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Abstract 
 

            Lignocelluloses of sugarcane represent a precious and cheap 

source for enzyme production by several fungal species. In the present 

study 25 samples of sugarcane bagasse were analyzed for their fungal 

content. The growing fungal strains were then screened for their abilities 

to produce cellulolytic and xylanolytic enzymes in solid and broth 

cultures. A total of 62 fungal species belonging to 31 genera were 

identified from the tested samples. The most prevalent genera were 

Aspergillus and Fusarium being isolated from 96% of the tested 

samples. Mucor, Penicillium and Talaromyces colonized 45% - 52% of 

bagasse samples.The most prevalent species were A. flavus, A. niger and 

F. oxysporum. Internal trans. Spacer (ITS) sequences of rDNA 

confirmed the identification of two new records (Ceratocystis adiposa, 

Phaeoacremonium viticola) in addition to Sarocladium kiliense, 

Stachybotrys chartarum and S. elegans. Cellulolytic activities were 

detected in solid cultures of 73.7% of fungal strains with the most active 

being Aspergillus tamarii, Exserohilum rostratum and S. chartarum. 

Xylanolytic activities were exhibited by59.8% of fungal strains and the 

active xylanase producers were A. niger, A. tamarii, A. tubingensis, C. 

adiposa and E. rostratum. Spectrophotometric measurements using 

dinitrosalicylic acid (DNS) reagents howed high cellulase concentration 

in broth cultures of S. chartarum followed by A. niger, C. adiposa and S. 

elegans (10.2- 52.0 IU/ml). The relative activity of fungal cellulase 

ranged from 0.2-1.7 IU/ml/min whereas the specific activity fluctuated 

between 2.471-14.590 IU/mg protein. Xylanase concentration, relative 

and specific activities were markedly high especially in cultures of A. 
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niger (360.6 IU/ml, 32.0IU/ml/min. and 64.611 IU/mg protein, 

respectively). 

Keywords: Sugarcane bagasse, fungi, cellulases, xylanases,enzymes 

Introduction 
 

 Agricultural crop wastes such as bagasseofsugarcane 

(Saccharum officinarum L.), consist mainly of cellulose and 

hemicellulose while, the rest comprises lignin, nitrogenous 

compounds and ash (Abdullah and Zafar, 1999). These agro-

industrial wastes have been recognized as important renewable 

sources of biofuels and other value-added products (Moretti et al., 

2012). Sugarcane bagasse contains approximately 35-45% 

cellulose, 25% hemicellulose and 20-25% lignin. Due to its high 

availability, it could serve as a substrate formicrobial production of 

value-added products, such as protein-rich animal feed, enzymes, 

amino acids, organic acids and compounds of 

pharmaceuticalimportance (Parameswaran 2009), and also source 

of carbon for the growth of filamentous fungi (Martins et al. 

2011).  

There has been increasing interest in obtaining new, stable 

and more specific enzymes using low-cost carbon sources, such as 

sugarcane bagasse, and in searching for new and suitable microbial 

strains for large-scale cultivation for biotechnological processes 

(Parameswaran 2009).Dos Santos et al. (2015) isolated nineteen 

molds and seven yeast strains from sugarcane bagasse piles located 

at Brazilian Cerrado. Four species of them were identified as 

Kluyveromyces marxianus, Aspergillus niger, A. sydowii and A. 

fumigatus. The isolates were screened for the production of key 

enzymes in the saccharification of lignocellulosic material. Among 

them, three strains were selected as good producers of 

hemicellulolytic enzymes: A. niger (SBCM3), A. sydowii 

(SBCM7) and A. fumigatus (SBC4). The best xylosidase producer 

was A.nigerSBCM3 strain. This crude enzyme presented optimal 

activity at pH 3.5 and 55 °C (141 U/g). For glucosidase and 

xylanase, the best producer was A. fumigatus SBC4 strain, whose 

enzymes presented maximum activities at pH 3.5 and 60 °C (54 
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U/g) and 4.0 (573 U/g), respectively. All these crude enzymes 

presented stability around pH 3.0-8.0 and up to 60 °C, which can 

be very useful in industrial processes. These characteristics among 

these fungal crude enzymes suggest that they can be used 

synergistically in cocktails in future studies of biomass conversion 

with potential application in several biotechnological sectors. 

A recent report by Mohammad et al. (2019)confirmed that 

sugarcane bagasse can be used as substrate for cellulase enzyme 

production as it is cheap and readily available.A. fumigatus and A. 

niger can be used forcellulase enzyme production because they are 

easily isolated from the environment as well as from agricultural 

byproducts in addition to the both species were recorded by several 

researchers as highly producers of cellulases (Moretti et al., 2012 

and Souza et al., 2012). Bansal et al. (2012) analyzed various 

agricultural and kitchen wastes to support the production of 

cellulases by a strain of A. niger isolated from decaying residues 

and obtained appreciable levels of different cellulases. Rocha et al. 

(2013) showed the importance of ethanol production using crude 

enzymatic complexes produced by A. niger and agro-industrial 

biomass. Ferreira et al. (2018) assessed the enzymatic activity of 

six strains of filamentous fungi grown in liquid media containing 

1%sugarcane bagasse as the sole carbon source. They reported that 

all fungal strains were able to use this agro-industrial residue 

producing various types of enzymes, such as cellulases, xylanases, 

amylases, pectinases, and laccases. However, Aspergillus 

japonicus was the most efficient producer, showing the highest 

enzymatic activity for endo-β-1,4-xylanase(3.55 U mL
-1

) and β-

xylosidase (9.74 U mL
-1

) at fourteen and twenty-one days in 

culture, respectively. Furthermore, the endo-β-1,4-xylanases and β-

xylosidases of A. japonicas showed maximum activity at 50°C, and 

pH 5.5 and pH 3.5-4.5respectively.Pinotti et al. (2020) 

investigated the production of cellulases by submerged 

fermentation using Trichoderma koningii, Penicillium spp 

and Rhizomucor spp. They found that the best fungus was T. 

koningii (3130.4 IU/L) using 2.7% natural sugarcane bagasse at 

28°C followed by Penicillium spp. (111.8 IU/L at 33°C using 1.6% 
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w/v acid-alkaline pretreated bagasse) and Rhizomucor spp. (63.5 

IU/L at 28°C using 1.6% w/v natural bagasse). 

In Egypt, sugarcane production in 2019/20 has been expected to 

reach 13.8 million metric tons (MMT) showing an increase of 1.30 

MMT above last year’s estimate (Abdi and Omar 2019).The 

current study was designed to explore the mycobiota associated 

with sugarcane bagasse and to determine their efficiency for 

production of cellualases and xylanase enzymes which are of great 

value in environmental and industrial biotechnology. 

Material's  and Methods. 

1- Collection of samples  

A total of 25 samples (500 g each) of sugarcane bagasse were 

randomly collected from different places in Assiut Governorate, 

Egypt. The samples were brought in clean plastic bags to the 

laboratory and kept individually in the refrigerator (3-5 ºC) till of 

fungal analysis.   

2- Media used for isolation and identification of fungi 
 

a- Cellulose-Czapek’s agar (Eggins& Pugh 1962): This medium 

was used for isolation of cellulose decomposing fungi. It has a 

composition of (g/L): cellulose powder 10, NaNO3 3.0, K2HPO4 

1.0, MgSO4.7H2O 0.5, KCl 0.5,FeSO4.7H2O 0.01, agar agar 20, 

chloramphenicol 0.25 and Rose Bengal (1/15000). The medium 

was then autoclaved at 121ºC for 20 min. 

b- Czapek’s agar without carbon source: This medium was 

used for isolation of fungi able to consume bagasse as sole carbon 

source. The medium contains (g/L):   NaNO3 3.0, K2HPO4 1.0, 

MgSO4.7H2O 0.5, KCl 0.5, FeSO4.7H2O 0.01, agar agar 20, 

chloramphenicol, 0.25and rose Bengal (1/15000). The medium was 

then autoclaved at 121ºC for 20 min.  

c- Czapek’s Yeast Extract Agar (CYA):This medium was used 

for identification of Aspergillus, Pencillium and species. It 

contained the following ingredients (g/l): sucrose 30, yeast extract 

5, K2HSO4 1, Na NO3 3, K Cl 0.5, Mg SO4.7 H2O 0.5, Fe SO47H2O 

0.01,   ZnSO4.7H2O 0.01, CuSo45H2O 0.005and agar agar 20. The 

medium was autoclaved at 121°C for 20 min. 
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d- Potato Dextrose agar (PDA):It is preferred for identification of 

Fusarium species. It composed of (g/l): potato extract of 200, 

dextrose 20, agar agar 15, and 1000 distilled water then autoclaved 

at 121 °C for 15 min. 

e- Malt extract agar (MEA): The medium is preferred for 

identification of Dematiaceous Hyphomycetes. It contained (g/l): 

malt extract powder 20, glucose 20, peptone 1, agar 20, and 1000 

distilled water then autoclaved at 121 °C for 15 min. 

3- Methods used for isolation of fungi 

a- Direct-plating technique (Modified from Johnson et al. 

1960): Four pieces of 1 cm of bagasse were put onto the agar 

surface in Petri plates containing either cellulose-Czapek’s agar 

or Czapek’s agar without carbon source. Five plates were 

prepared for each medium which were then incubated at 25°C for 

7-10 days. The developing colonies were counted, isolated and 

identified. Fungal counts were calculated in each individual 

sample as colony forming units (CFUs) per 20 bagasse pieces.  

b- Dilution technique (Modified from Johnson et al. 1972): A 

known weight of bagasse (5 g) was put in 195 ml of sterilized 

distilled water and shaken at 150 rpm on an orbital shaker (Stuart 

Model SSL1) for 30 min, then 8 ml of the washing water were 

transferred to 92 ml of sterilized distilled water to give a final 

dilution of 1/500.Aliquots of one ml of the suspension was put in 

each of 5 Petri dishes. The cellulose-Czapek’s agar medium was 

poured into the Petri dishes (5 plates for each sample). Plates 

were rotated clock- and anti-clockwise to distribute the CFUs 

homogenously. The cultures were incubated at 25°C for 7-10 

days. The developing colonies were isolated and identified. 

Counts of the growing fungal colonies were calculated in each 

individual sample as CFUs per g bagasse. 

4- Identification of fungi 

a- Phenotypic identification of fungi: Fungal genera and species 

were identified basically on their macroscopic and microscopic 

features using the following references: These keys included 

Raper and Fennell (1965), Simmons (2007), Ellis (1976), Pitt 
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(1979), Sivanesan (1987), Moubasher (1993), Bensch et al. 

(2012), Domschet al. (2007), and Ismail et al. (2015), 

Molecular identification of fungi:  
 

   

To confirm the identification of somefungal isolates they were 

firstly grown in plates containing Czapek’s yeast extract agar 

(CYA) and incubated at 25° C for 7 days. A small amount of the 

fungal growth was scraped and suspended in 200 µl of distilled 

water and boiled at 100° C for 15 minutes (Moubasher et al., 

2016) and sent to SolGent Company, Daejeon, South Korea, for 

PCR and rDNA sequencing. Fungal DNA was extracted and 

isolated using SolGent purification bead in SolGent Company. ITS 

sequences of nuclear ribosomal DNA were amplified using the 

universal primers ITS 1 (5'-TCC GTA GGT GAA CCT GCG G-

3'), and ITS 4 (5'-TCC TCC GCT TAT TGA TAT GC-3'). 

Amplification was performed using the polymerase chain reaction 

(PCR) (ABI, 9700). The PCR reaction mixtures were prepared 

using Solgent EF-Taq as follows: 10X EF-Taq buffer 2.5 µl, 10 

mM dNTPs (T) 0.5 µl, primer (F-10p) 1.0 µl, primer (R-10p) 1.0 

µl, EF-Taq (2.5U) 0.25µl, template1.0 µl, distilled water to 25 µl. 

Then the amplification was carried out using the following PCR 

reaction conditions: one round of amplification consisting of 

denaturation at 95 °C for 15 min followed by 30 cycles of 

denaturation at 95 °C for 20 sec, annealing at 50 °C for 40 sec and 

extension at 72 °C for 1 min, with a final extension step at 72 °C 

for 5 min. The PCR products were then purified with the SolGent 

PCR Purification Kit-Ultra (SolGent, Daejeon, South Korea) prior 

to sequencing. Then the purified PCR products were reconfirmed 

(using size marker) by electrophoreses of the 

b- PCR products on 1% agarose gel. Then these bands were 

eluted and sequenced. Each sample was sequenced in the sense and 

antisense direction. Contigs were created from the sequence data 

using CLCBio Main Workbench program. The sequence obtained 

from each isolate was further analyzed using BLAST from the 

National Center for Biotechnology Information (NCBI) website. 

Sequences obtained with those retrieved from GenBank database 

were subjected to Clustal W analysis using Meg Align (DNA Star) 
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software version 5.05 for the phylogenetic analysis. Sequence data 

were deposited in GenBank and accession numbers were given for 

them. 

5- Screening for enzyme production by the common fungal 

species  

a- Cellulase production: The tested fungal strains were cultured 

on a medium containing (g/L): (NH4)2SO4 0.5, L-asparagine 0.5, 

KH2PO4 1.0, KCl0.5, MgSO4.7H2O 0.2, CaCl2 0.2, Yeast extract 

0.5, carboxymethyl cellulose (CMC) 10, and agar 20 (Eggins& 

Pugh,1962).Cultures were incubated at 25°Cfor 7 days. Erlenmeyer 

conical flasks containing liquid medium of the previous 

composition (the pH was adjusted to 5.4 using acetate buffer) were 

inoculated with the tested fungi, and incubated at 25ºC for 7 days. 

Using a sterile cork borer, wells (10 mm diameter) were made in 

agar medium of the same composition. Each well was filled with 50 

µl of the filtrated crud enzyme and the plates were incubated at 

25ºC for 24 hour. The plates were then flooded with 1 % iodine 

solution (KI 15 g, I2 3 g /L distilled water). Clear zones around 

wells indicate hydrolysis of cellulose by the resulting cellulase 

enzyme (endo-1, 4-β-glucanase). 

b- Xylanse production: The fungal isolates were subjected for 

screening their xylanase activity using the plate screening method 

on minimal agar medium with 0.5% corn copxylan as the only 

carbon source (Sridevi and Charya, 2013). The medium contained 

the following constituents (g/L): MgSO4·7H2O 0.05, CaCl20.005, 

NaNO30.005, FeSO4.7H2O 0.009, ZnSO40.002, MnSO40.012, KCl 

0.23, KH2PO40.23, peptone 2, agar 19 (Adesina and Onilude, 

2013). The Petri dishes containing the medium were inoculated 

with the microorganism in the center. The cultures were incubated 

at 28±2ºC for 10 days, and analyzed at every 24 hours for the 

occurrence and evaluation of the halo diameter. The cultures were 

flooded with 0.4% Congo red dye and after 10 minutes washed with 

1M NaCl. Clear zones around wells indicate hydrolysis of xylan by 

the resulting xylanase enzyme. 

 

 

47 



          A. M. Moharram et al. (2021), Egyptian Sugar Journal, Vol.16 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

 
 

6- Quantitative determination of enzyme concentration and 

activity 

a- Cellulase (CMCase) activity was determined by mixing 0.5 of 

CMC in 50 mM acetate buffer pH 5 with 0.5 ml of suitably diluted 

enzyme and incubating at 50°C for 20 min (Ghose, 1987). The 

reaction was terminated by addition of 2 ml of 3,5-dinitrosalicylic 

acid (DNS) and the contents was boiled for 10 min. The colour 

developed was read at 540 nm (UV spectrophotometer model 

T80+). The amount of reducing sugar liberated was quantified 

using glucose as standard. One unit of cellulase is defined as the 

amount of enzyme that liberates 1 μ mole of glucose equivalents 

per minute under the assay conditions.A blank was also prepared 

that contains 1 ml of distilled water instead of enzyme.  

b- Xylanase activity was determined by mixing 0.5 g of corncob 

xylan (Sisco research laboratories SRL-30565) in 50 mM acetate 

buffer, pH 5 with 0.5 ml of diluted enzyme and the mixture was 

incubated at 50°C for 20 min (Bailey et al., 1992). The reaction 

was terminated by addition of 2 ml of 3,5-dinitrosalicylic acid 

(DNS) and the contents was boiled for 10 min (Miller, 1959). 

After cooling, the colour developed was read at 540 nm (UV 

spectrophotometer model T80+). The amount of reducing sugar 

liberated was quantified using xylose as standard. One unit of 

xylanase is defined as the amount of enzyme that liberates 1 μ mol 

of xylose equivalents per minute under the assay conditions. A 

blank was also prepared that contains 1 ml of distilled water 

instead of enzyme. 

c- Determination of protein: The concentration of soluble protein 

was estimated using bovine serum albumin as the standard 

(Lowry, 1951). 

Results and Delusion 

Mycobiota isolated from bagasse samples: 

A total of 62 fungal species attributed to 31 genera were 

isolated. Plating technique produced relatively higher number of 

fungi either on carbon free Czapek's agar (41 species and 19 

genera) or on cellulose-Capek's agar (41 and 20). Using the 
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dilution method and Cellulose-Czapek's agar the total number of 

fungi was 34 species belonging to 17 genera as shown in table (1). 

The most common genera were Aspergillus and Fusarium which 

were represented in 18-24 and 14-24 samples analyzed on Czapek's 

without carbon source and cellulose-Czapek's agar respectively. 

Mucor occurred in high incidence on the first (13 samples) and 

second medium (12 samples) using plating technique but it was 

rare (3 samples) when the dilution plate technique was employed. 

Other genera such as Cladosporium, Myrothecium, Penicillum and 

Talaromyces were appeared in moderate frequency of occurrence 

on sugarcane bagasse analyzed by direct plating or dilution plate 

methods and their frequencies were fluctuated between 7-13 

samples out of the 25 samples under study (Table1).Reports from 

Thailand (Boonyuen et al., 2014) indicated the prevalence of 

Aspergillus and Penicillium in sugar cane bagasse. In China the 

common genera on sugarcane were identified as Bipolaris, 

Chaetomium, Colletotrichum, Curvularia, Phoma, Fusarium, 

Nigrospora and Trichoderma (Raza et al., 2019) 

In the current study, the most common species were 

Aspergillus flavus, A. niger and Fusarium oxysporum which 

colonized 14-24 samples out of 25. Each of Cladosporium 

cladosporioides, Fusarium semitectum, F. subglutinans, F. 

verticillioides, Mucor racemosus and Penicillium aurantiogriseum 

were mostly occurred in moderate incidence on sugarcane bagasse. 

The remaining fungal genera and species were less common (Table 

1). Some unidentified yeasts appeared in the isolation plates in 

moderate incidences (8-10) in case of plating technique and in high 

incidence (20) in case of dilution method. In Thailand, Boonyuen 

et al. (2014) performed mycological analysis of sugarcane bagasse 

and were able to identify 13 isolates including A. flavus, A.  niger, 

A. fumigatus, P. citrinum, Penicillium piceum and P. 

verruculosum. In Brazil, Dos Santos et al. (2015) identified three 

filamentous species namely A.  niger, A. sydowii, A. fumigatus in 

addition to the yeast fungus Kluyveromyces marxianus from 

sugarcane bagasse. In Iraq, Abdullah and Saleh (2010) described 

10 teleomorphic ascomycetous fungi from leaves and stems of 

sugarcane.  Among these fungi Chaetomium globosum was 
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considered a new record from sugarcane in Iraq. This species 

appeared in the current study in rare incidence and has been 

considered by many investigators as one of active cellulolytic fungi 

(Domsch et al., 2007).Reports from Nigeria (Olaniran and 

Adebayo, 2014) showed that 46 fungal species belonging to 30 

genera were isolated from 60 samples of Saccharrum officinarum 

collected from Sabo Sugarcane market, Ogbomoso, Nigeria. The 

common genera included Aspergillus, Trichoderma and Mucor 

whereas the most prevalent species were represented by A. niger, 

A. flavus, A. ustus, A. terreus and A. wentii, A. nidulans and 

Trichoderma viride. In Egypt, Abdel-sater et al. (2015) collected 

Twenty five samples of Egyptian cane molasses were collected 

from different five sugar factories (5 for each) in Egypt named Abo 

Qurqas, Nag Hammady, Dishna, Qus and Kom Ombo. They 

isolated15 fungal species belonging to the genera Aspergillus, 

Curvularia, Fusarium, Microascus, Paecilomyces and 

Penicillium.More recently Bipolaris and Chaetomium were 

isolated as mycopathogens involved in leaf spot diseases of 

sugarcane in Cameron (Bechem and Mbella, 2019). 

Using the dilution plate technique it was possible to collect 

133300 fungal colonies/25g (=5332 CFU/g) including the 

unidentified yeasts which shared with 72000colonies. The highest 

number of colony forming units (CFU) was given by Aspergillus 

species (26800 CFU/g matching 20.11% of total fungal 

population). This high count was mainly due to the high densities 

of A. flavus, A. tubingensis and A. niger (5600, 5100 and 14800 

CFU/ g, respectively) as shown in Table (1). 

Fusarium and Penicillium counts (11700 and 8900 CFU/g) 

contributed 8.78% and 6.68% of total fungal count respectively. 

Among Fusarium species, the highest number of colonies was 

shown by F. proliferantum(3300 CFU/g) followed by F. 

semitectum, F. solani, F. oxysporum, F. subglutinans sand F. 

circinatum (900-1600 CFU/g). In case of Penicillium the highest 

count was observed with P. aurantiogriseum (5900 CFU/g) 

matching 4.48% of total fungi followed by P. chrysogenum and P. 

cittrinum (2800 and 200 CFU/g respectively). Fungal species such 

as Purpureocillium lilacinum, Stachybotrys elegans, Talaromyces 
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duclauxii shared with 1100-2100 CFU/g (0.83-0.90 % of total 

fungal count). The following six fungal species appeared only 

when samples of sugarcane bagasse were analyzed using the 

dilution plate technique. These were generally of rare incidence 

and called Acremonium implicatum, Aspergillus nidulans, 

Exophiala jeanselmi, E. spinifera, Purpureocillium lilacinum and 

Phoma glomerata as shown in table (1). Most of these fungi were 

reported among the mycobiota of sugarcane (Abdullah and Saleh 

2010, Boonyuen et al., 2014, Abdel-Sater et al., 2015, Dos 

Santos et al., 2015 and Olaniran and Adebayo, 2014). 

Fungi identified by molecular techniques 
 

           Five different fungal cultures were subjected to molecular 

characterization to confirm their identity. Sequencing results 

revealed the identification of two new fungal records to Egypt 

namely Ceratocystis adiposa (AUMC14646) and 

Phaeoacremonium viticola (AUMC 14713).The remaining 3 

strains were identified as Sarocladium kiliense(AUMC14712), 

Stachybotrys chartarum (AUMC14705) and S. elegans 

(AUMC14706) as shown in Figure (1). ITS sequences of these 

strains showed 99.63 -100% similarities with several closely 

related strains accessed from the GenBank except in case of S. 

elegans which exhibited 97.45% identity with related strains. 

In Mexico, five fungal strains were isolated from sugarcane 

bagasse (Cort´es-Espinosa et al., 2006). These strains were 

identified on molecular basis as A. fumigatus, A. niger, A. terreus, 

Penicillium glabrum and Cladosporium cladosporioides. With the 

exception of A. terreus and P. glabrum, these species were found 

in sugarcane bagasse analyzed in the current study.Both A. 

fumigatus (10 strains) and A. niger (2 strains) were also isolated 

from sugarcane bagasse in Brazil (Dos Santos et al. (2015). 

A.fumigtus, Bipolaris sp. and Exophiala spinifera have been 

reported from sugarcane in USA (Shrestha et al., 2015).  
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Figure (1): Phylogenetic tree based on ITS sequences of r DNA 

gene of the fungal samples isolated in the present study 

(arrowed)) aligned with closely related strai 

s accessed from the GenBank. These samples showed 97.45%- 

100% identity with several related strains 
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Table (1): Counts (CFU), frequency (F) and occurrence remarks (OR) of fungi isolated from sugar 

cane bagasse. 
 

Medium   

 

Fungal taxa                               

Plating method Dilution method 

On Capek's  (*) 

Without carbon source 
On Capek's cellulose On Capek's cellulose 

CFU %CFU 
F 

&OR 
CFU %CFU 

F 

&OR 
CFU %CFU F &OR 

Acremonium 0 0 0 2 0.14 1 R 800 0.60 3 R 

A. blochii    (Matr.)W.Gams 0 0 0 0 0 0 200 0.15 1 R 

A. hyalinulum (Sacc. W.Gams 0 0 0 2 0.14 1 R 0 0 0 

A. implicatum  (J.C. Gilman & 

E.V. Abbott) W. Gams 
0 0 0 0 0 0 600 0.45 2 R 

Albifimbria verrucaria 

(Albertini & Schweinitz) 

Ditmar 

1 0.06 1 R 0 0 0 0 0 0 

Alternaria 17 0.97 4 L 8 0.56 4 L 800 0.60 5 L 

A. alternata (Fries) Keissler 13 0.74 3 R 6 0.42 3 R 800 0.60 5 L 

A. tenuissima  (Kunze) 

Wiltshire 
4 0.23 2 R 2 0.14 1 R 0 0 0 

Arthrinium sacchari (Speg.) 

M.B. Ellis 
0 0 0 7 0.49 1 R 0 0 0 

Aspergillus 826 47.34 24H 721 50.42 23 H 26800 20.11 18 H 

          

A. brasiliensisVarga, Frisvad 

& Samson 
7 0.40 2 R 2 0.14 1 R 100 0.08 1 R 
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Medium   

 

Fungal taxa                               

Plating method Dilution method 

On Capek's  (*) 

Without carbon source 
On Capek's cellulose On Capek's cellulose 

CFU %CFU 
F 

&OR 
CFU %CFU 

F 

&OR 
CFU %CFU F &OR 

A. flavusLink 448 25.67 24 H 356 24.90 22 H 5600 4.20 11 M 

A.fumigatus Fresenius 5 0.29 3 R 16 1.12 6 L 800 0.60 7 M 

A. latus (Thom & Raper) A.J. 

Chen, Frisvad & Samson 
2 0.11 2 R 0 0 0 0 0 0 

A. nidulans (Eidam) G. Winter 0 0 0 0 0 0 100 0.08 1 R 

A. niger VanTiegh 344 19.71 20 H 316 22.10 17 H 14800 11.10 13 H 

A. ochraceus G.Wilh 0 0 0 4 0.28 1 R 0 0 0 

A. parasiticus Speare 20 1.15 4 L 2 0.14 2 R 300 0.23 3 R 

A. tubingensis Mosseray 0 0 0 25 1.75 1 R 5100 3.83 2 R 

Bipolaris spicifera (Bainier) 

Subramanian 
3 0.17 3 R 0 0 0 200 0.15 1 R 

Cephaliophora tropica Thaxt 0 0 0 2 0.14 1 R 0 0 0 

Ceratocystisadiposa (E.J. 

Butler) C. Moreau 
1 0.06 1 R 5 0.35 1 R 0 0 0 
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Medium   

 

Fungal taxa                               

Plating method Dilution method 

On Capek's  (*) 

Without carbon source 
On Capek's cellulose On Capek's cellulose 

CFU %CFU 
F 

&OR 
CFU %CFU 

F 

&OR 
CFU %CFU F &OR 

Chaetomium globosum Kunze 0 0 0 4 0.28 2 R 
0 

0 0 

Cladosporium 3 0.17 3 R 0 0 0 2900 2.18 7 M 

C. cladosporioides (Fresenius) 

G.A. de Vries 
1 0.06 1 R 0 0 0 2900 2.18 7 M 

C. sphaerospermum Penz 2 0.11 2 R 0 0 0 0 0 0 

Clonostachys rosea (Link) 

Schroers, Samuels, K.A. Seifert 

& W. Gams 

2 0.11 2 R 0 0 0 0 0 0 

Cochliobolus australiensis 

(Tsuda & Ueyama) Alcorn 
0 0 0 1 0.07 1 R 0 0 0 

Cunninghamella echinulata 

(Thaxt.) 
1 0.06 1 R 5 0.35 3 R 0 0 0 

Didymella glomerata (Corda) 

Qian Chen & L. Cai 
0 0 0 0 0 0 2500 1.88 2 R 

Epicoccum nigrum   Link 0 0 0 1 0.07 1 R 0 0 0 

Exophiala 0 0 0 0 0 0 900 0.68 2 R 
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Medium   

 

Fungal taxa                               

Plating method Dilution method 

On Capek's  (*) 

Without carbon source 
On Capek's cellulose On Capek's cellulose 

CFU %CFU 
F 

&OR 
CFU %CFU 

F 

&OR 
CFU %CFU F &OR 

E. jeanselmei  (Langeron) 

McGinnis & A.A. Padhye 
0 0 0 0 0 0 

400 
0.30 1 R 

E. spinifera   (H.S. Nielsen & 

Conant) McGinnis 
0 0 0 0 0 0 500 0.38 1 R 

Exserohilum 

rostratum (Drechsler) K.J. 

Leonard & Suggs 

6 0.34 2 R 0 0 0 0 0 0 

Fusarium 471 26.99 24 H 429 30.00 23 H 11700 8.78 14 H 

F. anthophilium (A. Braun) 

Wollenw. 
0 0 0 8 0.56 1 R 0 0 0 

F. arthrosporioides    Sherb. 22 1.26 3 R 0 0 0 0 0 0 

F. circinatum Nirenberg & 

O'Donnell 
45 2.58 4 L 12 0.84 2 R 900 0.68 2 R 

F. incarnatum (Desm.) Sacc. 83 4.76 7 M 41 2.87 4 L 1600 1.20 3 R 

F. oxysporum Schltdl 125 7.16 14 H 175 12.24 14 H 1500 1.13 4 L 

F. proliferatum (Matsush.) 

Nirenberg 
29 1.66 3 R 6 0.42 1 R 3300 2.48 4 L 
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Medium   

 

Fungal taxa                               

Plating method Dilution method 

On Capek's  (*) 

Without carbon source 
On Capek's cellulose On Capek's cellulose 

CFU %CFU 
F 

&OR 
CFU %CFU 

F 

&OR 
CFU %CFU F &OR 

F. pseudonygamai O'Donnell & 

Nirenberg 
1 0.06 1 R 1 0.07 

1 R 
0 0 0 

F. solani (Mart.) Sacc. 8 0.46 1 R 57 3.99 4 L 1600 1.20 2 R 

F. subglutinans (Wollenw. & 

Reinking) P.E. Nelson, 

Toussoun & Marasas 

59 3.38 9 M 93 6.50 8 M 1500 1.13 3 R 

F. verticillioides (Sacc.) 

Nirenberg, 
99 5.67 9 M 36 2.52 9 M 1300 0.98 4 L 

Graphium penicillioides Corda 0 0 0 0 0 0 100 0.08 1 R 

Lichtheimia corymbifera (Cohn) 

Vuill 
1 0.06 1 R 0 0 0 0 0 0 

Microascus brevicaulisS.P. 

Abbott 
1 0.06 1 R 0 0 0 0 0 0 

Mucor 41 2.35 13 H 43 3.01 12 H 700 0.53 3 R 

M. circinelloides Tiegh. 6 0.34 2 R 16 1.12 5 L 0 0 0 

M. hiemalis Wehmer, 13 0.74 5 L 7 0.49 4 L 600 0.45 2 R 

57 

javascript:void(0);
javascript:void(0);


          A. M. Moharram et al. (2021), Egyptian Sugar Journal, Vol.16 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

 
 

Medium   

 

Fungal taxa                               

Plating method Dilution method 

On Capek's  (*) 

Without carbon source 
On Capek's cellulose On Capek's cellulose 

CFU %CFU 
F 

&OR 
CFU %CFU 

F 

&OR 
CFU %CFU F &OR 

M. racemosus Fresen. 22 1.26 7 M 20 1.40 6 L 
100 

0.08 1 R 

Nigrospora oryzae (Berk. & 

Broome) Petch 
1 0.06 1 R 1 0.07 1 R 0 0 0 

Penicillium 33 1.89 11 M 55 3.85 11M 8900 6.68 11 M 

P. aurantiogriseum Dierckx 23 1.32 8 M 19 1.33 5 L 5900 4.43 9 M 

P. chrysogenum Thom 10 0.57 4 L 36 2.52 6 L 2800 2.10 5 L 

P. citrinium Thom 0 0 0 0 0 0 200 0.15 1 R 

Phaeoacremonium viticola J. 

Dupont 
3 0.17 2 R 3 0.21 1 R 300 0.23 3 R 

Purpureocillium 

lilacinum (Thom) Samson 
0 0 0 0 0 0 2100 1.58 2 R 

Rhizopus oryzae 
Went & H.C. Prinsen Geerligs,  

0 0 0 3 0.21 1 R 0 0 0 

S. elegans Pidopl. ex W. Gams 9 0.52 3 R 0 0 0 1200 0.90 2 R 
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Medium   

 

Fungal taxa                               

Plating method Dilution method 

On Capek's  (*) 

Without carbon source 
On Capek's cellulose On Capek's cellulose 

CFU %CFU 
F 

&OR 
CFU %CFU 

F 

&OR 
CFU %CFU F &OR 

Talaromyces 18 1.04 12 M 9 0.70 
4 L 

1100 0.83 5 L 

T.duclauxii (Delacr.) Samson, 

N. Yilmaz, Frisvad & Seifert 
12 0.69 5 L 8 0.56 3 R 1100 0.83 5 L 

T. funiculosus  (Thom) 

Samson, N. Yilmaz, Frisvad & 

Seifert 

3 0.17 2 R 1 0.07 1 R 300 0.17 2 R 

T. pinophilus (Hedgc.) Samson, 

N. Yilmaz, Frisvad & Seifert 
3 0.18 3R 1 0.07 1 R 100 0.08 1 R 

Trichoderma 2 0.12 2 R 2 0.14 2 R 100 0.08 1 R 

T.  harzianum Rifai 1 0.06 1 R 1 0.07 1 R 100 0.08 1 R 

T.  koningii Oudem 1 0.06 1 R 1 0.07 1 R 0 0 0 

T. aureoviride Rifai 1 0.06 1 R 0 0 0 0 0 0 

Yeast sp. 306 17.54 8 M 126 8.81 10 M 72000 54.01 20 H 
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Medium   

 

Fungal taxa                               

Plating method Dilution method 

On Capek's  (*) 

Without carbon source 
On Capek's cellulose On Capek's cellulose 

CFU %CFU 
F 

&OR 
CFU %CFU 

F 

&OR 
CFU %CFU F &OR 

Total CFUs 1745 
1430 

133300 

Total No. of genera 23 21 17 

Total No. of species 44 42 37 

 

(*)= Capek's agar without carbon source, CFU= Colony forming units. F= Frequency, OR= 

Occurrence remarks 
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Cellulases and xylanases detected in fungal cultures 
 

 All tested strains (51); Cellulase 39 of 51, xylanase 31 of 51 

exhibited cellulolytic and/or xylanolytic activities in solid media 

containing either cellulose or xylan as a carbon source (Table 2). 

19 strains produced both cellulose and xylanase and these were 

Alternaria alternata (AUMC 14566), Ceratocystis adiposa 

(AUMC 14644) and Fusarium semitectum (AUMC 14670). 

Among the 20 fungal strains which exhibited only cellulolytic 

activity, Aspergillus tamarii was the best producer where the 

calculated enzyme index was 2.4. Each of Bipolaris spicifera 

(AUMC 14659), Alternaria alternata (AUMC 14564), Aspergillus 

flavus (AUMC14587), Stachybotrys elegans (AUMC 14706) and 

Fusarium incarnatum (AUMC 14669) showed moderate ability of 

cellulose production.            The remaining positive strains were of 

low cellulolytic ability (Table, 2). 
 

         When fungal strains were tested for xylanolytic ability, it was 

found that 31out of 51 produced detectable amounts of the enzyme. 

Based on enzyme index, 17 fungal strains mainly belong to A.niger 

secreted relatively high levels of xylanase with enzyme indices 

ranging from 2.1 to 2.9. Moderate levels of xylanase were secreted 

by 9 strains (enzyme indices between 1.6 – 1.9). The remaining 5 

fungal strains exhibited low levels of the enzyme as shown in table 
(2).   

Concentrations and activities of fungal enzymes   

  In the current study 16 active fungal strains were selected 

for quantitative determination of enzymes concentration as well as 

relative and specific activities of cellulases and xylanases. 

 When CMC was used as a substrate the highest cellulase 

concentration was recorded in broth culture of Stachybotrys 

chartarum AUMC 14705 (7.9 IU/ml and 1579.6 IU/gds).The 

produced cellulase had a relative activity of 1.7 IU/ml/min and 

specific activity of 14.590 IU/mg protein. Two strains of A. niger 

(AUMC 14614 and AUMC 14625) produced also high quantities 

of cellulase at concentrations of 7.8 and 7.1 IU/ml matching 1551.5 

and 1424.5 IU/gds. Relative and specific activities of the enzyme 
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produced by these two strains were recorded as 1.7 and 1.6 

IU/ml/min and 11.909 and 12.130 IU/mg protein respectively.  

  The lowest enzyme concentration as well as relative and 

specific activities of cellulase was detected in the culture of 

Ceratocystis adiposa. The remaining 7 fungal strains showed 

intermediate values of enzyme concentrations and activities as 

shown in table (3). 
 

Cellulases are industrially important enzymes, which are 

widely used to bioethanol production from lignocellulosic biomass 

(Zhang and Sang 2012, Behera and Ray 2016). They are a 

cocktail of three types of complex enzymes namely, 

cellobiohydrolases (EC3.2.1.91), endoglucanases or CMCases (EC 

3.2.1.4) and β-glucosidases (EC 3.2.1.21), acting synergistically to 

convert the cellulose into glucose (Satyamurthy et al., 2016 and 

Prasanna et al., 2016). Early enzymatic exploration of several 

fungi that could be cultured in sugarcane bagasse (Prayuwidayati 

et. al., 2008) revealed that Trichoderma viride, A. niger, A. oryzae, 

Rhizopus oryzae has cellulase activity of 0.034, 0.007, 0.007, 0.004 

units/ml respectively. Mohammad et al. (2019) tested cellulase 

production by Wild Strain of A. niger using sugar cane bagasse as 

substrate. They reported that the highest cellulase enzyme activity 

was observed after the 5th day of incubation (0.243U/mL). Liu et 

al. (2012) compared the endoglucanase activity of 4 species of 

fungi (Trichoderma koningii, T. reesei, T. viride and A. niger) and 

found that T. koningii was the best cellulase producer (31,300 

IU/L), followed by T. viride (22,000 IU/L), in a medium 

containing 20 g/L of microcrystalline cellulase.  
 

Boonyuen et al. (2014) screened thirty-six fungal isolates 

for the presence of polyphenol oxidase, endoglucanase and 

xylanase activities. They found that five isolates belonging to 

Aspergillus flavus, Aspergillus niger and Penicillium citrinum were 

the best enzyme producers. Additional 15 moderately to highly 

xylolytic, cellulolytic and ligninolytic isolates were added to 

construct fungal mixes for enzyme production. Lokhande and 

Pethe (2016) recorded peak cellulase activities at day 5 of 

incubation with Aspergillus niger while Gautam et al. (2010) 
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reported the maximum time of cellulase production was 4 days of 

fermentation period for Aspergillus niger by using municipal solid 

waste residue. Ogel et al. (2001) reported that time course required 

to reach maximum levels of activity may be affected by several 

factors like the presence of different ratios of amorphous to 

crystalline cellulose. In process economics, longer periods of 

fermentation are quite uneconomical and such processes are prone 

to contamination (Gautam et al., 2010). 
 

As shown in table (4) xylanase concentration was ranging 

from 15.0-360.6 IU/ml and 2996.7 – 72110.0 IU/gds. The highest 

quantities were observed cultures of A. niger (AUMC 14611) 

which yielded xylanase with relative activity of 23.0 IU/ml/min 

and specific activity of 61.611 IU/mg protein. The lowest values of 

xylanase concentrations and activities were detected in cultures of 

Exserohilum rostratum AUMC 14656. Fungal strains of A. niger 

(AUMC 14611 and AUMC 14613), A. tamarii (AUMC 14632) 

and Ceratocystis adiposa (AUMC 14644) produced relatively high 

quantities of xylanase where the calculated enzyme concentrations 

ranged from 293.8-360.6 IU/ml and from 58757.7-72110.0 IU/gds. 

Relative and specific activities of xylanase produced by these fungi 

were considerably high. The remaining ten strains yielded lower 

quantities of xylanase as recorded in table (4). 
 

According to Polizeli et al. (2005) two hemicellulases have 

a significant role for the depolymerization of hemicellulose: 

xylanases and the xylosidases. The former are applied for xylan 

hydrolysis, the main polysaccharide of hemicellulose and 

xylosidases act after the hydrolysis of xylan by xylanases, cleaving 

oligomers of D-xylopyranosyl and xylobiose in free xylose. A 

strain of A niger was reported by Dos Santos et al. (2015) to be a 

potential xylosidase producer showing high activity (141U/g). 

Lower values of -xylosidase were obtained by other species 

(Dogaris et al., 2009 and de Oliveira et al., 2019). In a similar 

study carried out with an A. niger strain isolated from copra paste, 

the xylosidase could not be detected in the crude extract (Díaz-

Malváez et al., 2013). Tallapragada and Venkatesh (2011) 
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successfully isolated, identified and studied the optimization 

conditions for xylanase enzyme produced by Aspergillus niger 

under submerged fermentation. 

In conclusion, the current study introduces new fungal candidates 

for active production of cellulolytic and xylanolytic enzymes from 

cheap agro-industrial wastes. More work is needed for 

optimization of cultural and environmental conditions to achieve 

higher enzymatic yield and to obtain fermentable sugars required 

for various biotechnological applications. 
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        Table (2):  Cellulolytic and xylanolytic activities of fungi isolated from sugarcane bagasse. 
 

Fungal species 

AUMC 
No. 

Cellulase Xylanase 

Colony Diam.  

(mm) 

Clear zone 

diam. 

(mm) 

Enzyme 

index 

Colony 

Diam.  (mm 

Clear zone 

diam. 

(mm)) 

Enzyme 

index 

Alternaria alternata 14563 20 26 1.3 L - - - 

Alternaria alternata 14566 10 15 1.5 M 20 25 1.2 L 

Alternaria alternata 14565 15 20 1.3 L 0 0 0 

Alternaria alternata 14564 20 35 1.75 M 0 0 0 

Alternaria alternata 14568 0 0 0 15 28 1.8 M 

Aspergillus flavus 14585 23 33 1.4 L 0 0 0 

Aspergillus flavus 14587 23 40 1.7 M 0 0 0 

Aspergillus flavus 14586 28 40 1.4 L 0 0 0 

Aspergillus 
fumigatus 

14594 29 36 1.2 L 0 0 0 

Aspergillus latus 14595 28 34 1.2 L 0 0 0 

Aspergillus niger 14598 23 24 1.4 L 0 0 0 

Aspergillus niger 14597 29 36 1.2 L 0 0 0 

Aspergillus niger 14611 24 35 1.9 M 28 76 2.7 H 

Aspergillus niger 14607 10 15 1.5 M 30 58 1.9  M 

Aspergillus niger 14603 0 0 0 30 35 1.6  M 

Aspergillus niger 14601 20 25 1.25 L 26 70 2.6  H 

Aspergillus niger 14609 22 23 1.04 L 24 64 2.6  H 

Aspergillus niger 14600 24 35 1.9 M 32 78 2.4  H 

Aspergillus niger 14625 10 17 1.7 M 23 58 2.5  H 

Aspergillus niger 14622 10 17 1.7 M 30 82 2.7  H 
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Aspergillus niger 14608 0 0 0 36 70 1.9  M 

Aspergillus niger 14599 0 0 0 30 88 2.9  H 

Aspergillus niger 14605 0 0 0 34 82 2.4  H 

Aspergillus niger 14602 0 0 0 24 82 3.4  H 

Aspergillus niger 14606 0 0 0 30 78 2.6  H 

Fungal species AUMC 
No. 

Cellulase 
 

Xylanase 

Colony Diam. 

 (mm) 

Clear zone 

diam. (mm) 

Enzyme 

index 

Colony Diam.  

(mm 

Clear zone 

diam. (mm)) 

Enzyme 

index 

Aspergillus niger 14612 0 0 0 32 68 2.1  H 

Aspergillus niger 14604 0 0 0 28 70 2.5  H 

Aspergillus niger 14610 0 0 0 28 64 2.2  H 

Aspergillus niger 14614 24 35 1.9 M 38 74 1.9  M 

Aspergillus niger 14615 20 25 1.25 L 28 66 2.3  H 

Aspergillus niger 14613 0 0 0 30 76 2.5  H 

Aspergillus ochraceus 14626 22 23 1.04 L NT NT NT 

Aspergillus tamarii 14632 9 22 2.4 H 32 78 2.4  H 

Aspergillus tubingensis 14640 0 0 0 28 64 2.2  H 

Ceratocystis adiposa 14644 20 25 1.25 L 45 49 1.08 L 

Ceratocystis adiposa 14645 20 25 1.25 L 45 49 1.08 L 

Ceratocystis adiposa 14646 22 23 1.04 L 25 30 1.2  L 

Cladosporium 

cladosporioides 

14648 10 12 1.2 L 0 0 0 

Exserohilum rostratum 14655 10 17 1.7 M 30 35 1.6  M 

Exserohilum rostratum 14656 10 25 2.5 H 38 74 1.9  M 

66 



             Cellulase and xylanase production by sugarcane ……  41- 76                       

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ    

 
 

Bipolaris spicifera 14660 20 25 1.25 L 0 0 0 

Bipolaris spicifera 14659 10 20 2 M 0 0 0 

Fusarium incarnatum 14669 20 30 1.5 M 0 0 0 

Fusarium incarnatum 14670 25 33 1.3 L 7 9 1.2 L 

Fusarium oxysporum 14674 25 30 1.2 L 0 0 0 

Fusarium proliferatum 14675 29 37 1.2 L 0 0 0 

Fusarium proliferatum 14677 35 40 1.1 L 0 0 0 

Fusarium verticillioids 14682 27 33 1.2 L 0 0 0 

Fusarium verticillioids 14683 29 36 1.2 L 0 0 0 

Stachybotrys 

chartraum 14705 
5 25 5.0 H 30 35 1.6  M 

Stachybotrys elegans 14706 10 17 1.7 M 15 28 1.8 M 

 

            Enzyme index: High =More than 2, Moderate 1.5-2, low=Less than 1.5.   
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Table (3): Concentration, relative and specific activities of fungal cellulose 

 
Fungal species AUMC Abs. Abs. 

(×3) 

Conc. Of 

Glucose 

(g/L) 

Conc. Of 

Enzyme 

(IU/ml) 

Conc. Of 

Enzyme 

(IU/gds) 

Total 

Protein 

(mg/ml) 

Relative 

activity 

(IU/ml/min) 

Specific 

activity 

(IU/mg 

protein) 

Aspergillus niger 14614 1.381 4.143 3.956 7.8 1551.5 0.142 1.7 11.909 

Aspergillus niger 14609 0.347 1.041 0.994 1.9 389.8 0.106 0.4 4.008 

Aspergillus niger 14615 0.8 2.4 2.292 4.5 898.8 0.15 1.0 6.531 

Aspergillus niger 14625 1.268 3.804 3.633 7.1 1424.5 0.128 1.6 12.130 

Aspergillus 
tamarii 

14632 0.224 0.672 0.642 1.3 251.7 0.111 0.3 2.471 

Ceratocystis 
adiposa 

14646 0.163 0.489 0.467 0.9 183.1 0.097 0.2 2.058 

C. adiposa 14644 0.919 2.757 2.633 5.2 1032.4 0.163 1.1 6.904 

Exserohilum 
rostratum 

14655 0.498 1.494 1.427 2.8 559.5 0.106 0.6 5.753 

Exserohilum 
rostratum 

14656 0.726 2.178 2.080 4.1 815.6 0.104 0.9 8.548 

Stachybotrys 
chartarum 

14705 1.406 4.218 4.028 7.9 1579.6 0.118 1.7 14.590 

Stachybotrys 
elegans 

14706 0.764 2.292 2.189 4.3 858.3 0.112 0.9 8.353 
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Table (4):  Concentration, relative and specific activities of fungal Xylanase. 

 
Fungal species AUMC 

No. 

Abs. Abs. 

(×30) 

Conc. 

 Of 

Xylose 

(g/L) 

Conc. Of 

Enzyme 

(IU/ml) 

Conc. Of 

Enzyme 

(IU/gds) 

total 

Protein 

(mg/ml) 

Relative 

activity 

(IU/ml/min) 

Specific 

activity 

(IU/mg 

protein) 

Aspergillus niger 14614 0.087 2.61 2.475 16.5 3300.1 0.2 1.1 5.273 

Aspergillus niger 14609 0.414 12.42 11.778 78.5 15704.1 0.253 5.0 19.835 

Aspergillus niger 14615 0.475 14.25 13.514 90.1 18018.0 0.284 5.8 20.273 

Aspergillus niger 14625 0.409 12.27 11.636 77.6 15514.5 0.25 5.0 19.830 

Aspergillus niger 14613 1.841 55.23 52.376 349.2 69834.0 0.368 22.3 60.639 

Aspergillus niger 14611 1.901 57.03 54.083 360.6 72110.0 0.374 23.0 61.611 

Aspergillus niger 14622 1.709 51.27 48.620 324.1 64826.9 0.341 20.7 60.748 

Aspergillus niger 14600 1.839 55.17 52.319 348.8 69758.2 0.345 22.3 64.611 

Aspergillus niger 14601 1.549 46.47 44.068 293.8 58757.7 0.315 18.8 59.606 

Aspergillus tamarii 14632 0.331 9.93 9.417 62.8 12555.7 0.214 4.0 18.748 

Ceratocystis adiposa 14646 0.108 3.24 3.073 20.5 4096.7 0.297 1.3 4.408 

Ceratocystis adiposa 14644 0.294 8.82 8.364 55.8 11152.2 0.315 3.6 11.313 

Exserohilum 

rostratum 

14655 0.18 5.4 5.121 34.1 6827.9 0.188 2.2 11.605 

Exserohilum 

rostratum 

14656 0.079 2.37 2.248 15.0 2996.7 0.14 1.0 6.840 

Stachybotrys 

chartarum 

14705 0.26 7.8 7.397 49.3 9862.5 0.275 3.2 11.460 

Stachybotrys 

elegans 

14706 0.249 7.47 7.084 47.2 9445.2 0.234 3.0 12.898 
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