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ABSTRACT

ypothesis: Bacterial infections are among the most significant public health
Hchallenges worldwide and continue to pose a serious threat to patients,

particularly in cases of chronic wounds, burns, and hospital-acquired
infections. With the increasing resistance of various bacterial strains to conventional
antibiotics, the need for discovering new and effective therapeutic approaches has
become more urgent than ever. In this regard, electrospun nanofibers have attracted
considerable attention due to their unique properties, such as high specific surface
area, large surface-to-volume ratio, tunable structural characteristics, and excellent
biocompatibility. These features make them a promising and innovative platform
for controlled drug delivery systems and the development of antibacterial wound

dressings.

Methods: The aim of this study was to synthesize and evaluate the antibacterial

properties of electrospun nanofibers based on natural compounds, including
collagen, chitosan, and Ganoderma extract (CCG). In this research, nanofibers were

fabricated using the electrospinning technique from solutions containing an optimized
combination of collagen, chitosan, and Ganoderma extract. The morphology and
collagen, surface structure of the nanofibers were examined using scanning electron microscopy
(SEM), and the results revealed that the obtained fibers possessed a smooth, uniform,

electrospun nanofibers,

chitosan, . . .
and bead-free morphology with an average diameter of approximately 100 nm.
nanofibers, Furthermore, Fourier-transform infrared spectroscopy (FTIR) confirmed the presence
antibacterial properties, of characteristic functional groups corresponding to collagen, chitosan, and the

bioactive compounds found in the Ganoderma extract.

Findings: The antibacterial activity of CCG nanofibers was evaluated against Gram-
positive bacteria (Staphylococcus aureus and Streptococcus pyogenes) and the Gram-
negative bacterium (Escherichia coli) using the disk diffusion assay. The results
demonstrated that the CCG nanofibers exhibited significant inhibitory effects against
all three bacterial strains. Overall, the findings indicate that CCG nanofibers possess
great potential as biocompatible, which could serve as an effective alternative to
conventional dressings for wound healing applications.

bacterial infection
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Fig. 1. SEM image of Electrospun CCG nanofibers at 10,000x magnification. Electrospinning conditions included a voltage of 20 kV

and a working distance of 10 mm.

“_;,'jjg':’“"’\"é U"l}} CCG QJL:j‘)JLD 4 C)«é}ﬁ U‘l‘ Lled .ho—
Gl Lol & Wis o gy b6 Sasls 5 sl
&S s

—OIWT Al g cub ow g il BUIgE Lo W buo

(CCG) ko Olugus”
Lo B-0le mS=0IS wl el s S UL
Sl ey 0Ll b 5 ailsy o5 Seds ol (CCG)
GUIEL Ll e Ly syl = slacises Obys
A S8 g5l bl Sl e ) 5s el >l CCG

90
80
70 4

a <
—_ a g g
S z < fe
2 60 - E g 3%
et - =% 3
ER
& 501 = g
7] g
w
240 A
g
(=] 30 -
&
20 -
10 g
g
3
0 o

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
CCG GUISL & bgy e FTIR b —Y IS
Fig. 2. FTIR spectra related to CCG nanofiber.

Sl 51l Cor s L5 € S e )l O 28
\) CM.\&;} M/ (5)[1?\...&]:4 wau K.w .bl}rj )‘ &.’ el
MQ})J\AJJ}@Q\)S&}&%@MJQW450)))13_,}_}4.3

el SIS

4398 b 30955 (TRl
YUK Ol S 5 O3S slaltla 4 by sy s 058
e s laaie S, Ll CCG Gl 5L FTIR il
&S das e 0L )T o IVes cmrl Yo e ees) e
o3l> s ot LosaBlE 55 apzse ey b LS 5 0
—l il SLS S sy sbasOli Sy nl V] ss
S Liea UL 53 Iy oS 5 5 bl L Lol ,8
CCG SUIgl Suslas 5 sledlas (o Seds ol @
S slaalal )T em s s Ky S e SeS
S sl by e OIS 55 55250 055 (slaes S 55 C=0
Ol nS=05US aly Slelur 53 el sls 525 L3 58 oS 5 s
sla Byl V80 em! spus s Sy YA 5535 e edis
Lyye bty S L 53 59250 Skl sles S 5 N-H oo
»C-0-C Lois b plasl VYo em? 50 55 Sy ol
sl il a VevEem! ssus s Sl by e a0l JI5-B
sl Sle 53 s se fonSaodes glass S 3 C-O0 s
FTIR el 55 LSy ol sy A esls Cnd Jgd LS 5
23 SA5 ssba ke Loy 58 (s o 0Lid CCG U1
OF s Jlab S 5 5 ITV] el ek ol GUISL Sle L

VEE QLT i i 0 Loy it 9 om0 s cpoly 5399935 9 ol wirole Alzo Yve



e OUngiaS GIUS Ay 2 © o oaasa 29 335 3lgil (5 35L b aold

s 3 DNA (o s ol Jle L1 Slarsny, 5
L] s Jlee paslast 2o sl U glatl
S 03251 OCG SUISL (5 8L b o) ey
b S L bl lag Sl oS lee Oles o 5 $358
el sdel Y Jgdr 53 O oS slaesls 5 Y IKS s O &S
(st 05 Joul) Escherichia coli slas St wanllas opl 3
s S S) Streptococcus pyogenes s Staphylococcus aureus
glciss mla Jale Olpsa (ol Sl 5 oute p 5
YOS s e s gl b kel LSS e o
SUISL Ll sacass Db 3 s St 1, (S5 ials
Ly pds 3l glesm s GBlid dls Ll s e 0L 1, CCG
Aas o 0L Laal opl i sdalin Sy Glbl Lass 3
b s el a5 odas 5 5bay CCG SUIL 9SS il
laly Glis 5ol b JiSen n b oo rleal anasls bags SL
Sl A Jlge comse 5 LS e sl e S5 LSS s M
e 03,18 Glid s LSS pde Olejen 5 sl
S SLAs Jd DS 5 2w )l 5 2 sdoee (glenlyl 4 il

(®2) (®3)
s Staphylococcus aureus (b) Escherichiacoli (a) s ySLds S lad b5l sl (63 8 Sy Oseslas g e S oS gla o LY IS

ol alail 65L& 58 s L4550 MBC SMIC (peni=) Jsol
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Bacterial strain MBC (mg/mL) | MIC ( mg/mL)

Staphylococcus aureus 240 200
Streptococcus pyogenes 220 200
Escherichia coli 230 200
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Table 2. Antibacterial properties of CCG nanofibers at different concentrations.

Time to complete Effective concentration Type (Gram (+), .
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growth inhibition (h) (ng/mL) Gram(--)
12 200, 300 - Escherichia coli
10 200, 300 + Staphylococcus aureus
11 250, 300 + Streptococcus pyogenes
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