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Abstract:

Staphyloxanthin is golden yellow-orange carotenoid pigment produced
by most Staphylococcus aureus bacteria, which plays an important role in
virulence factors protecting bacteria from ROS produced by immune
system. The aim of this study was to evaluate antibacterial activity of
Staphyloxanthin and its combination with Ciprofloxacin antibiotic against
some pathogenic bacteria. Twenty-five S.aureus isolates were obtained
from various clinical sources in Baghdad hospital and identified.
Antibiotics susceptibility tests revealed the highest resistance to
(Penicillin G 100%, cefoxitin and oxacillin 96%), while lowest resistance
to Amikacin and gentamicin, Clindamycin 20%,16% ,12% respectively,
Staphyloxanthin pigment production was detected on skim milk agar,
84% of the isolates were producers and the quantitative estimation using
Spectrophotometer at O.D450nm revealed S4 isolate was highest
production (Means O.D xS.D=1.248).Staphyloxanthin pigment was
extracted using methanol and purified by Column chromatography.
Antibacterial activity of purified staphyloxanthin was evaluated by agar
well diffusion method against (P. aeruginosa, S. aureus, K. pneumoniae,
E. cloacae, E. coli, E. faecalis) at different concentrations

(100- 12.5 ug/ml).The maximum inhibition zones were observed against
E. cloacae (22+1mm), followed by K. pneumoniae (20.5+0.5mm) and
then E. faecalis (16.5£2.1mm),while weak activity was observed against
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E.coli (10£1),statistically analysis showed significant differences (p <
0.05), and no activity was recorded against (P. aeruginosa, S. aureus).
Combination effect of Staphyloxanthin with Ciprofloxacin showed high
Antibacterial efficacy as indicated by the increase in diameter of
inhibition zone compared to ciprofloxacin alone as bacterial follows
K.pneumoniae, E.clocaea, E.faecalis (p < 0.05), while no enhancement
was observed in E. coli.

Keywords: Staphyloxanthin, Antibacterial Activity, Ciprofloxacin.
Note: The research is based on an M.A thesis: yes.

Introduction:

Staphylococcus aureus is Gram-positive coccus, a facultative anaerobic
bacterium that is both a commensal organism and an opportunistic
pathogen, capable of causing a wide spectrum of human diseases(Tigabu
& Getaneh, 2021) It is one of the most clinically relevant bacterial
pathogens, causing.

Infections range from superficial skin infections (SSTIs) to life-
threatening disorders such as pneumonia, endocarditis, osteomyelitis,
septic arthritis, and bacteremia (Touaitia et al., 2025)The production of
several extracellular virulence factors, including hemolysin, coagulase,
enterotoxin, protein A, and staphyloxanthin (STX), as well as the
formation of biofilms, allow S.aureus to survive in adverse environmental
conditions (Selvaraj et al., 2020),STX an essential virulence factor in
more than 90% of S.aureus strains, it gives the colonies their distinctive
golden coloration and helps in the detoxification of reactive oxygen
species (ROS) produced by the host immune system(Fiedor & Burda,
2014) and stabilizes the cell membrane by reducing membrane
fluidity(Selvaraj et al., 2020) Furthermore ,staphyloxanthin has been
suggested to exhibit potential in vitro Antimicrobial activity (Barretto &
Vootla, 2018a). Ciprofloxacin is an antibiotic that belongs to the
fluoroquinolone (FQ) class and is used to treat both Gram-positive and
Gram-negative bacteria that impacts its target by inhibiting the DNA
gyrase known as topoisomerase Il and topoisomerase IV.(Shariati et al.,
2022). In addition (STX) its use has been proposed as a potential
adjunctive therapy based on comparative studies with traditional
antibiotics. (Hamzaa & Alwanb, 2025).
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Methodology:

1- Isolation and Identification Staphylococcus aureus

total of twenty-five Staphylococcus aureus clinical isolates was collected
from different clinical sources (wound, blood, urine, ear, nasal,
Aspiration sample) over period of two months (from September 2025 to
November 2025).The isolates were obtained from Baghdad hospitals,
presumptively identified based on culture characteristics and biochemical
tests, and confirmed identification by using VITEK-2 system (M. Kim et
al., 2008)

2- Antibiotics Susceptibility Test

S.aureus isolates on Mueller-Hinton agar plates were tested for antibiotic
susceptibility using the Kirby-Bauer disc diffusion method, recommended
by CLSI 2025 to the following antibiotics:
(penicillin,oxacillin,cefoxitin,ciprofloxacin,moxifloxacin,levofloxacin,A
mikacin,gentamycin,Erythromycin,clindamycin) the inhibition zones
surrounding the discs were measured in millimeters (mm) with a metric
ruler According to guideline CLSI (2025).

3- Indicator Pathogenic Bacteria

Staphylococcus aureus, Pseudomonas aeruginosa, E.coli, Enterobacter
cloacae , Enterococcus faecalis ,Klebsiella pneumonia ,all pathogenic
isolates were obtained from Baghdad hospitals and were confirmed by
Vitek-2 compact system.

4- Detection of Staphyloxanthin Pigment Production in
Staphylococcus aureus isolates

With some modification Twenty-five S.aureus isolates inoculation into
10ml of Trypticase soya broth and incubated at 37 °C for 18h.after
incubation and all isolates streaking on Mannitol salt agar to obtained
pure colonies. subsequently subculture on Skime milk agar and incubated
at 37 °C for two days and two days at room temperature. The appearance
of golden- yellow or orange pigmentation colonies considered positive
outcome for staphyloxanthin production (Grinsted & Lacey, 1973).

5- Quantification Estimation of Staphyloxanthin Production

STX quantitative evaluated by measuring the absorbance of methanolic
extracts from tested isolates by UV-visible spectrophotometer at OD450
nm. Isolates were classified by their optical densities (OD) as intensely
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pigmented (OD450 > 0.2), faintly pigmented (OD450 = 0.1-0.2), or non-
pigmented (OD450 < 0.1) (Elmesseri et al., 2022).

6- Extraction OF Staphyloxanthin Pigment

The pigment of S.aureus (STX) was extracted from isolate (S4) by using
methanol with some modifications.

Bacterial cells were collected after 48 hours of growth on skim milk agar
plates at 37°C and then 48 hours at room temperature. Agar surfaces were
washed twice with sterile double distilled water (each with 3 mL). The
bacteria were then centrifuged at 6000 rpm for 15 minutes.  After
discarding the supernatant, the pellet was re-suspended in double-distilled
water and centrifuged at 6000 rpm for 15 minutes. The extraction of
staphyloxanthin from bacterial cell pellets was mixed with 6ml of 99.8%
methanol and coated in aluminum foil to prevent light exposure, heated in
water bath at 55 °C for 5 minutes while being stirred gently, until all the
visible pigments of bacteria were extracted and dissolved in methanol.
The Yellow golden -orange colored supernatant liquid was cooled and
,centrifuged at 10000 rpm for 15 minutes. The extraction process was
done twice until no additional pigment could be recovered. Methanolic
extract measured absorption at 450nm (Marshall & Wilmoth, 1981a).
7-Purification of Staphyloxanthin by column chromatography

crude extract of Staphyloxanthin purified using column chromatography.
The crude extract was dissolved in ethyl acetate and subjected to column
chromatography using silica gel (60-120 mesh size, 20 g; Merck), packed
in a glass column (1.5 x 60 cm) Elution was performed with ethyl acetate,
and the colored fractions were collected. Due to the pigment's light
sensitivity, all purification operations were carried out in the dark (Pelz et
al., 2005).

8- Detection and Confirm Presence of purified Staphyloxanthin

TLC and Ultraviolet (UV) analysis with a UV-vis spectrophotometer was
employed to confirm the presence of the purified pigment.

8-1Thin-layer Chromatography (TLC)

Staphyloxanthin detects and identity using thin layer chromatography on
silica-gel). The TLC plates were spotted with staphyloxanthin extract.
The plates were then placed in a jar containing benzene-methanol-acetic
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acid 87:11:2 (vol/vol/vol) as a mobile phase. Staphyloxanthin typically
appears as colored spot with golden yellow -orange or bands.

The Rf value was determined using the following equation.
Rf = Distance of spot sample movement /Distance of spot solvent
movement (Marshall & Wilmoth, 1981a).

8-2UV-Visible Spectrophotometric Scanning (300-800nm )

The pigment extract was evaluated by scanning the absorbance between
300-800nm.Using a UV-Vis spectrophotometer, the maximum absorption
spectra (A max) were determined using 95% methanol as a blank
(Chaturwedi et al., 2024).

9-Antibacterial Activity of Staphyloxanthin purified by Agar Well
Diffusion

Purified staphyloxanthin was tested for antibacterial activity using Agar
well diffusion. Against some bacterial pathogenic isolates (Pseudomonas
aeruginosa, E.coli, Klebsiella pneumonia, Enterobacter cloacae,
Staphylococcus aureus, Enterococcus faecalis). indicator bacteria were
inoculated on an MHA plate, Wells were prepared with a 6mm diameter
sterile cork borer and filled with 100 pl of purified extracts at different
concentrations (100, 50,25, 12.5,) ug/ml. After the plates were incubated
for 24 hours at 37°C The antibacterial of pigment by applying rules to
determine the zones of inhibition in millimeters and Experimental was
performed in duplicate, and result expressed as mean x SD.

(Barretto & Vootla, 2018).

2.10. Antibacterial Activity of Ciprofloxacin

The sensitivity of ciprofloxacin to clinical isolates was determined using
agar well diffusion method at different concentrations(10, 5, 2.5, 1.25,
6.25, 3.12.5 ug/ml) according to previous studies by (Bodunrinde et al.,
2020) . The lowest concentration that produced measurable inhibition
zones was selected for subsequent combinations experiments.
2.11.Screening For Synergistic Effect of Ciprofloxacin and
Staphyloxanthin

To determine the combination effect of staphyloxanthin purified and
Ciprofloxacin by agar well diffusion as described by( Dhairh and Al-
Azawi 2022) with some modification, Each Mueller-Hinton agar plate
was inoculated with a standardized bacterial isolated suspension (0.5
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McFarland) by equally swabbing its whole surface. For the well diffusion
procedure, Three wells prepared of 6 mm diameter were created using a
sterile cork bore in each agar plate as follows , each well was properly
labeled and filled with 100 pL of Staphyloxanthin (STX) alone
,Ciprofloxacin(CIP) alone, and combination of CIP and STX alone ( 50ul
STX and 50ul CIP ). lowest effective concentration of ciprofloxacin was
selected for each bacterial isolate and combined with lowest
concentration of pigment. All these plates were incubated in the dark for
24 hours at 37°C. followed by the measurement of zones of inhibition
(ZOI) around the wells.by ruler and recording the results, All
Experiments were performed in duplicate and result express as mean +
SD.

2.12 Statistical Analyses:

Statistical analysis was performed using a one-way analysis of variance
(ANOVA) with LSD test at p < 0.05 and Results were expressed as mean
+ SD (SPSS v 20).

Result and discussion

1-Isolation and Identification of Staphylococcus aureus.

twenty-five clinical isolates of S.aureus were obtained from different
clinical specimens in Baghdad hospital ,all isolate grew on Mannitol salt
agar and ferment mannitol ,produce yellow colonies ,on blood agar most
isolated exhibited B-hemolysis and formed smooth,round,grayish to
creamy colonies while 84% produced golden yellow -orange
pigmentation on skim milk agar ,figure(1)

Biochemical tests revealed that all isolates (100%) were catalase-positive,
tube-coagulase-positive, and oxidase-negative, and identification was
confirmed vitek2 compact system.

——— e

Figure 1: S.aureus colonies on Mannitol salt agar
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2-Antibiotics Susceptibility Test

Antibiotics susceptibility test was performed to ten different Antibiotics
for all isolates S.aureus figure(2) result revealed resistance percentage as
follows: penicillin  G(100%),cefoxitin, oxacillin (96%),ciprofloxacin,
moxifloxacin, levofloxacin (24%) , Amikacin(20%) , Gentamicin(16%),
Erythromycin(80%), clindamycin (12%). previous local study conducted
in lrag by ( Mohammed et al.,2017) S.aureus isolates exhibited
percentage Resistance (100%) cefoxitin ,(100%)

penicillin G , (87%) oxacillin  (Hoshyar et.al,2025) resistance to
gentamicin , Amikacin (16%), (Al-Marjani et al., 2017) resistance to
levofloxacin and ciprofloxacin exhibited as 20% (Gade & Qazi, 2013)
21% resistant to Moxifloxacin ,(Aziz & Hassan, 2019) resistance to
erythromycin 85% ,(Bushra et al., 2018) resistant to clindamycin 17%.
High resistance of Staphylococcus aureus to penicillin ,oxacillin,
cefoxitin may be attributed to production beta lactamase enzyme which
hydrolyzed beta lactam ring and presence of the mecA gene, which
encodes PBP2a with low affinity for B-lactam antibiotics (C. Kim et al.,
2012) while  Gentamicin , Amikacin antibiotics remain effective
treatment option of S.aureus because aminoglycoside (Gentamicin,
Amikacin) may require for mechanisms inactivation Antibiotics by
Aminoglycosides-modifying-enzymes (Ma et al., 2025)
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Figure 2 : pattern Antibiotics susceptibility of Staphylococcus aureus
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3- Detection of Staphyloxanthin Pigment production Among S.aureus
Isolates

all S.aureus isolates were subculture on Skim milk agar result revealed
Out of 25 isolate ,21(84%) of isolates produces staphyloxanthin pigment
indicate as golden yellow -orange color on media, while 4 (16%) non
produced staphyloxanthin indicate as absence golden yellow-orange color
figure(3).

these finding consistent with study by (Judi & Naser, 2025) Revealed
75% of S.aureus isolates produce STX, (Mishra et al., 2011) has reported
Staphyloxanthin (STX), which is produced by over 90% of S.aureus
isolates.

/

4/,

Figure 3: A- isolate production of STX on skim milk B- isolate non
produce STX

4-Quantification Estimation of STX production

quantitative  estimated of  Staphyloxanthin by  UV-Visible
spectrophotometry measurement for methanolic extract O.D at 450nm
,result demonstrated statically significant different among highly ,weakly
, hon-produce STX group (P<0.001), and S4 isolate showed high
absorbance at 450nm (Means O.D xS.D=1.25),indicated of highly
production for STX were selected further for extraction and purification.
Overall, 60% of the high produce, 20% weakly ,20% non-product were
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shown in Figure(4), study by ( Elmesseri et al.,, 2023) exhibited
Variability in STX production. This variability may be attributed to
differences in expression of ctrOPQMN operon which is responsible for
Staphyloxanthin biosynthesis and non-producer harbor gene mutant (Liu
et al.,2005).
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Figure 4:Variability in Staphyloxanthin production among isolates
5- Extraction of Staphyloxanthin pigment:

In the present study staphyloxanthin pigment extracted from S4 isolate
by using solvent methanol (99.8%) , yielding 0.4g crude extract. Then
methanol extract was scanning using UV-visible spectrophotometer (200-
800nm), where observed three Peaks at (320,444,468nm) with maximum
Peake around 444nm-468nm show in Figure (5). These finding consistent
with local study in Irag by (Nafe’a, 2014) that revealed of crude
staphyloxanthin exhibited three Peaks at (315,450,463nm),while (Dong et
al ., 2019) has reported that crude staphyloxanthin has Absorption
spectrum between 400-500nm

Therefore, The presence of absorption peaks within this range suggested
of Successfully Staphyloxanthin extraction.
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Figure 5 : UV-visible spectrum for methanolic extract from S4
isolated were demonstrated peak around 444nm-468nm
6-Purification of Crud Staphyloxanthin

Purification of crude STX by silica gel chromatography with ethyl acetate
as mobile phase, a total of 19 fractions were collected, absorbance was
measured at 460nm , showing statically significant difference among
fraction (p<0.001).

fractions from (7-15tube) exhibited intense golden yellow-orange
coloration with high absorbance at 460nm particularly fraction 13
showing high absorbance (2.289) Figure(6), these fractions were pooled
and dried at 40 °C in oven, and store at 4 °C in dark, Previous studies
demonstrated column chromatography was used to purify the bacterial
pigments. to produce as much pigment as possible(Poddar et al., 2021)
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purification of staphyloxanthin
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Figure 6: purification of Staphyloxanthin by Colum
chromatography
7- Detection of Purified Staphyloxanthin
7-1 Thin layer chromatography
the result showed two distinct band or spot on TLC plate ,were low
orange band represent Staphyloxanhtin and upper yellow band derivatives
of Staphyloxanthin which consistent with study by (Munera-Jaramillo et
al., 2024), RF value was =0.58
7-2 visible spectrophotometry
UV-visible spectrum of 3ml of STX purified in 20mm cuvette quartz was
scanned from (300-800nm), the spectrum  showed single broad
absorption peak around 460nm showed in Figure (7),these consistent with
local previous study conducted in Iraq by (Raja & Alattar, 2024a)
demonstrates staphyloxanthin pigment exhibited absorption peak at
approximately 460nm.
Internationally study by Marshall & Wilmoth, (1981b) , reported broad
single peak around 460nm is characteristic of purified staphyloxanthin
pigment.
These confirm presence of purified Staphyloxanthin and successful
purification.
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Figure 7:UV-vis spectrum for Staphyloxanthin purified from
Staphylococcus aureus (S4) showing characteristics Amax = 460 nm
3.9. Antibacterial Activity of purified staphyloxanthin pigment

The antibacterial activity of purified staphyloxanthin pigment was
determined using the well diffusion method against several pathogenic
bacteria including (Pseudomonas aeruginosa, staphylococcus aureus,
Klebsiella pneumoniae, Enterobacter cloacae, Escherichia coli,
Enterococcus faecalis) at different concentrations ( 100, 50, 25, and 12.5
ug/ml).

The results showed variable activity depending on the bacterial species a
The maximum inhibition zones were observed against Enterobacter.
cloacae(ZOl=22+1mm), followed by Klebsiella  pneumoniae
(Z01=20.5£0.5mm), and then Enterococcus faecalis(ZOIl=16.5+2.1mm),
While weak activity was observed against Escherichia coli
(ZOI=10£1mm),, and no inhibition activity was recorded against
Pseudomonas aeruginosa, staphylococcus aureus (ZOI=0mm), Detailed
results are presented in Tabel (1) as illustrated in Figure (8,9), which
shows the diameters of the inhibition zones for each bacterial species.
Statistically significant differences showed in inhibition zone diameter
among bacteria isolates included K.pneumoniae, E.clocaea ,E. faecalis,
E.coli ( p < 0.05),while bacteria isolates,S.aureus ,P.aeruginosa did not
exhibit zone diameter (ZO1=0mm) not included statistical analysis.
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Figure 8: zone inhibition of Staphyloxanthin (STX) against K.
Pneumonia at different concentrations(100,50,25,12.5ug).

Tabel 1:zone inhibition diameter(ZOIl) of staphyloxanthin purified
against pathogen bacteria isolates, representing express zone
diameter as MeanzSD.

Bacterial Tested concentrations of Staphyloxanthin
isolates zone mm/100 zone mm/50  zone mm/25ug  zone mm/12.5 P value
ug ug Mean+SD ug
Mean+SD Mean+SD Mean+SD
A B B C 0.02
K.pneumoniae 20.5+0.5 17.5+1.5 18+1 14.5+£0.5
E.clocaea A B C D 0.01
22+1 22.5+0.5 20£1 18.5£1.5
E.coli 10+1 0+0 0+0 0+0 N.C
E.faecalis A A B 0+0 0.05
16.5+2.1 15.5+0.7 13+1.4
P value 0.001 0.001 0.003 0.001

LSD test identified substantial differences between means, with letters (A, B, C, D)
representing significance levels A for extremely significant and decreasing to the last.
Matching letters signify” There were no statistically noteworthy differences between the
means. p < 0.05 was suggestive of significance
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Figure 9:zone inhibition diameter of Staphyloxanthin among tested
bacterial isolates

Thise consistent Local study conducted in Iraq-Baghdad by (Abd Algabar
& Authman, 2009) showed that purified staphyloxanthin is effective
against Klebsiella pneumoniae and Enterobacter, while the results
differed regarding Pseudomonas aeruginosa, as our study did not
demonstrate any Activity against this bacterium.

While internationally study by (Saranraj, 2025) showed high inhibition
zones against pathogenic bacteria including Pseudomonas aeruginosa
followed by Salmonella typhi Escherichia coli, and Streptococcus
pyogenes.

The no antibacterial activity against Staphylococcus aureus,

pseudomonas aeruginosa may be attributed to having intrinsic resistance
mechanisms included efflux pump They result in the unique intrinsic
resistance of these bacteria to antibiotics, detergents, dyes, and organic
solvents. They also expel a notably wide variety of antimicrobial
substances from the cells. (Zgurskaya & Nikaido, 2000).

Variation in antibacterial activity staphyloxanthin in different studies may
be attributed to different clinical isolates, concentration of pigment, and
mechanisms of resistance toward pigment.

The Antibacterial activity of staphyloxanthin suggest by (Saranraj, 2025)
ability to cellular permeability is altered, oxidative stress is produced, and
ion-in-press membrane connections are disrupted.
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Furthermore, staphyloxanthin not only virulence factor but also bioactive
compound can be therapeutic application.

10-Antibacterial Activity of Ciprofloxacin

Susceptibility of ciprofloxacin against bacterial isolates was assessed
using Agar well diffusion at different concentrations(10, 5, 2.5, 1.25,
6.25, 1.12.5) ,result revealed lowest concentration of ciprofloxacin was
giving inhibition zone measurable were considered lowest effective
concentration and selected for subsequent combination experimental
showed in Tabel(2).

Tabel 2: lowest effective concentration of Ciprofloxacin produced
zone inhibition measurable.

Isolates Lowest effective concentration (
ug/ml)

P.aeruginosa No inhibition zone

E.coli 5

K.pneumoniae 0.625

S.aureus 2.5

E.faecalis 1.25

E.clocaea 0.312.5

11-Screning Synergistic Effect of Staphyloxanthin and Ciprofloxacin
In the present study the synergistic effect of staphyloxanthin purified and
ciprofloxacin was evaluated against bacteria isolates that demonstrate
sensitivity to lowest concentration of STX , The combination was tested
using the lowest effective concentrations of both ciprofloxacin and
staphyloxanthin.

The result showed combination of Staphyloxanhtin with ciprofloxacin
enhanced antibacterial as evidenced by an increased the diameter
inhibition zone was observed at bacteria E.clocaea (5mm), Klebsiella
pneumoniae(3mm),E.faecalis(4mm) with statistically significant
differences compared to ciprofloxacin alone (p < 0.05), while in E.coli
combination effect not showed any increased in zone inhibition diameter
compared to ciprofloxacin alone. Detailed results are presented in Table
(4), as illustrated in Figure (10,11).These results suggest a synergistic
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effect that may contribute to reducing the use of Antibiotics dose and
delaying development of resistance, minimizing side effects of
Antibiotics.

Previous local study conducted in Iraq by (Raja & Alattar, 2024b)
demonstrated the combination of staphyloxanthin pigment with
ciprofloxacin improved activity against K.pneumoniae by decreasing
MIC value of ciprofloxacin suggest synergistic effect ,

The increased activity of ciprofloxacin in combination with
staphyloxanthin may be attributed to ability staphyloxanthin pigment
carotenoid to alter permeability membrane bacterial cell and cause
oxidative stress according to previous study by (Saranraj, 2025) such
alteration may be facilitated penetration of ciprofloxacin antibiotics into
cell therapy enhances antibacterial activity.

Tabel 4: Antibacterial activity comparison of STX=staphyloxanthin
alone, CIP=ciprofloxacin alone, CIP+STX at lowest concentration ,
statistically significant differences (p < 0.05)

Bacterial CIP  CIP(ug)zone STX(ug)zone Cip+STX P value
isolates (ug) mm mm zone mm
Lowest
concentration
K.pneumoniae 0.625 22.5+0.5 15.5+0.5 A 0.002
25.5+1.5
E.faecalis 1.25 B C A 0.001
18+1 12+0 22.5+2.5
E.clocaea 0.3125 B C A 0.001
25.5+£0.5 18.5+0.5 31+1
E.coli 5 B C A 0.9
15.5+0.7 10+£1.4 16+0.5
P value 0.001 0.05 0.001
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Figure 10: inhibition zone comparison of , CIP=ciprofloxacin alone,
STX +CIP combination in K.pneumoniae.

Figure 11: inhibition zone comparison of STX=staphyloxanthin |,
ClIP=ciprofloxacin alone, STX +CIP combination in Enterobacter
cloacae

Conclusion

most staphylococcus aureus isolates produced of Staphyloxanthin
pigment on Skime milk agar, purified staphyloxanthin exhibited
Antibacterial activity against some pathogenic bacteria ,the combination
of Staphyloxanthin with ciprofloxacin enhanced the activity of
ciprofloxacin, as indicated by the increased inhibition-zone diameter
compared to ciprofloxacin alone.
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Recommendation

Study combination of purified Staphyloxanthin with other class
Antibiotics and evaluated effect on MDR pathogenic bacteria
investigated Antibiofilm Activity of Staphyloxanthin with ciprofloxacin
and Study effect on biofilm Formation and inhibition
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