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ABSTRACT 
 
The use of lignocellulolytic fungi based byproducts allows the transformation and 
improvement of legume foliage meal quality when its content is reduced of neutral 
detergent fiber and cellulose and increases the availability of nutrients in animal feed.  
The objective was to determine the kinetics of the solid state fermentation process of 
the Stizolobium niveum legume meal with the Trichoderma viride M5-2 fungus.  
Fermentation kinetics was carried out at laboratory scale with completely randomized 
design in factorial arrangement and three replications in each case.  Samples of legume 
foliage meal fermented every 24 h for 4 days were taken, to carry out the pH analysis, 
dry matter, true protein, neutral detergent fiber, lignin and ash, exo β 1-4 glucanase 
enzymatic activity and infrared spectroscopy.  The kinetics of the fermentative process 
of the S. niveum legume meal with the T. viride M5-2 fungus at 30°C and 70% humidity 
is characterized by: an expression of cellulase enzymatic activity that is independent of 
the inoculum size in the 48 to 72 h range.  The fermentation average pH was increased 
throughout the time up to values nearly 8 units with 107 spores/g dry matter 
inoculum, the addition KH2PO4 and K2HPO4 buffer (6%) to the legumes foliage meal, 
favors enzymatic action.  With the fermentation conditions: S. niveum meal moistened 
at 70%, and a 10% solid pre-inoculum on wet basis, at 96 h of the process produced a 
decrease of 6.14% units of neutral detergent fiber, an increase of 2% units of true 
protein and the appearance of new functional groups in the spectrum by FT-IR.  The 
results shows S. niveum transformations by solid state fermentation increased the 
potential nutritional quality as functional food, making it possible to enhance the 
antioxidant activity with cellulolytic enzymes that ensure the nutrient availability for 
animal intake.  
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INTRODUCTION 
  
In last decades, there has been a growing interest in the 
development of biotechnological processes for the use of 
agro-industrial waste. In this sense, solid state fermentation 
(SSF) is important for its results in bioremediation (Julian 
et al., 2007) and in the production of enzymes and 
pharmaceuticals products for human consumption 
(Carbonaro et al., 2015).  These fermentation processes are 
also used to search new alternatives in animal feed 
production.   The chemical changes that occur as a result of 
the fermentation modify its functionality and provide 
beneficial health effects; in addition to the traditional 

nutrients. Obtaining this result can occur using SSF in rustic 
conditions, in which the process is developing on a concrete 
floor where the main environmental variables are not 
possible to control. 

In Cuba there is a great interest in the low cost, efficient 
production of animal feed for monogastric species by the 
selection of alternative raw materials with acceptable 
bioavailability and less competitive with man feeding 
(Savon, 2002).  In recent years, different researches have 
been carried out with the objective of evaluating integral 
meals and meals of tropical legumes foliage from 
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agronomical and bromatological view.  In this sense, Díaz 
(2000) concluded that both variables had very similar 
composition, and he recommended the need of carry out 
nutritional physiological studies to get a sense of the 
possibility of the two variants’ use in animal feeding. 

Savon et al. (2005) found that the use of tropical fibrous 
foods such as meal foliage of Stizolobium aterrimun, 
Cannavalia ensiformis and Lablab purpureus had many 
limitations, such as the presence of anti-nutritional factors, 
with different chemical nature and location as well as a high 
content of the plant cell wall, thus reducing its potential 
nutritional value.  It can also have a greater or lesser effect 
on the digestive physiologism of the monogastric species.   
This leads to the search of technological processes that 
generate biochemical and structural changes that allow 
eliminating much of these components with a consequent 
increase in the nutritional value of the end product. Studies 
carried out by Valiño et al. (2002) showed that the use of 
the mutant fungus Trichoderma viride MCX1 137 in Vigna 
unguiculata and sugar cane bagasse combinations, reduced 
in half the fiber content and the condensed tannins, the 
latter due to the presence of polyphenol oxidase enzymes.  
In 2015, these authors performed a dynamic fermentation 
at laboratory scale in order to determine the 
biotransformation of L. purpureus and S. niveum meals with 
T. viride M5-2 strain showing the possible reduction of 
neutral detergent fiber content and cellulose. 

Despite the progress, in terms of the solid state 
fermentation (SSF) of plant materials with cellulolytic fungi 
for improving their nutritional quality, it is unknown if the 
kinetics of fermentation complicates the design of a process 
at industrial scale.  The objective of this study was to 
determine the solid state fermentation process kinetics of 
the meal of S. niveum legume with the T. viride M5-2 fungi. 
 
 
MATERIALS AND METHODS 
 
Substrates 
 
S. niveum meal foliage was used. The meal was prepared 
with foliage, cut to 5 cm above the soil. Then it was spread 
on a plate and dried in the sun for 2-3 days, until humidity 
was reduced to between 20-25%, allowing the milling and 
avoiding any fermentation. These dried plants were 
reduced to a particle size of 1 mm with a blade mill. 
 
 
Microorganism 
 
 The mutant strain of the lignocellulolytic T. viride M5-2 
fungus belonging to the bank of the Biotechnology 
Department of the Institute of Animal Science, were used 
(Valiño et al., 1999).  They were molecularly identified at 
the Institute of Biological Sciences, Federal University of 
Minas Gerais, Brazil. 

 
 
 
Fermentation process 
 
For the research, 500 ml of Erlenmeyer with 10 g of each of 
the substrates were used, which were moistened with 
water to 60 and 70%.  The moistened substrates were 
sterilized at 121°C for 20 min and inoculated with 1 cm2 of 
malt grown agar and completely covered in fungus spores.  
Fermentation urea or other nutrients were not added, only 
the naturally occurring material.  The mixture was 
homogenized and the erlenmeyers were placed in an 
incubator at 30°C for 3 days. Samples were extracted every 
24 h for chemical analysis and corresponding enzyme were 
carried out. 
 
 
Chemical and enzymatic analysis 
 
Five grams (5 g) of solid material were taken at 0, 24, 48 
and 72 h of fermentation to carry out the bromatological 
analysis of foliages meals, where study indicators were: dry 
matter (DM) according to AOAC (2005), true protein (TP) 
by Berstein method cited by Meir (1986), neutral detergent 
fiber (NDF) and ashes according to Van Soest et al. (1991), 
determination of exo β1-4 glucanase enzyme  
expressed in international units per ml (IU/ml). This refers 
to micromoles glucose released per minute of reaction 
under the conditions of activity assay (Adney, 2009). 
 
 
Statistical analysis  
 
In dynamic fermentation at laboratory scale a completely 
randomized design in 2×2×6 factorial arrangement with 
three replications were carried out, in which the factors 
were pH and humidity relating to fermentation time 0, 24, 
48, 72, 96 and 168 h for two sizes 107 and 5×107 
spores/gDM and in solid state fermentation with T. viride 
M5-2 pre-inoculum.  A completely randomized design was 
used where differences of pH, enzymatic activity, 
productivity and humidity were measured relating to three 
times of fermentation with three replications, where 
each Erlenmeyer was an experimental unit.  The results 
were processed by a simple classification made in the 
INFOSTAD statistical system, version 1.0 (Balzarini et al., 
2008) of the National University of Cordoba, Argentina. 
Differences between means were established according to 
Duncan (1955). 
 
 
The analysis of Infrared spectroscopy with 
Transformed of Fourier (FT-IR) 
 
The spectrum in the mean infrared with Transformed of 
Fourier (FTIR) was measured in a FT-IR model Vector 22 
(Brüker Optics) spectrometer in 4.000 to 600 cm1 intervals 
of transmittance units. The ATR accessory was used with 
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Figure 1. Kinetic of the expression of the exo β1-4 glucanase cellulolytic activity for 107spores/g of 
dry initial S. niveum, T=30°C. 

 
 
 

 
 

Figure 2. Productivity of the exo β1-4 glucanase cellulolytic expression for 107spores/g of 
initial dry S. niveum, T=30°C. 

 
 
the following parameters: Method: Standard, Line base fit: 
64 points, Resolution: 4 cm1, Compensation: air, Scans: 30 
scans, Sensitivity: 1%. The spectrum processing was 
carried out by OPUS NT software.  
 
 
RESULTS AND DISCUSSION  
 
Determination for a productive process of the 
fermentation process kinetics in solid state of the 
foliage meal of the S. niveum temporary legume design  
 
The performance of the exo β1-4 glucanase enzymatic 
activity in the kinetics of the S. niveum transformation 
process (Figures 1 and 3) for sizes of inoculum 107 and 
5×107 spores/g of S. niveum after initial drying for 168 h.  

The system productivity as it is expressed in Figures 2 and 
4 is calculated on the base of 70% humidity and grams of 
the initial dry matter (8.9 g of the S. niveum legume meal).  
The variations of the pH and exo β1-4 glucanase cellulolytic 
activity were evaluated with indirect variables of the 
metabolism and growth of the microorganism in function of 
the fermentation time and the inoculum size.   

When comparing the cellulolytic activity value for the 
inoculum size 107 spores/g of initial drying S. niveum 
between 48 and 72 h, decreases were observed from 0.67 
to 0.62 IU/ml, which indicates that this variable is 
maximum in that interval of time. It was also observed that 
after the 72 h, exo β1-4 glucanase activity begins to notably 
decrease, but it stays during the whole fermentation 
period.  When determining the productivity value of the 
expression of the cellulolytic enzymatic activity (Figure 2) 
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Figure 3. Kinetics of expression of the exo β1-4 glucanase cellulolytic activity for 5×107epores/g of 
initial dry S. niveum, T=30°C. 

 
 
 

 
 

Figure 4. Productivity of the exo β1-4 glucanase cellulolytic expression for 5*107spores/gDM initial S. 
niveum, T=30°C. 

 
 
the maximum value corresponds 48 h, however, there were 
no appreciable differences regarding the productivity value 
reached in 72 h, which confirms the observed performance 
in the enzymatic activity at that interval.  

The enzymatic activity for the inoculum size 
5×107spores/g of initial dry S. niveum (Figure 3) has a value 
of 0. 69 IU/ml in the first 48 h and at 72 h only decreases in 
0.06 units, after this interval a notable decrease happens in 
this variable, similar tendency to that obtained for the 
inoculum size 107 spores/g of initial dry S. niveum. The 
higher productivity values (Figure 4) of 1.587 and 1.449 

 IU/gDMh were reached in the interval of 48 to 72 h.  
When comparing the results of the cellulotytic activity 

and the productivity for both inoculums size in Figures 1, 2, 
3, and 4, it can be observed that they have similar 
performances mainly in the interval of 48 to 72 h of 
fermentation at 30°C.  This shows that these two variables 
are going to behave in same way in the two inoculums size, 
although 107spores/g is five times lower. However, the 
results of Rosyidaa et al. (2015) showed that the 
temperature 27 and 37°C and fermentation period (5-9 
days) significantly affect the observed parameters on crude 
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Table 1. The pH and humidity values in the kinetic of the  transformation process for two sizes of inoculum  107 spores/gDM initial and 
5*107 spores/gDM of initial S. niveum. 

 

Indicators 
Sizes of the  inoculum 

spores/gDM 

Time (hours) 

0 24 48 72 96 168 SE and Sig. 

pH 
107 6.10a 7.17e 8.37j 8.09i 8.03h 7.03d 

±0.0058 P<0.001 
5×107 6.09a 6.45a 6.70b 6.75c 7.30f 7.46g 

         

Humidity (%) 
107 70.00f 70.20f 74.30i 70.40g 70.20f 72.90h 

±0.0058 P<0.001 
5×107 70.00f 68.30d 66.60a 68.20c 69.90e 67.40b 

 
 
 
cellulases production 0.041–0.021 unit/ml by T. reesei on 
straw substrate. 
 
 
Performance of the pH in the kinetic of the S. niveum 
Trichoderma viride M5-2 transformation process for 
two inoculums sizes 
 
The relation between the fermentation time (h) and the pH 
and humidity changes for two inoculum sizes (P˂ 0.001) 
are shown in Table 1, where all the pH and humidity values 
have significant differences.  The initial pH was of 6.09 
reaching values above 7 from 24 h for 107 and from 48 h for 
a 5×107 spores/g of initial drying S. niveum respectively, 
during fermentation. 

The PH variations of the fermentation means in the SSF 
processes may be due to different reasons including the 
way the microorganism metabolizes available nitrogen 
source, medium, temperature, humidity (Wan et al., 2014; 
Reis et al., 2014). However, the observed pH have values 
above 7, without the addition of nitrogen source and 
mineral salts to the legume meal, this is probably due to 
their chemical composition (Table 2) described by García et 
al. (2005) where water interactions could hydrolyze part of 
the secondary metabolites of the plant cell (Cortes et al., 
2009; Tejerina et al., 2011).  In this sense, when the α 
amino group belonging to S. niveum are dissolved in water 
they ionized and a proton of the amino group is eliminated, 
is the reason they could act as base. Nevertheless, the 
explanation of these pH values are being researched in the 
Institute of Animal Science due to the importance of 
knowing the characteristics of S. niveum in order to use it 
efficiently in animal diets.  

The same as other enzymes, cellulases have an optimal 
characteristic pH for its activity, above or below which 
enzymatic activity decreases.  This relation between the pH 
and cellulases activity depends on the acid-base 
performance of the medium and the nature and 
concentration of the legume leaf meal, Jiang et al. (2011). 
This study shows that despite having high pH values in both 
sizes of inoculum, there is expression of cellulolytic 
enzymes; this may be due to not reaching higher values of 
exo β1 -4 glucanase cellulolytic activity.  

Determining combinations of phosphate, acetate and 
sodium citrate buffers to maintain the optimum pH 
range in the Trichoderma viride M5-2 cellulolytic 
enzymatic activity 
 
The pH values at 72 h with different buffers and humidity 
percentages are observed in Table 3. The control sample 
taken was moistened at 72 h after dry incubated at 30°C.  
The pH moisture of S. niveum from time zero relating to dry 
S. niveum shows significant differences as it increases in 
more than two units in both moisture percentages, this 
change could be explained by the influence of the chemical 
composition of this legume. The pH of legume foliage meal 
with KH2PO4 and K2HPO4 buffer (6%) is near the pH 
interval that regulates this solution about 7.13, while the 
legume foliage meal pH with addition of sodium acetate 
solution and acetic acid increases a unit relating to pH = 5 
value that regulate this buffer solution.  The sodium citrate 
solution and citric acid do not decrease the pH as both 
buffers solutions described above do, but when adding, the 
pH increases in more than three units relating to control. 
This could be due to hydrolysis and/or chemical reactions 
that could occur between the S. niveum components and 
sodium citrate and citric acid buffer.  The pH values 
obtained with both moisture percentages are similar, 
indicating that the variation of humidity in this interval 
does not influence the pH performance. 
 
 
Influence of the regulator solutions KH2PO4 and K2HPO4 
(6%) and sodium acetate and acetic acid in the exo β1-
4 glucanase activity for 72 h of fermentation 
 
When the experiment was concluded, evidence shows that 
even without the presence of the microorganism, the S. 
niveum pH changes. A statistical analysis was carried out 
using a means test to determine whether there are 
significant changes in the β1-4 exo glucanase activity when 
added to legume foliage meal a KH2PO4 and K2HPO4 (6%) 
solution and a sodium acetate solution and acetic acid in 
the fermentation process with T. viride M5-2 strain 
respectively (Table 4). 

The previous analysis is summarized in that the addition
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Table 2. Secondary metabolites in forage legumes.  
 

Groups of compounds Distribution in legumes 

Simples phenols Wide 

Tannins Wide 

Flavones Wide 

Cumarin Limited* 

Cyanidins Wide 

Amino acids NP Limited** 

Triterpenoides Wide 

Alkaloids Wide 

Saponins Wide 

Cyanogens Limited 

Cardenolide Limited 
 

NP: non protein,*in the seed, but wide in the biomass, **in the biomass, but 
wide in the seed 

 
 
Table 3. Performance of the pH with different buffers and moisture percentage in the legume foliage meal S. niveum T=30°C, pH initial=5, 97 and 72 
incubation hours.  

 

Variable Moisture  Buffers 

pH 

 

S. 

niveum 
moistened 

Buffer KH2PO4-
K2HPO4 (6%) 

Buffer sodium 
acetate and 
acetic acid 

Buffer sodium 
citrate and citric 

acid.8.1 

pH=5 

Buffer sodium 
citrate and  
citric acid 

pH=6 

SE 

and Sig. 

 

60% 
8.09c 7.09b 6.19a 8.71d 9.13e 

±0.0056 

P<0.001 

 

70% 
8.19c 7.19b 6.18a 8.89d 9.25e 

±0.0065 

P<0.001 

 
 
 
Table 4. Influence of the KH2PO4 y K2HPO4 (6%) regulatory solutions and sodium acetate and acetic acid in the exo β1-4 glucanase activity in the S. 
niveum legume foliage meal by T. viride M5-2, T=30°C, 72 h of fermentation and 107 spores/gDM.  
 

S. niveum legume foliage meal pH exo β1-4 glucanase activity ( IU /ml) Productivity ( IU /DMh) 

S. niveum  7.80 0.67 0.0103 

S. niveum with KH2PO4 and  K2HPO4 (6%) buffer solution 7.65 0.37 0.0127 

S. niveum with sodium acetate and acetic acid buffer solution  8.10 0.09 0.0031 

 
 
of KH2PO4 and K2HPO4 (6%)regulator solution to the 
legume foliage meal S. niveum in fermentation with T. viride 
M5-2 strain, favors the  fungus enzymatic action on this 
legume foliage meal, with a cellulolytic activity value of 0.37 
IU/ml.   However, contrary to expectations, the enzymatic 
activity was 0.3 times lower than the hydrolytic action on 
the legume without buffer. It can be considered that this 
fungus is mutant and its action range in substrates as 
grasses is in the range 7-8, which keeps that condition in 
the presence of S niveum foliage meals.  Gutierrez-Rojas et 
al. (2015) enzymatic action mechanisms in filamentous 
fungi are very similar, but not the gene regulation 
mechanisms, as the case may be. The sodium acetate 

solution and acetic acid regulate the pH as was noted 
earlier in the study without the microorganism’s presence, 
which means that the pH increase observed in this 
experiment can be caused by the metabolic action of T.  
viride M5-2.  
 
 
Determining the changes produced by fermentation in 
the potential nutritional quality of the Stizolobium 
niveum integral meal by Trichoderma viride M5-2 
preinoculum 
 
To determine the changes produced in the nutritional 
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Table 5. Performance of the exo β1-4 glucanase activity and the pH in the S. niveum fermentation with pre-inoculum, T=30°C 
solid inoculum10% of the initial humid weight. 

 

Indicators 
Fermentation (hours) 

24 48 96 SE and Sig. 

pH 7.19a  7.29b 7.74c ±0.0058 P<0.001 

Moisture (%) 66.90a   69.30c 69.10b  ±0.0058 P<0.001 

exo β1-4 glucanase (IU/ml) 
enzymatic activity 

0.55a 0.77b    0.54a    ±0.0058 P<0.001 

Productivity ( IU/gDMh) 1.21a  1.72c 1.19b ±0.0047 P<0.001 
 

a,b,c: Different letters show significance differences to P<0.05. 
 
 
 

Table 6. Content of fiber, ash, lignin and dry matter in the S. niveum fermentation samples with Trichoderma 
viride M5-2 inoculum. 

 

Indicators Fermentation (h) SE and Sig. 
0 24 48 96 

DMr (%)    89.31a 94.41c 94.42c 93.03b ±0.0067; P<0.001 
Ash(%) 6.50a 12.47b 14.32d 14.15c ±0.0058; P<0.001 
NDF (%) 72.75b 73.41b 67.38a 66.61a ±0.3359; P<0.001 
Lignin (%) 11.68d 9.15b 6.82a 8.63b ±0.4467; P<0.001  

 

a,b,c: Different letters show significance differences to P<0.05. 

 
 
quality potential of S. niveum foliage meal by fermentation 
with T. viride M5-2 was worked with pre-inoculum. To 
produce the pre-inoculum, the kinetic results were taken 
into account; this one was incubated for 72 h with an initial 
concentration of 107 g of spores of dry S. niveum and a pH of 
7.25. The pH values and cellulolytic activity obtained from 
S. niveum fermentation with 10% of the pre- inoculum are 
shown in Table 5. 

The obtained results show that with the 10% of the 
inoculum for the S.niveum legume foliage meal 
fermentation, the enzymatic activity at 48 fermentation 
hours, 0.10 UI/ml increases which is why the proposal for 
the productive process could be developing a pre-inoculum 
as a more effective way for scaling in volume and obtaining 
higher degradation of this substrate. One of the main 
characteristics of the foliage meals is the fiber content, 
which obviously affects their nutritional quality, when 
negatively influence in the nutrients digestibility that make 
the food (Savón et al., 2000). 

The analysis of the neutral detergent fiber fraction of S. 
niveum legume meal showed differences regarding 
fermentation time. Table 6 shows the results of the analysis 
of the residual dry matter content, ash and neutral 
detergent fiber for legume foliage meal during the 
fermentative process of S. niveum foliage meal.  

The lowest NDF content was obtained at 96 h, decreasing 
6.14% units regarding the initial value (P <0.001), as a 
result from the hydrolytic action of enzymes produced 
during fermentation with the T. viride M5- 2 strain.  This 
reduction can be explained by the high values of nitrogen 
associated with this indicator (Martin- Cabrejas et al., 2008) 

because of the fungi used for fermentation, besides the use 
of wall components such as hemicellulose, one could also 
use part of the nitrogen associated to the fiber as a nutrient 
for growth in these meal, before the lignin starts to degrade 
(Valiño et al., 2015). Meanwhile, the volatilization of dry 
matter product to solids is reduced, as well as when added 
to water and CO2 production by the fungus metabolism.  

Figure 5 shows that one of the most important aspects of 
the results is the high protein content of this legume.  The T. 
viride M5-2 strain in the transformation of this legume 
foliage meal, achieved by 2% units increased the initial 
value of true protein (P <0.001) relating to time, 
demonstrating their potential for growth on these and 
other anti-nutritional factors.  Similar performance was 
obtained by Valiño et al. (2015) in the grain processing of 
this legume species by the cellulase enzymes of this fungus, 
which allowed developing a fermentation process 
biologically feasible with whole and milled grains. 

The obtained inoculum may be used for scaling in volume 
of fermentation without other nutrients added, which 
lowers the process.  Graminha et al. (2008), Van Dyk and 
Pletschke (2012) published a summary of microorganisms 
producing hydrolytic enzyme residues of agricultural 
production by solid state fermentation and explained that 
the pre-digestion of such materials with ligninases, 
xylanases, pectinases and cellulases, favor the increase in 
protein and increase the nutritional value, meanwhile Hu et 
al. (2012), obtained protein increase in a range of 5.97-6.28 
to 7.09-16.96% with cellulolytic microorganisms 
inoculation by solid state fermentation in pangola grass, 
with low values of avicelase, PFasa and β glucosidase, but it 
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Figure 5. True protein content of S. niveum meal fermentation with the Trichoderma viride M5-2 strain.  

 
 

Table 7.  Presence of functional groups and their characteristic frequency in S. niveum specie transformed 
by solid state fermentation with T. viride M5-2 

 

Frequency (cm-1)  Fermentation (h) 

 0 48 96 

 O-H 3291 3283 3291 

 CH2, CH3 2920, 2852 2922, 2853 2925 

 C=O 1730 1730 1729 

C=C 1629   

C=C ( phenyl standard)  1637, 1547, 1450 1636, 1549,1449 

 CH 1371,1331, 1244 1378, 1315, 1240 1377, 1316, 1229 

 C-O 1028 1051 1032 

 
 
improved this grass quality down the cellulose percentage, 
which is beneficial for animal feeding. Sing et al. (2011) also 
suggested these increases in protein using microbial 
mixtures. 

 It is of interest to study the molecular structure of the S. 
niveum legume foliage meal during the transformation with 
T. viride M5-2. For this, infrared spectroscopy was used, 
which is one of the most appropriate techniques to detect 
the presence of functional groups on a compound. Although 
the infrared spectrum characterizes each compound, it is 
found that certain atomic groupings always turn to bands in 
a certain range of frequencies independent of the nature of 
the molecule remainder. The frequencies and functional 
groups regarding fermentation time of S. niveum meal are 
shown in Table 7.  The characteristic absorptions of the 
present polysaccharides are in greater proportion 
compounds, in addition to the characteristic absorptions of 
the other components. 

In Figures 6 and 7, corresponding to the S niveum legume 
meal samples at 0 and 96 h, fermentation spectra are 

shown.  The samples show well-defined bands of good 
resolution.  The difference is clear between the S. niveum 
legume foliage meal sample unfermented and S. niveum 
fermented in the range of 1600-1400 cm-1.  In these 
last bands are more deployed. 

The fermentation process showed its effectiveness in 
biological indicators.  However, between 1445-1390 cm-1 
bands of bond formation in terms of the OH carbohydrate is 
of low intensity.  The characteristic band of the carbonyl 
groups in amide’s 1636-1449 cm-1, intense vibration 
valence band of the carbonyl group C=O and C=O, appears 
slightly split into two, which is not in control, so the 
presence of amino acids or proteins in the samples is 
inferred and this band has an intensity that is unlikely 
associated to another link.  The presence of this can be 
explained by the legumes proteins. In this case, the S. 
niveum legume foliage meal has a lower quality protein to 
casein, higher to other legumes (Savón et al., 2005, Díaz et 
al., 2007). 

In the 3291-3283 cm- 1 interval, there is an intense
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Figure 6. Infrared spectroscopy of the S. niveum legume foliage meal in 4000 a 600 cm-1 interval for 
cero fermentation time.  
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Figure 7. Infrared spectroscopy in the de 4000 to 600 cm-1 interval of S. niveum legume foliage meal 
fermented with Trichoderma viride M5-2 strain at 96 fermentation hours. 

 
 
vibration band of the OH γ OH valence link, this band is a 
product of the polymer association of OH groups of the 
carbohydrate and the spectral region from 2852 to 2920 
cm-1 corresponding bands to CH2, CH3 vibration of carbonyl 
chains of organic compounds are seen, band is of medium 
intensity according to valence vibration CH γ CH of alkyl 
groups of the same carbohydrates chain. Around 1730 cm-1 
characteristic band of ester compounds are observed.  
Around 1028-1051 cm-1 there is an intense band 
characteristic of C-O vibration type.  

The data obtained by FT-IR in S. niveum fermented by T. 
viride M5-2 corresponds to those obtained in the 
bromatological analysis of these samples.  Observed is NDF 
concentration at 96 h of 66.61% with 6.14% unit’s 

difference, with control based on the dry matter, suggesting 
degradation of the product fiber of the cellulolytic activity 
in this plant material.  The technique used showed that 
during the solid fermentation with the strain of T. viride 
M5-2 fungus in the S. niveum legume foliage meal, the 
rupture and formation of new links with the enrichment of 
the product fermented in sugars and amino acids resulting 
in the appearance of new carbonyl and carboxyl links, as 
well as alcoholic groups, derived from the biodegradation 
of carbohydrates and proteins, as well as oxidation of the 
lignin aromatic structures that are not detectable in any 
other way. 

These new groups formed mainly phenyls present only at 
48 and 96 h (Table 7) could be quantitatively determined 
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by mass spectroscopy and by independent groups.  They 
would be identified by the total polyphenols.  Moreover it is 
necessary to study the influence of parameters of apparent 
density and biomass/oxygen yield on temperature 
gradients (Sosa, 2011; Valiño et al., 2015) for the 
realization of this productive process that takes place on a 
floor in a rustic way. 
 
 
Conclusions 
 
The results shows that S. niveum legume meal 
transformations by solid state fermentation increased the 
potential nutritional quality as functional food, making it 
possible to enhance the antioxidant activity with cellulolytic 
enzymes that ensure the nutrient availability for animal 
intake. 
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