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Abstract
Africa is a diverse continent composed of many different terrestrial biomes, from 
the largest nonpolar desert in the world to equatorial forests and Southern African 
Fynbos. Biodiversity within the continent is high but much remains to be discovered. 
Sightings of hypogeous fruiting bodies of mycorrhizal fungi (truffles and truffle-like 
fungi) have been recorded from the most northern countries of the continent to the 
most southern countries; they have been widely collected for culinary and medicinal 
purposes. In this review, we describe the most prominent species of mycorrhizal 
fungi forming hypogeal fruiting bodies, across six genera. The most ubiquitous of 
these are the “desert truffle” species and the most common genus of plants with 
which they associate are those of the genus Helianthemum. We also describe the 
key species of truffle and truffle-like fungi in continental Africa. Where informa-
tion exists, we describe the ecology, medicinal properties, and ethnomycology of 
the identified fungi.
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Introduction

Africa is the world’s second largest continent with a population exceeding 1.3 billion, 
representing 17% of the world’s population [1]. Africa accounts for 20.4% of the land-
mass surface of the earth [2] and 8% of the world’s forests [3]. Moreover, Africa hosts 
the largest nonpolar desert in the world, the Sahara. The landmass size and climatic 
diversity of Africa provide fertile ground for the investigation of many species, especially 
fungi. However, accurate data about the indigenous use of African fungi have largely 
been passed between generations only orally [4] and have not been well documented. 
This is contrasting to the case for other areas of the world, for which historical written 
documentation regarding fungi is available [5]. Consequently, much historical knowledge 
of African fungi may have been lost and the diversity of languages in Africa means 
that such knowledge, where it is recorded in print, is often hard to locate and access 
by those who are not fluent in the local language [6]. As a consequence, much of the 
modern-day knowledge about the hypogeous fungi of Africa can be attributed to a 
small number of studies by international scientists, many of whom are not domiciled 
within the continent.

There have been relatively few studies on ectomycorrhizal fungi in Africa and even 
fewer on hypogeous species. However, many of the native tree species do form ecto-
mycorrhizal associations; thus, it is likely that there is diversity of edible hypogeous 
species. Bâ et al. [7] presented a study of trees in tropical regions of Africa in which 
ectomycorrhizal status was confirmed on 93 (26%) out of 354 trees investigated [7]. 
The potential for diversity is definitely lower in dry tropical forests, where it has been 

DOI: 10.5586/am.1132

Publication history
Received: 2019-05-10
Accepted: 2019-10-31
Published: 2019-12-30

Handling editor
Dorota Hilszczańska, Forest 
Research Institute, Poland

Authors’ contributions
The manuscript was conceived 
and prepared by PWT. WAE and 
GD contributed significantly to 
the content and helped shape 
the focus of the article.

Funding
This study was funded by 
Mycorrhizal Systems Ltd.

Competing interests
No competing interests have 
been declared.

Copyright notice
© The Author(s) 2019. This is an 
Open Access article distributed 
under the terms of the 
Creative Commons Attribution 
License, which permits 
redistribution, commercial and 
noncommercial, provided that 
the article is properly cited.

Citation
Thomas PW, Elkhateeb 
WA, Daba G. Truffle and 
truffle-like fungi from 
continental Africa. Acta Mycol. 
2019;54(2):1132. https://doi.
org/10.5586/am.1132

mailto:paul%40plantationsystems.com?subject=Truffle%20and%20truffle-like%20fungi%20from%20continental%20Africa
https://doi.org/10.5586/am.1132
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5586/am.1132
https://doi.org/10.5586/am.1132


2 of 15© The Author(s) 2019 Published by Polish Botanical Society Acta Mycol 54(2):1132

Thomas et al. / Truffles and truffle-like fungi from continental Africa

reported that vascular arbuscular mycorrhiza dominate and ectomycorrhizal species 
are usually absent or occur in low numbers [8].

The term “truffle” is used to describe the edible hypogeous fruiting bodies of my-
corrhizal ascomycetes. The origin of the term “truffle” is thought to be from the Latin 
word tubera, which is defined as a “swelling” or a “lump”. It is thought that this became 
“tufer” and then gave rise to the numerous related European terms for truffle in differ-
ent languages (trufa, truffe, trufel, etc.). Truffles have a variety of names within Africa. 
In North Africa, they are known by various local names such as Al-Kamaa, Al-Fag’a, 
gibbah, khlaasi, Zubaidi, Eblaj, Nahbaat alra’ad, Terfas, Faga Al toyoor, Nabat Al Radh, 
asqal, Bidat El Ardh, and Banat Ober [9–11]. In the Kalahari area, truffles are called 
n’abbas. These local names for truffles often relate to some aspect of the truffle fruiting 
pattern, for example, translations may refer to “crack” or “burst” or denote “hidden” 
or “to hide”. Such names become relevant when the fruiting of desert truffle species 
native to those areas is considered. As these fruit bodies swell, under the sand and soil 
they often cause cracks in the ground and sometimes appear almost epigeous, as if they 
have “burst” forth from the ground.

This review focuses on the most revered, reported, and utilized hypogeous mycorrhizal 
fungal species from continental Africa. Although the term “truffle” is primarily used for 
fruiting bodies from the Tuber genus, here, it is used to identify all hypogeous fruiting 
bodies of mycorrhizal fungi. Comparatively rare species are not dealt with in depth 
within this review. Rarity is used here to both denote infrequency of occurrence and a 
lack of representation in the academic literature. For example, although currently, there 
are three species of truffle known to exist that are endemic to the Kalahari, only one has 
been dealt with in depth. Eremiomyces echinulatus and Mattirolomyces austroafricanus 
have been reported in only a few studies [12,13], and are therefore not addressed in depth 
in this review. Key truffle species across six genera are now described in detail.

Tuber

The genus Tuber includes a collection of species that form ectomycorrhizal associations 
with a range of host tree species and woody shrubs. Currently, this genus is represented 
by five known species from North African countries: T. aestivum syn. uncinatum, T. 
asa, T. borchii, T. oligospermum, and T. rufum. A sixth species, T. melanosporum, is also 
known and its introduction to the continent is included in this review as the geographic 
spread and local importance of this species is increasing.

Tuber aestivum (syn. uncinatum) (Wulfen) Spreng.

This is predominantly a European species highly valued for culinary purposes but 
has been discovered occurring naturally in just one country within Africa, Morocco. 
Ascomata are subglobose and occasionally large (>400 g), with a blackish-brown to 
black peridium and conspicuous warting, with pyramidal warts often depressed at the 
apex. The gleba is firm and solid, whitish when immature and ripening to light-brown 
to dark-brown at maturity, and marbled with white meandering veins that do not 
discolor when exposed to the air. Ascospores are 20–45 × 18–35 µm in size (excluding 
ornamentation) and ornamented with a coarse, irregular reticulum; one–six ascospores 
are present per asci. They were discovered in the Middle Atlas by Malençon [14] at 
an altitude of 1,600–2,000 m. The comparative rarity of this species means there is no 
record of its indigenous use, but recent attempts to cultivate this species in South Africa 
have been successful [15].

Tuber melanosporum Vittad.

This species has never been found to occur in continental Africa naturally. However, 
the global demand for this species has fueled a recent introduction of T. melanosporum 
cultivation from Europe, and consequently, this is now an important hypogeous species 
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within Africa. Ascomata are subglobose or irregular and occasionally large (>400 g) 
with a reddish-blackish-brown to black peridium and warting, with pyramidal warts 
often depressed at the apex. The gleba is firm and solid, whitish when immature and 
purplish-black at maturity, and marbled with white branching veins that redden when 
exposed to the air. Ascospores are 28–48 × 20–30 µm (excluding ornamentation), 
ellipsoid, and ornamented with pointed and often curved spines with one–five per 
asci. This species requires a climate with seasonal fluctuations not characterized by 
extremes [16,17] and has been successfully cultivated in Morocco at an elevation of 
1,700 m [18]. More recently, this truffle has been introduced to South Africa and has 
produced fruiting bodies in a number of localities and with a range of non-native 
tree host species [15], forming the backbone of an embryonic local industry (Fig. 1). 
Newly established orchards take a number of years to reach maturation, after which 
fruiting bodies may be produced annually and are located with the aid of specially 
trained scent detection dogs. Nevertheless, cultivation of this species is spreading across 
Northern and Southern continental Africa and is included here due to its burgeoning 
socioeconomic importance.

Tuber oligospermum (Tul. & C. Tul.) Trappe.

This indigenous species is found in acidic soils and associates with Pinus pinaster var. 
atlantica in arid zones of North Africa. In Morocco, this species can be found in the 
Mamora Forest, inland from Rabat, where host trees include the cork oak (Quercus subra) 
[19,20]. The 2–3-cm fruitbody is subglobose or irregular in form, with a 140–270-µm-
thick peridium, and a gleba that ranges from whitish in immature specimens to 
grayish-brown at maturity and is marbled with numerous whitish veins. Asci contain 
one–three(four) globose spores that are 28–50 µm in diameter, excluding a 5–7-µm-high 
ornamented regular reticulum with four–six meshes across the spores [21]. Harvesting of 
this species contributes to the local economy. Occasionally, T. oligospermum is exported 
to Europe and may be fraudulently sold as the highly valuable European species Tuber 
magnatum or mixed into batches of truffles that are sold as T. magnatum. The mode 
of collection is by stick (see description for Terfezia arenaria) and by raking or digging 
of the ground in known productive areas. Due to the collection methods, the tubers 
are often immature and lacking in flavor. In productive areas, collectors can be seen 
selling their harvests at the sides of roads where the tubers are wrapped in damp sand 
or clay to preserve moisture and often stacked in pyramidal shapes to attract buyers. 
Unscrupulous sellers sometimes fail to include the tuber and balls of solid clay may be 
mixed into batches of genuine clay-covered fruiting bodies.

Tuber asa Tul. & C. Tul.

This is another Tuber species with a preference for sandy soils that is confined to northern 
Africa in its continental African distribution. The irregularly globose 2–5-cm fruiting 
body is ochraceous yellow with reddish-brown spots and a gleba with a color ranging 
from yellowish-grey to beige that is marbled with numerous whitish veins. Asci contain 
one–four(five) globose or broadly ellipsoid spores that are 25–45 × 22–40 μm in size, 
with a raised reticulum that is 1–3-μm tall [22]. With a whitish peridium, this species 
is found to be hosted by a number of Helianthemum species and may be found in the 
same vicinity as Terfezia arenaria and T. leptoderma. However, the actual identity of 
this species is currently debated, as it may be representative of another member of the 
Puberulum group of truffles [23].

Delastria

Delastria is a monospecific genus, meaning that it is represented by just one known 
species, D. rosea Tul. & C. Tul. This species has the interesting presentation of a gleba 
divided into isolated fertile pockets. Pockets contain asci, within which there are 
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Fig. 1 Examples of truffles from continental Africa. Terfezia claveryi (A) displaying a sterile tapered base 
and orange brownish-red peridium. Tuber oligospermum (B) displaying a subglobose fruitbody with a whit-
ish peridium. Tuber aestivum (syn. uncinatum) displaying a warted peridium and light-brown gleba, spores 
(C) ornamented with a coarse irregular reticulum, and three ascospores per asci (D). Tuber melanosporum 
(E) displaying a warted peridium and gleba intersected by white veins, reddening with exposure to air. The 
photographs were taken by the corresponding author, excluding image (D), which was taken by Philip Schlur.
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normally three–four spino-reticulated spores (alveolated spores) [24]. The peridium 
is whitish and similar in appearance to many other whitish truffle species but the 
gleba has a pinkish hue when fully ripe. Despite its attractive appearance, the odor 
is reported to be weak, with a bitter and displeasing taste [25]. This species is found 
across North Africa but due to its weak aroma and unpalatable taste it is not widely 
valued for culinary purposes and is known locally, in Morocco, as the “bitter Terfass of 
pine”. Host species are mainly pine (Pinus pinaster var. atlantica) and soils are typically 
acidic, with this truffle species sometimes growing in the same areas as T. oligospermum 
[20]. The harvesting period is also short, normally just from November to December, 
and the sporocarps form relatively high in the soil horizon, so much so that December 
rains may expose them.

Kalaharituber

Kalaharituber is a monospecific genus represented by Kalaharituber pfeilii (Henn.) 
Trappe & Kagan-Zur [26]. First described in Namibia as Terfezia pfeilii [27], the fruiting 
body is turbinate to obpyriform or subglobose and 6.5 × 6 cm in size, with a wrinkled 
dark-brown peridium (1-mm thick). The gleba is soft and fleshy with sterile white veins 
and yellowish white-brown fertile pockets with a pleasant odor. Asci contain five–eight 
globose to ellipsoid or obovoid spores that are 70–100 × 50–80 μm in size, with surface 
ornamentation of densely crowded spines (0.5–1.5 × <0.5 μm) [26]. This is a common 
and valued species of truffle endemic to the Kalahari region, widely known as the 
Kalahari truffle. There are two other species that are endemic to the Kalahari, but both 
are infrequent and known only from a very small number of collections from Botswana, 
Namibia, and South Africa [26]. Kalahari truffles are widely respected and used by local 
peoples as a favored food source, having a well-documented history of use [28].

The sand sheets of the eastern Kalahari change little in elevation, with sand generally 
deeper than 60 m often being red or pink due to the presence of iron compounds. The 
distribution of iron compounds has been suggested as being a meaningful factor in 
the distribution of K. pfeilii. This species often occurs in compacted white or pinkish 
sands, across a wide range of pH (5.5–6.5; occasionally as high as 7.2) and is sometimes 
found in agricultural fields that contain herbaceous plants [29,30]. Although many host 
plants have been suggested, the primary host plant of this species is currently unknown, 
although Kagan-Zur et al. have presented compelling evidence for an association of this 
fungus with wild watermelon plants (Citrullus vulgaris) [29]. Animal vectors may be 
important in spore dispersal, with meerkats, baboons, bat-eared foxes, and hyenas all 
having been observed consuming the fruiting bodies of this fungus [28]. Fruiting bodies 
can be found from January to June and display regional variation in maturation dates 
depending on localized rainfall events. The link with rainfall is displayed in Khoisan 
oral mythology, where Kalahari truffles are known as eggs of the lightning bird because 
they appear so close after spring’s thunderstorms [13].

Further, the Kalahari truffle supposedly has medicinal properties. It has been at-
tributed to possess strong curative powers by local peoples; some San hunters carry 
dried pieces of its fruiting bodies in the belief that they may be used as an oral antidote 
to the poison of their arrows [12]. The Khoisan people have also claimed aphrodisiac 
properties of the fruiting bodies [13]. In Botswana, dried and powdered fruiting bodies 
are also reportedly used medicinally to induce birth in humans and livestock [31]. As is 
the case in several regions where quantities of wild valuable fungi are harvested, there 
are reports of the exploitation of local peoples. Truffle distributors are reported to pay 
local peoples, such as San hunters, to be taken to the wild production sites. Once there, 
the location is GPS-tagged, and then, the distributors return annually to harvest the 
fruiting bodies without the involvement of local peoples. Such activities create tension 
and also diminish the harvest of this fungus for traditional uses. Khoisan Kalahari truffle 
gatherers have also shown an unwillingness to profit from the sale of this species. One 
hunter claimed that low prices are asked because desert truffles are God’s given gift 
from the soil; they emerge from it entirely on their own and without toil [30].
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Picoa

Picoa is a genus of appreciated edible species, known to be high in antioxidants and 
containing compounds with antimutagenic and anticarcinogenic properties [32]. 
Species within the Picoa genus may also be surprising high in protein, with the fol-
lowing nutritional profile having been reported: 22.54% protein, 19.94% fat, 36.66% 
carbohydrate, 13.04% fiber, and 8.21% ash [32].

Picoa juniperi Vittad.

Picoa juniperi is the type species of Picoa, with the genus first being proposed by Vit-
tadini [33]. Picoa juniperi displays an unusual external similarity to Tuber aestivum 
syn. uncinatum, with a blackish brown peridium with polygonal warts. The gleba is 
white with fertile tissue separated by sterile veins [34] and a sweet smell and coconut-
like flavor that is altered when parasitized by Melanospora zobelii. With six–eight oval 
ascospores per asci, P. juniperi is differentiated from P. lefebvrei by its smooth appearance 
[34]. The small size of ascocarps, i.e., 1–3 cm, limits the market potential of this species 
but it is readily consumed when found with other desert truffle species. In Morocco, P. 
juniperi is often called Ed doukar, where it favors calcareous soils and is rare; however, 
it is harvested in February, and its hosts are Terfezia claveryi and Helianthemum lipii 
[20,35]. In Tunisia, the harvest season is similar, with this species being found in Febru-
ary with its hosts H. lipii, H. sessiliflorum, and Rhanterium suaveolens [34–36].

Picoa lefebvrei (Pat.) Maire.

Originally, this species was reported from Tunisia and placed within a newly erected 
monospecific genus, Phaeangium, and named Phaeangium lefebvrei [37]. This species 
has a peridium that is brown to black, sometimes with reddish tones, and has small 
polygonal warts. The fruiting bodies are small, often 1–3 cm in size, with a sweet co-
conut smell at maturity. The gleba is white with white veins, although black markings 
may appear when the fungi are parasitized by Melanospora zobelii. Oval spores occur 
as four–eight per asci, with a diameter of around 30 μm, and may be verrucose or or-
namented (warty) [34,38]. After recent morphological and phylogenetic analysis, this 
species is now known to be closely related to Picoa juniperi and is now named Picoa 
lefebvrei [38]. Within continental Africa, this species is confined to the north, with 
sighting reports from Tunisia [34]. Forming an association with species of the genus 
Helianthemum [9], mycorrhiza have also been produced in greenhouse conditions with 
Helianthemum almeriense [39].

An unusual aspect of P. lefebvrei as a hypogeous fungus is that birds may be important 
spore dispersal vectors. Observations of this species being unearthed and consumed by 
a number of migratory avian species have been recorded in gravelly calcareous deserts, 
and it is also sometimes used by the Bedouin people as bait when hunting birds [40,41]. 
This possible long-range dispersal mechanism suggests that this species may be more 
widespread than is currently reported within English speaking literature. Picoa lefebvrei 
is also known as hberi and is readily consumed by Bedouin children as treats [40,41]. 
Despite its agreeable taste, the size of the fruiting bodies limits the market potential of 
this species, although it has excellent antioxidant properties [32].

Leucangium

Leucangium carthusianum (syn. Picoa carthusiana) (Tul. & C. Tul.) Paol.

Pico carthusiana was originally described by Tulasne [42]. However, based on mor-
phological analysis it was later reassigned as Leucangium carthusianum by Trappe 
[43]. Li [44] provided an in-depth study on the ultrastructure of this species, revealing 
multinuclei lemon-shaped spores (apiculate) that are distinctly different than those of 
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Picoa spp. When ripe, the sporocarps release a sweet aroma, often described as a cross 
between pineapple and chocolate. The peridium is black with varied morphology and 
sometimes exhibits pronounced pyramidal warts, superficially resembling some black 
tuber species. The gleba is firm with grey pockets of spore-bearing tissue separated 
by white veins and spores are 65–80 × 25–40 μm, fusoid, and smooth [45] Recent 
phylogenetic analysis has provided a molecular position for L. carthusianum within 
the Morchellaceae–Discinaceae lineage, excluding this species from the genus Picoa 
[46]. In North Africa, L. carthusianum is found growing near Rhanterium suaveolens 
and Helianthemum lipii in calcareous soils in February and its primary value seems to 
be as an indicator species for Terfezia and Tirmania species [35,36]. Known as zouber 
in Tunisia [35,36], it has also been collected in Egypt [47], where it is primarily found 
in alkaline soils. This species is very widely distributed and has been observed from 
not only Africa, but also Asia, Europe, and North America. Despite morphological 
and scent similarities, the North American populations have a distinctly contrasting 
ecological niche, with different climatic, edaphic, and host-plant preferences compared 
to the North African populations. Molecular studies have only been conducted on 
samples from North American populations [46], so it is possible that the North African 
populations may be distinct to those in North America.

Terfezia

Terfezia have a long history of use domestically and as exports. Truffles from this genus 
are very widely consumed and appreciated. During Greek and Roman eras, truffles were 
imported from Libya and sold in the markets of Southern Europe [48].

Terfezia arenaria (syn. Terfezia leonis) (Moris) Trappe.

Moris, in 1829, was the first to describe a Terfezia species. Observed in Sardinia and 
originally termed Tuber arenarium, the species was later renamed Terfezia leonis by 
Tulasne [49]. Renamed again by Trappe in 1971 [43], this species is now known as 
Terfezia arenaria. With a whitish peridium that takes on brown hues at maturity, the 
gleba is also white with fertile pockets becoming pink with pale sterile veins. This species 
produces large (3–15 cm) ascomata that are subglobose, turbinate, and obpyriform, 
often with a tapered, sterile base. The ascospores are globous with a diameter of 25–30 
μm that ornamented with separate, truncated or rounded warts and the scent is very 
weak. Terfezia arenaria is highly prized for culinary use and is harvested, in large 
quantities in Morocco from March until May; it is then exported to Kuwait and Saudi 
Arabia [20]. This species is found across North Africa frequently associating with 
Helianthemum guttatum and has been recorded in Algeria [50]. This species is also a 
cultivation candidate as mycorrhized plants can be successfully cultivated [51].

The antimicrobial properties of an aqueous extract of this and other Terfezia species 
has been investigated, and in contrast to other Terfezia species, thus far, there does not 
appear to be any noteworthy antibacterial activity by this species [52].

In rural Morocco, the tuber is collected by some unusual practices. Collectors use a 
sturdy stick or wooden pole with a pointed end to strike the ground around host plants. 
The sound of the stick striking the ground is noted and subtle differences are detected 
by the collector as being indicative of subterranean fruiting bodies (see Fig. 2). This 
labor-intensive harvesting method also means that fruiting bodies are often unripe 
at collection. Despite the extremely small size of host plants, wild sites can be very 
productive, with yields of 1,000 kg/Ha per annum being reported.

Terfezia boudieri Chatin.

Originally described using Algerian samples by Chatin [53], this species is now known 
to be widely distributed in North Africa. African countries with documented popula-
tions include Algeria, Tunisia, Egypt, Libya, and Morocco [20,53–55].
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Ascomata are subglobose, turbinate, and obpyriform but this species differs from 
T. arenarium and has a darker peridium that is often cracked and is dark brown. The 
gleba is composed of salmon-pink fertile pockets divided by paler sterile veins. Asco-
spores (20–26 μm) are globose and decorated by truncated warts and conical spines. 
In contrast to T. arenarium, T. boudieri generally occurs in alkaline limestone soils, 
rather than acidic sites. It is often harvested under Helianthemum spp., such as H. lipii, 
H. apertum, H. ledifolium, and H. sessiliflorum in Morocco [20]. In Tunisia, it occurs 
under H. lipii, H. sessiliflorum, and sometimes Rhanterium suaveolens [35,36], and 
occasionally large larvae may be found in close proximity (see Fig. 3). Fruiting bodies 
are collected from January to May, with the majority of the harvest occurring between 
February to April [55].

Like T. arenaria, T. boudieri is a widespread and widely consumed Terfezia species 
in North Africa. Slama et al. [36] reported that in the northern Sahara (Tunisia), T. 
boudieri forms endomycorrhiza with H. sessiliflorum, whereas elsewhere the same 
partners may form ectomycorrhiza [56]. The impact on the plant partner may be posi-
tive, as mycorrhization has been shown to alter plant physiology by increasing CO2 
assimilation rates and water use efficiency, allowing the plant partner to adapt to the 
harsh environmental conditions of deserts [57].

Nutritionally, T. boudieri is one of the most studied of all the truffles occurring within 
Africa. Containing all the essential amino acids and being high in antioxidants, the 
composition of T. boudieri is 14% protein, 8% fat, and 54% carbohydrates [58]. Slama et 
al. [59] also observed that the fruit bodies are rich in Ca2+ (1,423), K+ (1,346), P (346), 
Mg2+ (154), and Na+ (77 mg/100 g dry weight).

This species also appears to have significant antimicrobial properties. In 2013, Doðan 
and Aydin [60] tested extracts of T. boudieri against nine different bacteria and one 
yeast. Extracts showed antimicrobial properties against all tested bacteria, although the 
most pronounced reported impact was on the yeast Candida albicans.

Terfezia claveryi Chatin.

This is a common species in sub-Saharan regions, often producing a large subglobose 
to turbinate ascomata (often with a sterile tapered base), with weights of 350 g not 
uncommon. The peridium is yellow-orange but matures to a brownish-reddish-black. 
The gleba is fleshy, with salmon-pink pockets of fertile tissue separated by whitish 
pink, sterile veins. Ascospores are globose reticulate, often ornamented with rounded 
truncated warts, and are 16–20 μm in diameter with six–eight asci [61]. This species 
primarily occurs in sandy, limestone soils and associates with a range of Helianthemum 
spp. [18]. This is another sought after Terfezia species that has a large market value and 
was the first desert truffle species to be successfully cultivated [62]. Widely harvested 
between March and May, it is often called “red Terfass of Tafilalet” [20]. Nutritionally, 
Murcia et al. [32] reported a composition of 16% protein, 7% fat, 65% carbohydrate, 
8% crude fiber, and 4% ash. Terfezia claveryi has been shown to be relatively rich in 
thiamin and very rich in riboflavin, niacin, pantothenic acids, and pyridoxine [63]. The 
species is also a very rich source of Fe and a reasonably rich source of Zn and Mg2+ [63]. 
Extracts of this species have displayed good antimicrobial activities, with particularly 
noteworthy impacts on Chlamydia trachomatis and the healing of open wounds and 
stomach ulcers [64].

Terfezia canariensis Bordallo & Ant. Rodr.

Although not endemic to mainland Africa, this species exists on the Canary Islands 
just 100 km from the coast of Morocco and within the African continent. This species 
was previously misidentified as T. claveryi and was only identified as T. canariensis in 
2012 [65].

With subglobose to turbinate ascomata 2–8 cm in size and a short obconic base, the 
peridium is reddish brown and blackens with age. The gleba is fleshy with pockets of 
fertile tissue separated by whitish pink, sterile veins. Ascospores are globose, 21–23 μm in 
diameter, and ornamented with a small-meshed reticulum with eight per asci [65].
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Fig. 2 Desert truffles (Terfezia arenaria) being located in Morocco using the “stick” method (left) and freshly unearthed fruiting 
bodies (right). The photographs were taken by the corresponding author.

Fig. 3 Desert truffle (Terfezia arenaria) in the soil (left) in Morocco and an example of larvae (unidentified) that are occasionally 
found in close proximity to the fruiting body (right). Note: these larvae do not seem to damage the truffle, but may benefit from the 
locally elevated moisture levels. The photographs were taken by the corresponding author.
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Endemic to the islands and associating with the local Helianthemum species, H. 
canariensis, this species can occur from coastal sites to as high as 600 m elevation (see 
Fig. 4). As with other desert truffle species, this truffle fruits after rainfall events, which 
is when locals can often be seen gathering them in some quantities. Despite the recent 
volcanic history of the Canary Islands, H. canariensis seems to favor soils derived from 
sedimentary rocks and especially those with a high calcium content.

Terfezia leptoderma Tul. & C. Tul.

Subglobose to turbinate ascomata with a sterile tapered base, smaller than some Terfezia 
species, and with a peridium that is light colored in the immature phase, ripening to a 
reddish-brown to blackish-brown at maturity and that is often cracked. The gleba is solid 
and fleshy, with fertile pockets of pinkish-grey to dark brown and separated with sterile 
yellowish-cream veins. Ascospores are globose (occasionally subglobose), 18–28 μm in 
diameter, ornamented with narrow cones or spines, and with eight per asci [55].

Growing in North Africa on acidic soil, this species associates with both Helianthe-
mum guttatum, Cistus, oak, and pine (Pinus pinaster var. atlantica) and is primarily 
harvested between February and May [18,66]. Although edible and collected in its 
own right, this species is also valued as an indicator species for the arrival of the more 
valuable T. arenaria season. Terfezia leptoderma is reported to be often sold together 
with T. arenaria and is also sold as T. arenaria [20].

Terfezia olbiensis (Tul. & C. Tul.) Sacc.

Malençon [14] considers T. olbiensis to be an immature form and synonymous with T. 
leptoderma. In contrast, Alsheikh [55] maintains that T. olbiensis is a distinct species. 

Fig. 4 Helianthemum canariensis, a host plant for Terfezia canariensis, 
growing in the mountains of Betancuria on the island of Fuerteventura. 
The photograph was taken by the corresponding author.
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This conflict in the literature demonstrates the similarities of this spiny spore species 
to T. leptoderma to the extent that morphological (ascomata, ascospores, spore-
ornamentation) and ecological descriptions are often the same. However, Kovács et 
al. [66] have clearly separated T. olbiensis from T. leptoderma using morphological and 
molecular characteristics, although the morphological differences are slight.

Tirmania

Across Saharan and sub-Saharan regions of Africa, Tirmania species are common and 
frequently abundant.

Tirmania nivea (Desf.) Trappe.

A highly regarded and widespread species, ascocarps are subglobose or pyriform, often 
with a basal mycelial attachment visible. The smooth peridium is off-white or light 
brown and smooth. The soft gleba is white or yellowish white, becoming yellowish 
brown with age. Ascospores are ellipsoid, 15–18 × 11–14 μm in diameter, and often 
eight per asci [55,61].

Tirmania nivea is found growing primarily in calcareous soils; it is harvested from 
December until March and hosted by many different Helianthemum species [18]. This 
species is very abundant in Northern Africa including parts of Algeria [51], Morocco 
[20], Tunisia [36], Libya, and Egypt [67]. Local names include “white Terfass of Tafilalet” 
and “Zubaidi” [18]. Zubaidi translates as “butter-like”, which is a reflection of both the 
color of this species and its historical value as a food stuff. This appreciation extends 
to the modern day and in some cases when a Bedouin finds a large T. nivea fruiting 
body, it is gifted to a local authority figure [40].

Nutritionally, T. nivea is reported to contain 40–60% carbohydrate, 20–27% protein, 
2.4–7.5% lipid, 7–13% crude fiber, and 7.4–9.6% ash [68]. Al-Laith [10] concluded that 
the antioxidant levels of this species are particularly high. Similar to Tirmania pinoyi 
and T. claveryi, this species contains all essential amino acids, including those that are 
often limiting in foods of plant origin, such as the sulfuric amino acids (methionine, 
cysteine, tryptophan, and lysine).

Tirmania pinoyi (Maire) Malençon.

Ascocarps are subglobose to turbinate, often cracked and with a basal mycelial attach-
ment. The peridium may be yellow to brown or reddish brown and the gleba is white 
to pale pink and veined. Ascospores are globose with often eight per asci, 16–18 μm 
in diameter, and with a smooth surface. Ascospores differ from those of T. nivea, with 
the inner side of wall being minutely roughened [55,61]

Tirmania pinoyi are harvested from December until March, are hosted by Helian-
themum species, and may be found growing in more acidic conditions than T. nivea 
[69]. Tirmania pinoyi may also be known by the same local names such as T. nivea, 
“white Terfass of Tafilalet”, and “Zubaidi” [18]. They are very abundant in Northern 
Africa including parts of Algeria [51], Morocco [20], Tunisia [36], Libya, and Egypt 
[67] and are capable of forming ectomycorrhiza (in high phosphate substrates) as well 
as endomycorrhiza (in low phosphate substrates) [51].

Nutritionally, T. pinoyi has some similarity to T. nivea, containing all essential amino 
acids as well as having significant antioxidant activity [70]. Extracts of this fungus have 
also been shown to exhibit potent antimicrobial activities against gram-positive bacteria 
(B. subtilis and S. aureus) that are known to cause eye infections [71]. Omer et al. [72] 
reported that desert truffles (Tirmania and Terfezia spp.) have a history of utilization 
in folk medicine for the treatment of ophthalmic diseases.
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Conclusion

Knowledge of truffle diversity and documented appreciation/use by local populations 
is largely confined to the northern and southern areas of Africa, with little known oc-
currence along the central equatorial belts. More knowledge exists on truffle species 
of Northern Africa than Southern Africa and this reflects a bias within the literature. 
Regardless, the majority of known truffles occurring within Africa are desert species 
that grow in mycorrhizal association primarily with members of the Helianthemum 
genus. Knowledge about the indigenous use of African fungi has largely been passed 
orally between generations and due to the fragmentation of many populations, much 
of this knowledge may have been lost. Urgent communication is needed with local 
populations to ensure that such knowledge is retained, and surveying work is essential 
to assess the diversity of hypogeous fungi across the continent. Truffle species that have 
been identified and tested have shown a range of promising attributes as sources of 
medicinally active compounds, and their extracts have shown a range of antimicrobial 
properties; thus, any newly discovered species may prove to be an important source of 
novel active compounds. Furthermore, although we know that many desert truffle spe-
cies are mycorrhizal, very little is known about their ecological roles and primary spore 
vectors; additionally, whether there are threats to their populations from anthropogenic 
(or other) factors is unknown. It is clear that much remains to be uncovered about the 
hypogeous fruiting bodies of mycorrhizal fungi across Africa.

References

1. World Population Review. 2018–2019 – Africa population (2018-
06-12) [Internet]. 2019 [cited 22 Feb 2019]. Available from: 
http://worldpopulationreview.com/continents/africa-population/

2. Sayre AP. Africa. Brookfield, CT: Twenty-First Century Books; 1999.

3. Forest resources [Internet]. 2019 [cited 22 Feb 2019]. Available from: 
http://www.faculty.ucr.edu/~legneref/botany/forsreso.htm

4. Akpaja EA, Isikhuemhen OS, Okhuoya JA. Ethnomycology and usage of edible and 
medicinal mushrooms among the Igbo people of Nigeria. Int J Med Mushrooms. 
2003;5(3):313–319. https://doi.org/10.1615/InterJMedicMush.v5.i3.100

5. Zhu P. The present status and prospects of medicinal fungal research and development in 
China. In: Proceeding of the 5th International Medicinal Mushroom Conference; 2009 
Sep 5–8; Nantong, China. Nantong: Mycological Society of China; 2009. p. 26–33.

6. Heinrich M. Ethnopharmacology and drug discovery. In: Verpoorte R, editor. 
Comprehensive natural products II: chemistry and biology. Vol. 3. Oxford: Elsevier; 
2010. p. 351–381. https://doi.org/10.1016/B978-008045382-8.00666-3

7. Bâ AM, Duponnois R, Moyersoen B, Diédhiou AG. Ectomycorrhizal 
symbiosis of tropical African trees. Mycorrhiza. 2012;22(1):1–29. 
https://doi.org/10.1007/s00572-011-0415-x

8. Högberg P. Root symbioses of trees in African dry tropical forests. J Veg Sci. 
1992;3(3):393–400. https://doi.org/10.2307/3235765

9. Mandeel QA, Al-Laith AA. Ethnomycological aspects of the desert truffle among native 
Bahraini and non-Bahraini peoples of the Kingdom of Bahrain. J Ethnopharmacol. 
2007;110(1):118–129. https://doi.org/10.1016/j.jep.2006.09.014

10. Al-Laith AA. Antioxidant components and antioxidant/antiradical activities of desert 
truffle (Tirmania nivea) from various Middle Eastern origins. J Food Compost Anal. 
2010;23(1):15–22. https://doi.org/10.1016/j.jfca.2009.07.005

11. El Enshasy H, Elsayed EA, Aziz R, Wadaan MA. Mushrooms and truffles: historical 
biofactories for complementary medicine in Africa and in the Middle East. Evid Based 
Complement Alternat Med. 2013;2013:620451. https://doi.org/10.1155/2013/620451

12. Trappe JM, Kova´cs GM, Claridge AW. Comparative taxonomy of desert truffles 
of the Australian Outback and the African Kalahari. Mycol Prog. 2010;9:131–143. 
https://doi.org/10.1007/s11557-009-0612-6

http://worldpopulationreview.com/continents/africa-population/
http://www.faculty.ucr.edu/~legneref/botany/forsreso.htm
https://doi.org/10.1615/InterJMedicMush.v5.i3.100
https://doi.org/10.1016/B978-008045382-8.00666-3
https://doi.org/10.1007/s00572-011-0415-x
https://doi.org/10.2307/3235765
https://doi.org/10.1016/j.jep.2006.09.014
https://doi.org/10.1016/j.jfca.2009.07.005
https://doi.org/10.1155/2013/620451
https://doi.org/10.1007/s11557-009-0612-6


13 of 15© The Author(s) 2019 Published by Polish Botanical Society Acta Mycol 54(2):1132

Thomas et al. / Truffles and truffle-like fungi from continental Africa

13. Trappe JM, Kovács GM, Claridge AW. Validation of the new combination Mattirolomyces 
austroafricanus. Mycol Progr 2010;9:145. https://doi.org/10.1007/s11557-009-0631-3

14. Malençon G. Champignons hypoges du nord de l’Afrique I. Ascomycetes. Persoonia. 
1973;7(2):261–288.

15. Truffle Growers SA (TGSA) your direct exclusive link to the forefront in truffle 
cultivation and technology [Internet]. 2009 [cited 22 Feb 2019]. Available from: 
http://www.trufflegrowerssa.com/

16. Thomas P, Büntgen U. A risk assessment of Europe’s black truffle sector 
under predicted climate change. Sci Total Environ. 2019;655:27–34. 
https://doi.org/10.1016/j.scitotenv.2018.11.252

17. Thomas P. An analysis of the climatic parameters needed for Tuber melanosporum 
cultivation incorporating data from six continents. Mycosphere. 2014;5(1):137–142. 
https://doi.org/10.5943/mycosphere/5/1/5

18. Khabar L. Mediterranean Basin: North Africa. In: Kagan-Zur V, Roth-Bejerano N, Sitrit 
Y, Morte A, editors. Desert truffles. Berlin: Springer; 2014. p. 143–158. (Soil Biology; vol 
38). https://doi.org/10.1007/978-3-642-40096-4_10

19. Kagan-Zur V, Akyuz M. Asian Mediterranean desert truffles. In: Kagan-Zur V, Roth-
Bejerano N, Sitrit Y, Morte A, editors. Desert truffles. Berlin: Springer; 2014. p. 159–171. 
(Soil Biology; vol 38). https://doi.org/10.1007/978-3-642-40096-4_11

20. Khabar L, Najim L, Janex-Favre MC, Parguey-Leduc A. Contribution à l’étude de la flore 
mycologique du Maroc. Les truffes marocaines (Discomycètes). Bull Trimest Soc Mycol 
Fr. 2001;117(3):213–229.

21. Ceruti A, Fontana A, Nosenzo C. Le specie europee del genere Tuber: una revisione 
storica. Torino: Museo Regionale di Scienze Naturali; 2003. (Museo Regionale di Scienze 
Naturali; vol 37).

22. Agnello C, Kaounas V. Tuber asa and T. gennadii. A close morphological study of 
two species often confused in the past with a brief historical bibliographic summary. 
Ascomycete.org. 2011;3:65–74. https://doi.org/10.25664/art-0056

23. Lancellotti E, Iotti M, Zambonelli A, Franceschini A. The Puberulum group sensu 
lato (whitish truffles). In: Zambonelli A, Iotti M, Murat C, editors. True truffle 
(Tuber spp.) in the world. Cham: Springer; 2016. p. 105–124. (Soil Biology; vol 47). 
https://doi.org/10.1007/978-3-319-31436-5_7

24. Tulasne L, Tulasne C. Champignons hypogés de la famille des Lycoperdacées. Annales 
des Sciences Naturelles Botanique. 1843;19:373–381.

25. Alvarado P, Moreno G, Manjón JL, Gelpi C, Kaounas V, Konstantinidis G, et al. First 
molecular data on Delastria rosea, Fischerula macrospora and Hydnocystis piligera. Bol 
Soc Micol Madr. 2011;35:75–81.

26. Ferdman Y, Aviram S, Nurit RB, Trappe JM, Kagan-Zur V. Phylogenetic studies of 
Terfezia pfeilii and Choiromyces echinulatus (Pezizales) support new genera for Southern 
African truffles: Kalaharituber and Eremiomyces. Mycol Res. 2005;109(2):237–245. 
https://doi.org/10.1017/S0953756204001789

27. Hennings P. Fungi camerunenses I. Botanische Jahrbücher für Systematik 
Pflanzengeschichte und Pflanzengeographie. 1897;22:72–111.

28. Trappe JM, Claridge AW, Arora D, Smit WA. Desert truffles of the African 
Kalahari: ecology, ethnomycology, and taxonomy. Econ Bot. 2008;62:521–529. 
https://doi.org/10.1007/s12231-008-9027-6

29. Kagan-Zur V, Kuang J, Tabak S, Taylor FW, Roth-Bejerano N. Potential verification 
of a host plant for the desert truffle Terfezia pfeilii by molecular methods. Mycol Res. 
1999;103(10):1270–1274. https://doi.org/10.1017/S0953756299008448

30. Mshigeni KE. The cost of scientific and technological ignorance with special 
reference to Africa’s rich biodiversity. Windhoek: University of Namibia; 2001. 
https://doi.org/10.4314/dai.v13i3.15605

31. Khonga EB, Mogotsi KK. Indigeous knowledge on edible, poisonous, and medicinal 
macrofungi in Botswana. Int J Med Mushrooms. 2007;9(3–4):262.

32. Murcia MA, Martinez-Tome M, Jimenez AM, Vera AM, Honrubia M, 
Parras P. Antioxidant activity of edible fungi (truffles and mushrooms): 
losses during industrial processing. J Food Prot. 2002;65(10):1614–1622. 
https://doi.org/10.4315/0362-028X-65.10.1614

33. Vittadini C. Monographia tuberacearum. Milano: F. Rusconi; 1831.

https://doi.org/10.1007/s11557-009-0631-3
http://www.trufflegrowerssa.com/
https://doi.org/10.1016/j.scitotenv.2018.11.252
https://doi.org/10.5943/mycosphere/5/1/5
https://doi.org/10.1007/978-3-642-40096-4_10
https://doi.org/10.1007/978-3-642-40096-4_11
https://doi.org/10.25664/art-0056
https://doi.org/10.1007/978-3-319-31436-5_7
https://doi.org/10.1017/S0953756204001789
https://doi.org/10.1007/s12231-008-9027-6
https://doi.org/10.1017/S0953756299008448
https://doi.org/10.4314/dai.v13i3.15605
https://doi.org/10.4315/0362-028X-65.10.1614


14 of 15© The Author(s) 2019 Published by Polish Botanical Society Acta Mycol 54(2):1132

Thomas et al. / Truffles and truffle-like fungi from continental Africa

34. Sbissi I, Neffati M, Boudabous A, Murat C, Gtari M. Phylogenetic affiliation of the desert 
truffles Picoa juniperi and Picoa lefebvrei. Antonie Van Leeuwenhoek. 2010;98(4):429–
436. https://doi.org/10.1007/s10482-010-9456-y

35. Khabar L, Slama A, Neffati M. Terfess common to Morocco and Tunisia. In: Honrubia 
M, Morte A, Torrente P, editors. Abstract book of the 4th International Workshop on 
Edible Mycorrhizal Mushroom; 2005 Nov 28 – Dec 2; Murcia, Spain. Murcia: [publisher 
unknown]; 2005. p. 75.

36. Slama A, Fortas Z, Neffati M, Khabar l, Boudabous A. Etude taxonomique de quelques 
Ascomycota hypogés (Terfeziaceae) de la Tunisie méridionale. Bulletin Trimestriel de la 
Société Mycologique de France. 2006;122(2–3):187–195.

37. Patouillard NT. Les Terfez de la Tunisie. Journal de Botanique (Morot). 1894;8:153–156.

38. Ammarellou A, Smith M, Tajick M, Trappe JM. The phylogenetic placement of Picoa, 
with a first report on Picoa lefebvrei (Pat.) Maire (= Phaeangium lefebvrei) from Iran. Int 
J Environ Res. 2011;5(2):509–514.

39. Gutierrez A, Morte A, Honrubia M. Morphological characterization of the mycorrhiza 
formed by Helianthemum almeriense Pau with Terfezia claveryi Chatin and Picoa lefebvrei 
(Pat.) Maire. Mycorrhiza. 2003;13:299–307. https://doi.org/10.1007/s00572-003-0236-7

40. Mandaville JP. Bedouin ethnobotany: plant concepts and uses in a desert pastoral world. 
Tucson, AZ: University of Arizona Press; 2011.

41. Alsheikh AM, Trappe JM. Taxonomy of Phaeangium lefebvrei, a desert truffle eaten by 
birds. Can J Bot. 1983;61(7):1919–1925. https://doi.org/10.1139/b83-204

42. Tulasne LR. Fungi hypogaei. Histoire et monographie des champignons hypoges… en 
collaboration pour l’iconographie analytique avec Charles Tulasne. Accedunt tabulae 
XXI aere incisae. Ed. II. Parisiis: Kliorcksieck; 1862.

43. Trappe JM. A synopsis of the Carbomycetaceae and Terfeziaceae (Tuberales). 
Transactions of the British Mycological Society. 1971;57(1):85–92. 
https://doi.org/10.1016/S0007-1536(71)80083-9

44. Li, L.T. Ultrastructural studies of Leucangium carthusianum (hypogeous Pezizales). Int 
J Plant Sci. 1997;158(2):189–197. https://doi.org/10.1086/297430

45. Trappe JM, Evans F. Field guide to North American truffles: hunting, identifying, and 
enjoying the world’s most prized fungi. Berkeley, CA: Ten Speed Press; 2007.

46. Trappe MJ, Trappe JM, Bonito GM. Kalapuya brunnea gen. & sp. nov. and its relationship 
to the other sequestrate genera in Morchellaceae. Mycologia. 2010;102(5):1058–1065. 
https://doi.org/10.3852/09-232

47. Pacioni G, El-Kholy H. Tartufi del deserto Egiziano. Micol Veg Mediterr. 1994;9:69–84.

48. Honrubia M, Morte A, Gutiérrez A. Las Terfezias. Un cultivo para el desarrollo rural en 
regiones áridas y semi-áridas. In: Santiago Reyna D, editor. Truficultura. Fundamentos 
y técnicas. Madrid: Mundi-Prensa; 2007. p. 365–397.

49. Tulasne LR. Histoire et monographie des champignons hypogés. Parisiis: F. Klincksieck; 
1851.

50. Gouzi H, Leboukh M, Bouchouka E. Antioxidant and antiradical properties 
of methanolic extracts from Algerian wild edible desert truffles (Terfezia 
and Tirmania, Ascomycetes). Int J Med Mushrooms. 2013;15(5):473–488. 
https://doi.org/10.1615/IntJMedMushr.v15.i5.50

51. Fortas Z, Chevalier G. Caractéristiques de la germination des ascospores de Terfezia 
arenaria Moris Trappe, recolte en Algerie. Cryptogam Mycol. 1992;13:21–29.

52. Gouzi H, Belyagoubi L, Abdelali KN, Khelifi A. In vitro antibacterial activities of aqueous 
extracts from Algerian desert truffles (Terfezia and Tirmania, Ascomycetes) against 
Pseudomonas aeruginosa and Staphylococcus aureus. Int J Med Mushrooms. 2011;13:553–
558. https://doi.org/10.1615/IntJMedMushr.v13.i6.70

53. Chatin AD. La Truffe. Paris: J. B. Baillière et fils; 1892.

54. Ahmed AA, Mohamed MA, Hami MA. Libyan truffles “Terfezia boudieri 
Chatin”: chemical composition and toxicity. Food Sci. 1981;46(3):927–929. 
https://doi.org/10.1111/j.1365-2621.1981.tb15383.x

55. Alsheikh AM. Taxonomy and mycorrhizal ecology of the desert truffles in the genus 
Terfezia [PhD thesis]. Corvallis, OR: Oregon State University; 1994.

56. Zaretsky M, Kagan-Zur V, Mills D, Roth-Bejerano N. Analysis of mycorrhizal 
associations formed by Cistus incanus transformed root clones with Terfezia boudieri 

https://doi.org/10.1007/s10482-010-9456-y
https://doi.org/10.1007/s00572-003-0236-7
https://doi.org/10.1139/b83-204
https://doi.org/10.1016/S0007-1536(71)80083-9
https://doi.org/10.1086/297430
https://doi.org/10.3852/09-232
https://doi.org/10.1615/IntJMedMushr.v15.i5.50
https://doi.org/10.1615/IntJMedMushr.v13.i6.70
https://doi.org/10.1111/j.1365-2621.1981.tb15383.x


15 of 15© The Author(s) 2019 Published by Polish Botanical Society Acta Mycol 54(2):1132

Thomas et al. / Truffles and truffle-like fungi from continental Africa

isolates. Plant Cell Rep. 2006;25(1):62. https://doi.org/10.1007/s00299-005-0035-z

57. Zaretsky M, Sitrit Y, Mills D, Roth‐Bejerano N, Kagan‐Zur V. Differential expression of 
fungal genes at preinfection and mycorrhiza establishment between Terfezia boudieri 
isolates and Cistus incanus hairy root clones. New Phytol. 2006;171(4):837–846. 
https://doi.org/10.1111/j.1469-8137.2006.01791.x

58. Dundar A, Yesil OF, Acay H, Okumus V, Ozdemir S, Yildiz A. Antioxidant properties, 
chemical composition and nutritional value of Terfezia boudieri (Chatin) from Turkey. 
Food Science and Technology International. 2012;18(4):317–328.

59. Slama A, Neffati M, Boudabous A. Biochemical composition of desert 
truffle Terfezia boudieri Chatin. Acta Hortic. 2010;853:285–290. 
https://doi.org/10.17660/ActaHortic.2010.853.33

60. Doðan HH, Aydin S. Determination of antimicrobial effect, antioxidant 
activity and phenolic contents of desert truffle in Turkey. African Journal of 
Traditional, Complementary and Alternative Medicines. 2013;10(4):52–58. 
https://doi.org/10.4314/ajtcam.v10i4.9

61. Jamali S, Banihashemi Z. Hosts and distribution of desert truffles in Iran, based on 
morphological and molecular criteria. J Agric Sci Technol. 2012;14(6):1379–1396.

62. Morte A, Honrubia M, Gutiérrez C. Biotechnology and cultivation of desert 
truffles. In: Varma A, editor. Mycorrhiza. Berlin: Springer; 2008. p. 467–483. 
https://doi.org/10.1007/978-3-540-78826-3_23

63. Dabbour IR, Takruri HR. Protein digestibility using corrected amino acid score method 
(PDCAAS) of four types of mushrooms grown in Jordan. Plant Foods Hum Nutr. 
2002;57(1):13–24. https://doi.org/10.1023/A:1013110707567

64. Al-Marzooky MA. Truffles in eye disease. Proceedings of the International Islamic 
Medicine. 1981;1:353–357.
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