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The mature dry seeds of Mucuna pruriens (velvet bean) from Brazil were analyzed for two major
antinutritional factors, antitryptic and hemagglunating activities, to determine their potential as
human food or animal feed. The raw seeds contained 321.5 g kg-1 crude proteins and 11864.8
trypsin inhibitor units (TIU) (g of seed)-1, but the protein extract failed to agglutinate any of the
three types of human erythrocytes (A, B, and O) or rabbit or pig erythrocytes. Ordinary cooking
(boiling) of the seeds for an hour at 96 °C, pressure cooking for 20 min, or ordinary cooking for 30
min after soaking in water for 48 h completely inactivated the antitryptic activities.
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INTRODUCTION

Most developing tropical countries have depended on
soybean and peanut meals as key conventional protein
concentrates for feeding livestock. The heavy demand
for these items has given rise to a disproportionate
increase in their prices and, consequently, in the costs
of livestock feeds. This invariably has escalated the
prices of animal products out of reach of the common
man. There is need therefore for identification and
exploitation of other novel legumes which fortunately
are in abundance in the region.
Mucuna pruriens (L) DC. var. utilis (Wight) Burck,

commonly known as velvet bean, is a highly productive
black-seeded tropical legume that is little known and
utilized as human food or animal feed. In Brazil, it is
valuable only as a green manure/cover crop. The seeds
of mature, unripe, or young pods of M. pruriens are,
however, soaked in water and boiled/roasted and eaten
as such or mixed with salt and eaten by the poor
Northeast Indian tribes (Arora, 1981). Some Indian
tribes also consume the seeds for increased potency, and
the hairs of the pods are used as vermifuge (Vasudeva
and Shanpru, 1981).
The use of legume grains as human food or animal

feed is limited by their relatively high concentrations
of antinutritional factors (Liener, 1994). M. pruriens
from India has been reported to contain trypsin inhibi-
tors, phytates, cyanogenic glycosides, tannins, and L-3,4
dehydroxyphenylalanine (L-DOPA) (Ravindran and
Ravindran, 1988; Josephine and Janardhanan, 1992;
Vijayakumari, 1994). Josephine and Janardhanan
(1992), however, observed that, except for L-DOPA, all
of the antinutritional factors detected in the seeds were
heat-labile and hence could be eliminated by cooking.
Recently, Siddhuraju et al. (1996), reporting from the
same laboratory, observed that IndianM. pruriens seeds
exhibit hemagglutinating activity. In other words, they
contain lectins.

Lectins (e.g., PHAs and Con A) are one of the most
important toxic and antinutritional factors in pulses.
They are carbohydrate-binding proteins that are resis-
tant to digestion when ingested (Pusztai, 1989). In
addition to their ability to agglutinate the erythrocytes
of numerous animal species, clump certain bacteria, and
precipitate glycogen and starch from solutions, lectins
negatively affect nutrient utilization by different mech-
anisms. They bind to the glycoproteins and glycolipids
of the digestive tract mucosa (Hague, 1975; Jaffe, 1980),
causing severe morphological changes in the mucosa
and interfering with nutrient absorption (Liener, 1994).
They induce severe reduction in feed intake (Larue-
Achagiotis et al., 1992) and have even been implicated
in the pathogenesis of coeliac disease (Kolberg and
Sollid, 1985).
The concentrations of toxic and antinutritional factors

in plants are known to be greatly influenced by climatic
and ecological conditions. Recent studies by Udedibie
and Carlini (1996, unpublished data) showed marked
differences between Canavalia seeds from Brazil and
Nigeria in contents of toxic and antinutritional factors.
The BrazilianM. pruriens seeds have, however, not been
subjected to laboratory tests for antinutritional factors.
This paper reports the results of a preliminary study

carried out to determine the lectin and trypsin inhibitor
contents ofM. pruriens seeds from Brazil and the effect
of various heat treatments on their hemagglutinating
and antitryptic activities, if any.

MATERIALS AND METHODS

The Mucuna seeds used for the study were obtained from
Agrodora in São Paulo, Brazil, a store that specializes in
agricultural products.
Seed Processing. Raw seeds of M. pruriens were ground

using a 2 mm screen. Part of the meal was stored raw. The
other part was heated (with stirring) in the oven at 120 °C
until it turned from whitish to light brownish color and crispy
to the touch. The toasted meal was left to cool and then stored
in a plastic bottle. Some of the seeds were cooked at 96 °C for
30, 60, 90, or 120 min, respectively. The cooked seeds were
first dried in the sun for 2 days before oven drying for 15 min
at 100 °C and ground as above and stored. Some were cooked

* Author to whom correspondence should be addressed.
Permanent address: Department of Animal Production, Fed-
eral University of Technology, P.M.B. 1526, Owerri, Nigeria.

1450 J. Agric. Food Chem. 1998, 46, 1450−1452

S0021-8561(97)00634-1 CCC: $15.00 © 1998 American Chemical Society
Published on Web 03/19/1998



in a pressure cooker (panela de pressão) for 10, 20, or 30 min,
respectively, dried, ground as above, and stored. Some were
soaked in water for 24 or 48 h and then cooked for 30, 60, 90,
or 120 min, respectively. The cooked seeds were further
processed as above.
The crude protein content of all the samples was determined

in duplicate with the micro-Kjeldhal method according to the
AOAC (1995).
Protein extraction was done by stirring 10 g of sample in

50 mL of phosphate-buffered saline (PBS, pH 7.00) for 2 h at
4 °C. Thereafter, the mixture was centrifuged (2000g) and
the supernatant dialyzed for 20 h, also at 4 °C. Protein
concentration was determined spectrophotometrically by its
absorbance at 280 nm.
Hemagglutinating Activity. Lectin content was deter-

mined by hemagglutination of human, rabbit, and pig fresh
erythrocytes according to the method of Coffey et al. (1985)
with some modifications. Human blood (A, O, and B groups),
rabbit blood, and pig blood were respectively collected in 5 mM
EDTA and centrifuged to remove soluble blood constituents.
The suspended erythrocytes were then washed three times
with PBS. Twenty-five microliters of the protein samples in
duplicate were serially (2-fold) diluted in PBS in 96-microwell
plates, and 25 µL of a 2% v/v erythrocyte suspension (∼106
cells) was then added to each well. Hemagglutination titers
were examined after 2 h at room temperature.
Trypsin Inhibitor Activity. Trypsin inhibitor activity

was determined according to the method of Erlanger et al.
(1961) with some modifications. To measure 100% trypsin
activity, 20 µL of 1 mg/mL trypsin was mixed with 100 µL of
0.1 mM of Tris buffer (pH 8.5) and made up to 450 µL with
distilled water. This was then mixed with 50 µL of 4 mM
L-BAPNA (benzyol-L-arginyl p-nitroanilide), and the rate of
liberation (per minute) of p-nitroaniline from L-BAPNA by
trypsin was determined with a spectrophotometer at 405 nm
absorbance. Trypsin inhibitor activity was measured by
mixing 100 µL of the buffer, 20 µg in 20 µL of trypsin, 5-20
µL of protein extract, and corresponding volumes of distilled
water so as to inhibit up to 60-70% of the trypsin activity.
The mixture was then allowed to incubate for 15 min before
50 µL of L-BAPNA was added. The rate of liberation of
p-nitroaniline was determined as earlier stated. One unit of
trypsin inhibitor (TIU) was the amount of material [microunits
per milligram of protein] inhibiting 1 mg of trypsin under the
experimental condition.

RESULTS AND DISCUSSION

The data on crude protein content and hemaggluti-
nating and antitryptic activities of the variously pro-
cessedM. pruriens seeds are presented in Table 1. The
crude protein values are in agreement with the values
in the literature. Raw M. pruriens seeds from Nigeria
have been reported to contain 303.3 g kg-1 (Emenalom,
1996) and seeds from India, 314.4 g kg-1 (Siddhuraju
et al., 1996). Cooking tended to reduce the crude protein
contents due to solubilization of some nitrogenous
compounds during cooking. The proteins of theMucuna
seeds appeared to be extremely soluble as indicated by
the values of extractable fractions (141.4-242.3 mg/mL).
Similar treatment of other legume seeds (Canavalia
ensiformis, Glycine max, Vigna unguiculata, Vicia faba,
Phaseolus vulgaris, and Phaseolus angularis) resulted
in extraction of 26-78 mg of proteins/mL (Udedibie and
Carlini, 1997, unpublished data).
The proteins of the seeds failed to agglutinate any of

the three types of human erythrocytes. This treatment
was repeated along with the proteins (Con A) of C.
ensiformis as the positive control. The three types of
human erythrocytes were agglutinated by C. ensiformis
but not byM. pruriens. In view of the fact that strains
and cultivars of a species may differ in their specificity

toward the erythrocytes of various species of animals
and blood groups (Liener, 1986), we decided to try rabbit
blood. There was no hemagglutination. There was also
no hemagglutination when pig blood was used. The
Mucuna seeds from India agglutinated the erythrocytes
of the three human blood groupings (Siddhuraju et al.,
1996).
The raw Mucuna seeds exhibited an extremely high

concentration of trypsin inhibitors (11 865 TIU g-1 of
seed). This is >6 times the value for C. ensiformis (1864
TIU g-1 of seed) obtained under the same experimental
condition. The trypsin inhibitors were, however, com-
pletely inactivated when the seeds were subjected to 1
h of cooking at 96 °C. The inhibitors were also com-
pletely eliminated in 30 min of cooking following 48 h
of soaking in water. Toasting of the seeds appeared to
be highly inefficient as a method of eliminating the
inhibitors. Only ∼42% of the inhibitors could be inac-
tivated by the treatment. Similar observations had
been made on other legume seeds (Babar et al., 1988;
Bressani and Sosa, 1990; Udedibie et al., 1994).
Much less is known about the feeding value of

Mucuna beans. Dietary raw Mucuna seeds have been
reported to reduce the growth rate of broiler chicks and
the egg production of laying hens (Harms et al., 1961;
Afolabi et al., 1985; Olaboro et al., 1990). Recent trials
in Nigeria (Emenalom, 1996) have also shown that
broiler chicks could not tolerate >10% dietary level of
toasted or cooked Mucuna seeds, although birds on
cooked beans tended to perform better than those on
toasted beans.
Some authors have tried to blame the toxicity of the

Mucana seeds on L-DOPA (Pieris et al., 1980; Afolabi
et al., 1985; Josephine and Janardhanan, 1992). That
assumption does not seem to have strong scientific basis.
L-DOPA has recently gained a prominent place in the
treatment of Parkinsonism. If L-DOPA is actually
responsible for the poor performance of these animals,
similar effects are likely to occur in patients of Parkin-
sonism who consume L-DOPA on a regular basis.
L-DOPA has also been shown to be toxic only in
individuals with glucose-6-phosphate dehydrogenase (G-
6-PD) deficiency in their erythrocytes (Nechama and

Table 1. Effects of Processing Methods on Crude Protein
Content and Hemagglutinating and Antitryptic
Activities of M. pruriens Seeds from Brazil

sample

crude
protein
(g/kg)

extr
protein
(mg/mL)

hemaggl
activity
(HU/g)

TIU
(g-1 of
seed)

recov
(%)a

raw seed 321.5 172.0 NHb 11864.8 100.0
toasted seed 334.2 87.9 NH 6979.3 58.8
cooked 30 min 298.4 196.7 NH 746.6 6.3
cokked 60 min 293.0 228.8 NH NIc 0.0
cooked 90 min 287.2 197.1 NH NI 0.0
cooked 120 min 286.3 242.3 NH NI 0.0
pressure cooked 10 min 303.5 161.2 NH 159.8 1.3
pressure cooked 20 min 300.6 190.4 NH NI 0.0
pressure cooked 30 min 293.3 192.6 NH NI 0.0
soaked in water 24 h

cooked 30 min 310.1 147.2 NH 138.4 1.2
cooked 60 min 299.0 152.9 NH NI 0.0
cooked 90 min 287.5 158.6 NH NI 0.0
cooked 120 min 284.5 141.4 NH NI 0.0

soaked in water 48 h
cooked 30 min 304.3 163.5 NH NI 0.0
cooked 60 min 288.7 196.3 NH NI 0.0
cooked 90 min 287.2 191.3 NH NI 0.0
cooked 120 min 283.1 189.9 NH NI 0.0

a Percent of TIU left in the sample after treatments. b No
hemagglutination. c No inhibition.
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Edward, 1967). Recent studies in India (Siddhuraju et
al., 1996) have shown that the Indian Mucuna seeds
contain lectins, which could not be completely elimi-
nated by autoclaving for 15 min. It appears therefore
that the proponents of the L-DOPA theory seemed to
have ignored the strong toxic and antinutritional activi-
ties of lectins on nonruminants, particularly under an
ad libitum feeding system (Jayne-Williams, 1973; Hague,
1972; Jaffe, 1980; Pusztai, 1989; Larue-Achagiotis et al.,
1992; Liener, 1994). The poor performance of the
experimental birds on raw or insufficiently cooked seeds
is most likely to be due to additive or synergistic effects
of lectin and protease inhibitor activities.

CONCLUSION

The high crude protein content and the absence of
hemagglutinating activity of the Brazilian M. pruriens
seeds are nutritional factors indicative of strong poten-
tial of the strain as protein supplement in human foods
or livestock feeds and call for further investigation in
that direction. The introduction of the strain in other
similar agroecological areas is also worthy of trial and
is therefore strongly recommended.
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