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INTRODUCTION  

 

Heavy metals are usually found in nature as components of the earth's crust, in the form 

of salts, minerals or other compounds, these elements are presented in high 

concentrations result in cytotoxic and lethal effects, even in small concentrations such as 

Pb, Cd, Co, Ni, Zn and Cu (Nies, 1999; Lau et al., 2005; Pérez et al., 2008). In the last 

decade, anthropogenic impacts have released a great pollution to the environment, heavy 

metal pollution presents a problem growing world (Garbisu and Alkorta, 2003). 

Toxicity to these elements in humans occurs through the blockage of the various 

biological activities, such as enzymatic inactivation by the formation of bonds between 

the metal and hydrogen sulfide groups (-SH), altering various functional groups of 
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Colletotrichum gloeosporioides and Rhizopus stolonifer were cultivated 

in two culture media: potato dextrose agar (PDA) to determine the 

maximum growth mycelial speed (μmax) and lag phase (λ) using the 

Gompertz and Hills mathematical models, also used liquid medium potato 

dextrose broth (PDB) to obtain production of mycelial biomass and 

exopolysaccharides (EPS). Colletotrichum gloeosporioides showed the 

highest maximum growth rate (0.38 day
-1

) and the lowest lag phase duration 

(1.85 h) on PDA medium, Colletotrichum gloeosporioides cultivated on 

liquid medium presented the highest biomass production (76.15%) and 

exopolysaccharides production (80.00%). Exopolysaccharides (EPS) 

obtained from the liquid culture medium of Colletotrichum gloeosporioides 

presented the highest absorption content of lead (0.015 mg.g
-1

). The results 

obtained that exopolysaccharides of Colletotrichum gloeosporioides 

cultivated on PDB medium showed the highest absorption of lead (Pb) in 

the sediment of the aquaculture pool. 
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proteins resulting in irreversible damage by modifying the formation of biological 

molecules (Garbisu and Alkorta, 2003; Rajendran et al., 2003).  

The heavy metals pollution is the main challenge in the environmental field because they 

have toxic or poisonous characteristics (Lucho et al., 2005). They have been shown 

different technologies to solve this problem, such as: the use of microorganism in the 

treatment of wastewater contaminated with heavy metals and in recovery of metals in 

mining wastes or metallurgical effluents (Gadd, 1997). Microorganisms are also used as 

they modify the concentration of heavy metals in the environment thanks to the action of 

enzymatic and non-enzymatic mechanisms to remove metals in solution (Rajendran et 

al., 2003), also there is other method with more efficiency such as the adsorption of 

heavy metals by exopolysaccharides (Pagnanelli et al., 2000).  

Exopolysaccharides (EPS) are complex group of macromolecules of carbohydrates, these 

are secreted by bacteria, fungi and algae, which accumulate extracellularly giving a 

mucilaginous appearance (Comte et al., 2006). In bioremediation methods, 

exopolysaccharides use functional groups ionizable such as carboxyl, acetate, hydroxyl, 

amine, phosphate or sulfate groups that they act as active sites for ionic biosorption 

(Deschatre et al., 2013).  

The aim of this research was to determinate the mycelial kinetics of the phytopatogenic 

strains on PDA dishes, the production of biomass and exopolysaccharides in liquid media 

(PDB) and the adsorption of lead (Pb) in the sediment of aquaculture pool by the 

exopolysaccharides produced of Colletotrichum gloeosporioides and Rhizopus stolonifer. 

 

MATERIALS AND METHODS  

 

Biological material  

In this research was used the phytopatogenic fungi: Colletotrichum gloeosporioides 

(XY001) and Rhizopus stolonifer (CS005). Stocks of all strains are deposited at the 

fungal collection of Research and Development Laboratory of Ecuahidrolizados. 

 

Culture media 

The culture media was prepared by dissolving 18 g of potato dextrose agar (PDA) 

in 0.50 L of distilled water using an Erlenmeyer flask. The flask was autoclaved at 121 

°C for 30 min, subsequent, 10 mL of sterile medium were poured into Petri dishes. The 

dishes with the medium solidified were put in plastic bags and incubated at 28 °C for 24 

h to check the sterility (Eger et al., 1976). 

 

Preparation of liquid culture 

The liquid culture was prepared by dissolving 39 g of PDB potato dextrose broth in 

1 L of distilled water using an Erlenmeyer flask. The flask was sterilized in an autoclave 

at 15 psi (121 ° C) for 15 minutes. 
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Mycelial kinetics  

The mathematical models of Gompertz and Hills were used to determine the 

mycelial growth kinetics of phytopathogenic fungi such as: Colletotrichum 

gloeosporioides and Rhizopus stolonifer on papa dextrose agar medium (PDA) (Liu et 

al., 2017): 

log N = A + C * exp {-exp [-B (t-M)]}, where: 

A, B, C = model parameters 

t = days of mycelial colonization 

M = day with maximum growth rate 

log N = growth kinetics 

 

Using the model parameters was calculated the maximum growth rate (μmax) see 

Eq. (1) and the lag phase (λ) see Eq. (2) (Gibson et al., 1987; Hills and Wright, 1994): 

Eq. (1)     μmax = (B * C) / e, where: e = Euler constant 

Eq. (2)          λ = [ln (1+ (μmax / v)] / μmax, where: v = μmax 

 

Biomass production  

Mycelium of phytopathogenic fungi such as: Colletotrichum gloeosporioides 

(XY001) and Rhizopus stolonifer (CS005) was activated on PDA plates at 25 ℃ for 5 

days. Two discs with a size of 5.5 mm were cut from the edge of the mycelium on PDA, 

and were inoculated in an Erlenmeyer flask with 100 mL of the liquid medium. The flask 

with the medium was put in a shaking incubator at 200 rpm for 6 days at 25 
o
C. Finally, 

the biomass was filtered through Whatman # 1 filter paper and dried to constant weight. 

(Lakzian et al., 2008; Taskin et al., 2012). 

Exopolysaccharides production  

The culture broth and the water used to wash the sieve biomass were filtered through 

Whatman # 1 filter paper, and was added 150 mL of ethanol to precipitate the 

polysaccharides. Finally, the precipitate EPS that was filtered, dried to constant weight at 

40 °C (Rasulov et al., 2013). 

Biosorption studies  

Batch studies were perfomed using 100 mg of exopolysaccharides in 250 mL 

Erlenmeyer shaker flash containing 100 mL of 10-100 ppm metal solution (adjusted to 

pH 6.0) at 25 
o
C and 160 rpm in a shaking incubator for 15 min. Beads of biomass were 

centrifuged, the supernatant was decanted, filtered and metals ions were then analyzed by 

ion exchange chromatography (Xie et al., 1996).  

Isothermal adsorption of lead was studied by using Langmuir model. The Langmuir 

equation is valid for monolayer sorption onto a surface with a finite number of identical 

sites, see Eq. (3).  
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                       Eq.(3)          qeq=(Q
o
 bCeq)/(1+ bCeq ) 

where: Q
o
 is the maximum amount of the metal ion per unit weight of cell to form a 

complete monolayer on the surface bound at high Ceq (mg.g
-1

) and b is a constant related 

to the affinity of the binding sites.  

Statistical analysis 

In all analyzes, a completely randomized design and the results were studied using 

one-way analysis of variance (ANOVA) to determine the significance of individual 

differences at p<0.05 level, the specific maximum growth rate (μmax), the lag phase (λ), 

the biomass content and exopolysaccharides produced by the submerged liquid used in 

cultivation of phytopatogenic fungi, when statistical differences were found, the Duncan 

Test with α = 0.05 was applied. The analyses were carried out using statistical software 

(Statgraphic ver. 16). 

 

RESULTS  

 

Mycelial growth  

Table 1 shows the mycelial kinetics of the phytopathogenic fungi Colletotrichum 

gloeosporioides and Rhizopus stolonifer on PDA medium using the mathematical models 

of Gompertz and Hills (Valenzuela-Cobos et al., 2017). 

The average of parameter A was -28.29, while B was 1.12 and for C it was 76.87. 

Regina (2001) determined the volume of mycelial growth for two strains of Lentinula 

edodes where values of A ranged from 1.57 to 16.13, values of B since 28.36 to 86.53 

and values of C between 11.89 and 44.24 were obtained. A is the parameter that indicates 

the maximum potential of the growth rate, while B is the biological variable that relates 

the growth rate and the incubation time, and C is the biological parameter that correlates 

the incubation time and the speed snapshot (Fekedulegn et al., 1999). 

Colletotrichum gloeosporioides and Rhizopus stolonifer presented specific growth 

speeds between 0.28 and 0.38 day
-1

, and the latency phase since 1.85 to 2.40 h. using the 

Gompertz and Hills models, these models describe growth trends in terms of static 

accuracy and simplicity (McDonald and Sun, 1999). Guillén-Navarro et al. (1998) 

reported μmax values of 0.86 day
-1

 on day 12
th

 from Pleurotus ostreatus cultivated on agar 

DLA, and also presented the μmax value of 0.65 day
-1

 of the same strain on synthetic 

medium with yeast extract and glucose concentration of 2.5 (g/L). The specific growth 

rate (μmax) indicates the ability of the strain to absorb nutrients in both media (Liu et al., 

2017). Straatsma et al. (1991) reported λ values for A. bisporus ranged from 0.46 to 0.71 

h through the use of logistic functions. The lag phase (λ) indicates the strain's ability to 

adapt to new environmental conditions (Chatterjee et al., 2015). 
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Table 1. Mycelial kinetics of Colletotrichum gloeosporioides and R. stolonifer. 

Strains A B C e 
μmax 

(day
-1

) 

λ  

(h) 

Colletotrichum gloeosporioides 

(XY001) 

 

-4.92 

 

0.02 

 

13.31 

 
 

2.718 

 

0.38
A
 1.85

b
 

Rhizopus stolonifer 

(CS005) 

 

-51.68 

 

2.22 

 

140.43 

 

0.28
B
 2.40ª 

*A, B and C= Parameters of the Gompertz model, e= Euler constant. 

*Uppercase letters indicate difference between the specific growth speed of the phytopatogenic 

fungi, while lowercase letters indicate difference between the lag phase of the phytopatogenic 

fungi according to Duncan’s test (p < 0.05), n = 10. 

 

Production of biomass and exopolysaccharides  

Table 2 shows the production of biomass from the submerged liquid of 

Colletotrichum gloeosporioides and Rhizopus stolonifer. 

Biomass production by Colletotrichum gloeosporioides and Rhizopus stolonifer 

fungi were between 56.25% and 76.17%. Taskin et al. (2012) used liquid culture 

composed of glucose (40 g/L), yeast extract (3 g/L) and tryptone peptone (10 g/L) for the 

growth of the strain of Morchella esculenta obtaining 16% of biomass. 

 

Table 2. Biomass production on PDB medium of Colletotrichum gloeosporioides and 

Rhizopus stolonifer. 

Strains Wet weight  

(g) 

Dry weight  

(g) 

Biomass  

(%) 

Colletotrichum gloeosporioides  

(XY001)  

0.80 0.40 76.15
a
 

 

Rhizopus stolonifer  

(CS005) 

0.90 0.70 56.25
b
 

* Different letters in each column indicate significant difference between the biomass produced 

by two strains of phytopathogenic fungi with level p <0.05, according to the Duncan test, n = 10. 

Table 3 presents the production of exopolysaccharides from the submerged liquid of 

Colletotrichum gloeosporioides and Rhizopus stolonifer. The production of 

exopolysaccharides from the fungi Colletotrichum gloeosporioides and Rhizopus 

stolonifer were between 15% and 80%. Taskin et al. (2012) used liquid culture 
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composed of glucose (40 g/L), yeast extract (3 g/L) and tryptone peptone (10 g/L) for the 

strain of Morchella esculenta presenting production of exopolysaccharides (4.80%). 

Submerged cultivation represents an alternative form of rapid and efficient production of 

mycelial biomass and exopolysaccharides (Confortin et al., 2008). Peptons represent not 

only a source of organic nitrogen but also a source of specific amino acids or peptides. 

These are defined as protein hydrolysates that are easily soluble in water and are not 

precipitable by heat, by alkali or by saturation with ammonium sulfate. 

Table 3. Production of exopolysaccharides in submerged medium PDB of fungi 

Colletotrichum gloeosporioides and Rhizopus stolonifer. 

Strains Exopolysaccharides (%) 

Colletotrichum gloeosporioides (XY001)  80.00
a
 

Rhizopus stolonifer (CS005) 15.00
b
 

 

* Different letters in each column indicate significant difference between the production 

of the exopolysaccharides of the two strains of phytopathogenic fungi with level p <0.05, 

according to the Duncan test, n = 10. 

Langmuir adsorption isotherms  

Using the Langmuir model, maximum adsorption of lead was estimated to be 0.015 

mg.g
-1

 in the sediment of aquaculture pool by the exopolysaccharides produced from the 

submerged liquid used in cultivation of Colletotrichum gloeosporioides. For otherwise, 

exopolysaccharides obtained by the submerged liquid (LC3) used in the production of 

Rhizopus stolonifer showed adsorption values of lead of 0.009 mg.g
-1

 in the sediment of 

aquaculture pool (Table 4). Lakzian et al. (2008) reported optimal conditions for lead(II) 

biosorption by Arthrobacter sp. 25 (free-living cells) from aqueous solution were an 

initial lead(II) concentration of 108.79 mg/L, pH of 5.75, and a biosorbent dose of 9.9 

g/L. The predicted maximum theoretical adsorption capacity of lead(II) was 9.88 mg/g. 

The adsorption capacity increased with the atomic mass of the elements (Tobin et al., 

1984). The adsorption of the heavy metals is related with the medium used in cultivation 

of the strains. 

 

Table 4. Langmuir isotherm model constants for adsorption of lead by EPS produced 

from submerged culture of Colletotrichum gloeosporioides and Rhizopus stolonifer. 

Fungi 
Q

o
 

(mg.g
-1

) 
R

2
 

Colletotrichum 

gloeosporioides 

(XY001) 
0.015 0.9967 

Rhizopus stolonifer 

(CS005) 
0.009 0.9901 
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CONCLUSION 

 

The Gompertz and Hill models showed that Colletotrichum gloeosporioides 

showed the highest maximum growth specific speed (µmax) and shorter phase duration (λ) 

on PDA medium. 

The liquid culture used in the cultivation of Colletotrichum gloeosporioides 

presented the highest production of biomass and exopolysaccharides. The 

exopolysaccharides produced from the liquid culture of Colletotrichum gloeosporioides 

showed the highest adsorption of lead in in the sediment of aquaculture pool in 

comparison with the exopolysaccharides obtained from the submerged culture of 

Rhizopus stolonifer. 

 

REFERENCES  

 

Chatterjee, T.; Chatterjee, B.K.; Majumdar, D. and Chakrabarti., P. (2015). 

Antibacterial effect of silver nanoparticles and the modeling of bacterial growth 

kinetics using a modified Gompertz model. Biochim. Biophys. Acta., 1850: 299-306.  

Comte, S.; Guibaud, G. and Baudu, M. (2006). Biosorption properties of extracellular 

polymeric substances (EPS) resulting from activated sludge according to their type: 

Soluble or bound. Process Biochem., 41: 815-823. 

Confortin, F.G.; Marchetto, R.; Bettin, F.; Camassola, M.; Salvador, M. and Dillon, 

A.J.P. (2008). Production of Pleurotus sajor-caju strain PS-2001 biomass in 

submerged culture. J. Ind. Microbiol. Biotechnol. 35:1149–1155.  

Deschatre, M.; Ghillebaert, F.; Guezennec, J. and Colin, C.S. (2013). Sorption of copper 

(II) and silver (I) by four bacterial exopolysaccharides. Appl. Biochem. Biotechnol., 

171: 1313–1327.  

Eger, G.; Eden, G. andWissig, E. (1976). Pleurotus ostreatus-breeding potential of a new 

cultivated mushroom. Theor. Appl. Genet., 47: 155-163.  

Fekedulegn, D.; Siúrtáin, M.P.M. and Colbert, J.J. (1999). Parameter estimation of 

nonlinear models in forestry. Silv. Fenn., 33: 327-336. 

Gadd, G.M. (1997) Role of micro-organisms in the environmental fate of radionuclides. 

Ciba Found. Symp., 203, 94-104. 

Garbisu, C. and Alkorta, I. (2003). Basic concepts on heavy metal soil bioremediation. 

Eur. J. Miner. Process. Environ. Prot., 3: 58–66.  



Valenzuela-Cobos et al., 2020 48 

Gibson, A.M.; Bratchell, N. and Roberts, T.A. (1987). The effect of sodium chloride and 

temperature on the rate and extent of growth of Clostridium botulinum Type A in 

pasteurized pork slurry. J. Appl. Bacteriol., 62: 479-490. 

Guillén-Navarro, G.K.; Márquez-Rocha, F.J. and Sánchez-Vázquez, J.E. (1998). 

Producción de biomasa y enzimas ligninolíticas por Pleurotus ostreatus en cultivo 

sumergido. Rev. Iberoam. Mico., 15: 302-306. 

Hills, B.P. and Wright, K.M. (1994). A new model for bacterial growth in heterogeneous 

systems. J. Theor. Biol., 168: 31-41. 

Jin, Y.; Wang, X.; Zang, T.; Hu, Y.; Hu, X.; Ren, G.; Xu X. and Qu, J. (2016). 

Biosorption of Lead(II) by Arthrobacter sp. 25: Process Optimization and 

Mechanism. Microbiol. Biotechnol., 26: 1428–1438.  

Lau, T.C.; Wu, X.A.; Chua, H.; Qian, P.Y. and Wong, P.K. (2005). Effect of 

exopolysaccharides on the adsorption of metal ions by Pseudomonas sp. CU-1. 

Water Sci. Technol., 52(7): 63-68.  

Lakzian, A.; Berenji, A.R.; Karimi, E. and Razavi, S. (2008). Adsorption Capability of 

Lead, Nickel and Zinc by Exopolysaccharide and Dried Cell of Ensifer meliloti. 

Asian J. Chem., 20, 6075-6080 

Liu, H.; Chen, N.; Feng, C.; Tong, S. and Li, R. (2017). Impact of electrostimulation on 

denitrifying bacterial growth and analysis of bacterial growth kinetics using a 

modified Gompertz model in a bio-electrochemical denitrification reactor. Bioresour. 

Technol., 232: 344-353.  

Lucho-Constantino, C.A.; Álvarez-Suárez, M.; Beltrán-Hernández, R.I.; Prieto-García, F. 

and Poggi-Varaldo, H.M. (2005). A multivariate analysis of the accumulation and 

fractionation of major and trace elements in agricultural soils in Hidalgo State, 

Mexico irrigated with raw wastewater. Environ. Int., 31(3): 313-323.  

McDonald, K. and Sun, D. W. (1999). Predictive food microbiology for the meat 

industry: A review. Int. J. Food Microbiol. 52: 1-27.  

Nies, D.H. (1999). Microbial heavy-metal resistance. Appl. Microbiol. Biotechnol., 

51(6): 730-750.  

Pagnanelli, F.; Papini, M.P.; Toro, L.; Trifoni, M. and Veglio, F. (2000) Biosorption of 

metal ions on Arthrobacter sp.: biomass characterization and biosorption modeling. 

Environ. Sci. Technol., 34: 2773–2778.  

Pérez, J.A.M.; García-Ribera, R.; Quesada, T.; Aguilera, M.; Ramos-Cormenzana, A. 

and Monteoliva-Sánchez, M. (2008). Biosorption of heavy metals by the 



Soprtion of Lead in sediment of aquaculture pool 
 

 

49 

exopolysaccharide produced by Paenibacillus jamilae. World J. Microbiol. 

Biotechnol., 24: 2699.  

Rajendran, P.; Muthukrishnan, J. and Gunasekaran, P. (2003). Microbes in heavy metal 

remediation. Indian J. Exp. Biol., 41: 935–944. 

Rasulov, B.A.; Yili, A. and Aisa, H.A. (2013). Biosorption of metal ions by 

exopolysaccharide produced by Azotobacter chroococcum XU1. J. Environ. Prot., 

4(09): 989.  

Regina, M. (2001). Cinética do Crescimento Miceliano de Lentinula edodes (Berk.) 

Pegler em Bagaço de Cana-de-açúcar e Serragem de Eucalipto. Master Dissertation, 

Universidade Estadual Paulista Júlio de Mesquita Filho, Brasil. 

Straatsma, G.; Gerrits, J.P.; Gerrits, T.M.; op den Camp, H.J. and van Griensven, L.J. 

(1991). Growth kinetics of Agaricus bisporus mycelium on solid substrate 

(mushroom compost). J. Gen. Microbiol. 137: 1471-1477.  

Taskin, M.; Ozkan, B.; Atici, O. and Aydogan, M.N. (2012). Utilization of chicken 

feather hydrolysate as a novel fermentation substrate for production of 

exopolysaccharide and mycelial biomass from edible mushroom Morchella 

esculenta.  tnI .J.c  doF . tuI   ., 63:597–602.  

Valenzuela-Cobos, J.D.; Durán Páramo, E.; Villanueva Arce, R.; Sánchez Hernández, 

A.; Garín Aguilar, M.E.; Leal Lara, H. and Valencia del Toro, G. (2017). Production 

of hybrid strains among Pleutorus and Lentinula and evaluation of their mycelial 

growth kinetics on malt extract agar and wheat grain using the Gompertz and Hill 

models. Emir. J. Food Agric., 29: 927-935.  

Xie, J.Z.; Hsiao-Lung, C. and Kilbane-II, J.J. (1996). Removal and recovery of metal 

ions from wastewater using biosorbents and chemically modified absorbents. 

Bioresour. Technol., 57: 127-136.  

 

 

 

 


