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Abstract
The objective was to prove the molecular change produced in the sugarcane bagasse with pretreated calcium hydroxide and
fermented with Trichoderma viride M5-2 strain by means of Fourier Transform Infrared Spectroscopy (FTIR).The fungi
fermentation was conducted in a solid state bioreactor. For the spectroscopy analysis by FTIR, the samples were taken from
sugarcane bagasse, sugarcane bagasse hydrolyzed with Ca (OH)2 and fermented at a depth of 10 cm in the bioreactor at 96 h,
when the highest cellulolytic activity of exo ß1-4 glucanase (2.8 UI/ml) was reached.The spectrum of the intact sugar cane
bagasse and the bagasse hydrolyzed with Ca (OH)2 differed in the range 2000-1400±20 cm-1 of transmittance. Moreover,
differences were found in the sugarcane layer during the fermentation. In the fermented sample spectrum, new bands were
visualized in the range 774.30±20 cm-1 and 1670-1780±20 cm-1, when obtaining increases in carbonyl, carboxyl and phenolic
groups derived from the breaking of the subunits of lignin and structural carbohydrate. The biodegradative effect of the
Trichoderma viride M5-2 strain sin the pretreated sugar cane bagasse with Ca (OH)2 was proved by means of the FTIR
technique.The production of the endo and exo β 1-4 glucanase enzyme treated with calcium hydroxide bagasse improved. The
cellulases produced during the conversion from cellulose to glucose by the fungal mutant strain depend directly on the
treatment.
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1. Introduction
Crop that accumulated lignocellulolytic residues in high scale
include rice, corn, wheat, citric, coffee, soybean, sugar cane
amongst others. Other authors refer to the chemical
composition to emphasize the low percentage in protein and
high level in fiber, (1, 2).
Sugarcane byproducts of low biological value like bagasse
and bagasse pith filter caked mud where the crop residues
* Corresponding author
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were under used in animal feeding due to the following
limitations: they are of a lignocellulosic nature, low content
of assimilable nitrogen, low digestibility of nitrogen-free
extract and its poor palatability. In addition, different
methods to increase the nutritional value of fibrous materials
are still unknown (3). It should be highlighted that the use of
microorganisms is capable of degrading cellulose and lignin
in order to obtain the product for industrial use, as well as
animal nutrition.
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Due to the crystalline capillary structure of the cellulose, the
lignocellulosic material to be presented is of a very resistant
structure. Similar to the polymerization grade and the lignin
wall surrounding it, the pretreated can be used with the
objective of breaking the structure and the microorganism
that limits the enzyme action.This is classified in physical (5,
6), chemical (7, 8) and biological (9, 10) and can be applied
in sequential or simultaneous combinations. This method
achieves the following objectives: decrease crystalline of
cellulose index and the lignin content, similar to the
separation from substrate the lignin complex (11).
The cellulose hydrolysis in monomers of glucose occurs
under the action of an enzyme complex acting synergically
and represented in endo, exo β 1-4 glucanases, β glucosidases
(12) and a great variety to degrade lignin and the
hemicelluloses (2). In order to guarantee successful
development of enzyme productivity and yield in the
lignocellulosic substrate, solid state fermentation was used
for its advantages (13, 14). Also, the conventional methods of
analyzing the feed’s chemical composition such as fiber
fractioning, crude protein, aminoacids, organic matter, ether
extract and others were used to determine the degradation
degree, and to predict the nutritional and energy value,
according to (15).These methods do not detect neither the
intrinsic structures of the feed or the components of the
biological matrix (16).
The infrared spectroscopy is a not an invasive technique that
provides all the information needed for modification at a
molecular level in the wall components produced by
microbial activity (17).
According to (18), these studies show that infrared
spectroscopy (IR) is very complex, however the useful
information provided about molecular change for the action
of the produced fungi offers several advantages among which
are the velocity of data collection and samples analysis
without solubility treatment and without extraction.
Considering that some conidial fungi, such as Trichoderma
viride M5-2, have the ability of partially degrading the lignin
and hydrolyzing the cellulose (13), the objective of this study
was to prove the molecular change in sugar cane bagasse
fermented with the strain of mutant fungus Trichoderma
viride M5-2 that were pretreated with calcium hydroxide
using Fourier Transformed-infrared spectroscopy (FT-IR).

2. Material and Methods
2.1. Microorganism
A mutant strain of the lignocellulolytic fungus Trichoderma
viride M5-2 belonging to the strain bank of the Institute of
Animal Science was used. This strain produces
phenoloxydases, cellulases enzymes and hydrolytic activity
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in highly fibrous substrates when assessed through solid state
fermentation (13).
2.2. Inoculum
We used the isolated conidial fungus Trichoderma viride M52 and identified in the Biotechnology laboratory at the
Animal Science Institute in cooperation with the University
of Havana’s Mycology Laboratory of the Faculty of Biology.
Inoculum spore suspensions were prepared by dragging the
microorganism’s previously sown wedges malt agar (Oxoid).
This was done using a buffered diluent containing 0.3 g of
calcium chloride, 0.75 g proteose peptone, 0.2 ml Tween 80
and 1 mL solution of trace elements according (19). The
resulting suspension was filtered through glass wool, with the
aim of obtaining a concentration of 5x107 spores/ml
mycelium free. The final spore concentration was determined
in a Neubauer chamber.
2.3. Substrate for Fermentation
The substrate was sugar cane bagasse from “Manuel
Martínez Prieto” sugarcane mill in Havana City, was
hydrolyzated with Ca (OH)2, to 5% (dry base), and underwent
0,18 MPa of pressure in autoclave for one hour, then washed
with distillated water to eliminate alkali excess.
2.4. Chemical and Enzymatic Analysis
Five grams of the fermented solid material were taken at 0,
24, 48, 72, 96, 120 and 168 h, 45 ml of distilled water were
added, then agitated in a sieve at 150 rpm for 30 min and
filtered to obtain the enzymatic extract, of which the pH was
measured and the corresponding enzymatic analyses were
conducted.
The enzymes determined were:
Activity endo 1, 4 ß glucanase (CMCase) showing the
hydrolytic activity over the carboxymetylcellulose.
Activity exo 1, 4 ß glucanase (PFase) or cellulase paper
filters showing hydrolytic activity in the presence of
crystalline cellulose.
The activities endo 1, 4 ß- glucanase and exo 1, 4 ß glucanase
were determined, calculated and expressed in International
Units per dried matter from started substrate (IU/gDM). This
activity refers the glucose micromoles released per reaction
minute under test conditions of activity (19).
2.5. Bromatological Analysis
The indicators studied were: dry matter (DM), according to
(20), lignin (LIG), cellulose (CEL) in agreement with (21)
and true protein (TP) by (22). The statistical system
INFOSTAD was used for bromatological and enzymatic
analysis (23). Differences between means were established,
as (24) Duncan (1955).
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2.6. Experimental Procedure
The bioreactor was charged at the beginning with 1 Kg of
hydrolyzed sugar cane bagasse at 70 % humidity. The
aeration being subministrated to reason of 15 L/min.kg of dry
solid (11 L/min), was controlled between these values and 22
L/min.kg of dry solid (18 L/min). The complete process was
controlled through the regulation of air flow and recirculation
of water temperature; 20 g of hydrolyzed sugar cane bagasse
(10 cm deep) in solid state fermentation were obtained. The
samples were dried in heater at 40ºC and 0.1-0.3 mm size
particles obtained in the spectroscopic analysis were utilized
for high resolution.
2.7. Spectroscopic Analysis FT-IR
The samples were the following:
Sugar cane bagasse, hydrolyzed sugar cane bagasse with Ca
(OH)2 to 5%, hydrolyzed sugar cane bagasse with Ca (OH)2
to 5% and bioreactor fermentation of the strain Trichoderma .
viride M5-2 .
For spectroscopic analysis FT-IR to choose bioreactor
fermentated samples for 96 hrs at 10cm deep, where the
optimum exo ß1-4glucanase enzyme were produced.

Analysis by Fourier Transformed-infrared spectroscopy (FTIR): the solid fermented samples were selected for the FT-IR
analysis, reaching maximum cellulolytic activity. The
equipment used was an ATI Mattson Genesis Series FT-IR
spectrometer, with a special device for solid samples,
adjusted to total attenuated reflectance in pieces of potassium
bromide (KBr), which allowed measuring the IR spectrum in
the solid samples without previous preparation.The spectra
were obtained in transmittance form, from a wave longitude
range of 4000-600 cm-1 averaging 100 impulses above
particles (ʎ/cm).

3. Results and Discussion
Figure 1 shows the corresponding spectrum of the bagasse
sample and figure 2 shows the hydrolyzed bagasse; the signal
assignment was obtained from literature dates (Table 1)
according to (25) from the spectroscopic FT-IR analysis of
biodegradation by the Trichoderma viride M5- 2 strain in the
pretreated bagasse sugar cane cell wall. Qualitative
information of molecular level in the different functional
chemical groups was obtained using the total attenuated
reflectance technique.

Figure 1. Infrared spectroscopy (FT-IR) of sugar cane bagasse, averaging 100 impulses on the particles (λ /cm).

Table 1. Signal assignment FT-IR of the spectrum bands of woods according
to Gilardi et al., (1995).
Bands position (cm-1)
1670- 1650
1265- 1235
1600- 1500
2960- 2850
1780- 1670
3600- 3200
1200- 800
910

Funtional group
C=C Alkene
O-H Phenolics
C=C Aromatics
O-H Methyl and Methylene groups
C=O Carbonyl
O-H Alcohol
O-H Alcohol (primary and secondary) and
aliphatic ether.
C=C Alkene

Due to the complex structure of bagasse, overlaying bands
appear in the cellular walls, even when the treatment for the

lignin from hydrolysis fiber bagasse with Ca (OH)2 was
performed. The results were not drastic, but the difference is
evident between bagasse cane and the hydrolysis with Ca
(OH)2, (figure 2) in the range of 2000-1400 cm-1, in this last
case the bands were more open. The kinetic study carried out
with fermented bagasse for 96 h to indicate endo and exo β 14 glucanase activity of 47.3 and 26.91 UI/gDM (figure 4).
The soluble protein showed an increase (P˂0.001)
concerning the hydrolysis bagasse control without
fermentation of 6.5 mg/gDM and the true protein was
10.53% which represents 84% of the crude protein
(P˂0.001).
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Many authors have used this pre-treatment as a step previous
to the enzymatic hydrolysis (26), for obtaining an effective
action of endo and exo β 1,4glucanases enzyme, (27) in
bagasse treatment with NaOH resulting in sustainable
production of endo β 1,4glucanases of 28.84U/g with
Aspergillus nidulans strain and confirmed structural changes
in the bagasse using different techniques like FT-IR, which
strongly depended on the pretreatment.
When Jayapal et al. (28) combined the sodium hydroxide and
potassium hydroxide for recovering xylooligossacaride in
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sugar cane, the analysis of enzymatic activity showed
thissugar with a polymerization grade variation. However,
when Alves et al. (29) performed the pretreatment with
sulphuric acid, in the FT-IR spectrum, it did not reveal
significant changes in the chemical structure of the cellulose,
thus an effective treatment should be stronger. However the
topochemical characterization of sugar cane pretreated with
alkaline sulphite for (30), indicated that surface lignin was
dissolved during the pretreatment while surface
hemicelluloses were exposed or relocated.

Figure 2. Infrared spectroscopy (FT-IR) of sugar cane bagasse pretreated with Ca (OH)2, averaging 100 impulses on the particles (λ /cm).

Figure 3. Infrared spectroscopy (FT-IR) of sugar cane bagasse pretreated with Ca (OH)2 and fermentated by Trichoderma viride M5-2 strain at 96 hr,
averaging 100 impulses on the particles (λ /cm).
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Figure 4. Cellulase production kinetics in the of sugar cane bagasse pretreated with Ca (OH)2 (5%) and fermentation by Trichoderma viride M5-2 in solid state
fermentation bioreactor.

When these spectrums are compared (figure 1 y 2) with the
solid state fermented bagasse in a bioreactor in (figure 3),
less intensity in the vibration bands of benzene γ (C=CH) is
observed in a range of 670±20 cm-1 and a new intensity band
of 774.30±20 cm-1 appeared where the mono, di and tri
aromatic rings were found replaced by the OH group or
methyl groups, derivate from benzene which supposes a
hydrolytic action of the fungi over the independent fiber of
the chemical hydrolysis.
The bands corresponding to the carbohydrates and aliphatic
ethers appear in all the spectrums, nevertheless, in the
fermented samples they are wider and of higher intensity,
which could be related to hydrolytic action of the fungi over
the bagasse, when decreasing 6.05 percent unit of cellulose
(p˂0.001) (Figure 3).
According to Valiño et al. (13) the chemical analysis of the
fermentation to the product showed a fiber decrease of
around 5%, while the neutral fiber decreased 14.9 percent per
unit in correspondence with the amount of hemicelluloses
used (p˂0.001).The result is of importance in determining the
nutritive value of animal feed in order to increase nutrient
bioavailability by acting on feed components prior to or after
consumption (31).
The decrease of acid detergent fiber did not allow detection
of variations in the lignin percentage as it is observed in
bands of 1670-1780±20 cm-1 without much intensity, which
corresponds to the carbonyls groups as a result of
carbohydrate degradation in the lignin (Figure 3). However,
higher fiber digestibility is obtained by 20.98 percent per unit
with regard to intact bagasse (P˂0.001).
Qin et al.(32) used tree decay white fungi in bagasse cane
and found more effective the degradation in the lignin than in
the cellulose and hemicelluloses (85-93%), as well as when
using the FT-IR technique for the decay brown (33), although

exo β glucanase of 130.45 UI/ml values are considered in this
fungi. This could be a result of the high time of fermentation
used to perform the analysis, as well as the use of
Basidiomycetes, which metabolize lignin more efficiently
than other fungi (2,34) as is the case of the results obtained
with this fungus conidial.
The FT-IR bagasse data correspond with the chemical
analysis of the fermented samples for T. viride M5-2 when a
3% decrease of lignin in fermented bagasse was observed
and a 4% decrease in the cellulose of dry matter (Figure 5).
This information can be useful in the design of different
enzymes mixtures to be used.
The obtained results in the bioreactor indicated that varying
changes in the lignin degradation with conidial fungi may be
obtained, according to differences in experimental
conditions. This may be possible due to many factors like
lignolytic nitrogen concentration due to the dry matter of the
fibrous substrate during the fermentation (35). Additionally,
the decrease of other cellular constituents that make possible
improved digestibility could increase or decrease lignin
concentration (36,37).
Many authors consider that the method for determining the
insoluble acid fiber may not be appropriate for
biotransformed substrate by microorganism (16, 38)
considering 72% of the lignin’s solubility in sulphuric acid.
The FT-IR technique demonstrated that during the
fermentation with the strain of conidial fungi in sugar cane
bagasse, oxidations of the aromatic structures of lignin occur,
leading to an increase in phenolic groups and breaking the
formation of carboxylic, carbonyl and alkenes groups, as well
as alcoholic, carbonyl and carboxylic groups derived from
the biodegradation of carbohydrates that cannot be detected
via this process.
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Figure 5. Lignin and cellulose bagasse sugar cane fresh, hydrolyzed with Ca (OH) 2 (5%) and fermented with the mutant fungus Trichoderma viride M5-2.
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