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Introduction 

Until the discovery of the first synthetic dyes in 1856, the only colored pigments 

available to humans were (and therefore) natural dyes (Hamdy and Hassabo, 2021). Dyes are 

Abstract: Fungi microbiomes can be studied using a several 

approaches. Most entail using chemical dyes to stain typical 

morphological traits, which can be hazardous to both the 

environment and the health of users. In order to use safe alternative 

dyes for fungi microorganisms' studies, the objective of the present 

work was to find new alternative dyes that would help us study the 

biodiversity of root microbiomes in their natural biofilm. Roots of 

seven different species were harvested: Poa spp., Genista 

aspalatoid, Cistus libanotis, Thymelaea tartonraira, Juniperus 

oxycedrus, Cupressus dupreziana, and Pinus halpensis. Following 

blanching the roots using a modified Philips and Hayman's (1970) 

procedure, we stained the various endophytic microbiome structures 

with black mulberry dye and compare this dye's effectiveness to 

that of two types dyes; natural and synthetic (Curcuma and 

methylene blue). Results revealed that the best staining was 

obtained with Black mulberry, the roots' species' endophytic fungal 

structures were transparent and stained with a brown sparkle hue. 

The rate of colonization of these fungi is very high in the 

herbaceous species. A new shape of sporangium was found in the 

T. tartonraira specie. This procedure of staining is successful, 

effective and offers safer alternatives to the harmful chemical's dyes 

used in traditional staining methods. 
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substances used to add color to textiles, fabrics, leather, and other materials. They are colored 

compounds that form chemical bonds with the substrate to which they are applied [1].  

Classifying colorants derived from natural sources can be challenging due to their 

diverse inherent properties. These colorants come from various natural origins, which gives 

them a wide range of chemical compositions, impacting their properties, solubility, and 

stability in unique way [2]. In recent years, there has been a shift toward replacing synthetic 

colorants with natural alternatives, largely driven by the growing consumer demand for 

natural products [3]. 

Morus nigra L. (M. nigra), is belonging to the Moraceae family, the tribe Moracea, 

and the genus Morus [4]. The white, black, and red mulberries are the species of the Morus 

genus that are most often grown [5,6]. It originates from Southwestern Asia and has been 

cultivated across Europe and throughout the Mediterranean region for hundreds of years [7]. 

Mulberry plants are cultivated to provide nourishment for silkworms and as raw 

materials for producing jams, marmalades, vinegars, juices, wines, and cosmetics [8]. The 

leaves and fruits of M. nigra have shown various pharmacological properties, including 

antinociceptive [9], anti-inflammatory [10], antimicrobial [11]  , anti-melanogenic [12], 

antidiabetic [13]  and anticancer activities [14] . 

Mulberry fruit contains numerous chemical compounds, one of which is a benzopyran 

derivative pigment known as anthocyanins and flavonoids. Anthocyanins are often used as 

red dyes in the field of cosmetics [15] . 

Concerns over the harmful effects of synthetic dyes have driven many scientists to 

explore eco-friendly natural colorants for use in morphological studies and microorganism 

identification [16]. Naturally derived pigments, available in a range of hues and tones, are 

currently utilized for coloring textiles, food materials, and have various biomedical 

applications [17]. The application of natural dyes from plants for coloring of diverse 

biological tissues from an alternative source will cut the cost of purchasing the synthetic dye 

and diminish their impact on humans and the environment [18]. 

With growing public awareness around eco-preservation, safety, and health, there has 

been a revolution in textile research and development focused on sustainable, non-toxic, and 

environmentally friendly bio-based colorants [17]. 

According to [19], synthetic dyes threats human health. For example, the waste color 

issue of the textile industry is very harmful to the environment and most of it is discarded into 

water [1]. However, over 80% of the wastewater generated that contains dyes is frequently 

dumped untreated into streams or used straight for irrigation, which has a negative effect on 
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ecosystems and public health [20]. Many articles related to the removal of color from 

wastewater: [21, 22, 23, 24, 25, 26, and 27]. However, very few of technologies to remove 

color from solution are used in water treatment works thus reflecting the complexity of the 

problem [28]. 

Laboratory activities generally use synthetic dyes which are expensive and can be 

damaged the researchers. Therefore, the main objective of this research was to study the 

properties of mulberry fruit pigments as a natural dye for their use in the field of 

microbiological staining. We compared the effectiveness of this dye with two other dyes, a 

natural dye; Curcuma and a synthetic dye; Methylene Blue. In this work we will try to color 

the endophytic fungi in their natural habitat; roots, which differentiated our work from 

previous research focused on the culture of these fungi in Petri dishes, after staining them to 

observe their morphological structures. 

Materials and Methods 

Study area 

The current study focuses on the province of Djelfa, located in north-eastern Algeria. In this 

area (Figure 1), two sites were chosen: Djalaliya (site 1) and Senelba forest (site 2). The main 

features of these sites are shown in Table 1. 

 

 

Fig. 1. Situation of study area. 

 

Table 1. Determination of the bioclimatic levels of the study sites. 
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Samples material 

Fine roots (≈0.5 mm) of five different subjects for each species across various vegetation 

layers were randomly sampled. These layers include the ground layer (Poa spp., Genista 

aspalatoid, Cistus libanotis, and Thymelaea tartonraira), small shrub layer (Juniperus 

oxycedrus), medium shrub layer (Cupressus dupreziana), and the understorey layer (Pinus 

halpensis). One species, Genista aspalatoid, was taken from site 1, while the remaining 

species were collected from site 2. Root samples were packed in plastic bags and transported 

to the laboratory.  

Dye preparation 

About 50 g of C. longa rhizomes were acquired from the Djelfa, Algeria, local market for the 

Curcuma dye. After being sliced into little pieces and cleaned with distilled water, they were 

dried. After that, they were ground and put through a 20 µm filter in order to produce a fine 

powder. 

For black mulberry dye; approximately 200 g of fresh fruits of Black mulberry plants were 

harvested and rinsed by water. These fruits have been cleaned well. They were divided into 

small pieces. Afterwards, they are dried in an oven at 120°C for about 10 minutes; we let 

them cool down. They are then ground into a fine powder and stored in a sterile bottle in a 

cool and dry place. 

Staining Technique 

The harvested roots are gently washed to remove adhering soil particles. Five roots per 

individual were randomly severed from plants collected from the site. The method used to 

clean and blanch the roots is that of [29]. The roots are cut into small fragments, about 1 cm, 

and placed in a potassium hydroxide (KOH) solution at 10 % for Pinus halpensis, Juniperius 

oycesdrus, and Cupressus dupreziana, and at 5 % for the other species. They are then placed 

in the oven at 90°C for 1 hour. To remove the remaining pigments, the roots are transferred to 

a 10 % solution of H2O2 at 90°C for 20 minutes until they turn white. The blanched roots 
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were then rinsed several times with water and set up in a 3 % lactic acid bath for few minutes 

(≈3 minutes).  

In this study, we grouped our blanched root samples into four groups, group 1: the roots are 

colored by black mulberry, group 2: the roots were colored by Curcuma, group 3: the roots 

were colored by methylene blue and for group 4: the roots were not colored (witness 

experience). in this experiment we used black mulberry and Curcuma as natural dyes and 

methylene blue as synthetic dye. 

blanched roots were transferred to three test tubes of; 5% black mulberry solution (tube A), 

1% Curcuma solution (tube B) and 0.1% methylene blue (tube C). Tubes were placed in the 

oven at 90°C for 30 minutes (tube C), and for 45 minutes (tube A and B). After removing the 

roots from the dye solution, they were rinsed with tap water and placed in a Petri dish 

containing 87% glycerol. 

 

Results and Discussion 

Staining of microbial cells is a very important procedure in microbial identification. Cells 

need to be fixed and stained to increase contrast, and to study morphological structures under 

microscope [16].  

Roots fragments were collected from different species during the spring season, crushed, 

blanched, stained and observed under the light microscope at different magnifications. Our 

results with the three dye (black mulberry (BM), methylene blue (MB) and curcuma) reveal 

that, following an acceptable clearing time and staining, the approach given yields 

satisfactory staining results for the black mulberry and methylene blue (Fig.02). The 

clarifying time for root tissues should be adjusted based on the plant species being 

investigated. Roots fragments collected from different species during the spring season, 

crushed, blanched, stained and observed under the light microscope at different 

magnifications. 

According to the morphological shapes characteristics stained by BM and MB, the structures 

belong to the fungi phylum. We observed an endophytic fungus in the first root group stained 

with BM (Fig.02A), and a mycorrhizal fungus with systematic features including vesicles and 

arbuscules in the third root group stained with MB (Fig.02B). However, in the second roots 

group stained with curcuma dye, (Fig.02C), the presence of structures belonging to the two 

types of fungi listed below was not clearly established by the microscopic observations. 

Except for the Glomeromycota's mycorrhizal fungi, root endophytes have not gotten much 
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attention in the literature. Although knowledge of the identity and diversity of foliar 

endophytic fungus communities in temperate and tropical regions is growing [30,31]. The 

communities that live in roots are sometimes inadequately described; species are frequently 

grouped together under labels like "fine endophytes" or "dark septate"[32] . 

The comparison between the BM and MB, show as to understand that the use of BM staining 

technic increased the likelihood of correctly identifying the structures of endophytic fungi, 

because the use of MB allowed the staining of the mycorrhizal fungi by blue color while the 

rest of dye obscures the view. The derived dye from black mulberry was utilized as an 

alternative dye to identify and differentiate various brain sections and nervous tissue cells 

[33]. It was used to identify sperm cells, which were visible in red on a pale pink background 

(V). It was also utilized to identify and differentiate between different parasites (Fasciola sp.) 

[34] . 

We were particularly interested by the endophytic fungus in this study, and our findings 

showed that they looked good while dyed with black mulberry. Distinct fungal structures 

found in roots species, including hyaline hyphae and sporangium, were found and the 

majority of these structures are located on the surface of the roots. This fungus group was 

abundant in Poa spp. and T. tartonraira, moderate in G. aspalatoid, C. libanotis, J. oxycedrus, 

and C. dupreziana, and infrequent in P. helpensis. According to [35] there is a high degree of 

host selectivity herbaceous, and the notable variations in fungal endophyte plant colonization 

strongly imply that only a few species should be regarded as ubiquitous. 

By displaying the structures found in the roots, techniques for viewing fungi in roots have 

been developed as quick tests with the best material staining, ensuring the accuracy of the 

microscopic assessment of the degree of colonization of the roots [36] . 

Anthocyanins have a wide range of biological activities including: redox/ antioxidant, anti-

inflammatory, antimicrobial, anti-carcinogenic, fostering eye health, neuroprotective, 

prevention of LDL oxidation, improvement of capillary stability, supporting collagen, and 

increasing intercellular levels of vitamin C [37]. They are also active substances soluble in 

water and can bind to glycoproteins from bacteria. [25, 38, 39]. 

A variety of factors contribute to anthocyanin stability, including intermolecular and 

intramolecular complexation. According to [40], as a weak acid, anthocyanins become 

deprotonated with increasing pH, which can increase electron polarization, resulting in a 

variety of colors such as red, purple, and blue. 

Microscopic examinations of roots, showed us a various morphological structure. 

Morphological identification of these structures reveals that this structure belongs to fungi 
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microorganisms; endophytic type due to the presence of some typical structures of these 

microorganisms, such as hyphae, sporangium, sporangiophores, Columella and 

chlamydospores. These structures are present in all roots of; Poa spp., Genista aspalatoid, 

Cistus libanotis, Thymelaea tartonraira, Juniperus oxycedrus, Cupressus dupreziana, except 

for Pinus halepensis, this species contained only trace amounts of these microorganisms. 

These structures are: 

-Hyphae; they are abundant, hyaline, with different diameters; Fin hyaline hyphae (±1µm) 

were abundant, with some being wide and thick. (±10µm), coenocytic and containing or not 

structures such as sporangium, columella at their tips (Fig. 3). 

-Sporangiophores; has different pathways, branched, Abundant on the surface of the roots 

(Fig. 3). 

-Sporangium; warty and having various and irregulars' shapes, located both outside and 

inside the roots, the most abundant form is the form of coffee beans (Fig. 4A), it found in all 

the species. Two other new forms (Fig. 4B/C) have also been found only in Thymelaea 

tartonraira. 

-Sporangiospores; are found in the cortical parenchyma of the roots (Fig. 4D-F), where they 

are clustered into grape clusters or scattered separately.  

-Columella; They are plentiful and globose in shape, and they appear near the end of the 

sporangiophore. 

-Chlamydospore; present, have irregular shape, consisting of widened hyphal branches. 

Regarding these seven species' root endophytic fungus, no research has been done. There are 

other works in the other part of these species were studied like twigs, leaves and needles [41, 

42] .The majority present data concerning the distribution and abundance of endophytes in 

asymptomatic leaf tissue. Many fungal endophytes are highly plant-specific, which accounts 

for their vast diversity [43]. According to [44], Black mulberry extract could be a potential 

raw material for herbal medicine, especially anticaries which has antibacterial activity, it was 

used to stain Streptococcus bacteria glycoproteins found in dental plaque. In this study, we 

can see the staining of glycoproteins in the various parts of fungi. (Figure 3, 4 and 5). 
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Fig. 2. Microscopic observations of roots. A; roots staining with Curcuma dye, B; roots 

staining with methylene blue, C; roots staining with black berry and D; roots not staining. 

Scale bars = 90 µm (A, B and C), scale bars = 20 µm(D). A, B and C: (GX10), D: (GX40).C: 

central cylinder, V: vesicle, A: arbuscule, ENF and EF: endophytic fungi. 
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Fig. 3. Morphology characteristics of endophytic fungi observed by in Thymelaea 

tartonraira roots: A-D et F and Juniperus oxycedrus : E. A: Sporangiophores with 

irregular basitonous branching pattern. B: sporangiophores (arrow) with different 

size and sympodial branching pattern (hyalines hyphae).C: Sporangiophore, a small 

with intact sporangium and a taller one where the sporangium already released the 

sporangiospores. D: unmatured sporangium.  E: Tip of sporangiophore without 

columella(arrow). F: Chlamydospore (arrow). Scale bars = 20 µm. A: (GX10), B-F: 

(GX40). 
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Fig. 4. Morphology characteristics of Sporangium observed in Thymelaea tartonraira 

roots.   A, B and C: Various shapes of unmatured sporangium (arrow) at tip of 

sporangiophore. D and E: Multi-spored sporangium attached to the sporangiophore. F: 

Multi-spored sporangium (arrow) detached to the sporangiophore. Scale bars = 20 µm. 

(GX40). 

According to the characteristics of fungi structures and shapes of sporangia, these fungi 

belong to Mortierella genus. Currently, Mortierella is a member of the family 

Mortierellaceae, order Mortierellales, subphy-lum Mortierellomycotina [45, 46]. About 100 

species of Mortierella have been described to date [47]. This genus's members are 

distinguished by the development of a mostly coenocytic, albeit irregularly septate, 

mycelium.Simple or multibranched, sporangiophores terminate in sporangia and, on 

occasion, in aswelling at the base. Sporangia are globose, containing one, a few, or many 

spores. Mortierella species are commonly isolated from freshwater, soil, dead or dying plant 

tissues, and animal feces [48, 49, 50, 51, 52, and 53].   
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It has been demonstrated that some individuals in the order Mortierellales predominate in 

fungal communities found in naturally occurring environments [54]. 

Recent studies on the soil microbiota on a global scale reported Mortierella spp. to be 

important members of the soil core microbial community [55,56]. Members of 

Mortierellaceae are reported to produce polyunsaturated fatty acids and arachidonic acid, 

which are crucial for several biological functions in mammalians [57], and are widely used 

for many commercial purposes such as biofuel production (Du et al. 2018). In this study, we 

found a lot of structures belong the two genera; Linnemannia and Mortierella. There are still 

many undescribed species of Mortierellaceae [58], in this study a new shape of sporangium 

was found in T. tartonraira (Figure. 3B), it could a new specie. This requires different 

approaches in order to be able to identify it. 

 

Fig. 5. Sexual and Asexual morphology of endophytic fungi observed in Thymelaea 

tartonraira (B-D) and Juniperus oxycedrus (A) roots: A: formation of chlamydospores, 

B: sexual morphology, C: Typical chlamydospore with hyphal outgrowings, D: 

Germination of sporangiospore. Scale bars = 20 µm. A: (GX40). 

 

Conclusions 

In conclusion Black mulberry can be a good eco-friendly dye to stain endophytic fungi. This 

procedure offers safer alternatives to the toxic, harmful, and occasionally cancerous 

chemicals used in traditional staining methods. It is critical to identify microorganisms and 
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research biodiversity, but the most important aspect is to utilize reagents that are safe for both 

human health and the environment. 

More experimental implementations should be focused to take on new technologies for 

producing natural colorants as a compatible as well as eco-safe alternative with synthetic 

colorants in different spheres of our life to make a greener world. 

The new morphological structures discovered in our samples need the use of genetic tools to 

identify this endophytic fungus species in addition to morphological methods. 
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