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Chemical composition and in vitro protein digestibility of processed
Mucuna pruriens seeds
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Mucuna pruriens is a tropical legume with a great potential for
animal feeding, however it also contains antinutritional properties.
In order to determine the chemical composition and in vitro protein
digestibility of processed Mucuna pruriens seeds this experiment
was developed. The experiment was conducted at the Animal
Nutrition laboratory of the Faculty of Veterinary Medicine and
Animal Science, University of Yucatan, Merida, Mexico. Five
treatments consisted in: seed soaking in water 24 and 48 hours or
in sodium bicarbonate 0.1 % and 0.2 % and the raw legume were
used. The pH-stat ® methodology for determining the degree of
hydrolysis of the protein was used. MS, ash and gross energy
(GE), fibrous fractionation, tannin content and total phenols were
analyzed. Data were analyzed by ANOVA with five treatments and
four replications each. Dry matter was lower and the protein fraction
in water treatments after 24 and 48 hours and 0.2% bicarbonate were
increased comparing to the raw legume. An increment in degree of
protein hydrolysis from all treatments compared to the raw legume
was observed (5.52 vs 8.17, 8.38, 8.99 and 8.62 %, respectively)
(P<0.001). The results show that in Mucuna pruriens seeds soaking
in water and cooking as well as soaking in 0.1-0.2 % NaHCO, and
pressure cooking are equally effective methods to improve in vitro
protein digestibility.
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Tropics are abundant in forage resources that are
feasible to use in animal feed. They have advantages
from the agronomic and nutritional standpoint. In
the international literature it has been reported a
great number of resources including Legumes, which
represent sources of protein and certain minerals and
vitamins (Diaz ef al. 2014). In this sense, the grains
of Mucuna pruriens, a legume widely studied in the
literature, is noted for having concentrations between
250-350 g crude protein (CP)/kg dry matter (DM)
(Chikagwa et al. 2009), 31.2-39.5 % of starch (Vadivel
and Pugalenthi 2010) and 2.74 % to 3.41 % of ash
(Adebowale et al. 2005). However, their inclusion in
non-ruminant feeds is limited due to the high content
of fiber (NDF: 21.3 %) (Pugalenthi et al. 2005) and
the presence of several antinutritional factors (ANF)
(Safwat et al. 2014).

In order to reduce some of these limitations,

Mucuna pruriens es una leguminosa tropical que tiene gran potencial
para la alimentacion animal, sin embargo, también contiene propiedades
antinutricionales. Para determinar la composicion quimica y la
digestibilidad in vitro de proteinas de semillas procesadas de Mucuna
pruriens, se desarrollo este experimento. El experimento se realizo en el
laboratorio de Nutricion Animal de la Facultad de Medicina Veterinaria
y Zootecnia de la Universidad de Yucatan, Mérida, México. Cinco
tratamientos consistieron en: remojo de las semillas en agua a las 24
y 48 horas o en bicarbonato de sodio al 0.1 % y 0.2 % y se utilizaron
leguminosas crudas. Se utilizo la metodologia pH-stat® para determinar
el grado de hidrolisis de la proteina. Se analizaron MS, cenizas y energia
bruta (EB), fraccionamiento fibroso, contenido de taninos y fenoles
totales. Los datos se analizaron mediante ANOVA con cinco tratamientos
y cuatro repeticiones cada uno. La materia seca fue menor y la fraccion
de proteina en tratamientos de agua después de 24 y 48 horas y 0.2 %
de bicarbonato aumentaron en comparacion con la leguminosa cruda.
Se observo un incremento en el grado de hidrolisis de proteinas de
todos los tratamientos en comparacion con la leguminosa cruda (5.52 vs
8.17, 8.38, 8.99 y 8.62 %, respectivamente) (P <0.001). Los resultados
muestran que las semillas de Mucuna pruriens sumergidas en agua y
cocinadas, asi como sumergidas en 0.1-0.2 % de NaHCO, y cocinadas a
presion son métodos igualmente efectivos para mejorar la digestibilidad
in vitro de la proteina.

Palabras claves: pH-stat método; procesamiento de semillas; frijol
terciopelo

Los tropicos son abundantes en recursos forrajeros
factibles para usar en la alimentacion animal. Tienen
ventajas tanto desde el punto de vista agronémico
como nutricional. En la literatura internacional se ha
reportado una gran cantidad de recursos incluyendo las
legumbres, las cuales representan fuentes de proteinas y
ciertos minerales y vitaminas (Diaz et al. 2014). En este
sentido, los granos de Mucuna pruriens, una leguminosa
ampliamente estudiada en la literatura, se caracteriza por
tener concentraciones entre 250-350 g de proteina cruda
(PC)/kg de materia seca (MS) (Chikagwa et al. 2009),
31.2-39.5 % de almidon (Vadivel y Pugalenthi 2010) y
2.74% a 3.41% de ceniza (Adebowale et al. 2005). Sin
embargo, su inclusion en alimentos para no rumiantes es
limitada debido al alto contenido de fibra (FDN: 21.3 %)
(Pugalenthi ez al. 2005) y la presencia de varios factores
anti- nutricionales (FAN) (Safwat et al. 2014).

Para reducir algunas de estas limitaciones, se han
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different processing methods such as seed germination,
shelling, roasting, soaking in water or alkaline solutions
and cooking have been used (Chaparro et al. 2009).
It is necessary to know its chemical composition
and digestibility to be recommended as animal food.
However, the in vivo determination of digestibility is
laborious and costly process and requires the use of
large quantities of food, then various methods have
been proposed for the in vitro estimation (Lemos and
Nunes 2008). Among them, pH-stat method has been
used to analyze the degree of hydrolysis of different
substrates with satisfactory results (Rutherfurd 2010).
Itz4 (2012) studied the protein digestibility of four
autoclaved legumes and concluded that the method
was reliable for predicting the digestive utilization of
proteins of legumes as compared to an in vivo assay
in mice.

Considering the above, the objective of this study
was to determine the chemical composition and in vitro
protein digestibility of processed Mucuna pruriens
seeds.

Materials and Methods

The experiment was conducted at the Animal
Nutrition laboratory of the Faculty of Veterinary
Medicine and Animal Science, University of Yucatan,
Merida, Mexico. The experimental treatments
consisted of 500 g of seeds Mucuna pruriens var.
ceniza which were subjected to different processing
methods:

* Raw Mucuna pruriens seeds (MPS).

* MPS soaking in water for 24 and 48 hours and
cooking at 100°C for 1 hour.

*  MPSsoaking in 0.1% NaHCO, (pH 8.5) and 0.2
% NaHCO, (pH 8.6) for 4 hours and pressure cooking
(autoclaving) at 121°C for 30 minutes (Chaparro ef al.
2009 and Vadivel et al. 2011, respectively).

Four samples were processed by treatment, dried in
oven at 60 °C for 48 hours, ground to particle size of
1 mm in hammer mill and stored in plastic bags until
chemical analysis in laboratory.

Chemical analysis. Each chemical analysis was
performed in duplicate. For individual sample the
content of dry matter (DM) (AOAC 2005) and
nitrogen (N) in Leco equipment were determined;
with the latter the crude protein (CP) content (Nx6.25)
was calculated.

A pool of four samples were prepared weighing 75 g
each, homogenized and then DM, ash and gross energy
(GE) were determined according to AOAC (2005).
Fibrous fractionation (neutral detergent fiber (NDF),
acid detergent fiber (ADF) and lignin were performed
according to Daenlon ef al. (2013), tannin content
(Herald et al. 2014) and total phenols (Margraf et al.
2015) were also analyzed.

In vitro protein digestibility. The technique based
on the pH-stat method, which measures the degree of
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utilizado diferentes métodos de procesamiento, como la
germinacion de las semillas, descascarillado, el tostado,
el remojo en agua o en soluciones alcalinas y la coccion
(Chaparro et al. 2009). Es necesario conocer tanto su
composicion quimica como su digestibilidad para ser
recomendado como alimento para animales. Sin embargo,
la determinacion in vivo de la digestibilidad es un proceso
laborioso y costoso que requiere el uso de grandes
cantidades de alimento, por lo que se han propuesto varios
métodos para la estimacion in vitro (Lemos y Nunes 2008).
Entre ellos, el método pH-stat se ha utilizado para analizar
el grado de hidrolisis de diferentes sustratos con resultados
satisfactorios (Rutherfurd 2010). Itzad (2012) estudio la
digestibilidad de proteinas de cuatro leguminosas tratadas
en autoclave y concluyo6 que el método era confiable para
predecir la utilizacion digestiva de proteinas de leguminosas
en comparacion con un ensayo iz vivo en ratones.

Teniendo en cuenta lo anterior, el objetivo de
este estudio fue determinar la composicion quimica
y la digestibilidad in vitro de proteinas de semillas
procesadas de Mucuna pruriens.

Materiales y Métodos

El experimento se realizd en el laboratorio de
Nutricion Animal de la Facultad de Medicina Veterinaria
y Zootecnia de la Universidad de Yucatan, Mérida,
Meéxico. Los tratamientos experimentales consistieron
en 500 g de semillas Mucuna pruriens var. ceniza que
fueron sometidos a diferentes métodos de procesamiento:

* Semillas crudas de Mucuna pruriens (SMP).

* SMP remojadas en agua durante 24 y 48 horas y
cocinadas a 100°C por 1 hora.

* SMP remojadas en NaHCO, al 0,1 % (pH 8.5) y
NaHCO, al 0.2 % (pH 8,6) durante 4 horas y coccion a
presion (autoclave) a 121°C durante 30 minutes (Chaparro
et al. 2009 y Vadivel et al. 2011, respectivamente).

Se procesaron cuatro muestras por tratamiento, se
secaron en estufa a 60 °C durante 48 horas, se molieron
hasta tamafio de particula de 1 mm en un molino de
martillos y se almacenaron en bolsas de plastico hasta
el analisis quimico en el laboratorio.

Andlisis quimico. Cada analisis quimico se realizo
por duplicado. Para la muestra individual, se determin6
el contenido de materia seca (MS) (AOAC 2005) y
nitrogeno (N) en equipo Leco; con este tlltimo se calculo
el contenido de proteina cruda (PC) (Nx6.25).

Se preparo6 un grupo de cuatro muestras que pesaban
75 g cada una, se homogeneizaron y luego se determino
la MS, la ceniza y la energia bruta (EB) de acuerdo
con AOAC (2005). El fraccionamiento fibroso (fibra
detergente neutra (FDN), fibra detergente acida (FDA)
y lignina se realizaron segiin Daenlon et al. (2013), los
contenidos de taninos (Herald et al. 2014) y fenoles
totales (Margraf et al. 2015) también fueron analizados.

Digestibilidad in vitro de proteinas. Se utilizé la
técnica basada en el método pH-stat, la cual mide el
grado de hidrolisis de la proteina (GHP) a partir de
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hydrolysis of the protein (DHP) from the processed
legume seeds (Tibbetts et al. 2011) was used. A 736
Stat Titrino device, (Metrohm, Herisau, Switzerland),
that automatically titled and controlled to maintain a
stable pH, was used.

Pancreatin and trypsin (SIGMA Trypsin T0303-1G,
P-1750 Pancreatin of porcine pancreas) according to
the methodology described by Itza (2012) were used.
A solution of the two previously mentioned enzymes
(0.8 mg/mL trypsin and 20 mg/mL pancreatin) was
prepared, which was adjusted to pH 8 and 37°C.

Two hundred milligrams of each protein sample of
raw and processed velvet bean seeds were weighed,
added 25 mL of bidistilled water to ensure an aqueous
suspension of 8 mg protein/mL. An adjustment to pH 8.0
and 37°C under constant stirring was carried out. Then,
0.5 mL of the enzyme solution to protein suspension was
added and the enzymatic activity was measured for 900
seconds of incubation at pH-stat. An alkaline solution
of 0.1 N sodium hydroxide sufficient to maintain the
pH at 8 was added; the PC Control program was used
to manage the Titrant.

The DPH was determined from the volume of 0.1 N
NaOH used to maintain pH 8 and calculated from the
equation described by Meinlschmidt ez al. (2016):

DPH (%) = (b/h, ) x 100

Where:

h,, is the total number of peptide bonds per
equivalent protein and depends on the amino acid
composition of the protein substrate. The value of 7.8
for soybean reported by Meinlschmidt ez al. (2016) as
a standard value for the legume studied was used and,
h is the number of hydrolyzed peptide bonds that was
calculated according to:

h=V, x N, x (1/a) x (1/PM)

where:

V, is the base intake in mL, N; normality of the
titrant, o; the degree of dissociation of the a-NH, group
whichis 1.3 to 37 °C and pH 8.0 (Itza 2012), MP; protein
mass in the reaction mixture.

Experimental design and statistical analysis. Data
were analyzed by ANOVA with five treatments and
four replications for each. For analysis of the results
INFOSTAT computerized statistical package (Balzarini
et al. 2001) version 5.1 on Windows XP was used. The
comparison of means was performed through the Duncan
(1955) test, if necessary.

Results and Discussion

Table 1 shows the chemical composition of processed
velvet bean seeds. Values are in the range reported
by Ezeagu et al. (2003), Dahouda et al. (2009) and
Nwaoguikpe et al. (2011).

The lower values of FDA, FDN and lignin in
the treatment with 0.1 and 0.2 % bicarbonate could
be explained by the results reported by Vadivel and
Pugalenthi (2010) using similar methodology for
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las semillas de leguminosas procesadas (Tibbetts et
al. 2011). Se utilizé un dispositivo 736 Stat Titrino,
(Metrohm, Herisau, Suiza), que automaticamente tituld
y controld para mantener un pH estable.

Se utilizaron pancreatina y tripsina (SIGMA Tripsina
T0303-1G, Pancreatina P-1750 de pancreas porcino) de
acuerdo con la metodologia descrita por Itza (2012). Se
prepar6 una solucion de las dos enzimas mencionadas
anteriormente (0,8 mg / mL de tripsina y 20 mg/mL de
pancreatina), que se ajusté a pH 8 y 37°C.

Se pesaron 200 miligramos de cada muestra de
proteina de semillas de frijol terciopelo crudas y
procesadas, se afiadieron 25 mL de agua bidestilada para
asegurar una suspension acuosa de 8mg de proteina/
mL. Se realiz6 un ajuste a pH 8,0 y 37°C bajo agitacion
constante. Luego, se afiadieron 0,5 mL de la solucion de
enzima a la suspension de proteina y se midi6 la actividad
enzimatica durante 900 segundos de incubacion a pH-
stat. Se afiadi6 una solucion alcalina de hidroxido sodico
0,1 N suficiente para mantener el pH a 8; el programa
PC Control se usé para administrar el Titrant.

El GPH se determino a partir del volumen de NaOH
0,1 N utilizado para mantener el pH 8 y se calcul6 a partir
de la ecuacion descrita por Meinlschmidt et al. (2016):

GPH (%) = (b/h,_)) x 100

Where:

h , es el nimero total de enlaces peptidicos por
proteina equivalente y depende de la composicion de
aminoacidos del sustrato de proteina. Se utilizo el valor
de 7.8 para la soya reportado por Meinlschmidt et al.
(2016) como valor estandar para la leguminosa estudiada
y, h es el numero de enlaces peptidicos hidrolizados que
se calcul6 de acuerdo con:

h=V, x N, x (1/a) x (1/PM)

where:

V, es el consumo base en mL, N ; normalidad del
valorante, a; el grado de disociacion del grupo a-NH,
que es de 1.3 a 37°C y pH 8.0 (Itza 2012), MP; masa
proteica en la mezcla de reaccion.

Diserio experimental y andlisis estadistico. Los datos
se analizaron mediante ANOVA con 5 tratamientos
y 4 repeticiones para cada uno. Para el analisis
de los resultados, se utilizo el paquete estadistico
computarizado INFOSTAT (Balzarini et al. 2001)
version 5.1 en Windows XP. La comparacion de las
medias se realizo a través de la prueba de Duncan (1955),
si es necesario.

Resultados y Discusion

La tabla 1 muestra la composicion quimica de las
semillas de frijol terciopelo procesadas. Los valores
estan en el rango reportado por Ezeagu et al. (2003),
Dahouda et al. (2009) y Nwaoguikpe et al. (2011).

Los valores mas bajos de FDA, FDN y lignina en
el tratamiento con 0.1 y 0.2 % de bicarbonato podrian
explicarse por los resultados informados por Vadivel y
Pugalenthi (2010) que usan una metodologia similar para
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processing mucuna seeds. These authors argued that
it might be due to the soaking in the alkaline solution
improving the seed permeability because of the cuticle
degradation and the subsequent heat applied by pressure
cooking (autoclaving).
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procesar semillas de mucuna. Estos autores argumentaron
que podria deberse al remojo en la solucién alcalina
que mejora la permeabilidad de la semilla debido a la
degradacion de la cuticula y el posterior calor aplicado
por coccion a presion (autoclave).

Table 1. Chemical composition of processed Mucuna pruriens seeds

Indicator (%) Raw Water NaHCO,

24 h 48 h 0.1% 0.2%
DM 93.28 90.53 90.17 92.16 92.37
Ash 3.97 2.61 2.45 3.90 3.88
Gross Energy (MJ/kg) 16.45 16.45 16.36 16.33 16.59
ADF 13.49 13.05 14.77 11.16 8.96
NDF 19.75 27.22 23.87 20.40 15.00
Lignin 0.14 0.13 0.15 0.06 0.03
Total phenols 2.68 2.46 2.38 3.34 3.16
Tannin 0.38 0.37 0.50 0.62 0.56

The average concentration of total phenolics and
condensed tannins in all treatments are lower than those
reported by Adebowale et al. (2005), however, they are
in the range reported by Pugalenthi et al. (2005) and
Chikagwa et al. (2009). Chaparro et al. (2009) explain
that the total phenolic content varies depending on
several factors such as genotype, agronomic practices,
maturity at harvest, post-harvest storage as well as the
weather and growing conditions.

The DM was lower in water treatment after 24 and
48 hours, which was expected due to the high humidity
level that the velvet beans were submitted (table 2).
The protein fraction in water treatment after 24 and
48 hours and 0.2 % bicarbonate was increased in
comparison to raw legume (table 2). According to
Bergeson et al. (2016) the boiling process increases
the protein content in both immature and mature seeds.
In addition, water cooking, with or without pressure,
increases the quality and digestibility of protein and
carbohydrates and reduces protease inhibitors, amylase
and lectins (Savén and Scull 2006).

La concentracion promedio de fenoles totales y taninos
condensados en todos los tratamientos es inferior a los
informados por Adebowale et al. (2005), sin embargo,
estan en el rango informado por Pugalenthi ez al. (2005)
y Chikagwa et al. (2009). Chaparro et al. (2009) explican
que el contenido fendlico total varia dependiendo de varios
factores, como el genotipo, las practicas agrondémicas, la
madurez en la cosecha, el almacenamiento posterior a la
cosecha, asi como el climay las condiciones de crecimiento.

La MS fue mas baja en el tratamiento del agua después
de 24 y 48 horas, lo que se esperaba debido al alto nivel
de humedad al que fueron sometidos los frijoles terciopelo
(tabla 2). La fraccion de proteina en el tratamiento del
agua después de 24 y 48 horas y 0.2 % de bicarbonato
se increment6 en comparacion con la leguminosa cruda
(tabla 2). De acuerdo con Bergeson et al. (2016) el
proceso de ebullicion aumenta el contenido de proteina
en las semillas tanto verdes como maduras. Ademas, la
coccion con agua, con o sin presion, aumenta la calidad
y la digestibilidad de las proteinas y los carbohidratos,
y reduce los inhibidores de la proteasa, la amilasa y las

Table 2. Dry Matter (DM) and Crude Protein (CP) content of
processed Mucuna pruriens seeds

Processed method DM (%) CP (%)
Raw 93.70° 26.35¢
Water, 24 hours 90.91° 27.24®
Water, 48 hours 90.72¢ 27.522
0.1% NaHCO, 93.06® 26.52¢
0.2% NaHCO, 92.06° 26.97%
S.E. 0.36 0.16
P- value 0.0001 0.0005

abedValues with different letters within the same column differ
significantly



Cuban Journal of Agricultural Science, Volume 52, Number 3, 2018.

Figure 1 shows the degree of hydrolysis of protein
under different velvet bean processing methods. The
protein digestibility improved after soaking in water
and alkaline solution, boiling and cooking pressure
(autoclaving). These values are found to be similar
when compared with those reported by Itza (2012)
for velvet bean autoclaving at 30 minutes and higher
than those reported by Bara¢ ef al. (2011) in Pisum
sativum seeds (4.7 %) and soybean flour treated
at 121°C in autoclaving for 40 minutes (7.9 %) by
Wang et al. (2009). The differences between studies
indicate that the species of legume and the different
methods of processing are responsible for the variation
of the indicator. Apparently the treatments used,
modify the protein structures and eliminate ANF in
Mucuna pruriens, so the enzymes used in the pH-stat
digestion process probably broke the peptide bonds
in the hydrolysis or digestion according to Wang et
al. (2009).

Torres et al. (2013) notified differences in both
the nutritional composition and in vitro digestibility
of nutrients from different tropical legume beans and
they were positively correlated. Khattab et al. (2009)
stated that the heat treatment either by cooking or
autoclaving, denatured proteins of legumes, their
structure was opened and thus become less resistant
to digestive proteases. Moreover, these physical
methods reduce ANF (Pugalenthi and Vadivel 2010)
such as thermolabile proteases and phytates, among
others, that interact with proteins of legumes forming
insoluble complexes that block the action of digestive
enzymes, so their reduction improves the digestibility
of the protein fraction.

lectinas (Savon y Scull 20006).

Lafigura 1 muestra el grado de hidrolisis de proteina
en los diferentes métodos de procesamiento del frijol
terciopelo. La digestibilidad de la proteina mejord
después de sumergirla en agua y solucion alcalina, hervirla
y cocinarla (autoclave). Estos valores son similares
en comparacion con los informados por Itza (2012)
para el proceso de autoclave del frijol terciopelo a los
30 minutos y mas altos que los reportados por Bara¢ et
al. (2011) en semillas de Pisum sativum (4.7 %) y harina
de soya tratada a 121°C en autoclave durante 40 minutos
(7.9 %) por Wang et al. (2009). Las diferencias entre los
estudios indican que las especies de leguminosas y los
diferentes métodos de procesamiento son responsables
de la variacion del indicador. Aparentemente los
tratamientos utilizados modificaron las estructuras
proteicas y eliminaron FAN en Mucuna pruriens, por
lo que las enzimas utilizadas en el proceso de digestion
pH-stat probablemente rompieron los enlaces peptidicos
en la hidrdlisis o digestion segin Wang et al. (2009).

Torres et al. (2013) notificaron diferencias tanto en
la composicion nutricional como en la digestibilidad in
vitro de los nutrientes de diferentes granos de legumbres
tropicales y estos fueron correlacionados positivamente.
Khattab et al. (2009) afirmaron que el tratamiento térmico
ya sea por coccion o autoclave, proteinas desnaturalizadas
de legumbres, su estructura se abri y por lo tanto se volvid
menos resistente a las proteasas digestivas. Ademas,
estos métodos fisicos reducen FAN (Pugalenthi y Vadivel
2010) como proteasas termolabiles y fitatos, entre otros,
que interactian con proteinas de leguminosas formando
complejos insolubles que bloquean la accion de las
enzimas digestivas, por lo que su reducciéon mejora la
digestibilidad de la fraccion proteica.

DPH (%) SEXD.27%**
10 - 217t g.38F 8.62%
B -
552=
E -
4 -
2 -
(4]
water 24 water 48 0.1% 0.2%
hours hours MaHCO3 NaHCD3
Treatments

Bars exhibiting different letters are significantly different (P<0.001)

Figure 1. Degree of protein hydrolysis (DPH) of processed Mucuna pruriens seeds

The results show that in Mucuna pruriens seeds
soaking in water and cooking as well as soaking
in 0.1-0.2 % NaHCO, and pressure cooking are
equally effective methods to improve in vitro protein

Los resultados muestran que las semillas de Mucuna
pruriens sumergidas en agua y cocidas, asi como
sumergidas en 0.1-0.2 % de NaHCO, y cocidas a
presion son métodos igualmente efectivos para mejorar
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digestibility. la digestibilidad in vitro de la proteina.
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