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Abstract 
Truffles are ectomycorrhizal fungi that grow symbiotically with several trees. Truffles are 

highly valued edible mycorrhizae fungi in economic and gastronomic terms. Desert truffles 

have been traditionally used as food in Libya. The rotting of truffle due to environmental 

factors is very common in Libya. The mechanism of truffle rot is complex and attributed 

mainly due to the infection with fungi, followed by bacteria. In order to document and 

highlight the rotting of Libyan Desert truffle phenomenon, the existence of microorganisms 

in the infected fruit body of Tirmania truffles has been investigated. The investigations 

showed changes in physical characteristics such as color, hardness, and humidity of the 

studied truffle samples. Also, the results showed a diversity of pathogens involved in the 

deterioration of truffle includes bacteria (Bacillus pumilus, Citrobacteryoungea), saprophytic 

fungi (Fusarium solani, Alternariachlamydosporia, and Rhizopusstolonifer). This study 

concluded the importance of studying microbial flora living in truffle and their environment.  
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Introduction 
 

Truffle is reported to possess chemical (nutritional and aromatic profile) and biological properties such as 

antioxidant, antiviral, antimicrobial, hepato-protective, anti-mutagenic, anti-inflammatory, anti-

carcinogenic, and anti-tuberculoid [1,2]. Due to this wide range of biological activities, truffle attracted 

considerable attention as a potential nutraceutical and medicinal agent [3,4]. The truffle extract contains 

different bio-actives such as carotenoids, anthocyanins, phenols, and esterified phenols, flavonoids, and 

ascorbic acid [5,6]. The juice prepared from the truffle prevents the formation of fibrous tissue in the post-

treatment of trachoma, superior to other pharmaceutical treatments [7]. Truffles also contain an abundant 

quantity of protein [8], unsaturated fatty acids, vitamins (A, B, C, and D), and non-starch polysaccharides 

[9,10]. Under favorable environmental conditions such as water activity and temperature, a truffle prone to 
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microbial attack leads to deterioration of the truffle. In some cases, truffle forms the host for microbial 

communities (bacteria and fungi) [11,12]. The soil contains a large diversity of bacteria in which some are 

useful and others are pathogenic [13,14]. However, only a few bacteria are found abundantly in the fruit 

body of truffle which indicates that the biological factor governs the transfer of specific bacteria from soil 

to the fruit body of truffle [15]. The bacteria in the fruit body produces volatile organic compounds which 

featured the truffle [16]. Some microorganism forms symbiotic association with the truffles, contribute to 

the growth and development of truffle fruit body [17,18], while other species of microbes are pathogenic 

[19]. Besides the bacteria, a diversity of pathogenic fungi contributes to the rotting process of truffles (as 

examples Fusarium spp, Rhizopus spp, and Alternaria spp). 

 
Fusarium solani is an important plant pathogen and soil saprophyte and associated with a variety of diseases 

like keratitis, onychomycosis, eumycetoma, skin lesions, and disseminated diseases [20]. An earlier report 

showed Fusarium to be the most prevalent pathogen in decaying tubers of Jerusalem artichoke (Helianthus 

tuberosus L.) an important industrial crop [21].  

 

Rhizopus is reported to be an important etiological agent of mucormycosis of severely habilitated human 

hosts. They exude phytotoxin, rhizoxin, cyclopeptides, and rhizonins. None of these metabolites are 

permitted in the foods even at pico- or fentogram levels, due to its toxic nature for human consumption [22. 

An earlier report indicated Rhizopusoryzaeto be the decaying pathogen in potato tubers [23].  

 

Alternaria produces more than 30 toxins, some of them showed severe effects on human beings are 

alternariol (AOH), alternariol monomethyl ether (AME), altenuene (ALT), alter toxins, II, III (ATX-I, -II 

and -III), and tenuazonic acid (TeA) [24]. Exposure to toxins has been linked to a variety of adverse health 

effects. The Alternariol has been reported to involve in the etiology of human oesophageal cancer. 

Therefore, it is very important to conduct an extensive study specialized in the fungus living in truffles and 

their environment. An earlier report indicated Alternaria solani to be a cause of defoliation of potato plants 

[25].  

 

The rotting can be transmitted from the infected part to the non-infected parts of the truffle fruiting body 

through the pathogenic fungi [26]. The presence of truffle rot is common to all truffle-growing regions 

around the world. The rotting of truffles causes a change in their color, foul smell, softening of the tissue's 

surface wetness [26]. Different environmental parameters are involved in truffle rotting such as the presence 

of a microbial pathogen, exposure of truffle to the soil surface, invertebrate herbivores, water activity, and 

temperature of the soil. Among these parameters, exposure of truffles to soil surface dramatically increases 

the risk of truffle rot, larger truffles have a greater risk of exposure to the soil surface and hence more 

chances of susceptibility [26]. In 2015, an outbreak of Salmonella enteritis that resulted in 159 illnesses 

was linked to truffle oil served at a single restaurant in Washington D.C. 

 

Although the phenomenon of truffle rotting has been known in ancient times among the peoples who were 

consuming the truffles, its official documentation was only made relatively late [26]. The phenomenon of 

truffle rotting is very common in Libya but the literature on the same is scanty. There are only a few methods 

to investigate the diseases that affect the large economic fungi (truffles and mushrooms), have been 

documented in the scientific literature. The Libyan soil is the richest source for the cultivation of desert 

truffles. There are many species grown in Libya, among these most common species are Terfezia and 

Tirmania. These species are known to consume freshly and can be preserved by drying for consumption in 

other seasons [9]. In a previous study, the characterization of natural habitats and diversity of Libyan desert 

truffles Terfezia and Termania was highlighted [9]. The present study was undertaken to investigate the 

pathogenic organisms involved in the rotting of the Libyan Tirmania truffles and their effect on physical 
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characteristics. Therefore, this study was aimed to investigate pathogenic microbes involved in the rotting 

of Tirmania truffle and its detrimental effect on physical characteristics.  

 

Materials and Methods 
 

Media components and chemicals 

 

Potato dextrose agar was procured from Thomas Baker (Chemicals) Pvt.Ltd.Czapekdox agar was purchased 

from Thermo Fisher Scientific Oxoid Ltd. Basingstoke, Hampshire England. The nutrient agar and nutrient 

broth were procured from PRO-Analise Ltd, Brazil. 

 

Collection of Infected Samples 

 

The Tirmania truffle samples were obtained directly from the reaping sites of truffles near the city of Al-

Zintan. The infected fruits of the truffle sample (white truffle) were isolated from the healthy fruits. 

 

Initial Screening 

 

Infected samples of truffle were categorized into three groups; first: for investigation of the physical 

changes of texture, smell, and color (compared with the healthy fruits). Second: for detection of a 

pathogenic fungus, and third for detection of pathogenic bacteria. 

 

Detection of Pathogenic Fungi 

 

The representative samples of truffle (50 g) fruit including infected and non-infected parts from the outer 

shell to a pulp was mixed with sterile distilled water (100 ml). The mixture was shaken gently for 3 min to 

ensure the uniform mixing of studded pathogenic fungi. Further, this mixture (1 ml) was spread with a 

sterile glass spreader on the sterile Petri plates containing potato dextrose agar (PDA) and incubated at 25 

°C for 5 days. After incubation, the plates were observed for the growth, and based on the color of fungal 

colonies and their morphology, the single fungal culture was isolated and purified. The purified fungal 

cultures were transferred to fresh PDA plates and incubated at 25 °C for 5 days and stored in the refrigerator 

until further use. 

 

The pure isolated culture was transferred to microscopic slides and a single drop of methyl cotton blue dye 

was added to it and warm on the flame for few seconds to ensure the reaction of a fungus with dye. The 

slides were observed under a light microscope (Model WetzlarVB 356 Hund Wetzlar, Ltd. Germany). The 

fungi were identified based on morphological characteristics. 

 

 Detection of Pathogenic Bacteria 

 

The infected part of the truffle was aseptically transferred to sterile nutrient broth with a sterile inoculating 

loop and incubated under 37 °C for 24 h. The 24 h old broth was streaked on Petri plates containing nutrient 

agar and incubated under 37 °C for 24 h. The plates were observed for the growth in the Petri plates. The 

bacterial colonies were isolated and purified by enrichment technique. The obtained single colonies of 

bacteria were subjected to Gram staining and observed under an optical microscope. Further, these bacterial 

samples were subjected to genus and species identification.  

 

https://www.raftpubs.com/


LJBS, 2021                                       https://www.raftpubs.com/ 

                                                                                                                                              
 

   Volume 5 | Issue 2 | pg. 112 
 

 

Results and Discussion  
 

Changes in physical characteristics: The infected samples of truffles showed visual color changes (darker) 

as compared to healthy samples (Figs 1(A, B, and C). Apparent examination of the infected truffle showed 

a change in the texture of fruit body, softer and hydrated than the healthy samples. Some water droplets 

were filtered through the infected samples when pressed gently. The infected samples are also characterized 

by a distinctive smell due to the production of some volatile compounds by bacterial activities correspond 

to Splivallo and his team (16). They also showed bad taste like rancid fat, due to the oxidation of unsaturated 

fatty acids into peroxide derivatives which cause some of the poisoning cases, along with other physical 

changes such as color, hardness, and humidity.  
 

 

Figure 1: Morphology of Tirmania truffles (A) Healthy truffle (B) and (C) Infected truffles. 
 

Detection of pathogenic fungi: Six pathogenic fungi were isolated and purified from the infected truffle 

sample. Among the six fungal samples, only three different species were identified as Fusarium solani (Fig. 

2A), Rhizopus stolonifer (Fig. 2B), Alternaria chlamydospores (Fig.2C), while the other three species found 

to be inactive due to the temperature drop below 0 °C. These types of saprophytic fungi have been reported 

to spread in the food samples and cause degradation of organic components with the use of some digestive 

enzymes. Fungi are also reported to produce some secondary metabolites for instance mycotoxins lead to 

acute and chronic illness effects in animal and human beings [24,27].  
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Figure 2: Microscopy of truffle infecting (a) Fusarium solani (b) Rhizopusstolonifer (c) Alternaria 

chlamydosporialani(D) Fungal culture. 

 

Not: Fig A was used from (https://www.researchgate.net/figure/Morphologyo-observations-of-Fusarium-

solani-hyphae-under-light-microscope-100-A_fig5_3037382193). 

 

Fig C was used from: https://www.mycobank.org/name/Alternaria%20chlamydospora. 

 

Detection of Pathogenic Bacteria 
 

Besides the presence of fungi, results also showed the presence of Gram-positive (Bacillus pumilus) (Fig. 

3A) and Gram-negative bacteria (Citrobacteryoungae) (Fig. 3B). These bacteria are common in the soil 

and roots of some plants (28). These pathogenic bacteria produce secondary metabolites and cause toxic 

effects such as neonatal sepsis and meningitis. It also causes sporadic pneumonia in neonates and immune-

compromised individuals (29). Literature reports indicated the presence of Bacillus pupils as a pathogenic 

agent in the decaying potato tubers (29, 30). Citrobacteryoungae is an enteric pathogen and causes intra-

abdominal infections in immune-suppressed individuals. The sampling area of the study was pastoral where 

sheep and goats were grazing. Therefore, Citrobacteryoungae found to be dominant in infected truffle 

samples. There was the occurrence of some yeast species (Candida) in the studied infected truffle samples 

(data not shown). These results show the urgent need to carry out an environmental microbiological study 

to determine the types of bacteria and yeasts in the truffles and their impact on public health. 
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Figure 3: Microscopy of (A) Bacillus pumilus (B) Citrobacteryoungea. 

Conclusion 
   

This study concluded the following points: 

To the best of our knowledge, this is the first report on the identification of pathogenic microbes involved 

in the rotting of Tirmania truffle in Libya. The necessity of directing the attention of researchers to study 

the possibility of poisoning or serious diseases among consumers may be caused due to deterioration of 

truffles. All of that leads towards the expansion of this study to be an environmental study that takes account 

of all pathogenic species may living in the environment of truffles and their role in the rotting process of 

the truffles fruit body. 
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