Y
kel Sy adl ala
Olucse Aol

Nl A Al Al _
7 Q’Hiqan 1as
==\

Misan Journal of Academic Studie:

. ‘ U\J\

LI A |V\“r\)
r||,~ J 2 l-;\JU‘ Ly j)b\!

cu.n.uh.l.llq dicloinlMig duibuwiMl o glcll

PR ORI AL

<o
$
$
$

Misan Journal For Academic Studies
Humanities, Social and Applied Sciences

ISSN (PRINT) 1994-697X
(Online)-2706-722X

2026 394! 59 Aukal) 25 =t

2026- SEP 59 Issue 25 vol




Misan Journal for Academic Studies

MIAS

HumanitlEs, Social and Applied Sciences
Vole 25, Issue 59, SEP,2026

duoadBYI Silwlydl) Oluo dhxso
dudidailly delaixNlg Adludd! pglall
Olauto daol> /duwlwl s A1 45

2026 Jsb 59 ) 25 Al
2026 -SEP 59 Issue 25 Vole

WDOAJ

M)jw)l‘al@m’f\a.ujﬁ Isc
) AU 3 LSl ol
I I z‘ \Q I l‘f” RRATITHAAL I x:; :::; b The Global Index

Academic Scientific Journals e POTAL o

d ; Crossref @ @ @ @D

scholar

Google

20094ud 132643/ ,2l dido gl EAON] 3 &\ng’\ PEJ
journal.m.academy@uomisan.edu.ig
https://www.misan-jas.com/index.php/ojs
https://iasj.rdd.edu.ig/journals/journal/view/298

—
(-


mailto:journal.m.academy@uomisan.edu.iq
https://www.misan-jas.com/index.php/ojs
https://iasj.rdd.edu.iq/journals/journal/view/298

@Lsaujas HumanitlEs, Social and Applied Sciences
=\

Misan Journal for Academic Studies

MUIAS

Vole 25, Issue 59, SEP,2026

igaud] o i

1 15

The Contrastive Values Between VVoiced and Voiceless Sounds and Their Role
in Ibn Arabi's Usage
Enas Hamza Al-A'raji

16_41

Geographical Analysis of the Housing Crisis in Al-Maimouna City According
to Population Growth: A Study of Causes and Remedies
Aya Basim Saddam . Ahmed Syehood Hashim

42_64

Advertising and its Aesthetic and Expressive VVocabulary
Ali Zair Rasan Al-Muzani , Muhsin Ali Hussein

65 76

A Reading of Polygamy between Islamic Legal Texts and Contemporary
Transformations
(An Analytical Study According to the Ja‘fari School of Jurisprudence)
Ali CHalloob Elalbl

77 91

The Representations of the Zionist Soldier in the Collection of Stories "My
Short Stories" by Nachum Mendel
Ammar Muhammad Hattab

92_107

The Relationship Between Genetic Mutations and Autism Spectrum Disorder: A
Comprehensive Review
Raghad Jabbar Abdul Sahib, Zahraa Qasim Mousa, Rehal Jehad Husain

108_121

The Reflection of Iragi Reality in Feminist Poetry after 2003:
A Study in Selected Models
Hiba Salman Musa, Raad Hawir Sweilem

122 139

Humor and Seriousness in the Poetry of 1bn al-Mu'tazz
Saja Jassim Mohammed

140_161

The Juristic Premises of Martyr Muhammad Bagqir al-Sadr
(A Study of the Most Significant Rijal and Legal-Theoretical Opinions and
Their Impact on Fatwa)
Falah Abdul Hassan Hashem

162_175

The Mudarib’s Entitlement to Expenses during Hadar: A Jurisprudential Study
in Light of the Five Schools of Islamic Law
Lamia Majid Dhahid Al-Hajjaji Ahmad Mortezaei  Mohammad Amin-Fard

10

176189

The Effect of Poetic Image Proliferation in the Diwan of Al-Khalidiyyayn
Mahmoud Mohammed Allawi Jawad Al-Rawi

11

190_209

The Normative Level in Dr. Majid Al-Zamali's Al-Mustadrak ‘ala Tadhkirat al-
Katib: An Analytical Study
Murtadha Hamdan Ajib

12

210 229

The extent to which biology teachers possess TPACK skills and its relationship
to their achievement motivation and future outlook
Jaafar Khammat Jelow, Safaa Kamel Jaber, Mayada Abdel Sattar Abbas

13

230 248

Spatial and Temporal Variability of Groundwater Aquifer Properties in Eastern
Maysan Governorate, Southern Irag.
Ahmed M. Hashoosh, Alaa M. Al-Abadi

14

—
(-




Misan Journal for Academic Studies

MUIAS

HumanitlEs, Social and Applied Sciences
Vole 25, Issue 59, SEP,2026

Influence of Boswellic Acid on Enamel Microhardness in Initial Caries Lesions:

249 260 An in Vitro Study 15
Roa'a Jamal Abdulameer , Nada Jafer Mohammed Hassan Radhi
A Comparative Analysis of Sedentary Behavior and Dietary Behavior
261 278 in Relation to Dental Caries Among Resistance Trained Men 16
Sarah Bassil Abdulwhid, Alhan Ahmed Qasim
Semantic Challenges in Translating Road Signs
279_284 Falah Hussein Hanoon Al-Sari 17
Macroeconomic Indicators: Iraq and the Dynamics of Oil and Conflict in the
285 299 Arabian Gulf the Impact of Regional Wars (1950-2000) 18
Dhifaf Mahdi Hasson
Characterization and Classification of Soils in Al-Muwafagiyah and Al-Dujaili
Areas
300_320 | within Al-Kut District, Wasit Governorate, and Evaluation of Their Agricultural | 19
Suitability
Hasanain Mohammed Mahmood Alabooda

Deciphering the Unfamiliar: Generational Conflict and Cultural Transformation

321 332 in the Novels of Jhumpa Lahiri 20
Hussein Mnahi Munshid
Neuro-Symbolic and Federated Learning for Privacy-Preserving Intrusion
Detection
333355 Marwah Najm Mansoor, Manar Hasan Ali Al-Malik< Hanan Falah Mohammed 21
Taif talal Alwakeel

The Error Analysis two-dimension nonlinear convection diffusion problem by

356_380 using Crank- Nicolson Petrov Weak Galerkin 22
Wafaa S. Mohammed
Green Spectrophotometric and RP-HPLC Methods for the Quantification of
Cefdinir in Pharmaceutical Formulations: A Comprehensive Review
381_400 Abdalrhman Saad Abdaljaber Lamya A. Sarsam 23
Comparative evaluation of the efficiency of Endophytic Aspergillus and

401415 Penicillium spp. for gold nanoparticles biosynthesis 24

Azhar Mohammed Alewi

—
(-




Misan Journal of \cadenie Sudies,

MISAN JOURNAL FOR ACADEMIC STUDIES
HUMANITIES, SOCIAL AND APPLIED SCIENCES
VOLE 25 ISSUE 59 SEP,2026

MUIAS

ISSN (Print) 1994-697X
ISSN (Online) 2706-722X

DOI: https://doi.org/10.54633/2333-025-059-013

Received:2/June/2026
Accepted:22/July/2026
Published online:30/June/2026

@OHO

MJAS: Humanities, Social and Applied
Sciences
Publishers
The university of Misan.

College of Basic Education This article is an
open access article distributed under the terms
and conditions of the Creative Commons
Attribution

(CCBY NC ND 4.0)
https://creativecommons.org/licenses/by-nc-

nd/4.0/

Comparative evaluation of the efficiency of
Endophytic Aspergillus and Penicillium spp.

for gold nanoparticles biosynthesis

Azhar Mohammed Alewi

Directorate of Education Maysan, Ministry of Education, Iraq
Azhaar269@gmail.com

https://orcid.org/0009-0001-4853-9756

Abstract:

Gold nanoparticles (AuNPs) are highly explored due to
their interesting optical and physicochemical properties
and biological synthesis is a cheaper and eco-friendly
method to prepare AuUNPs. In this study, the
biosynthetic capacity of two fungal isolates Penicillium
sp. (Eucalyptus leaves) and Aspergillus sp. (Capparis
leaves) for the production of AuNP was compared.
Visual color change, UV-Vis spectroscopy, particle size
analysis based on microscopy and quantitative,
transmission electron microscopy (TEM) and field-
emission scanning electron microscopy (FESEM) were
used as a means of assessing the fungal filtrates. AUNP
produced by Penicillium sp. had a reproducible surface
plasmon resonance peak of 507.00 = 0.50 nm, with a
maximum absorbance of 0.823 + 0.012 AU, while for
Aspergillus sp., the surface plasmon resonance peak
was 376.00 £ 0.50 nm, and the maximum absorbance
was 0.244 + 0.007 AU. The differences in both cases
were highly significant (p<0.001), with the peak
wavelength exhibiting a very large effect size (r =
0.99998) and the maximum absorbance having a very
large effect size (r = 0.99971). The average particle size

of 60 microscopy derived measurements was 33.53 £ 10.21 nm with a range between 15.65 and
57.27 nm, corresponding to a polydisperse population of nanoscale particles. The shape of the
particles was spherical or quasi-spherical, mostly, and dispersion and localized aggregation were
variable as observed by electron microscopy. The CVs across the three independent replicates of
Penicillium sp were 0.10%, 1.47% and 1.20% for peak wavelength, maximum absorbance and
mean particle size respectively, respectively indicating good experimental reproducibility.
Penicillium sp. has been found to be more reproducible and prolific AUNP associated response
than Aspergillus sp. under the tested conditions making it an eco friendly biological system for

gold nanoparticle biosynthesis.

Keywords: Aspergillus sp; Biosynthesis;Gold nanoparticles; Nanobiotechnology; Penicillium sp.; UV—

Vis. spectroscopy;
1. Introduction

Over the past few decades, nanotechnology has been considered as one of a significant field with
applications across different technological and scientific fields. It has been involved in
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electronics, medicines, environmental remediation, and catalysis, making nanotechnology of the
most promising areas of contemporary research (Sellami et al., 2022). The physicochemical
properties of gold nanoparticles (AuNPSs) have attracted significant attention among the different
types of nanomaterial because of their large surface area, biocompatibility, and exceptional
optical properties associated with surface plasmon resonance (SPR) (Iravani, 2014). Traditional
techniques for the synthesis AuNPs frequently rely on energy-intensive physical and chemical
methods that involve hazardous substances, potentially leading to the aggregation of hazard
residues.

Recent trends in nanoparticles synthesis have concentrated on synthesizing sustainable and
environmentally friendly alternatives, particularly those based on natural approaches. The use of
living organisms, such as bacteria, fungi, and algae in nanoparticles synthesis has raised as a
viable and cost-effective method (Rampogu et al., 2018).

The use of fungi in biosynthesis of NPs has raised owing to their ability to secrete substantial
quantities of extracellular proteins and metabolites. These compounds act as stabilizing and
reducing agents, facilitating the transformation of metallic ions into nanoparticles. The
involvement of fungal species from genera, such as Aspergillus and Penicillium in the production
of metallic nanoparticles, including silver and gold, has been thoroughly investigated (Kullai Setty
et al., 2011). The disparity in biosynthetic efficiency among different fungal species are remains as
an interesting area of exploration, despite the large number of studies involving the use of fungi
in nanoparticle production (Oyebamiji et al., 2025). The capacity of fungi to synthesize nanoparticles
can be significantly influenced by factors including enzyme activity, metabolic profiles, and
environmental circumstances (Adeleke et al., 2024).

Based on the available literature, there is an importance need to investigate efficient biological
agents for the eco-friendly synthesis of nanoparticles. Fungal metabolites, such as protein, amino
acid and polysaccharide, have been demonstrated to accomplish two major functions in NPs
biosynthesis, reducing and stabilizing. Fungi are suitable for controlling nanoparticle production
because their metabolites influence the size, shape, and stability of nanoparticles (Abd-Elsalam,
2024; Molnér et al., 2018).System parameters, including pH,thermal condition, salt concentration and
reaction time regulate mycosynthesis outcomes by driving fungal enzymatic activity and
nucleation speed, thereby directly influencing the size geometry and colloidal behavior of the
synthesized nanostructures (Bhatnagar & Aoyagi, 2025). The phytochemical diversity of Eucalyptus
and Capparis supports endophytic fungal strain with strong enzymatic potential for metal ion
reduction (Giri et al., 2023; Osman et al., 2024).

The present study is focused on the biosynthetic abilities of two fungal strains Penicillium
species and Aspergillus species from Eucalyptus leaves and Capparis leaves respectively. The
isolates were determined according to their morphological characteristics and AuNP biosynthesis
was analyzed from visual evidence of synthesis, UV-Vis spectral characteristics, particle-size
analysis from quantitative microscopy, TEM, FESEM and experimental reproducibility in
replicate measurements.

2.Materials and Methods

2.1 . Samples collection and preparation

Eucalyptus and Capparis leaves were collected from a local garden at the University of
Missan/lrag, between October-November/2022. The collected leaves were transferred to the
Biotechnology Lab at the University of Missan for further analysis.

2.2 . Surface Sterilization of Leaves
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The collected leaves were subjected to a surface sterilization method to eliminate external
contaminants, following the protocol described by (Greenfield et al., 2015). This method was applied
to isolate endophytic fungal species residing within the leaf tissue. The sterilized leaf fragments
were sat on appropriate media for fungal isolation under aseptic condition.

2.3. Isolation of and Identification of Fungal Isolates

To allow the growth of fungi residing within the leaf, small pieces of sterilized leaves were
placed on an appropriate development growth in potato dextrose agar medium PDA(consisting
of 200g potato,20g dextrose and 150 agar each one litter of distill water) and incubated for 3-7
day at 27 °C. The plates were examined daily to monitor fungal colonies growth. Subsequently,
fungal isolates were sub-cultured and purified on PDA medium with chloramphenicol (0.5 g/ml )under
aseptic conditions and incubated at 27 "C) for (3-7) days (Molnér et al., 2018).

The isolates were scrutinized microscopically and characterized based on their morphological
characteristics.

2.4. Biosynthesis of Gold Nanoparticles (AuNPS)

The fungal isolates were sub-cultured in 1000 ml flask containing MGYP medium (consist of 3 g
yeast extract ,10 g glucose ,3 g malt extract and 5 g peptone in 1000 ml distilled water ) and
incubated at 27-28°C with shaking at 120 rpm for 7-10 days. Later, the fungal mycelium as
collected using Whatman filter paper and washed with sterile distilled water (DW) repeatedly to
erase medium traces. Ten grams dry wight of mycelia were suspended in 100 ml deionized water
and incubated in dark for 72 hours at 27 °C with shaking(Shariff et al., 2026). The cells-free filtrate
was collected using a vacuum filtration system. Following, 100 ml of 2 mM HAuCI,-4H,0 was
added as precursors to initiate the synthesis of gold nanoparticles (AuNPs) (Gupta & Chundawat, 2020).
2.5. Characterization of AUNPs

2.5.1 UV-Vis spectroscopy

UV-Vis spectroscopy was used to determine the optical properties of biosynthesized AuNPs. The
absorption spectrum was measured at a wavelength rage of 200-800 nm using a Double Pillar
UV-1800 spectrophotometer (Shimadzu, Japan). Two ml of the prepared AuNPs suspension were
transferred in a quartz cuvette, and D.W. was utilized as blank control (Xu et al., 2024b).

2.5.2 Electron Microscopy and Particle-Size Assessment

characteristics of the synthesized AuNPs The morphology, dispersion, surface features and size
were assessed by electron microscopy. The surface morphology after the deposition of the
nanoparticle suspension on a specimen stub and drying at room temperature was observed by
ith respect to particle morphology and dispersion, SEM. TEM micrographs were examined w
with complementary high magnification information from the FESEM micrographs with regard
microscopy images -to surface morphology and aggregate organization. The available electron
size -croscopy measurements which were used for quantitative particlewere used to derive 60 mi
analysis. The size of the particles was determined with help of the software ImageJ and then
.summarized using statistical procedures described in Section 2.6

2.6. Statistical Analysis

The microscopy-derived particle-size dataset (n = 60) was summarized using the mean, standard
deviation (SD), median, interquartile range (IQR), minimum, maximum,coefficient of variation
(CV), and 95% confidence interval (CI) for the mean. UV-Vis replicate measurements were
reported as mean = SD. Differences between Penicillium sp. and Aspergillus sp. in peak
wavelength and maximum absorbance were evaluated using Welch's independent-samples t test.
A p value<0.05 was considered statistically significant. Reproducibility across three independent
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Penicillium sp. replicates was assessed using SD and CV for peak wavelength, maximum
absorbance, and replicate mean particle size. Effect size was quantified using the correlation-type
effect size r derived from the Welch t statistic and its degrees of freedom, with values
approaching 1.00 indicating a very large effect.

3. Results

3.1. Identification of Fungal Isolates

The fungal isolates were characterized on the basis of colony appearance, spore structure, and
hyphal morphology. The Penicillium isolate showed the characteristic brush-like conidiophore
architecture, whereas the Aspergillus isolate showed the characteristic conidial head
arrangement.

Figure 3.1. Growth of the fungal isolates on culture medium. A. Penicillium sp. isolated from
Eucalyptus leaves. B. Aspergillus sp. isolated from Capparis leaves.

3.2. Biosynthesis of AuNPs

A visible color change was observed in the Penicillium sp. filtrate after addition of the gold
precursor, whereas no apparent color change was observed in the Aspergillus sp. filtrate under
the applied experimental conditions.

Figure 3.2. Visual indication of AuNP bidsynthesis by Penicillium sp. before and after addition
of HAuCl,-4H,0.
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Figure 3.3. Aspergillus sp. filtrate with gold chloride showing no color alternation.

3.3. Characterization of Nanoparticles

3.3.1. UV-Visible Spectral Analysis

The UV-Vis replicate measurements demonstrated a marked difference between the two fungal
preparations. Penicillium sp. exhibited a reproducible peak at 507.00 = 0.50 nm, whereas
Aspergillus sp. exhibited a peak at 376.00 £ 0.50 nm. Maximum absorbance was 0.823 + 0.012
AU for Penicillium sp. and 0.244 + 0.007 AU for Aspergillus sp.

Table 3.1. Statistical Comparison of UV-Vis Measurements between Penicillium sp. and
Aspergillus sp.

Penicillium | Aspergillus
sp. sp. Mean i Effect size /
Parameter (Mean £ | (Mean = | Difference WA | i PR Interpretation
SD) SD)
Peak r = 0.99998
wavelength 507.00  +1376.00 + 131.00 320.88 | 4.00 |<0.001 |Very large
0.50 0.50
(nm) effect
Maximum r = 0.99971
absorbance 0823 +)0244 =+ 0.579 72.84 3.06 |[<0.001 | Very |large
0.012 0.007
(AU) effect

Both UV-Vis comparisons were statistically significant (p<0.001). The effect sizes were r =
0.99998 for peak wavelength and r = 0.99971 for maximum absorbance, indicating very large
differences between the two fungal preparations. The 507 nm response was consistent with the
AuNP-associated SPR observed for Penicillium sp., whereas the approximately 376 nm
maximum in Aspergillus sp. was outside the characteristic AuNP-associated SPR response
observed in the Penicillium preparation.
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p < 0.001
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Penicillium sp. Aspergillus sp.

Figure 3.4. Comparison of UV-Vis Maximum Absorbance between Penicillium sp. and
Aspergillus sp.

The columns represent mean maximum absorbance values, the error bars represent SD, and the
overlaid line emphasizes the marked difference between the fungal preparations. The individual
replicate points show close within-group agreement.

3.3.2. Quantitative Particle Size Analysis

Table 3.2. Descriptive Statistics of Microscopy-Derived AuNP Particle Size.

95%

0 Mean | SD Median | Q1 Q3 Minimum | Maximum | CV Cl of
(nm) (nm) (nm) (nm) (nm) (nm) (nm) (%) Mean

(nm)

30.89-

60 33.53 |10.21 |3155 |27.34 |4190 |15.65 57.27 30.45 36.16

Sixty microscopy-derived particle-size measurements were analyzed. The mean particle size was
33.53 £ 10.21 nm, with a median of 31.55 nm and an observed range from 15.65 to 57.27 nm.
The interquartile range was 27.34-41.90 nm and the CV was 30.45%, indicating appreciable
particle-size heterogeneity and a polydisperse nanoscale population.
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Figure 3.5. Particle Size Distribution of AuNPs.
The histogram shows that most particle sizes were concentrated approximately between 25 and
45 nm, with a smaller right-sided extension toward larger particles. The smooth overlaid curve

summarizes the overall distribution pattern.
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Figure 3.6. Relative Frequency Distribution of AUNP Particle Size.

The relative-frequency histogram confirms that the greatest proportion of observations occurred
in the central size classes, with fewer particles at the lower and upper extremes.

3.3.3. Transmission Electron Microscopy (TEM)

TEM examination showed predominantly spherical to quasi-spherical electron-dense
nanoparticles with variable dispersion and localized aggregation. In conjunction with the
microscopy-derived quantitative dataset, the observed nanoscale population ranged from 15.65 to
57.27 nm with a mean size of 33.53 £ 10.21 nm.
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50 nm

]
RASTAK LAB

Figure 3.7. Representative TEM Micrograph of the AuNP Population at 50 nm Scale.
This TEM field clearly shows numerous electron-dense nanoparticles over a broad area, allowing
visualization of nanoscale dimensions, rounded morphology, and moderate particle-size

variation.
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Figure 3.8. Representative TEM Micrograph of AuNP Dispersion at 100 nm Scale.

The lower-magnification TEM field demonstrates the overall dispersion pattern, with particles
distributed throughout the field and localized areas of clustering.

3.3.4. Field-Emission Scanning Electron Microscopy (FESEM)

FESEM examination provided complementary information on the surface morphology and
aggregate organization of the synthesized material at two magnification levels.

SEM MAG: 330 kx Det: InBeam MIRA3 TESCAN

[ woisstmm | Buroo
View field: 0.629 pym |Date(m/dly): 03/09/22

Figure 3.9. High-Magnification FESEM Micrograph (330 kx; Scale Bar = 100 nm).
The high-magnification FESEM image shows nanoscale surface morphology and compact

aggregated structures at the 100 nm scale.
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3 4

SEM MAG: 100.0 kx Det: InBeam MIRA3 TESCAN

| woiasimm | Br700
View field: 2.08 pm |Date(m/d/y): 03/09/22

Figure 3.10. FESEM Micrograph (100 kx; Scale Bar = 500 nm).

The 100 kx FESEM field provides a broader view of the surface architecture and the larger
organization of the aggregates.

3.3.5. Reproducibility of AUNP Biosynthesis

Table 3.3. Reproducibility of AUNP Biosynthesis across Experimental Replicates.

PR e Mean particle | Particle-size

Replicate wavelength absorbance size (nm) SD (nm) Assessment
(nm) (AU)

1 506.5 0.812 31.84 10.74 Consistent

2 507.0 0.836 32.61 11.08 Consistent

3 507.5 0.821 32.17 10.91 Consistent

Overall 507.00 £ 0.50 | 0.823 £ 0.012 | 32.21 + 0.39 10.91 High o
(CV0.10%) |(CV 1.47%) | (CV 1.20%) ' reproducibility

Across the three Penicillium sp. experimental replicates, peak wavelength showed a CV of
0.10%, maximum absorbance a CV of 1.47%, and replicate mean particle size a CV of 1.20%.
These low between-replicate CV values indicate good analytical and experimental
reproducibility.

4. Discussion
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The present study demonstrated a clear difference between the two endophytic fungal isolates in
their response to gold nanoparticle biosynthesis under the applied experimental conditions.
Penicillium sp. produced a reproducible AuNP-associated optical response at 507.00 = 0.50 nm
with a maximum absorbance of 0.823 £+ 0.012 AU, whereas Aspergillus sp. showed a maximum
at 376.00 £ 0.50 nm and a substantially lower absorbance of 0.244 + 0.007 AU. The highly
significant differences (p<0.001) and very large effect sizes support a markedly stronger AUNP-
associated response for Penicillium sp. in this experiment. This species-dependent behavior is
biologically plausible because fungal synthesis of AuNPs is mediated by extracellular proteins,
peptides, enzymes, phenolic compounds and other metabolites whose abundance and reducing
capacity vary among fungi and according to culture conditions (Sawalha et al., 2025; Xu et al., 2024b).

The absorption maximum near 507 nm observed for Penicillium sp. is consistent with the
visible-region surface plasmon resonance behavior commonly reported for biosynthesized
AUNPs. Recent fungal studies have shown that the position and intensity of the AUNP absorption
band can vary with particle size, morphology, aggregation and the composition of the biological
capping layer.

(Hammad et al., 2025), for example, reported endophytic-fungus-assisted AuNP formation with a
characteristic visible-region absorption response, while recent reviews emphasize that pH,
precursor concentration, fungal biomass, temperature and reaction time can shift nanoparticle
optical and structural characteristics (Verma et al., 2024; Xu et al., 2024a).

The approximately 376 nm maximum recorded for Aspergillus sp. should therefore be
interpreted cautiously. In the present study it was outside the AuNP-associated SPR response
observed for the Penicillium preparation and was accompanied by no apparent color
transformation and much lower absorbance. These findings provide weaker evidence for AUNP
formation by the Aspergillus isolate under the tested conditions, but they should not be
interpreted as evidence that Aspergillus species are intrinsically unable to synthesize AuNPs.
Fungal nanoparticle production is strongly strain- and condition-dependent, and optimization of
reaction variables can substantially influence nucleation, growth, particle morphology and final
yield (Verma et al., 2024; Xu et al., 2024a).

Quantitative microscopy further supported the nanoscale nature of the particles associated with
the Penicillium preparation. The 60 microscopy-derived measurements yielded a mean particle
size of 33.53 £ 10.21 nm and a range of 15.65-57.27 nm. TEM showed predominantly spherical
to quasi-spherical electron-dense particles, whereas FESEM provided complementary evidence
of nanoscale surface morphology and localized aggregate organization. Comparable spherical or
quasi-spherical morphologies and nanoscale dimensions have been reported in recent fungal-
mediated AuNP studies, although the exact dimensions vary among isolates and synthesis
protocols (Hammad et al., 2025; Olvera-Aripez et al., 2024).

The particle-size CV of 30.45% indicates appreciable heterogeneity and is consistent with a
polydisperse population. Such variability is expected in biological synthesis because fungal
filtrates contain complex mixtures of reducing and stabilizing biomolecules, creating multiple
nucleation and growth environments. (Xu et al., 2024a) identified control of AuNP size and shape
as a continuing challenge in fungus-mediated synthesis and noted that reaction temperature, pH,
fungal biomass, precursor concentration and reaction time can be adjusted to improve control of
nanoparticle characteristics. The localized aggregation observed by TEM and FESEM may
likewise reflect interactions among particles and biomolecular capping components.
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Importantly, particle-level heterogeneity did not prevent good between-replicate reproducibility.
Across the three independent Penicillium sp. replicates, the CV was only 0.10% for peak
wavelength, 1.47% for maximum absorbance and 1.20% for replicate mean particle size. These
low between-replicate CV values indicate that the overall optical response and average particle
dimensions were stable across repeated experiments, even though individual particles varied in
size. This reproducibility strengthens the evidence that the observed Penicillium-associated
response was not restricted to a single experimental run.

The stronger performance of Penicillium sp. may be related to differences in extracellular
enzyme activity and secondary-metabolite secretion. Endophytic fungi can act as biological
nanofactories because their enzymes, proteins, reducing sugars, phenolic compounds and other
metabolites participate in metal-ion reduction and can subsequently cap and stabilize the newly
formed nanoparticles (Sawalha et al., 2025).

Accordingly, the

difference between the two isolates in the present study may reflect isolate-specific metabolic
activity as well as the interaction between fungal physiology and the experimental environment
rather than a universal difference between the two genera.

Overall, the combined evidence from visual observation, UV-Vis spectroscopy, quantitative
particle-size analysis, TEM, FESEM and replicate reproducibility supports more effective AuNP
biosynthesis by the Penicillium isolate under the conditions examined. Nevertheless, the findings
remain specific to the tested isolates and experimental conditions. Additional characterization by
X-ray diffraction, FTIR spectroscopy and zeta-potential analysis would strengthen confirmation
of crystallinity, surface functional groups and colloidal stability. Future studies should also
include multiple isolates and systematic optimization of pH, precursor concentration, biomass,
temperature and reaction time to determine the extent to which the observed differences are
species-, strain- or condition-dependent (Sawalha et al., 2025; Verma et al., 2024; Xu et al., 2024b)

5. Conclusion

The present study demonstrated clear differences between the two endophytic fungal isolates in
their response to gold nanoparticle biosynthesis under the tested experimental conditions.
Penicillium sp., isolated from Eucalyptus leaves, showed a reproducible AuNP-associated
surface plasmon resonance peak at 507.00 £ 0.50 nm with a maximum absorbance of 0.823 +
0.012 AU, whereas Aspergillus sp., isolated from Capparis leaves, showed a peak at 376.00 +
0.50 nm with a substantially lower maximum absorbance of 0.244 + 0.007 AU. Both UV-Vis
comparisons were statistically significant (p<0.001) and showed very large effect sizes (r =
0.99998 for peak wavelength and r = 0.99971 for maximum absorbance). Quantitative analysis
of 60 microscopy-derived particle-size measurements confirmed a nanoscale, polydisperse
population with a mean particle size of 33.53 + 10.21 nm and a range of 15.65-57.27 nm. TEM
and FESEM observations showed predominantly spherical to quasi-spherical particles with
variable dispersion and localized aggregation. Reproducibility across three independent
Penicillium sp. replicates was high, with CVs of 0.10% for peak wavelength, 1.47% for
maximum absorbance, and 1.20% for replicate mean particle size. Therefore, within the
conditions examined in this study, Penicillium sp. exhibited stronger and more reproducible
AuNP-associated biosynthetic performance than Aspergillus sp. Further optimization and
complementary physicochemical characterization are recommended before broader conclusions
are made regarding species-specific biosynthetic capacity.
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