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Abstract
Drug-resistant pathogens are the main cause of health-associated infections. They continue to significant infections,
increase mortality of hospitalized patients and also have a negative financial impact. Taking into consideration those
factors, there is a great need to find and develop new compounds with low toxicity, specific activity, and high
bioavailability to combat them. In this way, have increased the attention on medicinal plants and their bioactive
compound with antimicrobial properties. This review evaluates the antimicrobial activities of different Carthamus
tinctorius (safflower) extracts from seeds, leaves, and flowers against nosocomial pathogens. The study concludes that
safflower different extracts might be used against multidrug-resistant microbes that cause nosocomial and communityacquired infections.
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INTRODUCTION

this issue, it is important to develop new
antimicrobial agents able to prevent microbe’s
adhesion and proliferation on materials surfaces
and reduce their negative effects (Ivanov et al.,
2022; Khameneh et al., 2021; Mittal et al.,
2019). The growing incidences of MDR
pathogens have increased the attention on
several medicinal plants and their active
principles for antimicrobial properties (Moreno
et al., 2013). According to Khameneh et al.,
2021, phytochemicals like alkaloids, tannins,
carbohydrates,
glycosides,
terpenoids,
flavonoids, steroids, and coumarins have
particular clinical value because their
bioactivity does not lead to resistance.
Safflower (Carthamus tinctorius L.) which
belongs to the Asteraceae family, contains
many bioactive compounds for which it has
biological activities, involving antidiabetic,
anticancer,
antioxidant,
anti-ageing,
anticoagulant, hepatoprotective and antiinflammatory, analgesic and antibacterial
activities (Sura et al., 2020). According to
Górniak et al, 2019, mechanisms of this activity
still require more studies.

In the European Union, nosocomial infections
affect approximately 3 million people each
year, of which about 50,000 cases are fatal
(data from European Centre for Disease
Prevention and Control) (Miklasińska Majdanik et al., 2018). The most frequently
multidrug resistant (MDR) pathogens which are
the main cause of nosocomial infections among
hospitalized patients are: Acinetobacter
baumannii, Escherichia coli (E. coli),
Klebsiella pneumoniae (K. pneumoniae),
Pseudomonas aeruginosa (P. aeruginosa),
Pseudomonas spp, Enterococcus faecalis (E.
faecalis), Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis (S. epidermidis),
Candida albicans (C. albicans) (Chen et al.,
2022; Iyer et al., 2022; Urusova et al., 2022;
Dhasarathan et al., 2021; Luo et al., 2021; Mo
et al., 2019; Othman et al., 2019; Périer et al.,
2020; Wang et al., 2019; Moreno et al., 2013).
The extensive use of synthetic antimicrobial
agents can cause concern due to their
development of microbial resistance and
environmental pollution potential. Considering

799

PHENOLIC
COMPOUNDS
FROM
SAFFLOWER WITH ANTIMICROBIAL
ACTIVITY

syntheses, in Gram-positive bacteria can
modify intracellular pH, also can interfere with
the energy (ATP) generating system. (BouarabChibane et al., 2019; Xie et al., 2017). Long
aliphatic chain substitution in flavonoids leads
to an increase in their hydrophobicity and
facilitates interactions with the bacterial
cytoplasmic membrane, in this way resulting in
an increase in antibacterial activity of these
compounds. The presence of phenolic hydroxyl
groups, which have a high affinity for proteins,
and microbial enzyme-inhibition, also may
enhance the antibacterial effects of flavonoids.
Hydroxylation of flavonoids improves antibacterial activity even against Methicillin-resistant
Staphylococcus aureus (MRSA) strains
(Othman et al., 2019; Miklasińska-Majdanik et
al., 2018). The most important phenolic compounds from C. tinctorius and their antimicrobial mechanism of action are shown in
Table 1. Daphnoretin, a flavonoid compound
found in C. tinctorius, had a potent binding
affinity with TLR4 and TLR8. These findings
could be used as a basis for further
investigations for daphnoretin as the possible
inhibitors for hyper-inflammatory conditions in
COVID-19 by targeting Toll-like receptors
(TLRs) (Hansur et al., 2021). Terpenes exert
antimicrobial activities against both the
antibiotic-susceptible and antibiotic-resistant
bacteria, having the ability to promote cell
rupture and inhibition of protein and DNA
synthesis, disruption in microbe multiplication
and development, interfering with their
physiological and metabolic activities. Like
flavonoids, terpenoids make their effects by
disruption of microbial membranes (Masyita et
al., 2022). Besides terpenes, another compound
found in safflower is trans-trans-3,11tridecadiene5,7,9-triyne-1,2-diol, which has
antifungal properties (Attia et al., 2021).
In safflower, were identified also antinutritional factors (ANFs) which are present in
the form of tannins, luteolin, acacetin, and
serotonin derivatives. ANF compounds can be
used as antibacterial, anti-inflammatory,
antioxidant and anticoagulant agents for
various health and pharmaceutical applications
(Singhal et al., 2018).

Safflower has been identified to contain more
than 200 compounds including flavonoids,
alkaloids, lignans, alkane diols, riboflavin,
steroids and quinochalcone C-glycosides (Sun
et al., 2020; Hussain et al., 2021; Ozkan et al.,
2022).
The pathogens have developed several mechanisms of antibiotic resistance, such as overexpression of the efflux pumps, destroying the
antibacterial agents, structural modification of
porins, and modification of antibiotics.
Therefore, inhibition of them is an integral part
of combating antibiotic resistance (Khameneh
et al., 2021). The phenolic compound can
modify the permeability of cell membranes,
make changes in various intracellular functions
induced by hydrogen bonding with the
enzymes or by the modification of the cell wall
rigidity with integrity losses due to different
interactions with the cell. This may induce
irreversible damage to the cytoplasmic
membrane and coagulation of the cell content
that can even lead to the inhibition of
intracellular enzymes. All of these mechanisms
are possible due to the lipophilic character of
phenolic compounds. Polyphenols also can
suppress biofilm formation and exert a
synergistic effect with antibiotics (Bouarab Chibane, 2019; Othman et al., 2019;
Miklasińska - Majdanik et al., 2018).
Polyphenols can also produce cell membrane
damage of bacteria, indicated by the release of
intracellular K+, with greater effects observed
with gram-negative bacteria strains than with
gram-positive bacteria strains (Liu et al., 2021).
The interaction of flavonoids with lipid bilayers
of bacterial cell membranes is made through
two mechanisms: partition of the more nonpolar compounds in the hydrophobic interior of
the membrane, while the second includes the
formation of hydrogen bonds between the polar
head groups of lipids and the more hydrophilic
flavonoids at the membrane interface (Górniak
et al., 2019). Flavonoids also may act by
inhibiting both energy metabolism and DNA
synthesis thus affecting protein and RNA
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Table 1. The most important phenolic compounds from C. tinctorius and their antimicrobial mechanism
Nr
crt.
1

Phenolic
compound
Ferulic acid

2

Catechins

3

Quercetin

4

Morin

5

Apigenin

6

Naringenin

7

Rutin (quercetin3-Orhamnoglucoside)

8

Kaempferol and
kaempferide-3-Oglucoside

Antimicrobial mechanism of action
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-Decrease the hydrophobicity of P. aeruginosa.
-Propylferulate can be used for the use of efflux pump inhibition of Staphylococcus
aureus IS-58 strains.
-Cause alteration in the membrane permeability and membrane damage.
-Interfere with the biosynthesis of the bacterial cell wall by binding with the
peptidoglycan layer.
-Neutralize bacterial toxic factors from Vibrio cholerae, S. aureus, Vibrio vulnificus,
Bacillus anthracis, and Clostridium botulinum.
-In the combination with reuterin, exhibits synergistic antimicrobial activity against S.
mutans by repressing growth, biofilm formation, water-insoluble glucan production,
and virulence genes expression.
-Damage to bacterial cells through binding to their surfaces and the bactericidal action
of hydrogen peroxide generated through catechin autooxidation.
-Decrease in proton-motive force in S. aureus.
-Cell membrane disruption (membrane rigidification), DNA intercalation, DNA
gyrase inhibition, Type III secretion inactivation, dehydratase inhibition (HpFabZ),
protein kinase inhibition in E. coli, Helicobacter pylori.
-Inhibit the neurotoxin from C. botulinum
-Hyaluronic acid lyase (Hyal B) inhibitors in Streptococcus agalactiae. The inhibitory
effect of the flavonoids increased with the number of hydroxyl groups present in the
flavonoid structure.
-Antibiofilm agent against Salmonella spp. biofilm formation, as well as biofilm
caused by other bacteria.
-Quercetin in combination with polymeric nanoparticles produces an alteration in
membrane permeability, adsorption, and adhesion of nanoparticles with fusion with
the cell membrane.
-Cause destabilization of the membrane structure by disordering and disorientation of
the membrane lipids and induced leakage from the vesicle.
-Inhibit sortase—the enzyme presents in the cytoplasmic membrane of Gram-positive
bacteria, which is responsible for anchoring protein virulence factors to the cell wall
peptidoglycan. Morin presence makes that S. aureus to have a reduced affinity to
fibrinogen
Binds to FtsA close to ATP binding site affecting the ATPase activity of FtsA and
inhibiting its polymerization.
-Inhibition of FtsA polymerization affects the cell division of Vibrio cholerae altering
its morphology to an elongated one.
-Promoting bacterial aggregation, leakage of the cell membrane, intervention in the
biofilm growth, and the down-regulation of the PBP2a-mediated resistant mechanism.
inhibit S. aureus' virulence.
-Inhibit the initial biofilm formation of Listeria monocytogenes strains.
-Cause destabilization of the membrane structure by disordering and disorientation of
the membrane lipids and induced leakage from the vesicle.
-Dehydratase inhibition (HpFabZ) and protein kinase inhibition.
-Adherence and fusion of liposomal apigenin with the bacteria produce membrane
perturbation through reactive oxygen species generation.
-DNA cleavage assay showed that API inhibited DNA gyrase harbouring the
quinolone resistance mutation gyrA (Ser84Leu) of S. aureus.
-Have antibacterial activity against MRSA, reducing the fluidity in hydrophilic and
hydrophobic regions of both inner and outer cellular membrane.
-Change the membrane fluidity and fatty acid composition.
-Inhibit S. mutans growth and biofilm formation, increased S. mutans surface
hydrophobicity, reduced bacterial aggregation, and downregulated the mRNA
expression of gtfB, gtfC, comD, comE, and luxS.
-Decrease the bilayer thickness, and disrupt the lipid monolayer structure.
-Decreased biofilm production. Down-regulated the expression of luxS gene and
wabG gene in strong biofilm producing K. pneumoniae.

Liu et al., 2020;
Pinheiro et al,
2022
MiklasińskaMajdanik et al.,
2018; Górniak
et al, 2019;
Zhang et al,
2021

-Activity against amoxicillin-resistant E. coli, but also the ability to reverse the
resistance via inhibition of peptidoglycan and ribosome synthesis.
-Against L. monocytogenes, could cause cell death through cell membrane damage
and decrease the expression of the virulence factors.
-Inhibit DNA gyrase from E. coli. Inhibit the neurotoxin from C. botulinum.
-Damage to the E. coli ATCC 25922 membrane.interaction with the polar head-group
of the membrane followed by penetration into the hydrophobic regions.
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ANTIMICROBIAL ACTIVITY OF
CARTHAMUS TINCTORIUS

carbonarus,
Sclerotinia
sclerotiorum,
Penicillium digitatum on the fruits.

Evaluation of antimicrobial activity of
safflower leaves
In the composition of leaf essential oil, was
identified caryophyllene oxide as a chemotype.
Other representative compounds were found
such as methyl eugenol (16,79%), α-pinene
(8,03%) and cinnamyl acetate (7,29%).
Eugenol is a very important compound useful
in the pharmaceutical field because of its
antibacterial, antifungal, anti-inflammatory and
antioxidant properties and its insecticide effect
(Bhuiyan et al., 2010).
In the leaves during growth and processing,
were also identified eight flavonoids, apigenin6-C-β-D-glucopyranosyl-8-C-β-Dglucopyranoside (AGG), quercetin 7-O-βDglucopyranoside (QG), luteolin 7-O-β-Dglucopyranoside (LG), quercetin 7-O-(6”-Oacetyl)-β-D-glucopyranoside (QAG), luteolin
7-O-(6”-O-acetyl)-β-D-glucopyranoside
(LAG), quercetin (Q), luteolin (L) and acacetin
7-O-β-D-glucuronide (AG).
Steamed and roasted safflower leaves are a rich
source of flavonoids and may be a good source
of bioactive components with antibacterial
activity (Lee et al., 2006). Moneim et al. (2017)
investigated the antibacterial activity of water
and methanol extracts from the leaves of some
medicinal plants and their synergistic effect
with antibiotics.
They used various antibiotic-resistant bacterial
species, including: Escherichia coli (E. coli),
Klebsiella pneumoniae (K. pneumonia),
Acinetobacter baumannii (A. baumannii),
Pseudomonas aeruginosa (P. aeruginosa),
Staphylococcus aureus (S. aureus) and
Salmonella spp.
The results showed that methanol extracts from
most of the plants tested inhibited the growth of
the bacteria tested, however, the largest
inhibition was by Senna, followed by Harmal
and safflower.
The synergism between plants extract and
antibiotics resulted in inhibition of the tested
organisms (Moneim et al., 2017). Omidpanah
et al. (2019) and Salem et al. (2014a),
demonstrated that safflower methanolic and
aqueous leaves and flower extracts have an
effect on Aspergillus flavus, Aspergillus

Evaluation of antimicrobial activity of
safflower flowers
Safflower florets contain yellow and red
quinochalcone natural dyes such as safflower
yellow A, safflower yellow B, safflomin C,
precarthamin, and carthamin. These chalcones
are the main constituents of glycosylated
flavonoids in safflower which were not
detected in other natural products.
The antimicrobial activity of quinochalcones,
precarthamin and carthamin, was demonstrated
by Salem et al (2014 b), against three Grampositive bacteria (E. coli, S. aureus, and B.
cereus), one Gram-negative bacteria (P.
aeruginosa), and one yeast strain (C. albicans).
The potency of the chalcones against C.
albicans depended on their ability to interact
with sulphydryl groups. Extracts of Carthamus
tinctorius L. flowers harvested at the last stage
of flowering, were shown to have significant
antimicrobial effects against a fungal strain
(Candida albicans) and certain bacterial strains
(E. coli, S. aureus, P. aeruginosa, and Bacillus
cereus). The most intense activity was observed
against E. coli (Attia et al., 2021).
Flowers contain also polysaccharides that had
immunomodulating activities. The immune
system being the most effective weapon for
preventing the invasion of the pathogen (Yao et
al., 2018). Oil extracts from flowers have
activity on E. coli and S. aureus (Sabah et al.,
2015).
The antibacterial activity of hydro - alcoholic
extracts from 3 genotypes of dried safflower
flower was demonstrated by Ozkan et al., 2021
against Gram-positive bacteria (Bacillus cereus,
Listeria monocytogenes, Staphylococcus aureus)
and Gram-negative bacteria (Escherichia coli,
Salmonella typhimurium). The antibacterial
activity of the safflower genotype extracts was
determined by using the agar diffusion method.
In addition, safflower can be used as
antioxidants and vitamin stabilizers in some
food types (Adamska and Biernacka, 2021).
Evaluation of antimicrobial activity of
safflower seeds
The edible seed oil extracted by cold pressing it
is an extraction method that does not use any
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chemical products during the extraction process
and ensures the preservation of oil components
(Khémiri
et
al.,
2020).
Phenolics,
polysaccharides, flavonoids, alkaloids, lignans
(tracheloside), steroids, carboxylic acids,
quinochalcone C-glycosides and quinonecontaining chalcones have been the chemical
groups isolated from safflower seeds (Singhal
et al, 2019; Mani et al., 2020). Safflower seeds
contain 38–48% oil, 15–22% proteins, and 11–
22% fibres (Mani et al., 2020). Safflower oil
contains 70% polyunsaturated linoleic acid and
10% monounsaturated oleic acid. Seven
antioxidative serotonin derivatives were
isolated from the oil of safflower (Mani et al.,
2020). C. tinctorius L. seed oil display high
antioxidant and antimicrobial effects (Attia et
al. 2021).
Khémiri et al., 2020 show the antimicrobial
activity of safflower seed oil on 2 gramnegative bacterial strains (E. coli and
Enterobacter cloacae), 2 gram-positive
bacterial strains (S. aureus and Streptococcus
agalactiae), 3 yeast species strains (Candida
albicans, Candida parapsilosis, and Candida
sake), and 3 fungi species (Aspergillus niger,
Penicillium
digitatum,
and
Fusarium
oxysporum) and Padole et al. (2021) on E. coli.
Their reports showed that the oil extracted from
safflower seeds under cold pressing exhibited
high antioxidant activities and notable
antimicrobial effects against human skin
opportunistic pathogenic bacteria, yeast, and
fungi, which commonly are involved in altering
the healing of skin wounds.
Safflower oil nanoemulsion and cumin essential oil combined with oxygen absorber packaging delayed the growth of mesophilic and
psychrotrophic bacteria, Enterobacteriaceae,
and lactic acid bacteria during the storage
period of refrigerated lamb loins (HasaniJavanmardi et al., 2021).
The seed coat has effect on Pseudomonas
aeruginosa, E. coli, Klebsiella pneumonia, and
Salmonella typhi as gram-negative bacteria and
S. aureus (Tayebeh et al., 2021).
On the vegetables Son et al., 2017 revealed the
antimicrobial activity of safflower seed meal
extract on Listeria monocytogenes on fresh
lettuce.

Yavuzer et al., 2021 and Kuley et al., 2019,
showed that ethanolic safflower and bitter
melon extracts have activity in controlling the
growth of fish spoilage bacteria (Acinetobacter
lwoffii,
Pseudomonas
oryzihabitans,
Enterobacter cloacae, Shigella spp., Morganella
psychrotolerans
and
Photobacterium
phosphoreum) and food-borne pathogens (S.
aureus, Klebsiella pneumoniae and Salmonella
paratyphi A). As a result, safflower and bitter
melon extracts could be used as antimicrobial
agents to inhibit bacterial growth in food.
Aqueous extract from waste (mixture of stem
and leaf obtained after the seed collection
process) has antibacterial activity on S. aureus
(Gram positive) and Pseudomonas fluorescens
(Gram negative) (Rodríguez-Félix et al., 2021).
Aqueous extract from air dried powder plant
has antibacterial activity on: Proteus vulgaris;
S. aureus, Erwinia carotovora, Bacillus
subtilis, Klebsiella pneumonia, and C. albicans
(Ibrahim et al., 2019) and on E. coli, Klebsiella
pneumoniae (K. pneumoniae), Acinetobacter
baumannii, P. aeruginosa, S. aureus and
Salmonella spp. (Moneim et al., 2018)
In the literature, there are more studies about
safflower antibacterial action on human
pathogenic bacteria and fungi action, including
Gram-positive B. cereus, L. monocytogenes, S.
aureus and Gram-negative bacteria E. coli, P.
aeruginosa, Salmonella enterica (BouarabChibane et al., 2019; Thornfeldt, 2018;
Sulieman et al., 2017; Karimkhani et al., 2016;
Bessada et al., 2015; Salem et al., 2014).
CONCLUSIONS
This review reveals the importance of various
extracts of Carthamus tinctorius (safflower)
from seeds, leaves and flowers in the control of
nosocomial
pathogens.
The
bioactive
components of Carthamus tinctorius L. may be
considered a good alternative to natural
therapeutic treatments. The health-promoting
applicability of safflower increases with the
progressing knowledge of its chemical
composition. Subsequent investigation of the
plant extracts to isolate and recognize the active
ingredients is highly recommended.

803

REFERENCES

Ibrahim, F. Y., El-Khateeb, A. Y., & Mohamed, A. H.
(2019). Rhus and Safflower Extracts as Potential
Novel
Food
Antioxidant,
Anticancer,
and
Antimicrobial Agents Using Nanotechnology. Foods,
8(4), 1-14.
Ivanov, M., Novović, K., Malešević, M., Dinić, M.,
Stojković, D., Jovčić, B., & Soković, M. (2022).
Polyphenols as Inhibitors of Antibiotic Resistant
Bacteria—Mechanisms Underlying Rutin Interference with Bacterial Virulence. Pharmaceuticals.,
15(3), 1-21.
Iyer, K. R., Robbins,N., & Cowen, L. E. (2022). The role
of Candida albicans stress response pathways in
antifungal tolerance and resistance, iScience, 25(3),
1-3.
Karimkhani, M. M., Shaddel, R., Khodaparast, M. H. H.,
Vazirian, M., & Piri-Gheshlaghi, S. (2016).
Antioxidant and antibacterial activity of safflower
(Carthamus tinctorius L.) extract from four different
cultivars. Quality Assurance and Safety of Crops &
Foods, 8(4), 565-574.
Khameneh, B., Eskin, N.A.M., Iranshahy, M., Fazly,
&Bazzaz, B.S. (2021) Phytochemicals: A Promising
Weapon in the Arsenal against Antibiotic-Resistant
Bacteria. Antibiotics, 10(9), 1-33.
Khémiri, I., Essghaier, B., Sadfi-Zouaoui, N& Bitri L.
(2020). Antioxidant and Antimicrobial Potentials of
Seed Oil from Carthamus tinctorius L. in the
Management of Skin Injuries. Oxidative Medicine
and Cellular Longevity, 2020,1-12.
Kim, Y. K., Roy, P. K., Ashrafudoulla Md., Shamsun
Nahar, S.,Toushik, Hossain, H., I., Mizan, F. R.,
Park, S.H. &Ha, S.-D. (2022). Antibiofilm effects of
quercetin against Salmonella enterica biofilm
formation and virulence, stress response, and
quorum-sensing gene expression, Food Control, 137,
108964, ISSN 0956-7135.
Kuley, E., Yavuzer M.N., Yavuzer, E., Durmuş, M.,
Yazgan, H., Gezginç, Y. &Özogul, F. (2019).
Inhibitory effects of safflower and bitter melon
extracts on biogenic amine formation by fish spoilage
bacteria and food borne pathogens. Food Bioscience,
32, 100478.
Kumar, V. D., Verma, P.R.P., & Singh, S.K. (2015).
Morphological and in vitro antibacterial efficacy of
quercetin loaded nanoparticles against food-borne
microorganisms, LWT - Food Science and
Technology,66, 638-650.
Lee, J-Y., Park, K-S. & Choi, S-W. (2006). Quantitative
Changes in Phenolic Compounds of Safflower
(Carthamus tinctorius L.) Seeds during Growth and
Processing. Journal of Food Science and Nutrition,11
(4), 311 – 317.
Liu, J., Du, C., Henry T. Beaman, H., &Monroe M.B.
(2020). Characterization of Phenolic Acid
Antimicrobial and Antioxidant Structure–Property
Relationships. Pharmaceutics, 12,1-17.
Liu, C. S., Zhang,G., Zhan, H., Liu,B., Li,C., Liang
Wang, L., Wang,H. & Wang,J.Y. (2021).
Antimicrobial mechanism of 4-hydroxyphenylacetic
acid on Listeria monocytogenes membrane and
virulence, Biochemical and Biophysical Research
Communications, 572, 145-150.

Adamska I. & Biernacka P. (2021). Bioactive Substances
in Safflower Flowers and Their Applicability in
Medicine and Health-Promoting Foods. International
Journal of Food Science, 2021, 1-23.
Attia, H.; Harrathi, J.; Alamer, K.H.; Alsalmi, F.A.;
Magné, C.; &Khalil, M. (2021). Effects of NaCl on
Antioxidant, Antifungal, and Antibacterial Activities
in Safflower Essential Oils. Plants 10, 2809. 2-19.
Banerjee, K., Shubhadeep, B, Subhayan, D., & Mandal,
M., (2015). Probing the potential of apigenin
liposomes in enhancing bacterial membrane
perturbation and integrity loss,Journal of Colloid and
Interface Science,453, Pages 48-59.
Bessada, S.M.F., Barreira, J.C.M. & Oliveira, M.P.P.
(2015). Asteraceae species with most prominent
bioactivity and their potential applications: A review.
Industrial Crops and Products, 76, 604-615.
Bouarab-Chibane, L., Forquet, V., Lantéri, P., Clément,
Y., Léonard-Akkari, L., Oulahal, N., Degraeve, P.,
&Bordes, C. (2019). Antibacterial Properties of
Polyphenols:
Characterization
and
QSAR
(Quantitative
Structure–Activity
Relationship)
Models. Frontiers in Microbiology, 10, 1-23.
Bhuiyan, N.I., Begum, J., Nandi, N.C. &Akter, F.
(2010). Constituents of the essential oil from leaves
and buds of clove (Syzigium caryophyllatum (L.)
Alston). African Journal of Plant Science, 4(11), 451454.
Chen, Y., Chen, X., Liang, Z., Fan,,S., Gao, X., Jia, H.,
Bin Li, Shi,L., Zhai, A., & Wu,C. (2022).
Epidemiology and prediction of multidrug-resistant
bacteria based on hospital level, Journal of Global
Antimicrobial Resistance, 29, 155-162.
Dhasarathan P., Mohamad S. AlSalhi, Sandhanasamy
Devanesan, Jeeva Subbiah, A.J.A. Ranjitsingh,
Mohammed Binsalah, & Akram A. Alfuraydi,
(2021). Drug resistance in Candida albicans isolates
and related changes in the structural domain of Mdr1
protein, Journal of Infection and Public Health, 14,
(12), 1848-1853.
Górniak, I., Bartoszewski, R. & Króliczewski, J. (2019).
Comprehensive review of antimicrobial activities of
plant flavonoids. Phytochemistry Reviews, 18, 241–272.
Hansur, L., Melva, L., Puspita, E. W. &Fadilah, F.
(2021). Daphnoretin from Carthamus tinctorius as a
Potential Inflammatory Inhibitor in COVID-19 by
Binding to Toll-like Receptor-4: An in silico
Molecular Docking Study. Open Access Macedonian
Journal of Medical Sciences, 10(A), 220-227.
Hasani-Javanmardi, M., Fallah, A.A. & Abbasvali, M.
(2021). Effect of safflower oil nanoemulsion and
cumin essential oil combined with oxygen absorber
packaging on the quality and shelf-life of refrigerated
lamb loins. LWT, 147, 111557, ISSN 0023-6438,
Hussain, A. Y., Hussein, J. H. & Abeer, F. Al-Rubaye
(2021). Antifungal Activity of the Secondary
Metabolites Extracted from Carthamus tinctorius L.
against Aspergillus Species Isolated from Stored
Medicinal Plants Seeds in the Iraqi Markets, Clinical
Schizophrenia & Related Psychoses, 5(S6), 1-6.

804

Luo, K., Tang, J., Qu, Y., Yang, X., Zhang, L., Chen, Z.,
Kuang, L., Su, M. &Mu, D. (2021). Nosocomial
infection by Klebsiella pneumoniae among neonates:
a molecular epidemiological study. Journal of
Hospital Infection , 108, 174-180.
Mani, V., Lee, S.-K., Yeo, Y., Hahn, B.-S. (2020) A Metabolic Perspective and Opportunities in Pharmacologically Important Safflower, Metabolites, 10(253)
2-18.
Masyita, A., Sari, R. M., Astuti, A. D., Yasir, B.,
Rumata, N.R., Emran, T. B., Nainu, F., & SimalGandara, J. (2022), Terpenes and terpenoids as main
bioactive compounds of essential oils, their roles in
human health and potential application as natural
food preservatives, Food Chemistry: X, 13, 100217.
Miklasińska-Majdanik, M., Kępa, M., Wojtyczka, R. D.,
Idzik, D. &Wąsik, T. J. (2018). Phenolic Compounds
Diminish Antibiotic Resistance of Staphylococcus
Aureus Clinical Strains. International journal of environmental research and public health, 15 (10), 2321.
Mittal, R. P., Rana, A., & Jaitak, V. (2019). Essential
Oils: An Impending Substitute of Synthetic
Antimicrobial Agents to Overcome Antimicrobial
Resistance. Current drug targets, 20(6), 605–624.
Mo, Y., Low I., Tambyah S.K., &Tambyah, P.A. (2019).
The socio-economic impact of multidrug-resistant
nosocomial infections: a qualitative study, Journal of
Hospital Infection, 102 (4), 454-460.
Sulieman, A. M. E, Shaarawy, S. M, Alghamdi, A. A,
Veettil V. N, Abdelgadir M, Ibrahim N. (2017).
Evaluation of antimicrobial and synergistic effects of
selected medicinal plants of Hail area with
antibiotics. Bioscience Biotechnology Research
Communications. 10 (1), 44-50.
Moreno, P.R.H., da Costa-Issa, F.I, Rajca-Ferreira, A.K.,
Pereira, M.A., & Kaneko, T.M. (2013). Native
Brazilian plants against nosocomial infections: a
critical review on their potential and the antimicrobial
methodology. Current Topics in medicinal
chemistry,13 (24), 3040-3078.
Nag, D., Dastidar, D. G., & Chakrabarti, G. (2021).
Natural flavonoid morin showed anti-bacterial
activity against Vibrio cholera after binding with cell
division protein FtsA near ATP binding site.
Biochimica et biophysica acta. General subjects,
1865(8), 129931.ISSN 0304-4165.
Omidpanah, S., Sadeghi, H., Mohamadian, S. M.&
Manayi, A. (2015). Evaluation of antifungal activity
of aqueous extracts of some medicinal plants against
Aspergillus flavus, pistachio aflatoxin producing
fungus in vitro. Drug Development and Therapeutics,
6 (2), 66-69.
Othman, L., Sleiman, A. &Abdel-Massih, R.M. (2019).
Antimicrobial Activity of Polyphenols and Alkaloids
in Middle Eastern Plants. Frontiers in microbiology,
10(911), 1 – 28.
Ozkan, K., Bekiroglu, H., Bayram, Y., Sagdic, O. &
Erbas, S. (2022). In vitro bioaccessibility, antioxidant
and antibacterial activities of three different
safflowers (Carthamus tinctorius L.) genotypes. Food
Science and Technology, 42, 1-7.
Padole, N. N., Sachin, B. V., Bandu, M. K., Nandkishor,
N. P., Jasmine, G. A. (2021). Cultivation, Extraction

and Evaluation of Antibacterial Activity of
Carthamus tinctorius (Safflower) oil against E. coli.
International Journal of Research Publication and
Reviews, 2 (7), 1016-1029
Périer, M. Y. Goursot, S. R., C. Darrort, L. C., Huang,
F., Sulman, D., Haziza, F. & Benamer, H. (2020).
Endocardite infectieuse sur prothèse après
implantation de Mitra-Clip — Cas d’un succès du
traitement médical sur une endocardite à
Staphylococcus epidermidis et revue de littérature,
Annales de Cardiologie et d'Angéiologie, 69, (6),
392-399.
Pinheiro, P. G., Santiago, G., da Silva, F., de Araújo, A.,
de Oliveira, C., Freitas, P. R., Rocha, J. E., Neto, J.,
da Silva, M., Tintino, S. R., Siyadatpanah, A.,
Norouzi, R., Dashti, S., Wilairatana, P., Coutinho, H.,
& da Costa, J. (2022). Ferulic acid derivatives
inhibiting Staphylococcus aureus tetK and MsrA
efflux pumps. Biotechnology reports (Amsterdam,
Netherlands), 34, e00717, 1-10.
Rajput, S. A., Wang, X. Q., & Yan, H. C. (2021). Morin
hydrate: A comprehensive review on novel natural
dietary bioactive compound with versatile biological
and pharmacological potential. Biomedicine &
pharmacotherapy
=
Biomedecine
&
pharmacotherapie, 138, 111511., ISSN0753-3322.
Rempe, C.S, Burris, K.P, Lenaghan, S.C., &Stewart,
C.N. Jr. (2017). The Potential of Systems Biology to
Discover Antibacterial Mechanisms of Plant
Phenolics. Frontiers in Microbiology,8, 1-12.
Rodríguez-Félix, F., López-Cota, A. G., MorenoVásquez, M. J., Graciano-Verdugo, A. Z., QuinteroReyes, I. E., Del-Toro-Sánchez, C. L., & TapiaHernández, J. A. (2021). Sustainable-green synthesis
of silver nanoparticles using safflower (Carthamus
tinctorius L.) waste extract and its antibacterial
activity. Heliyon, 7(4), e06923, 1-11.
Sabah, F. S., & Afrodet A. S. (2015). Evaluation of
Antibacterial Activity of Flavonoid and Oil Extracts
from Safflower (Carthamus tinctorius L). Journal of
Natural Sciences Research (Online), 5 (8), 41-44.
Salem, N., Kamel, M., Wissal, D., Jezia, S., Houda, M.,
Ferid, L., & Brahim, M.(2014a). Effect of drought on
safflower natural dyes and their biological activities.
EXCLI Journal,13,1-18.
Salem, N., Kamel, M., Salem, E., Mangano, G., Sana, S.,
Slimen I.B., Kefi, S., Pintore G., Limam,F.,
&Marzouk,B.(2014b). Evaluation of Antibacterial,
Antifungal, and Antioxidant Activities of Safflower
Natural Dyes during Flowering. BioMed Research
International, 2014, 1-10.
Singhal, G., Singh, P., Bhagyawant, S.S & Srivastava, N.
(2018). Anti-Nutritional Factors in Safflower
(Carthamus tinctorius L.) Seeds and Their
Pharmaceutical Applications. International Journal
of Recent Scientific Research, 9(9), 28859-28864.
Singhal, G., Priyanka Singh, Sameer Suresh
Bhagyawant, & Nidhi Srivastava (2019) Antinutritional factors in safflower (Carthamus tinctorius
L) seeds and their pharmaceutical applications, MOJ
Drug Design Development & Therapy, 3(2), 46‒50.
Sivaranjani, M., Gowrishankar, S., Kamaladevi, A.,
Pandian, S. K., Balamurugan, K., & Ravi, A. V.

805

(2016). Morin inhibits biofilm production and
reduces the virulence of Listeria monocytogenes - An
in vitro and in vivo approach. International journal of
food microbiology, 237, 73–82.
Son, H-J., Kang, J-H., & Song, K. B., (2017).
Antimicrobial activity of safflower seed meal extract
and its application as an antimicrobial agent for the
inactivation of Listeria monocytogenes inoculated on
fresh lettuce. LWT - Food Science and Technology,
85, 52-57.
Sun, L. P., Shi, F. F., Zhang, W. W., Zhang, Z. H., &
Wang, K. (2020). Antioxidant and Anti-Inflammatory
Activities of Safflower (Carthamus tinctorius L.)
Honey Extract. Foods (Basel, Switzerland), 9(8), 116.
Sura, L. A., Abbass, M. K., Ibrahim, H. A. (2020).
Chemical Composition and Antimicrobial Activity of
different Solvent Extracts of Carthamus tinctorius
Flowers. Research Journal of Pharmacy and
Technology, 13(12), 6055-6060.
Tayebeh, B., Soraya, K., Khaneghah, A.M. (2021).
Antioxidant and antibacterial activity of ethanolic
extract of safflower with contrasting seed coat colors.
Quality Assurance and Safety of Crops & Foods,
13(2), 1-12.
Thornfeldt, C.R. (2018). Therapeutic herbs confirmed by
evidence-based medicine. Clinics in Dermatology, 36
(3), 289-298.
Urusova, D. V., Merriman, J. A., Gupta, A., Chen, L.,
Mathema, B., Caparon, M. G., & Khader, S. A.
(2022). Rifampin resistance mutations in the rpoB
gene of Enterococcus faecalis impact host
macrophage cytokine production. Cytokine, 151,
[155788]. https://doi.org/10.1016/j.cyto.2021.155788
Wang, L., Zhou, KH., Chen, W. (2019). Epidemiology
and risk factors for nosocomial infection in the
respiratory intensive care unit of a teaching hospital

in China: A prospective surveillance during 2013 and
2015. BMC Infectious Diseases, 19, 145 1-9.
Wang, L. H., Zeng, X. A., Wang, M. S., Brennan, C. S.,
& Gong, D. (2018). Modification of membrane
properties and fatty acids biosynthesis-related genes
in Escherichia coli and Staphylococcus aureus:
Implications for the antibacterial mechanism of
naringenin. Biochimica et biophysica acta.
Biomembranes, 1860(2), 481–490
Wang, Z., Ding, Z., Li, Z., Ding, Y., Jiang, F., & Liu, J.
(2021). Antioxidant and antibacterial study of 10
flavonoids revealed rutin as a potential antibiofilm
agent in Klebsiella pneumoniae strains isolated from
hospitalized patients. Microbial pathogenesis, 159,
105121, ISSN 0882-4010.
Xie, Y., Chen, J., Xiao, A., &Liu, L. (2017).
Antibacterial Activity of Polyphenols: StructureActivity
Relationship
and
Influence
of
Hyperglycemic Condition. Molecules, 22(11), 1-11.
Yao, Y., Yao, J., Du, Z., Wang, P., Ding, K. (2018).
Structural elucidation and immune-enhancing activity
of an arabinogalactan from flowers of Carthamus
tinctorius L. Carbohydrate Polymers, 202,134-142.
Yavuzer, M.N., Yavuzer, E., & Kuley, E. (2021).
Safflower and bitter melon extracts on suppression of
biogenic amine formation by fish spoilage bacteria
and food borne pathogens. LWT, 146, 111398, ISSN
0023-6438.
Yue, J., Yang, H., Liu, S., Song, F., Guo, J., & Huang, C.
(2018). Influence of naringenin on the biofilm
formation of Streptococcus mutans. Journal of
dentistry, 76, 24–31.
Zhang, G., Tan, Y., Yu, T., Wang, S., Liu, L., & Li, C.
(2021). Synergistic antibacterial effects of reuterin
and catechin against Streptococcus mutans. LWT,
139, 110527, ISSN 0023-6438,

806

