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Abstract 

The interaction between endophytic fungi and phytochemicals in the dominant mangroves (Rhizophora mangle, 

Lacugularia racemosa, and Avicennia africana) of the Iko River Estuary in Nigeria was investigated. Standard 

analytical procedures were employed to measure antioxidant levels, while endophytic fungi were isolated, 

morphologically characterized, and identified using culture-dependent methods. The study identified various 

bioactive compounds, including alkaloids, saponins, tannins/phenols, flavonoids, deoxy-sugars, cardiac 

glycosides, and steroids, with their concentrations varying depending on the mangrove species and plant parts. 

Alkaloids were present in all mangrove samples, with particularly high concentrations in the leaves of white (5%) 

and red (4.2%) mangroves. Principal Component Analysis (PCA) was used to analyze the interaction between 

the endophytic fungi and phytochemicals, revealing a distinct affinity of certain fungal species for specific 

antioxidants in the mangroves. Fungal species such as Phoma sp., Rhizopus arrhizus, Aspergillus niger, and others 

exhibited a negative relationship with tannins, flavonoids, deoxysugars, and cardiac glycosides, but a positive 

affinity for saponins, alkaloids, and steroids. Conversely, Candida pseudotropicalis, Fusarium oxysporum, P. italicum, 

and others showed a positive affinity for tannins, flavonoids, cardiac glycosides, and deoxysugars, but a negative 

affinity for alkaloids, saponins, and steroids. Notably, Absidia sp. was the only frequently isolated species with a 

strong correlation (r value ≥75 at a 95% confidence limit) with deoxy-sugars, while Aspergillus niger, Aspergillus 

terreus, and Absidia sp. demonstrated significant relationships with alkaloids, saponins, and steroids. These 

phytochemicals, which serve as precursors to antioxidants with promising biotechnological applications, likely 

play a crucial role in determining the association of endophytic fungi with deltaic mangroves in Nigeria.  

Keywords: Endophytic fungi; Phytochemical Associes; Mangroves; Antioxidants; Principal Component Analysis 

(PCA) 

DOI: 10.55455/jmesr.2024.009 

1. Introduction 

Mangrove endophytes are specialized fungal communities that colonize the tissues of mangrove plants, residing 

intracellularly or intercellularly within healthy plant segments (Deepthi et al., 2018). These endophytic fungi 
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contribute significantly to plant health by producing a variety of bioactive compounds. This mutualistic 

relationship helps the host plants defend against biotic stressors such as herbivores and pathogens, as well as 

abiotic stressors including drought and salinity (Kumaresan & Suryanarayanan, 2002). Consequently, mangrove 

plants with endophytes often exhibit better health and resilience compared to those without (Waller et al., 2005). 

Endophytic fungi are known to produce various important plant metabolites, which include nitrogen-containing 

compounds (alkaloids and amines), terpenoids, and phenolics (Saddhe et al., 2016). Mangroves themselves are 

recognized for their diverse array of bioactive metabolites, such as essential oils, flavonoids, and alkaloids. These 

metabolites are produced not only by the mangrove plants but also by their associated endophytes (Hamzah et 

al., 2020). The concept of "associes" becomes particularly relevant in this context, as it refers to the complex 

associations or groups of phytochemicals produced by these fungal endophytes. These secondary metabolites, 

including phenols, terpenes, and flavonoids, are also synthesized by fungi and bacteria, with endophytic fungi 

contributing significantly to this process (Mousavi & Karami, 2022). The distribution and population structure of 

endophytic fungi within mangroves are influenced by the host plant's characteristics and its habitat. For example, 

endophytes are often found in higher diversity within root tissues compared to stems and leaves (Arnold, 2008). 

Mangrove plants, which have been utilized in traditional medicine, host a wide variety of fungal endophytes, 

with over 200 species identified to date (Hamzah et al., 2018). These fungi vary in their colonization abilities 

depending on the host plant system (Gadkar et al., 2001). Despite the significant roles of endophytes, there is a 

need for more research on their interactions with mangrove plants, particularly concerning phytochemicals and 

antioxidants. This investigation aims to evaluate the phytochemical properties of dominant mangrove species in 

the Niger Delta—Rhizophora mangle, Laguncularia racemosa, and Avicennia africana—and analyze the correlation 

between bioactive compounds and fungal species richness and colony frequency. The study will also assess the 

response of endophytic species to the presence of antioxidants, enhancing our understanding of their ecological 

interactions and contributions.  

2. Materials and Methods 

2.1 Collection of Samples 

A collective of 81 healthy mangrove leaf, stem/bark and root samples were collected for analysis. The later 

comprises prop roots of red and white mangroves (Rhizophora. mangle and Laguncularia racemosa, respectively) and 

pneumatophores of black mangrove (Avicennia africana) were collected from a riverine mangrove ecosystem of 

Iko River Estuary located in the Niger Delta region of Nigeria. The samples which were obtained near the fishing 

settlements of Iso Otoyo (04o30’55.06”N and 007o39’03.5”E), Okoro-Inyang (04o31’27.2” and 007o38’45.5”) and 

Etekun (04o29’49.8” and 007o39’42.5”) representing the upper reaches, middle reaches and lower reaches of the 

estuarine mangrove ecosystem (Figure 1). The bio-specimens were picked with sterile scissors, stored in sterile 

labelled bags separately and then transferred to the research laboratory for analysis.  
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Figure 1. Sample Locations along Iko River Estuary Mangrove Ecosystem 

2.2 Extraction and Analyses of Phytochemical Components of Mangrove Plants  

The method previously described by Nurunnabi et al. (2020) was adopted for extraction of phytochemicals. 

Petroleum extracts of the mangrove plant part (root, stem and leaf) were prepared. Precisely 500g of the fine 

sample powder of each sample was successively extracted with petroleum ether at room temperature (28±2oC). 

The extracts were concentrated under pressure to yield 40g of petroleum ether extract used for the phytochemical 

assays. Quantitative analysis of phytochemicals in the mangrove plant samples was carried out according to 

methods outlined by Harborne (1988), AOAC (1990) and Trease & Evans (1989). The total alkaloids content was 

determined by the alkaline precipitation gravimetric method described by Harborne (1988).  The saponins 

analysis was carried out through direct spectrophotometry as reported by Brunner (1984) and Obadoni & Ochuko 

(2002), and the tannins by the Folin-Denis colorimetric method described by Bos & Jetten (1989). The flavonoids 

were measured as described by Harbone & Grayer (1988). The cardiac glycosides content was evaluated using 

Buljet’s reagent as described by Al-Azizi et al., (1994), while deoxy-sugars were quantified using the anthrone 

method as detailed by Sztaricskai & Pelyvás-Ferenczik (2020). The steroids and phlobatannins in mangrove plant 

parts were quantitatively measured using methods reported by Olayinka et al., (2017).  

2.3 Isolation and Identification of Fungal Endophytes  

The endophytic fungi were isolated and morpho-taxonomically characterized, and then identified using methods 

previously described by Udoukpo et al. (2024), Zihad et al., 2022 and Wacira et al. (2024). Pure isolates obtained 

from the culture plates were grouped based on their morphological features (pigmentation/color, texture). 

Discrete colonies were subjected to microscopic analysis of stained (using cotton blue in lactophenol) mycelium 

to evaluate the type of hyphae and spores as well as the characteristics of hyphae and sporangia, features of 

conidia and arrangement of sporangiophore and conidiophores. References were made to fungal identification 

guide published by Samson et al. (1984), Pitt & Hocking (2009), Cabral et al., (1993) and Dugan (2017).  Prior to 

identification the colony frequency of the discrete fungal isolates were observed, counted and recorded while the 

richness of diverse species of endophytic fungi were also recorded after identification.    

2.4 Data Analyses  

The relationship between colonization effect/species richness of mangroves and antioxidants concentrations were 

calculated using Paleontological Statistics (PAST) version 4.0.3 (Hammer et al., 2001). Similarly, the Principal 

Component Analysis (PCA) was performed determine affinity of fungi species to antioxidants presents on 

mangrove communities.  The response of individual species of endophytes to phytochemicals was also evaluated 

using correlation analysis.   
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3. Results and Discussion 

Wide range of antioxidants were obtained from the mangrove communities (Rhizophora. mangle, Lacugularia 

racemosa and Avicennia africana) investigated in this study (Table 1). The bioactive compounds detected were 

alkaloids, saponins, tannins/phenols, flavonoids, deoxy-sugars, cardiac and steroids. Their concentrations 

however varied with the type of mangrove and between plant parts. Alkaloids was detected in all the mangrove 

plant/parts analyzed but remarkably present in the leaves of white (5%) and red (4.2%) mangroves. Its 

concentrations in white (3.4%) and black (2.0%) mangrove root were also relatively high.  Saponins was highest 

in white mangrove leaf (1.78%) followed by the red mangrove leaf (1.3 %) and black mangrove pneumatophores 

(1.13 %).  Phlobatannins was not detected in any of the mangrove plants analyzed but tannins were found in all 

mangroves and plant parts but highest in the root of white mangrove with 7.23 mg/g concentration. The white 

mangrove leaf also contained remarkably high concentrations of flavonoids (4.48 %) and cardiac glycoside (4.02 

mg/g) while steroids was detected more in pneumatophores (1.03 mg/g) and in the red mangrove stem (1.19 mg/g) 

and root (1.03 mg/g). 

 Culture dependent species of endophytic fungi with known capacity to elaborate many of the classes of 

secondary metabolites listed above were isolated from the deltaic or riverine mangroves investigated (Table 2). 

The isolates comprise 56 diverse species and their occurrence or colony frequency (CF), also varied between the 

mangrove type and plant parts. 

Table 1: Quantitative Properties of Phytochemicals in Dominant Mangroves of the Deltaic ecosystem 

Bioactive 

Compounds 

White Mangrove  

(L. racemosa) 

Black Mangrove 

 (A. africana) 

Red Mangrove 

 (R. mangle) 

 Root  Stem  Leaf  Root  Stem  Leaf  Root  Stem  Leaf  

Alkaloids (%) 3.37 1.14 5.00 2.02 1.01 1.15 1.933 1.02 4.21 

Saponins (%) 1.11 0.17 1.78 1.13 0.03 0.14 0.45 1.03 1.34 

Tannins (mg/g) 7.3 3.35 3.36 0.02 1.87 1.12 0.03 1.11 0.10 

Flavonoids (%) 1.42 1.34 4.48 1.01 1.21 1.12 0.01 0.02 0.004 

Deoxy-sugars 

(mg/g) 

0.12 1.21 1.00 0.004 1.10 1.23 0.004 0.22 0.10 

Cardiac 

glycosides (mg/g) 

4.01 3.42 4.02 0.01 3.00 2.93 1.10 2.01 0.00 

Steroid  0.02 0.02 0.04 1.03 0.03 0.02 1.03 1.17 0.02 

Phlobatannins 

(mg/g) 

ND ND ND ND ND ND ND ND ND 

ND = Not detected 

Table 2: Occurrence/Diversity and Colonization Frequency (CF) of Endophytic Fungi in Deltaic Mangrove 

Ecosystem 

S/N Isolate White Mangrove Black Mangrove Red Mangrove  

  Root 

(n=9) 

Stem 

(n=9) 

Leaf 

(n=9) 

Root 

(n=9) 

Stem 

(n=9) 

Leaf 

(n=9) 

Root 

(n=9) 

Stem 

(n=9) 

Leaf 

(n=9) 

Total CF 

(n=81) 

1 Absidia sp* - +(4) +(3) +(1) - - - +(1) +(1) 10 

2 Aureobasium pullulans - - - +(1) - - - - - 1 

3 Alernaria alternate - - - - - +(1) - - - 1 

4 Aspergillus allahabadii +(1) - - - - - - - - 1 

5 Aspergillus candidus - - +(1) +(1) - +(1) +(1) - - 4 

6 A. carbonarius - +(1) +(1) +(4) - - - - +(1) 7 

7 A. clavatus - - +(1) - - - - - - 1 

8 A. flavipes - - - +(4) - - - - +(1) 5 

9 A. flavus - - - +(1) - +(1) +(1) - - 3 
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10 A. fumigatus - - +(2) +(1) - +(1) +(1) - +(1) 6 

11 A. glaucus +(1) - +(2) +(3) - +(2) +(1) - - 9 

12 A. nidulans - - - - - - - +(1) - 1 

13 A. niger* - +(5) +(5) +(4) - +(2) +(5) +(1) +(3) 25 

14 A. ochraceous - - - +(1) - - - - - 1 

15 A. parasiticus - +(1) - - - - - - - 1 

16 A. penicilloides - +(1) - - - - - - - 1 

17 A. restrictus - - +(1) - - - - - - 1 

18 A. terreus* +(1) +(2) +(4) +(2) +(1) +(1) +(3) +(1) - 15 

19 A. ustus - - +(1) +(2) - +(1) - - - 4 

20 A. versicolor - - - +(2) - - - - - 2 

21 Candida pseudotropicalis - +(2) - - - - - - - 2 

22 Candida utilis - - - +(2) - - - - - 2 

23 Cladosporium sp - +(1) - +(2) - +(1) - - +(1) 5 

24 Epicoccum sp +(1) - +(1) +(1) +(1) +(1) - +(1) - 6 

25 Fusarium culmorum +(1) - - +(1) - - - - - 2 

26 F. equiseti - - +(1) - - - - - - 1 

27 F. graminearum - - +(1) - - - - - - 1 

28 F. oxysporum - - +(2) - - - - - - 2 

29 F. solani - - - - - +(1) - - - 1 

30 F. verticilloides +(2) - - - - +(1) - - - 3 

31 Geotrichum sp - +(2) - - - - - +(1) - 4 

32 Microsporum sp - - - +(1) - - - - - 1 

33 Moniliella suaveolens - - - +(1) - - - - - 1 

34 Mucor racemosus - - - +(1) - - +(1) - - 2 

35 Nigrospora sphaerica - - - - - - +(1) - - 1 

36 Paecillomyces sp - +(1) - +(1) - +(1) - - - 3 

37 Penicillium citrinum - - +(1) - - - - - - 1 

38 Penicillium coryphylum - - - +(1) - - - - - 1 

39 P. expansum - - - - - +(1) - - - 1 

40 P. frequentans - - - +(1) - - +(1) - - 2 

41 P. italicum - +(1) +(1) - - 1 - - - 3 

42 P. paraherquei - - - +(2) +(1) - +(1) - - 3 

43 P. regulosum  - - - - - +(1) - - - 1 

44 P. restrictum - - - +(1) - - - - - 1 

45 P. variable - - - +(1) - - - - - 1 

46 P. verrucosum - +(1) - - - - - - - 1 

47 Phoma sp - - - +(1) - - +(1) - +(2) 4 

48 Rhizopus arrhizus - - - - +(1) - - +(2) +(1) 4 

49 Rhizopus oryzae - - - +(1) - +(1) - - - 2 

50 Rhizopus stolonifer - - - +(2) - - - - - 2 

51 Saccharomyces estuary - - - +(1) - - - - - 1 

52 Saccharomyces uterus - - +(1) +(1) - - - - - 2 

53 Sclerotium sp - - - - - +(1) - - +(1) 2 

54 Torula sp - - +(1) - - - - - - 1 

55 Trichoderma sp - - - +(1) - - +(1) - - 2 

56 Verticillium sp - - - +(1) - - - - - 1 

 Colony Frequency (CF) 7 22 30 51 4 20 18 8 12 172 

 Species Richness 6 12 18 33 4 18 12 7 9  

Note: + = Species incidence/Occurrence/Isolated; - = Not isolated/Not detected. * = most frequently isolated species 

Values in parenthesis = are colony frequency (CF) of isolated species 

Analysis of the non-climax biotic community (endophytic fungi) interaction and association with phytochemicals 

using Principal Component Analysis (PCA) was carried out. This was done to measure the affinity of fungi 

Table 2. Cont’d 
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species to bioactive compounds in mangrove communities, in other words to establish the phytochemical associes 

of the endophytes. The result presented in Figure 2 revealed the affinity of fungi species to the following 

antioxidants: alkaloids, saponins, flavonoids, deoxysugar, cardiac and steroid were measured. Phoma sp., 

Rhizopus arrhizus, Aspergillus niger, A. flavus, A. fumigatus, A. candidus, A. terreus, A. ustus, A. glavus, A. carbonarius, 

Paecillomyces sp., Epicoccum sp., Sclarotium sp., Rhizopus oryzae, Geotrichum sp., A. nidulans, Saccharomyces estuarine, 

Nigrospora sphaerica all had the negative affinity to tannins, flavonoids, deoxysugar and cardiac glycosides but 

positive affinity to saponins, alkaloids, and steroids. Meanwhile, Candida pseudotropicalis, Fusarium oxysporum, F.  

verticilloides, P. italicum, P. verrucosum, Fusarium almorum, Saccharomyces utrus has positive affinity to tannins, 

flavonoids, cardiac and deoxysugar but negative affinity to alkaloids, saponins, and steroids. The observation is 

a pointer to probable relation between bioactive compounds in mangroves and the endophytic fungal associes. 

It is a clear index of the effect of phytochemical product(s) on the associated mangrove mycoflora or probably the 

selective influence of bioactive compounds on the existence of endophytes in the stressed of mangroves of the 

Niger Delta region of Nigeria.  

 The observations deduced a very high stimulating effect of highest colonization of fungi species on the 

black mangrove which is high in deoxy sugar and moderate colonization on white and red mangroves which 

high concentration of tannins, flavonoids, saponins, alkaloids, cardiac and steroids. This observation is similar to 

the report of Sopalun et al. (2021), who stated that antioxidants such as saponins, tannins, flavonoids, and steroids 

possess inhibitory effects on the interaction between endophytic fungi and deoxy sugars, thereby affecting the 

metabolic activities of these fungi. Some studies reported that deoxy sugars may help fungi adapt to 

environmental stressors such as salinity and temperature fluctuations which can impact community composition 

(Tan & Zou, 2001; Gostinčar & Gunde-Cimerman, 2023). It has also be reported that deoxy sugar participate in 

nutrient recycling, influencing the availability of resources for other microorganisms and impacting fungal 

diversity, as well as a defensive barrier for the plants against pathogens (Ingle et al., 2020). 

 Plants and their endophytic microbial associes are known to utilize three pathways for secondary 

metabolite synthesis; the shikimate, polyketide and mevalonate (Burragoni & Jeon, 2021, Tsipinana et al., 2023). 

Shikimate is associated with the synthesis of aromatic amino acid compounds, whereas polyketide and 

mavalonate pathways are utilized for the synthesis of molecules of medicinal importance (Tsipinana et al., 2023). 

Studies have revealed three principal kinds of secondary metabolites biosynthesized by plants. These include 

phenolic compounds, terpenoids/isoprenoids, and alkaloids and glucosinolates (Mohiuddin, 2019).   

 

Figure 2.  Principal Component Analysis (PCA) of Fungi Species on Mangrove Communities. 

Further, secondary metabolites are usually categorized into three major groups: the terpenes comprising volatiles, 

glycosides, carotenoids and sterols; the phenolics which such as phenolic acids and tannins; and nitrogen 

containing compounds such as alkaloids and glucosinolates (Agostini-Costa et al., 2012).  A study by Edu & 
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Edwin-Wosu (2015) has shown that Nigeria mangrove plant tissues contained highly polar bioactive compounds 

such as alkaloids, saponins, tannins, flavonoids and reducing sugars with the highest concentrations of alkaloids 

and saponnins in A. africana. Flavonoids and tannins were found to be higher in R. racemosa.  Our study has 

shown that although the concentrations varied between mangrove types, antioxidants found most abundantly in 

Nigeria deltaic mangroves would be alkaloids and tannins. Many of the bioactive compounds especially the 

phenolic compounds listed above are precursors of products of shikimate and polyketides pathways commonly 

associated with mangrove plants (Xu, 2015; Chen et al., 2022). These aromatic compounds have important roles, 

as pigments, antioxidants, signaling agents, the structural element lignin, defense mechanism, and useful as 

promising biotechnological applications. 

 Jamwal & Gandhi (2019) have reported that the molecular machinery adopted by endophytes for the 

production of phytochemicals is likely acquired from the host plant. They are known to influence genes 

responsible for the generation of secondary metabolites in plant cells through signal transduction pathways. 

Analysis of the relations between individual species and bioactive compounds in the mangroves (Table 3) 

revealed varied relationships. Very strong or significant (r-value above 0.75*) positive relationship were 

established between deoxy-sugars and Aspergillus carbonarius, A. glaucus, A. ustus, Epicoccum sp, Fusarium 

culmorum, F. verticilloides, Paecillomyces sp and Penicillium italicum. Similarly, the existence of Absidia sp, Aspergillus 

niger, and Geotrichum sp were significantly and positively influenced by the concentrations of alkaloids, saponins 

and steroids in mangroves while Alternaria sp, Aspergillus ochraceous, Aspergillus ustus, Fusarium solani, Moniliella 

sp and Saccharomyces estuari were negatively affected.  None of the frequently isolated species but Absidia sp had 

strong relationship with deoxy-sugars but all of them including Aspergillus niger, Aspergillus terreus and Absidia 

sp demonstrated a strong and significant relationship with alkaloids, saponins and steroids. These observations 

are despite the no definite or poor relationship recorded between bioactive compounds concentrations against 

the counts of colony frequency and species richness of endophytic associes of the riverine mangroves (Table 4). 

These findings demonstrate the importance of antioxidants in shaping diversity of fungi species on mangrove 

community in coastal part of Akwa Ibom State, Nigeria. This diversity is also driven by a combination of 

environmental variables. 

Table 3: Relation between individual species of endophytes with bioactive compounds of Mangroves 

Species Alkaloids Saponins Tannins Flavonoids 
Deoxy 

Sugar 
Cardiac Steroids 

Absidia sp 0.77* 0.81* 0.89* 0.89* 0.19 0.77* 0.98* 

Aureobasium sp -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Alernaria sp -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Aspergillus allahabadii 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

Aspergillus candidus -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

A. carbonarius -0.86* -0.83* 0.12 0.12 0.86* 0.33 -0.50* 

A. clavatus 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

A. flavipes -1.00* -1.00* -0.44 -0.44 0.44 -0.23 -0.89* 

A. flavus -0.95* -0.97* -0.67* -0.67* 0.18 -0.49 -0.98* 

A. fumigatus NA NA NA NA NA NA NA 

A. glaucus -0.75* -0.71* 0.31 0.30 0.94* 0.51* -0.33 

A. nidulans 0.32 0.26 -0.74* -0.74* -0.98* -0.87* -0.19 

A. niger 1.00* 1.00* 0.44 0.44 -0.44 0.23 0.89* 

A. ochraceous -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

A. parasiticus 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

A. penicilloides 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

A. restrictus 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

A. terreus 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 
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A. ustus -0.86* -0.83* 0.12 0.12 0.86* 0.33 -0.50* 

A. versicolor -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Candida pseudotropicalis 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94 

Candida utilis -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Cladosporium sp -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Epicoccum sp -0.75* -0.71* 0.31 0.30 0.94* 0.51* -0.33 

Fusarium culmorum -0.32 -0.26 0.74* 0.74* 0.98* 0.87* 0.19 

F. equiseti 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

F. graminearum 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

F. oxysporum 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

F. solani -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

F. verticilloides 0.19 0.26 0.98* 0.98* 0.76* 1.00* 0.65* 

Geotrichum sp 0.98* 0.97* 0.21 0.21 -0.65 * -0.01 0.76* 

Microsporum sp -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Moniliella sp -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Mucor racemosus -0.66* -0.71* -0.95* -0.95* -0.34 -0.86* -0.94* 

Nigrospora sp 0.32 0.26 -0.74* -0.74* -0.98* -0.87* -0.19 

Paecillomyces sp -0.75* -0.71* 0.31 0.30 0.94* 0.51* -0.33 

Penicillium citrinum 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

Penicillium coryphylum -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

P. expansum -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

P. frequentans -0.66* -0.71* -0.95* -0.95* -0.34 -0.86* -0.94* 

P. italicum 0.19 0.26 0.98* 0.98* 0.76* 1.00* 0.65* 

P. paraherquei -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

P. regulosum  -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

P. restrictum -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

P. variable -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

P. verrucosum 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

Phoma sp -0.01 -0.07 -0.92* -0.92* -0.87* -0.98* -0.50* 

Rhizopus arrhizus -0.01 -0.07 -0.92* -0.92* -0.87* -0.98* -0.50* 

Rhizopus oryzae -0.988 -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Rhizopus stolonifer -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Saccharomyces estuari -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Saccharomyces uterus -0.32 -0.26 0.74* 0.74* 0.98* 0.87* 0.19 

Sclerotium sp -0.66* -0.71* -0.95* -0.95* -0.34 -0.86* -0.94* 

Torula sp 0.66* 0.71* 0.95* 0.95* 0.34 0.86* 0.94* 

Trichoderma sp -0.66* -0.71* -0.95* -0.95* -0.34 -0.86* -0.94* 

Verticillium sp -0.98* -0.97* -0.21 -0.21 0.65* 0.01 -0.76* 

Asterisk (*) indicate either strong negative or positive correlation. 

Table 4: Correlation of Phytochemicals against Endophytic Fungi Colony Frequency and Species Richness on 

Mangrove Communities 

  
Alkaloids 

(%) 

Saponins 

(%) 

Tannins 

(mg/g) 

Flavonoids 

(%) 

Deoxy-

sugars 

(mg/g) 

Cardiac 

glycosides 

(mg/g) 

Steroid 

Colony 

Frequency 

(CF) 

Species 

Richness 

Table 3. Cont’d 
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Alkaloids (%) 1.00         

Saponins (%) 0.83* 1.00        

Tannins (mg/g) 0.27 0.14 1.00       

Flavonoids (%) 0.53* 0.39 0.46 1.00      

Deoxy-sugars 

(mg/g) 
-0.24 -0.47 0.18 0.51* 1.00     

Cardiac 

glycosides (mg/g) 
0.03 -0.14 0.79* 0.64* 0.65* 1.00    

Steroid -0.33 0.10 -0.51* -0.45 -0.63* -0.56* 1.00   

Colony Frequency 

(CF) 
0.01 -0.31 -0.03 0.56* 0.84* 0.49 -0.51* 1.00  

Species Richness 0.07 0.24 -0.35 0.24 -0.09 -0.37 0.31 0.03 1.00 

Asterisk (*) – Strong positive or negative correlation (Values greater than -0.50 or +0.50) 

4. Conclusion  

This study has shown that mangroves in the crude oil impacted region of the Niger Delta region of Nigeria are 

capable of producing secondary metabolites which potent biotechnological implication and chemotactic-like 

influence on endophytic fungal species colonization. The endophytic fungi were to be either negatively or 

positively and strongly influenced, or may have contributed more to concentrations of alkaloids, saponins, 

flavonoids, deoxy-sugars, cardiac glycosides and steroid in the mangrove plants and plant parts investigated. 

Our findings have shown that the dominant endophytes, the aspergilli and species of Epicoccum sp., Sclarotium 

sp., Rhizopus oryzae, Geotrichum sp Saccharomyces estuari, and Nigrospora sp. were negatively influence by the 

presence of tannins, flavonoids, deo-xysugar and cardiac glycosides even though they exhibited positive affinity 

to saponins, alkaloids, and steroids. Analysis of the species- antioxidants specificity has shown that none of the 

frequently isolated species but Absidia sp had strong relationship with deoxy-sugars but all of them including 

Aspergillus niger, Aspergillus terreus and Absidia sp demonstrated a strong and significant relationship with 

alkaloids, saponins and steroids. These compounds which are precursor of antioxidants with promising 

biotechnological applications may have been the major determinants of endophytic fungal association with 

deltaic mangroves in Nigeria.  
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