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ABSTRACT

In this work, different bioactive compounds were obtained by different extractions from Calendula officinalis. The effect of different
extraction time and temperature on the quantity of bioactive compounds was investigated. The extracts were quantified by UV-
visible spectrometric analysis. The effect of extraction technique on both the colorant power and antibacterial capacity of metabo-
lites obtained was evaluated. Colorant power was evaluated by UV-visible spectrometric and dyeing ability in dairy product. Anti-
bacterial activity of extracts was evaluated using Escherichia coli and Salmonella typhimurium by diffusion technique in well. Out-
standing extraction results were obtained by ultrasound extraction technique performed during 2 hours, at 30 °C and ethanol 96%
as solvent. The same treatment showed the best result in colorant power and dyeing ability. The extracts obtained by ultrasound
had a slightly inhibitory effect of growth on E. coli in comparison with the other techniques. None of the extracts obtained from the
different techniques reported a significant inhibition on the growth of S. typhimurium. Therefore, ultrasound-assisted extraction is
considered as an alternative process for obtaining the bioactive compounds from C. officinalis with high concentration, colorant
power and antibacterial activity.
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RESUMEN

En este trabajo, diferentes compuestos bioactivos fueron obtenidos a partir de extracciones de las flores de Caléndula officinalis. Se
investigo el efecto que tiene el tiempo de extraccion y la temperatura sobre la cantidad de compuestos bioactivos. Los extractos
obtenidos fueron cuantificados mediante espectrofotometria UV-visible. Se evalué el efecto de la técnica de extraccién sobre el
poder colorante y la capacidad antibacterial de los metabolitos obtenidos. El poder colorante se evalué mediante espectrofotome-
tria UV-visible y la capacidad de tedido se evalué en un producto lacteo. La actividad antibacterial de los extractos fue evaluada
usando Escherichia coli y Salmonella typhimurium mediante la técnica de difusion en pocillos. Se obtuvieron buenas cantidades de
metabolitos evaluados mediante la técnica por ultrasonido realizada durante 2 horas, a 30 °C, con etanol a una concentracién de
96%. El mismo tratamiento mostro los mejores resultados en cuanto al poder colorante y la capacidad de tefido en una matriz
lactea. Los extractos obtenidos por ultrasonido tuvieron un ligero efecto inhibitorio del crecimiento sobre E. coli en comparacion
con las otras técnicas. Ninguno de los extractos obtenidos mediante las diferentes técnicas mostré una inhibicion significativa en el
crecimiento de S. typhimurium. Por lo tanto, la extraccion asistida por ultrasonido se considera como un proceso alternativo para
obtener los compuestos bioactivos de C. officinalis con alta concentracion, poder colorante y actividad antibacteriana.
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INTRODUCTION

Food, cosmetic and textile industries are known to use a
large number of additives of synthetic origin that general-
ly contaminate water sources, and have been classified
as toxic, allergenic and even carcinogenic (Elbanna, Mo-
hamed, & Khider, 2017; Leulescu et al., 2018; Piccaglia et
al., 1997). Artificial dyes are widely used in the food in-
dustry because they are water soluble and have the pres-
ence of sulfonic acid groups which makes them easy to
use. Additionally, these are cheaper and resistant to ther-
mal treatments, extreme pH, light, and other factors
(Rodriguez-Amaya, 2014; Tikhomirova, Ramazanova, &
Vladimir, 2018). Although, since 1939 Japanese scientists
have found that some synthetic dyes frequently used in
the food industry cause cancer, and nowadays several
studies indicate the negative effects of this type of addi-
tives on human health (Elbanna et al., 2017; Tikhomirova
et al., 2018). For these reasons, it is necessary to look for
alternative solutions, such as obtaining additives of natu-
ral origin to replace the synthetic additives.

The best known colorant used in the food industry is
tartrazine (yellow color), which has been associated with
hormonal alterations that can cause cancer, male sterility
and allergic reactions (Bhatt, Viyas, Singh, John, & Soni,
2018; Leulescu et al., 2018; Asero, 1993). On another
hand, plants have many colorants, and carotenoids are
one of them. More than 600 carotenoids have been
isolated and characterized from natural sources
(Rodriguez-Amaya, 2014). Moreover, it is well-known
that some carotenoids have antioxidant activity, and
their effectiveness against diseases has been attributed
specifically to their ability to interact with free radicals
(Astley, Hughes, Wright, Elliott, & Southon, 2004; Dem-
mig-adams & Adams, 2002; Rodriguez-Concepcion et
al.,, 2018). Additionally, carotenoids have colorant pow-
er, so they can be used instead of artificial colorants that
are dangerous for human health (Elbanna et al., 2017;
Pires et al., 2018; Tikhomirova et al., 2018)

Colombia is a place of diverse crops of interest, many of
them useful for medicinal purposes. According to the
Alexander Von Humboldt Institute, in Colombia there
are 2404 medicinal species in use, of which 214 are
exclusively from Colombia. Among these last ones, one
of the most important is the Calendula officinalis flower,
highly used in the cosmetic and pharmaceutical industry
of Colombia, for example as anti-inflammatory, healing
and mouth inflammations treatment (Bernal, Garcia, &
Quevedo, 2011).

Another feature of Calendula officinalis is its antimicrobi-
al effect on fungi and bacteria, which has been exploited
in pharmacological applications (Bissa & Bohra 2011;
Chakraborthy 2008; Efstratiou et al., 2012; Gazala et al.,
2016; Vora, Srivastava, and Modi 2018).

Compounds present in flowers can be extracted by differ-
ent methods, such as solute/solvent (Babaee et al., 2013;

Chakraborthy, 2012; Claros, 2005), soxhlet-assisted ex-
traction (Kasiram, Sakharkar, & Patil, 2000; Nicolaus et al.,
2017; Roopashree, Dang, Shobha Rani, & Narendra,
2008), supercritical fluids (Lépez-Padilla, Ruiz-Rodriguez,
Reglero, & Fornari, 2017) and ultrasound-assisted extrac-
tion (Luengo, Condén-Abanto, Condoén, Alvarez, & Raso,
2014; Vora, Srivastava, & Modi, 2018) among others.
However, extraction of natural colorant from plants has
always been a challenging issue. Therefore, there is a
growing demand for newer methods of extraction.

In this investigation, several metabolites extraction tech-
niques were evaluated with the purpose of comparing
them regarding the quantity of carotenoids and flavo-
noids extracted from the Calendula officinalis flowers. At
the same time, the antibacterial behavior of the Calendu-
la officinalis extracts was evaluated. Moreover, each ex-
traction technique was studied to determine the influ-
ence of both the colorant power of carotenoids and
antibacterial capacity of the flavonoids. As far as we
know, all these techniques have not been evaluated to-
gether to compare the quantity of flavonoids and carote-
noids that can be obtained from Calendula officinalis.

MATERIALS AND METHODS

Extraction techniques selected to be compared were:
solute/solvent techniques with and without agitation
(Elbanna et al.,, 2017), soxhlet - assisted extraction tech-
nique (Nicolaus et al., 2017), and ultrasound - assisted
extraction technique (Luengo et al., 2014). Plant material:
flowers used were collected from Santa Elena, town lo-
cated in Medellin-Colombia at an altitude of 2200 meters
above sea level, with an average temperature of 14.5 ° C
and a relative humidity of 89%. Chemicals: ethanol
(EtOH), beta-carotene, distilled water (DW), EMB Agar,
Salmonella-Shigella Agar and Oxytetracycline 50 mg in-
jectable solution. Instruments: Dehydrator (LEM™), Blade
Mill (IKA Werke® MF 10 basic), Absorbance Spectropho-
tometer (Thermo Scientific® - genesis 20), Ultrasound
Bath (Elmasonic® S30H), Soxhlet (StarFish multi-
experiment work station - radleys®), Rotary Evaporator
(DLAB® RE100-pro), Biosafety Cabinet (ESCO® Class II).

1. Metabolites extraction

Drying and pulverization: Fresh Calendula officinalis flow-
ers was disinfected with sprayed alcohol (70%). Flower
petals were dried at 40 °C during 48 hours to reduce
humidity and concentrate compounds. After that, petals
were removed when the weight became constant. Final-
ly, dried petals were pulverized in a blade mill at 3500
rpm until a particle size of 0.5 mm was reached.

Solvent extraction with agitation (shaker): Pulverized pet-
als were immersed in ethanol in a proportion of 1:10, at
30 °C, in darkness. Samples were put under agitation in
a shaker at 150 rpm. Times of extraction of 10, 20, 30
minutes and 1, 2, 12, 24 hours were evaluated. To each
time evaluated triplicate samples were prepared. The
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same procedure was used for solvent extraction without
agitation (percolation), in this case shaker was not use.

Ultrasound - assisted extraction: Triplicate samples were
prepared for 10, 20, 30 minutes and 1, 2, 12, 24 hours
of ultrasonic. Each group of triplicate samples was sub-
jected to an ultrasonic bath at 30 °C operating at 37 kHz
frequency, during the different times described above.

Soxhlet - assisted extraction: 25 g of dried petals were
mixed with 250 mL of solvent. Then, solvent was submit-
ted to 140 °C to arrive at its evaporation point. Triplicate
samples were analyzed to 1 and 2 passages of solvent
through the soxhlet extractor.

UV-visible spectrometric analysis of extracts: After each
treatment above described, each sample was centri-
fuged and the liquid part was analyzed.

Carotenoids determination was carried out following the
colorimetric method designed by Biswas et al. (2011),
with some modifications. Carotenoid concentration was
determined through curve pattern using B-carotene as
the standard of the method. Sample (known amount)
was mixed with a known amount of acetone. Spectro-
photometer lecture was performed to 449 nm. The target
measurements were made with a fill cuvette of acetone.

Flavonoids determination was carried out following the
colorimetric method designed by Marinova et al. (2005),
with some modifications 100 pL of the sample was
mixed with 30 ul of NaNO2 5% (p/v), 30 uL of AICI3 10
% (p/v), 200 pL of NaOH a 1M, and adjusted to 1000
uL of total volume with the addition of distillate water.
Absorbance lecture was performed to 510 nm and the
results were compared with curve pattern using catechin
as standard.

2. Color measurement

Extract concentration: Solvent was eliminated by rotary
evaporator working at 40 °C and 175 mbar.

Theoric colorant power: For known maximum wave-
length and maximum value, spectrophotometric meas-
urement was made between 350 and 500 nm
(Srivastava & Vankar, 2015). Later, colorant power was
made using a colorimetric method and equation report-
ed by Sancho & Navarro (1957).

AxV

E=—2"—(1)

100+d+*p

Where: A is wavelength of maximum absorbance, V is
volume used in the extraction, p weigth of sample, d:
thickness of the cuvette used in the spectrophotometer,
usually 1T cm. Finally, units of colorant power are:

nm Cnl2

g

Food trial: A commercial dairy product (yogurt without
sugar or flavor and half-skim, 3% fat, 7% protein y 2%
carbohydrates) was chose for this test. First, a stock solu-
tion was made using 50 mL of yogurt and a known
amount of extract (500 pL). Later, extract was added to
the yogurt at five levels (500 L each level) keeping the
other ingredients constant. We use commercial dairy
product (mango and tangerine flavored yogurts) to com-
pare with yogurt with analyzed dye.

Color measurement: Color measurement was made by
CIELAB (L, a, b) color space through colorimeter RGB-
1002 with the optic probe LT-Lutron where L value de-
scribes lightness (L=0 black, L*=100 white), a* describes
color intensity (red>0, green<0), b* describes color inten-
sity (b>0 yellow, b<0 blue).

Visual test: A simple visual test was made using a five
level hedonic scale with untrained judges, where five is
“I' like so much”, and one is “l don "t like at all”.

3. Antibacterial activity

Antibacterial activity of Calendula officinalis extracts was
developed against Escherichia coli (ATCC 25922) and
Salmonella typhimurium (ATCC 14028) by diffusion tech-
nique in well, based on the method developed by Bauer
et al. (1966) 20 mL of culture medium (EMB agar for E.
coli and Salmonella-Shigella agar for Salmonella typhi-
murium) was inoculated with microorganism at 1% (v /
v) with a concentration of 108 CFU / mL and transferred
to sterile petri dishes. In 9 mm wells sealed with agar, 20
uL of the samples were deposited. Oxytetracycline 50
mg/mL was used as a positive control, and 20 pL of al-
cohol and sterile water were added to each one as a
targets. The plates were incubated at 372 °C for 24
hours, and the inhibition halo was measured without
including the diameter of the well. Each sample was
made in triplicate.

4. Statistical analysis: Fisher's least significant difference
(LSD) procedure was used for statistical analysis trough
Statgraphics Centurion software (One-Way ANOVA).
The differences between the variables were analyzed to
determine the significance through the unidirectional
variance analysis, differences were considered significant
at p <0.05 (or at a level of a = 0.05).

RESULTS AND DISCUSSION

1. Extraction yield according to treatment

Figure 1 compares the amount of carotenoids obtained
according to the extraction technique used. When per-
forming the extraction using soxhlet technique, in which
the solvent is subjected to an increase in temperature
until its boiling point, the amount of extract obtained
could not be quantified. Although conventional soxhlet
extraction has been used for a long time since its discov-
ery in 1987, the main disadvantages of this technique
are the long extraction time and the consumption of
large quantities of used solvents (Murugan & Parimela-
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Figure 1. Quantity of carotenoids obtained according to the extraction technique. Comparison of all the techniques.
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Figure 2. Comparison of flavonoids between the techniques with the best results.

zhagan, 2014). Additionally, some organic compounds
are thermosensitive, as is the case of carotenoids. There-
fore, the soxhlet extraction method is also not suitable
due to the possibility of thermal decomposition of the
target compounds, since the extraction generally occurs
at the boiling point of the solvent used during the extrac-
tion a long time (Bimakr et al., 2011).

The extraction test in ethanol without agitation
(percolation) shows a very similar amount of ethanolic
extract, independent of minutes that ethanol was in con-
tact with the samples (10 and 20 minutes, 1, 12 or 24
hours). Thus, time is not quantity obtained, does not
require an increase in temperature and requires less time
than others.

A conditioning parameter for obtaining more extract, at
least for this technique. In the same way, the ethanol
extraction test with shaker agitation (shaker samples) did
not show differences in the extract quantity when com-
paring different contact times of the solvent with the
flower. It was also not greater than the amount obtained
without the agitation test. This last point indicates that
agitation was not enough to increase the amount of ex-
tract obtained. Finally, analyzing the results obtained
through the ultrasound technique it was observed that
through this technique a greater amount of extract is
obtained in comparison with the other techniques. It
was also observed that as the ultrasound time increased,
the amount of extracted metabolite increased too. Even
comparing the best result of each technique (Figure 1), it

63

Rev. Colomb. Biotecnol. Vol. XXIl No. 1 Enero - Junio 2020, 60 - 69



5,00 7

4,50 A
4,00 A
5
= 3,50 T
<
£
2
2 3,00 1 Utrasound 2 hours

—®—Shaker 24 hours

2,50 | —e—Solvent 24 hours

2,00 .
340 390

440 490

Wavelength (nm)

Figure 3. Effect of technique extraction on UV-VIS spectra of Calendula officinalis extracts.

was observed that with a 2-hour ultrasound treatment, a
higher quantity of carotenoids was obtained than with
the shaker technique for 24 hours. This behavior con-
firms that this technique is more efficient regarding ex-
tract. Similarly, in the flavonoids results (Figure 2) com-
paring the best result of each technique, it was observed
that with a 2-hour ultrasound treatment a higher quantity
of flavonoids was obtained than the solvent or shaker
techniques performed for 24 hours. Some authors have
reported that through ultrasound technique cell walls
break more easily, releasing the extracts of interest. This is
the case of Luengo et al. (2014), who reported that the
ultrasound technique was the best in the extraction of
carotenoids from tomato waste. They described that the
mechanical effects of ultrasound could facilitate the re-
lease of the desired compounds from their matrices by
breaking cell tissues and by providing greater solvent pen-
etration into cellular materials. The effects of high-power
ultrasound on the improvement of extraction are attribut-
ed to acoustic cavitation consisting in the formation,
growth and collapse of micro-bubbles within a liquid sub-
jected to high-frequency sound waves (>20 kHz).

2. Theoric colorant power: Figure 3 shows the results of
the absorption spectrum in the best extraction treat-
ments (ultrasound 2 hours, shaker 24 hours and solvent
24 hours). With this assay we want to see absorption
bands related with some types of carotenoids. In gen-
eral, treatments had similar behavior with maximum
spectrum value between 450 and 500 nm, this results
are agreeing with previous investigations with carote-
noids, where reported that B-carotene has A max be-

tween 450-478 nm when it is extracted with ethanol
(Rodriguez-Amaya, 2014). Ultrasound treatment had
other absorption bands, which can be attributed to the
presence of other components different to carotenoids,
for example, flavonoids. The UV-Vis spectrum of flavo-
noids in ethanol as solvent has two bands associated of
the conjugated aromatic rings, the first band (Bandl) at
the 300 - 380 nm corresponds to the cinnamyl and the
second band (Band II) at 240 - 280nm corresponds to
the benzoyl (Duan, 2014), in Our study we can see the
second band mentioned by the author.

Figure 4 shows the results of colorant power.

The best colorant power value were: 189.09 ™ 4
for ultrasound 2 hours, 192.26nmgﬂfor shaker 12

hours, and 173.51 %for

solvent 24 hours

(percolation).

Statistical analysis shows that data has significant differ-
ences (P-value: 0.0005). Ultrasound 2h and shaker 12 h
were the treatments with the best colorant power so we
continued working with these extracts. Results of this
paper are similar to those reported by Gémez et al.,
1987 with saffron (Crocus sativus L.) who found 100-300
nm ecm? of colorant power.
g
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Figure 4. Colorant power (average) of best extraction treatment.

Table 1. Concentration of colorant extract with dairy product.

Concentration of extract in dairy product
Shaker 24 h
mg
Treatments (amount of Ultrasound‘ 2 e
ct) mg Treatments (amount of extract) treatment ( £ )
treatment ( L
1 500 pL 0.543 1 500 pL 0.234
2 1000 pL 1.087 2 1000 pL 0.468
3 1500 pL 1.630 3 1500 pL 0.701
4 2000 pL 2.174 4 2000 pL 0.935
S 2500 pL 2.717 S 2500 pL 1.169
6 3000 pL 3.260 6 3000 pL 1.403
8 =
7 M M BT like it so
= 6 - much
S . | W1 like
& 2 O1 dislike
3, ] O dén't like or
dislike it
1 -
I I don't like at
0 - all
Y & & & N Y
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Figure 5. Acceptability grade of dairy products with Calendula officinalis extract (Ultras:
ultrasound).
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Table 2. Results of color analysis.

Sample Coordinates Concentration of extract in dairy product
Ultrasound 2 hours Shaker 24 hours
2.17 2.71 3.26 0.93 1.17 1.40
mg/L mg/L mg/L mg/L mg/L
mg/L
Extract L* 85 78 73 73 72 67
a* 0 1 2 2 1 5
b* 20 28 30 30 30 35
Reference Reference: Mango Reference: Tangerine
B 74 73
a* 7 6
b* 34 29
Table 3. Results of antibacterial analysis.
*Results expressed in mm of zone of inhibition and as mean + standard deviation of three independent analyses.
Zone of inhibition (mm)’
Time Ultrasound Shaker Solvent
E. coli S. typhi E. coli S. typhi E. coli S. tyyphi
10 min 2.5+0.5 0.7 0.4 2.0 x0.4 0.8 +0.4 2.0+x0.4 0.8 +0.4
20 min 2.7 +1.0 1.0 +0.0 2.3+0.4 0.8 +0.4 2.0 0.0 0.8 +0.4
30 min 2.5+0.5 0.7 +0.5 2.0 +0.0 0.5+0.4 2.0 0.0 0.7 +0.4
60 min 2.0 +0.0 0.3+0.4 2.0 +0.0 0.3+0.4 2.0 0.0 0.7 +0.4
120 min 2.0 +0.0 0.7 +0.4 2.3+0.4 0.5 +0.5 2.0 0.0 0.7 +0.4

Hedonic test results: According to extraction and color-
ant power results, ultrasound 2 hours and shaker 24
hours were the best treatment thus these extracts were
applied and evaluated in dairy products. Stock solution
of extracts were 54.34 mg/g and 23.38 mg/g for ultra-
sound 2 hours and shaker 24 hours respectively, each
level evaluated consists in a known volume of extract
(increasing each level in a volume of 500 uL of stock)
and a fixed level of dairy product. Table 1 shows the con-
centration of extract into yogurt. Statistical analysis shows
that samples had significant differences (p= 0.0374,
p<0.05). Taking into account similarity of color between
commercial dairy product (orange flavor) and assay sam-
ples, we choose the last 3 levels of each treatment for
hedonic analysis. Analysis in untrained persons shows
that the compound obtained through ultrasound treat-
ment was the most acceptable for the public (Figure 5).

Additionally, color analysis (Table 2) show that extracts
with 1.17mg/L, 1.40mg/L (5 and 6 level of shaker treat-
ment), 2.71mg/L, and 3.26mg/L (5 and 6 level of ultra-
sound treatment) had similar CIELAB parameters to com-
mercial tangerine and mango yogurts that we analyze
(@* 0-7 with slightly red tones, L* between 67 and 85
slightly black and b* between 20 y 35 with yellow col-
ors) so extracts obtained by these techniques are prom-
ising for dairy products applications.

3. Antibacterial activity: Table 3 shows the antibacterial
activity of ethanolic extracts of Calendula officinalis on E.
coli and S. Typhi. These results were interpreted accord-

ing to proposed by Bansemir et al. (2006), where the
zones of inhibition > 15 mm were declared strong, from
8 to 15 mm as moderate, and from 1 to 8 mm as weak
activity. The statistical analysis indicates that there are
significant differences on the bacteria growth inhibition
(p<0.05) according to the extracts obtained by each one
of the techniques, mainly on E. coli. According to the
analysis of means, the extracts obtained by ultrasound
10 min, 20 min and 30 min had an inhibitory effect of
growth on slightly higher E. coli. The greater zone of
inhibition was generated by the extract obtained by ul-
trasound 20 min, with an inhibition halo of 2.7mm (2.7 £
1.0 mm). However, these value are between 1 to 8mm,
which is considered a weak antibacterial activity.

On the other hand, none of the extracts obtained from
the different techniques reported a significant zone of
inhibition (> 1T mm) on the growth of S. Typhi. Although,
treatment with ultrasound 20 min (inhibition zone of 1
mm) has a slightly higher effect on this strain in relation to
the other treatments, coinciding with what was observed
on the growth inhibition of E. coli. As expected, there was
no zone of inhibition in the targets (EtOH and DW), while
the positive control (Oxytetracycline 50 mg) showed
strong antibacterial activity on both microorganisms.

The results obtained in this investigation coincide with
those reported previously for E. coli when they evaluat-
ed methanolic extracts of Calendula officinalis flowers
(Vora et al., 2018). They indicated that the extracts ob-
tained using a solute-solvent ratio 1:10 for 48 hours,
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showed no zone of inhibition for the microorganism
evaluated. Similarly, Gazala et al. (2016), found that the
zone of inhibition for E. coli was between 3.75 mm and
4.5 mm, which according to the proposal by Bansemir et
al. (2006), represents a weak antibacterial activity.

In contrast, the zones of inhibition found in the present
study are lower than those reported under studies condi-
tions similar to present study (Bissa & Bohra, 2011). Like-
wise, they differ from the results reported in preliminary
study with methanolic and ethanolic extracts observed
antibacterial properties on different strains of E. coli, re-
porting areas of inhibition between 3 mm and 12 mm
(Efstratiou et al., 2012).

Differences between results could be attributed at di-
verse assays and methodologies used in different investi-
gations (Cushnie & Lamb, 2005). Also, inoculum size
was considered one of the most important variable
in susceptibility in this kind of test (NCCLS, 1999). Addi-
tionally, taking into account that the extraction of phyto-
chemicals linked to antibacterial activity is also linked to
the solid-liquid relationship, the results could have been
influenced by the amount of sample and the volume of
the solvent used (Cabello & Belloso, 2009; Goktas, Sa-
hin, & Yigitarslan, 2015). Moreover, precipitation of bio-
composite can affect results and generate bacterial
growth and negative results (Cushnie & Lamb, 2005).
On the other hand, Waage & Hedin (1985) show that
flavonoid glycosides didn”t have antimicrobial activity
against Pseudomona maltophilia and Enterobacter cloa-
cae by contrast, pure (nonhydroxilate) flavone retarded
the growth of yeast so form of metabolite has influenced
on this antimicrobial effect.

CONCLUSIONS

Several metabolites extraction techniques were compar-
ing regard the quantity of carotenoids and flavonoids
extracted from the Calendula officinalis. The mayor re-
port technique to extract metabolites have been soxhlet,
however in this study it reports the worst results in com-
parison with the other techniques. Newly was conclude
that the temperatures necessary to extract metabolites
through this technique, produce a denaturalization of
said metabolites. On the other hand, no large differ-
ences were observed when comparing the extraction by
the solute/solvent method without and with agitation
(shaker). Both techniques showed an increase of quanti-
ty obtained of both metabolites when time was in-
creased. Finally, through ultrasound-assisted extraction
technique was obtained the major quantities of metabo-
lites, even in less time than the other techniques. There-
fore, it turned out to be the best procedure for the com-
pound extraction from Calendula officinalis flower.

Calendula officinalis extracts can be used as a natural
colorant in dairy products specially in a 2.17 and 2.71
mg/L concentration of extract obtained by ultrasound
with public acceptability. Dyeing ability of Calendula

officinalis extract are similar to those found in dairy com-
mercial products. These results are promising for natural
colorant applications in food.

Antibacterial activity results suggest that the bacterial
growth inhibition was not influenced according to time
of extraction or the concentration of flavonoids ob-
tained. Contrary to expected, no was observed a greater
bacteria growth inhibition with a higher concentration of
the compound. Therefore, these results are not conclu-
sive. Even though one of the reported intrinsic effects of
flavonoids of Calendula officinalis is the antibacterial ac-
tivity, its effect depends largely on the origin of plants,
and the biocompounds concentration. So it is suggested
in the future to carry out a study to optimize the extrac-
tion conditions with ultrasound technique, in which the
concentration of the solute is increased with respect to
the solvent. Thus, carotenoids and flavonoids from Ca-
lendula officinalis flower can be easily extracted by using
ultra sonication, and are also found to be an effective
food dye colorant with added antimicrobial properties.

ACKNOWLEDGEMENTS

To Sistema de Investigacion, Desarrollo Tecnolégico e
Innovacion -SENNOVA- of Servicio Nacional de Apren-
dizaje -SENA-, for funding this research. To Zaireth Da-
yanna Gonzalez Martinez and Group of Ciencia
Tecnologia e Innovacién en Salud -CITEISA- of Servicio
Nacional de Aprendizaje -SENA-, for their collaboration
in some activities of this research.

REFERENCES

Asero, R. (1993). Multiple intolerance to food additives. /
Allergy Clin  Immunol, 110(3), 531-532. https://
doi.org/10.1067/mai.2002.126463.

Astley, S. B., Hughes, D. A., Wright, A. J. A,, Elliott, R. M.,
& Southon, S. (2004). DNA damage and susceptibil-
ity to oxidative damage in lymphocytes: effects of
carotenoids in vitro and in vivo. British Journal of Nu-
trition,  91(1), 53-61. https://doi.org/10.1079/
bjn20031028.

Babaee, N., Moslemi, D., Khalilpour, M., Vejdani, F., Bija-
ni, A., Moghadamnia, A., & Ameri, A. (2013). Investi-
gation of the effect of Calendula officinalis extract on
preventing radiotherapy-induced oral mucositis. Re-
ports of Radiotherapy and Oncology, 1(1), 3-9.

Bansemir, A., M. Blume, S. Schroder, and U. Lindequist.
(2006). Screening of Cultivated Seaweeds for Anti-
bacterial Activity against Fish Pathogenic Bacteria.
Aquaculture, 252: 79-84.

Bauer, AW., W.M. Kirby, J.C. Sherris, and M. Turck.
(1966). Antibiotic Susceptibility Testing by a Stand-
ardized Single Disk Method. American Journal of Clin-
ical Pathology, 45(4): 493-96.

67 Rev. Colomb. Biotecnol. Vol. XXIl No. 1 Enero - Junio 2020, 60 - 69



Bernal, H. Y., Garcia, H., & Quevedo, F. (2011). Pautas
para el conocimiento, conservacion y uso sostenible
de las plantas medicinales nativas en Colombia. Insti-
tuto de Investigacion de Recursos Bioldgicos Alexan-
der von Humboldt. https://doi.org/978-958-8343-55-6.

Bhatt, D., Vyas, K., Singh, S., John, P. J., & Soni, |. (2018).
Tartrazine induced neurobiochemical alterations in
rat brain sub-regions. Food and Chemical Toxicology,
113, 322-327. https://doi.org/10.1016/
j.fct.2018.02.011.

Bimakr, M., Rahman, R. A,, Taip, F. S., Ganjloo, A., Sal-
leh, L. M., Selamat, J., ... Zaidul, 1. S. M. (2011). Com-
parison of different extraction methods for the extrac-
tion of major bioactive flavonoid compounds from
spearmint (Mentha spicata L.) leaves. Food and Bi-
oproducts  Processing, 89(1), 67-72. https://
doi.org/10.1016/j.fbp.2010.03.002.

Bissa, S., & Bohra, S. (2011). Antibacterial potential of
pot marigold. Journal of Microbiology and Antimicro-
bials, 3(3), 51-54.

Biswas, A. K., Sahoo, J., & Chatli, M. K. (2011). A simple
UV-Vis spectrophotometric method for determina-
tion of B-carotene content in raw carrot, sweet pota-
to and supplemented chicken meat nuggets. LWT -
Food Science and Technology, 44(8), 1809-1813.
https://doi.org/10.1016/j.lwt.2011.03.017.

Cabello, M., & Belloso, G. (2009). Comparacién de dos
equipos de extraccion por reflujo en la actividad anti-
bacteriana de los extractos acuoso, etanolicolico y

cloroférmico de Piper nigrum L. Revista Cientifica
UDO Agricola, 9(3), 705-710.

Claros, M. (2005). Determinacién de La Actividad Anti-
Helicobacter Pylori de Plantago Major (Llantén), Ver-
bena Officinalis (Verbena), Clinopodium Bolivianum
(Khoa), Caléndula Officinalis (Caléndula), Piper An-
gustifolium (Matico) y Rubus Boliviensis (Khari Khari).
Universidad Mayor De San Andres.

Cushnie, T. & Lamb, A. (2005). Antimicrobial activity of
flavonoids. International Journal of Antimicrobial
Agents, 26(5), 343-356. https://doi.org/10.1016/
j-ijantimicag.2005.09.002.

Demmig-Adams, B., & Adams, W. W. (2002). Antioxi-
dants in  photosynthesis and human nutri-
tion. Science, 298(5601), 2149-2153.

Duan, Y. (2014). Ultraviolet-visible spectrum characteri-
zations of quercetin in aqueous ethanol solution with
different pH values. Journal of Chemical and Pharma-
ceutical Research, 6(9), 236-240.

Efstratiou, E., Hussain, A. ., Nigam, P. S., Moore, J. E.,
Ayub, M. A, & Rao, J. R. (2012). Antimicrobial activi-

ty of Calendula officinalis petal extracts against fungi,
as well as Gram-negative and Gram-positive clinical
pathogens. Complementary Therapies in Clinical Prac-
tice, 18(3), 173-176. https://doi.org/10.1016/
j.ctcp.2012.02.003.

Elbanna, K., Mohamed, O., & Khider, M. (2017). Sci-
enceDirect evidence for the adverse effects of food
azo dyes on rats. Journal of Food and Drug Analysis.
https://doi.org/10.1016/j.jfda.2017.01.005.

Gazala, G., Murtaza, 1., Ara, Sa., Qazi, H., & Magbool, S.
(2016). Characterization and antimicrobial activity of
some natural dye yielding plant species of Kashmir
Valley. Jr. of Industrial Pollution Control, 32(2), 518-
528. Retrieved from https://
www.semanticscholar.org/paper/Characterization-
and-Antimicrobial-Activity-of-Some-Gazala-Murtaza/
acab4309b20dc84638bae5961ab1461ed793113b.

Goktas, F. M., Sahin, B., & Yigitarslan, S. (2015). Produc-
tion of Sterilizing Agents from Calendula officinalis
Extracts Optimized by Response Surface Methodolo-
gy. International Journal of Analytical Chemistry, 2015,
1-8. https://doi.org/10.1155/2015/789732.

Gomez, R., Varon, R, Garcia, M., Vazquez, A, &
Alonso, G. (1987). Estudio del azafran (Crocus Satlvus
[.) En la provincia de Albacete. Il. Color. In Anales de
Biologia, 13, 71-75. Servicio de Publicaciones de la
Universidad de Murcia.

Kasiram, K., Sakharkar, P. R., & Patil, A. T. (2000). Anti-
fungal activity of Calendula officinalis. Indian Journal
of Pharmaceutical Sciences, 62(6), 464-466.

Leulescu, M., Rotaru, A., Pdlarie, I, Moantd, A., Cioater3,
N. Popescu, M., ... Rotaru, P. (2018). Tartrazine:
physical, thermal and biophysical properties of the
most widely employed synthetic yellow food-
colouring azo dye. Journal of Thermal Analysis and
Calorimetry, 134(1), 209-231. https://
doi.org/10.1007/s10973-018-7663-3.

Lépez-Padilla, A., Ruiz-Rodriguez, A., Reglero, G., & For-
nari, T. (2017). Supercritical carbon dioxide extrac-
tion of Calendula officinalis: Kinetic modeling and
scaling up study. Journal of Supercritical Fluids, 130
(February), 292-300. https://doi.org/10.1016/
j-supflu.2017.03.033.

Luengo, E., Condén-Abanto, S., Condén, S., Alvarez, 1., &
Raso, J. (2014). Improving the extraction of carote-
noids from tomato waste by application of ultra-
sound under pressure. Separation and Purification
Technology, 136, 130-136. https://doi.org/10.1016/
j.seppur.2014.09.008.

Marinova, D., Ribarova, F. and Atanassova, M. (2005).
Total Phenolics and Total Flavonoids in Bulgarian

Extraction of metabolites from Calendula officinalis

68



Fruits and Vegetables. Journal of the University of
Chemical Technology and Metallurgy, 40(3): 255-60.

Murugan, R., & Parimelazhagan, T. (2014). Comparative
evaluation of different extraction methods for antioxi-
dant and anti-inflammatory properties from Osbeckia
parvifolia Arn. - An in vitro approach. Journal of King
Saud University - Science, 26(4), 267-275. https://
doi.org/10.1016/j.jksus.2013.09.006.

NCCLS. (1999). M26-A Methods for Determining Bacte-
ricidal Activity of Antimicrobial Agents; Approved
Guideline This document provides procedures for
determining the lethal activity of antimicrobial agents.
Retrieved from www.clsi.org.

Nicolaus, C., Junghanns, S., Hartmann, A., Murillo, R.,
Ganzera, M., & Merfort, I. (2017). In vitro studies to
evaluate the wound healing properties of Calendula
officinalis extracts. Journal of Ethnopharmacology,
196(July 2016), 94-103. https://doi.org/10.1016/
i.jep.2016.12.006.

Piccaglia, R., Marotti, M., Chiavari, G., & Gandini, N.
(1997). Effects of harvesting date and climate on the
flavonoid and carotenoid contents of marigold
(Calendula officinalis L.). Flavour and Fragrance Journal,
12(2), 85-90. https://doi.org/10.1002/(SICI)1099-
1026(199703)12:2<85::AID-FFJ616>3.0.CO;2-L.

Pires, T., Dias, M. I, Barros, L., Calhelha, R., Alves, M.,
Oliveira, M. B., ... Ferreira, I. (2018). Edible flowers as
sources of phenolic compounds with bioactive po-
tential. Food Research International, 105(October
2017), 580-588. https://doi.org/10.1016/
jfoodres.2017.11.014.

Rodriguez-Amaya, D. B. (2014). Update on natural food
pigments - A mini-review on carotenoids, anthocya-
nins, and betalains. Food Research International, 124
(2017), 200-205. https://doi.org/10.1016/
jfoodres.2018.05.028.

Rodriguez-Concepcion, M., Avalos, J.,, Bonet, M. L.,
Boronat, A., Gbmez-Gémez, L., Hornero-Mendez, D.,
Zhu, C. (2018). A global perspective on carotenoids:
Metabolism, biotechnology, and benefits for nutrition
and health. Progress in Lipid Research, 70, 62-93.
https://doi.org/10.1016/j.plipres.2018.04.004.

Roopashree, T. S., Dang, R., Shobha Rani, R. H., & Nar-
endra, C. (2008). Antibacterial activity of antipsoriatic
herbs: Cassia tora, Momordica charantia and Calen-
dula officinalis. International Journal of Applied Re-
search in Natural Products, 1(3), 20-28.

Sancho, J., and Navarro, F. (1968). Pimientos y Pi-
menton. ed. Universidad de Murcia. Anales de la
Universidad de Murcia (Ciencias) XV(1): 6-39.

Srivastava, J., & Vankar, P. (2015). Carotenoids: As natu-
ral food colorant from Canna flowers. 44. 13-18.
10.1108/PRT-12-2013-0112. Pigment & Resin Tech-
nology, 1(44), 13-18.

Tikhomirova, Tatiana |, Ramazanova, Gulselem R. and
Apyari, Vladimir V. (2018). Effect of Nature and Struc-
ture of Synthetic Anionic Food Dyes on Their Sorp-
tion onto Different Sorbents: Peculiarities and Pro-
spects. Microchemical Journal, 143, 305-311.

Vora, )., Srivastava, A., & Modi, H. (2018). Antibacterial
and antioxidant strategies for acne treatment through
plant extracts. Informatics in Medicine Unlocked, 13,
128-132. https://doi.org/10.1016/
j-imu.2017.10.005.

Waage, S.K., and Hedin, P.A. (1985) Quercetin 3-O-
galactosyl-(1-6)-glucoside, a compound from nar-
rowleaf vetch with antibacterial activity. Phytochemis-
try, 24, 243-5.

69 Rev. Colomb. Biotecnol. Vol. XXIl No. 1 Enero - Junio 2020, 60 - 69



