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Abstract:  Terfezia  boudieri,  growing  in  the East Southern of Tunisia, is used in traditional medicine.
Chemical screening is an important step for the isolation of bioactive chemical constituents. The phytochemical
screening  showed  the  presence  of different classes of bioactive secondary metabolites. In this study,
aqueous (maceration, infusion, digestion 50°C and decoction) and organic extracts (petroleum ether,
dichloromethane, chloroform, ethyl acetate and methanol) were screened for their chemical analyssis and
antibacterial  activity.  Results  showed  the  presence of saponins, tannins, flavonoids, coumarins, steroids,
free quinone and iridoids. The organic extracts of Terfezia boudieri exhibited a wide spectrum of antimicrobial
activities  against  Staphylococcus aureus, Staphylococcus eperdimidis, Enterococus feocolis, Bacilus
subtilus, Salmonella thyphi, Escherchia coli  and Pseudomonas aeruginosa. Such results may establish a
good support to the fungi in medicine and as base for the development of new drugs fungi medicine.

Key words:Desert truffle Terfezia boudieri  Chemical screening  Antibacterial activity  Organic and
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INTRODUCTION however, biotechnological methods to produce fungal

The search for biologically active extracts from plantation management techniques, have been developed
traditionally used fungi is still relevant given the to cultivate some species of the Terfezia genus [5].
appearance of microbial resistance against many Interest in desert truffles is not merely culinary or
antibiotics and the occurrence of fatal opportunistic gastronomic and not even purely commercial, since
infections.  Some  of  the  crude  drugs used in the past truffles also offer a high nutritional-dietary value [6, 7].
are   still  appraised   in  recent   fungi   therapeutics. Moreover, they are a priori ‘ecological’ given that they do
Thus, screening of natural products provides useful not require any chemical input to be produced and
information for the development of new drugs and food because of their potential for promoting rural
additives [1]. This first step towards the goal is the development, if we take into account the possibility to
biological and   chemical  screening  of  fungi  extracts. establish these fungi as an alternative or complementary
The name ‘desert truffles’ matches the nature of its crop in a sustainable farming context. The wide use of
distribution, which is typical of countries or territories Terfezia bouderi in medicine traditional led us to study
with arid and semiarid conditions [2]. All these fungi this fungus, since it has not been previously investigated
require localized out breaks of rain to provide soil with a chemically. Recently the antibacterial activity of extracts
water supply for them to develop and fructify. of this species. With the increase of bacterial resistance

Among ascomycetous truffles, several genera have to antibiotics. There is considerable interest in
an excellent record as edible fungi, two of which are of investigating the antimicrobial effects of various fungi
considerable  economic  importance: Terfezia and Tuber. extracts against a range of bacteria with the goal of
Of these two genera, only a few species of Tuber have developing new classes of antimicrobials to control
been cultivated commercially until now. Recently, infection   and   preserve   food   [8].  The   present  study

inoculum and mycorrhizal plants [3, 4], as well as new
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identified several chemical substances  present in anthraquinones, anthracenosides, saponins, tannins,
aqueous and organic extracts and to evaluate their steroids, free quinine, amino acids, phenolic derivatives
antibacterial activity. and iridoids. The results of the tests were qualitatively

MATERIALS AND METHODS

Fungi Material: Terfezia boudieri fungi were collected powdered ascocarpes and in organic and aqueous
from the South of Tunisia, at the maturity stage of the extracts: 1 g of powdered carpophores was added to 10 ml
fungi growing cycle. The fruits were air-dried in shade, of methanol using the cyanidine reaction method [12].
blended into fine powder and stored at ambient in dry Flavonoids detection  in  organic and aqueous extracts
place in the dark until use. was further tested using TLC. The various extracts were

Extraction Method eluants and visualized with 1% aluminum chloride
Aqueous Extract: The following extracts were used: solution  in  methanol  and  Neu  reagent  with UV light
Maceration: The fungi powder (50g) was macerated (366 nm).
during 24h in 200ml water, with continuous stirring at
room temperature. The macerate was then filtered though Coumarins: Coumarins were tested in powdered
a Watman filter No. 4. The same procedure was repeated ascocarpes and in the dichloromethane extract and
twice with the obtained residue then the total filtrate was analyzed  with  TLC  using  toluene/ethyl acetate 93:10 as
lyophilized [11]. a solvent system according to [13]. The presence of

Digestion: 50g of dried powered ascocarpes of Terfezia (366 nm).
boudieri were extracted for 3 hours with 200 ml of water at
50°C then the extract was filtered and lyophilized [9]. Tannins:  Tannins  were  tested  in  powdered T. boudieri

Decoction: The decoction was prepared from the powder  was  homogenized  in  10   ml   methanol  and
powdered ascocarpes by boiling in water for 15-20 min then filtered. Several  drops  of   ferric   chloride   (1%)
after filtration, the extracts was lyophilized [10]. were  added. Blue black  or  brownish  green  color

Infusion:  The  powdered  ascocarpes  were  extracted respectively  [13].  Positive  tests  of  catechic tannins
with boiling water for 15 min. After filtration, the extracts were confirmed by obtaining a red  coloration  after
were frozen and lyophilized. addition   of  chlorhydric   acid   to  the  extract and

Organic   Extracts:   50g   of   powdered   ascocarpes reaction).
were    homogenized    in    300ml    petroleum  ether  for
24h,   with   continuous   stirring   at     room  temperature. Saponins: The Froth test was used to  screen the
The residue is then re-extracted twice with the same presence of saponins in the fungi powder according to
solvent.  The  latter  residue  was extracted, separately, [14]. The quantitative determination of saponins was done
with dichloromethane,  methanol [11] and then ethanol. by calculating the Froth index [15].
These  four  types  of  extract, with different polarities,
were filtered and concentrated  to  dryness.  The  total Free  Quinines:  A  few  drops  of sodium  hydroxyde
organic  residue was dried for 24 h at room temperature 10%  were  added  to  the  petroleum   ether  extract.
and then further extracted for 3 h with 200 ml distilled Yellow  coloration  indicated  the  presence  of free
water at 50°C to obtain a digest of exhausted organic quinine [13].
extract. The digest was exhaustively decocted with boiling
water for 3 h [9]. Anthraquinones and Anthracenosides: Dichloromethane

Preliminary Chemical Analysis: Powder and/or organic with 10% aqueous potassium hydroxide according to [14]
and aqueous extracts, previously  prepared, were and with ammonia for detection of anthracenoside in
screened for the presence of flavonoids, coumarins, powdered carpophores [16].

expressed as negative (-) or positive (+).

Flavonoids: The presence of flavonoids was tested in

separated using TLC on silica gel plates using several

coumarins  was  detected  in  the  plate  under UV light

and  in  infusion  extracts.  Approximately,  1.5 g of

indicated the  presences of catechic or gallic tannins,

heating at 100°C during  five minutes (Bate-smith

extract was used for the identification of anthraquinone
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Steroids: Steroids  were  tested  in  the petroleum ether RESULTS AND DISCUSSION
and dichloromethane extracts by Lieberman-Birchard
reaction. The presence of steroids was indicated by a Extract Yield of Ascocarps: Yields of  the different
green color [17]. extracts (aqueous and organic) are reported in Table 1.

Amino Acids: Amino acids were detected in powdered higher yields with water (decoction and infusion) than
ascocarpes according to [18]. Briefly, ninhydrine solution with alcohol (methanol and ethanol) and finally with
was  added  to  an  infusion  of  powdered  ascocarpes. digestion in water.
The presence of amino acids was indicated by a red color. Concerning aqueous extract, the temperature

Phenolic Derivatives: A few drops of FeCl (5%) were (29.00%) and infusion (24.12%) proved to be more3

added to the decoction extract. The appearance of green efficient than the ones obtained by digestion (17. 02%)
or blue color indicated the presence of the phenolic and maceration (11.47). The high yield of extraction in
derivatives [12]. polar solvent exhibited rich polar constituents of Terfezia

Iridoids: 1 ml of concentrated HCl was added to the
decoction extract. The  formation  of  black precipitate Chemical Screening: The chemical study of T. boudieri
after heating of this indicated the presence of iridoids [19]. powder and extracts are reported in Table 2. The present

Antimicrobial Assays the first time. Coumarins, flavonoids, saponins, tannins,
Bacterial Strains: Antibacterial activity of Terfezia amino acids, iridoides, free quinine, phenolic derivatives,
bouderi extracts was determined against the following steroids and anthraquinones were found, but not
pathogen bacteria: Staphylococcus aureus (ATCC25923), anthracenosids. Tannins are also found in T. boudieri
Staphylococcus epidermis (CIP106510), Escherchia coli (tannins catechics) and iridoids were very abundant in the
(ATCC25922) and Pseudomonas aeruginosa (ATCC decocted extract of this  species.  The index shows that
27853). The above mentioned  bacteria  were cultivated the saponin is abundant in T. boudieri. Sterols and
and stored on nutrient broth (Bio-Rad, Paris). terpenes are very abundant in T. boudieri. The TLC of

Antimicrobial Screening: The bioassay used for 366nm shows the presence of  red spots what confirms
antibacterial screening was the disc-diffusion method [20]. the presence of coumarins with retention factors (R1) of
The  bacterial  suspension  used  to  inoculate  Petri 0.32 and 0.35. Were characterized the flavonoids in
dishes had a turbidity of approximately 0.5 McFarland. aqueous and organics extracts of T. boudieri, with TLC.
The aqueous extract, organic extracts and TOF were The R  values of spots visualized on the chromatograms
diluted to 10 mg/ml. Then, absorbent disks (6 mm of  the  extracts  studied are noted in Table 3. Each extract
diameter) were separately impregnated with 25 µl of
different extracts put on the surface of the inoculated
plates (90 mm) and incubated at 37°C for 24 h. negative
controls  were  prepared  using disks impregnated  with
the same solvent as that used to dissolve the fungi
extracts and none  exhibited  any antibacterial activity
(data are not shown). Antimicrobial activity was assessed
by  measuring   the  inhibition  zone  around  each  disc.
All experiment was carried out in triplicate.

Statistical  Analyses:  All   analytical  determinations
were performed in triplicate. Results were expressed as
mean values ± standard deviations of three separate
determinations.

Ascocarpes extracts with different solvents showed

influence yield. Extracted fraction obtained by decoction

boudieri ascocarpes.

data reveals the chemical composition of T. bouderi for

dichloromethane extract following extinction by UV with

F

Table 1: Yield of extractions from ascocarps of Terfezia boudieri.
Extracted fractions Yield (percent) Color/Aspects

Decoction 29.00±0.02 Yellow/powder
Infusion 24.12±0.01 Yellow/powder
Ethanol 17.08±0.05 Dark brown/pasty
Chloroform 13.86±0.05 Yellow orange/powder
Exhaustion digestion 15.26±0.05 Yellow/powder
Methanol 21.16±0.10 Dark brown/pasty
Digestion 17.02±0.21 Yellow/powder
Maceration 11.47±0.12 Yellow/powder
Dichloromethane 6.82±0.02 Dark red/pasty
Petroleum éther 8.73±0.02 Yellow/pasty
Acétate d’éthyle 12.52±0.15 Red brick/pasty
Exhaustion decoction 9.67±0.12 Yellow/poder

Values are means ± SD of three separate experiments done in triplicate.
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Table 2: Chemical screening of powdered ascocarps of Terfezia boudieri.

Chemical constituents Extract Results

Coumarines Dichloromethane +++++
Iridoids Decoction ++
Steroids Petroleum ether +++

Dichloromethane +
Free quinone Petroleum ether ++++
Cardiac glycosides Decoction -

Methanol ++++(Digitoxine)
Ethanol +(Digitoxine)
Dichloromethane -
Petroleum ether -

Tannins Infusion ++++(catéchique)
Anthraquinones Dichloromethane ++
Phenolic derivatives Decoction +++++
Flavonoids Methanol +++++

Decoction ++
Maceration ++
Digestion ++
Infusion ++
Petroleum ether +
Ethanol +++
Exhausted digestion +
Exhausted decoction +

Precipitate or coloration: very abundant: +++++; abundant: ++++; Middle:
++; not detected:-(the number of positive signs indicated the intensity of the
reactions and quantity).

has characteristic physical properties (color and R  ofF

spots). For example, the decoction extract, visualized by,
shows two spots: one yellow (R  0.42) and the other clearF

violet (R 0.76). The chromatogram of the methanol extractF

shows four spots: purple (0.22), yellow (0.73), dark purple
(0.56) and clear purple (0.3). The phenolic compounds
(flavonoids, tannins, coumarins) were the principal
secondary  fungi  metabolites  detected in T. boudieri.
This later compounds have recently generate
considerable interest because of their broad
pharmacological activity [21, 22]. In fact, several papers
have demonstrated important biological activities of
amino acids, saponins, flavonoids isolate from many
Terfezia species [23].

Antibacterial  Activity:  The  in  vitro antibacterial effect
of different extracts of T. boudieri (20 mg/ml) and their
activity potentials are presented in Table 5. For this
species, aqueous extracts (maceration, digestion and
decoction) exhibited antimicrobial activity against eight
bacterial strains. Moreover, the petroleum ether,
dichloromethane ethanolic and methanolic extracts of
fungi material showed high activity against the tested
bacteria. Exhausted residue extracts, both after digestion

Table 3: RF value and color of flavonoids in aqueous and organic extracts Terfezia boudieri.
Extracts Eluants Visualization Spot color RF
Petroleum ether Chloroform/methanol (9.5:0.5) UV Red, red 0.56, 0.7

AlCl Red, red 0.56, 0.73

Reagent of Neu Red, red 0.56, 0.7
Ethanol Chloroform/Methanol (95:0.5) UV Red, red 0.51, 0.7

AlCl Red, red 0.51, 0.73

Reagent of Neu Brown, yellow, red 0.51, 0.7, 0.31
Methanol N-butanol/acetic acid/water (80:10:10) UV Brown,yellow,dark purple, clear purple 0.22, 0.73, 0.56,0.3

AlCl Yellow, yellow, dark purple 0.22, 0.73, 0.563

Reagent of Neu Yellow, yellow, yellow, yellow 0.22, 0.73, 0.56, 0.3
Decoction N-butanol/acetic acid/water (80:10:10) UV Brown, yellow 0.42, 0.76

AlCl Yellow, yellow 0.42, 0.763

Reagent of Neu Brown, yellow 0.42, 0.76
Maceration N-butanol/acetic acid/water (80:10:10) UV Yellow, yellow 0.42, 0.86

AlCl Yellow, yellow 0.42, 0.863

Reagent of Neu Yellow, yellow 0.42, 0.86

Dijestion N-butanol/acetic acid/water (80:10:10) UV Brown, yellow 0.4, 0.68
AlCl Yellow, yellow 0.4, 0.683

Reagent of Neu Yellow, yellow 0.4, 0.68

Infusion N-butanol/acetic acid/water (80:10:10) UV Yellow 0.43
AlCl Yellow 0.593

Reagent of Neu yellow 0.4

Exhausted decoction N-butanol/acetic acid/water (80:10:10) UV Not spot Not spot
AlCl yellow 0.523

Reagent of Neu yellow 0.25, 0.5
Exhausted digestion Chloroform/Methanol UV Not spot Not spot
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Table 4: Antimicrobial activity of Terfezia boudieri.

Diameter of the inhibition zone E. feocolis S. epidermis S. aureus S. thyphi  E. coli P. aeroginosa B. subtilusa

Macerate 9± 1,5 9± 0,60 11± 1,72 11± 2,26 11± 1,31 12±1,31 11± 1,96b a b b b b b

Digestion 11± 0,6 12± 1,31 10± 1,13 10± 1,73 12± 1,96 11± 1,96 10± 1,13c b b b b b b

Decoction 9± 0,65 11± 1,32 10± 1,73 10± 1,31 11± 1,13 9± 0,65 8± 0,65b a b b b a a

chloroform 23± 1,7 14± 1,13 20± 2,2 16± 0,60 16± 1,73 15± 1,13 17±1,12de c e e d d d

Petroleum ether 10± 1,3 11± 1,1 8± 0,65 12± 0,65 13± 1,13 10± 2,26 11±0,10b a a c c b b

Dichloromethan 32± 0,5 16± 0,65 31± 1,31 18± 1,13 37± 1,31 17± 1,72 11± 1,12f d f f e e b

Methanolic 12± 1,1 0 14± 1,31 12± 1,73 10± 1,31 14± 1,13 7± 1,96c d c b c a

Ethanolic 13± 0,6 11± 1,32 13± 1,30 9±1,31 11± 0,65 8± 1,13 11± 0,65d a c a b a b

Ethyl acetate 17± 1,1 14± 1,7 15± 0,65 14± 1,31 12± 1,13 13± 1,13 14± 1,30e c d d b c c

Exhaustion digestion 7± 1,50 10± 0,6 0 9± 1,73 8± 0,65 9± 0,65 9± 2,26a a a a a a

Exhaustion decoction 9± 1,96 0 0 8± 0,65 7±0,61 12± 1,10 9± 1,13b a a b a

Diameter including disc diameter. Values are means ± SD of three separate experiments done in triplicatea

and after decoction, did not exhibit any activity against S. Based on these  results,  the antibacterial activity of
aureus and no activity was noted for the latter extract T. boudieri extracts likely vary due to other factors such
against S. epidermis. as environment, concentration (20 mg/ml in this study),

This antimicrobial activity can be ascribed to of extraction methods, extracts type (i.e. organic extracts
flavonoids, saponins, steroids, tannins and coumarins differ when extracted by soxhlet and by maceration in
found in methanol, dichloromethane, ethanol, macerate, solvent), type of target microorganisms and phonological
decoction extracts. stage of fungi.

Their presence  in  the  fungi  extracts could,
therefore,  explain  the  observed  activity  in our study. CONCLUSIONS
For example, methanolic and ethanolic extracts show
important antimicrobial activities due to their richness The results show that T. boudieri extracts exhibit
with flavonoids, while petroleum ether and interesting antimicrobial properties, correlated with their
dichloromethane  represent  important antimicrobial chemical composition, explaining, at least partially, their
actions because they contain steroids. The antimicrobial usefulness in traditional medicine. Taking into account
activities  of  other  Terfezia  species have been the wide spectrum  of  antibacterial activity of extracts of
previously reported [11]. These properties have usually T. boudieri against multiple drug resistant bacteria,
been  attributed  to  a  variety  of phenolic compounds combined  with  the  occurrence of chemical substances
[11]. of economic, medical; and food  value,  the use of this

Generally, T. boudieri showed appreciable plant it’s  derivatives  for  the  primary purpose of
antimicrobial activities against all the tested flavoring and preserving foods will be of interest for
microorganisms. However, the major antimicrobial further study.
activities of the extracts of T.  boudieri  were recorded
with E. feocolis, E. coli and S. aureus. The least
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