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The growing demand for sustainable protein sources in the context of global food security has fueled the 
development of innovative alternatives to animal meat, and in this research, the use of the fermentation process 
as a technological solution. In this context, mycoprotein produced by filamentous fungi, such as Fusarium 
venenatum, can be subjected to submerged fermentation to evaluate protein biomass production. Mycoprotein 
from filamentous fungi stands out as a promising alternative due to its nutritional value, sensory characteristics 
similar to those of meat, and lower environmental impact. It is necessary to identify the most efficient culture 
media to optimize biomass production and protein synthesis. Thus, the objective of this study is to evaluate the 
potential of Fusarium venenatum under certain medium compositions and fermentation conditions that can 
significantly favor mycelial growth and the final protein content of the biomass. Methods were established to 
evaluate spore growth, demonstrating greater efficacy of the DRBC culture medium. Fermentation tests were 
performed using liquid SD and FM medium, incorporating winemaking residues. This use of byproducts as 
an alternative medium contributes to greater mycoprotein sustainability. The parameters for the experiments 
were 180 rpm and 28°C, with quantification of dry biomass and protein. The results obtained demonstrated 
that adapted media generated greater biomass, while without adaptation, higher protein levels were observed. 
Significant growth was observed in the Adapted 2 (3%) medium, with 0.949g of dry biomass. The FM protein 
results were 35.6% in 24 hours. These findings reinforce the biotechnological potential of this microorganism as 
a promising source of alternative protein, contributing to technological innovation in the food sector.
Keywords: Mycoprotein. Fusarium venenatum. Submerged Fermentation. Alternative Protein.

The rapid growth of the world's population is 
driving a demand for food, especially protein, 
requiring an increase of up to 73% in global food 
production. However, the current food system, 
based on the high consumption of meat of animal 
origin, contributes to an increase in greenhouse 
gas emissions, excessive consumption of water 
and land, and loss of biodiversity [1,2].

In this scenario, filamentous fungi have 
emerged as a promising source for protein 
production due to their rich amino acid 
composition, natural binding capacity and 
fibrous texture. It is a valuable source of 
protein, minerals, vitamins and antioxidants 
and has a low fat content [2].

These fungi have been studied in 
bioprocesses such as submerged fermentation, 
which allows the production of biomass and 
metabolites under controlled conditions, with 
less environmental impact and reduced costs, 
which generates great interest for industrial 
applications [1,3].

The sustainability of mycoprotein production 
can be improved by using agro-industrial 
waste as cultivation substrate. In the wine 
industry, byproducts of alcoholic and malolactic 
fermentations, rich in organic compounds, 
carbohydrates and nutrients, and a variety of 
macro- and micronutrients, present potential as 
alternative sources for filamentous fungi [4,5].

This study aims to prospect and characterize 
microorganisms with the potential to generate 
inputs for the alternative protein industry, taking 
as a starting point the kinetic characterization of 
microbial growth, including the evaluation of 
biomass and protein metabolism of Fusarium 
venenatum CML 3311, to offer biotechnological 
solutions for a more sustainable food system.
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Materials and Methods

Submerged Fermentation

The strain used for this work was Fusarium 
venenatum CML 3311, obtained from the Institute 
of Health Technology (ITS), a laboratory located 
at SENAI CIMATEC University. Different types 
of culture media were used: Dichloran Rose 
Bengal Chloramphenicol Agar (DRBC Agar), 
Sabouraud Dextrose Broth (SD), GY medium 
[6], Fermentation medium (FM) [7], and the 
adaptation of GY and FM media enriched with 
malolactic and alcoholic fermentation residues 
from the wine industry.

The process began with the activation of the 
freeze-dried strain and subsequent testing stages 
for reactivation, purity and viability analysis. 
Starting with a fresh pre-culture, it was replenished 
on DRBC agar medium and incubated at 28°C [8] 
for a period of more than 10 days, depending on 
spore growth. Subsequently, the spore solution 
was prepared by adding 10 mL of sterile distilled 
water to the entire petri dish, adapted from Tong 
and colleagues [7], gently scraping the surface 
with a bacteriological loop, filtering the solution 
with gauze and the aid of a sterile beaker, removing 
a 10 uL aliquot and counting the spores in the 
Neubauer chamber, repeating the process until the 
macroconidia count is above 2,000 and adjusting 
the concentration to 5x10⁶ conidia [7]. With the 
concentration adjusted, the parameters were 28°C, 
180 rpm and a maximum time of 72 hours.

Two methodos were applied to quantify the 
biomass: one with the original media and samples 
taken every 24 hours, and the other with adapted 
GY and FM media, using concentrations of 0.7; 2 
and 3% of wine fermentation residues, replacing the 
yeast extract in the original FM formula [7], with 
samples taken only after 72 hours. The other stages 
included filtering the biomass using autoclavable 
systems, a Whatman membrane and a vacuum pump 
[9], weighing the wet biomass, collecting aliquots 
for pH measurement, and drying the biomass in a 
forced-air oven at 40°C for 24 hours [10].

Protein Quantification

To quantify the proteins using the Kjeldahl 
method, the tests were carried out in the Physical-
Chemical Food Laboratory (SENAI CIMATEC 
University). The procedure was according to 
Lutz's method [11] with the conversion factor 
being kept at 6.25 for calculating total biomass 
proteins. Another methodology was evaluated 
to quantify the protein content. In the method 
carried out using the Bradford protocol, reagent 
and a BSA standard curve prepared at the 
SENAI CIMATEC Biotechnology Laboratory 
were used, using a methodological standard 
prepared at the laboratory and following the 
methodology of Oliveira [12], which was read 
on a spectrophotometer at an absorbance of 
595nm and with the calculations referring to the 
standard curve of the laboratory in which the test 
was carried out.

Results and Discussion

Medium of Culture

To enable the pure and isolated growth of 
Fusarium venenatum CML 3311, the DRBC Agar 
medium (Dichloran Rose Bengal Chloramphenicol) 
was determined to be the most viable. With 
this medium, it was possible to visualize the 
reproductive structures of macroconidia according 
to those described by Lazarotto [13].

The design of the liquid media was also 
determined, with the classic Saboraud Dextrose 
Broth (SD) medium, the enriched Fermentation 
medium (FM) medium and, finally, adaptations 
using malolactic and alcoholic fermentation 
residues from this culture medium, which had 
already been validated as viable in previous 
fermentations.

The first results described the establishment 
of the ideal culture media for the characteristics 
that  favored  the  DRBC  Agar  medium  to 
demonstrate greater efficiency in the sporulation 
of F. venenatum which is attributed to its 
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formulation, which modulates the fungal 
metabolism by combining controlled oxidative 
stress (rose bengal) with the availability of metal 
cofactors F. venenatum sporulation is attributed 
to its formulation, which modulates fungal 
metabolism, combining controlled oxidative 
stress (rose bengal) and the availability of metallic 
cofactors, inducing the macroconidia required for 
the concentration adjustment phase of this work, 
visually compared with Lazarotto's findings [13] 
to determine the target cells of macroconidia 
reproductive structures. Taking into account the 
media that were modified with the adaptation of 
yeast extract, its rich and complex composition 
that provides peptides, aminoacids, vitamins and 
some essential carbohydrates for microbial growth 
[12], justifying that this approach can meet the 
demand for cheaper cultivation media and reduce 
the impacts associated with the disposal of this 
waste, thus being a relevant alternative [4].

Submerged Fermentation

Based on validation at a temperature of 28°C, 
carried out in other studies, the ideal speed to 
stimulate biomass production was determined, 
with 180 rpm being the best agitation in this 
temperature range. The fermentation processes 
were started with four different media, according 
to the method of Tong and colleagues [14].

Four growth curves were constructed (Figures 
1 to 4), with quantification of dry biomass (Tables 
1 and 2) and evaluation of post-fermentation pH 
variation (Tables 3 and 4), within the established 
submerg parameters and evaluated for a maximum 
of 72 medium hours.

Both curves in Figures 1 and 2 show exponential 
growth between 24 and 48 hours and a deceleration 
phase at 72 hours, according to Table 1.

The curves (Figures 3 and 4) showed higher 
biomass production with 3% residue. Both showed 
similar growth to the FM medium with 0.7%, 
showing that the higher the concentration, the 
higher the level of biomass generation, as shown 
in Table 2.

Figure 1. Growth curve of F. venenatum in 
submerged fermentation at 28°C, 180 RPM with 
FM medium without adaptation.

Figure 2. Growth curve of F. venenatum in 
submerged fermentation at 28°C, 180 RPM with 
SD medium.
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Figure 3. Growth curve of F. venenatum in 
submerged fermentation at 28°C, 180 RPM with 
FM medium adapted with malolactic residue.

Figure 4. Growth curve of F. venenatum in 
submerged fermentation at 28°C, 180 RPM with 
FM medium adapted with alcoholic residue.
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In the FM medium (without adaptation), there 
was a continuous increase in biomass over 72 
hours, with exponential growth of 98.43% up to 
48 hours and a subsequent slowdown, with an 
increase of 5.69% (Table 1). As reported by Tong 
and colleagues [7] using F. venenatum strain TB01 
grown in a bioreactor with FM medium, 5.80 g/L 
of biomass was reached after 72 hours and Ahmad 
and colleagues [5] with F. venenatum ATCC 
20334, which produced 5.46 g/L of biomass in 
72 hours in a complex medium with glucose as 
a carbon source. When the values from this study 
are converted into g/L, there is a positive potential,
since 72 hours would be 6.69 g/L.

In the SD medium, growth was substantially 
lower, with 34.3% in 48h and an increase of only 
4.65% in 72h, possibly due to the absence of 
specific mineral salts present in the FM medium, 
which may have prevented more vigorous 
mycelial growth. Compared to the literature, 
Pradeep and colleagues [9] presented a maximum 
biomass production of 4.47 0.12 g/L for Fusarium 
moniliforme KUMBF1201 in Potato Dextrose 
Broth (PDB) medium, which is also a less 
enriched medium, but obtained a significant result. 
The magnitude of the final biomass obtained by 

Table 1. Dry biomass (g) of F. venenatum under 
conditions of 180 rpm agitation at 28°C with 
media without adaptation.

Table 2. Dry biomass (g) of F. venenatum under 
conditions of 180 rpm agitation at 28°C with FM 
medium adapted.

Pradeep and colleagues [9] (which would be 0.447 
g in 100 mL) is approximately ten times greater 
than the 0.045 g/100mL produced in the SD 
medium, suggesting that the Fusarium strain used 
requires nutrients not provided by the SD medium.

In FM modified with malolactic residue, there 
was a 70.6% increase in biomass, and in alcoholic 
FM, a 36.1% increase between the lowest and 
highest concentrations (Table 2). The experiment 
carried out by Tong and colleagues [14] showed 
a production of 9.53 g/L (0.953 g/100mL) of F. 
venenatum mycoprotein in 72 hours, with the pH 
dropping from 6 to 4 after 48 hours of fermentation, 
comparable to the production of 0.923g and 
0.949g of biomass at the 3% concentration in this 
study. When comparing these results, the addition 
of winemaking waste to FM resulted in higher 
biomass production, with gains proportional to the 
increase in concentration.

The variation of pH (Table 3) indicates that an 
increase in biomass in media with an initial pH 6  
causes a reduction in this value, which is typical of 
fermentative processes, due to carbon consumption  
and  the  production of organic acids. With regard 
to the pH of growth in SD medium (Table 4), the 
stabilization at around 5.11 to 5.24 contrasts with 
the sharp drop of 3.03 on average in FM medium, 
reflecting greater metabolic activity and biomass 
production. On the other hand, the lower biomass 
production in the SD medium implies less intense 
metabolic activity [9].

Protein Quantification

The protein production analysis of the biomass 
generated provided an estimate of biomass production 
and the synthesis of metabolites of interest.

The  quantification  of  total  proteins  was 
evidenced in the Kjeldahl analysis, for the 
determination of the total nitrogen content in 
a sample, which is correlated with the total 
nitrogen content of protein [10].The other method 
performed by Bradford, is a colorimetric technique 
[12]. The time-varying protein analyses show a 
pattern of protein reduction (Tables 5-7).

Time FM SD
24h 0.319 0.032
48h 0.633 0.043
72h 0.669 0.045

Residue 
Concentration FM malolatic SD alcoholic

0.7% 0.541 0.697
2% 0.621 0.737
3% 0.923 0.949
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The analyses showed a reduction of the 
protein over time, characteristic associated with 
fungal metabolism in submerged cultures. The 
drop in pH and the slowdown in growth indicate 
the progressive consumption of nutrients and 
the reaching of a plateau in the experimental 
conditions, where the lower pH generates stress 
and reduces the production of protein in the 
biomass Srivastava and colleagues [3]. On the 
other hand, increasing the concentration of the 
residue resulted in a higher protein content.

Increasing the percentage of residue stimulates 
protein production, with better performance in 
alcoholic residue. However, the method did not 
prove to be effective, as at 72 hours the values 
were below those of the non-adapted medium.

According to a report by Tong and colleagues 
[14], using a wild strain (WT) of F. venenatum 
TB01, results of 39.4% were found at 48h, which 
remained stable at 72h, close to that found in this 
work at 24h for FM (35.6%). This difference in 
protein percentages may be due to other additional 
factors in this article, such as the strict control of 
aeration mentioned above.

Thomas and colleagues [10], on the other hand, 
obtained 49.99% protein in 48h, with a different 
carbon source and greater agitation, suggesting 
that these parameters should be evaluated in the 
future to optimize the protein percentage, since 
this result is also higher than the aforementioned 
article which also evaluated under 28°C and 180 
rpm.

The Bradford method is widely recognized for 
its sensitivity and speed for quantifying proteins 
in micrograms, based on protein-dye binding. In 
Oliveira's experiment [12] on lipase production by 
Fusarium oxysporum in submerged fermentation 
(180 rpm, 28 °C) and protein determination by 
the Bradford method, the values ranged from 
0.11; 0.42 and 9.55 mg/mL, depending on the 
optimization of the medium. These results were 
higher than those obtained in this study at 24 
hours (1.151 mg/mL) compared to 9.55 mg/mL, 
and lower than the lowest value found at 72 hours 
(0.726 mg/mL) compared to 0.11 mg/ml in the 

Table 3. pH results of fermentation under 
conditions of 180 rpm agitation at 28°C with 
media without FM and SD adaptation.

Table 4. pH results of fermentation under 
conditions of 180 rpm agitation at 28°C with 
media FM adaptation.

Table 5. Protein analysis using the Kjeldahl 
method under conditions of 180 rpm at 28°C with 
FM medium without adaptation.

Table 6. Protein analysis using the Kjeldahl 
method under conditions of 180 rpm at 28°C for 
72 hours with adapted FM media.

Table 7. Protein analysis using Bradford reagent 
under conditions of 180 rpm at 28°C with SD 
medium.

Time FM SD
24h 3.33 5.24
48h 2.80 5.17
72h 2.74 5.11

Residue 
Concentration FM malolatic FM alcoholic

0.7% 3.25% 3.06%
2% 3.30% 2.98%
3% 3.07% 2.76%

Time Protein
24h 35.6%
48h 30.0%
72h 28.4%

Residue 
Concentration FM malolatic FM alcoholic

0.7% 15.5% 20.7%
2% 19.7% 21.5%
3% 20.3% 24.0%

Time Protein
24h 1151μg/mL
48h 1068μg/mL
72h 746μg/mL
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article, showing that quantification depends on the 
medium used.
 
Conclusion

The project therefore, has broad biotechnological 
potential, with relevant results on biomass growth 
and protein quantification in different media. This 
work shows the potential for producing proteins 
from the fungal cultivation of the Fusarium strain, 
as well as demonstrating the potential for using 
industrial waste. However, limited time and 
resources indicate the need to optimize parameters 
in order to increase production over time, and 
this study could be part of more comprehensive 
research of interest to the food industry.
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