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Abstract

The aim of this study was to compare the cellulolytic and xylanolytic activities of 
two strains of Trichoderma viride, one of Trichoderma reesei and one of Trichoderma 
harzianum grown on four different substrates. Each substrate contained 20% wheat 
bran and 80% agro-industrial waste (corn stover (CS), sugarcane bagasse (SCB), 
Yucca schidigera fiber (YS), or compost elaborated from solid waste generated in the 
university cafeteria (CSW)). An interaction (P < 0.01) between the substrate and strain 
was detected for both cellulolytic and xylanolytic enzyme activities. The highest cellu-
lolytic activity (P < 0.01) was obtained with T. reesei grown on YS, CS, and SBC, and the 
lowest was from the two T. viride strains grown on most of the substrates. The highest 
xylanolytic activities (P < 0.01) were detected for T. harzianum with YS and SCB and 
T. reesei with CSW and CS, while one T. viride strain exhibited intermediate and the other 
showed the lowest activity. In conclusion, T. reesei CDBB356 showed the highest fibro-
lytic activity for most of the tested substrates, a finding that suggests it has the highest 
potential for fibrolytic enzyme production. There is a potential application for T. reesei 
CDBB356 enzymes on ruminant feed supplements to improve forage digestibility.
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Resumen

El objetivo de este estudio fue comparar las actividades celulolíticas y xilanolíticas 
de dos cepas de Trichoderma viride, una de Trichoderma reesei y una de Trichoderma 
harzianum cultivadas en cuatro diferentes substratos. Cada substrato contenía 20% de 
salvado de trigo más 80% de residuos agroindustriales (rastrojo de maíz (CS), bagazo 
de caña de azúcar (SCB), fibra de Yuca shidigera (YS) o composta, elaborada a partir 
de residuos sólidos de la cafetería universitaria (CSW)). Se detectó una interacción 
(P <0,01) cepa por sustrato en las actividades enzimáticas celulolíticas y xilanolíticas. La 
mayor actividad celulolítica (P <0,01) se obtuvo con T. reesei en YS, CS y BC y la más baja 
con las dos cepas de T. viride, en la mayoría de los sustratos. Las actividades xilanolíticas 
más altas (P <0,01) se detectaron en T. harzianum con YS y SCB y T. reesei con CSW y CS, 
mientras que una cepa de T. viride fue intermedia y la otra tuvo las actividades más bajas. 
En conclusión, T. reesei CDBB356 mostró la actividad fibrolítica más alta en la mayoría 
de los sustratos, confirmando el mayor potencial para producir esas enzimas. Existe una 
aplicación potencial de las enzimas de T. reesei CDBB356 en suplementos alimenticios 
para rumiantes para mejorar la digestibilidad del forraje.

Palabras clave
actividad celulolítica • actividad xilanolítica • enzimas • residuo agroindustrial • 
Trichoderma

Introduction 

Trichoderma reesei has important 
industrial applications because of its cellu-
lolytic and hemicellulolytic enzymes (19). 
Among the cellulase-producing fungi, the 
genus Trichoderma shows a high capacity 
to produce both exoglucanases and 
endoglucanases, and media components 
along with the solid substrate used for 
culturing under solid-state fermentation 
help determine the type of enzyme(s) 
produced (9).

Trichoderma species are widely 
distributed and there is high biodiversity 
with a variety of biological activities 
in agricultural fields (16). In a study in 
east China, Jiang et al. (2016) identified 
17 species, among which Trichoderma 
harzianum was dominant, whereas, in a 
similar study in central Europe, Tricho-
derma viride was the most abundant 

among 15 species found. One of the most 
studied strains of T. reesei was originally 
isolated on the Solomon Islands in the 
US; this strain was modified by metabolic 
engineering, and mutants of this strain 
are used in several industrial biopro-
cesses (6). 

Fibrolytic enzymes can be used to 
improve digestibility, an important 
need with regards to feed utilization 
for ruminant production. Several fibro-
lytic enzymes have been developed and 
commercially used (20), most of them 
based on celullases and hemicellulases 
produced by Trichoderma and other fungi 
(5). The global market for feed enzymes 
was estimated at $899.19 million in 2014 
and is expected to reach nearly $1.3 billion 
by 2020, a compound annual growth rate 
of 7.3% from 2015 to 2020 (28). In many 
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countries, commercial enzyme products 
have not been implemented as strategy 
to improve feed utilization because 
imported products are expensive and its 
inclusion is not profitable (20). A country 
that develops and produces its own 
fibrolytic enzymes represents an oppor-
tunity to improve forage digestibility at a 
low cost. Hence, identification of strains 
able to degrade agricultural lignocellu-
losic residues to develop new enzymatic 
products locally is important in underde-
veloped countries. Thus, the objective of 
this study was to compare the cellulolytic 
and xylanolytic activities of two strains 
of T. viride, one of T. reesei, and one of 
T. harzianum grown on four agro-indus-
trial wastes. Each culture was composed 
of 20% wheat bran and 80% corn stover 
(CS), sugarcane bagasse (SCB), Yucca 
schidigera fiber (YS), or compost elabo-
rated from university cafeteria solid waste 
(CSW). This design produced four different 
substrates. Since the most extensively 
studied cellulose-secreting microorganism 
is the filamentous fungus T. reesei, and its 
fibrolytic activity has been characterized 
(28), the hypothesis was that T. reesei 
CDBB356 would exhibit the greatest 
potential to produce fibrolytic enzymes. 

Materials and methods

Substrates and chemical composition
Composite representative samples of 

CS, SCB, and wheat bran were obtained 
from the experimental dairy farm at 
the University of Chapingo, Mexico; 
residual fiber from Y. schidigera (YS) from 
commercial production was obtained 
from Alltech de Mexico S.A. de C.V.; CSW 
was obtained from anaerobic and aerobic 
fermentation of organic residues from 
the Autonomous Metropolitan University 

cafeteria. All samples were oven dried at 
45°C and milled to pass a 2 mm screen 
using a Wiley Mill (Standard model 4; 
Arthur H. Thomas Co., Philadelphia, PA). 
The dry matter and ashes in substrates 
were analyzed according to the AOAC (2), 
and neutral detergent fiber (NDF) and acid 
detergent fiber (ADF) content was deter-
mined; analyses were conducted according 
to Van Soest et al. (1991). Nitrogen content 
was determined with the Dumas procedure 
using a Leco FP-428® instrument. 

Microorganisms and inoculum preparation 
T. viride 1 (Culture Collection of 

CINVESTAV, México), T. viride 2 (Culture 
Collection of UAM-Xochimilco Phyto-
pathology, México), T. harzianum 
Rifai (Genetic Resource Center strain 
collection at the Science Institute BUAP 
Center of Agroecology, México), and 
T. reesei CDBB356 (Culture Collection 
of CINVESTAV, México) were cultivated 
in Petri dishes that contained potato-
dextrose agar (PDA) and incubated for 
7 days at 27°C. The spores were harvested 
and counted as described by Escamilla-
Alvarado et al. (2013).

Solid fermentation and enzymatic activity
Substrates were milled to pass a 

2.38 mm screen. Subsequently, a mixture of 
80% each substrate and 20% wheat bran 
was assembled (3). Culture media were 
prepared by placing 3 g of each substrate 
(the mix of agro-industrial waste and 
wheat bran) separately in 250 ml Erlen-
meyer flasks and then adding 12 ml sterile 
water. All culture media were autoclaved 
(121°C, 15 psi, 25 min) and inoculated 
with 1 x 106 conidia/g dry substrate (gds) 
for each strain tested (26). Cultures were 
incubated for 7 days. To obtain the crude 
enzymatic extracts (CEE), each flask was 
placed in an ice bath on top of a stirrer. 
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The flask contents were resuspended 
and filtered with medical gauze, centri-
fuged (4°C, 7740 g, 15 min), and the super-
natants (CEE) were stored at 4°C until its 
use for enzymatic determinations (4).

Xylanase and cellulase activities were 
determined by reducing sugars release 
with 3,5-dinitrosalicylic acid (DNS) (21), 
using Birchwood xylan (0.5%; Sigma-
Aldrich) and 1% carboxymethylcellulose 
(Sigma-Aldrich) in sodium citrate buffer 
(0.5 M, pH 5.3).

The reactions were performed as 
described by Loera and Córdova (2003), 
using xylose and glucose for a standard 
curve; readings were taken with a Cary 
spectrophotometer at 540 nm. 

An enzyme unit (U) was defined as the 
amount of enzymatic extract that released 
1 µmol of reduced sugars per min per 
gds (15). Protein concentrations of the 
extracts were assayed according to the 
Bradford method (7), using bovine serum 
albumin as a standard. All determinations 
were made in triplicate.

Statistical design 
Results were analyzed as a completely 

randomized design with a 4 x 4 factorial 
arrangement, where the factors were 
Trichoderma strains and substrates. 

Means were compared with the Scheffe 
test (30), and data was analyzed with JMP 
software (27). 

Results and discussion

Table 1 presents the substrate chemical 
compositions. Lignocellulosic results 
showed a typical composition of high cell 
wall content and low protein from agricul-
tural residues (1, 18), whereas CSW was 
similar to other restaurant wastes analyzed, 
with high water and protein content and 
usually low fiber content (14, 22).

An interaction between substrate 
and strain was detected for the enzyme 
activities (table 2, page 196; P < 0.0001). 
The highest cellulolytic activity was 
obtained with T. reesei grown in YS, CS, 
and SCB, while the lowest activity was for 
the two T. viride strains grown in most of 
the substrates. The cell wall composition 
in agro-industrial residues is usually high 
in cellulose and lignin (10, 33); lignin is 
the major factor in recalcitrance of cell 
walls to saccharification, particularly 
during enzymatic hydrolysis (10).

Table 1. Chemical composition (%) of the substrates used in solid-state fermentation.
Tabla 1. Composición química (%) de sustrato usado en fermentación sólida.

NDF: neutral detergent fiber; ADF: acid detergent fiber.
NDF: fibra detergente neutro; ADF: fibra detergente ácido.

Item CS SCB YS CSW Wheat bran
Dry matter 95.65 + 0.15 97.66 + 0.01 96.31 + 0.39 26.8 + 0.761 93.71 + 1.22 
Ash 7.12 + 0.38 1.8 + 0.025 2.35 + 0.5 3.35 + 0.160 5.38 + 0.79 
Crude protein 3.29 + 0.20 ------ 0.75 + 0.01 15.35 + 1.72 15.9 + 0.3 
NDF 79.66 + 1.62 86.41 + 6.11 67.5 + 3.17 82.73 + 1.86 53.39 + 2.78 
Hemicellulose 25.91 + 0.92 17.2 + 2.46 10.35 + 0.65 16.99 + 0.43 33.49 + 1.38 
ADF 53.75 + 2.05 69.21 + 3.86 57.15 + 2.85 65.74 + 1.52 19.90 + 2.87 
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The highest cellulolytic activity can 
be associated with cellulose content; 
for example, SCB contains at least 33% 
cellulose (33) and YS contains more than 
40% (11). The cellulose content in CS is 
also high and varies from 35 to 42% (31).

The highest cellulolytic activities 
obtained from T. reesei (table 2) are 
similar to those reported by Vyas and 
Vyas (2005) for T. viride cultivated on 

groundnut shell waste, higher or similar 
to values reported with Trichoderma 
asperellum grown on agricultural straws 
(wheat straw, rice bran, wheat bran, 
and corn cob). Some of the values were 
greater than 145 U/gds (9), higher than 
cellulolytic activities found in commercial 
products used for ruminants (20, 25).

Table 2. Comparison of enzymatic activities and crude extract protein content of four 
Trichoderma strains after fermentation with four substrates.

Tabla 2. Comparación de las actividades enzimáticas y contenido de proteína del extracto 
crudo de cuatro cepas de Trichoderma después de la fermentación con cuatro sustratos.

Different letters within a row indicate significant differences (P < 0.01). 
SEM: Standard error of the mean; gds: grams dry substrate; CSW: cafeteria solid waste. 

Diferentes letras dentro de una fila indican diferencias significativas (P < 0,01). 
SEM: error estándar de la media; gds: gramos de sustrato seco; CSW: residuos sólidos de cafetería.

Strain Substrate
Activity

Protein, mg/ mL
Cellulolytic, U/gds Xylanolytic, U/gds

T. harzianum

YS 36.09de 385.01  b 0.263 cde

SCB 71.49de 358.56 bc 0.758    e

CSW 48.81de 306.03   c 0.384bcde

CS 94.95cd 186.43 de 0.744  ab

T. viride 1

YS 33.18de 132.53 efg 0.187    e

SCB 39.10de 65.83 ghi 0.156    e

CSW 19.00 e 33.26   i 0.721 abc

CS 71.50de 329.67  bc 0.26     de

T. viride 2

YS 43.60de 145.78 def 0.393bcde

SCB 63.35de 91.56fghi 0.278 cde

CSW 31.79de 43.05  hi 0.15       e

CS 69.01de 314.3    bc 1.12      a

T. reesei

YS 215.99 a 213.47   d 0.711abcd

SCB 191.74ab 111.3   fgh 0.095    e

CSW 134.78bc 460.18   a 0.468bcde

CS 205.40 a 474.86   a 0.454bcde

SEM 3.54 4.14 0.025
P-value interaction 0.0001 0.0001 0.0001
P-value strain 0.0001 0.0001 0.0008
P-value substrate 0.0001 0.0001 0.0001
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The highest xylanolytic activities were 
detected in T. harzianum grown on YS 
and SCB and T. reesei cultured with CSW 
and CS. Both T. viride strains showed low 
xylanolytic activity; strain 2 activity was 
slightly higher than strain 1. SCB and CS 
are characterized by high hemicellulose 
content (30, 32); however, xylanolytic 
activity was higher when the fungus was 
grown with YS, even though this substrate 
has a lower hemicellulose content (table 
1, page 195).

The complex cell wall structure may 
induce different types of enzymes simul-
taneously. Indeed, studies with enzymes 
and treatments indicate that xylan 
and lignin removal enhances cellulose 
availability (5). T. reesei strains can 
modify their enzymatic activity according 
to the sugar(s) present as carbon sources, 
as demonstrated by Dondelinger et al. 
(2016) using different combinations of 
lactose, glucose, xylose, and a hemicellu-
losic hydrolysate.

Sipos et al. (2010) compared xylano-
lytic activities in T. reesei Rut C30 using 
different carbon sources (Solka Floc 200, 
lactose, and steam-pre-treated CS); some 
sources of lactose and Solka Floc 200 
resulted in low specific activities, whereas 
CS promoted the highest activity.

In addition to substrates, there are 
differences in strains; an enzymatic 
extract obtained by solid-state fermen-
tation of peach palm waste by Tricho-
derma stromaticum had an activity of 
1440 U/g (8).

The highest xylanase activities in the 
present study were in the same range as 
commercial enzymes used for ruminants, 
values that have spanned from 134 to 
222 UI/g (25). 

The interaction between substrate 
and strain can be explained because the 
cell wall composition is different when 
grown in each substrate. Therefore, fungi 
are stimulated for different metabolic 
pathways. Dondelinger et al. (2016) 
used various carbon sources (lactose, 
glucose, xylose, and hemicellulosic hydro-
lysate) with two T. reesei strains, and the 
enzymatic activities were as different as 
those observed in this study. Raghuwanshi 
et al. (2014) also showed that a mutant 
T. asperellum strain duplicated enzymatic 
activities compared with the wild strain. 
Enzyme production can be optimized by 
changing pH, wheat bran level, protein 
sources, substrate concentration, and 
other factors (9). Ortiz Robledo, et al. 
(2017) concluded that the cutting age 
of the substrates also influences its 
fermentative characteristics. This results 
confirmed that the Trichoderma strains 
evaluated, especially T. reesei CDBB356, 
generate competitive levels of xylanolytic 
and cellulolytic activities compared to 
previous reports and even the enzymatic 
activities reported for commercial 
products. Moreover, since Trichoderma 
species grow fast enough to prevent 
contamination in solid-state cultures and 
produce enzymes that can break down the 
complex cell wall (35), the strains investi-
gated in this work can be used as reference 
for further investigations that focus on 
elaborate enzymatic products as ruminant 
feed supplements. In special applications, 
the addition of supplementary enzymes 
such as α-xylosidase, endo-arabinase, and 
pectinases enhances the ability to degrade 
Trichoderma extract lingnocellulose, since 
these enzyme activities only occur at low 
levels in this fungus (6). 
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Conclusions

The Trichoderma strains used in this 
study showed versatility to produce fibro-
lytic enzymes in solid fermentation in all 
the evaluated substrates, with a marked 
variation in enzymatic profiles according 
to the combination of strain and type 
of substrate.

T. reesei CDBB356 stood out with the 
highest cellulolytic activity on CS and YS, 

while the highest xylanolytic activity was 
obtained on CSW and CS. Considering the 
relative low cost of the substrates used and 
the fact that Trichoderma species grow 
fast enough to prevent contamination in 
solid-state cultures, there is a potential 
application of T. reesei CDBB356 enzymes 
on ruminant feed supplements to improve 
food digestibility.
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