-
trum. The lack of a significant absorption on the green
side of the spectrum confers on chlorophylls their char-
acteristic green or blue-greenish colors.
This method determines the amount (mg) in 100 mL

of carotenoid extract. The pigment compounds calcu-
lated according to Equations 2, 3 and 4:

Chl a
(
µg/g dry matter

)
= (15.65A666 − 7.34A653) (2)

Chl b
(
µg/g dry matter

)
= (27.05A653 − 11.21A666) (3)

x = Ay/
(
A1%

1cm × 100
)

(4)

The working methods were based on the Ro Pharma-
copeia 1993 techniques in conformity with international
standards (Ph. Eur. Reference Standards and WHO,
ICRS, 2010, [44-47].

Reagents and Other Materials
QE and GA were obtained from Sigma-Aldrich (St.
Louis, MO, USA), whereas all other reagents were
obtained from Merck. All chemicals and reagents were
of analytical grade.

Statistical Analysis
All the results of spectrophotometric determinations of
flavones and polyphenols were reproduced after estab-
lishing the confidence interval calculated for an average
of a minimum of five determinations. The statistical dif-
ferences between the means were determined using a
two-tailed paired Student’s t-test.

Additional material

Additional file 1: Table 1– Relative levels of compounds from C.
officinalis extracts that have antioxidant potential.

Additional file 2: Table 2 –Spectrophotometrically determined
carotenoids of C. officinalis flower in different solvents.
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