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In vitro bioaccessibility, antioxidant and antibacterial activities of three different
safflower (Carthamus tinctorius L.) genotypes
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Abstract

Safflower (Carthamus tinctorius L.) is one of the significant medicinal and aromatic plants and used as the source of food
additives, natural dyestuffs, healthy beverages and cosmetics in various countries. In this study, extracts of three safflower
genotypes (Remzibey-05, Dincer 5-18-1, and Arizona SC III) were prepared and examined for the first time in terms of their
total phenolic content (TPC), antioxidant activities using radical scavenging capacity (DPPH) and copper reducing antioxidant
capacity (CUPRAC) assays after subjecting them to in vitro gastrointestinal digestion. Additionally, the antibacterial potential of
the flower extracts was determined. There were significant differences (P<0.05) in antioxidant activities between the extracts of
the different genotypes of saftlower; the highest antioxidant activity was observed in Remzibey-05, while the phenolic content
reached its maximum in Arizona SC III. After gastric digestion (PG), in comparison to the initial values, significantly lower
recovery levels of TPC (5-8%), DPPH (11-39%) and CUPRAC (7-15%) were observed for the safflower extracts. The highest
inhibition zone was observed in the Dincer 5-18-1 extract applied against Listeria monocytogenes. The results showed that the
extracts of the safflower genotypes displayed potent antioxidant and antibacterial activities, and the safflower extracts were
important in terms of the bioaccessibility of bioactive compounds.

Keywords: Carthamus tinctorius L.; natural colorant; bioaccessibility; antioxidant activity; antibacterial activity.

Practical Application: Extracts of three safflower genotypes were prepared and subjected to an in vitro digestion process. Then,
the colorimetric properties, total phenolic content, antioxidant and antibacterial activities of the extract samples obtained from

the process were assessed.

1 Introduction

Safflower (Carthamus tinctorius L.), which belongs to the
Compositae family, has been utilized traditionally for food
coloring and as an additive for food, healthy beverages and
cosmetics in many countries (Salem et al., 2014; Jia-Xi et al.,
2019). A wide variety of glycosides has been isolated from the
dried flowers of C. tinctorius used as a traditional medicinal plant
(Zhang et al., 2019). C. tinctorius has been identified to consist
of more than 200 compounds including flavonoids, alkaloids,
lignans, alkane diols, riboflavin, steroids and quinochalcone
C-glycosides (Li et al., 2017).

Flower petals contain three dyeing pigments: Safflower
yellow A, safflower yellow B, and red (Carthamin). Compared to
carthamin (red), large quantities of yellow pigments are present
in safflower. Additionally, safflower yellow pigments are more
stable than carthamin under ultraviolet (UV) light (Elshemy et al.,
2019). In other words, the main active ingredients which can be
extracted from dried petals of safflower could be stated as two
main types. These are major red pigments named carthamin,
which are water-insoluble, and major yellow pigments named
hydroxysafflor yellow A and safflor yellow B, which are water-
soluble (Jadhav & Joshi, 2015). Thus, C. tinctorius is used as a
dyestuffin the food and textile industry, and it is frequently used
for adulteration instead of saffron (Villa et al., 2017). Moreover,

synthetic dyes and antioxidants have wide use in the food industry.
Consumer preferences have been directed towards natural dyes
and antioxidants because of safety concerns and their helpful
effects against certain diseases, such as neurodegenerative
disorders, cancer, aging, diabetes and coronary heart disease
(Karimkhani et al., 2016). Thus, natural colorants from plant
pigments are being explored and analyzed as alternatives or
replacements for synthetic food colorants. In general, consumers
are concerned about the safety of foods that contain synthetic
ingredients. Safflower is safe for use in foods and has a wide
range of biological activities including antioxidant, antimicrobial
(Salem et al,, 2011), anti-anxiety, antidepressant (Qazi et al.,
2015), anticoagulant (Wang et al., 2014), antitumor (Luo et al.,
2015) and anti-osteoporosis (Choi et al., 2010) effects.

When medicinal plants and their phenolic extracts are consumed,
they undergo a digestive process in the intestines. In vitro digestion
models are considered to be simple, fast, inexpensive, safe and
repeatable tools to evaluate the digestive stability of diverse food
components and have been improved as another approach to in
vivo studies. They also do not have the same ethical restrictions
as many in vivo methods (Gunathilake et al., 2018). Therefore, it
is significant to determine how the digestive process affects the
stability and antioxidant activities of phenolic compounds.
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There have been some studies in the literature about the
determination of antioxidant and antimicrobial effects, as
well as bioactive compounds, in extracts of different safflower
genotypes (Hiramatsu et al., 2009; Wu et al., 2013; Salem et al.,
2014; Karimkhani et al., 2016). Furthermore, even though many
studies have been reported on the properties of edible flowers,
there are few data about their bioactive compounds measured
by in vitro digestion methods (Chen et al., 2015). Additionally,
to our knowledge, there has been no study focused on the
antioxidant potential of safflower genotype extracts through the
in vitro gastrointestinal digestion process. Therefore, in this study,
extracts of three safflower genotypes were prepared and subjected
to an in vitro digestion process. Then, the total phenolic content
and antioxidant activities of the extract samples obtained from
the process were assessed. Additionally, the antibacterial activity
of the three safflower genotype extracts and the colorimetric
properties of the safflower genotype flowers were evaluated.

2 Materials and methods
2.1 Chemicals and reagents

Aluminum trichloride, sodium nitrite, sodium carbonate,
Folin-Ciocalteu’s phenol reagent, ammonium acetate, copper(II)
chloride, sodium bicarbonate, ethanol, hydrochloric acid (37%),
sodium hydroxide, nutrient broth and nutrient agar were supplied
by Merck (Darmstadt, Germany), and gallic acid, 2,2-Diphenyl-
1-picrylhydrazyl (DPPH), (+)-6- Hydroxy-2,5,7,8-tetramethyl-
chromane-2-carboxylic acid (Trolox), catechin and neocuproine
were supplied by Sigma-Aldrich (Steinheim, Germany). Pepsin
from porcine gastric mucosa (Merck, EC 3.4.23.1), pancreatin
from porcine pancreas (Sigma-Aldrich, 8xUSP specification)
and all other reagents were used to prepare simulated gastric
and intestinal fluids.

2.2 Plant materials

In the study, three safflower genotypes as Remzibey-05 (orange
flower), Dincer 5-18-1 (red flower) and Arizona SC III (yellow
flower) were used as the plant material. These genotypes were
grown in a trial area located at the Department of Field Crops,
Faculty of Agriculture, Isparta University of Applied Sciences,
Isparta (longitude 30°33 E, latitude 37°47’ N, elevation 997 m)
under the soil and climatic conditions in 2016. The soil properties
of the trial area were assessed according to the method proposed
by Rowell (1996) and reported based on the results in a previous
study (Erbas et al., 2016). The experiments were not irrigated.
Weed control was performed manually and by mechanical
rotary tillage. The climatic data for the experimental area are

Table 1. The climate data of Isparta for long years and 2016.

presented in Table 1. The flowers of the varieties were harvested
in the first week of July by hand. After this, the samples were
dried in shadow at room temperature (25 + 2 °C) until reaching
a constant weight. The safflower genotypes were kept in a dark
place at 20 + 2 °C until the time of the analysis.

When the climate data are analyzed, there were no very high
or low temperatures and precipitation during the vegetation
period (March-July) that would seriously affect the normal
growth and development of the plants.

2.3 Extraction of dried safflower genotypes

The dried flowers of the safflower genotypes were ground
into powders with a grinder. 50 mL of 50% aqueous ethanol (v:v)
was added to 1.0 g of the powder, and then, the samples were
placed on a magnetic stirrer at 25 °C for 2.5 hours. The mixture
was centrifuged at 2700 g and 4 °C, and the supernatants were
collected. This procedure was repeated with a pellet, and the
supernatants were pooled. The combined supernatants were
evaporated to dryness by a rotary evaporator at 40 °C under
vacuum, reconstituted to 10 mL with deionized water and stored
at —20 °C for further analysis.

2.4 Total Phenolic Content (TPC) assay

According to the protocol described by Singleton et al. (1999),
0.5 mL of the safflower genotype extracts, 2.5 mL of the FC
reagent (0.2 N) and 2 mL of a solution of 2% (w/v) Na,CO, were
mixed. The samples were then incubated in a dark place at 25 °C
for 30 min, and the absorbance values were detected using a
spectrophotometer (Shimadzu 150 UV-1800 spectrophotometer,
Japan) at 760 nm. The results are presented in terms of mg gallic
acid equivalent (GAE) per g dry flower with a linear range of
0.01-0.1 mg/mL (r*=0.993).

2.5 Antioxidant activity assays

The scavenging activity of the safflower genotype extracts
against DPPH was detected by a spectrophotometer (Sdnchez-
Moreno, 2002; Singh et al., 2002). Absorbance was measured
by a spectrophotometer at 517 nm. The results were calculated
and are presented as mg Trolox equivalent (TE) per g dry flower
with a linear range of 0.05-0.5 mg/mL (r* =0.996).

According to the protocol described by Apak et al. (2004),
the CUPRAC of the safflower genotype extracts was determined.
Absorbance was measured at 450 nm using a spectrophotometer.
The results are given as mg Trolox equivalent (TE) per g dry
flower with a linear range of 0.05-1 mg/mL (r*=0.991).

Month

Total Precipitation, L m?

Mean temperature, °C

Mean humidity, %

1950-2016 2016 1950-2016 2016 1950-2016 2016

March 55.3 111.6 6.2 6.7 65.3 64.8
April 55.3 26.1 10.8 9.0 61.0 58.2
May 52.3 67.5 15.6 16.6 57.4 51.8
Jun 30.6 92.2 20.2 18.3 51.2 63.5
July 14.6 3.0 23.7 24.2 45.3 43.9
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A B C

Extraction process

25 mL safflower extract (from each)

17.5 mL with distilled water
+

1.5 mL pepsin solution (60 mg pepsin +1.5mL HCI)

Adjust to pH 1.7-2.0 with 5 M HCI

Incubate samples at 37°C for 2.5 h in shaking water bath at 100 rpm
{Then, collect 5 mL aliquots of the post-gastric digestion (PG))

Add 4.5 mL panereatin and bile salt solution (18 mg pancreatin + 112.5 mg bile
salt+ 4.5 mL distilled water)

+
Segments of dialysis bags (MWCO 12,000 Da) are cut and filled with sutficient

NaHCO; (0.5 M) to neutralise the sample’s titratable acidity and the pH is
increased to 7.0

Incubate samples at 37°C for 2.5 h in shaking water bath at 100 rpm

Collect solutions “serum-available™ and “bicavailable” content (IN}, and “colon-
available” content (OUT) the dialysis bags

PG, IN, and OUT samples are stored at -20°C for the analysis

Figure 1. Flow chart outlining the steps involved in the in vitro
gastrointestinal digestion procedure. (A) Remzibey-05; (B) Arizona
SC IIL; (C) Dincer 5-18-1; dried flowers of the safflower genotypes.

2.6 In vitro digestion assay

The digestion procedure was applied by following the methods
described by McDougall et al. (2005) and Kamiloglu et al. (2014).
The change in the antioxidant activity and release of polyphenolics
of the safflower genotype extracts were examined at a gastric stage
and an intestinal stage of digestion, and the in vitro gastrointestinal
digestion procedure is shown in Figure 1. The blank was prepared
with the same chemicals, without a sample and subjected to the
same conditions. Then, the sample taken at each digestion step
was centrifuged at 2700 x g for 10 min and stored at -20 °C for the
analysis. Total phenolic contents (TPC) and antioxidant capacities
were detected for each of these post-gastric (PG), “serum-available”
and “bioavailable” content (IN) and “colon-available” content
(OUT) samples using the methods described above.

2.7 Color analyses

The color of the safflower genotype flowers was determined
with a chromameter (CR-400, Konica Minolta, Tokyo, Japan),
and each sample was analyzed in triplicates. Before color analysis,
calibration was performed using a white surface equipped with a
50-mm aperture. The color was directly measured on the surface
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of the dried safflower flowers at room temperature. The color
values of samples are expressed as L* (lightness), a* (redness)
and bx* (yellowness) values indicated in the CIE system.

2.8 Antibacterial activity assays

The antibacterial activity of the safflower genotype extracts
was determined by using the agar diffusion method against
Gram-positive bacteria (Bacillus cereus FMC 19, Listeria
monocytogenes ATCC 19118, Staphylococcus aureus ATCC 25923)
and Gram-negative bacteria (Escherichia coli O157: H7 ATCC
33150, Salmonella Typhimurium ATCC 14028). Bacteria were
inoculated in nutrient broth and incubated at 37 °C for 24 h.
Then, 1% of the bacteria were added into the nutrient broth
and re-incubated for 18 h. The microbial cultures (1%) were
pipetted, sowed by the spread plate method and left for 20 min.
Then, 4 equidistant wells were bored by sterile cork borers
(@ =5 mm) (Sagdic et al., 2013). The safflower genotype extracts
were dissolved in the solvent (water) as a final concentration of
10% (w:v), and 20 pL of the safflower extract and blank (water)
solutions was applied to the wells. Plates were incubated for
bacteria at 37 °C, and the diameters of the inhibition zone (mm)
were then detected after 18-24 h.

2.9 Statistical analysis

The statistical analysis was carried out by means of SPSS
Statistics (IBM SPSS 17.0, USA). All analyses were conducted
in triplicates. The results are stated as mean * standard error.
The significant differences between the extracts were determined
via Duncan’s multiple comparison tests in a 95% confidence
interval when the one-way analysis of variance (ANOVA) result
was significant.

3 Results and discussion

The changes in the total phenolic content and its quantities
during the digestion of the safflower samples are presented
in Table 2. The total phenolic content (TPC) of the safflower
genotypes, Remzibey-05, Dincer 5-18-1 and Arizona SC III,
was initially found at 21.39, 18.01 and 31.49 mg GAE/g dry
flower, respectively. The antioxidant activity of the samples
was detected using two different methods, namely DPPH and
CUPRAC, and the results showed the different tendencies over
these two different methods. In terms of their antioxidant activity
results, the safflower extracts ranged from 5.33 to 14.11 mg TE/g
dry flower for the DPPH assay and 49.90 to 95.60 mg TE/g dry
flower for the CUPRAC assay (Table 2). In the phase dialyzed
after intestinal digestion (IN), the TPC value was found to be
significantly lower than the initial value. In Table 2, the recovery
% of TPC and the antioxidant activities of the digested extracts
are given at each step. After stomach digestion (PG), the material
entered the IN fraction, and the material remained in the OUT
fraction after intestinal digestion. The recovery (%) of TPC and
antioxidant activity values were measured by dividing the values
obtained for the PG, IN and OUT fractions by the initial values,
and then, stated as percentages. For a better evaluation of the
change, the initial values are presented as 100%. After gastric
digestion (PG), in comparison to the initial values, a significantly
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Table 2. Changes in total phenolic content (TPC), and antioxidant activity (determined by DPPH and CUPRAC assays) of the safflower genotype

extracts during in vitro gastrointestinal digestion.

Analysis Initial PG IN ouT Recovery (%)
TPC
Remzibey-05 21.39 + 0.50° 3.07 £0.01° 1.27 £ 0.06* 1.76 £ 0.03* 6°
Dincer 5-18-1 18.01 £ 0.68* 3.00+0.11* 1.43 +0.03® 2.01 + 0.04¢ 8¢
Arizona SC III 31.49 £0.38¢ 3.56 £ 0.01° 1.67 £0.19° 1.82 £0.01° 52
DPPH
Remzibey-05 14.11 + 0.38¢ 0.55+0.17° 1.63 + 1.10* 2.69 + 0.09° 112
Dincer 5-18-1 10.46 +0.28° 1.73 £ 0.05° 2.61 +0.05* 3.37+0.21° 29°
Arizona SC III 5.33 £ 0.09* 0.29 £ 0.11* 2.12 £0.08* 3.25 +0.08° 39¢
CUPRAC
Remzibey-05 95.60 £2.83 ¢ 8.24 + 0.04* 6.70 £ 0.90* 9.39 +0.32° 7?
Dincer 5-18-1 69.52 + 0.89° 10.06 + 0.87° 9.34 +0.07° 6.90 + 0.92* 14°
Arizona SC III 49.90 + 2.29* 7.49 £ 0.61° 7.41 +0.93° 7.03 +0.71* 15¢

Recovery (%) of TPC and antioxidant activity values were calculated by dividing the values obtained for the IN fraction to the initial values and then stated as a percentage; PG (post-
gastric), recovered after gastric digestion; IN, dialyzed fraction; OUT, non-dialyzed fraction recovered after intestinal digestion. Data represent the average values + standard error of
four independent samples. Different letters in the column represent significant differences (P< 0.05) for each assay, individually. TPC expressed in mg GAE/g dry flower, DPPH and

CUPRAC expressed in mg TE per/g dry flower.

lower amount of TPC (14.40, 16.85 and 11.30%) was received
from the extract of Remzibey-05, Dincer 5-18-1 and Arizona
SC II1, respectively (P<0.05). A similar trend was observed for
the antioxidant activity results, where the recovery (%) values
obtained after PG were significantly lower (P<0.05) in comparison
to the initial values.

Salem etal. (2011) showed that extraction with 2% aqueous
acetone (v:v) had the highest flower polyphenolic content in
Carthamus tinctorius L. (15.09 mg GAE/g dry weight). Baydar
& Ozkan (2005) reported that the TPC values in petals of the
safflower cultivars ‘Dinger’, ‘Yenice’ and ‘5-154’ in 80% aqueous
methanol (v:v) were 9.06,20.92 and 16.62mg GAE/g dry matter,
respectively. In a study by Karimkhani et al. (2016), the TPC and
antioxidant capacity of the methanolic extracts of four different
safflower cultivars were examined, and the values varied from
46.2 to 62.3 mg GAE/g dry matter. TPC results determined in
their study were higher than those in our study. The differences
in the results may be explained by differences in the type of
extraction solvent, extraction conditions, as well as plant varieties.
In the study by Hiramatsu et al. (2009), carthamin was detected
in the petals of Carthamus tinctorius Linne. The carthamin
content was lower in the yellow petals than that of the orange
petals in safflower, and not detectable in the white petals of
safflower. They also reported that this content was correlated
with DPPH radical scavenging activity. Similarly, in our study,
the antioxidant value of the Remzibey-05 extract (orange petals)
also exhibited higher antioxidant values than those of the Arizona
SCIII extract (yellow petals). Moreover, in our study, the results
on the antioxidant activity values measured by the CUPRAC
method were higher with respect to the DPPH method. This
observation might be related to the fact that, while DPPH uses
a radical dissolved solely in the organic solvent and therefore
applies to hydrophobic systems, the CUPRAC assay may measure
both the lipophilic and hydrophilic antioxidant activity of the
extracts since the reagent is soluble in both aqueous and organic
solvents (Capanoglu et al., 2018).

Giines et al. (2019) determined the phenolic contents of
some varieties of the Asteraceae family (Artemisia vulgaris,
Echinacea purpurea, Carthamus tinctorius, Helianthus annuus,
Centaurea cyanus). The highest amount was found to be in E.
purpurea (13.34 mg GAE/g FW), and the lowest amount of total
phenolic contents were observed to be in H. annuus (2.65 mg
GAE/g FW), whereas the TPC of Carthamus tinctorius was found
as 7.04 mg GAE/g FW. In their study, the TPC of C. tinctorius
had a similar result to that in our study.

After intestinal digestion, the recovery (%) for the TPC
of the IN’ fractions was significantly lower than ‘PG’ for the
extracts of Remzibey-05, Dincer 5-18-1 and Arizona SCIII (5.94,
8.09 and 5.30% respectively). Similarly, the antioxidant activity
decreased in the ‘IN” samples, and for the safflower extracts
(determined by the CUPRAC method), the recovery (%) values
were between 7.02 and 14.85%, compared to the values obtained
at the ‘PG’ step. In contrast, in the IN’ fraction of the safflower
ethanolic extracts, the recovery (%) values ranged from 11.55 to
39.70 for the DPPH assay and increased in comparison to the
PG fraction. Because of the fact that they remove several types
of free radicals such as DPPH, safflower compounds have an
antioxidant capacity, which shows the significance of saftlower
as a source of antioxidants (Ibrahim et al., 2019).

For all samples, the TPC recoveries of the ‘OUT” fractions
were significantly higher than those of the ‘IN” fractions. Similarly,
to the outcomes of TPC, for all samples, the recovery values of
antioxidant activity (determined by the DPPH method) obtained
for the OUT fractions were higher than those of the IN fractions.
A similar trend was described by Gunathilake et al. (2018) who
determined the effect of simulated gastrointestinal digestion of
Gymnema lactiferum, Cassia auriculata, Olax zeylanica, Centella
asiatica, Passiflora edulis and Sesbania grandiflora on the stability
and recovery of total polyphenol contents. After gastric digestion,
the recovery percentage of TPC in fresh green leafy vegetables
was in the range of 13.9-71.8% in comparison to the TPC of
the methanolic extracts of the leafy vegetables tested. The TPC
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recoveries dialysable polyphenols (IN fraction) were also found
to range between 3.06% and 12.30% after intestinal digestion.

Chen et al. (2015) determined the stability of TPC and
antioxidant activity of different edible flowers selected with an
in vitro digestive model. It was identified that the DPPH values
of edible flowers increased except for one edible flower after the
gastric phase of digestion. The TPC of all samples decreased
in comparison to the initial TPC, while the TPC of 6 samples
increased after the duodenum stage of digestion. The authors
also reported that, after the gastric phase of digestion, the DPPH
values of all of edible flowers increased in comparison to the
duodenal phase of digestion. In our study, the DPPH values of all
safflower samples increased in comparison to the gastric phase
of digestion, after the intestinal phase (IN+OUT) of digestion.

Previous studies have shown that antioxidants can be
degraded by alkaline pH after the pancreatic digestion phase.
Thus, when exposed to such conditions, it is possible to convert
some of polyphenols into different structural forms with different
biological activity, bioavailability, bioaccessibility and different
chemical properties (Chen et al., 2015).

The mean color values of the safflower genotypes were
obtained by measuring the L*, a*, and b* chromatic parameters
as shown in Table 3. The L*, a* and b* values were in the ranges
of 49.63-67.35, 4.69-25.19 and 21.05-30.71, respectively, for
the safflower samples. In Dincer 5-18-1, the redness (a*) value
increased in the surfaces, and the difference was significant
compared to Remzibey-05 and Arizona SC III, whereas in
Remzibey-05, the yellowness (b*) value increased in the surfaces,
and the difference was significant compared to Arizona SC III
and Dincer 5-18-1.

Safflower, which has saffron-like color pigments, is used in
some provinces in southeast Turkey to provide a golden yellow
color to the rice. Remzibey-05 (orange), one of the safflower
genotypes, has been found to have values closer to saffron color
properties when examined in terms of color values. Therefore,
it may be considered as a lower-cost natural colorant that can
be preferred instead of saffron used to color rice.

Table 3. Color measurements of safflower genotypes.

Puetal. (2019) aimed to make a comprehensive assessment
of safflowers in different production areas using biological and
color analysis. All safflower samples were classified in class I
and class II based on color measurements. The ranges of the
L* a*and b* values in the safflower samples were 30.9-53.5,
19.6-34.5 and 25.9-55.6, respectively. Thus, the authors suggested
that safflowers classified into class I were brighter, redder, more
yellow, more orange-yellow and more vivid to the eye than class
II. In our study, a similar trend was found for the L* (49.63),
a* (25.19) and b* (21.05) values of Dincer 5-18-1, one of the
safflower genotypes.

In a study conducted about sausages, it was found that
safflower provided the desired cooking redness without nitrite,
and the presence of nitrite also inhibited lipid oxidation and
reduced residual nitrite content. Safflower may be used as a
natural colorant to provide the desired cooking redness in meat
products, especially in sausages due to its main color ingredient
carthamin (Kim et al.,, 2015). The red color values of Arizona
SC IIT and Dincer 5-18-1, two of the safflower genotypes, in
our study were in parallel with those in the aforementioned
study. Although carthamin has limited usage in the food
industry due to its low water solubility, it is used for chocolate
production in countries such as Japan and China (Ekin, 2005;
Emongor, 2010). In similarity to these studies, saftlower may be
recommended to be used as a color additive in other foodstuffs
to obtain red, orange and yellow colors as well as providing a
natural antioxidant effect.

The antibacterial activities of the extracts of 3 safflower
genotypes are given in Table 4. These ethanolic extracts
showed satisfying antibacterial effects. All safflower extracts
affected Staphylococcus aureus ATCC 25923 and Bacillus cereus
FMCI19. The highest inhibition zone was observed in the Dincer
5-18-1 extract applied against Listeria monocytogenes ATCC
19118. Among the extracts of the 3 safflower genotypes, the
differences in inhibition against Bacillus cereus and Escherichia
coli 0157:H7 were significant (P<0.05), while between the Dincer
5-18-1 and Arizona SC III extracts, the differences in inhibition

Color parameters

Safflower Genotypes T g e
Remzibey-05 57.92 +0.83" 8.17 £ 0.15° 30.71 £ 0.54°
Dincer 5-18-1 49.63 +0.49¢ 25.19 £ 0.41* 21.05 £+ 0.63¢
Arizona SC III 67.35 + 0.54° 4.69 +0.23¢ 23.17 £ 0.48°
Means with different letters in the same column are significantly different (P<0.05) Duncan’s multiple range test.
Table 4. Antibacterial effect of the safflower genotype extracts.
. . Safflower extracts
Bacteria Negative control (Water) - - -
Remzibey-05 Dincer 5-18-1 Arizona SC III
Bacillus cereus 7.00 + 0.50% 7.83 +£0.76 6.50 + 0.50*
Staphylococcus aureus 8.50 +1.32¢ 10.50 + 0.50° 10.50 + 0.50°
Listeria monocytogenes nz nz 11.00 £ 1.00* nz
S. Typhimurium 9.50 + 0.50° nz nz
Escherichia coli O157: H7 nz 8.33+0.57° 6.83 +0.76

Inhibition zone in diameter (mm). Means with different letters in the same row are significantly different (P< 0.05) Duncan’s multiple range test. #z: no inhibition zone.
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against S. aureus ATCC 25923 were not significant (P>0.05).
Therefore, it was determined that the different genotypes of the
safflower plant were also effective on its antibacterial activity.

Salem et al. (2014) found the antibacterial effects of
precarthamin, carthamin isolated from C. tinctorius flowers
during flowering, and these flowers were tested by cutting them
in 6 mm in diameter and applying their extracts in wells against
three Gram-positive bacteria (E. coli, B. cereus, and S. aureus).
The authors reported that carthamin had a relatively strong
antibacterial effect (the inhibition zone reached up to 26 mm
against E. coli) against the various bacterial strains during the
flower stages, while precarthamin had the least antibacterial
effect against the selected bacterial strains (the inhibition zone
did not exceed 17.56 mm). In our study, with the ethanolic
extracts of safflower, lower inhibition zones were obtained,
as 8.50-10.50 mm and 6.83-8.33 mm against S. aureus and
E. coli, respectively. In another study, the antibacterial effects
of safflower seed meal extract were determined using a disc
diffusion test against the diffusion assay of four pathogenic
bacteria. The inhibition zone diameters of L. monocytogenes,
S. Typhimurium, E. coli O157:H7 and S. aureus were 15.91,
12.36, 11.97 and 15.33 mm, respectively. Saftlower seed kernel
extract was reported to have an antimicrobial effect against L.
monocytogenes (Son et al., 2017). Similarly, in our study, it may
be stated that the safflower extract had a high inhibition zone
against L. monocytogenes.

Ibrahim et al. (2019) showed the antibacterial activity (for
S. aureus) of safflower and Rhus extracts and their synthesized
nanoparticles (iron, silver, copper, and zinc nanoparticles).
The antibacterial activities of safflower extracts and their
synthesized nanoparticles were found as 7.60-16.80 mm,
while the antibacterial activities of Rhus extracts and their
synthesized nanoparticles were found as 0.0-8.50 mm. What
is more, the highest antibacterial activity was in the case of
the iron nanoparticles from safflower against S. aureus with an
inhibition zone of 16.8 mm.

4 Conclusions

It could be stated that this study reported for the first time
the in vitro bioaccessibility of antioxidant activity and change
of phenolic compounds in three safflower genotypes. When the
safflower genotypes were submitted to in vitro gastrointestinal
digestion in the form of the extracts, the percentage recovery
values of TPC and antioxidant activities varied significantly.
The saftlower extracts also showed valuable antibacterial activity.
Further studies may include the determination of individual
phenolics in safflower genotype extracts depending on the
method of preparation by organic solvent extraction, as well as
how the composition of the extract would affect their stability
during in vitro digestion. Therefore, safflower genotypes might
be used to explore novel natural antioxidant and antimicrobial
food ingredients, and extracts obtained from safflower genotypes

might be used as a color additive in other foodstufts to obtain
red, orange and yellow colors.
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