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Abstract
Different desert truffles, collected from Algerian Saharan soils, were identified and their capacity to produce bioactive sub-
stances with antimicrobial activity was analyzed. Based on morphological characterization using Melzer’s reagent staining, 
the collected strains were identified as Terfezia arenaria. The bioactive substances from T. arenaria were extracted using 
the following techniques: maceration with methanol and Soxhlet with dichloromethane. The former led to a yield much 
higher than that of the latter (i.e., 15% and 0.48%, respectively). Both extracts presented antifungal activities against all the 
tested strains (i.e., A. niger, Penicillium sp., and C. albicans). However, the dichloromethane extracts showed much higher 
antibacterial activities against all the tested bacteria (i.e., S. aureus, E. faecalis, E. coli, and P. aeruginosa) than the methanol 
extracts. The thin layer chromatography of both extracts confirmed the presence of polyphenols and flavonoids.
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Introduction

Desert truffles, commonly called Terfez, are the fruiting bod-
ies of some symbiotic edible hypogenous fungi belonging to 
the phylum Ascomycota. Regardless of the Terfez’s species, 
it is not only highly appreciated within the local population 
but also worldwide and considered as a luxury foodstuff 

(Bradai 2006). Truffles live in mycorrhizal association with 
Cistaceae plants, especially of the genus Helianthemum and 
Cistus (Khanaqa 2006). Apart from some studies done on 
the mycorrhizal association of various species of Terfez with 
plants (Tadja 1996; Bassah 1999; Bradai 2006; Khanaqa 
2006), research on Terfez in Southern Algeria is still lim-
ited. However, antibacterial and antifungal potential of some 
Terfez species such as Terfezia boudieri have been reported 
(Dib-Bellahouel and Fortas 2014; Hamza et al. 2016).

Many superior fungi are of interest in nutrition and 
human health. Thus, more than 2000 species are edible and 
nearly 700 species have interesting pharmaceutical proper-
ties (Wasser 2010). The medicinal properties of the supe-
rior fungi, particularly in Asian medicinal sectors, have been 
known for millennia (Chatin 1892). As for mycotherapy, 
it has emerged during the 1970s and 1980s and since then 
hundreds of studies conducted by Asian researchers have 
confirmed its interest. Currently, mycotherapy has been rec-
ognized universally due to its application on the treatment of 
degenerative diseases, cancer, and other pathologies (Attia 
et al. 2018). Due to the antioxidant properties of truffles’ 
extracts, several studies on prevention of chronic diseases, 
such as cardiovascular disorders, cancer, diabetes, high 
blood pressure, and Alzheimer’s and Parkinson’s diseases, 
were carried out (Riboli and Norat 2003; Cole et al. 2005).
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In the present study, desert truffle species collected from 
Algerian Saharan soils were identified and the antimicro-
bial activity of their extracts was assessed. In addition, the 
composition of the extracts was examined by thin layer chro-
matography (TLC) and quantified by analytical techniques.

Materials and methods

Desert truffle collection, identification, 
and characterization

One type of desert truffles (100 g) was collected from the 
border region between Libya and Algeria (Djanet, Illizi city 
province (24°33′18″ North, 9°29′06″ East). The fresh truffles 
were cleaned and dried in the shade. Then they were ground 
into fine powder and stored at room temperature under dark 
and dry conditions until used. The genus identification of the 
harvested specimens was based on the staining by Melzer’s 
reagent (Josserand 1983). For this, a fragment of the fun-
gus was taken and its wall was withered and crushed. Then 
a few drops of the Melzer’s reagent were added and, after 
10 min, observed under an optical microscope (Optika) at 
400× and 1000× magnification, and photomicrographs were 
taken with a camera (Bio microscopique Motic Image plus 
2.0). Several successive observations after 4, 6, 24, and 48 h 
were required to confirm the final coloration of the asci. The 
development of yellow or orange coloration on the walls of 
the asci indicates that the specimen belongs to the genus 
Terfezia whereas the appearance of a gray–blue color indi-
cates that it belongs to the genus Tirmania (Trappe 1979).

The identification of the Terfez species was based on the 
morphological characteristics of the fruiting bodies and the 
color of the glebe as well as the number of spores, asci, and 

their morphology. The characterization was done by com-
paring the macroscopic and microscopic observations of the 
identified species using the classification descriptions accord-
ing to Trappe (1979), Bassah (1999), and Bouchet and Siebert 
(1999). Macroscopic characteristics were examined for each 
of the following parts of the fungus: the ascocarp, the perid-
ium, and the glebe, in terms of shape, color, and size (Fig. 1).

The microscopic characterization was made by taking a 
fresh fragment of the species with a sterile needle, putting it 
on a blade, adding a drop of distilled water, and covering it 
with a coverslip. Then it was observed under an optic micro-
scopic (Optika) at different magnifications (i.e., 10×, 40× and 
100×), which allowed observing the morphology of the asci 
and the ascospores and measure their size. The measurements 
were made using the Bio-microscopic software Motic Image 
Plus 2.0 which gave the real size of the asci and the ascospores.

Antimicrobial activity of Terfezia arenaria

Pathogenic strains

Five bacterial strains were used for the study of the antibac-
terial activity of T. arenaria crude extract. Three of them 
were Gram-negative (i.e., Escherichia coli ATCC25922, 
Pseudomonas aeruginosa ATCC23853, and Salmonella 
typhimurium ATCC14028) and the other two were Gram-
positive (i.e., Staphylococcus aureus ATCC 6538 and Ente-
rococcus faecalis ATCC29212). For the antifungal activity 
of T. arenaria crude extracts, two filamentous fungi (i.e., 
Aspergillus niger ATCC16404 and Penicillium sp.) and the 
yeast Candida albicans ATCC10231 were used. All tested 
strains were obtained from the culture collection of the Pas-
teur Institute of Algeria (IPA). They were maintained on 
nutritive agar and stored at 4 °C.

Extraction of T. arenaria bioactive substances

To optimize the extraction yields, two extraction methods 
(i.e., maceration with methanol and Soxhlet with dichlo-
romethane) were assessed. The extraction by maceration 
with methanol consisted of mixing 10 g of T. arenaria 
dry powder with 100 mL of methanol for 48 h in the dark 
at room temperature (Table 1). The methanol extracts 
obtained were filtered (cotton filter), concentrated using 
a rotary evaporator, and stored at 4 °C (Dib-Bellahouel Fig. 1   Photograph of the ascocarp of different Terfez

Table 1   Yields and 
characteristics of methanol 
and dicholoromethane extracts 
of truffles from the species 
Terfezia arenaria 

Extraction method/solvent Dried 
biomass 
(g)

Total 
extract 
(mg)

Yield (extract/
dried biomass) 
(%)

Aspect of 
the extract

Color

Maceration (methanol 100 mL) 10 1.55 15.5 Viscous Brown
Soxhlet (dicholoromethane 750 mL) 50 0.24 0.48 Smooth Light brown
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and Fortas 2014; Neggaz et al. 2015). The Soxhlet extrac-
tion was carried out by mixing 50 g of dry powder of 
T. arenaria with 750 mL of dichloromethane (Table 1). 
The mixture was transferred into a filter paper extraction 
thimble and inserted into a Soxhlet assembly fitted with 
a 250-mL flask for 24 h. The heating mantle was set at 
a temperature higher than the boiling temperature of the 
solvent used. The ball contained some pieces of pumice 
to regulate the boiling. When the solvent came into con-
tact with the T. arenaria dry powder (Soxhlet filter), it 
turned from brown to orange yellowish. The extraction 
was stopped when the liquid surrounding the extraction 
thimble became clear. Then the dichloromethane extract 
was concentrated under vacuum using a rotary evaporator 
and stored in an opaque bottle at 4 °C (Gouzi et al. 2011; 
Neggaz et al. 2015).

Antimicrobial assay

The bacterial strains were grown overnight at 37 °C in nutri-
ent agar, while C. albicans was grown in Sabouraud agar. 
The inoculum for the assays was prepared by inoculating 
three to five colonies from an agar plate culture into 10 mL 
of nutrient broth, and then incubated at 37 °C for 24 h. After 
growing, the microbial suspension was standardized with a 
sterile saline solution to a turbidity equivalent to 0.5 McFar-
land scale (108 CFU/mL for bacteria and 106 CFU/mL for 
C. albicans). For the filamentous fungi, mycelial plugs of 
5 mm in diameter were taken from pre-cultures grown from 
4 to 7 days, and then placed them into test tubes containing 
10 mL of physiological sterile water. After vortexing, the 
absorbance was standardized between 0.08 and 0.12 optical 
density (OD) by a UV–Vis spectrophotometer at 625 nm. If 
necessary, the turbidity was decreased by adding more phys-
iological sterile water or increased by adding more mycelial 
plugs. The antimicrobial activity of the crude extracts was 
assayed using the agar well-diffusion method on Mueller 
Hinton medium (MHA). For this, 0.1 mL of bacterial, yeast 
or fungal spore suspension was spread on the surface of 
MHA evenly. Wells of 6 mm in diameter were punched into 
the agar and filled with 25 μL of the crude extracts of the 
desert truffle T. arenaria. The plates were first kept at 4 °C 
for at least 2 h to allow the diffusion of any antibacterial 
metabolites, and then incubated at 37 °C for 24 h for the bac-
teria, 48 h for the yeast, and 4 days for the filamentous fungi. 
The antibacterial and antifungal activities of the extracts of 
T. arenaria were compared with those of the antibiotics oxa-
cillin, ampicillin, ciprofloxacin, and azithromycin, which are 
the antibiotics usually employed against pathogenic strains. 
All experiments were carried out in triplicate. The antimi-
crobial activity was determined by measuring the zones of 
inhibition (ZOI) (Neggaz et al. 2015).

Thin layer chromatography

About 2 µg of the T. arenaria extracts were loaded onto 
TLC plates (Merck). The plates were developed in different 
solvent systems (Table 2) to separate the phenol compounds 
of the extracts and compared with standards (i.e., quercetin, 
gallic acid). The developed plate was air dried and visual-
ized under a UV light at 254 and 366 nm, since according 
to Mansar-Benhamza et al. (2013) phenolic compounds are 
active molecules absorbing UV radiation at 366 nm. The Rf 
(retention factor) value of the bands was determined accord-
ing to the following formula:

The revelation was made according to spot coloring, since 
there is a close relationship between the fluorescence and the 
chemical structure of the substances (Seghiri et al. 2009).

Determination of total phenolic content

The total phenolic compounds of the T. arenaria extracts 
were quantitatively determined with the Folin–Ciocalteu 
reagent according to the method of Waterman (1994). In 
this method, 0.1 mL of extract diluted tenfold with deionized 
water (to obtain an absorbance in the range of the prepared 
calibration curve) was transferred to a test tube and mixed 
with 0.25 mL of Folin–Ciocalteu reagent (previously diluted 
tenfold with deionized water). The mixture was left at room 
temperature for 2 min. Then 1.25 mL of 20% sodium carbon-
ate solution was added to the mixture, mixed gently, shaken 
thoroughly, and 0.5 mL of water was added. The mixture 
was left to stand for 40 min and the blue color developed 
was measured at 725 nm using a UV–Vis spectrophotometer 
(Shimadzu). A calibration curve of gallic acid (ranging from 
20 to 200 μg/mL) was used as a standard. The total phenolic 
content was expressed as milligram of gallic acid equivalents 
per gram of extract.

Rf = distance travelled by the substance/

distance travelled by the solvent front.

Table 2   Solvent systems used in thin layer chromatography (TLC) of 
Terfezia arenaria extracts (Mansar-Benhamza et al. 2013)

Solvent systems Abbreviation (v/v/v)

Chloroform/methanol CM (8/2)
Ethyl acetate/methanol/water AME (7/1.5/1.5)
Acetate/n-butanol AB (9/1)
Ethyl acetate/acetic acid/water AAE (8/1/1)
Ethyl acetate/diethyl ether AE (2/8)
Dichloromethane/methanol DM (8/2)
Dichloromethane/ethyl acetate DA (9/1)
Ethyl acetate/formic acid/water AFE (8/1/1)
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Determination of total flavonoid content

The aluminum chloride colorimetric method was modified 
from the procedure reported by Lamaison et al. (1991). 
Quercetin was used to make the calibration curve. For this, 
400 μg of quercetin was dissolved in 10 mL of ethanol, and 
then diluted from 2.5 to 40 μg/mL. The diluted standard 
solutions (0.5 mL) were separately mixed with 0.5 mL of 
95% ethanol and 1 mL of 2% aluminum chloride (AlCl3). 
After incubation at room temperature for 10 min, the absorb-
ance of the reaction mixture was measured at 430 nm with a 
UV–Vis spectrophotometer (Shimadzu). For the determina-
tion of the flavonoid content in the samples, 0.5 mL of the 
crude extracts (100 µg/mL) was used and the total flavonoid 
content was expressed as milligram of quercetin equivalents 
per gram of extract.

Statistical analysis

Excel (Microsoft Corporation, USA) was used for the statis-
tical analysis. Data are presented as mean ± SD.

Results

The identification and the macroscopic and microscopic 
characterization of the desert truffles, based on the morpho-
logical characteristics of their ascocarps and asci using the 
Meltzer’s staining technique, revealed that they belonged to 
the specie T. arenaria, locally called brown truffle (Fig. 1, 
Table 3). On the outside, the peridium presented an outer 
shell, whose thickness varied from 0.5 to 1 mm and had 
a color from pale yellow to brown. The flesh (gleba) was 
white, fleshy, and with small veins (furrows), pale yellow 
in color, and the number of spores ranged from six to eight 
with a diameter of 19 μm (Figs. 2, 3).

Antimicrobial activities

The antibacterial and antifungal activities of different con-
centrations of T. arenaria extracts, obtained by two extrac-
tion methods (i.e., maceration with methanol and Soxhlet 
with dichloromethane), were tested against different sensi-
tive microorganisms by the diffusion agar method. For the 
extracts obtained by the maceration method with methanol, 
it was found that the concentrations of 25 and 50 mg/mL 
showed low antibacterial activity against the strain Pseu-
domonas aeruginosa and no antibacterial activity against 
the rest of the tested bacteria (i.e., Staphylococcus aureus, 
Enterococcus faecalis, Escherichia coli, and Salmonella 
typhimurium). For an extract concentration of 100 mg/
mL, low antimicrobial activities against all the tested bac-
teria were noted. The same trend was found for an extract 
concentration of 200 mg/mL but with higher antimicrobial 
activities (Table 4). The strain S. typhimurium was found to 
be resistant to all the extract concentrations tested. As for 
the antifungal activities, all the extract concentrations (i.e., 

Table 3   Macroscopic and microscopic characteristics of Terfezia are-
naria 

Color of the fruiting bodies Dark brown color, with a peduncle at 
the base

Diameter of the ascocarp 62.8 mm
Surface configuration Smooth; glabrous
Peridium Thickness from 0.5 to 1 mm; color from 

pale yellow to brown; plectenchymatic
Gleba White with pale yellow veins
Spores 6–8 warty spores
Asci Subrounded with dimension 78 × 69 μm
Ascospores Spherical in shape 19 × 19 μm

Fig. 2   Macroscopic and 
microscopic observation of 
Terfezia arenaria: a fruity body 
dimension (mm); b ascospore 
dimension; c diameters of asci 
and ascospores desiccated at Gx 
400; d diameters of fresh asci 
and ascospores at Gx 400
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25, 50, 100, and 200 mg/mL) presented antifungal activities 
against all the tested strains (i.e., Aspergillus niger, Penicil-
lium sp., and Candida albicans), especially against the yeast 
C. albicans (Table 4). The highest inhibition diameter was 
obtained for 200 mg/mL of the extract against the fungus A. 
niger (22 mm) followed by the yeast C. albicans (18 mm) 
(Table 5).  

Regarding the T. arenaria extracts obtained by the Sox-
hlet method with dichloromethane, they presented strong 
antibacterial activities against all the tested bacteria (i.e., 
S. aureus, E. faecalis, E. coli, and P. aeruginosa) for all the 
extract concentrations tested (i.e., 25, 50, and 100 mg/mL). 
The highest inhibition diameter was obtained for 100 mg/
mL of the extract against E. coli (14 mm) (Table 4). Also, 
high antifungal activities for all the tested extract concen-
trations (i.e., 25, 50, and 100 mg/mL) against all the tested 
strains (i.e. A. niger, Penicillium sp., and C. albicans), 
especially against the fungus A. niger followed by the yeast 
C. albicans, were observed (Table 5). The highest inhibi-
tion diameter was obtained for 100 mg/mL of the extract 
against the fungus A. niger (21 mm) (Table 5).

Analysis of T. arenaria extracts

The observation of the TLC plates under UV at 366 nm 
showed spots of different colors (blue, fluorescent white 
blue, green, and red) which may correspond to several 

Fig. 3   Staining of the asci of Terfezia arenaria by Melzer’s reagent at different times and magnifications (optical microscope): a at Gx100 after 
10 min; b at Gx100 after 24 h; c at Gx40 after 48 h

Table 4   In vitro antibacterial 
activity of Terfezia arenaria 
extracts by the diffusion disc 
method

SD standard deviation of three determinations, n.a. no activity (no IZD), n.r. not recommended

Method Concentration 
(mg/mL)

Inhibition zone diameter (mm + SD)

S. aureus E. faecalis E. coli P. aeruginosa S. typhimurium

Maceration 
(methanol 
extract)

25 n.a. n.a. n.a. 6.8 ± 0.2 n.a.
50 n.a. n.a. n.a. 6.9 ± 0.4 n.a.

100 7.0 ± 0.4 6.3 ± 0.7 6.8 ± 0.6 6.6 ± 0.7 n.a.
200 9.3 ± 0.5 11 ± 0.8 10 ± 0.7 10.6 ± 0.9 n.a.

Soxhlet 
(dichlo-
romethane 
extract)

25 10.4 ± 0.6 10.2 ± 0.7 10.5 ± 0.9 8.0 ± 0.8 n.r.
50 10.7 ± 0.7 10.5 ± 0.5 11.8 ± 0.5 10 ± 0.7 n.r.

100 11 ± 0.8 11 ± 0.7 14 ± 0.9 11 ± 0.5 n.r.

Table 5   In vitro antifungal activities of Terfezia arenaria extracts by 
the diffusion disc method

SD standard deviation of three determinations

Method Concentra-
tion (mg/L)

Inhibition zone diameter (mm ± SD)

A. niger Penicillium sp. C. albicans

Maceration 
(methanol 
extract)

25 6.4 ± 0.3 6.5 ± 0.6 16 ± 0.7
50 6.4 ± 0.4 6.5 ± 0.5 17 ± 0.9

100 7.8 ± 0.5 7.0 ± 0.3 17.2 ± 0.8
200 22 ± 0.8 9.2 ± 0.4 18 ± 0.9

Soxhlet 
(dichlo-
romethane 
extract)

25 17 ± 0.9 10.5 ± 0.5 15.5 ± 0.8
50 18 ± 0.8 11 ± 0.6 19 ± 0.9

100 21 ± 0.7 11.5 ± 0.4 17.5 ± 0.7
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classes of secondary metabolites, e.g., phenolic compounds 
(Fig. 4). The composition of the T. arenaria extract obtained 
by the maceration method showed a less complex composi-
tion than that obtained by the Soxhlet one and, therefore, its 
separation was easier.

The total phenol content and the total flavonoid content 
for the dichloromethane extract (i.e., Soxhlet method) and 
the methanol extract (i.e., maceration method) of T. arenaria 
are displayed in Table 6. The former was found to be 55.02 
and 48.99 μg GAE/mg for the Soxhlet and the maceration 
extracts, respectively. This slight difference (about 11%) can 
be related to the Soxhlet extraction that was carried out at a 
higher temperature than the maceration technique (45 and 
25 °C, respectively). The total flavonoid content obtained 
for the maceration extract was about 72% higher than those 
obtained for the Soxhlet extract (Table 6). This might be 
due to methanol which is more polar than dichloromethane, 
thereby affecting the solubility of flavonoids. It has been 

reported that flavonoid solubility is strongly affected by the 
nature of both the solvent and the flavonoid structure (Chebil 
et al. 2007).

Discussion

The morphological and microscopic examination of the 
mature Terfez’s gleba showed that it was formed by a large 
number of mycelia and contained between six and eight 
ascospores. The Meltzer’s reagent staining allowed identi-
fying the specimen as Terfezia areneria as well as the warty 
spore’s plectenchymatic peridium (Neggaz et al. 2015).

Two extraction techniques (i.e., maceration with metha-
nol and Soxhlet with dichloromethane) were used to select 
the best one from the point of view of yield of extraction and 
active biomolecules. The yields of extraction using the Sox-
hlet method with dichloromethane and the maceration method 
with methanol for T. arenaria were 0.48% and 15% [(grams 
of extract/grams of T. arenaria powder) × 100], respectively. 
Hence, the highest yield was obtained for the maceration 
extraction with methanol (i.e., 15%). This value is similar to 
that obtained by Neggaz et al.(2015) who obtained a yield 
of 13.1% for Terfezia claveryi extraction by maceration with 
methanol.

Terfezia arenaria extracts showed a significant inhibitory 
effect on the growth of most of the microbial strains tested, 
especially for the Soxhlet extracts. Thus, it was found that 
T. arenaria extracts obtained by the Soxhlet method with 
dichloromethane presented a significant antibacterial and 
antifungal (yeast and filamentous fungi) activity. Thus, the 

Fig. 4   Thin layer chromatogra-
phy (TLC) of Terfezia arenaria 
extracts obtained for both meth-
ods (i.e., Soxhlet and macera-
tion). The spots were visualized 
under UV at 254 nm. S Soxhlet 
method, M maceration method, 
AFE ethyl acetate/formic acid/
water, DM dichloromethane/
methanol

0,63
0,5
0,37

0,12

RF

0,9
0,75
0,62
0,43

Phenolic acid

Phenolic acid

Phenolic acid

(flavonols, flavones, isoflavones and flavanones)

Phenolic compounds iden�fied

Phenolic acid

(flavonols, flavonones and aurones)

(flavonols, flavonones and aurones)

(flavonols, flavonones and aurones)

M :(DM)

S:(AFE )

Table 6   Total phenol and flavonoid contents of Terfezia arenaria 
crude extracts

Gallic acid equivalents, QE quercetin equivalents

Soxhlet (dichloromethane 
extract)

Maceration 
(methanol 
extract)

Total polyphenol 
content (μg GAE/mg 
extract)

55.02 48.99

Total flavonoid content 
(μg QE/mg extract)

5.68 9.79
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dichloromethane extract was found to be effective against all 
the tested bacteria, yeast, and filamentous fungi. These results 
agree with those reported by Neggaz et al. (2015) who found 
that the Soxhlet extract of T. claveryi showed greater antimi-
crobial activities against Gram-positive, Gram-negative, and 
yeast than that of the maceration extract.

The composition of the T. arenaria extracts obtained by 
the maceration method presented less phenolic compounds 
than that obtained by the Soxhlet method. This is due to the 
difference in solvent diffusion into the powder of the plants in 
the maceration step and possibly to the nature of the solvents 
used for extraction (Naczk and Shahidi 2004).

Conclusions

From the present research study, morphological, microscopi-
cal, and Meltzer’s staining showed that the collected speci-
mens belonged to the T. arenaria species. This species was 
identified for the first time in the South East region of Algeria 
(Djanet Illizi City). This study showed that the extracts of T. 
arenaria exhibited antimicrobial activity against pathogenic 
bacteria, yeast, and filamentous fungi. It is worthy to point out 
that the antifungal potential against the yeast Candida albicans 
was stronger than in previous reported studies.

The best bioactive compound extraction yield was achieved 
when the maceration method with methanol was used com-
pared to the Soxhlet extraction with dichloromethane. The 
molecular studies of the 28 s regions of the collected desert 
truffles, their purification and chemical characterization, and 
their production of bioactive compounds will be the future 
direction of this study.
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