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Nutritive value improvement of seasonal legumes Vigna unguiculata,
Canavalia ensiformis, Stizolobium niveum, Lablab purpureus, through
processing their grains with Trichoderma viride MS5-2.
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In order to improve the nutritive value of seasonal legumes through processing their grains with Trichoderma viride M5-2, several experiments
were conducted at laboratory scale for producing inocula of this mutant cell, without adding nitrogen and minerals sources for different
fermentation variants. Completely randomized designs with 4x6 and 4x2 factorial arrangement and three repetitions were used. Factors varied
depending on the variant analysis. Factors were fermentation substrates (Vigna unguiculata, Canavalia ensiformis, Stizolobium niveum,
and Lablab purpureus) and fermentation times (0, 24, 48, 72, 96 and 120 h). The experiments were conducted in erlenmeyer flasks of 500
mL with 10g of samples at 70% humidity. Samplings were conducted every 24 h to determine cellulolitic activity (endo B1-4 glucanase and
exo B1-4 glucanase), mineral composition (Ca, Mg, P, K, ash), and bromatological composition (CP, TP, NDF, ADF, cellulose and lignin).
The pH variation and humidity in each substrate were determined, as well as the amino acidic composition. The fermentation effectiveness
was tested by infrared spectroscopy. Changes in the physico-chemical and mineral characteristics occurred in the legumes studied with
remarkable increase of CP and TP, and a decrease of NDF. In the enzymatic kinetics, there was interaction in every factor (P< 00.1) for the
four legumes. Maximum endo fD1-4 glucanase and exo fD1-4 glucanase values were reached in Vigna unguiculata, with 18.10 and 12.71
IU/mL at 72h and 24 h, respectively. The amino acidic pattern totally differed in content for the final fermented products. The analysis with
infrared spectroscopy in Vigna unguiculata showed differences in bands intensity (1660-1100cm™), due to fermentation. The strain 7. viride
M5-2 allowed the development of a biologically feasible fermentation process with meals of legume grains under study to improve its
nutritional value, allowing the inclusion of these formulations on diets of monogastric animals. Furthermore, the results show the possibility
of obtaining an inoculum without the addition of other nutrients in the medium, which is very important for the process of scaling.
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Seasonal legumes are species that adapt to a wide
range of soil texture and fertility. They are nitrogen
fixer plants that may be planted purely or associated
with different soil rotation systems. From the nutritional
point of view, their grains are characterized by a high
protein and energy content, together with a considerable
contribution of feeding fiber, vitamins and minerals.

The presence of toxic or anti-nutritional compounds
on these legumes is the main nutritional limitation for
their use in animal feeding, mainly in monogastric
species, due to the morphological and physiological
characteristics of their gastrointestinal tract. Findings
of Diaz et al. (2003) and Martin-Cabrejas et al. (2008)
about the content of antinutritional factors (ANFs)
in these legumes showed several factors of different
chemical nature and location in their grains like proteases
inhibitors, lectins, phytates and tannins. However,
a proper biotechnological process of their grains or
meals, due to the action of Trichoderma viride M5-2,
strain of a mutant fungi hyper-producer of cellulase
and polyphenoloxidase enzymes, resistant to catabolic
repression, could eliminate or reduce the presence of
such antinutritional compounds and then increase the
nutrients bioavailability in the gastrointestinal tract.
The effectiveness of this fungus has been confirmed
for degrading native and crystalline sugarcane bagasse
cellulose with the cellulolitic complex it produces and
segregates (Valifio et al. 2004). This would allow the
increase of inclusion levels of Vigna unguiculata on diets

for monogastric species and the obtaining of a superior
productive response. Canavalia, dolicho and mucuna
could be included as new sources of non-conventional
feeds.

This biotechnological process (Zang y Lynd 2006,
faria et al. 2008, Sipos et al. 2010 and Hurt et al. 2014)
generates biochemical and structural modifications
that allow to eliminate great part of these components
with a consequent increase of the nutritive value of the
resulting product. For that, the enzymatic activity is
needed to carry out the hydrolysis of the  1-4 glycosidic
bonds, in a sequence operation and synergic action
of the cellulase enzymes. They have different types
of bonds due to the complex nature of the cellulose,
which, besides, is included in a matrix of hemicellulose,
pectin and lignin (Ericsson and Bermek, 2009). The
mayor compound of hemicellulose is the mannan and
contains sugars like mannose, galactose and glucose.
The composition is variable and includes galactomannan
and galactoglucomannan, and, in the case of pectin, the
largest component is the galacturonic acid and includes
ramnose, galactose, fucose and apiose (Willats et al.
2009). The composition of several lignocellulosic
materials has been reported in the literature (Cianchetta
etal. 2012, van Dyk and Pletschke 2012 and Hasunuma
et al. 2013) and varies substantially depending on the
source.

The objective of this study was to improve
the nutritive value of the seasonal legumes Vigna
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unguiculata, Canavalia ensiformis, Stizolobium
niveum and Lablab purpureus through processing their
grains with Trichoderma viride M5-2, to obtain new
products destined to animal feeding, as an alternative
of conventional protein sources.

Materials and Methods

Microorganism. A mutant strain of the lignocellulolitic
fungus Trichoderma viride M5-2, belonging to the strain
bank of the Institute of Animal Science, was used. This
strain produces phenoloxidase and cellulase enzymes,
has hydrolytic activity in highly fibrous substrates,
assessed through fermentation in solid state (Valifio et
al. 2004).

Fermentation substrates. Grains of seasonal legumes
Vigna unguiculata var. Habana 82 (cowpea), Lablab
purpureus (dolicho) Canavalia ensiformis (canavalia),
and Stizolobium niveum (mucuna) were used.

Preparation of meals with legume grains. Legumes
were sown in spring on a typical red ferralitic soil
(Hernandez et al. 1999), and harvested after completing
the process of seed maturation, when 95% of pods were
dried. After completing the process of threshing-benefit,
the grains were sun-dried for two days until reaching
humidity between 14 and 12%. Later, they were stored
between 6 and 10 °C, with a relative humidity below
85%. For the fungal growth test and the fermentation
experiment, legume beans were dried in an oven at
60 °C and ground in a hammer mill until reaching a
particle size of 0.5 mm + 0.2 mm.

Fermentation process. Erlenmeyer flasks of 500
mL were used, with 10 g of each type of legume
grains. They were humidified with distilled water up to
70 % and no nutrients were added. The humid substrates
were sterilized in an autoclave for 20 min. As inoculum,
1 cm? of malt agar was used with the cultivated strain
at 30 °C for 7 days. The mixture was homogenized
and the flasks were placed in an incubator at 30 °C for
120 h. Samplings were performed every 24 hours, to
conduct the corresponding chemical and enzymatic
analysis.

Chemical and enzymatic analysis. An amount of 5g
of the fermented solid material was taken at 0, 24, 48,
72, 96, and 120 h. A total of 45 mL of distilled water
were added, and agitated in a sieve at 150 rpm for
30 min and, then, filtered to obtain the enzymatic extract,
to which the pH was measured and the corresponding
enzymatic analyses were conducted. The enzymes
determinate were:

1. Endo 1,4 B glucanase (CMCase) that shows the
hydrolytic activity over the carboxymetylcellulose.

2. Exo 1,4 B-D glucanase (PFase) or cellulase filter
paper that shows hydrolytic activity in the presence of
crystalline cellulose.

The activities of endo 1,4 B- glucanase and exo 1,4 3
glucanase were determined, calculated and expressed in
International Units per milliliters (IU/mL). This activity
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refers the glucose micromoles released per minute
of reaction under the conditions of activity assay test
(Mandels and Andreotti 1976).

Bromatological analysis. Studied indicators were dry
matter (DM), ash and crude protein (CP), according to
AOAC (1995), true protein (TP) according to the method
of Berstein (cited by Meir 1986), neutral detergent fiber
(NDF), acid detergent fiber (ADF), lignin (LIG), and
cellulose (CEL) according to Goering and Van Soest
et al. (1991). Ca, P and Mg were measured by atomic
absorption.

Amino acid analysis. For the analysis of the amino
acidic pattern, all samples were previously degreased
by the extraction under reflux in petroleum ether.
Subsequently, the samples were treated with HCI 6N
under reflux conditions, at 110 °C, in order to cleave
the peptide chain and guarantee the presence of amino
acids as free molecules in solution to be analyzed. The
hydrolyzed materials were processed in the amino acid
analyzer ALPHA PLUS II. The general requirements
for developing standard operating procedures (PNO AC.
01.001. 94 in Spanish) and for determining total amino
acids (PNO ID. 05. 002. 95 in Spanish) were considered.
Three samples were analyzed for Vigna unguiculata.

Analysis using Fourier Transformed-Infrared
Spectroscopy (FT-IR). The solid fermented samples were
selected for FT-IR analysis, obtaining the maximum
cellulolitic 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). This allowed measuring the IR spectrum in
the solid samples without previous preparation. The
spectra were obtained in form of transmittance, in a
wave longitude range of 4,000-600 cm™', averaging 100
impulses over the particles of legume grain meal (A/cm).

Statistical analysis. A completely randomized
design was used, with a 4x6 factorial arrangement and
three repetitions of four substrates [ Vigna unguiculata
(cowpea), Canavalia ensiformis (canavalia), Stizolobium
niveum (mucuna), and Lablab purpureus (dolicho)]
and six sampling times (0, 24, 72, 48, 96, 120 h) for
enzymes, pH and DM. For minerals and bromatological
composition, two sampling times were used (0 and
120 h). Each Erlenmeyer was considered as an
experimental unit. For enzymatic and bromatological
analysis, the statistical package INFOSTAT, version 1.0
(Di Rienzo ef al. 2012), from the National University
of Cordova, Argentina was used. The differences
between means were established for the necessary cases,
according to Duncan (1955).

Results and Discussion

Table 1shows, the Trichoderma viride M5 -2 fungus
grew in the four legumes studied without addition
of nutrients and only with the appropriate humidity
level for their development. The observed differences
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in growth were confirmed after the sporulation of
the fungus. Mycelial growth started after 24 hours of
inoculation in cowpea and dolicho substrates. After
72 hours of fermentation, both substrates were
completely covered in spores, which may promote
greater cellulolitic activity. Besides, this factor makes the
fungus more competitive for reducing the antinutritional
factors during fermentation. The particle size also
favored greater attack of the fungus, when to contact
surface increased (Chundawat et al. 2007, Alvira et al.
2010 and Fitzpatrick et al. 2010). According to Savon
et al. (2002), the reduction to particle size or in volume
decreases the flow speed of digesta in the gastrointestinal
tract of monogastric animals and allows a higher
action of digestive enzymes and, consequently, a better
utilization of nutrients by the animal.

The growth in Canavalia ensiformes started
after 48 h, and was completely covered with bright
green sporulation at 72 h. However, mucuna growth
was different, with a pink coloration in the spores.
Further studies should analyze the possible relation
of morphological variations, which is a result from
compounds contained in the mucuna grain that favor
these changes in color.

Out of this result, an experiment in solid state
fermentation was performed to determine the changes
in chemical, physical and enzymatic indicators and
assess the potential of meals of tropical legume grains
for feeding monogastric species.

Table 2 shows the fermentation process of the
four legumes used in pH and DM, where interaction
of factors in study occurred. Values of pH under 6
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(P < 0.001) were observed for Lablab purpureus and
Vigna unguiculata. This coincides with the action range
of cellulolitic enzymes in highly fibrous substrates like
sugarcane because it is known that the initial optimum
pH for hydrolytic action of cellulases are between 5
and 6 (Mandels et al. 1982 and Leuchmann, 1996)
depending on the substrate to be fermented and growth
temperature of each microorganism, although the strain
used is resistant to catabolic repression and cellulolitic
action range is between 5 and 7 (Valifo ef al. 2004 and
Valifio et al. 2011). In the case of Canavalia ensiformes
and Stizolobium niveum, pH was above 6, up to values
of 7.39. This could be related to groups o amino that,
when dissolved in water, are ionized and a proton of
amino group that could act as base is removed (Bover-
Cid et al. 2014), although this condition did not affect
the growth of the fungus.

There are differences in the performance of humidity
in fermentation times studied (table 2). The dry matter
decreased in 3.45 percentage units in the grain meal
of Vigna unguiculata. However, Lablab purpureus
decreased only 1.12%, a feature to be considered for
escalation processes. Around 30% remained in other
legumes. The humidity level for fermentation should
not exceed the water retention level, taken as the upper
limit to 80% of humidity. Moreover, if the humidity
content in the substrate is very high, oxygen level and gas
volume between the particles decrease. This decreases
the interchanging effect and increases the risk of bacterial
contamination (Pandey 2001 and Dustet and Izquierdo
2004). Likewise, humidity determines physical
and chemical changes like composition of soluble

Table 1. Growth of the mutant fungi strain Trichoderma viride M5-2 in the grain meals of legumes

Grain meals of Growth (h)

legumes 24 48 72 96 120
Vigna unguiculata X XX XXX XXX XXX
Lablab purpureus X XX XXX XXX XXX
Canavalia ensiformes X XX XX XX
Stizolobium niveum X X XX XX

X: mycelial growth begins, XX: sporulation begins, XXX: complete sporulation

Table 2. Effect of pH and DM during the solid state fermentation of legumes with Trichoderma viride M5-2

. Fermentation time (hr) SE(+)
Indicator Legumes .
0 24 48 72 96 120 Signif.
DM Vunguiculata 44.39m 44.80" 44.54m 43.60k 42.16 40.64h 0.07
L.purpureus 4343 4410 4311V 43.07 4307 4236 P<0.001
C.ensiformes 31.89¢ 31.91¢ 30.09¢ 30.80° 29.82¢ 31.90#
S. niveum 29.24» 29.30° 29.63  29.50° 29.63>*  31.50f
pH Vunguiculata 5.68f 5.55¢ 491° 4.64 5.14¢ 6.11" 0.03
L.purpureus 5.85¢ 5.83¢ 5.72f 5.17¢ 4.91° 5.02c P<0.001
C.ensiformes 6.84k 6.73 6.58! 6.80% 7.07! 7.20™
S. niveum 7.21m 7.31™ 7.25™ 7.39° 7.51p 7.21mn

abedefehijklmnorDifferent letters indicate significant differences at P<0.05, according to Duncan (1955)



84

carbohydrates, amount of phytate and alkaloids, changes
modifying the nutritional value and, consequently, the
character of legumes as functional food. Although
humidity did not adversely affect the development
of fermentation in this study, it is recommended to
determine it for each species and, probably, for each
strain, depending on the productive process.

In fermentation processes, the hydrolysis of
antinutritional compounds depends on the type of legume
and the type of fermentation process. Biotransformations
occurring to innocuous compounds are the result of the
combined effect of the action of internal enzymes within
grains and of microorganisms responsible for fermentation
(Seena et al. 2006 and Sreerama et al. 2012).

The analysis of the enzyme production dynamics
showed that there was interaction between the factors
studied (P <0.001) for the enzyme activities (endo p1-4
glucanase and exo B1-4 glucanase). Also, there was
higher cellulolitic activity in Vigna unguiculata in a
shorter fermentation time with 7richoderma viride strain
M5-2. The cellulolitic activity began to increase between
0-24 hours in correspondence to mycelial growth. In
Vigna unguiculata, the highest values were obtained
at 72 and 96 h with 18.10 IU/mL of CMCase and
12.71 TU/mL PFasa at 24h. In Lablab purpureus,
maximum production of CMCase was obtained at
48 h, with 17.08 TU/mL, and at 24 h for PFasa with
12.6 TU / mL with T. viride M5-2, and were in the
range between 10 and 18 IU/mL (table 3). However, for
Canavalia ensiformes and Stizolobium niveum, these
enzymes values were very low and do not correspond
to the results of the fungus growth during fermentation.

This performance is due to, according to Andersen
et al. 2008, the relation between the two enzymes
and the individual sum of the hydrolytic action on the
substrate, which favors the synergy degree that may
increase the improvement percentage of the enzymatic
activity (Gottschalk et al. 2010 and Yoon 2014). The
synergy degree is the quantification of the capacity of
two or more enzymes for their action on the substrate.
In this experiment, neither the enzyme 3 glucosidase nor
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xylanase were determined, only those with higher weight
on hydrolytic activity of the crystalline and amorphous
cellulase were quantified. In agreement with Andersen
et al. (2008), this synergy degree could be based on
the product formation, substrate conversion or reaction
degree. This way, information about the substrate
degradation and action mechanisms can be given (Gao
et al. 2011 and Moscon et al. 2014).

To include grain meals, fermented in the diets of
monogastric animals, it is necessary to characterize the
fiber fraction. This includes the chemical composition
and the structure of their cell walls, origin and nature,
which helps to determine the quality of fibrous foods and
predicts their effects on gastrointestinal and metabolic
functions of the animal organism. Table 4 shows the
effect of the fermentation process on the fibrous and
protein content of grain meals of the studied temporary
legumes. The short adaptation period and good growth
of this strain in the four legumes demonstrated their
valuable potential in the biotransformation of substrates,
because protein indicators increased and NDF decreased.
In the fermented Vigna unguiculata, there was an
increase of CP in 6.27 percentage units and of TP in
5.11 percentage units, with the highest decrease of
NDF (12.73%) during the process regarding the rest of
the legume. However, the value increased for the other
fiber (ADF and lignin). Cellulose showed no changes,
taking into account the main effects of legumes and
fermentation time with cellulolitic action.

These results coincide with studies of Diaz et al.
(2003), Savon et al. (2000) and Savéon (2005) where
these unconventional unfermented legumes showed
higher content of insoluble fiber (hemicellulose and
lignin), from 303 to 399 mg kg' DM, regarding soluble
fiber (pectin, gums, mucilage and polysaccharides).
Cellulose showed high variability, Vigna unguiculata
had the lowest content of the insoluble fraction, while
Stizolobium niveum showed the highest contents.
Therefore, the changes that occurred involve changes in
the physical and chemical properties of these legumes,
so fermentation can be considered as an effective

Table 3. Dynamics of production of enzymes endo 1,4 3 -D-glucanase and exo 1,4 B-D-glucanase during fermentation of

legume grain meals with strain 7. viride M5-2

Enzymatic activity, Legumines Fermentation time (hr) SE()
IU/mL 24 48 72 96 120 Signif.
Endo 1,4 B- glucanase V. unguiculata 16.52i 17.23i 18.10¢ 18.10 11.30¢ 0.08
L. purpureus 16.42i 17.08 16.41 16.41 12.09" P<0.001
C. ensiformes 0.212¢ 0.43¢ 0.48%f 0.73f 0.65¢f
S. niveum 0.05° 0.10% 0.32bd 0.39¢ 0.59<f
Exo 1,4 B- glu-canase V. unguiculata 12.71¥ 12.11 11.61¢ 11.61¢ 10.91¢ 0.04
L. purpureus 12.60¢ 12.23 11.87h 11.87h 11.40¢ P<0.001
C. ensiformes 0.09¢ 0.20% 0.25° 0.38° 0.48
0.07° 0.09° 0.15% 0.43< 0.54¢

abedefehiikDifferent letters indicate significant differences P<0.05
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method to improve its nutritional value, depending
on the species and on the conditions under which the
procedure is conducted, as well as age and other related
environmental conditions (season and temperature) that
can modify the nutritional value of fibrous fractions in
grain meals.

During the process of solid state fermentation, there
were increases of Ca, Mg and P in Vigna unguiculata
and Lablab purpureus, even when no mineral or nitrogen
source was added (table 5). On the other hand, ash
diminished, probably due to the volatilization process
of compounds like ammonia during fermentation, very
significant aspect according to the composition of
these plant materials. On the contrary, these minerals
diminished in Canavalia ensiformes and Stizolobium
niveum, apparently associated to the own nature of these
substrates, which have higher content of antinutritional
factors and to the growth process of the used fungi and its
transformation into TP. Regarding mineral availability, it
has been demonstrated that, after a germination process,
availability of phosphorous, potassium, magnesium,
zinc, and copper increases as a direct consequence of the
activation of phytase enzyme, which causes a decrease
of inositols phosphates hexa and penta phosphorilates
to less phosphorilated shapes (Ragab et al. 2004,
Adebowale et al. 2005 and Belane and Dakora 2011).

From the results achieved in the cellulolitic activity,
CP, TP and NDF of Vigna unguiculata, amino acid
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composition and molecular structure of this variety
were studied. Besides, the variety Habana 82 has the
highest agro-productive potential, according to Diaz et
al. (2002).

Changes of amino acidic patterns of Vigna
unguiculata were observed during the fermentation. The
essential amino acids (threonine, leucine, and arginine)
and the non essential ones (serine, glycine, alanine,
cysteine, and thyroxin) had the highest variation, because
they were not present at the end of the fermentation (tabla
6). The rest diminished considerably, which could be
related to the activities of the cellulolitic enzymes, endo
1, 4 B- glucanase and exo 1, 4 B glucanase, excreted by
the fungi for degrading the substrate. These enzymes
can join to Vigna unguiculata through its active site or
aminoacids sequences (carbohydrates bond module,
CBM) involved in recognizing bonds of polysaccharides,
allowing its union with the substrate while hydrolysis of
these chains occurs (Boraston et al. 2004), in function
of the increase in the unicellular protein, contrary to
that occurring with germination. However, this legume,
without processing, showed a good amino acidic balance,
with concentrations of essential amino acids, similar or
superior to those established as reference pattern by FAO
(Diaz et al. 2002 and Diaz et al. 2007). Non essential
amino acids explain the highest variability percentage
among species and other legume varieties related to this
study, and not in the fermentative process.

Table 4. Effect of fermentation process on protein and fiber content of grain meals of seasonal

legumes
. . Time (h) .
Indicators (%) Legumines SE (+) Sign
0 120
CP Vigna unguiculata 19.12° 25.40¢ 0.10
Canavalia ensiformes 32.69¢ 35.46¢ P<0.001
Stizolobium niveum 28.17¢ 35.80"
Lablab purpureus 21.33¢ 27.09*
TP Vigna unguiculata 18.182 23.29¢ 0.11
Canavalia ensiformes 23.29¢ 27.68! P<0.001
Stizolobium niveum 24.51¢ 27.86¢
Lablab purpureus 19.06° 22.54¢
NDF Vigna unguiculata 37.90¢ 25.66° 0.18
Canavalia ensiformes 29.114 12.87¢ P<0.001
Stizolobium niveum 21.60° 28.73¢
Lablab purpureus 39.81f 35.64¢
ADF Vigna unguiculata 8.79* 11.58¢ 0.18
Canavalia ensiformes 12.64¢ 18.73f P<0.001
Stizolobium niveum 10.32° 12.87¢
Lablab purpureus 13.91¢ 18.36¢
Lignin Vigna unguiculata 1.25¢ 2.05° 0.01
Canavalia ensiformes 1.81¢ 2.24¢ P<0.001
Stizolobium niveum 0.84* 2.23¢
L.11° 1.54¢

abedteMeans with letters differ at P<0.005, according to Duncan (1955)
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Table 5. Effect of the fermentation process on the mineral content of season the legumes grains.

. Time (h) L
Indicators (%) Legumes SE(+) Signif.
0 120

Ash Vigna unguiculata 4814 3.88° 0.12
Canavalia ensiformes 3.26* 3.21® P<0.05
Stizolobium niveum 4.89¢ 4.03b
Lablab purpureus 4.90¢ 4.32¢

Ca Vigna unguiculata 0.20° 1.51¢ 0.01
Canavalia ensiformes 0.46" 0.36¢ P<0.001
Stizolobium niveum 0.46" 0.40¢
Lablab purpureus 0.16° 0.23¢

Mg Vigna unguiculata 0.32¢ 1.13f 0.01
Canavalia ensiformes 0.31¢ 0.20° P<0.001
Stizolobium niveum 0.31¢ 0.23¢
Lablab purpureus 0.14° 0.56°

P Vigna unguiculata 0.36* 0.50¢ 0.01
Canavalia ensiformes 0.40* 0.36* P<0.001
Stizolobium niveum 0.40° 0.36°

0.41° 0.45°

abedelMeans with different letters differ at P<0.001(Duncan 1955)

It is necessary to deepen on the effect of legume
fermentation by fungi producers of cellulase on the
amino acidic composition, to obtain more information
about nutritional value, and validate its nature as
functional food acquired by the grains of these legumes,
after going through this biological process. Further
studies on protein fractioning and proteolytic activity
during fermentation should be performed

It is important to analyze the molecular structure
of the variety Vigna unguiculata. For this purpose, the
infrared spectroscopy was used, which is one of the
most commonly used techniques to detect the presence
of a compound of functional groups. Although the
infrared spectrum characterizes each compound, certain
atomic clusters always result in bands in certain range
of frequencies, apart from the nature of the rest of the
molecule.

Figure 1 and 2 shows the corresponding spectrum
of the fermented and unprocessed Vigna unguiculata
samples. The solid samples, in general, have well defined
bands and of good resolution. The difference between
the samples of unprocessed Vigna unguiculata and
fermented Vigna unguiculata is evident, in the range
between 2.000 and 1.400 cm™. In this last, the bands
are more opened. In the range 3.270-3.420 cm', there is
an intense band of valence vibration of the O-H y OH.
This band results from the polymeric association of the
OH group of carbohydrates. In 2,930 cm™, the band
has mid intensity, according to the valence vibration
of the C-H y CH bond of alkyl groups from the same
carbohydrates chain.

The characteristic band of carbonyl groups present
in amides of 1665-1640 cm™', intense band of valence

vibration from the C=0 y C=0 carbonyl group, appears
slightly unfolded in two, so the presence of amino acids
or proteins in the samples is inferred. This band has such
intensity that it is unlikely to associate it with any other
bond, which could be explained by legume proteins. In
this case, Vigna unguiculata has an inferior protein quality
to that of casein, but very superior to that of dolicho
(Savon 2005 and Diaz et al. 2007). The fermentation
process of Vigna unguiculata meal demonstrated the
effectiveness of the analysis developed in the biological
indicators. However, between 1.445 and 1.390 cm’!, the
formation bands of the OH in carbohydrates have low
intensity, unlike the range between 1.161 and 1.025 cm!
that are very intense and correspond to valence vibration
of the C-O bond, present in carbohydrates, esters and
phenols. These data obtained by FT-IR in fermented
Vigna unguiculata do not coincide with those obtained
in the bromatological analysis of these samples by 7.
viride M5-2 when observing a lignin concentration of
2.73% and 2.4% of the cellulose on DM basis. This
suggests that the lingocellulosic composition of plant
materials may vary, according to the methods of analysis
(Valifio et al. 2004 and Foyle et al. 2007), considering
also the differences confirmed in these indicators
during the harvest periods of the crops (Himmel ef al.
2007).

The technique demonstrated that, during the solid state
fermentation with the strain of conidial fungus in Vigna
unguiculata, oxidations of aromatic structures of lignin
occur, which lead to the increase of O-H phenolic groups.
Their rupture leads to the formation of alkene, carbonyl
and carboxyl groups, as well as alcohol, carbonyl
and carboxyl bonds, derived from biodegradation
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of carbohydrates that cannot be detected by other
means.

The strain 7. viride M5-2 allowed the development
of a biologically feasible fermentation process with
grain meals of legumes under study, when improving
their nutritional value. This allows the inclusion of these
diet formulations for monogastric animals. Furthermore,
the results demonstrated the possibility of obtaining
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an inoculum without addition of other nutrients to the
medium, which is important to the scaling of these
fermentation processes.
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