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Abstract 

Description of the subject: The Lactarius genus has always attracted the interest of mycological researchers and has therefore 

occupied an important position in the world of mycology, from which comes the importance of exploring our little-known 

macrofungal diversity. This study was done in Tlemcen’s National Park. 

The goal of the study is to explore the national park of Tlemcen in order to discover the biodiversity of Lactarius genus, 

particularly those of socioeconomic and scientific interests. 

Methods: Samples collected during the rainy season were identified based on their macroscopic and microscopic 

characteristics, then the results were confirmed by a molecular phylogenetic analysis based on the sequences of the ITS region. 

Results: The use of molecular identification in this study allowed us to identify three species of Lactarius, which form 

ectomycorrhizal associations with pine trees (Pinus halepensis) or Quercus (Q. ilex and Q. fagenia). Among these, L. 

sanguifluus has already been reported previously in the central part of the country, but L. mairie and L. mediterraneensis are a 

new record. 

Conclusion: This current study carried out in Tlemcen’s National Park (HOT SPOT of Biodiversity), reports the presence of 

three species; of which two of them are rare. The rare species includes: L. mairei and L. mediterraneensis recorded for the first 

time; and L. sanguifluus, a common excellent edible mushroom, and widely appreciated for its high market value in Europe 

especially in Spain. 

Keywords: Lactarius, Tlemcen’s National Park, Algeria, molecular phylogenetic analysis, ITS. 

 
PREMIER RECORE, ANALYSE PHYLOGÉNÉTIQUE ET CLÉ DE LACTARIUS 

MEDITERRANEENSIS (RUSSULALES, BASIDIOMYCOTA) ET DE SES ESPÈCES 

APPARENTÉES DANS LE PARC NATIONAL DE TLEMCEN (ALGÉRIE) 

 
Résumé 

Description du sujet : Comprenant plus de 600 espèces acceptées, le genre Lactarius a toujours intéressé les chercheurs en 

mycologie et a donc occupé une position importante dans le monde de la mycologie, d'où vient l'importance d'explorer notre 

diversité macrofongique peu connue. Cette étude a été réalisée dans le parc national de Tlemcen. 

Les objectifs de l'étude sont d'explorer le parc national de Tlemcen afin de découvrir la biodiversité du genre Lactarius, à 

savoir celles d'intérêt socio-économique et scientifique. 

Méthodes : Les échantillons collectés pendant la saison des pluies, ont été identifiés sur la base de leurs caractéristiques 

macroscopiques et microscopiques, puis les résultats ont été confirmés par une analyse phylogénétique moléculaire basée sur 

les séquences de la région ITS. 

Résultats : L'utilisation de l'identification moléculaire dans cette étude nous a permis d'identifier trois espèces de Lactarius, 

qui forment des associations ectomycorhiziennes avec les pins (Pinus halepensis) ou Quercus (Q. ilex et Q. fagenia). Parmi 

ceux-ci, L. sanguifluus a déjà été signalé précédemment dans le centre du pays, mais L. mairie et L. mediterraneensis sont un 

nouveau record. 

Conclusion : Cette originale étude, réalisée dans le parc national de Tlemcen (HOT SPOT d’une Biodiversité), a permis de 

signaler la présence de trois espèces ; deux entre elles sont rares : L. mairei et L. mediterraneensis enregistrées pour la première 

fois ; et L. sanguifluus, connu comme un excellent champignon comestible, et largement apprécié pour sa valeur marchande en 

Europe, en particulier en Espagne. 

Mots-clés: Lactarius, Parc national de Tlemcen, Algérie, analyse moléculaire phylogénétique, ITS. 

 

* Auteur correspondant : BENFRIHA Abderrezzaq : E-mail: benfrihaabderrezzaq@gmail.com 
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INTRODUCTION 
 

Lactarius is one of the largest known genera 

with more than 600 species accepted 

worldwide, but the actual number is estimated 

to be at least 800 species [1]. Lactarioids can be 

easily identified for a long time in the field by 

their particular character of exudation of latex 

(milk) from the basidiome when they are 

injured [2]. They survive under different forest 

formations, on different substrates, from sea 

level to high altitude [3]. Several hundred 

currently recognized, Lactarius taxa play an 

important role as late-stage colonizers of a 

variety of trees and shrubs in a wide range of 

ecosystems [4, 5]. Forty-three of the Lactarius 

species known so far had an ectomycorrhizal 

character [6]. The symbiosis of the genus 

Lactarius with conifers and deciduous trees has 

been widely studied [7]. Thus, Lactarius species 

are fungi with high commercial value, 

especially on local markets in Europe [8, 9, 10]. 

This genus includes 94 edible species reported 

from 39 countries [11]. Edible species of good 

quality belong to the Dapetes section, which 

includes orange, red-orange, purplish red latex 

milk. The L. sanguifluus, belonging to this 

section are among the most appreciated species 

in the Mediterranean countries [3]. Fifty-six 

different species are regularly harvested and 

consumed in 17 countries where the commercial 

harvesting of edible mushrooms is an important 

local activity [11]. In addition to its culinary 

quality, Lactarius is a potential source of 

bioactive compounds of medical or 

nutraceutical importance [12]. Mycological 

studies in Algeria are still rare. René Maire 

(1887-1949) [13], Georges Malençon (1898-

1984) and Raymond Bertault (1905-1986) [14] 

were the pioneers of mycology in North Africa 

at the beginning of the 20th century. Their 

research was mainly concentrated in Morocco, 

"Flora of the higher mushrooms of Morocco» 

the outcome of their work. Although, in recent 

years, some Algerian scientists have developed 

interest in wild mushrooms Youcef Khodja 

[15], Djelloul & Samraoui [16], Mesfek [17], 

Benazza-Bouregba [18], macromycetes are still 

insufficiently studied. In Algeria, only two 

species of Lactarius have been reported, L. 

sanguifluus and L. deliciosus, collected in 

(1972) in Cheria’s mountains in central Algeria 

[19].The species  L. deliciosus was associated to 

holm oak in Relizane’s forest (west of Algeria) 

[17] and L. sanguifluus associated to cork oak 

in M'sila’s forest (Oran, western Algeria) [18]. 

However, no molecular phylogenetic study has 

been carried out for these species. In this study, 

we provide morphological descriptions, 

focusing on the three species of Lactarius (L. 

mediterraneensis, L. mairei and L. sanguifluus), 

collected  from the forests of Tlemcen’s 

National Park, located in the Betico-Rifain 

complex, one of the Mediterranean HOT 

SPOTS of Biodiversity [20]. We supported our 

work by a molecular phylogenetic analysis 

based on the sequences of the ITS region 

(Internal Transcript Spacer) of nuclear 

ribosomal DNA, by comparing the Algerian 

species of Lactarius with those reported in other 

Mediterranean countries. 
 

MATERIALS AND METHODS 
 

1. Description of the study area 

Mushrooms were collected from five sites of 

Tlemcen’s National Park, in the west of 

(Algeria). It is one of the Mediterranean HOT 

SPOT of Biodiversity [20]. (Fig.1). 
 

1.1. Three in the Aleppo pine forests 

-The first two sites are the forest of (Lalla Setti) 

and the forest of (Attar), resulting from an 

artificial plantation of Pinus halepensis, which 

was carried out in 1890, stretches to the 

northwest, sitting on a fersialitic soil, at an 

altitude between 1039 m and 1198 m. 

-The third site is a reforestation carried out 

during sixties; it is a dense forest stretching to 

the east. Its altitude varies between 1009 m and 

1040 m [21]. 
 

1.2. Two sites in Hafir’s cork oak stand 

The cork oak forest of Hafir is one of the very 

few natural relics of Quercus suber from 

western Algeria [19]. It is located in the 

southwest of the city of (Tlemcen). Its altitude 

is about 1158 meters above sea level. This forest 

covers 1653 ha and belongs to the communes of 

Ain Ghoraba and Sabra. The most important 

species that inhabit this forest are the cork oak 

(Quercus suber), the holm oak (Quercus 

rotundifolia) and the Zeen oak (Quercus 

faginea sp tlemceniensis). These forests are in a 

sub-humid bioclimatic atmosphere with a 

maximum rainfall of 600 mm which occurs 

from September to February [20].
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Figure 1: Geographic situation of Tlemcen’s National Park and sampling sites [21]. 

 

2. Collection of Basidiocarps  

Sampling sites were visited regularly after each 

favourable weather in spring and autumn during 

2014-2017. Lactarius species were harvested 

especially after the first autumn rains. All 

mushroom’s information related to their 

harvesting site which encompasses;  the 

locality, geographical coordinates and altitude 

(using a GPS) as well as ecological data (type 

of vegetation, substrate, nature of the soil, 

proximity of a watercourse, exposure and so on) 

were  noted. The specimens were photographed 

on the ground to keep the details of the fresh 

state. The carpophores were packed in 

polythene bags to avoid evaporation and 

crumbling. This was carefully brought to the 

laboratory. Each sample isolated was given an 

individual collection number. The macroscopic 

descriptions concerned the shape, colour, 

appearance and other peculiarities as the cap 

and the stipe. This study was supplemented by 

a microscopic description of some sections: 

hymenium, cuticle, flesh, stipe and veil. The 

dimensions of spores, cystids, and basids were 

also noted. Microscopic study using a 

compound microscope (Leica DM 1000, Leica 

Microsystems Ltd, Germany) was carried out 

on freshly collected mushrooms. A thin sliver 

using a sharp razorblade was cut off and placed 

on a slide, stained with Lactophenol cotton blue 

and Melzer’s reagent then covered with a cover 

slip. Any excess stain was removed with an 

absorbent tissue. Observations were done after 

few minutes [55]. About the morphological 

identification, the authors used the published 

taxonomic keys of Galli [3], Kranzlin [23], 

Basso [24], Courtecuisse & Duhem [25], 

Bon [26], and Roux [27]. Collected sporocarps 

were dried and deposited at the personal 

fungarium at Tlemcen’s University. 
 

3. Molecular Identification   

Mushroom material (approx. 20 mg) was dried 

in a freeze-dryer for 24h and genomic DNA was 

obtained by using the DNeasy® Plant Mini Kit 

(Qiagen GmbH, Hilden,Germany) following 

the manufacturer’s instructions. Fungal specific 

primers ITS1/ITS2 [28], ITS-1F/ITS-4 [29; 30] 

were used to amplify the internal transcribed 

spacer (ITS) region of nuclear ribosomal DNA. 

The negative control (no DNA) was included in 

each set of amplification. The following profile 

was used for PCR, initial denaturation step at 

95°C for 2 min followed by 35 cycles, each 

consisting of 95°C for 40s, annealing 

temperature 53°C for 30s and 72°C for 40s, with 

a final extension at 72°C for 5 min. PCR 

products were loaded in a 1% agarose gel 

immersed in 1 x TAE buffer and electrophoresis 

was run for half an hour at 70V. The gel was 

stained with ethidium bromide (0.5 μg mL-¹) 

and photographed on a UV transilluminator 

with a Polaroid camera. PCR product was 

thereafter purified according to user’s manual of 

PCR clean-up gel extraction Macherey-Nagel 

Gmbh &co. KG. Germany and then sequenced 

in both directions using the same pair of primers 

(ITS1/ITS2 and ITS-1F/ITS-4).   
 

4. Sequence Data Analysis 
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Initially, the nrITS sequences of Algerian 

Lactarius spp. were analysed and compared in 

the GenBank through Basic Local Alignment 

Search Tool (BLAST) network services using 

National Center for Biotechnology Information 

(NCBI), USA database. The closely related 

sequences were retrieved from the GenBank 

and aligned by ClustalW in Molecular 

Evolutionary Genetics Analysis (MEGA7) 

software [31]. Then, Neighbor-Joining (NJ) 

analysis was performed in the MEGA software 

using Kimura 2-parameter nucleotide 

substitution model. The nucleotide sequences of 

L. sanguifluus and L. mediterraneensis 

sequences generated in this study were 

deposited in GenBank (accession numbers 

MH160427-MH160437) (Tab. 1). 

 

Table 1: Accession numbers of Algerian Lactarius specimens. 
 

Species 
Tlemcen’s University 

herbarium numbers 
Collection Date / GPS/ locality 

GenBank accession 

numbers 

Lactarius sanguifluus uabtAl3 
January 2015- November 2016. 

34°51'32.5"N/ 1°18'52.3"W 

Pinus halepensis forest 

MH160427 

Lactarius sanguifluus uabtAl4 

January 2015- November 2016. 

34°51'22.0"N /1°20'17.4"W 

Pinus halepensis forest 

MH160428 

Lactarius sanguifluus uabtAl13 

January 2015- November 2016. 

34°51'10.0"N /1°21'25.8"W 

Pinus halepensis forest 

MH160429 

Lactarius sanguifluus uabtL6 

January 2015- November 2016. 

34°51'10.9"N /1°21'16.8"W 

Pinus halepensis forest 

MH160430 

Lactarius sanguifluus uabtL16 

January 2015- November 2016. 

34°51'08.7"N/1°21'05.3"W 

Pinus halepensis forest 

MH160431 

Lactarius sanguifluus uabtL61 
January 2015- November 2016. 

34°51'40.0"N /1°18'34.9"W 

Pinus halepensis forest 

MH160432 

Lactarius sanguifluus uabtL116 

January 2015- November 2016. 

34°51'08.5"N /1°20'02.6"W 

Pinus halepensis forest 

MH160433 

Lactarius mairei uabtL32 

November 2015 

34°45'33.5"N /1°27'37.5"W 

Mixt forest of Quercus ilex and 

Q. fagenia 

- - 

Lactarius mediterraneensis uabtT11 

November 2015 

34°45'33.5"N/ 1°27'37.5"W 

Mixt forest of Quercus ilex and 

Q. fagenia 

MH160434 

Lactarius mediterraneensis uabtT11A 

November 2015 

34°45'42.1"N/ 1°29'18.6"W 

Mixt forest of Quercus ilex and 

Q. fagenia 

MH160435 

Lactarius mediterraneensis uabtT11C 

November 2015 

34°45'32.6"N /1°28'41.2"W 

Mixt forest of Quercus ilex and 

Q. fagenia 

MH160436 

Lactarius mediterraneensis uabtT11C1 

November 2015 

34°45'35.1"N/ 1°27'54.5"W 

Mixt forest of Quercus ilex and 

Q. fagenia 

MH160437 

*uabt: Tlemcen’s University fungarium 
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RESULTS  
 

1. Description 
 

1.1. Lactarius mediterraneensis Llistosella & 

Bellù 1996 [32]. 

The studied specimens (uabtT11, uabtT11A, 

uabtT11B, and uabtT11C) were harvested on 

November 2015. 

 

Ecology:  growing in gregarious form, on 

limestone soil, under a mix of green oak 

(Quercus ilex) and zeen oak (Quercus fagenia).  
 

Cap: is about 3.5-14 cm in diameter. The hat 

depressed, fleshy, pinched by the navel, 

precocious and concave in the middle, at the end 

of the funnel, lumpy, lobed; thin margin, first 

rolled in, then down, smooth, full. Cuticle of the 

filamentous hat formed by a thick layer of 

interspersed hyphae elastic, viscous, shiny and 

very separated by gelation, with rounded and 

non-capitated emergent terminations. Creamy, 

yellow-fleshed, cream-yellowish, light yellow-

orange colour, with mostly marginal, irregular 

and concentric, darker, ocher-pink or brown-

dyed dimples. 
 

Flesh: is very hard, medium thickness and firm, 

then stony, whitish, with a yellowish cut, then 

creamy. With potash gives a typical yellow 

reaction of chromium, which disappears after a 

while then intense and immediate to Guayacol 

blue, with slight odour of honey and taste very 

spicy. Fruity and weak aroma, bitter taste. The 

hymenophore gills slightly spaced, from the 

adnate to the subdecoliform, discrete, not 

elastic. 
 

Gills: arched, sometimes forked and venous, 

joined to the stem, cream, yellowish cream, pale 

ocher, ocher brown in the lesions. Pointed rule, 

whole and colour.  
 

Stem: is about 2.5-5 × 1.5-3 cm, short and squat, 

cylindrical thinned towards the base, or conical 

trunk, also compressed, smooth with ice, 

slightly eviscerated downwards; full, then bony, 

fragile and finally hollow; dry, opaque and 

bloomy, white or cream and with few depressed 

circular spots scatte, attenuated or moniliform at 

the tip, similar macropos red towards the base, 

tinged with red ocher in old specimens. 
 

Spore Print: Light ochre in bulk.  
 

Milk: is fluid, white, immediately turns yellow 

by oxidation when isolated and on flesh and 

gills (Fig. 2A).  
 

Odour and Taste: Acre and bitter this is why 

the species is not edible.  
 

Microscopic Features: Basidiospores are 

ellipsoidal, medium-sized sub-globular from 

10-12 x 8-9.5 µm (Fig. 3A). Spores are covered 

with fine amyloid ridges which form a very 

complete cross-linked, with shallow, forming 

essentially complete networks; trivial basidian, 

claved, tetrasporic. Macrocosilocystid are 

almost lanceolate to fusiform (Fig. 3A), more 

abundant in the edges, and well dispersed in the 

laminae, narrow and terminated in a long tip of 

average size 31-49 × 5-7 µm, attenuated or 

moniliform at the tip. Slightly larger spores 

exist 49-71 × 7-9 µm in some bulges and 

terminal strangulations (Fig. 3A). 
 

1.2. Lactarius mairei Pearson A. 1950 [3] 
 

Ecology:  The studied specimen (uabt L32) was 

harvested on November 2015, on limestone 

soil, under a mix of green oak (Quercus ilex) 

and zeen oak (Quercus fagenia).  
 

Cap:  is from 3-6.5 cm in diameter. The hat is 

little fleshy, clearly funnel or depressed. The 

entire surface appears velvety. The coating is 

thin, sticky by wet weather, smooth in the 

centre, woolly elsewhere, hairy more and more 

towards the edge (Fig. 2).With scales grouped 

arranged in a concentric way. The colour is 

uniform, yellow to yellow-ocher, but became 

darker with age, yellow-orange to red ocher 

(Fig. 2B). 
 

Flesh: spongy at the beginning of the stem, pink 

white at the cut.  
 

Gills: fine and tight, decurrent, curved, arched 

forked, with many anastomosing sheets. 

Coloured undertones from cream-ocher to 

ocher-yellow. 
 

Stem: is short, cylindrical, attenuated at the 

base, hard, lapidary at first, and finally cord, 

dry, smooth or slightly bloomy with cream 

colour to yellow.  
 

Milk: is in the beginning sweet, then slowly 

pungent which makes the species inedible. 

 

Odour and Taste: Its odour is fruity, pungent 

taste. 
 

Microscopic Features: Ellipsoidal to 

subglobose spores (Fig. 3B) are of average size 

6-8 × 5.4-6.1 µm (5.5), with walls decorated 

with ridges and amyloid warts, others thick and 

thin joined in a discontinuous network; 
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basid trivial, subclavated, tetrasporic. 

Macrocheilocistid are numerous (Fig. 3B), 

subfusiform, acuminate, mucronated or 

moniliform at the top, with about 30-60 × 5-8 

µm. In our microscopic observations, some 

macropleurocistids appear larger 40-90 × 7-12 

µm. Intermediary pileipellis are between 

ixocute and ixotricoderma, slightly gelled 

consisting of sub-cylindrical, irregular hyphae 

thick and medium-large, 58µm in wide, collated 

and emerging tufts in particular towards the 

fleece margin. Cystids on the faces and edges of 

very large and emergent leaves, fusiform and 

ending in a point. Basal claviform or a little 

paunchy and tetrasporic. 
 

1.3. Lactarius sanguifluus (Paulet) Fries1838 

[14] 
 

Ecology:  Species represented by (uabt Al13, 

uabt Al3, uabt Al4, uabt L6, uabt L61, uabt L16, 

uabt L116) harvested on January 2015 and 

autumn 2016 under a dense stand of Pinus 

halepensis and grows gregarious, on calcareous 

soil in north exposure.  
 

Cap: is from medium to large size, 7-16.5 cm. 

It’s fleshy, at the 

beginning convex flat, 

but immediately spread 

and depressed in the 

centre, at the extremity in 

the form of a funnel, 

regular, but lobed and 

undulated; with the 

straight edges, long 

contoured, then curved 

down, wavy, lobed, 

finely felted overall (Fig. 

2C ).  
 

The cuticle: is thin, 

elastic, slightly viscose in 

wet weather, dries 

quickly, shiny and matte 

appearance especially at 

the dry moment, no or 

little zoned. Creamy-

orange with concentric 

bands reddish or vinous 

and in the old specimens 

scattered greenish spots 

that come to invade the 

entire surface (Fig. 2C), 

constituted by cylindrical 

hyphae, broad on average 

2-5 µm, intertwined and 

branched.  
 

Flesh: is firm and thick, slightly lapidary and 

could be detached from the stem, whitish in the 

inner areas, dark red or purplish red in the outer 

areas and in particular above the hymenophore.    
 

Stem:  is cylindrical, short and thick of about 

2.5-7 × 1.2-2.7 cm. Attenuated towards the 

base, smooth surface with veined veins, with 

small irregular dimples downwards; firm and 

full at first, hollow and cavernous, as if eaten by 

worms; dry and dull, pruinose in white at the 

top, on a reddish winey background; adorned 

with darker small dimples, usually pink to 

reddish; greenish spots in the lesions.  
         

Hymenophore:  is thick gills, adnate under 

decurrent, thin, with many small gills, arc-

shaped, fork-shaped at the stem, venous, 

attached from the root to the stem, lilac-pink 

colour, vinous pink, washed with lilac. With 

injury or with age they become purplish-red 

then greenish.    
          

Spore Print: Spores are creamy. 
 

Milk: latex mostly sweet low, medium, dark 

red, purplish red. It becomes green on the blades 

or if isolated.  
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Odour and Taste: Odour more or less fruity, 

sweet or slightly bitter flavour. 
     

Microscopic Features: Basidiospores are 

ovoid-elliptic (Fig. 3C), of about 7.9-10 × 6.6-

11 µm; egrets, with little thick and multiple 

edges thin connections to form incomplete 

lattices; basidio trivial, subclavati, tetrasporic. 

Macrocheilocistid are numerous, almost 

spindle-shaped, of average size of 30-50 x 7-9 

µm but some of them are longer up to 60 μm, 

attenuated or moniliform above (Fig. 3C).  
 

Figure 2: Morphological aspects of Algerian Lactarius species 
L. mediterraneensis (A), L. mairei (B) and L. sanguifluus (C) 

 

Figure 3A: Microscopic characters: L. mediterraneensis. 
1. Spores: small, globose. Subreticulate with crest, almost zebra, 2. Basides: tetrasporic. 

3. Pleurocystides: pointed spindle-shaped 

 

 

 

 

Figure 3B: Microscopic characters: L. mairei. 
1. Spores: oval. Cross-linked to full network, 2. Basidia: 

tetrasporic. Length equivalent to 5 times the size of the 

spore 

3. Pleurocystidia : rare and condensed in certain places. 

Few emerging, the same size or smaller than the basides. 

Spindles with pointed and pluri-strangled apex, 4. 

Epicutis: slightly gelled trichoderma (presence of spores 

stuck to the hairy coating) 
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Figure 3C: Microscopic characters: L. 

sanguifluus. 
1. Spores: subglobular. Crested, cross-linked with an 

almost complete network, 2. Basidia: tetrasporic. Length 

equivalent to 6 times the size of the spore, 3. 

Pleurocystidia: larger than the basides. Spindle-shaped 

with a long tapered, multi-constricted end, 4. Epicutis: 

erect trichoderma. 

 

Figure 3: Microscopic characters: A. L. 

mediterraneensis, B. L. mairei and C. L. 

sanguifluus. 
1: Spores, 2: Basidia, 3: Pleurocystidia, 4. Epicutis 

(Drawing by Hayat NADOUR) 

 

2. Phylogeny 

The phylogenetic analysis of 11 sequences of 

Algerian Lactarius species and other references 

ones from GenBank are presented in Figure 4.

 

 
Figure 4. The Neighbor-joining tree of Algerian Lactarius spp. based on ITS rDNA nucleotide 

sequences. The bootstrap values are indicated above the corresponding branches. The sequences 

generated in this study are shown in bold. The scale bar indicates the proportion of sites changing 

along each branch. 
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DISCUSSION 
 

Seven sequences from the uabt specimens 

which were morphologically identified as L. 

sanguifluus formed a robust clade with the 

reference sequence of L. sanguifluus 

(UDB000876). Four sequences of Algerian 

specimens were clustered with L. 

mediterraneensis with a weak bootstrap support 

(53%). However, excluding the shortly 

sequenced ones, uabt T11A and T11C1, the L. 

mediterraneensis clade received a moderate 

support (70%). In this study, 12 samples of 

Lactarius species from Tlemcen’s National 

park in the North West of Algeria were 

collected. They are identified morphologically 

as L. sanguifluus, L. mediterraneensis and L. 

mairei. The identification of the two first 

species was confirmed by molecular analysis 

using ITS region.  

Lactarius mediterraneensis was recently 

discovered [32]. It is one of the most rare and 

little-known Lactaries in the Mediterranean area 

[33]. It has been reported in Greece [34], 

Catalonia [35], the Balearic Islands [32], 

Provence and Costa Azzurro, Sardinia, Liguria, 

Tuscany, Sicily [3], and even in Pakistan [36] 

very recently. However, it has never been 

reported in North Africa before this work. The 

collected species correspond to the description 

macroscopic and microscopic of Llistosella & 

Bellù [32], Galli [3] and Basso [24]. 

Carpophores of L. mediterraneensis persist 

until late autumn. It is a thermophilic and 

mycorrhizal species. It was growing in 

gregarious form, on limestone soil, under a mix 

of green oak (Quercus ilex) and zeen oak 

(Quercus fagenia) in Hafir’s forest, while its 

presence has been reported in association with 

Quercus ilex only [3; 24]. 

  

Lactarius mairei is a rare species; it was 

harvested for the first time in Algeria and North 

Africa. Under a mixture of holm oak (Quercus 

ilex) and zeen oak (Quercus fagenia). It is 

mentioned in the Red List of Romanian 

Macrofongus Species as almost threatened 

species (NT) [37], and as endangered species in 

the Red List of threatened species in 

Switzerland [38]. It is a characteristic species of 

the Mediterranean environment, mycorrhizal of 

holm oak (Quercus ilex) [3]. Its presence has 

also been reported under Cistus monspeliensis 

and C. salviaefolius [24]. It forms mycorrhizae 

with rockrose (Cistus ladanifer) and other 

rockrose [39]. 

Lactarius sanguifluus occupies a large area of 

distribution. It belongs to the Lactarius sect. 

Deliciosi, which groups together 

ectomycorrhizal fungi (CEM) that produce 

valuable edible mushrooms [7]. 

Generally, they form ectomycorrhizae with 

Pines (Pinus spp) [40]. In China it is associated 

with P. yunnanensis or P. radiata [7], in Turqui 

with P. pistachio, Cantharellus cibarius and 

Picoa lefebvrei [41], in Spain [14 ; 39] with P. 

halepensis and P. pinaster, In Italy to Pinus 

nigra and Pinus sylvestris [3] in Belgium to P. 

sylvestris [42], in Tunisia to P. pinea [43], in 

Morocco to P. maritima [44 ; 40] and even in 

Algeria [19] to P. halepensis. However, L. 

sanguifluus is declared a potentially threatened 

species in Switzerland because of its decline in 

these numbers [23].  

Our study signals the presence of Lactarius 

sanguifluus for the first time, in Tlemcen’s 

National Park. It grows in autumn and early 

winter, associated with Pinus halepensis on 

calcareous soil. Lactarius deliciosus and 

probably other close species, such as L. 

sanguifluus, are food species, with a millennial 

transition, already known since ancient Rome 

[3]. Several species of the genus Lactarius: L. 

deliciosus, L. sanguifluus, and L. 

semisanguifluus are valued and consumed 

worldwide [45]. L. deliciosus and L. sanguifluus 

have been marketed in Europe, Asia and North 

Africa [8]. Indeed, it is sold in rural markets 

[46], Italy and Turkey [47]. In Cyprus, L. 

sanguifluus is widely collected by the locals, but 

considered inferior to the saffron milk cap (L. 

deliciosus) [48]. In Spain; the city of Barcelona, 

where the mushroom is considered a culinary 

specialty in Catalan cuisine, they are abundantly 

sold fresh on the markets (including the very 

famous and ancient "la Boqueria") and 

packaged in stores [3]. Some locals consider it 

to have a better flavour than its more well-

known relative [49]. In Asia, the mushroom is 

appreciated in Yunnan Province, China [50]. In 

Algeria, the locals do not know this mushroom, 

they are afraid of consuming a poisonous one. 

Some old people from the region of Tizi Ouzou 

in the central part of the country and in 

Tlemcen’s Mountains confirmed that they 

collected some Lactarius species to sell to 

French during the colonial period. They learned 

how to recognise them by French colonizers 

themselves and take these mushrooms as their 

source of life. According to their description, it 

was L. sanguifluus and L. deliciosus. 
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In addition to its culinary interest, the 

pharmacologically important properties of the 

genus Lactarius are also incredible [51]. 

According to a Turkish study, L. sanguifluus is 

classified as a mushroom with strong 

antioxidant activity [41]. Another study has 

confirmed the antimicrobial activity of 

methanol from extracts of several lactates, 

including L. sanguifluus and L. deliciosus [52]. 

Considering their culinary and pharmaceutical 

interests, their export trade is stimulated by 

strong and growing demand, which cannot be 

sustained by sustainable logging [53; 9]. 

Utilization of L. sanguifluus offers two interests 

for forestry in Algeria. On one hand, as 

ectomycorrhizal partners, this species have a 

potential positive effect on the growth and 

physiology of host pines [54]. On the other 

hand, managing mycorrhizal inoculations with 

edible Lactarius to increase forest productivity 

can be a promising alternative for many 

Mediterranean forest areas with limited 

resources [7]. 
 

CONCLUSION  
 

This work is the first contribution to the study 

of Lactaries in Tlemcen’s National Park (HOT 

SPOT), using molecular phylogenetic analyzes. 

The presence of three species of the genus 

Lactarius has been reported; two of them are 

rare and registered for the first time in Algeria. 

These are: L. mairie and L. mediterraneensis; 

the third species is L. sanguifluus, first reported 

from Tlemcen’s National Park. L. sanguifluus is 

recognized as an excellent edible, and widely 

appreciated for its market value in Europe, in 

particular in Spain. These lactaries form 

mycorrhizal associations with pines (Pinus 

halepensis) or Quercus (Q. ilex and Q. fagenia). 

These non-wood forest products can contribute 

to wealth creation and the development of a 

local economy, but also to the preservation of 

the fragile forest ecosystem. As the demand 

increases and rural communities struggle to find 

new sources of income. There is a growing need 

for better information on existing trade so that 

informed decisions can be made that both 

protect natural resources and allow their 

sustainable harvest. Edible mushroom 

stimulation would be a significant economic 

diversification in Mediterranean zones where 

the environmental conditions greatly limit 

timber production. Collaboration between 

research organizations and investors can foster 

an appropriate climate for innovation and the 

creation of ecological start-ups. 

These micro-enterprises, by exploiting 

innovative techniques, can contribute to the 

fight against poverty and unemployment, and 

ensure sustainable development, while 

preserving biological resources. 
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