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In our search for new unconventional green-reducing agent, can be applied for biosynthesis of biologi-
cally active silver-nanoparticles, fruiting bodies (Ascocarps) of Truffle Terminia sp. were collected from
the sandy desert of Hafr Al-Batin, Eastern Region, Saudi Arabia. The desert truffle showed the ability to
reduce AgNO3 to Ag0 depending on their high content of proteins (1.74 mg/ml) in the aqueous extract
of 30 mg/ml (w/v). The response surface methodology (RSM) with 13 experiments of 2–Factors–5–Lev
els central composite design was applied for controlling all possible combinations of AgNO3 concentra-
tions and pH values of reaction mixture, which directly affect the particles morphology, size and biolog-
ical activity. The antimicrobial effectiveness of all synthesized nanoparticles was evaluated against the
pathogenic strains by agar diffusion method. The pathogenic Gram-positive Staphylococcus aureus,
Bacillus subtilis, Lactobacillus cereus, and Gram-negative Escherichia coli, Salmonella enterica, yeast strain
Candida albicans and the fungus Aspergillus niger were evaluated. The biologically active Truffle-AgNPs
were characterized by UV–visible spectrophotometry, transmission electron microscopy (TEM), spectrum
and dynamic light scatter (DLS), and Fourier Transformed Infrared (FTIR). Results obtained indicated that,
the statistically controlled Truffle-AgNPs have great inhibitory role affecting different pathogenic strains,
which gained much attention towards application of Hafr Al-Batin-Truffle as reducing and stabilizing bio-
material for green nano-drugs biosynthesis, to resist harmful pathogens threaten human health.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Silver-nanoparticles considered one of the most important
nanotechnology-derived nanostructures and can be applied in dif-
ferent biomedical fields depending on their promising and inter-
esting properies, as their biological characteristics of
antimicrobial activities (Vijayakumara et al., 2019; Ammar et al.,
2021). AgNPs showed strong inhibition and assist as a defensive
barrier for most of the pathogens, so they are involved in dental
resins, bone adhesive, and medical tools coating (Elechiguerra
et al., 2005; Anjum et al., 2016).

Bio-nanotechnology is a new branch of nanotechnology, which
integrates principles of biology instead of physical and chemical
procedures to generate nano-sized particles with specific functions
(Qi and Wang 2004; Roduner 2006; Kathiresan et al. 2009). The
bio-based methods for preparation of nanoparticles can be safely
scaled up for large scale production as they are simple, relatively
inexpensive, economically, and environmentally green
(Mohanpuria et al. 2008; Iravani 2011; Prabhu and Poulose
2012). Biosynthesis of silver-nanoparticles using biological entities
such as the extracts of, bacteria, yeast, fungi, algae, or plants
attracted researchers in the area of nanotechnology in last few dec-
ades (Malik et al. 2014; Alharbi et al., 2020).

Desert truffle (Fagaa) is a fungal species grow naturally in the
sand of some deserts after a thunder, lightning storm and heavy
rainfall, in Arabian countries found in Middle Eastern region like
Libya, Syria, Saudi Arabia, Jordan, and Kuwait (Owaid, 2018). In
the Kingdom, the desert of Hafr Al-Batin is rich in truffles espe-
cially during the springtime (Manzelat, 2019). The truffles are rich
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in flavonoids (Akyuz, 2013), antioxidants (Murcia et al., 2002), pro-
teins and carbohydrates (Bokhary and Parvez, 1993). Green-
synthesis method usually depends on the selection of a bio-
reductant, and stabilizer of non-carcinogenic properties for
nanoparticles stability (El-Shishtawy et al. 2011). The desert
truffle-mediated the synthesis of silver-nanoparticles was pre-
ferred over other bio-based preparation methods depending on
the reducing activity of the amino acids, by reducing AgNO3 to
Ag0 (Aldebasi et al., 2014; Khadri et al., 2017).

Response surface methodology (RSM) was an effective tech-
nique for controlling the nanoparticles morphology and size, that
affecting AgNPs biological activities. In addition, improving the
experimental factors like the amount of AgNO3, reducing agent,
temperature, and pH using central composite design (CCD)
decreasing time for rapid AgNPs biosynthesis (Abd El Aty et al.,
2020; Ibrahim et al., 2021).

There’s no recent data on evaluating the aqueous extract of Hafr
Al-Batin truffles, as reducing and capping agent for safe synthesis
of biologically active silver-nanoparticles. Therefore, the present
study was aimed at synthesis of novel silver-nanoparticles bearing
antibacterial and antifungal activities, using the fungal fruit extract
of Hafr Al-Batin Desert Truffle Terminia sp. An additional aim was
to apply a Response Surface Methodology (RSM) of Central Com-
posite Design (CCD) for controlling size and shape of the particles,
important for improving the AgNPs antimicrobial activities. All
characterizations studies are performed and the antimicrobial
importance of Truffle-AgNPs against different pathogenic bacteria,
yeast and fungi was investigated.
2. Materials and methods

2.1. Desert truffles samples

Ascocarps (fruiting bodies) of the truffle Terminia sp. grown in
Hafr Al Batin desert were obtained from a local market in Hafr Al
Batin City, Eastern Region, Saudi Arabia. The Fresh Ascocarps were
cleaned, sliced, dried at 30–35 �C of the direct sun, until stability of
weight, and ground to obtain powder. The truffle powder was kept
at room temperature in a dry place until use.
2.2. Extraction of desert truffle Ascocarps

Three grams of dried desert truffle powder, were extracted with
100 ml distilled water by stirring on magnetic starrier (60 rpm) at
30 �C for sixty min. The crude aqueous extract was centrifuged at
4000 cycle/min for 10 min. and the clear aqueous extract has a
concentration of (30 mg/ml) was kept as a stock extract at 2 �C
for future studies.
2.3. Evaluation of protein

The desert truffle protein content was determined according to
the method of Lowry et al. (1951).
2.4. Bio-synthesis of silver nanoparticles

Five different dilutions of (1.5, 3, 6, 9, 12 mg/ml concentration)
were prepared from the truffle-extract stock solution. Ten millili-
ters of each dilution was mixed with 5 ml of 1 mM AgNO3 and
incubated in 100 rpm rotating shaker at 30 �C for 24 h in a dark
place.
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2.5. Antimicrobial activity of Truffle-AgNPs

The biosynthesized Truffle-AgNps (1–5) were screened in-vitro
against pathogenic strains of gram positive (Bacillus subtilis
ATCC6633, Lactobacillus cereus ATCC14579, Staphylococcus aureus
ATCC29213), gram negative (Salmonella enterica ATCC25566,
Escherichia coli ATCC25922) bacteria, the yeast (Candida albicans
ATCC10321) and the fungus (Aspergillus niger NRC53) using Agar
Well Diffusion (AWD) technique in accordance with Mostafa
et al. (2016). Suspensions of all strains were prepared to be approx-
imately (1 � 108 of bacteria and 1 � 106 spores-ml of yeast and
fungi). 1 ml of each suspensions was mixed with 50 ml of sterile
medium, and poured into a plate. The medium, potato dextrose
agar PDA used for yeast and fungi, but nutrient agar medium NA
used for bacteria. Wells of about (15 mm in diameter) were made
in the solidified-agar-media and filled with 500 ll of AgNps col-
loidal solution. The plates were incubated for 24 h at 30–35 �C
for bacteria and 72 h at 28–30 �C for yeast and fungi. The average
values of inhibition zones IZD were recorded in mm, and reported
as Mean ± SD for three replicates (Abd El Aty and Zohair, 2020).

2.6. Application of Response surface methodology (RSM) for controlled
Truffle-AgNPs–antimicrobial activity

For rapid synthesis of AgNPs with controlled size and morphol-
ogy, the central composite design was applied to control the appro-
priate concentration of silver nitrate and final pH value of the
mixture. The independent variables selected for this study were,
A: AgNO3 (mM) and B: Final pH with different five levels Table 1.

Thirteen experiments of two–factors–five–levels central com-
posite design were carried out to determine the optimal values
of (A: AgNO3) and (B: Final pH). Table 2 showed the matrix of
CCD along with nanoparticles antibacterial activity (R1), and anti-
fungal activity (R2), of each trial.

2.6.1. Statistical analysis
The regression and graphical analysis of the data obtained, was

evaluated using the Design-Expert� 8software from Stat-Ease. The
following quadratic model equation explaining the behavior of the
system.

Y = b0 + b1A + b2B + b11A
2 + b22B

2+ + b12AB.
Where Y was the predicted maximum IZD, b0; intercept, b1 and

b2; linear coefficients, b11 andb22; quadratic coefficients and b12;
interactive coefficients. The independent variables A and B were
corresponding to AgNO3 (mM) concentration and final pH respec-
tively. In addition, the statistical analysis of the model was per-
formed to evaluate (ANOVA) analysis that represented as contour
plots (3D).

2.7. In-vitro antibacterial and antifungal activity bioassay

Thirteen (1–13) Truffle-AgNPs of central composite design were
tested for their antibacterial and antifungal activities using the
gram negative bacteria (Escherichia coli ATCC25922) and the fila-
mentous fungus (Aspergillus niger NRC53). The experiment was
applied as mentioned above.

2.8. Characterization studies

2.8.1. UV–visible spectroscopy
Truffle-AgNPs biosynthesis was first detected by color change

from pale yellow to reddish brown. the absorption spectrum of
the truffle extract was scanned in the range of 200–800 nm on
JASCO V-630 UV–VIS Spectrophotometer (JASCO INTERNATIONAL
CO., LTD). The sharp characteristic peak at the absorption range
of 400–450 nm indicated the preparation of AgNPs.



Table 1
Actual values of tested variables of two–factors–5–levels central composite design (CCD).

Code Variable Range of five levels

�a �1 0 +1 + a

A AgNO3 (mM) 1.59 2 3 4 4.41
B Final pH 9.17 10 12 14 14.83

Table 2
Bioassay of the biosynthesized Truffle-AgNps (1–5) against pathogenic bacteria and fungi.

Samples
(500 ll/
well)

Inhibition zone diameter
(IZD)

Gram-negative bacteria Gram-positive bacteria Yeast Fungi

Escherichia coli
ATCC25922

Salmonella enterica
ATCC25566

Staphylococcus aureus
ATCC29213

Bacillus subtilis
ATCC6633

Lactobacillus cereus
ATCC14579

Candida albicans
ATCC10321

Aspergillus niger
NRC53

AgNPs1 23 18 21 20 19 19 19
AgNPs2 21 18 20 18 19 18 18
AgNPs3 N.A. N.A. N.A. N.A. N.A. N.A. N.A.
AgNPs4 N.A. N.A. N.A. N.A. N.A. N.A. N.A.
AgNPs5 N.A. N.A. N.A. N.A. N.A. N.A. N.A.

N.A. no activity.
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2.8.2. Transmission electron microscopy (TEM)
Truffle-AgNPs have been characterized by TEM of (JEOL-2100)

to evaluate nanoparticles shape and size. The carbon-coated cop-
per grid loaded with AgNps solutions for samples preparation.

2.8.3. Dynamic light scattering analysis (DLS)
Zeta potential and distribution of particle size were measured

using Dynamic Light Scattering of two different techniques
INTENSITY-Weighted GAUSSIAN DISTRIBUTION Analysis and Zeta-
sizer (Particle Sizing Systems, Inc.Santa Barbara, California, USA).

2.8.4. Fourier transforms infrared spectroscopy (FTIR)
For detecting the structural characteristic of main functional

groups in the nano-silver solution FTIR spectrometer (JASCO, FT/
IR- 6100) was applied in the range of 400–4000 cm-1 at a resolu-
tion of 4 cm�1, by employing KBr pellet technique.

3. Results

3.1. Preparation and evaluation of desert Truffle aqueous extract

Fruiting bodies (Ascocarps) of Truffle grown in the sandy desert
of Hafr Al-Batin were brought to the laboratory, washed, dried at
Fig. 1. Desert Truffle (Ascocarps) Slices (A), D
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room temperature and grounded to obtain powder, used for aque-
ous extract preparation Fig. 1. Results showed that the prepared
stock aqueous extract of (30 mg/ml) (dry w/v) contained high pro-
tein concentration of 1.74 mg/ml.
3.2. Biosynthesis of Truffle silver-nanoparticles

For synthesis process of silver nanoparticles, five different dilu-
tions of (1.5, 3.0, 6.0, 9.0 and 12.0 mg/ml) were prepared from the
stock extract to determine the best protein concentration preferred
for metal reduction and biosynthesis of biologically active AgNPs.
Depending on the visual observation, the color of mixture con-
verted from pale yellow to reddish brown with different degree
emphasized that all tested concentrations synthesized variable
AgNPs (1–5) as shown in Fig. 2.

UV–Visible-Spectra. Fig. 2, declared the successful formation of
AgNPs1 obtained from the highest dilution of 1.5 mg/ml, contain-
ing about 0.087 mg/ml protein concentration. AgNPs1 showed
the maximum absorbance at wavelength 420 nm. Truffle-AgNPs2
prepared with about 0.174 mg/ml protein concentration showed
a characteristic peak of 405 nm. On the other hand, three charac-
teristic beaks were observed at 300, 315 and 325 nm respectively,
indicated for AgNPs 3, 4 and 5.
ry powder (B), and Aqueous extract (C).



Fig. 2. AgNPs prepared by using five different desert Truffle concentrations after 24 h incubation in dark. UV–Visible spectrum of the synthesized desert Truffle-AgNPs (1–5).
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3.3. Antimicrobial activity of biosynthesized Truffle silver-
nanoparticles

Bioassay results showed in Table 2 indicated that, AgNPs1 pre-
pared using 0.174 mg/ml protein concentration had the best inhi-
bitory effects, with zones of inhibition in range from (18 to 23 mm)
against Gram-negative bacteria, from (19 to 21 mm) against Gram-
positive bacteria, and showed 19 mm IZD against the yeast C. albi-
cans and filamentous fungus A. niger. Truffle-AgNPs2 exhibited a
lethal effect towards all gram positive and negaive bacterial
strains, yeast and fungi, with higher inhibition zone diameter of
21 mm against E. coli. However, Truffle-AgNPs 3, 4 and 5 did not
exhibit any inhibitory efficacy against tested pathogenic bacterial
and fungal strains.

3.4. Application of RSM for improving Truffle silver-nanoparticles
antimicrobial activity

Biosynthesis of Truffle-AgNPs was applied in 13 experiments of
central composite design (CCD), with all possible combinations of
different AgNO3 concentrations and pH values which are able to
change the morphology and size of nanoparticles, which directly
affect their biological activity.

All prepared Truffle-AgNPs (1–13) were evaluated against the
pathogenic strains E. coli and A. niger as model examples, for eval-
4

uation of their antibacterial and antifungal effects. Results
obtained in Table 3 indicated that all biosynthesized AgNPs have
better antibacterial activities against E. coli than the first reaction
conditions (1 mM AgNO3 and pH 7).

Fig. 3 showed the predicted v/s actual values of inhibitory activ-
ity against pathogenic tested bacterial R1 and fungal R2 strains.
Three dimensional-3D-response surface plots of the two tested
variables were showed in Fig. 4. The highest responses 33 and
30 mm-IZD of E. coli (R1) were obtained at high AgNO3 concentra-
tion and PH values of the trials number 2, 6 and 11. In addition,
AgNPs2, 6 and 11 showed the best antifungal inhibitions of 35,
23 and 35 mm-IZD respectively, against A. niger (R2) Fig. 5.

The model accuracy was validated under the maximum condi-
tions, showed the best zones of inhibition (3 mM AgNO3, 14.83
pH) for Trail 2, (4 mM AgNO3, 14.00 pH) for Trail 6, (2 mM AgNO3,
14.00 pH) for Trail 11. Results of Trail 2 showed 33 mm and 35 mm
against E. coli and A. niger respectively were close to the predicted
values of 32.12 mm and 34.63 mm. Trail 6 indicated 30 mm and
23 mm, respectively near to the predicted IZD of 31.91 mm and
24.96 mm. Trail 11 showed 30 mm and 35 mm, respectively close
to the predicted IZD of 29.91 mm and 34.66 mm.

According to the analysis of variance (ANOVA) of both
responses R1 and R2, as shown in (Tables 4 and 5), ‘‘Prob > F”
<0.0500 indicated that the quadratic model was significant.
Antibacterial activity against E. coli (R1) and antifungal activity



Table 3
Factors studied by CCD for controlled Truffle-AgNPs–antimicrobial activity.

Trial
number

Coded levels Actual levels *R1:
IZD of E.Coli
(mm)

*R2:
IZD of A. niger
(mm)

A:AgNO3

(mM)
B:pH A:AgNO3

(mM)
B:pH Experimental Predicted Experimental Predicted

1 0 -a 3.00 9.17 25 ± 0.17 23.88 0.00 0.00
2 0 +a 3.00 14.83 33 ± 1.02 32.12 35 ± 0.91 34.63
3 0 0 3.00 12.00 25 ± 0.19 25.00 18 ± 0.17 18.00
4 �1 �1 2.00 10.00 28 ± 0.00 28.09 0.00 1.79
5 0 0 3.00 12.00 25 ± 1.51 25.00 18 ± 1.04 18.00
6 +1 +1 4.00 14.00 30 ± 1.10 31.91 23 ± 0.18 24.96
7 +1 �1 4.00 10.00 20 ± 0.91 22.09 0.00 4.08
8 0 0 3.00 12.00 25 ± 1.03 25.00 18 ± 1.14 18.00
9 0 0 3.00 12.00 25 ± 0.17 25.00 18 ± 1.21 18.00
10 0 0 3.00 12.00 25 ± 0.53 25.00 18 ± 0.27 18.00
11 �1 +1 2.00 14.00 30 ± 1.10 29.91 35 ± 1.21 34.66
12 +a 0 4.41 12.00 29 ± 0.13 26.59 18 ± 0.21 14.50
13 -a 0 1.59 12.00 29 ± 0.19 29.41 20 ± 1.42 19.75

*The antibacterial and antifungal effect of AgNPs (1–13) was evaluated by measuring the inhibition zone diameter (IZD) produced around the well in (mm) and the average
values of three replicates are reported as Mean ± SD using MS Excel. a = 1.41421.

Fig. 3. Distribution of actual (Experimental) and predicted values for Antibacterial (R1), and Antifungal (R2) activities.
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Fig. 4. Response surface plot, showed the effect of AgNO3 concentrations and pH values on the antibacterial (A) and antifungal (B) activities of Truffle-AgNPs.

Fig. 5. Antibacterial and antifungal activities of optimized Truffle-AgNPs 2,6 and 11
using (CCD) against E.coli (A,B) after 24 h incubation. and A. niger (C, D) after 72 h
incubation.
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against A. niger (R2) showed ‘‘R-Squared” of 0.8817and 0.9696
respectively, which advocates for high significance of the model.

The relation between variables and each response was estab-
lished using a second order polynomial equation in terms of Actual
Factors:

Antibacterial activity (R1)= +114.01472–22.00000 * AgNO3-
10.54289* pH + 1.00000 * AgNO3 * pH + 1.50000*
AgNO32 + 0.37500* pH2.
6

Antifungal activity (R2) = -157.74995 + 18.77145*AgNO3 + 18.
34359* pH �1.50000 * AgNO3 * pH-0.43750 * AgNO32-0.29688 *
pH2.

According to obtained results the Truffle-AgNPs 2, 6 and 11
were selected out of 13 experiments and characterized.
3.5. Characterization studies

3.5.1. UV–vis spectrum
The prepared samples were measured using UV–visible spec-

trophotometry. UV–visible absorbance spectra of Truffle-AgNPs2
in range from 200 to 800 nm presented a maximum peak at
415 nm wavelength. Where, Truffle-AgNPs6 and AgNPs11 were
clearly observed at 410 nm as seen in Fig. 6.
3.5.2. Transmission electron microscope (TEM)
The potential antimicrobial Truffle-AgNPs 2, 6 and 11 were pre-

pared on a carbon copper grid by dropping a small amount of each
sample on the grid and drying it for 5 min. The TEM micrographs
was applied at different magnification views of, 200, 100 and
50 nm to show the size and structure of nanoparticles. Images of
Truffle-AgNPs 2 and 6 showed that, the majority of nano particles
were well stabilized poly-dispersed narrow sizes with pherical
shape, and have size range of 7.12 ± 1.17 nm and 8.18 ± 1.52 nm,
respectively Fig. 7. Results also showed well-dispersed, cubic to
rounded shapes with 11.48 ± 5.72 nm size range of Truffle-AgNPs
11.

To affirm the presence of silver crystal lattice, the area selected
electron diffraction (SAED) patterns of Truffle-AgNPs 2, 6 and 11,
showed concentric rings with bright spots which reveal that these
nanoparticles are highly crystalline in nature in Fig. 7.



Table 5
ANOVA for response surface quadratic model of IZD of A. niger (R2).

Source Sum of Squares df Mean Square F-value P-value
Prob > F

Model 1518.32 5 303.66 44.59 <0.0001significant
A-AgNO3 27.49 1 27.49 4.04 0.0845
B-pH 1444.46 1 1444.46 212.08 < 0.0001
AB 36.00 1 36.00 5.29 0.0551
A2 1.43 1 1.33 0.20 0.6717
B2 8.81 1 8.81 1.44 0.2691
Residual 47.68 7 6.81
Lack of Fit 47.68 3 15.89
Pure Error 0.000 4 0.000
Cor Total 1566.00 12

Std. Dev. 2.61, R-Squared 0.9696, Mean 17.00, C.V. % 15.35, PRESS 339.03,Adeq Precision 21.457.

Table 4
ANOVA for response surface quadratic model of IZD of E.coli (R1).

Source Sum of Squares df Mean Square F-value P-value
Prob > F

Model 119.63 5 23.93 10.43 0.0038significant
A-AgNO3 8.00 1 8.00 3.49 0.1041
B-pH 67.94 1 67.94 29.62 0.0010
AB 16.00 1 16.00 6.97 0.0334
A2 15.65 1 15.65 6.82 0.0348
B2 15.65 1 15.65 6.82 0.0348
Residual 16.06 7 2.29
Lack of Fit 16.06 3 5.35
Pure Error 0.000 4 0.000
Cor Total 135.69 12

Std. Dev. 1.51, R-Squared 0.8817, Mean 26.85, C.V. % 5.64, PRESS 114.20, Adeq Precision 9.753.
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3.5.3. Zeta-potential and particle size determination
The biosynthesis of nanoparticles was confirmed by Dynamic

Light Scatter analysis (DLS) using two different techniques
(INTENSITY-Weighted GAUSSIAN DISTRIBUTION Analysis and
Zetasizer). From results obtained, it was detected that, the average
size distribution of Truffle-AgNPs 2, 6 and 11, according to
INTENSITY-Weighted GAUSSIAN DISTRIBUTION, was found to be
557.9, 242.7, 259.7 nm respectively Fig. 8. And their average
zeta-potential, according to Zetasizer analysis, were �6.70, �8.73
and 0.16 mv.
3.5.4. Fourier transforms infrared spectroscopy (FTIR)
The great bio-reductants of desert Truffle extract was identified

by FTIR Fig. 9. The FTIR spectrum of all potential AgNPs 2, 6 and 11
was applied. In the current study, the presence of the peak at
3421 cm-1 and 1632 cm-1 are indication for proteins existence.
The presence of CN, CS, and CO groups which also indicates the
existence of amino acids and proteins were confirmed by peaks
of 933 cm-1, 1042 cm-1 and 1079 cm-1. In addition, the peaks at
2527 and 2778 cm-1 indicated the existence of -SH group, and this
is another indication for presence of free cysteine or exists at the
protein ends.
4. Discussion

The main aim of the present study was to control the green eco-
friendly synthesis of novel silver nanoparticles using Truffles
grown in desert of Hafr Al-Batin, as reducing and capping bio-
agent for safe production and applications in biomedical sectors,
as antibacterial and antifungal agent. An additional aim was to
apply a Response Surface Methodology (RSM) of Central Composite
Design (CCD) for controlling size and shape of the particles, impor-
tant for improving the AgNPs biological activities.
7

Black diamond (Truffle) applied in our study is the fruiting body
of the ascomycete desert fungus related to the genus Tuber, which
appeared in the northern region of Saudi Arabia (Khadri et al.,
2017; Hussain and Al-Ruqaie, 1999). Truffle were very rich in vita-
mins A and C, antioxidant, proteins and carbohydrates (Janakat and
Nassar, 2010; (Murcia et al., 2002). Depending on the Truffle rich
proteins, the amino acids showed reducing activity able to convert
AgNO3 to Ag0 as a green process for synthesis of silver nanoparti-
cles, in accordance with Aldebasi et al. (2014). For this purpose, we
used Ascocarps (fruiting bodies) of the desert truffle Terminia sp.
grown in Hafr Al Batin City, Eastern Region, Saudi Arabia. The fruit-
ing bodies were prepared as a stock aqueous extract of (30 mg/ml)
(dry w/v) and assayed for protein content according to Lowry et al.
(1951), and it appeared contained high protein concentration of
1.74 mg/ml.

The green synthesis of nanoparticles using the desert truffle is
more reliable due to the non-toxicity which allows them to be
applied in different biomedical fields, when compared to the
chemical traditionally methods. Silver nanoparticles were applied
in wound dressings, antibacterial applications, cosmetics and
drug/gene delivery (Majdalawieh et al., 2014). Depending on the
visual observation, the color of mixture converted from pale yellow
to reddish brown with different degree emphasized that all tested
protein concentrations synthesized numerous AgNPs with variable
shapes and sizes. According to Roy et al. (2015) Changing the color
of truffle extract is caused by reducing AgNO3 and discharging of
free electrons which form bands of surface plasmon resonance
absorption, and the dark color of reaction mixture was stored with-
out change, indicating the nanoparticles stability. Truffle-AgNPs
synthesis was confirmed by UV–Visible-Spectra, and the surface
plasmon resonance of AgNPs1 indicated at wavelength 420 nm,
that’s confirm a characteristic plasmon beak for silver nanoparti-
cles formation. Similar findings were observed by Abd El Aty and
Ammar (2016) who revealed absorption peak of AgNps at



Fig. 6. UV–Vis spectra analysis of biosynthesized Truffle-AgNPs 2, 6 and 11.
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430 nm using marine-derived fungus Alternaria tenuissima
KM651985. In addition, silver nanoparticles derived from Terfezia
claveryi was clearly observed at 440 nm (Khadri et al., 2017).
Truffle-AgNPs2 showed a characteristic peak of 405 nm which also
confirmed the formation of nano-silver. But the beaks appeared at
300, 315 and 325 nm respectively for AgNPs 3, 4 and 5, refer to the
presence of unreduced metal and formation of particles with larger
sizes, therefore aggregates might be found in these samples. This
phenomenon indicted that the protein of 0.348, 0.522 and
0.696 mg/ml concentrations not favorable for reducing 1 mM
AgNO3 to Ag0, with low capping ability (Ammar et al., 2021).

All biosynthesized Truffle-AgNPs (1–5) were biologically evalu-
ated for their antibacterial and antifungal activities according to
(Shahen and Abd El Aty, 2018). Antimicrobial bioassay indicated
the good inhibitory effects of Truffle-AgNPs1 and AgNPs2 against
all tested pathogenic bacteria and fungi, but Truffle-AgNPs 3, 4
and 5 did not exhibit any inhibitory efficacy against tested patho-
genic strains. This good antibacterial activity is mainly because,
nano silver with small size in range of 8.46 ± 5.13 mm stick to
the sulfur-containing proteins of the bacterial cell membrane. At
8

the membrane a silver-sulfur-interaction takes place, which
directly causes many morphological and structural changes in
the bacterial cell wall, leading to the release out of the cellular
components (Feng et al., 2000). Also nanoparticles may move to
the inside of bacterial cell causing nucleic acid interaction, which
directly inhibited the proteins replication and lead to the death
of microbial cells (Klasen, 2000).

The toxicity effects of AgNPs usually depends on different great
factors such as reducing agent source, particles size and morphol-
ogy, stability rate of nano particles, charges of particles and the
type of pathogenic organisms (Azam et al., 2012). Therefore, the
Response surface methodology (RSM) with 13 experiments was
applied for controlling the nanoparticles morphology and size,
and help rapid AgNPs biosynthesis. (Abd El Aty et al., 2020;
Ibrahim et al., 2021). All prepared Truffle-AgNPs (1–13) have better
antimicrobial activities than the first reaction conditions (1 mM
AgNO3 and pH 7). Statistical analysis of the design indicated a suit-
able fit and satisfactory correlation of obtained (actual) and pre-
dicted values as shown by the closer clusters to the diagonal line
in the parity plot. AgNPs of trials number 2, 6 and 11 showed the
highest antibacterial and antifungal responses, with the reaction
conditions of high AgNO3 concentration and PH values of. Other
results were discussed by Owaid et al. (2018) who reported the
zone of inhibition 11 and 9.5 mm by applying 10 mg-truffle-
AgNPs against Escherichia coli and Klebsiella spp.. The results
obtained by Muhsin and Hachim (2016) showed that Tirmania
nivea silver-nanoparticles exhibited an inhibition activity of
(14.5–28 mm inhibition zones diameter) against the tested patho-
genic bacterial strains like E. coli and P. aeruginosa. The model accu-
racy was validated under the maximum conditions, showed the
best IZDs of trials 2, 6 and 11 and the obtained data showed the
efficiency of the applied model and indicated the dependence of
particles activity on the reaction conditions which affected the par-
ticles size and shape (Abd El Aty et al., 2020).

Analysis of variance (ANOVA) showed ‘‘R-Squared” of
0.8817and 0.9696 of responces1 and 2 respectively, which advo-
cates for high significance of the model, and obtained results indi-
cated that the design of 2–factors–5–levels (CCD) was very
applicable for biosynthesis of high biologically active Truffle-
AgNPs under controlled conditions of AgNO3 concentration and
pH value. Therefore, Truffle-AgNPs 2, 6 and 11 were selected and
characterized. Truffle-AgNPs were first, characterized by changing
the mixture color from pale yellow to dark brown after 24 h of
incubation in a dark place according to Owaid (2022). Second,
the UV–visible spectrophotometry of Truffle-AgNPs samples pre-
sented a maximum peak at 415 nm and 410 nm. All obtained sharp
peaks given by UV visible spectrum at the absorption range 400–
450 nm has indicated the formation of AgNPs according to
Shaheen & Abd El Aty (2018). Different magnification views of
TEM micrographs was applied at, 200, 100 and 50 nm to show
the size and structure of nanoparticles. The majority of Truffle-
AgNPs 2 and 6 particles were well stabilized poly-dispersed nar-
row sizes with pherical shape, and have size range of 7.12 ± 1.17
nm and 8.18 ± 1.52 nm, respectively, on the other hand Truffle-
AgNPs 11 particles were well-dispersed, cubic to rounded with a
size range of 11.48 ± 5.72 nm. Other studies of Owaid (2022)
showed AgNPs with average size of 72 nm with irregular to spher-
ical shapes, synthesized from desert truffle grown in Anbar desert,
Iraq. Khadri et al. (2017) shown that T. claveryi-AgNPs were spher-
ical shape with large sizes ranging between 40 and 60 nm, but
Muhsin and Hachim (2016) showed Tirmania nivea-AgNPs with
sizes ranging from 3 nm to 41 nm with dispersed spherical shapes.
According to INTENSITY-Weighted GAUSSIAN DISTRIBUTION,
Truffle-AgNPs 2, 6 and 11 was found to be 557.9, 242.7,



Fig. 7. TEM micrographs of the potential antimicrobial Truffle-AgNPs 2, 6 and 11. Inset shows selected area electron diffraction (SAED) patterns of nanoparticles.
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259.7 nm respectively, and their average zeta-potential, according
to Zetasizer analysis, were �6.70, �8.73 and 0.16 mv, the negative
charge refers to physical stability of AgNPs. Abd El Aty and Mous-
tafa (2020) observed a characteristic peak of AgNPs with average
size of 119.8 nm using zeta sizer, and Ammar et al., (2021)
obtained AgNPs with Zeta potential of � 32.8 and � 45.9. FTIR
spectrum of AgNPs2, 6 and 11 peaks showed peaks at 3421 cm-1
and 1632 cm-1 indicating proteins existence. The presence of CN,
9

CS, and CO groups which indicates the existence of amino acids
and proteins were confirmed by peaks of 933 cm-1, 1042 cm-1
and 1079 cm-1. In addition, the peaks at 2527 and 2778 cm-1 indi-
cated the existence of -SH group, and this is another indication for
presence of free cysteine or exists at the protein ends. Silverstein
et al., (2005) showed similar results. The recorded results of FTIR
analysis confirmed the presence of proteins which can be served
as capping and reducing agents.



Fig. 8. Dynamic light-scattering analysis (DLS) of Truffle-AgNPs 2, 6 and 11.
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5. Conclusion

The current study reveals the potential application of Truffle-
fruiting bodies (Ascocarps) as green-reducing and capping agent
for biosynthesis of silver-nanoparticles. Truffle aqueous extract of
1.5 mg/ml (w/v), showed the best protein concentration
0.087 mg/ml preferred for biosynthesis of antimicrobial AgNPs.
RSM of 2–factors–5–levels (CCD) was very applicable for biosyn-
thesis of high biologically active Truffle-AgNPs under controlled
10
conditions of AgNO3 concentration and pH value. Results revealed
the best trails number 2,6 and 11 for biosynthesize of antimicrobial
AgNPs with polydispersed particle size ranged 7.12, 8.18 and
11.48 nm respectively as indicated from TEM micrographs. More-
over, UV–visible spectrophotometry, DLS and FTIR investigations
confirmed the formation of Truffle-AgNPs. Finally, myco-
synthesized Truffle-AgNPs exhibited good inhibitory effects
against harmful pathogenic bacteria and fungi.



Fig. 9. FTIR spectrum of of Truffle-AgNPs 2, 6 and 11.
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