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Abstract 

Sugarcane by-products have the efficacy of alternative, low-cost culture media that could be used for the cultivation of a wide 
range of fungi. Various formulations of culture media are used for the growth of Fusarium species, which can provide a 
variety of famous bioactive compounds. This study investigates the bioactive compounds and biological activities of the 
fungal strain Fusarium solani when cultivated on sugarcane by-products as different carbon sources (bagasse, vinasse, and 
molasses). The obtained results revealed the highest growth rate of Fusarium solani detected in T9 (molasses: vinasse with a 
ratio of 1:1). The maximum phenols and flavonoids content was recorded by a fungal strain grown on the same treatment (T9) 
with concentrations of 360.09 and 111.56 mg/mL, respectively. Fusarium solani exhibited the highest free radical scavenger 
in T9 and T11 (molasses: vinasse with a ratio of 1:3). According to the previous F. solani cultivated on T9, that produced a 
high concentration of active metabolites (48.02 mg/L), which was analyzed by HPLC analysis. In addition to that, the fungus 
showed better antibacterial activity against Staphylococcus aureus when grown on T9. This finding suggests that sugarcane 
industrial wastes can be used as a growth culture economic medium to be substituted by the synthetic medium as potato 
dextrose liquid for Fusarium solani, as this fungus has various useful pharmaceutical and agricultural applications due to its 
produced secondary metabolites that exhibit potential antioxidant and antibacterial activities. 
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1. Introduction 

Fungi act as a potential source of natural 
products that are found in a variety of plant species 
[1]. The fungal species are essential for new drug 
creation due to their metabolic diversity and unique 
genetics, such as the Fusarium species, which 
provide various secondary metabolites with a broad 
spectrum of biological activities [2]. Secondary 
metabolites produced by fungal strains were 
described as low-molecular weight molecules, which 
cannot be essential for the growth and development 
of microbial species as primary metabolites, while 
their synthesis is influenced by various carbon 
sources [3]. The main four classes of fungal 
secondary metabolites were indole alkaloids, 

terpenes, polyketides, and non-ribosomal peptides 
that are helpful for agricultural, pharmaceutical, and 
medicinal aspects [3, 4]. Fungal secondary metabolite 
biosynthesis begins with Acetyl-CoA, which is 
formed by the breakdown of carbohydrates. 
Nevertheless, there are various pathways for the 
production of FSMs, such as volatile terpenes 
synthesized by the mevalonate pathway, while 
fumonisins and naphthoquinone pigments are 
produced through the polyketide pathway [3]. 

The synthesis of secondary metabolites by a 
fungal strain depends on physical and chemical 
culture conditions such as pH, temperature, C/N ratio, 
and carbon and nitrogen sources [5]. The medium 
composition influences the production of 
anhydrofusarubin, polyketides, javanicin, 
bostrycoidin, and fusarubin that are formed by 
Fusarium solani [6]. In addition to that, valuable 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

536 



 Mennatallah Abdou Basuiony et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 11 (2024) 
 
 

450 

secondary metabolites (monoterpenes, 
sesquiterpenes, and naphthoquinone pigments) were 
produced by Fusarium verticillioides when cultivated 
on a medium supplemented by various carbon 
sources (monosaccharides and disaccharides), as well 
as the formation of the mycotoxins FB1 and FB2 [7]. 
Plants are rich in bioactive compounds 
(phytochemicals) with diverse applications, such as 
sugarcane industrial by-products, which have active 
ingredients such as phenolics, flavonoids, 
triterpenoids, lignins, and phytosterols. These 
bioactive compounds are used for treating cystitis, 
burning urination caused by high acidity, nephritis, 
and an enlarged prostate. In addition to that, 
sugarcane constituents showed potential biological 
activities, for instance, anti-inflammatory, anti-
thrombotic, anti-hyperglycemic, analgesic, diuretic, 
and anti-hypercholesterolemic [8]. An inexpensive 
raw material, sugarcane molasses, was used to 
enhance biofilm production for the biosynthesis of an 
alkaloid, Fumigaclavine C, from the endophytic 
filamentous fungus Aspergillus fumigatus CY018 that 
showed vital biological activities such as anti-
inflammatory, anti-atherogenic, and antitumor effects 
[9]. 

Moreover, biofilms can produce potential bio-
products such as red pigment by Penicillium novae-

zelandiae, kojic acid by Aspergillus oryzae, cellulase 
by Aspergillus niger, fructooligosaccharides by 
Aspergillus phoenicis, and gliotoxin by Aspergillus 

fumigatus [10-13]. The synthesis of secondary 
metabolites (phenolic and flavonoid compounds) was 
enhanced by Chlorella sorokiniana when low-cost 
sugarcane vinasse was used as a cultivated medium 
supplemented by nitrogen, phosphorus, and 
potassium sources. These metabolites revealed 
antioxidant activity that can be used in various 
applications, such as pharmaceuticals, the dietary 
industry, and cosmetics [14]. Sugarcane molasses 
ethanolic extract showed numerous polyphenols such 
as orientin, chlorogenic acid, vanillin, diosmetin, 
sinapic acid, swertisin, apigenin, caffeic acid, 
diosmin, homoorientin, tricin, syringic acid, and 
vitexin with their antioxidant activity that could be 
beneficial to human health [15]. Besides, polyphenols 
have another role in preventing neurodegenerative 
and cardiovascular diseases, regulating carbohydrate 
metabolism, and inhibiting enzymes [16-17]. In 
addition, fungal flavonoids have the ability to inhibit 
the aldose reductase enzyme [18]. Natural pigments 
can be used as an alternative to harmful synthetic 
dyes, which specialize in the food, textile, and 
cosmetic industries. They provided various biological 
activities, such as antioxidant and antimicrobial 
properties [19]. 

 

Antioxidants are molecules that delay cell 
through electrons donating to neutralize free radicals 
through their free radical scavenging activities [20]. 
Also, antimicrobial agents have a vital role in treating 
infectious diseases caused by pathogenic 
microorganisms in the presence of different modes of 
action. Fusarium is a potential genus producer of 
antimicrobial secondary metabolites that participated 
in new drug development, for instance, bacterial 
terpenes, antiviral enniatins, antiparasitic 
integracides, antifungal pyridines, and papulacandin 
[2]. Nevertheless, Fusarium species showed a great 
influence as antibacterial activity against 
anthropogenic bacteria such as Bacillus subtilis, 
Escherichia coli, Bacillus megateriumand, and 
Clostridium perfringens due to the presence of 
sesquiterpens, cyclonerotriol B, fusaravenin alkaloid, 
naphthoisoxazole amide, zwitter-ionic alkaloid, 1,4-
naphthoquinone, and depsipeptide [21]. 

 
This study investigates the effect of the addition 

of agro-industrial by-products of sugarcane, such as 
bagasse, molasses, and vinasse, to the growth culture 
of the endophytic fungus Fusarium solani; as an 
alternative medium; on the growth and secondary 
metabolites produced, in addition to the biological 
activities such as antioxidant and antimicrobial 
activities.  

2. Materials and Methods 

Chemicals and reagents were purchased from E. 
Merck Co. (Darmstadt, Germany). 

2.1. Cultivation of filamentous fungi 

The endophytic fungus Fusarium solani was 
discovered by a microscope by Prof. Dr. Ahmed 
Farahat Sahab, Plant Pathology department,  National 
Research Center, Egypt. The fungal strain was 
extracted from the rhizosphere soil of Lupin termis, 
according to Brown [22]. Various culture media were 
prepared for Fusarium solani growth conditions at 30 
°C for eleven days with pH 5 in a total volume of 600 
mL, as mentioned in Table 1. 
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Table 1 :  The composition of different culture media for cultivation of fungal strain Fusarium solani 

2.2. Growth rate determined as total carotenoids 

content 

An aliquot of the fungal biomass sample was 
mixed with the acetone-water mixture (80%). The 
absorbance of the extract should be recorded at 470 
nm for the detection of total carotenoids. The 
pigment’s content was calculated according to Yang 
[23]. 

2.3. Total carbohydrate, Total amino acids, and Total 

protein determination 

The total carbohydrate content in the fungal 
culture was determined according to Dubois [24]. An 
appearance of yellow-orange should be measured at 
490 nm. 

Total amino acids:  The 2, 2-dihydroxyindane-1, 
3-dione (Ninhydrin) was prepared in citrate buffer, 
and the glycine standard was prepared in distilled 
water (1000 µg/mL). An aliquot of 0.1 mL of 
standard or Fusarium culture was mixed with 1.9 mL 
of ninhydrin reagent, incubated in a boiling water 
bath (98oC) for 15 min then cooled the tubes and 
measured the absorbance at 570 nm, against a blank 
[25].  

Total soluble protein in F. solani culture was 
determined according to the method described by 
Bradford [26]. After 2 minutes, an absorbance of blue 

color was measured at 595 nm. The standard protein 
used is albumin bovine serum. To determine, the 
protein content of unknown samples, by plotting its 
absorbance against the standard absorbance.  
 

2.4. Total phenols and total Flavonoids content 

Total phenols were determined in the fungal 
culture using the method described by Halliwel and 
Guttridge [27]. The absorbance was measured at 765 
nm using a spectrophotometer. Phenolic contents 
were calculated based on the standard curve of gallic 
acid. 

Flavonoids compounds were determined in 
Fusarium culture using the method described by 
Zhishen [28]. The absorbance was measured 
spectrophotometrically against a blank at 510 nm. 
Quercetin served as the standard compound for the 
preparation of the calibration curve. 

2.5. High-Performance Liquid Chromatography 

(HPLC) 

The analyses were carried out on HP Series 1100 
system that was set to UV-DAD detection between 
210 and 400 nm. The chromatograms were recorded 
at 280 nm, and peaks were blended using HP 

 
 
Chemical 
composition  

 
Treatments 

 
T1 

(Control) 

 
T2 

 
T3 

 
T4 

 
T5 

 
T6 

 
T7 

 
T8 

 
T9 

 
T10 

 
T11 

 
Prepared potato 
dextrose broth 

 
Potato120.0 g 
 
Dextrose12.0 g 

 
- 

 
- 

 
- 
 

 
- 
 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
Sugarcane bagasse 

(g) 

 
- 

 
- 

 
60.0 

 
60.0 

 
60.0 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
Sugarcane 

molasses(mL) 

 
- 

 
- 

 
- 

 
- 

 
- 

 
600.0 

 
- 
 

 
290.0 

 
290.0 

 
145.0 

 
145.0 

 
Sugarcane vinasse 

(mL) 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
600.0 

 
290.0 

 
290.0 

 
435.0 

 
435.0 

 
Glycerol (g) 

 
- 

 
18.2 

 
- 

 
18.2 

 
18.0 

 
- 

 
- 

 
18.2 

 
18.2 

 
18.2 

 
18.2 

 
Ammonium 
sulphate(g) 

 
- 

 
0.44 

 
- 

 
- 

 
0.44 

 
- 

 
- 

 
- 

 
0.44 

 
- 

 
0.44 

 
Ferric chloride (g) 

 
- 

 
0.63 

 
- 

 
- 

 
0.63 

 
- 

 
- 

 
0.63 

 
0.63 

 
0.63 

 
0.63 
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chemstation software. This method was described 
according to Johnsson [29]. 

2.6. Antioxidant assays 

DPPH radical assay: Fusarium extracts were 
mixed with a DPPH methanolic solution (1mM, 
1mL) and then left for 30 minutes at room 
temperature. The absorbance of the resulting extracts 
was measured at 517 nm using a spectrophotometer 
[30]. 

ABTS radical assay: A known volume (10 µL) 
of fungal extracts was homogenized with 1 mL of 
diluted ABTS radical cation (ABTS•+), and then 
absorbance was measured after 1 minute of initial 
mixing at 734 nm [31]. 

2.7. Antimicrobial activity 

In vitro antimicrobial studies of various 
Fusarium solani culture extracts were carried out by 
the agar-disc diffusion method against the following 
test microorganisms, Staphylococcus aureus and 
Bacillus cereus (Gram +ve bacteria), while 
Escherichia coli and Salmonella typhi (Gram −ve 
bacteria) were grown on tryptic soy broth culture 
medium compared to the most common antibiotic 
standard, tetracycline. The agar-disc diffusion was 
prepared as sterilized discs (6 mm) loaded with 
extracts from Whatman No.1 filter paper and dried 
completely under sterile conditions. Then the 
sterilized discs were placed on the seeded plates. 
The inoculated plates were then incubated at 37°C 
for 24 hours afterwards. Inhibition zones were 
measured and expressed at the end of the incubation 
period as the diameter of clear zone including the 
diameter of paper disc. This method was 
demonstrated by Bauer [32]. 

2.8. Molecular docking 

Molecular docking studies of the selected 
compounds were performed using Molecular 
Operating Environment (MOE) software [33]. 

2.9. Statistical analysis 

Values (three replicates) are presented as means ± 
SE or SD. Statistical analysis was done utilizing a 
“costat” statistical computer program. Statistical 
analysis was established on one-way analysis of 
variance ANOVA followed by student-Newman 
Keuls test, and the least significant difference (LSD) 
at P< 0.05. 

3. Results and discussions 

3.1. Growth rate determined as total carotenoids 

content 

  Carotenoids are naturally produced by many 
microorganisms, such as bacteria, fungi, and algae, 
which provide yellow, orange, and red pigmentation 
for various microbes and plant species. The results in 
Table 2 revealed that total carotenoids content was 
synthesized by the fungal strain Fusarium solani that 
was grown under a variety of culture media. The 
highest content was recorded by T9 with a 
concentration of 15.20 µg/mL, followed by T10 at 
13.60 µg/mL, T11 at 12.70 µg/mL, and T8 at 11.30 
µg/mL compared to control (T1) at 0.20 µg/mL. So, 
concentrations of T9, T10, T11, and T8 were folded 
to untreated strain T1, respectively. These results 
may be due to the presence of combined sugarcane 
molasses and vinasse supplemented with another 
carbon source, glycerol, and a nitrogen source as 
ammonium sulphate. These results were in agreement 
with Nafady [34], who reported that the maximum 
content of β-carotene produced by Fusarium 

camptoceras ASU5 when cultivated on production 
medium (GAY) supplemented with sugarcane 
molasses and ammonium phosphate as carbon and 
nitrogen sources had a content of 508.3 mg/L. 
 

       Nevertheless, neurosporaxanthin (carboxylic 
carotenoid) was yielded by Fusarium fujikuroi with a 
concentration of 8 mg/g dry mass when grown on a 
culture medium containing a high concentration of 
sucrose and a low amount of potassium dihydrogen 
phosphate as a nitrogen source [35]. Besides, 
neurosporaxanthin is the major carotenoid pigment 
produced by Fusarium species, with a minor content 
of β-carotene [36]. Another finding was demonstrated 
by Wit [37], who mentioned that Fusarium 

temperatum synthesized 35.1 ppm of total 
carotenoids when fungus cultures were exposed to 
blue light compared to darkness and other sources of 
light (white and red) with concentrations of 8.9, 11.8, 
and 15.1 ppm, respectively. Moreover, Fusarium 

oxysporum 4287 produced carotenoid pigments in the 
presence of illuminated cultures [38]. In addition to 
that, the maximum carotenoid content was reached at 
2611.0μg/L by Rhodotorula mucilaginosa F-1 when 
sugarcane molasses was used as a potential carbon 
source compared to the control (YM) medium with a 
concentration of 2337.5μg/L [39]. According to 
Szotkowski [40] who demonstrated that 
Sporobolomyces pararoseus formed a high content of 
carotenoids at 24.8 mg/L due to the usage of animal 
waste fat as a culture medium compared to single 
carbon sources such as glucose and glycerol. 
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Table 2 : Total carotenoids content reflect to growth rate of 
Fusarium solani cultivated under different culture conditions 
 

Treatments Carotenoid (µg/mL) Relative to control 

 
T1 0.20 ± 0.010gh 

 
- 

 
T2 0.10 ± 0.005h 

 
0.50 

 
T3 0.30 ± 0.015g 

 
1.50 

 
T4 0.20 ± 0.010gh 

 
1.00 

 
T5 0.10 ± 0.005h 

 
0.50 

 
T6 9.10 ± 0.455e 

 
45.50 

 
T7 3.50 ± 0.175f 

 
17.50 

 
T8 11.30 ± 0.565d  

 
56.50 

 
T9 15.20 ± 0.760a 

 
76.00 

 
T10 13.60 ± 0.680b 

 
68.00 

 
T11 12.70 ± 0.635c 

 
63.50 

Data are log means ± standard error (SE), n= 3. 

3.2. Effect of media composition on fungal primary 

metabolites  

Effects of different carbon and nitrogen sources 
on the primary metabolites content (carbohydrates, 
proteins, and amino acids) of F. solani are shown in 
Table 3. The obtained results illustrated that there is a 
great variation in the primary metabolites content 
(mg/mL) of F. Solani, as follows: 

3.2.1. Total carbohydrates content: 

These results showed that the maximum of total 
carbohydrates secreted by the fungal strain cultivated 
in T8, T9, T11 and T10 with concentrations of 
507.88, 481.79, 297.77, and 287.32 mg/mL, 
respectively, compared to the untreated strain (T1) at 
0.23 mg/mL. According to that, the previous 
treatments were 2208.17, 2094.74, 1294.65, and 
1249.22 fold higher than the control (T1). These 
results may be due to the culture media compositions, 
such as carbon sources (sugarcane molasses in T6 
and combined molasses with vinasse as in T8 till 
T11), nitrogen sources (ammonium sulphate) and 
ferric chloride as a mineral element. 

These results were in agreement with the results 
obtained by Tu [41], who reported that the 
polysaccharide content produced by microbial cells 
could be enhanced or reduced according to various 
forms of mineral elements, carbon, and nitrogen 

sources when added to culture media.  Besides, other 
findings were demonstrated by Banerjee and Nehad 
[42-43] who mentioned that the two fungal plant 
pathogens Alternaria alternate and Stemphylium 
species can produce a high content of 
exopolysaccharides when they are cultivated in 
medium containing mono- and disaccharides such as 
glucose and sucrose, respectively. Although glucose 
is an essential carbon source for enhancing biomass 
and exopolysaccharide production by microbial cells, 
other saccharides such as fructose, maltose, and 
starch can serve as main sources. However, 
rhamnose, as another monosaccharide, has been used 
as a source of carbon in the cultivation medium of 
Fusarium solani SD5 for the production of 
extracellular polysaccharides, according to 
Mahapatra [44]. Moreover, Zeng [45] mentioned that 
the isolated fungus Fusarium solani DO7 from the 
orchid Dendrobium officinale produced two potential 
polysaccharides, DGS1, and DGS2 when cultivated 
under solid-state fermentation. These polysaccharides 
were dominated by vital immunomodulatory and 
antioxidant activities. Nevertheless, another study by 
Obruca [46] reported that white-rot basidiomycetes 
formed from various enzymes, such as cellulases and 
xylanases, produced by the filamentous fungal strain 
Fusarium solani F-552, are responsible for 
lignocellulosic material's saccharification, which 
enhances polysaccharide content and reduces lignin's 
yield. 

 

3.2.2. Total amino acids and protein content: 

The obtained data in Table 3 revealed that the 
highest amino acid and protein content were recorded 
by the Fusarium strain when grown on T6 as 80.63 
and 25.56 mg/mL, respectively, compared to T1 with 
the content of 10.55 and 0.03 mg/mL, respectively. 
Accordingly, T6 was folded to T1 with 7.64 and 
852.00, respectively.   

 
These results were in agreement with those by 

Tang [47], who reported that the deficiency of 
nitrogen sources in the cultivated medium of Mucor 

circinelloides WJ11 led to inhibition of the 
biosynthesis of amino acids, which caused a 
reduction in protein expression. Another study, 
demonstrated by Ferreira [48], revealed that the 
amino acid composition of Eucalyptus clones was 
influenced by nitrogen starvation. In the plant root, 
the contents of arginine, methionine, and proline 
were reduced, while threonine, tyrosine, alanine, and 
methionine were decreased in the leaves of that plant 
due to the limitation of nitrogen content. Another 
study [49] revealed that the protein was decomposed 
due to the absence of the nitrogen source (NaNO3) in 
the cultivated medium of microbial cells. The crude 
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protein and real protein of marine microalgae 
Tisochrysis lutea were reduced to nitrogen-free 
medium compared to other concentrations of nitrogen 
source (NaNO3) of 0.88, 0.66, 0.44, and 0.22 mM, 

respectively, while the soluble protein was enhanced 
when exposed to the same treatments. 

 
 

 
Table 3:  Primary metabolites content in Fusarium solani culture cultivated under different conditions 

Treatments Total carbohydrates 
(mg/mL ) 

 
Relative to 

control Total amino acids 
(mg/mL ) 

 
Relative to 

control Total proteins 
(mg/mL ) 

 
Relative to 

control 

T1 0.23 ± 0.01i 
- 

10.55 ± 0.53g 
- 

0.03 ± 0.002h 
- 

T2 0.22 ± 0.01i 
0.95 

2.85 ± 0.14k 
0.27 

0.04 ± 0.002h 
1.33 

T3 0.74 ± 0.03h 
3.22 

4.41 ± 0.22j 
0.42 

0.04 ± 0.002h 
1.33 

T4 2.19 ± 0.11g 
9.52 

6.06 ± 0.30i 
0.57 

0.18 ± 0.01g 
6.00 

T5 0.84 ± 0.04h 
3.65 

7.83 ± 0.39h 
0.74 

0.01 ± 0.001h 
0.33 

T6 134.68 ± 6.73e 
585.56 

80.63 ± 4.03a 
7.64 

25.56 ± 1.28a 
852.00 

T7 75.50 ± 3.78f 
328.26 

26.88 ± 1.34f 
2.55 

16.11 ± 0.81f 
537.00 

T8 507.88 ± 25.39a 
2208.17 

60.63 ± 3.03b 
5.75 

18.30 ± 0.92d 
610.00 

T9 481.79 ± 24.09b 
2094.74 

46.25 ± 2.31c 
4.38 

16.67 ± 0.83e 
555.66 

T10 287.32 ± 14.37d 
1249.22 

36.88 ± 1.84e 
3.49 

20.00 ± 1.00b 
666.66 

T11 297.77 ± 14.89c 
1294.65 

40.63 ± 2.03d 
3.85 

18.89 ± 0.94c 
629.66 

Data are log means ± standard error (SE), n= 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

3.3. Effect of media composition on production of 

secondary metabolites by Fusarium solani 

Fusarium sp. are endophytic fungi that can 
produce many bioactive compounds such as terpenes, 
polyketides, nonribosomal peptides, and 
anthraquinones with antimicrobial, anti-
inflammatory, and cytotoxic activities. These 
secondary metabolites are formed during the late 
growth phase of the producing microorganisms. The 
synthesis of these metabolites can be influenced by 
manipulating the type and concentration of the 
nutrients in the culture medium. The obtained results 
in Table 4 revealed that there is a great variation in 
secondary metabolites content, such as total phenols 
and total flavonoids of Fusarium solani during 
cultivation under different culture media. The total 
phenols content produced by the fungus was 
enhanced in T9 (360.09 mg/mL), followed by T8, 
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T11, and T10 (346.98, 324.17, and 298.22 mg/mL, 
respectively) compared to the untreated strain T1 
(0.84 mg/mL). According to that, the flavonoids 
content of these treatments was folded to T1 with 
656.24, 632.35, 505.53, and 465.06, respectively. 
These results were equivalent to the HPLC analysis 
of the active metabolites produced by Fusarium 

solani. 
 

These results may be due to low nitrogen content 
and high carbon sources such as mono and 
polysaccharides in a mixed culture of sugarcane 
molasses and vinasse 50:50%,v/v, in addition to 
glycerol and ferric chloride that are present in T9, 
which interfere with the high accumulation of 
secondary metabolites, especially phenol and 
flavonoid compounds. These results were in 
agreement with Shalapy [18], who reported that 
Fusarium oxysporum synthesized high concentrations 
of phenols and flavonoids at 2.87 and 2.01 µg/mg dry 
weights, respectively. Fusarium solani produces 1.12 
and 0.92 µg/mg dry weight when cultivated on 
Czapek-Dox broth medium, which is supplemented 
by glucose as a main carbon source and a variety of 
nitrogen sources. In addition, the Kroneikiolive 
cultivar produced a maximum content of total 
phenols when infected by root rot pathogens 
Fusarium solani and Fusarium konzum at 0.781 and 
0.339 mg/g fresh weight, respectively, compared to 
the control (un-inoculated) with a concentration of 
0.331 mg/g fresh weight [50]. 

 
Another study was demonstrated by Ming 

[51], who mentioned that total phenols were 
enhanced in the leaves, pseudostems, and roots of 
berangan banana plants (274.0, 263.1, and 362.5%, 
respectively) when infected by the fungal strain 
Fusarium oxysporum. Also, total flavonoids were 
recorded at the highest percentage (184.9, 222.2, and 
206.7%, respectively) compared to healthy plants. 
Besides, the total phenolic content revealed by the 
endophytic fungus Fusarium proliferatum (ACQR8) 
was 78.02 µg GAE/mg, while the flavonoids content 
was 85.53 µg RE/mg when cultivated on potato 
dextrose broth [52]. Moreover, the highest phenolic 
content was registered by wheat bran fermented with 
Aspergillus niger at 10,707.5 µg/g, followed by 
Aspergillus awamori, Aspergillus oryzae with 
concentrations of 5362.1 and 7462.65 µg/g, 
respectively, compared to the unfermented sample 
(wheat bran) at 1531.5 µg/g [53]. Nevertheless, a 
finding was done by Gulsunoglu [54], who reported 
that fermented apple peel with Aspergillus niger 
ZDM2 produced high levels of total phenols and 
flavonoids of 1440 and 382 mg/g dm, respectively, 
followed by Aspergillus tubingensis ZDM1, which 
revealed 1202 and 495 mg/g dm, respectively, which 

may be due to mold fermentation. Total phenolic 
compounds were extracted from the leaves of 
cauliflower fermented with Aspergillus sojaeas at a 
concentration of 321 mg/100g fresh weight compared 
to unfermented plant leaves at a concentration of 113 
mg/100g fresh weight [55]. 
 
Table 4 : Secondary metabolites content of of Fusarium solani 
culture that cultivated under different culture 

Treatments 
Total 

phenols 
(mg/mL) 

 
Relative 
to control 

Total 
flavonoids 
(mg/mL) 

 
Relative 

to control 

T1 0.84   ± 
0.04g 

- 0.17   ± 
0.01hi 

- 

T2 0.13   ± 
0.01g 

0.15 
0.09 ± 0.01j 

0.53 

T3 1.14   ± 
0.06g 

1.36 0.59   ± 
0.03g 

3.47 

T4 2.08   ± 
0.10g 

2.48 0.63   ± 
0.03g 

3.71 

T5 
1.76   ± 
0.09g 

2.09 0.54   ± 
0.03g 

3.18 

T6 147.23   ± 
7.36f 

175.27 41.41   ± 
2.07f 

243.59 

T7 238.53   ± 
11.93e 

283.96 80.31   ± 
4.02e 

472.41 

T8 346.98   ± 
17.35b 

413.07 107.50   ± 
5.38b 

632.35 

T9 360.09   ± 
18.00a 

428.68 111.56   ± 
5.58a 

656.24 

T10 298.22   ± 
14.91d 

355.02 
79.06   ± 

3.95e 

465.06 

T11 324.17   ± 
16.21c 

385.92 85.94   ± 
4.30c 

505.53 

Data are log means ± standard error (SE), n= 3. 

3.4. HPLC analysis 

The HPLC analysis of vital secondary metabolites 
produced by the endophytic fungus Fusarium solani 
cultivated on different treatments (T8, T9, T10, and 
T11) compared to untreated strain T1 is shown in 
Table 5. The highest content of secondary 
metabolites reached 48.02 mg/L in T9, followed by 
T10, T8, and T11, with concentrations of 19.25, 
11.82, and 9.91 mg/L, respectively, compared to 
control (T1) at 0.11 mg/L. These results may be due 
to media composition that affected the production of 
bioactive metabolites such as kampherol synthesized 
by a fungal strain when cultivated on T9 (combined 
molasses and vinasse 50:50% v/v, glycerol, FeCl3 
and (NH4)2SO4) compared to others. Also, quercetin 
exhibited the maximum concentration in the same 
treatment (T9) at 18.00 mg/L, followed by T8 at 4.51 
due to the absence of a nitrogen source in T8. These 
results were in agreement with Kristensen [56], who 
reported that polyketides produced from Fusarium 

solani were affected by different carbon and nitrogen 
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sources found in a cultivated medium, such as 
bostrycoidin, which was produced in the presence of 
maltose and ammonium tartrate, while fusarubin, 
anhydro fusarubin, and javanicin were formed in 
media containing sucrose and sodium nitrate with 
different concentrations. Another finding by Chimón 
[7] demonstrated that the highest content of useful 
metabolites such as monoterpenes, sesquiterpenes, 
and naphthoquinone pigments was produced by 
Fusarium verticillioides when submerged medium 
contained fructose, followed by lactose, and xylose. 
Nevertheless, Fusarium oxysporum can be used in 
many pharmaceutical applications due to the 
biosynthesis of some bioactive metabolites such as 
vanillin, gallic acid, chlorogenic acid, ferulic acid, 
gallate, catechin, coumaric acid, naringenin, 
kaempferol, daidzein, and rutin compared to 
Fusarium solani, which produced the same profile 
with different concentrations except catechin, 
coumaric acid, rutin, and kaempferol were absent, 
while ellagic acid was present [18].  

 
According to Song [57], Fusarium decemcellulare 

F25 is a promising source of bioactive metabolites 
that synthesize pentaene diacid, isocoumarin, and 
pyrrolidinone derivatives when grown on a rice-based 
medium. Moreover, a variety of secondary 
compounds, such as emodin, fusaisocoumarin A, and 
sesquiterpenoid phytohormone abscisic acid, were 
extracted from the endophytic fungus Fusarium 

verticillioides WF18 [58]. Also, the ethyl acetate 
extract of Fusarium prolifertatum ACQR8 revealed 
active metabolite as 2,4-Di-tert-butylphenol with a 
concentration of 16.94% [52]. In addition to that, 
Fusarium chlamydosporum exhibited various 
secondary metabolites, such as four pyrones, three 
cyclohexadepsi peptides, and three indole derivatives 
[59]. A study was demonstrated by Khan [60], who 
revealed that Fusarium solani isolated from Cassia 

alata Linn. exhibited a variety of active metabolites, 
for instance, anhydrofusarubin, 3-deoxyfusarubin, 
fusarubin, bostrycoidin, ergosterol, 3,5,9-
trihydroxyergosta-7,22-diene-6-one, and 4-
hydroxybenzaldehyde, when cultivated on potato 
dextrose agar medium for 28 days. Moreover, 
inoculated Triticum aestivum (winter wheat) with the 
fungus Fusarium culmorum revealed the highest 
content of various secondary metabolites such as 

kaempferol, luteolin, naringenin, quercetin, rutin, and 
vitexin with a concentration of 0.81, 0.44, 0.91, 0.48, 
0.65, and 0.80 mg/Kg, respectively, compared to the 
control (non-inoculated) at 0.70, 0.36, 0.60, 0.31, 
0.29, and 0.65 mg/Kg, respectively [61]. 
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Table 5 : HPLC analysis of phenolic compounds extracted from Fusarium solani cultivated on different culture media 
 

SN RT Chemical 
compound 

Chemical  
structures  

T 
(mg/L) 

T8 
(mg/L

) 

T9 
(mg/
L) 

T10 
(mg/
L) 

T11(mg/
L) 

Biological 
activity 

Reference 

 
1 

 
6.90 

 
p-Hydroxy 

benzoic acid 

 

 

 
 

ND 

 
 

ND 0.91 0.48 0.32 

 
Antioxidant 

and 
antibacterial 

activities 

 
 

[62] 

 
2 

 
7.49 

 
Catechin 

 

 
 

ND 0.06 0.20 0.13 0.07 

 
Antioxidant 

and 
antibacterial 

activities 

 
[63] 

 
 
3 

 
 

8.49 

 
 

Chlorogenic 
acid 

 

 

 
 

ND 0.24 0.76 0.37 0.28 

 
 

Antioxidant 
and 

antibacterial 
activities 

 
 

[64] 

 
 
4 

 
 

9.01 

 
 

Vanillic acid 

 

 
 

ND 
1.33 5.68 

 
2.75 

 
1.36 

 
 

Antioxidant 
and 

antibacterial 
activities 

 
[65-66] 

 
5 

 
9.73 

 
Caffeic acid 

 

 
 

0.07 0.53 1.31 0.58 0.42 

 
 

Antioxidant 

 
 

 [67] 

 
 
6 10.5 Syringic acid 

 

 

 
 

0.004 ND ND 0.05 ND 

 
Antioxidant 

and 
antibacterial 

activities 

 
 [68] 

 
7 

 
12.1 p-Coumaric 

acid 
 

 

 
 

ND  
ND 

 
0.15 

 
0.12 

 
ND 

 
Antioxidant 

and 
antibacterial 

activities 

 
[69] 

 
8 

12.8 Benzoic acid 
 

 

 
 

ND ND ND 0.23 ND 

 
 

Antibacterial 

 
 

[70] 

 
 
9 

 
 

14.6 
Rutin 

 

 
 

ND 
1.45 5.62 3.12 1.93 

 
 

Antioxidant 

 
 

 [71] 

 
10 

 
15.2 

 
Ellagic acid 

 

 
 

ND ND 0.18 0.16 0.11 

 
 

Antioxidant 

 
 

[72] 

 
11 

15.9 O-Coumaric 
acid 

 

 
ND 

0.14 0.31 0.11 ND 

 
Antioxidant 

 
[73] 

 
 

12 

 
 

19.2 

 
 

Cinnamic 
acid 

 

 

 
 

ND ND 0.09 0.06 ND 

 
Antioxidant 

and 
antibacterial 

 
 

[74] 
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SN RT Chemical 
compound 

Chemical  
structures  

T 
(mg/L) 

T8 
(mg/L

) 

T9 
(mg/
L) 

T10 
(mg/
L) 

T11(mg/
L) 

Biological 
activity 

Reference 

 
13 

 
19.8 

 
Quercitin 

 

 
ND 

4.51 18.0
0 ND ND 

 
Antioxidant 

and 
antibacterial 

 
[75] 

 
14 

 
21.6 

 
Myricetin 

 

 
 

ND 3.25 11.7
4 10.59 5.09 

 
Antioxidant 

and 
antibacterial 

 
[57] 

 
 

15 23.1 

 
 

Kampherol 

 

 
 

ND ND 1.86 ND ND 

 
 

Antioxidant 
and 

antibacterial 

 
 

[76] 

 
 

16 

 
 

4.75 

 
 

Catechol 

 

 

 
 

0.04 
ND ND 0.50 ND 

 
 
Antibacterial 

 
 

[77] 

 
 
 
 

17 

 
 
 
 

2.75 

 
 
 
 

Quinol 

 

 

 
 
 
 

ND 
0.12 0.20 ND 0.06 

 
 
 

Antioxidant 
and 

antibacterial 

 
 
 

[78-79] 

 
 

18 

 
 

3.09 

 
 

Gallic acid 

 

 
 

ND 
0.19 1.01 ND 0.27 

 
 

Antioxidant 
and 

antibacterial 

 
 

[80] 

 
 

Total bioactive compounds produced by Fusarium solani 

(mg/L) 
 

 
 

0.11 11.82 48.0 19.25 9.91 

 

 
Percentage of antioxidant compounds (%) 

 
63.64  

100.0 

 
100.

0 

 
96.21 

 
100.00 

 
Percentage of antibacterial compounds (%) 

 

 
36.36 

 
82.06 

 

 
84.5 

 

 
79.38 

 

 
75.18 

 
*RT (Retention time) 
 
3.5. Antioxidant activity  

The results mentioned in Fig. 1 revealed the 
antioxidant activity of Fusarium solani grown on 
various culture media using the DPPH assay. The 
highest scavenger free radical was shown by T11 at 
84.90%, followed by T10, T8, and T9 with 
concentrations of 84.00, 82.90, and 78.20%, 
respectively, compared to the untreated strain (T1) at 
56.80%. While the ABTs assay showed T9 registered 
the highest antioxidant content with a concentration 

of 67.30% compared to control T1 with 59.90%, as 
recorded in Fig. 2. The lowest scavenging free radical 
was T2 (45.40%) compared to others. These results 
may be due to the presence of bioactive compounds 
extracted from Fusarium solani grown on T8, T9, 
T10, and T11 compared to control T1, as mentioned 
in Table 5, that showed vital antioxidant activity with 
a percentage of 100.00, 100.00, 96.21, and 100.00 %, 
for T8, T9, T10, and T11, respectively, compared to 
control T1 at 63.64%. These results were in 
agreement with Khan [60], who demonstrated that 



 VALORIZATION OF SUGARCANE BY-PRODUCTS FOR VALUABLE COMPOUNDS PRODUCTION .. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 11 (2024) 
 

459 

fusarubin extracted from F. solani showed potential 
antioxidant activity with IC50 values of 34.8 μg/mL, 

followed by 4-hydroxybenzaldehyde, 
anhydrofusarubin and bostrycoidin with the content 
of 28.9, 12.4, and 1.6 μg/mL, respectively, compared 
to positive control IC50 values such as BHA 1.2 
μg/mL, trolox 1.3 μg/mL, and ascorbic acid 1.5 
μg/mL. 

  
Several studies have discussed a substantial 

correlation between quinone derivatives and the 
antioxidant activities of endophytic and related 
Actinomycetes extracts [81-82]. The DPPH 
scavenging assay of extracted fractions of Alternaria 

alternata achieved the highest antioxidant activity 
when compared with α-tocopherol; that activity refers 
to the presence of the benzoxazole derivatives [83]. 
Sun [84] described that Fusarium oxysporum GU-7 
showed potential antioxidant activity because of the 
presence of the coumarins scopoletin and fraxetin. 
Nevertheless, Fusarium sp. isolate OQ-Fus-2-F, 
which was isolated from Euphorbia sp. Stem, 
exhibited the maximum IC50 values in ABTS with a 
concentration of 37.5 μg/mL, due to the presence of 
some potential active compounds as alkaloids, 
steroids, and terpenoids when cultivated on malt 
extract glucose medium [85]. According to Shalapy 
[18], Fusarium oxysporum can be used as a potential 
antioxidant agent because of its abundant content of 
phenosl and flavonoids. The methanolic extract of F. 

lateritium showed free radical scavenging activity 
with a concentration of 29.95%, which was 
significantly lower than that of Xylaria sp. at 95.82% 
because of the appearance of potential phenolic 
compounds in the Xylariacrude extract [86]. Another 
finding was demonstrated by Elshahawy [87], who 
revealed that Fusarium oxysporum presented 
antioxidant activity due to the presence of bioactive 
compounds such as phenolics and flavonoids. 
 

 

 
 

 
Fig. 1. Antioxidant activity (%) of ethanolic extracts of  Fusarium 

solani cultivated under different culture media after 11 days 
against DPPH. 

 

 
Fig. 2. Antioxidant activity (%) of ethanolic extracts of 

Fusarium solani cultivated under different culture media 
after 11 days against ABTS. 

 

3.6. Anti-microbial activity 

The results in Tables 6 and 7 showed the 
antimicrobial activity of Fusarium solani against 
various bacterial strains, such as Staphylococcus 

aureus, Escherichia coli, Salmonella typhiand, and 

Bacillus cereus. The highest zone of inhibition was 
recorded by the Fusarium strain when cultivated on 
T9 against Staphylococcus aureus at 16.50 mm, 
compared to control T1 at 9.50 mm which was 2.10-
fold higher than of the untreated strain (T1) and 1.46 
times higher than the most common standard 
tetracycline. These may be due to the presence of 
eleven bioactive compounds, which exhibited the 
maximum percentage of antibacterial activity of the 
fungal strain on T9 at 84.55%, followed by T8, T10 
and T11 with the content of 82.06, 79.38, and 
75.18%, respectively, compared to T1 at 36.36% as 
mentioned in Table 5. Also, the natural source of 
quercetin produced by Fusarium solani in T9, as 
shown in Table 5, acts as a potent inhibitor against 
penicillin-binding protein-2a (PBP-2a) of 
Staphylococcus aureus, as mentioned in Table 7 and 
Figure 3, which exhibited the highest antibacterial 
activity. These results were in agreement with Shi 
[88], who demonstrated that Fusarium sp. TP-G1 had 
antimicrobial activity against MRSA, Staphylococcus 

aureus, and Acinetobacter baumannii due to the 
presence of some potential secondary metabolites 
such as trichosetin, beauvericin, enniatin, fusaric 
acid, and dehydrofusaric acid in crude fermentation 
extracts of the Fusarium strain.  

In addition to that, Yuniati [89] revealed that two 
antibacterial compounds, 1,8-dihydroxy-3-methoxy-
6-methylanthracene-9,10-dione, and 1,3,8-
trihydroxy-6-methoxyanthracene-9,10-dione were 
isolated from Fusarium sp. and showed necessary 
antimicrobial activity against Escherichia coli, 
Staphylococcus aureus, Bacillus subtilis, Salmonella 

typhi, Pseudomonas aeruginosa, and Streptococcus 

mutans. Nevertheless, Chutulo [90] reported that 
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Fusarium oxysporum can form therapeutic agents 
against pathogenic microorganisms due to its 
antimicrobial activity against gram-positive and 
gram-negative bacteria. Moreover, bioactive 
compounds such as isocoumarin derivatives, 
pentaene diacid, and pyrrolidinones isolated from 
Fusarium decemcellulare F25 showed a potential 
antifungal activity against Colletotrichum musae 

[91]. A study by Singh [52] revealed that the 
endophytic fungus Fusarium proliferatum ACQR8 
exhibited a variety of secondary metabolites such as 
phenolics, terpenoids, and unsaturated alkenes that 
showed the most promising antifungal and 
antibacterial activities against phytopathogenic 
species. Nevertheless, fusarielins and their 
derivatives extracted from Fusarium species 
exhibited mild antibacterial effects against 
Staphylococcus aureus [92]. 

 Another finding, altersolanol, 
fusaraichromenone, 4-hydroxydihydronorjavanicin, 
and 5-hydroxy-7-methoxy-2-isopropylchromone, as 
active metabolites produced from Fusarium species, 
showed adverse antimicrobial activity. Besides, 

tyrosol and beauvericin extracted from the 
filamentous fungus Fusarium solani showed potential 
antifungal activity against pathogenic Cladosporium 
strains [1]. Also, bikaverin formed from Fusarium 

oxysporum CCT7620 that was cultivated in a rice 
medium exhibited antimicrobial activity. The crude 
extract of F. proliferatum (ACQR8) exhibited a broad 
spectrum of antibacterial activity against gram-
positive and gram-negative bacteria such as 
Staphylococcus aureus, Shigella boydii, Salmonella 

typhi, Aeromonas hydrophila, Escherichia coli, 
Enterococcus faecalis, and Klebsiella pneumonia. 
The highest zone of inhibition was recorded by 
Shigella boydii with a concentration of 23.0 mm [52]. 
Also, 3-deoxyfusarubin-isolated endophytic fungus 
Fusarium solanishowed significant antibacterial 
activity against Bacillus megaterium, Staphylococcus 

aureus, Pseudomonas aeruginosa, and Escherichia coli 

with zones of inhibition of 34, 26, 24, and 25 mm, 
respectively, compared to other active compounds 
anhydrofusarubin, 4-hydroxybenzaldehyde, 
bostrycoidin, and fusarubin [60]. 

Table 6.  
Antibacterial activity as agar disc diffusion assay (mm) of Fusarium solani extracts cultivated under different culture conditions against gram-

negative bacteria 
 

Treatments  

Bacterial species 

Escherichia coli Relative to control (T1) 
Relative to 
standard  Salmonella typhi Relative to control (T1) 

Relative to 
standard  

T1 11.00 ± 0.55d - 
0.48 

10.50 ± 0.53b - 
1.03 

T2 12.80 ± 0.64b 1.16 
0.56 

7.80 ± 0.39i 0.74 
0.76 

T3 11.00 ± 0.55d 1.00 
0.48 

9.30 ± 0.47f 0.89 
0.91 

T4 12.00 ±0.60c 1.09 
0.52 

11.00 ± 0.55a 1.05 
1.08 

T5 8.50 ±  0.43i 0.77 
0.37 

10.50 ± 0.53c 1.00 
1.03 

T6 10.30 ± 0.52e 0.94 
0.45 

8.00 ± 0.40h 0.76 
0.78 

T7 11.00 ± 0.55d 1.00 
0.48 

9.00 ± 0.45g 0.86 
0.88 

T8 8.30 ± 0.42j 0.75 
0.36 

9.00 ± 0.45g 0.86 
0.88 

T9 9.00 ± 0.45g 0.82 
0.39 

9.50 ± 0.48e 0.90 
0.93 

T10 8.80 ± 0.44h 0.80 
0.38 

7.50 ± 0.38j 0.71 
0.74 

T11 9.80 ± 0.49f 0.89 
0.43 

7.00 ± 0.35k 0.67 
0.69 

Tetracycline 23.00 ± 1.15a 10.20 ± 0.51d 
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Data are log means ± standard error (SE), n= 3. 
 
Table 7 
Antibacterial activity as agar disc diffusion assay (mm) of fungal extracts cultivated under different culture conditions against gram-positive 

bacteria 

Treatments  

Bacterial species  

Bacillus cereus Relative to control (T1) 

 
Relative 

to 
standard  

Staphylococcus aureus Relative to control (T1) 

 
Relative 

to 
standard 

T1 7.50 ± 0.38h - 
0.75 

8.00 ± 0.40i - 
0.69 

T2 10.00 ± 0.50d 1.33 
1.00 

11.00 ± 0.55e 1.38 
0.96 

T3 10.50 ± 0.53b 1.40 
1.05 

11.00 ± 0.55e 1.38 
0.96 

T4 14.00 ± 0.70a 1.86 
1.40 

14.00 ± 0.70b 1.75 
1.22 

T5 8.80 ± 0.44e 1.17 
0.88 

11.80 ± 0.59c 1.48 
1.03 

T6 10.00 ± 0.50d 1.33 
1.00 

10.30 ±0.52f 1.29 
0.89 

T7 8.30 ± 0.42g 1.11 
0.83 

7.50 ± 0.38j 0.94 
0.65 

T8 8.80 ± 0.44e 1.17 
0.88 

10.00 ±0.50g 1.25 
0.87 

T9 8.50 ± 0.43f 1.13 
0.85 

16.80 ± 0.84a 2.10 
1.46 

T10 8.30 ± 0.42g 1.11 
0.83 

8.80 ± 0.44h 1.10 
0.77 

T11 10.30 ± 0.52c 1.37 
1.03 

8.00 ± 0.40i 1.00 
0.69 

Tetracycline 10.00 ± 0.50d 11.50 ± 0.58d 

Data are log means ± standard error (SE), n= 3. 

3.7. Molecular docking 

Molecular docking is a type of computational 
modeling of complexes that depends on the 
interaction between two or more molecules. The 
results in Table 8 and Figs. 3a, b, and c revealed that 
molecular binding between quercetin and the active 
site (acyl-Penicillin binding protein 2a) from 
methicillin-resistant Staphylococcus aureus showed 
binding affinity of -16.22 Kcal/mol and tetracycline 
as - 21.32 Kcal/mol compared to co-crystalized 
ligand (penicillin G) with an energy score of -18.97 
Kcal/mol. These results may be due to the presence 
of two hydroxyl groups in the meta position of the 
benzene ring (A) and two hydroxyl groups in the 
ortho position of the benzene ring (B) in the 
quercetin compound, which were significant for the 
anti-methicillin-resistant Staphylococcus aureus 

activity as shown in Fig. 3c. These results were in 
agreement with Alves [93], who reported that the 
presence of two (OH) groups in ortho and para 

positions of the benzene ring and OCH3 groups in the 
meta position and carboxylic acid were vital for anti-
MRSA activity. 

Another finding was demonstrated [91], who 
suggested that coumarin derivatives as compound 18 
exhibited the greatest binding energy against the 
penicillin-binding protein of MRSA at − 91322 
Kcal/mol compared to quinazolinone−71098 

Kcal/mol. Nevertheless, natural bioactive compounds 
such as luteolin, kaempferol, chlorogenic acid, 
sinigrin, zingiberene, 1-Methyl-4-(6-methylhepta-
1,5-dien-2-yl) cyclohex-1-ene, and curcumin 
presented significant binding energies against 
methicillin-resistant Staphylococcus aureus (MRSA) 
infections as −8.6, −8.4, −8.2, −7.5, −7.4, −7.3, and 
−7.2 Kcal/mol, respectively [94]. In addition, plant-
based phenolic compounds act as antibacterial agents 
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against the MRSA [95]. Moreover, quercetin 3-O-
rutinoside displayed a vital PBP2a inhibition of -
91.56 Kcal mol-1, followed by quercetin -78.75 Kcal 
mol-1 compared to the standard antibiotic ceftobiprole 
-73.17 Kcal mol-1. Besides, Verma [96] mentioned 
that various flavonoids such as naringin, hesperidin, 
neohesperidin, didymin, and icariin yielded the best 
docking score with PBP-2a of S. aureus with  
concentrations of -9.6, -9.2, -9.0, -8.8, and -8.6 
Kcal/mol, respectively, compared to the most 
common to standard inhibitor, methicillin, at -7.1  
Kcal/mol. According to Masumi [97], natural 
flavonoids such as kaempferol 3-rutinoside-7-
sophoroside presented the highest binding affinity 
with SauPBP2a at −14.4 Kcal/mol, followed by 

rutin−9.7 Kcal/mol. Nevertheless, streptomyces is an 
essential antibiotic-producing bacterium because of 
the bioactive compound 1-acetyl-β-carboline, which 
displayed the lowest binding energy with PBP2a such 
at -7.12 Kcal/mol compared to ceftaroline at -6.32 
Kcal/mol [98].  
 
Table 8 
Docking results of quercetin compared to tetracycline with the 
Staphylococcus aureus active site PBP2a 

 
Compound name Binding energy (Kcal/mol) Amino acid residue 

 
 
 
 

Quercetin 

 
 
 
 

- 16.22 

Tyrosine 446 

Serine 598 
 

Threonine 600 
 

 
 

Tetracycline 

 
 
- 21.32 

Asparagine 464 
 

Threonine 600 
 

Serine 598 
 

 
 

 
Fig. 3a. 2D structure of penicillin Ginteracted with the 

Staphylococcus aureus active site PBP2a. 
 
 

 
 
 

Fig. 3b. 2D structure of tetracyclineinteracted with the 
Staphylococcus aureus active site PBP2a. 
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Fig. 3c. 2D structure of quercetin interacted with the 

Staphylococcus aureus active site PBP2a. 
 
Conclusion 

Several priorities stand out for ongoing research 
to use industrial by-products as low-cost cultural 
media. This study focused on using sugarcane by-
products (bagasse, molasses, and vinasse) in the 
growth culture of Fusarium solani, which reflected a 
significant increase in growth levels, primary 
metabolites, total phenols, and flavonoids content. 
According to the antioxidant testing, T9 and T11 
exhibited the highest free radical scavenging activity 
as they have a high concentration of active 
metabolites when analyzed by HPLC. Also, the 
fungus Fusarium showed an increase in its 
antibacterial activity against Staphylococcus aureus. 
For future studies, it is necessary to give priority to 
focus on the various uses of industrial wastes in 
increasing the production of vital compounds from 
microorganisms. 
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