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Abstract
Exopolysaccharides (EPS) are bioactive metabolites with high molecular weight and are produced by several microorganisms 
such as endophytic fungi. Thus, the aim of the present study was designed to explore the biosynthesis and characteristics 
of EPS by the endophytic fungus Neopestalotiopsis clavispora AUMC15969 and then investigate some environmental and 
nutritional factors that affect their production. Moreover, we estimated an additional value, namely the production of bio-
diesel. Maximum production of EPS was 7.86 g/L when N. clavispora was grown on lactose as the sole carbon source and 
peptone as the nitrogen source, respectively, and pH 7 at 35 °Cfor 10 days. The produced EPS had a total sugar content of 
0.93 g/g where protein content was 0.076 g/g. It revealed a strong antioxidant activity that improved with increasing sample 
concentration, with the optimum concentration of 10 mg/mL producing 83.1% DPPH radical scavenging activity with an 
IC50 equal to 3.89 mg/mL. The extracted lipid from the fungal mycelia at the end of the fermentation process was 31.76% 
w/w. The biodiesel produced from the transesterification of lipids was 87.4% total fatty acid methyl esters. The present study 
demonstrated the potential production of EPS and lipid biopolymers in one-pot fermentation which could use as a resource 
for industrial technologies.
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1  Introduction

Polysaccharides are highly hydrated polymers composed 
of repeated monosaccharides connected by glycosidic 
bonds. They are made up of an extremely wide range of 

compounds due to not only the various potential monosac-
charide units but also how these units are linked together 
[1]. Recently, the production of exopolysaccharides 
(EPS) from microbes became highly interesting due to 
their industrial applications in different fields of food and 
medicine and health, especially from endophytic microbes 
where endophytic microbes have the ability to produce 
many bioactive compounds, such as antiviral, anticancer, 
antibiotics, and antidiabetic agents [2–4]. EPS can be 
divided into two types depending on the composition of 
monosaccharides. One is the heteropolysaccharide com-
posed of a variety of monosaccharides with significant 
structural diversity, such as xanthan gum. The other is the 
homopolysaccharide composed of the same monosaccha-
rides, such as cellulose and glucan, which can be further 
subdivided into HoPS and HePS [5, 6]. Microorganisms 
of different taxonomic groups have the capability to syn-
thesize exopolysaccharides with interesting physical and 
chemical properties, such as high viscosity, good gelating 
properties, and synergistic effect when interacting with 
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other polysaccharides [7]. Yeasts belonging to the Cryp-
tococcus, Hansenula, Rhodotorula, Lipomyces, Bullera, 
Aureobasidium, and Sporobolomyces genera can synthe-
size exopolysaccharides including mannans, glucans, glu-
comannans, galactomannans, and phosphomannans [8].

The exopolysaccharides produced from yeasts are very 
attractive for large-scale production as the downstream 
process for exopolysaccharide recovery is simple and easy. 
Plant endophytic fungi are microorganisms that live in the 
interior tissues of living plants and do not cause any obvi-
ous negative consequences or symptoms [9]. Endophytes are 
considered potential producers of unique and biologically 
active compounds such as aliphatic compounds, alkaloids, 
flavonoids, peptides, isocoumarins derivatives, and steroids 
[10–12]. Recently, the production of polysaccharides from 
endophytes has been reported in many studies [12–15]. For 
example, P. polymyxa EJS-3 can generate EPS with the con-
centration of 22.82 g/L when using sucrose and yeast extract 
as carbon and nitrogen sources under the optimal culture 
conditions of 24°C and pH 8 for 60 h, and has strong scav-
enging activity against superoxide and hydroxyl free radicals 
[3, 4, 16]. Fungal EPS compounds have many advantages, 
such as their production is not affected by seasonal changes 
and they are easier to recycle and purify than EPS from plant 
and algal sources [2]. Microbial exopolysaccharides have 
multifarious industrial applications as thickeners, emulsi-
fiers, and stabilizers in the food industry and others exhibit 
biological activity with therapeutic and pharmaceutical 
potential [17].

The production of polysaccharides by specific organ-
isms could be affected by different environmental factors 
surrounding the organisms and/or the growth medium. The 
new trend in biotechnological processes is the production of 
several products simultaneously. In addition to the produc-
tion of EPS, fungal mycelium can be reutilized as a source 
of valuable products such as reserved lipids which present 
as inclusion bodies inside it that could use as a feedstock 
for biodiesel. Microbial lipids from microorganisms are 
considered a prospective feedstock to increase the world 
bio-oil production that would cause low ecosystem impact 
[18]. Oleaginous yeasts and fungi have also been consid-
ered potential oil sources for biodiesel production because 
they accumulate large amounts of lipids. Filamentous fungi 
hold promise in this respect. They can fairly rapidly (within 
96–130 h) accumulate much biomass and produce a wide 
range of biologically active compounds applicable in farm-
ing and medicine [19]. Biodiesel fuel is fatty acid monoalkyl 
(methyl or ethyl) esters produced from renewable sources 
such as vegetable oils or animal fats by the transesterifica-
tion process of such triglycerides [20]. Biodiesel is rather an 
attractive alternative fuel to conventional petroleum diesel 
fuels because of its biodegradable, non-toxic, and clean sus-
tainable source [21].

N. clavispora has a wide host distribution, including in 
China, Thailand, Malaysia, North Queensland, and Aus-
tralia, and it is pathogenic to plants [22]. N. clavispora 
ASU1 was found to have the potential to remove Cd and 
Zn from water in intermittent systems [23]. However, there 
were few reports about EPS and lipid production from N. 
clavispora. Thus, the objectives of this study were to inves-
tigate the ability of N. clavispora AUMC15969 to produce 
EPS. Firstly, single factor experiments were performed to 
obtain the optimal culture conditions (including cultivation 
types, cultivation period, carbon source, nitrogen source, 
temperature, and initial pH) on the EPS production. Then, 
the EPS by measuring total sugar and protein content, FTIR, 
and antioxidant activity were characterized. The lipid con-
tent of fungal cell biomass as inclusion bodies at the end of 
the fermentation process and obtained biodiesel from lipid 
transesterification was also estimated.

2 � Materials and methods

2.1 � Microorganism and EPS biosynthesis

N. clavispora AUMC15969 was isolated from Avocado 
fruits as an endophytic fungus which was undertaken in our 
previous paper [23]. In 250-mL conical flasks, 100 mL of 
the production medium containing 50 g/L glucose, 3 g/L 
malt extract, and 1 g/L K2HPO4 were autoclaved at 121 °C 
for 20 min and inoculated with 2 mL of N. clavispora spore 
suspension (106 spore/mL) for exopolysaccharide and lipid 
production. The flasks were then incubated at 30 °C for 7 
days in a rotatory shaker (120rpm). At the end of the incuba-
tion period, the fungal culture was filtered and the viscous 
filtrate was used for the separation of EPS and the dried 
fungal biomass was collected for determination of lipid 
accumulation as inclusion bodies (Fig. 1).

2.2 � Isolation and EPS determination

A filtration technique under vacuum was used to obtain the 
fungus cell-free filtrate from the culture according to [24] 
and then purified to obtain purified EPS [5]. Exopolysaccha-
ride was precipitated by adding 3 volumes of cold ethanol 
and allowed to stand overnight at 4 °C. After centrifugation, 
the EPS precipitate was washed twice with absolute ethanol. 
EPS fraction dissolved in ethanol and partially purified by 
dialyzed by cellophane membrane against distilled water for 
48h, then the mixture was centrifuged to obtain EPS [25]. 
Redissolving of EPS in distilled water and re-precipitated by 
cold ethanol was carried out to eliminate other undissolved 
materials that adhered to EPS. The EPS precipitates were 
collected by centrifugation (6000 rpm) for 10 min and then 
dried and weighed as grams per liter.
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2.3 � Physiological factors affecting EPS biosynthesis

2.3.1 � Cultivation method

Two different cultivation methods were used where N. clav-
ispora AUMC15969 was cultivated on static and submerged 
(shaking at 120 rpm) cultures using a production medium 
as described before at an incubation period of 7 days, 30 
°C, and pH 7. EPS production and fungal dry weight were 
measured as previously described.

2.3.2 � Incubation periods

The endophytic fungus N. clavispora AUMC15969 was 
grown on a production medium, we used lactose as the best 
carbon source instead of glucose in that medium. The fer-
mented culture was sampled at different incubation periods 
(2, 4, 6, 8, 10, 12, and 14 days) for EPS and biomass produc-
tion at 30 °C, pH 7 on a rotary shaker at 120 rpm.

2.3.3 � Carbon sources

The effect of various carbon sources on the EPS production 
by N. clavispora AUMC15969 was examined by substituting 
in production medium with carbon sources namely, glucose, 
fructose, galactose, sucrose, lactose starch, and cellulose at 
the same concentration (50 g/L). The submerged cultures 
were incubated at 30 °C and pH 7 for 7 days. The EPS pro-
duction and fungal dry weight were measured.

2.3.4 � Nitrogen sources

The effect of different organic and inorganic nitrogen 
sources on EPS production by the tested endophytic fungus 
was investigated by substituting peptone in the production 
medium containing lactose as a carbon source with equiva-
lent weights of various nitrogenous compounds. Namely; 

peptone, yeast extract, glycine, NaNO3, NH4Cl, NH4NO3, 
(NH4)2SO4, and Ca(NO3)2 have been utilized and then incu-
bated at 35 °C, pH 7 for 10 days in submerged culture.

2.3.5 � Temperatures

N. clavispora AUMC15969 was grown on a production 
medium with lactose as a carbon source and incubated at dif-
ferent temperatures (20, 30, 35, and 40 °C) under shaking at 
120 rpm, pH 7 for 10 days for EPS and biomass production.

2.3.6 � pH values

The effect of pH values on EPS production performed by 
the cultivation of the tested fungus on production medium 
contains lactose as carbon source and peptone as nitrogen 
source at different pH values (4, 5, 6, 7, 8, and 9) and incu-
bation carried out at 35 °C, 120 rpm shaking for 10 days.

2.4 � EPS characterization

2.4.1 � Determination of total sugar and protein content

The 3 mL of partially purified EPS solution was dialyzed 
against distilled H2O for 3 days to remove any residual mono-
saccharides from the culture medium which may be attached 
with precipitated EPS. The EPS of the dialyzed filtrate was 
then quantified colorimetrically by the anthrone method [26, 
27] and protein content was quantified by Bradford et al. [26].

2.4.2 � Fourier transform infrared spectroscopy

The functional groups of dried exopolysaccharide were ana-
lyzed using the KBr pressed disk technique (Thermo Scien-
tific Nicolet iS10 FT-IR Spectrometer, USA) in the Chemis-
try Department of the Faculty of Science at Assiut University.

Fig. 1   Growth of N. clavispora 
AUMC15969 on PDA medium, 
optical microscope image of 
fungal conidia (a), crude EPS 
(b), dried EPS (c)



	 Biomass Conversion and Biorefinery

1 3

2.4.3 � Antioxidant activity assay by DPPH free radical 
scavenging assay

The antioxidant activity of exopolysaccharide was investi-
gated based on DPPH (1,1-diphenyl-2-picrylhydrazyl) radi-
cal scavenging activity [28, 29]. The 2-diphenyl-1-picryl- 
hydrazyl (DPPH) and ascorbic acid were obtained from 
Sigma-Aldrich Chemicals Co., Germany. DPPH solution 
(10×10−5 M) was prepared by dissolving 0.04 g of DPPH in 
1000 mL ethanol. DPPH (2 mL) (0.1 Mm) was added to an 
aliquot (0.2 mL of each sample) with appropriate dilutions. 
The mixture was shaken vigorously and then incubated in 
a dark place for 30 min at 25°C. The reaction can be repre-
sented by discoloration of the DPPH solution and measured 
spectrophotometrically at 517 nm. DPPH solution (2.0 mL) 
plus ethanol (0.2 mL) was used as a control. The experi-
ments were carried out in triplicate using ascorbic acid as 
a reference standard and DPPH radical scavenging activity 
was calculated by using the formula [30]. At these experi-
mental conditions, the scavenging capacity of the positive 
control (vitamin C, 10 mg/mL) reached 98%.

2.5 � Lipid production and biodiesel characterization

Lipid accumulation was estimated in dried fungal bio-
mass by extraction protocol and determined colorimetri-
cally using DIAMOND Diagnostics kits, Egypt [31]. The 
residual fungal biomass after extraction of exopolysac-
charide was utilized for biodiesel production. Biodiesel 
synthesis from each fungal biomass was performed by 
direct acid esterification technique as reported by [32]. 
The produced biodiesel (fatty acid methyl esters, FAME) 
was extracted by n-hexane. Then, a 2 μL of the FAMEs 
(top layer) were collected and analyzed using GC/MS, 
Agilent Model 6890N/5975B [Column DB 5ms, Agi-
lent form (30, 0.25 mm, and 0.25 mm)] in the Chemis-
try Department, Faculty of Science, Assiut University. 
The percent of FAME (biodiesel) yield was estimated by 
comparing the FAME peak area of the internal standard 
at the particular retention time.

2.6 � Statistical analysis

Statistical analysis was performed using Statistica IBM 
SPSS 26, and analysis of variance was used in the analysis. 
Homogeneous groups were determined using the Tukey 
test, at a significance level of p ≤ 0.05. The results were 
presented as averages from three independent experimen-
tal series.

DPPH radical scavengng activity =
absorbance ofcontrol − absorbance ofsample

absorbance ofcontrol
× 100

3 � Results and discussion

3.1 � The influence of cultivation conditions 
on the EPS biosynthesis

3.1.1 � Cultivation types

In the current study, N. clavispora AUMC15969 was culti-
vated on static and submerged culture for EPS and biomass 
production (Fig. 2). The result shows that submerged culti-
vation was better than static one, which was consistent with 
previous studies [33, 34]. The production of EPS and fungal 
biomass where reached 2.8 and 18 g/L, respectively (Fig. 3a). 
It was known that submerged culture provides a more homo-
geneous distribution of oxygen and food for fungal growth 
than static. When oxygen is available in the medium, EPS 
production by fungi normally reached its optimum level in 
shaking conditions [33]. In the study of the production of 
EPS by Aspergillus parasiticus in agitated and static fermen-
tation, the concentration of EPS increased in agitated than 
static fermentation from 0.18 to 0.41 g/L, respectively [34].

3.1.2 � Incubation periods

The optimum period for the highest concentration of bio-
mass was 19.06 g/L was 8 days, while the maximum con-
centration of EPS was 4.42 g/L produced after 10 days 
(Fig. 3b). The optimum incubation period for the maxi-
mum growth of A. wentii Ras101 was 7 days [35]. The 
reported data that the highest EPS concentration produced 
by Alternaria alternate was 11.96 mg/mL produced after 
9 days [36]. While 4 days incubation period is the best 
for EPS production with Hirsutella sp. [37]. Also, 4 days 
was the favorite incubation period for producing the larg-
est amount of EPS which was 17.6 mg/L by endophytic 
Diaporthe sp. JF766998 [24]. In another study that the 
maximum amount of EPS was 10.13 g/L produced after 
4 days while the maximum amount of biomass was 5.343 
g/L produced after 5 days by endophtic fungal isolate 
Colletotrichum alatae LCS1 [15].

3.2 � The influence of nutrient conditions on the EPS 
biosynthesis

3.2.1 � Carbon sources

It was reported that different carbon sources had different influ-
ences on catabolic repression on secondary metabolism [38]. 
Sucrose is the suitable carbon source for EPS and biomass 
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production by Stemphylium sp. strain and glucose is the most 
suitable carbon source for C. alatae LCS1 [15, 39]. The effect 
of different carbon sources (such as sucrose, glucose, fruc-
tose, galactose, starch, cellulose, and lactose) on the production 
of fungal biomass and EPS was studied in this experiment 
(Fig. 4a). N. clavispora AUMC15969 was able to grow on 
all carbon sources. The largest amount of biomass was 30.73 
g/L in the case of fructose and lactose provided the maximum 
EPS of 3.9 g/L which indicated that these sugars may be more 
suitable to metabolize by the tested fungus.

3.2.2 � Nitrogen sources

N. clavispora AUMC15969 used all tested nitrogen 
sources which were peptone, yeast extract, glycine, 
NaNO3, NH4Cl, NH4NO3, (NH4)2SO4, and Ca(NO3)2 as 
shown in Fig. 4 b. Peptone was the most favorable nitrogen 
source for maximum biomass 28.8 g/L and EPS 5.46 g/L, 
which is consistent with the results of previous studies. 

The maximum amount of EPS was 13.97 g/L which was 
produced by the endophytic strain Berkleasmium sp. Dzf12 
when used peptone as N-source [14]. Yeast extract was the 
best nitrogen source for Stemphylium sp. which provides 
the maximum EPS and biomass amount of 1.4 and 9 g/L, 
respectively when cultivated for 7 days at 30°C [39]. The 
yeast extract supports the maximum amount of EPS and 
biomass produced by C. alatae LCS1 which were 15.01 
and 8.43 g/L, respectively [15].

3.3 � The influence of physical parameters on the EPS 
biosynthesis

3.3.1 � Temperatures

The effect of culture temperature on exopolysaccharide pro-
duction by N. clavispora AUMC15969 was studied at variable 
temperatures (10-50 °C). The obtained results revealed that 
EPS synthesis enhanced dramatically with increasing culture 

Fig. 2   A diagrammatic design 
summarizing the study protocol 
of EPS and lipid production by 
N. clavispora AUMC15969

Fig. 3   The effect of different 
cultivation types (a) and incuba-
tion periods (b) on biomass and 
EPS produced by N. clavispora 
AUMC15969. Error bars indi-
cate mean±standard deviation
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temperature over the range of 10-35 °C. However, above 35 
°C, there was a significant decrease in EPS amount where it 
was 1.21 g/L at 40 °C, and the maximum EPS amount was 
5.11 g/L at 35 °C. The cultivation at 30 °C was the best for 
a maximum biomass amount of 21.46 g/L (Fig. 5a). It was 
reported that a range between 30 °C and 33 °C was found to 
be suitable for EPS production by G. lucidum [40]. In another 
study, the most of fungal strains produced maximum EPS 
within a temperature range of 22 °C to 30 °C [41]. The culti-
vation of C. alatae LCS1 at 26 °C provided the highest amount 
of EPS and biomass 12.13 and 7.863 g/L, respectively [15].

3.3.2 � pH values

The hydrogen ion concentration (pH) in the medium plays 
an important role in microbial cell activities, where the 
external pH of the medium may affect the plasma mem-
brane permeability [42]. They mention that in general, 
fungal strains are more tolerant to acidic than alkaline pH 
whereas, pH values 5–6 were found to be the suitable pH 
for most fungal growth. Other studies found that the effect 
of pH value on the growth kinetics of microorganisms was 
an important environmental factor affecting cell growth 
and product formation [43, 44]. The effect of different pH 
values (4, 5, 6, 7, 8, and 9) on the production of biomass 
and EPS by N. clavispora AUMC15969 was studied which 

showed in Fig. 5 b. The highest concentration of biomass 
and EPS were 26.4 g/L and 7.86 g/L at pH 7 and they 
decreased below and above this value.

The pH 5.5 is the optimal pH for EPS production by 
several fungi, including Diaporthe sp. JF766998, Hirsu-
tella sp. and P. pulmonarius. For example, the endophytic 
fungal isolate Diaporthe sp. JF766998 had a biomass con-
centration of 17.6 g/L at pH 5.5 [24, 37, 45]. However, 
for some other fungi, pH 6.0 is optimal. The maximum 
mycelial growth was 9 g/L and EPS was 1.4 g/L produced 
by Stemphylium sp. at pH 6.0 when cultivated for 7 days 
at 30 °C [39]. The maximum amount of EPS and biomass 
produced by endophytic isolate C. alatae LCS1 at pH 6 
were 7.896 and 13.03 g/L, respectively [15].

3.4 � EPS characterization

3.4.1 � Determination of total sugar and protein content

The biochemical characterization of the EPS produced in the 
production medium by N. clavispora AUMC15969 was evalu-
ated using the determination of total sugars and protein contents 
as well as FTIR. The obtained results of the total sugar contents 
showed that 0.93 g/g of the produced EPS comprises sugars. 
Protein content was recorded as 0.076 g/g of the extracted EPS, 
which supposed as impurities so the obtained biopolymer was 

Fig. 4   The effect of different 
carbon sources (a) and nitrogen 
sources (b) on biomass and 
EPS produced by N. clavispora 
AUMC15969. The presented 
same letters and numbers indi-
cate no significant differences at 
(p < 0.05)

Fig. 5   The effect of differ-
ent temperatures (a) and pH 
values (b) on biomass and EPS 
produced by N. clavispora 
AUMC15969. The presented 
same letters and numbers indi-
cate no significant differences at 
(p < 0.05)
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fitted to be designated as expolysaccharide. Interestingly, reduc-
ing sugar contents, total sugars, and protein concentration of 
Neopestalotiopsis sp. strain SKE15 bioactive exopolysaccharide 
was 39.1%, 95.3%, and 1.6% w/w, respectively which illustrates 
the presence of biopolymer side chains, and indeed the product is 
categorized as exopolysaccharide whenever compared to protein 
content [46]. The results obtained in this study and comparison 
with previously reported studies on the conditions and produc-
tions of EPS by different endophytes are shown in Table 1.

3.4.2 � Fourier transform infrared spectroscopy

Various peak bands of the EPS infrared spectrum, func-
tional groups, and their absorbance are shown in Fig. 6 and 

Table S1. The observed fungal groups in test exopolysac-
charides by (FTIR) spectroscopy demonstrate a prominent 
peak at 3369.66 cm−1 corresponding to O-H groups present 
in carboxylic acid, which is joined by bands at 2927.27 cm-1 
referring to H stretching in the carboxylic group [47]. The 
1648.18 cm−1 might be attributed to the stretching vibration 
of the polysaccharide's carbonyl group (C=O) [52]. A small 
peak at 1546.88 cm−1 corresponding to an amino group was 
also observed in the spectrum of EPS [53]. Another peak of 
1453.13cm−1 was due to the methyl group (CH3) [54]. The 
band 1370.45 cm−1 identifies the vibration stretching of alkyl 
hydrogen (CH2 -CH3) in the aliphatic alkyl group (R-CH2 
- CH3) [47]. They stated that the peak at 1080.58 cm−1 is 
assigned to the stretching vibration of (C-O, alcohol, ester, 

Table 1   Summary of the results obtained in this study and comparison with previously reported work on conditions and productions of EPS by 
different endophytes

ND not detected

Fungus Cultivation types Cultiva-
tion times 
(days)

Carbon source Nitrogen source Tem-
perature 
(°C)

pH EPS 
production 
(g/L)

Reference

P. polymyxa EJS-3 ND 2.5 Sucrose Yeast extract 24 8.0 22.82 [3]
    A. wentii Ras101 Static culture 7 Glucose ND 28 6.0 ND [35]
Hirsutella sp. ND 4 Glucose Peptone ND 5.5 2.17 [37]
Diaporthe sp. JF766998 Submerged culture 4 Glucose ND 28 ND 0.154 [24]
N. sp. SKE15 Submerged culture 9 ND ND 28 5.2 2.02 [46]
B. subtilis SH1 ND 4 Glucose Peptone 37 9.0 24 [47]
H. coralloides Submerged culture 7 Maltose Soy peptone and yeast 

extract
22 6.5 0.13 [48]

P. brevicompactum
NRC 829

Static culture 6 Glucose Bacto-peptone 28 6.0 ND [49]

C. militaris NG3 Submerged culture 4 Sucrose Corn steep powder 30 8.0 3.4 [50]
G. lucidum CAU5501 Submerged culture 7 Glucose Peptone 30 ND 1.723 [51]
N. clavispora 

AUMC15969
Submerged culture 10 Lactose Peptone 35 7.0 7.86 This study

Fig. 6   Infrared spectrum of the 
EPS produced by N. clavispora 
AUMC15969
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ether, and phenol) groups. The FTIR spectra of EPS showed 
the presence of carboxyl and hydroxyl groups, which usually 
act as binding sites for divalent cations [55]. The presence of 
acidic sugars in EPS may have a critical function in the poly-
mer's heavy metal-binding capacities [56]. The presence of 
sugar molecules in fungal EPS implies that they can be used 
extensively in fungal biosorption assays and heavy metal 
sequestration from mangrove estuary waters [57].

3.4.3 � Antioxidant activity of EPS

The exopolysaccharide showed the highest antioxidant activ-
ity, especially at concentrations (10 and 5 mg/mL) with a 
high percentage of inhibition equal to 83.1 and 77.3% in 
comparison with ascorbic acid. The antioxidant activity of 
EPS is influenced by the concentration of EPS in the solu-
tion, and the standard antioxidant compound (vitamin C) 
has a similar correlation (Fig. 7). IC50 of the sample was 
3.89 mg/mL known as the concentration of the sample 
which scavenge 50% of DPPH free radical. This result was 
consistent with the EPS produced by Endophytic Fusarium 
culmorum Strains which has high antioxidant activity, most 
likely associated with the highest content of phenolic com-
pounds in this EPS [58]. Furthermore, a high percentage 
of DPPH scavenging reached to 80% which referred to the 
high antioxidant capacity of EPS produced by the mushroom 
Hericium coralloides [48].

3.5 � Lipid synthesis and biodiesel composition

3.5.1 � Lipid production

Lipids produced by microbial biosynthesis have the potential 
to replace plant-based oil in the creation of biodiesel [59]. 
Endophytic fungi have recently been extensively explored 
for their vast range of benefit applications involving the 

biosynthesis of bioactive metabolites such as nutraceuticals 
and medicines, agricultural application to increase crop per-
formance, and oil accumulation for biofuels [60]. At the end 
of the fermentation process, the lipid which accumulated in 
the fungal mycelium was extracted and recorded as 31.76% 
w/w. That lipid is considered an additional value to EPS 
which is produced by the selected fungal strain that has been 
used as a source of biodiesel in the current study.

The amount of lipid collected by the tested strain N. clav-
ispora AUMC15969 (P. clavispora) could be related to its 
isolation process from the endophytic niche of avocado fruit, 
which is characterized by having a very high lipid content, 
which is only exceeded by the fruits of palm and olive trees 
[61]. As a result, this ecological niche may lead to a probable 
horizontal gene transfer between the Avocado plant and the 
fungus, or the endophytic fungus may have gained experi-
ence in boosting lipid accumulation in order to complete and 
survive in these settings. Fungi that survive in oily habitats 
and on oil-producing host plants have a greater capacity 
to synthesize fungal lipids that account for 35% of the dry 
weight of the biomass [62]. They reported that the yield of 
lipids supplied by endophytic N. Surinamensis was 13.6% 
w/w when grown on potato dextrose broth medium at 27 °C 
for 3 weeks under static conditions.

3.5.2 � Biodiesel composition

Microbial oils are now believed as a promising potential 
feedstock for biodiesel production due to their similar com-
position of fatty acids to that of vegetable oils [32]. In this 
study, the composition of fatty acid methyl ester (biodiesel) 
after the transesterification process of dry fungal biomass 
waste was studied by GC/MS analysis. Data obtained from 
the GC/MS analysis revealed that octadecanoic acid, hexade-
canoic acid, 9,12-octadecadienoic acid, cis-13-octadecenoic 
acid, and methyl 2-hydroxy-tetracosanoate were the most 

Fig. 7   Antioxidant activity (DPPH assay) of different EPS concen-
trations and Vit C as standard at (10 mg/mL). Error bars indicate 
mean±standard deviation

Fig. 8   The fatty acid methyl esters (FAMEs) obtained from the trans-
esterification process of N. clavispora AUMC15969
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common fatty acid methyl esters recording 31.48, 28.49, 
12.82, 9.27, and 5.75% of total esters, respectively (Fig. 8). 
On the other hand, the other fatty acids were detected in the 
GC/MS profile in variable amounts; namely, butanedioic 
acid, 11-octadecenoic acid, 13-docosenoic acid, 9-hexadece-
noic acid, dodecanoic acid, heptadecanoic acid, 2-hydroxy-
hexadecanoic acid, methyl 18-methylnonadecanoate, methyl 
tetradecanoate, pentadecanoic acid, tetracosanoic acid, tri-
cosanoic acid and nonanoic acid (Fig. 8).

4 � Conclusion

The tested endophytic N. clavispora AUMC15969 produced 
a high quantity of EPS 7.86 g/L at optimal conditions which 
include pH 7 at 35°C and lactose as the carbon source, pep-
tone as nitrogen source, for 10 days. The produced EPS has 
0.93 g/g sugar content and 0.076 g/g protein content. EPS 
showed strong antioxidant activity at a concentration of 10 
mg/mL with an IC50 of 3.89 mg/mL. Also, N. clavispora 
AUMC15969 produced a high yield of lipid 31.76% w/w, the 
lipid used to produce biodiesel which has 87.4% total fatty 
acid methyl esters. The production of EPS and biodiesel was 
carried out in one pot fermentation process which helped to 
save time, and money and reduce the risk of environmental 
contamination by fungal hypha wastes.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s13399-​023-​04519-9.

Author contributions  Mostafa M. Koutb: methodology, investiga-
tion, visualization, formal analysis, writing-original draft preparation, 
writing-review and editing. Elhagag A. Hassan: methodology, investi-
gation, formal analysis, writing-original draft preparation. Nemmat A. 
Hussein: methodology, investigation, formal analysis, writing-original 
draft preparation. Fahd M. Abdelkarem: methodology, formal analy-
sis, writing-original draft preparation. Hussein H. Abulreesh: writing-
original draft preparation. Khaled Elbanna: writing-review and edit-
ing. Maysa M. Ali:methodology, formal analysis, writing-original draft 
preparation. Yulu Yang: writing-review and editing, modification. El-
Sayed Salama: supervision, writing-review, and editing.

Data availability  The original contributions presented in the study are 
included in the article, further inquiries can be directed to the cor-
responding author.

Declarations 

Ethics approval  This article does not contain any studies with human 
participants or animals performed by any authors.

Institutional review board statement  Not applicable.

Informed consent statement  Not applicable.

Competing interests  The authors declare no competing interests.

References

	 1.	 Wingender J, Neu TR, Flemming H-C (1999) What are bacte-
rial extracellular polymeric substances? Microb Extracell Polym 
Subst:1–19. https://​doi.​org/​10.​1007/​978-3-​642-​60147-7_1

	 2.	 Kim TU et al (2012) Diversity and physiological properties of root 
endophytic actinobacteria in native herbaceous plants of Korea. J 
Microbiol 50:50–57. https://​doi.​org/​10.​1007/​s12275-​012-​1417-x

	 3.	 Liu J et al (2009) Production, characterization and antioxidant 
activities in vitro of exopolysaccharides from endophytic bacte-
rium Paenibacillus polymyxa EJS-3. Carbohydr Polym 78:275–
281. https://​doi.​org/​10.​1016/j.​carbp​ol.​2009.​03.​046

	 4.	 Liu J et al (2010) Medium optimization and structural characteri-
zation of exopolysaccharides from endophytic bacterium Paeni-
bacillus polymyxa EJS-3. Carbohydr Polym 79:206–213. https://​
doi.​org/​10.​1016/j.​carbp​ol.​2009.​07.​055

	 5.	 Zhou R et al (2023) Production and characterization of exopoly-
saccharides from salinity-induced Auxenochlorella protothecoides 
and the analysis of anti-inflammatory activity. Int J Biol Macro-
mol 240:124217. https://​doi.​org/​10.​1016/j.​ijbio​mac.​2023.​124217

	 6.	 Zhou Y, Cui Y, Qu X (2019) Exopolysaccharides of lactic acid 
bacteria: Structure, bioactivity and associations: a review. Carbo-
hydr Polym 207:317–332. https://​doi.​org/​10.​1016/j.​carbp​ol.​2018.​
11.​093

	 7.	 Pavlova K et al (2004) Production and characterization of an 
exopolysaccharide by yeast. World J Microbiol Biotechnol 
20:435–439. https://​doi.​org/​10.​1023/B:​WIBI.​00000​33068.​45655.​
2a

	 8.	 Vorotynskaya SL, Vitovskaya GA, Ananjeva EP (1992) Studies 
on the properties of polysaccharides produced by the yeasts Cryp-
tococcus luteolus (SAITO) skinner. Mikologiya i Fitopatologiya 
26:367–371. https://​doi.​org/​10.​1042/​BJ041​0603

	 9.	 Backman PA, Sikora RA (2008) Endophytes: An emerging tool for 
biological control. Biol Control 46:1–3. https://​doi.​org/​10.​1016/j.​
bioco​ntrol.​2008.​03.​009

	10.	 Yu H et al (2010) Recent developments and future prospects of 
antimicrobial metabolites produced by endophytes. Microbiol Res 
165:437–449. https://​doi.​org/​10.​1016/j.​micres.​2009.​11.​009

	11.	 Gokul Raj K et al (2015) Anti-proliferative effect of fungal taxol 
extracted from Cladosporium oxysporum against human patho-
genic bacteria and human colon cancer cell line HCT 15. Spec-
trochim Acta A Mol Biomol Spectrosc 138:667–674. https://​doi.​
org/​10.​1016/j.​saa.​2014.​11.​036

	12.	 Liu J et al (2017) Recent advances in endophytic exopolysaccha-
rides: production, structural characterization, physiological role 
and biological activity. Carbohydr Polym 157:1113–1124. https://​
doi.​org/​10.​1016/j.​carbp​ol.​2016.​10.​084

	13.	 Li PQ et al (2011) In vitro antioxidant activities of polysaccha-
rides from endophytic fungus Fusarium oxysporum Dzf17. Afr 
J Microbiol Res 5:5990–5993. https://​doi.​org/​10.​5897/​AJMR11.​
1342

	14.	 Li PQ et al (2012) Medium optimization for exopolysaccharide 
production in liquid culture of endophytic fungus Berkleasmium 
sp Dzf12. Int J Mol Sci 13:11411–11426. https://​doi.​org/​10.​3390/​
ijms1​30911​411

	15.	 Santra HK, Banerjee D (2022) Production, optimization, charac-
terization and drought stress resistance by β-glucan-rich heter-
opolysaccharide from an endophytic fungi Colletotrichum alatae 
LCS1 isolated from clubmoss (Lycopodium clavatum). Front 
Fungal Biol 2. https://​doi.​org/​10.​3389/​ffunb.​2021.​796010

	16.	 Liu J et al (2010) In vitro and in vivo antioxidant activity of 
exopolysaccharides from endophytic bacterium Paenibacillus 
polymyxa EJS-3. Carbohydr Polym 82:1278–1283. https://​doi.​
org/​10.​1016/j.​carbp​ol.​2010.​07.​008

https://doi.org/10.1007/s13399-023-04519-9
https://doi.org/10.1007/978-3-642-60147-7_1
https://doi.org/10.1007/s12275-012-1417-x
https://doi.org/10.1016/j.carbpol.2009.03.046
https://doi.org/10.1016/j.carbpol.2009.07.055
https://doi.org/10.1016/j.carbpol.2009.07.055
https://doi.org/10.1016/j.ijbiomac.2023.124217
https://doi.org/10.1016/j.carbpol.2018.11.093
https://doi.org/10.1016/j.carbpol.2018.11.093
https://doi.org/10.1023/B:WIBI.0000033068.45655.2a
https://doi.org/10.1023/B:WIBI.0000033068.45655.2a
https://doi.org/10.1042/BJ0410603
https://doi.org/10.1016/j.biocontrol.2008.03.009
https://doi.org/10.1016/j.biocontrol.2008.03.009
https://doi.org/10.1016/j.micres.2009.11.009
https://doi.org/10.1016/j.saa.2014.11.036
https://doi.org/10.1016/j.saa.2014.11.036
https://doi.org/10.1016/j.carbpol.2016.10.084
https://doi.org/10.1016/j.carbpol.2016.10.084
https://doi.org/10.5897/AJMR11.1342
https://doi.org/10.5897/AJMR11.1342
https://doi.org/10.3390/ijms130911411
https://doi.org/10.3390/ijms130911411
https://doi.org/10.3389/ffunb.2021.796010
https://doi.org/10.1016/j.carbpol.2010.07.008
https://doi.org/10.1016/j.carbpol.2010.07.008


	 Biomass Conversion and Biorefinery

1 3

	17.	 Sutherland IW (1990) Biotechnology of Microbial Exopolysac-
charides. In: Cambridge Studies in Biotechnology. Cambridge: 
Cambridge University Press. https://​doi.​org/​10.​1017/​CBO97​
80511​525384

	18.	 Nagle N, Lemke P (1990) Production of methyl ester fuel from 
microalgae. App Biochem.y Biotech 24-5:355–361. https://​doi.​
org/​10.​1007/​BF029​20259

	19.	 Feofilova EP et al (1999) A new field of biotechnology: poly-
aminosaccharide-based wound-healing preparations. Microb 
68:735–738

	20.	 Ma FR, Hanna MA (1999) Biodiesel production: a review. Biore-
sour Technol 70:1–15. https://​doi.​org/​10.​1016/​S0960-​8524(99)​
00025-5

	21.	 Shay EG (1993) Diesel fuel from vegetable oils: status and oppor-
tunities. Biom Bioen. 4:227–242. https://​doi.​org/​10.​1016/​0961-​
9534(93)​90080-N

	22.	 Zhu R et al (2022) First report of Neopestalotiopsis clavispora 
Causing leaf spots on Garcinia mangostana in China. Plant Dis. 
https://​doi.​org/​10.​1094/​pdis-​05-​22-​1120-​pdn

	23.	 Hassan SHA et al (2018) Potentiality of Neopestalotiopsis clav-
ispora ASU1 in biosorption of cadmium and zinc. Chemosphere 
202:750–756. https://​doi.​org/​10.​1016/j.​chemo​sphere.​2018.​03.​114

	24.	 Orlandelli RC et  al (2016) Screening of endophytic sources 
of exopolysaccharides: Preliminary characterization of crude 
exopolysaccharide produced by submerged culture of Diaporthe 
sp. JF766998 under different cultivation time. Biochimie open 
2:33–40. https://​doi.​org/​10.​1016/j.​biopen.​2016.​02.​003

	25.	 Mahapatra S, Banerjee D (2016) Production and structural elu-
cidation of exopolysaccharide from endophytic Pestalotiopsis sp. 
BC55. Int J Biol Macromol 82:182–191. https://​doi.​org/​10.​1016/j.​
ijbio​mac.​2015.​11.​035

	26.	 Bradford MM (1976) A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the principle 
of protein-dye binding. Anal Biochem 72:248–254. https://​doi.​
org/​10.​1016/​0003-​2697(76)​90527-3

	27.	 Helbert JR, Brown KD (1957) Color Reaction of anthrone with 
monosaccharide mixtures and oligo- and polysaccharides contain-
ing hexuronic acids. Anal Chem 29:1464–1466. https://​doi.​org/​
10.​1021/​ac601​30a020

	28.	 Gupta RC et al (2008) In vitro antioxidant activity from leaves of 
Oroxylum indicum (L.) Vent. -a North Indian Highly threatened 
and vulnerable medicinal plant. J Pharm Res 1:65–72

	29.	 Choi IS et al (2021) Production, Characterization, and antioxi-
dant activities of an exopolysaccharide extracted from spent media 
wastewater after leuconostoc mesenteroides WiKim32 fermenta-
tion. ACS Omega 6:8171–8178. https://​doi.​org/​10.​1021/​acsom​
ega.​0c060​95

	30.	 Aullybux AA et  al (2022) Antioxidant aND CYTOTOXIC 
ACTIVITIES OF EXOPOLYSACCHARIDES FROM Alcali-
genes faecalis Species isolated from the marine environment of 
Mauritius. J Poly Env. 30:1462–1477. https://​doi.​org/​10.​1007/​
s10924-​021-​02290-4

	31.	 Folch J, Lees M, Stanley GHS (1957) A simple method for 
the isolation and purification of total lipids from animal tis-
sues. J Bio Chem 226:497–509. https://​doi.​org/​10.​1016/​S0021-​
9258(18)​64849-5

	32.	 Bagy MMK et al (2014) Two stage biodiesel and hydrogen pro-
duction from molasses by oleaginous fungi and Clostridium 
acetobutylicum ATCC 824. J.hydr Eneg 39:3185–3197. https://​
doi.​org/​10.​1016/j.​ijhyd​ene.​2013.​12.​106

	33.	 Sandford PA (1979) Exocellular, microbial polysaccharides. 
Adv Carbohyd Chem Biochem 36:265–313. https://​doi.​org/​10.​
1016/​S0065-​2318(08)​60238-3

	34.	 Ruperez P, Leal JA (1981) Extracellular galactosaminogalactan 
from Aspergillus parasiticus. Trans Br Mycol Soc 77:621–625. 
https://​doi.​org/​10.​1016/​S0007-​1536(81)​80111-8

	35.	 Shoaib A et al (2018) Optimization of cultural conditions for 
lipid accumulation by Aspergillus wentii Ras101 and its transes-
terification to biodiesel: application of response surface method-
ology. 3 Biotech 8. https://​doi.​org/​10.​1007/​s13205-​018-​1434-5

	36.	 Ahmed N, El-Shamy AR (2010) Physiological studies on the pro-
duction of exopolysaccharide by Fungi. Agric Biol J North Am 
1:1303–1308. https://​doi.​org/​10.​5251/​abjna.​2010.1.​6.​1303.​1308

	37.	 Li R, Jiang XL, Guan HS (2010) Optimization of mycelium 
biomass and exopolysaccharides production by Hirsutella sp in 
submerged fermentation and evaluation of exopolysaccharides 
antibacterial activity. Afric. J. of Biotech 9:196–203

	38.	 Tang Y-J et al (2008) Quantitative response of cell growth and 
Tuber polysaccharides biosynthesis by medicinal mushroom 
Chinese truffle Tuber sinense to metal ion in culture medium. 
Bioresour Technol 99:7606–7615. https://​doi.​org/​10.​1016/j.​biort​
ech.​2008.​02.​006

	39.	 Banerjee D, Jana M, Mahapatra S (2009) Production of exopolysac-
charideby endophytic Stemphylium sp. Micol Apl Inter 21:57–62

	40.	 Yang FC, Liau CB (1998) The influence of environmental con-
ditions on polysaccharide formation by Ganoderma lucidum in 
submerged cultures. Process Biochem 33:547–553. https://​doi.​org/​
10.​1016/​S0032-​9592(98)​00023-5

	41.	 Mahapatra S, Banerjee D (2013) Fungal exopolysaccharide: pro-
duction, composition and applications. Microbiol Insights 6:MBI.
S10957. https://​doi.​org/​10.​4137/​MBI.​S10957

	42.	 Lilly VG, Barnett HL (1951) Physiology of the fungi. McGraw 
Hill Book Company Inc., New York, p 464

	43.	 Amanullah A et al (2001) Scale-down model to simulate spa-
tial pH variations in large-scale bioreactors. Biotechnol Bioeng 
73:390–399. https://​doi.​org/​10.​1002/​bit.​1072

	44.	 Minhas AK et al (2016) A review on the assessment of stress 
conditions for simultaneous production of microalgal lipids and 
carotenoids. Front Microbiol 7. https://​doi.​org/​10.​3389/​fmicb.​
2016.​00546

	45.	 el-fallal, A. (2004) Exopolysaccharides production by Pleurotus 
pulmonarius: factors affecting formation and their structures. Pak J 
Biol Sci 7:1078–1084. https://​doi.​org/​10.​3923/​pjbs.​2004.​1078.​1084

	46.	 Fooladi T et al (2019) Bioactive exopolysaccharide from Neope-
stalotiopsis sp. strain SKE15: production, characterization and 
optimization. Intern J Biolog Macromol 129:127–139. https://​doi.​
org/​10.​1016/j.​ijbio​mac.​2019.​01.​203

	47.	 Hassan SWM, Ibrahim HAH (2017) Production, Characteriza-
tion and valuable applications of exopolysaccharides from marine 
SH1. Polish J Microbiol 66:449–462. https://​doi.​org/​10.​5604/​01.​
3001.​0010.​7001

	48.	 Tabibzadeh F et al (2022) Antioxidant activity and cytotoxicity of 
exopolysaccharide from mushroom Hericium coralloides in sub-
merged fermentation. Biomass Convers Biorefin 1-11. https://​doi.​
org/​10.​1007/​s13399-​022-​03386-0

	49.	 Ali TH et al (2017) Improvement of lipid production from an 
oil-producing filamentous fungus, Penicillium brevicompactum 
NRC 829, through central composite statistical design. Ann Mico 
67:601–613. https://​doi.​org/​10.​1007/​s13213-​017-​1287-x

	50.	 Kim SW et al (2003) Production and Characterization of Exopoly-
saccharides from an Enthomopathogenic Fungus Cordycepsmili-
taris NG3. Biotechnol Prog 19:428–435. https://​doi.​org/​10.​1021/​
bp025​644k

	51.	 Yuan B, Chi X, Zhang R (2012) Optimization of exopolysac-
charides production from a novel strain of Ganoderma lucidum 
CAU5501 in submerged culture. Braz J Microbiol 43:490–497. 
https://​doi.​org/​10.​1590/​s1517-​83822​01200​02000​09

	52.	 Xie J-H et al (2010) Isolation, chemical composition and antioxi-
dant activities of a water-soluble polysaccharide from Cyclocarya 
paliurus (Batal.) Iljinskaja. Food Chem 119:1626–1632. https://​
doi.​org/​10.​1016/j.​foodc​hem.​2009.​09.​055

https://doi.org/10.1017/CBO9780511525384
https://doi.org/10.1017/CBO9780511525384
https://doi.org/10.1007/BF02920259
https://doi.org/10.1007/BF02920259
https://doi.org/10.1016/S0960-8524(99)00025-5
https://doi.org/10.1016/S0960-8524(99)00025-5
https://doi.org/10.1016/0961-9534(93)90080-N
https://doi.org/10.1016/0961-9534(93)90080-N
https://doi.org/10.1094/pdis-05-22-1120-pdn
https://doi.org/10.1016/j.chemosphere.2018.03.114
https://doi.org/10.1016/j.biopen.2016.02.003
https://doi.org/10.1016/j.ijbiomac.2015.11.035
https://doi.org/10.1016/j.ijbiomac.2015.11.035
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1021/ac60130a020
https://doi.org/10.1021/ac60130a020
https://doi.org/10.1021/acsomega.0c06095
https://doi.org/10.1021/acsomega.0c06095
https://doi.org/10.1007/s10924-021-02290-4
https://doi.org/10.1007/s10924-021-02290-4
https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.1016/j.ijhydene.2013.12.106
https://doi.org/10.1016/j.ijhydene.2013.12.106
https://doi.org/10.1016/S0065-2318(08)60238-3
https://doi.org/10.1016/S0065-2318(08)60238-3
https://doi.org/10.1016/S0007-1536(81)80111-8
https://doi.org/10.1007/s13205-018-1434-5
https://doi.org/10.5251/abjna.2010.1.6.1303.1308
https://doi.org/10.1016/j.biortech.2008.02.006
https://doi.org/10.1016/j.biortech.2008.02.006
https://doi.org/10.1016/S0032-9592(98)00023-5
https://doi.org/10.1016/S0032-9592(98)00023-5
https://doi.org/10.4137/MBI.S10957
https://doi.org/10.1002/bit.1072
https://doi.org/10.3389/fmicb.2016.00546
https://doi.org/10.3389/fmicb.2016.00546
https://doi.org/10.3923/pjbs.2004.1078.1084
https://doi.org/10.1016/j.ijbiomac.2019.01.203
https://doi.org/10.1016/j.ijbiomac.2019.01.203
https://doi.org/10.5604/01.3001.0010.7001
https://doi.org/10.5604/01.3001.0010.7001
https://doi.org/10.1007/s13399-022-03386-0
https://doi.org/10.1007/s13399-022-03386-0
https://doi.org/10.1007/s13213-017-1287-x
https://doi.org/10.1021/bp025644k
https://doi.org/10.1021/bp025644k
https://doi.org/10.1590/s1517-83822012000200009
https://doi.org/10.1016/j.foodchem.2009.09.055
https://doi.org/10.1016/j.foodchem.2009.09.055


Biomass Conversion and Biorefinery	

1 3

	53.	 Ismail B, Nampoothiri KM (2010) Production, purification and 
structural characterization of an exopolysaccharide produced by 
a probiotic Lactobacillus plantarum MTCC 9510. Arch Microbiol 
192:1049–1057. https://​doi.​org/​10.​1007/​s00203-​010-​0636-y

	54.	 Amer HMJTEJOEB (2013) Purification and characterization of 
exopolysaccharides (EPS) extracted from Saccharomyces cerevi-
siae. Egypt J Exp Biol.Bot 9:249–258

	55.	 Castellane TCL, Otoboni A, Lemos EGD (2015) Characterization 
of exopolysaccharides produced by rhizobia species. Rev Bras 
Cienc Solo 39:1566–1575. https://​doi.​org/​10.​1590/​01000​683rb​
cs201​50084

	56.	 Kaplan D, Christiaen D, Arad S (1987) Chelating Properties of 
extracellular polysaccharides from Chlorella spp. Appl Environ 
Microbiol 53:2953–2956. https://​doi.​org/​10.​1128/​aem.​53.​12.​
2953-​2956.​1987

	57.	 Moon S-H et al (2006) Biosorption isotherms of Pb (II) and Zn 
(II) on Pestan, an extracellular polysaccharide, of Pestalotiopsis 
sp. KCTC 8637P. Process Biochem 41:312–316. https://​doi.​org/​
10.​1016/j.​procb​io.​2005.​07.​013

	58.	 Jaroszuk-Ściseł J et al (2020) Differences in production, composi-
tion, and antioxidant activities of exopolymeric substances (EPS) 
Obtained from cultures of endophytic Fusarium culmorum strains 
with different effects on cereals. Mol 25:616. https://​doi.​org/​10.​
3390/​molec​ules2​50306​16

	59.	 Liu W et al (2021) Effective and economic microbial lipid bio-
synthesis for biodiesel production by two-phase whole-cell bio-
catalytic process. J Cleaner Prod 298:126798. https://​doi.​org/​10.​
1016/j.​jclep​ro.​2021.​126798

	60.	 Zhang HW, Song YC, Tan R-XJNpr (2006) Biology and chemistry 
of endophytes. Nat Prod Rep 23(5):753–771. https://​doi.​org/​10.​
1039/​B6094​72B

	61.	 Knothe G (2013) Avocado and olive oil methyl esters. Biomass Bio-
energy 58:143–148. https://​doi.​org/​10.​1016/j.​biomb​ioe.​2013.​09.​003

	62.	 Elfita E et al (2020) Triacylglycerols produced by biomass of 
endophytic fungus Neopestalotiopsis surinamensis from the 
Scurrula atropurpurea. Indones J Fundam Appl Chem 5:95–100. 
https://​doi.​org/​10.​24845/​ijfac.​v5.​i3.​95

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1007/s00203-010-0636-y
https://doi.org/10.1590/01000683rbcs20150084
https://doi.org/10.1590/01000683rbcs20150084
https://doi.org/10.1128/aem.53.12.2953-2956.1987
https://doi.org/10.1128/aem.53.12.2953-2956.1987
https://doi.org/10.1016/j.procbio.2005.07.013
https://doi.org/10.1016/j.procbio.2005.07.013
https://doi.org/10.3390/molecules25030616
https://doi.org/10.3390/molecules25030616
https://doi.org/10.1016/j.jclepro.2021.126798
https://doi.org/10.1016/j.jclepro.2021.126798
https://doi.org/10.1039/B609472B
https://doi.org/10.1039/B609472B
https://doi.org/10.1016/j.biombioe.2013.09.003
https://doi.org/10.24845/ijfac.v5.i3.95

	Endophytic fungus Neopestalotiopsis clavispora AUMC15969: biosynthesis and characterization of exopolysaccharides and biodiesel production
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Microorganism and EPS biosynthesis
	2.2 Isolation and EPS determination
	2.3 Physiological factors affecting EPS biosynthesis
	2.3.1 Cultivation method
	2.3.2 Incubation periods
	2.3.3 Carbon sources
	2.3.4 Nitrogen sources
	2.3.5 Temperatures
	2.3.6 pH values

	2.4 EPS characterization
	2.4.1 Determination of total sugar and protein content
	2.4.2 Fourier transform infrared spectroscopy
	2.4.3 Antioxidant activity assay by DPPH free radical scavenging assay

	2.5 Lipid production and biodiesel characterization
	2.6 Statistical analysis

	3 Results and discussion
	3.1 The influence of cultivation conditions on the EPS biosynthesis
	3.1.1 Cultivation types
	3.1.2 Incubation periods

	3.2 The influence of nutrient conditions on the EPS biosynthesis
	3.2.1 Carbon sources
	3.2.2 Nitrogen sources

	3.3 The influence of physical parameters on the EPS biosynthesis
	3.3.1 Temperatures
	3.3.2 pH values

	3.4 EPS characterization
	3.4.1 Determination of total sugar and protein content
	3.4.2 Fourier transform infrared spectroscopy
	3.4.3 Antioxidant activity of EPS

	3.5 Lipid synthesis and biodiesel composition
	3.5.1 Lipid production
	3.5.2 Biodiesel composition


	4 Conclusion
	Anchor 38
	References


