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ABSTRACT

Background/Objective. Fusarium has the capability to produce hydrolytic 
enzymes that can be used in the food and alcohol industries to break down natural 
organic compounds. This work studied the ability of Fusarium oxysporum f. sp. 
cubense race 1 (FocR1) to produce cellulases and chitinases enzymes in submerged 
culture using different carbon sources.

Materials and methods. Five strains of FocR1 (CNRF-MIC17188, CNRF-
MIC17189, CNRF-MIC17190, CNRF-MIC17191, and CNRF-MIC17192) were 
used in submerged culture for the degradation of three substrates [filter paper, 
newspaper, and chitin (Sigma®)], from where the radial growth rate (RGr) and 
the quantitative analysis of enzyme activities (FPase, CMCase and chitinase) were 
evaluated. 

Results. The RGr of the five FocR1 strains oscillated in a range of 0.043 to 0.051 
cm h-1. At 7 and 14 days, the five FocR1 strains produced cellulases and chitinases 
using the three substrates. Based on the statistical analysis, the strains CNRF-
MIC17191 and CNRF-MIC17192 showed best results about enzymatic activities. 

Conclusion. The five strains of FocR1 can be exploited as a commercial source of 
cellulases and chitinases, as well as potential candidates for bioconverting complex 
C-sources for further utilization in industrial processes.

Keywords: Fungi, enzymatic activity, submerged fermentation, newspaper, filter 
paper, chitin
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Introduction

Fusarium oxysporum is a soil-borne fungus whose species include a wide 
diversity of strains responsible for wilts or rots on many plant species such 
as banana and cotton (Khan et al., 2021; Mon et al., 2021). In contrast, several 
Fusarium species participate in the biocontrol of other fungal phytopathogens like 
Botrytis cinerea (ascomycete) and the oomycete Phytophthora capsici (Veloso and 
Díaz, 2012). Fungal endophytes confer a direct biocontrol either by interacting 
with pathogens via mycoparasitism and antibiosis or by competing for nutrients 
or root niches. Mycoparasitism is considered a major contributor to fungus-fungus 
antagonism; moreover, the antagonistic activity of necrotrophic mycoparasites is 
attributed to the production of antibiotics, toxins, and hydrolytic enzymes such 
as glucanase, cellulase and chitinase (De Silva et al., 2019). These hydrolytic 
enzymes produced by F. oxysporum (mainly pectinase and cellulase) can be used 
in food and alcohol industries to break down natural organic compounds, and for 
biodegrading different organic substrates such as sugarcane bagasse (de Almeida 
et al., 2019), rice straw (Indira et al., 2016), moringa straw (Vázquez-Montoya 
et al., 2020), under submerged and solid state fermentations (Hemansi et al., 
2019). Some Fusarium strains participate in beneficial ways for the environment 
not only as an antagonist to phytopathogens but also as a producer of enzymes 
of industrial interest to favor the biodegradation of complex substrates (Xiros et 
al., 2009). Given the ability of certain species of Fusarium to secrete extracellular 
enzymes of industrial importance, it is necessary to study the ability of Fusarium 
species to biodegrade complex substrates which are utilized as carbon sources, with 
the purpose of reducing the production costs of these enzymes. Thus, this study 
evaluated the potential enzyme production (cellulase and chitinase) by five strains 
of Fusarium oxysporum f. sp. cubense race 1 (FocR1) grown under submerged 
cultures with different carbon sources.

Five strains of FocR1 were utilized. These banana associated fungi (Florencio-
Anastasio et al., 2022) were obtained from the fungal collection of Laboratorio de 
Micologia of the Centro Nacional de Referencia Fitosanitaria (CNRF) belonged to the 
Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria (SENASICA, 
Mexico). These fungal strains are coded as CNRF-MIC17188, CNRF-MIC17189, 
CNRF-MIC17190, CNRF-MIC17191, and CNRF-MIC17192. The radial growth 
rate (RGr) of the five FocR1 strains was estimated according to García-Espejo 
et al. (2016). The degradation kinetics of three complex substrates [filter paper, 
newspaper, and colloidal chitin (Sigma®)] were determined by growing the fungal 
strains in submerged cultures for 14 days at 25 ± 2 °C, and 200 rpm. Each assay 
was carried out by triplicate with the corresponding substrate and with the fungal 
strain under study. Briefly, 50 mL-Falcon tubes were utilized; each tube contained 
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35 mL of basal minimum medium (BMM) [Na2HPO4 6 g L-1, KH2PO4 3 g L-1, 
(NH4)2SO4 2.64 g L-1, MgSO4•7H2O 0.5 g L-1, CaCl2 0.015 g L-1, MnSO4 3 g L-1, 
ZnSO4 3 g L-1], with a pH of 4.8 adjusted with a 0.05 M citrate buffer (García-
Espejo et al., 2016). Afterwards, the respective substrate to be degraded was added: 
a) 1% w/v of chitin, b) one strip (1x11cm) of filter paper, and c) one strip (1x11cm) 
of newspaper. Each tube was inoculated with a spore suspension concentration 
(1x106 spores mL-1) of the corresponding fungal strain. After 7 and 14 days, 1.5 
mL aliquots were taken for determining the corresponding enzyme activity. The 
total cellulase activity was evaluated from the bioassay with filter paper (FPase), 
and with the endoglucanase activity (CMCase) performed by the DNS technique 
(Miller, 1959; Ghose, 1987), and by using D-Glucose as blank. The chitinase activity 
was performed by means of the method described by Vargas-Hoyos and Gilchrist-
Ramelli (2015). The production of sugars was determined with the method of Miller 
(1959) using N-acetyl-D-glucosamine (GlcNAc) as blank. The procedure to carry 
out the enzymatic activities was described by Hernández-Melchor et al. (2022), 
the measurement was performed at 540 nm with a microplate reader (Synergy 2, 
Biotek®). Each unit of enzyme activity was defined as the amount of the enzyme 
required to release 1 μmol min-1 of the reducing sugar and expressed as equivalents 
of glucose under our experimental conditions. The activities were expressed as 
international units per liter (IU L-1). 

Experiment consisted in a completely randomized design with four treatments 
with three replicates for each Fusarium strain. Normality of data was checked out 
by using the test Shapiro-Wilks (P≤0.05). Then, both analysis of variance (ANOVA) 
and mean comparison test (Tukey, P≤0.05) were performed with the statistical 
SAS program (Windows version 6.2.9200), to assess significant differences among 
parameters (RGr and the capability of each FocR1 strains for degrading three 
complex substrates), and expressed as means ± standard error.

The RGr estimated for the five strains of FocR1 are presented in Figure 1. The 
strain CNRF-MIC17190 showed significant differences (Tukey, α=0.05) for the 
RGr (0.051 cm h-1) when compared to the remaining FocR1 strains. The RGr of 
CNRF-MIC17190 was 1.2 times higher than that reported by Pal et al. (2019) for 
F. oxysporum f. sp. lini (0.0399 cm h-1) growing at 25±2 °C, and 21 to 23 times 
higher than that reported by Scott et al. (2010) for F. oxysporum f.sp lactucae 
(0.0022-0.0024 cm h-1) growing at temperatures ranging from 10 to 25 °C. The 
RGr of filamentous fungi helps knowing their growth over time under certain 
cultural conditions such as temperature, substrate, pH, among others; in addition, 
this parameter allow the establishment of the time for operating specific submerged 
batch bioreactors based on the utilization of microorganisms (Moore et al., 2020; 
Valle et al., 2022).
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Figures 2 to 4 show the quantified enzymatic activities achieved by the five 
FocR1 strains, at days 7 and 14, by using newspaper, filter paper, and colloidal 
chitin as carbon sources. By using newspaper, the enzyme production resulted in 
significant differences (Tukey, α=0.05) among FocR1 strains; the highest cellulase 
activities (FPase and CMCase) were recorded for strains CNRF-MIC17191 and 
CNRF- MIC17192 at days 7 and 14 (Figure 2A and B), and the highest chitinase 
activity was obtained for CNRF-MIC17188 and CNRF-MIC17189, at day 7 
(Figure 2C). However, by using filter paper as a carbon source, the strains CNRF-
MIC17191, CNRF-MIC17192 and CNRF-MIC17190 at days 7 and 14 respectively, 
had significant differences (Tukey, α=0.05) on cellulase activities when compared 
to the rest of FocR1 strains (Figure 3A and B). At day 14, the strains CNRF-
MIC17189 and CNRF-MIC17192 showed the highest chitinase activity (Figure 
3C). Finally, when chitin was applied as a carbon source, the fungal strains showed 
significant differences (Tukey, α=0.05) on the enzymatic activity. Strains CNRF-
MIC17188 and CNRF-MIC17190, at day 7, and strains CNRF -MIC17188 and 
CNRF-MIC17189 at day 14, had high FPase, respectively (Figure 4A). In the 
case of CMCase, the strain CNRF-MIC17192 showed the highest enzyme activity 

Figure 1. Radial growth rate (RGr) of Fusarium oxysporum f.sp. cubense Race 1 (FocR1) strains 
in PDA medium, at 192 h. Different letters on bars are significantly different (Tukey; 
p≤0.05). Means ± standard error, n=3.
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Figure 2.  Quantitative enzymatic activity of five strains of Fusarium oxysporum f.sp. cubense Race 
1 (FocR1) using newspaper as substrate, at 7 and 14 days. A) Cellulase activity (FPase). 
B) Carboxymethyl cellulase (CMCase). C) Chitinase activity. Different letters over the 
bars in the three graphs are significantly different (Tukey; p≤0.05). Means ± standard 
error, n=3.
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Figure 3.  Quantitative enzymatic activity of five strains of Fusarium oxysporum f.sp. cubense Race 
1 (FocR1) using filter paper as substrate, at 7 and 14 days. A) Cellulase activity (FPase). 
B) Carboxymethyl cellulase (CMCase). C) Chitinase activity. Different letters over the 
bars in the three graphs are significantly different (Tukey; p≤0.05). Means ± standard error, 
n=3.
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Figure 4.  Quantitative enzymatic activity of five strains of Fusarium oxysporum f.sp. cubense Race 
1 (FocR1) using chitin as substrate, at 7 and 14 days. A) Cellulase activity (FPase). B) 
Carboxymethyl cellulase (CMCase). C) Chitinase activity. Different letters over the bars 
in the three graphs are significantly different (Tukey; p≤0.05). Means ± standard error, 
n=3.
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at both 7 and 14 days (Figure 4B). In addition, strains CNRF-MIC17188 and 
CNRF-MIC17192, at 7 and 14 days, respectively, showed high chitinase activity 
(Figure 4C). Overall, results on enzyme activity varied depending on the carbon 
source and on the fungal strain. Martinez-Pacheco et al. (2020) mentioned that 
the nutritional requirements of each Fusarium species are specific for producing 
different enzymatic activities, this is due to the abundance or limitation of macro- or 
micronutrients throughout the fermentation process that alters fungal physiology; 
in addition, the nature of organic residues may influence the expression of enzyme 
mechanisms that intervene in their depolymerization over time.

The highest CMCase activities recorded for strains CNRF-MIC17191 and 
CNRF-MIC17192 were achieved at 14 days, by using either newspaper (1859 
IU L-1) or chitin (1045 IU L-1) as carbon source, respectively. Those values are 
comparable to those reported by Yuan et al. (2012) who evaluated the cellulase 
activity from one strain of F. oxysporum by using carboxymethylcellulose as a 
carbon source in submerged culture (1430 IU L-1). Conversely, the CMCase values 
mentioned by Yuan et al. (2012) were 2.8 times lower than those recorded in the 
present study by the strain CNRF-MIC17192 (4063 IU L-1) when filter paper was 
applied as a carbon source. On the other hand, the best results of FPase activity 
were obtained for strains CNRF-MIC17191 and CNRF-MIC17192 at day 7, when 
using newspaper (754 IU L-1 and 906 IU L-1, respectively) and filter paper (930 IU 
L-1 and 1011 IU L-1, respectively) as carbon source; for strains CNRF-MIC17188 
and CNRF-MIC17190 the highest FPase activity was detected at day 7, by using 
chitin as carbon source (2259 IU L-1 and 1859 IU L-1). These results are comparable 
to those reported by Ramanathan et al. (2010) who studied the enzymatic capacity 
of F. oxysporum using 1% carboxymethylcellulose as carbon source at 50 °C and 
pH 6 for 12 d. Also, Xiros et al. (2009) obtained similar values of FPase activity 
from F. oxysporum isolated from cumin which achieved maximum values of 850 
IU L-1, after 70 h in culture based on corn cobs and brewer spent grains as carbon 
sources. Likewise, results of FPase by using chitin as a substrate are similar to those 
reported by da Rosa-Garzon et al. (2019) who carried out a submerged culture with 
F. oxysporum in which the FPase (~ 2000 IU L-1) was produced at similar levels in 
casein and feather-meal cultures. Regarding chitinase activity, the most significant 
results were achieved for strains CNRF-MIC17188 and CNRF-MIC17189 by using 
newspaper, for strains CNRF-MIC17189 and CNRF-MIC17192 with filter paper, 
and for strains CNRF-MIC17188 and CNRF-MIC17192 by using chitin as carbon 
source. There are few scientific reports about the capability of Fusarium species 
to produce chitinases under submerged cultures (Mathivanan et al., 1998), but 
some species may release chitinases that are involved for the biocontrol of fungal 
phytopathogens like Puccinia arachidis (Patil et al., 2000). In this regard,  various 
authors demonstrated the ability of several species of Fusarium to use complex 
substrates as a carbon source to produce multienzyme complexes under controlled 
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fermentation process in a bioreactor. For instance,  F. verticillioides may produce 
cellulose enzymes by using carboxymethylcellulose or residues of Gamba grass 
(Andropogon gayanus) as carbon sources in submerged cultures (de Almeida et 
al., 2019; Vázquez-Montoya et al., 2020). Indira et al. (2016) studied the ability 
of F. subglutinans to produce cellulases by using pretreated rice straw in Mandel’s 
media and prepared with fresh water or seawater (277.5 U mL-1 and 126.72 U mL-1, 
respectively). Martínez-Pacheco et al. (2020) optimized the ability of F. solani to 
produce extracellular xylanases by using the Box-Wilson design. These enzymes 
are relevant for biotechnological processes (food, paper and cellulose pulp, textile 
and chemical industries). Although many fungal enzymes have been selected on 
their efficiency for biodegrading complex substrates, their large-scale production is 
influenced by several factors like pH variations, temperature, and enzyme-substrate 
concentration (Hemansi et al., 2019), which must be studied and standardized 
to carry out effective scaling-up of such bioprocess. The latter highlights the 
importance of our research, so that even though some strains of Fusarium are well-
known to be as phytopathogens, these fungi may also produce multi-enzymatic 
extracellular complexes (cellulase and chitinase enzymes, for instance) which can be 
characterized and purified, and they possess unique characteristics when compared 
to enzymes produced by other fungal genera. In addition, some saprophytic species 
of Fusarium have the capability to degrade different substrates (agro-industrial 
wastes) under controlled submerged cultures in bioreactors, thus these fungal 
species may reduce the costs of enzyme production, and allow the separation of the 
fungal biomass from the supernatant that contains the target product throughout a 
safe bioprocess at different production scales. Nevertheless, the further utilization 
of Fusarium species or strains may be carefully valorized in order to avoid negative 
implications when using pathogenic agents, and to concur with certain safety and 
ecological risk assessments.

In conclusion, this paper showed that carbon sources like newspaper, filter 
paper and chitin can be efficient inductors for cellulase and chitinase production 
by Fusarium oxysporum f.sp. cubense race 1 (FocR1) in submerged cultures. 
These FocR1 strains are promising fungal species for further biotechnological 
application since these fungi grow fast under controlled submerged conditions 
with the addition of low-cost substrates thus, secreting and producing important 
extracellular enzymes. 
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