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Comparative Effects of Processing Methods on Hemagglutinating
and Antitryptic Activities of Canavalia ensiformis and Canavalia

braziliensis Seeds
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Department of Biochemistry-1CB, Federal University of Rio de Janeiro,
CEP 21.941-590 Rio de Janeiro, Brazil

The effects of various processing methods on the hemagglutinating and antitryptic activities of the
seeds of two species of the genus Canavalia, C. ensiformis and C. braziliensis, were investigated.
Raw C. ensiformis and C. braziliensis contained 13 532 and 10 204 hemagglutinating units (HU),
respectively, and also 1682 and 1662 trypsin inhibitor units (TIU) g~ of seed, respectively. Moist
heat proved more effective than dry heat as a method of inactivating the two antinutritional factors
in the seeds. Whereas 90 min of cooking at 96 °C was required to completely eliminate antitryptic
activities of both species, 3 h of cooking was required to completely eliminate their hemagglutinating
activities. Pressure cooking eliminated their antitryptic activities in 30 min and their hemagglu-
tinating activities in 45 min. Soaking in water for even up to 96 h before cooking had no effect on
hemagglutinating and antitryptic activities of C. braziliensis. Soaking in water for 72 h, however,
completely eliminated the antitryptic activity of C. ensiformis in 30 min of cooking and the
hemagglutinating activity in 60 min of cooking. Breaking the seeds before cooking proved to be
most effective, resulting in complete elimination of antitryptic and hemagglutinating activities of
both species in 30 and 60 min of cooking, respectively, and is therefore most highly recommended.
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INTRODUCTION

One of the serious problems facing most developing
tropical countries is the scarcity of food for the teeming
human population and feed for the dwindling livestock
industry. The cowpea (Vigna unguiculata), soybean
(Glycine max), groundnut (Arachis hypogaea), and a few
other legumes have been playing key roles as foodstuffs
and feedstuffs in most of these countries. There is need,
however, for exploitation of hitherto neglected novel
legumes that abound in the region in view of the
pressure on the conventional ones arising from increas-
ing multiple uses.

The genus Canavalia comprises a small group of some
48 species that are distributed throughout the tropics.
Among them are Canavalia ensiformis, commonly known
as jackbean, and Canavalia braziliensis, commonly
known as feijao bravo do Ceara in Brazil, haba in
Colombia and Guatemala, choncho in El Salvador, and
“barbicou bean” in the Leeward and Windward Islands
(Howard, 1988). These are New World plants that were
grown in the drought-ridden regions of Arizona and
Mexico in ancient times and utilized as high-protein food
and forage crops for many centuries by natives of the
southwestern United States, Mexico, Central American
countries, Brazil, Peru, Ecuador, the West Indies,
Bolivia, Paraguay, and Argentina (Sauer and Kaplan,
1969). Under optimal agronomic management condi-
tions, total yields of their forage can reach up to 10
tonnes of dry matter (DM)/ha and dry seed yields of up
to 2.5 t/ha have been reported in various regions
(Addison, 1957; Mora and Parra, 1980, unpublished
data; Pound et al., 1982; Okonkwo and Udedibie, 1991).
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A record seed yield of 4.32—5.40 t/ha had been reported
for C. ensiformis at the U.S. Federal Agricultural
Experimental Station in Mayaguez, Puerto Rico (FAO,
1959).

Raw unprocessed Canavalia seeds contain about 300
g kg~! crude proteins and 600 g kg~! carbohydrates
(Udedibie, 1990). Although they are low in methionine,
like most proteins of plant origin, they are relatively
high in lysine (Molina et al., 1974; D'Mello et al., 1985;
Bressani et al., 1987; Rajaram and Janardhanam, 1992).
However, as with other tropical legumes, the raw
unprocessed seeds contain toxic factors that limit their
use as human food or animal feed (Orru and Demel,
1941; Borchers and Ackerson, 1950; Herrera et al., 1981;
Montilla et al., 1981; Carlini and Guimaraes, 1981,
D’Mello et al., 1985; Babar et al., 1988; Udedibie, 1990;
Nakatsu et al., 1996), the most important being trypsin
inhibitors and concanavalin A (Con A).

Trypsin inhibitors have been implicated in reducing
protein digestibility and in pancreatic hypertrophy
(Liener, 1976). They are polypeptides that form well-
characterized stable complexes with trypsin on a one-
to-one molar ratio, obstructing the binding sites and
disrupting the enzymatic action.

Con A is a lectin, a carbohydrate-binding protein that
is resistant to digestion (Pusztai, 1989). In addition to
its ability to agglutinate the erythrocytes of numerous
animal species, clump certain bacteria, and precipitate
glycogen and starch from solutions, Con A negatively
affects nutrient utilization by various mechanisms. It
binds to the glycoprotein and glycolipids of the digestive
tract mucosa (Hague, 1975; Jaffe, 1980), inhibits the
activity of the enzymes of the brush border of the
enterocytes (Rosenthal, 1972), and interferes with the
adherence of enterobacteria to the intestinal wall (Jayne-
Williams, 1973). It has been implicated in the patho-
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genesis of coeliac disease (Kolberg and Sollid, 1985) and
possibly has several side effects on immune functions,
protein metabolism, enzyme activities, and hormonal
regulation (Pusztai, 1989). It induces severe reduction
in feed intake of nonruminants (Liener, 1953; Larue-
Achagiotis, 1992). Con A ordinarily is highly heat-labile
but somehow seems to be protected against heat de-
struction as a component of the seed (Carlini and
Udedibie, 1996, unpublished data). It appears therefore
that for the Canavalia seeds to be rendered acceptable
as human food or animal feed, method(s) must be
devised that can completely and economically inactivate
the trypsin inhibitors and Con A in them.

This paper reports the results of successive studies
carried out to determine the responses of the two
antinutritional factors to processing methods previously
applied to the seeds and to new methods considered
simple and feasible for rendering the Canavalia seeds
completely trypsin inhibitor/Con A-free.

MATERIALS AND METHODS

Sources of Materials. The Canavalia seeds used for the
studies were obtained from Agrodora in S&o Paulo, Brazil, a
store that specializes in agricultural products. The seeds were
harvested in the summer of 1996 by farmers who use the crop
as cover crop and bought for the store. L-BAPNA and bovine
trypsin were obtained from Sigma Chemical Co. (St. Louis,
MO).

Dry Heat (Toasting). Raw seeds of C. ensiformis and C.
braziliensis were ground using a 2 mm screen. Part of each
meal was kept raw. The other part was thinly spread in a
pan and placed in the oven (120 °C). It was stirred from time
to time to maintain uniform heating. The heating (toasting)
was considered adequate when the meal changed from whitish
to light brown and became crispy to the touch. The process
took 20—25 min.

Protein Extraction. 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 40 °C. Thereafter, the mixture was
centrifuged (2000g) and the supernatant dialyzed for 20 h, also
at 40 °C. Protein concentration was determined using a
spectrophotometer by absorbance at 280 nm (Carlini and
Guimaraes, 1981).

Hemagglutinating Activity. Con A content was measured
by hemagglutination of fresh rabbit erythrocytes according to
the method of Coffey et al. (1985) with some modifications.
Fresh rabbit blood was collected in 5 mM EDTA and centri-
fuged to remove soluble blood constituents. The suspended
erythrocytes were then washed three times with PBS. Protein
samples (25 uL) in duplicate were serially (2-fold) diluted in
PBS in 96-microwell plates, and 25 uL of a 2% (v/v) erythrocyte
suspension was then added to each well. Hemagglutination
titers were examined after 2 h at room temperature, and
hemagglutinating activity was expressed as minimal concen-
tration (mg/mL) of protein inducing hemagglutination of about
10° cells (hemagglutination unit, HU).

Trypsin Inhibitor Activity. Trypsin inhibitor activity was
determined in duplicate according to the method of Erlanger
et al. (1961) with some modifications. To measure 100%
trypsin activity, 20 uL of 1 mg/mL trypsin was mixed with
100 uL of 0.1 mM of Tris buffer (pH 8.5) and made up to 450
uL with distilled water. This was then mixed with 50 uL of 4
mM L-BAPNA (benzyol-L-arginyl-p-nitronilide), and the rate
of liberation (per minute) of p-nitroaniline from the I-BAPNA
by trypsin was determined with a spectrophotometer at 405
nm absorbance. Trypsin inhibitor activity was measured by
mixing 100 uL of the buffer, 20 g in 20 uL of trypsin, 310 uL
of distilled water, and 20 uL of protein extract to inhibit up to
60—70% of the trypsin activity. The mixture was then allowed
to incubate for 15 min before 50 uL of L-BAPNA was added.
Rate of liberation of p-nitroaniline was determined as earlier
stated. One unit of trypsin inhibitor (TIU) was the amount

J. Agric. Food Chem., Vol. 45, No. 11, 1997 4373

of material, mg/mL, inhibiting 1 mg of trypsin under the
experimental conditions.

Urea Solution Treatment. Samples were processed ac-
cording to the method of Montilla et al. (1981) as modified by
Udedibie (1990). Briefly, the Canavalia seeds were soaked in
a 4% solution of urea and allowed to stand for 1 week.
Thereafter, they were rinsed in tap water, cooked for 1 h, dried,
and milled as described under Dry Heat (Toasting). Protein
extraction and hemagglutinating and antitryptic activities
were done as described above.

Dry Urea Treatment. Samples were processed according
to the method of Udedibie et al. (1994). A batch of the raw
seed meal was mixed with 2.5% of its weight of dry milled urea;
another batch was treated with 5% of its weight of the dry
milled urea. The samples were stored for a week and then
toasted as described under Dry Heat (Toasting). Protein
extraction and hemagglutinating and antitryptic activities
were done as earlier described.

Sequential Cooking. The seeds were cooked in stages at
96 °C as follows. First, the seeds were cooked for 1 h.
Cooking time was taken as from boiling. At the end of the
hour, the cooking water was removed and changed with fresh
water. Seeds removed at the end of the 1 h were referred to
as first-stage cooked beans. The cooking was continued for
another 40 min, at the end of which time the second-stage
cooked beans were removed, the cooking water was changed,
and the cooking continued for another 40 min. The third-stage
cooked beans were removed, the cooking water was changed,
and the cooking was continued again for the final 40 min; the
fourth-stage cooked beans were produced. The beans were
partly dried in the sun and then in the oven at 80 °C and
then milled. Protein extraction and determination of hema-
gglutinating and antitryptic activities were done as earlier
described.

3-h Nonstop Cooking. Since it took a total of 3 h to do
the four stages of cooking, it became necessary to do a 3-h
nonstop cooking of the beans for comparison. Consequently,
some of the beans were cooked for 3 h at 96 °C, with the
cooking water replenished as necessary. The products were
further processed as described under Sequential Cooking.

Results. The data on the effects of toasting, urea tretments,
and sequential and 3-h nonstop cooking on hemagglutinating
and antitryptic activities of C. ensiformis and C. braziliensis
seeds are presented in Table 1. Of the five processing methods,
toasting alone appeared to be the least efficient as a method
for inactivating the Con A and trypsin inhibitors in the seeds
of the two Canavalia species. This reaffirms the earlier
observations that dry heat is not an effective method of
processing the Canavalia seeds for appreciable dietary inclu-
sion (D'Mello et al., 1985; Babar et al., 1988; Udedibie et al.,
1994). Although dry urea treatment prior to toasting drasti-
cally reduced the two antinutritional factors in the seeds, the
effects could not compare with any of the moist heat treat-
ments. The use of urea was based on the fact that urea is a
strong protein denaturing agent and Canavalia seeds have
urease activity (Sumner, 1926). The exact mode of action of
urea on the antinutritional factors in the seeds is, however,
not clear (Udedibie et al., 1994). It took 3 h of nonstop cooking
at 96 °C to completely inactivate Con A in both species.
Trypsin inhibitor activities were, however, completely elimi-
nated within 1 h 40 min in both species, indicating higher
susceptibility of trypsin inhibitors to heat treatment compared
with Con A. The use of multiple-stage cooking appeared not
to be necessary since it conveyed no advantage over continuous
cooking.

Generally, the data showed that none of the methods
investigated and which had been employed in various feeding
trials (Montilla et al., 1981; D'Mello et al., 1985; Udedibie,
1990; Udedibie et al., 1994, 1996) is effective enough as to
completely inactivate Con A in the seeds. This perhaps
explains the poor performance of experimental animals fed
high dietary levels of such processed Canavalia seed meals.
It therefore seems that even minute amounts of Con A left in
processed Canavalia seeds can still constitute a problem to
animals due to its resistance to proteolytic digestion in the
gut and the tendency to accumulate in the animals under ad
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Table 1. Effects of Toasting, Urea Solution and Dry Urea Treatments, and Multiple-Stage and 3-h Nonstop Cooking on
Hemagglutinating and Antitryptic Activities of C. ensiformis and C. braziliensis Seeds

C. ensiformis

C. braziliensis

HuU?2 % TIUS % HU % TIU %

treatment (971 of seed) recov® (971 of seed) recovd (971 of seed) recov (g1 of seed) recov
raw seed 13531.8 100.00 1681.5 100.0 10204.1 100.00 1662.2 100.0
toasting 4545.5 33.36 1404.2 83.5 1428.6 14.00 1423.6 85.4
urea solution 32.3 0.24 NIf 0.0 216.7 212 464.5 27.9
2.5% dry urea 1086.9 8.04 851.3 51.1 1076.3 0.54 915.1 59.9
5% dry urea 526.3 3.89 413.4 24.8 434.2 4.26 582.0 34.9
1st stage cooked 102.0 0.76 353.8 21.2 285.7 2.80 473.3 28.4
2nd stage cooked 12.1 0.09 NI 0.0 71.4 0.70 NI 0.0
3rd stage cooked 9.2 0.07 NI 0.0 32.3 0.32 NI 0.0
4th stage cooked 5.6 0.04 NI 0.0 175 0.17 NI 0.0
3-h cook <3.6° <0.03 NI 0.0 <3.6 <0.03 NI 0.0

a1.0 HU is the minimal concentration of Con A expressed in mg/mL present in the sample that was able to agglutinate about 106 cells
as described in the text. ® Percent of Con A recovered in sample after treatment. ¢ Trypsin inhibitor unit: the amount of material [uunits
(mg of protein)~] that was able to inhibit 1 mg of trypsin under the experimental conditions. @ Percent of trypsin inhibitors recovered in
sample after treament. ¢ Limit of detection of hemagglutinating activity. f NI, no inhibition.

Table 2. Effects of Length of Pressure Cooking on Hemagglutinating and Antitryptic Activities of C. ensiformis and C.

braziliesis Seeds

C. ensiformis

C. braziliensis

HU2 % TIUC % HU % TIU %
treatment (g7 of seed) recov® (g7 of seed) recovd (g7 of seed) recov (g7 of seed) recov
raw seed 13531.8 100.00 1681.5 100.00 10204.1 100.00 1662.2 100.00
15 min cook 16.7 0.12 585.0 35.10 12.5 0.12 785.3 47.12
30 min cook 4.0 0.03 NIf 0.00 3.7 0.04 NI 0.00
45 min cook <3.6° <0.03 NI 0.00 <3.7 <0.04 NI 0.00
60 min cook <3.9 <0.03 NI 0.00 <3.6 <0.04 NI 0.00

a-f As in Table 1.

libitum feeding systems by binding to the intestinal wall. The
data have, however, established that for the Canavalia seeds
to be rendered lectin- and trypsin inhibitor-free, and therefore
acceptable as human food or animal feed, moist heat treatment
is the approach to follow. This is in agreement with the
findings of Babar et al. (1988) and Bressani and Sosa (1990),
who had earlier reported the superiority of moist heat over
dry heat as method for processing the C. ensiformis seeds.
Although the data have shown that moist heat treatment is
the direction to go if the Canavalia seeds are to be made edible,
the 3 h of cooking required to completely inactivate Con A in
them is obviously not an economically viable option.

There is need, therefore, for quicker, commercially ap-
plicable, moist heat based alternatives.

Pressure Cooking. Since it is a common practice to use
a pressure cooker (panela de pressao) to cook most legume
grains to save time and cost, we decided to determine how long
it would take the pressure cooker to completely inactivate the
Con A and trypsin inhibitors in the two Canavalia species.

The beans were subjected to four different pressure cooking
times: 15, 30, 45, and 60 min, respectively, using the common
pressure cooker (panela de pressao) bought from the super-
market and the same heat intensity used in the ordinary
cooking above. The beans so cooked were dried, milled,
extracted, and analyzed for hemagglutinating and antitryptic
activities as earlier described.

Results. The data on the effects of pressure cooking on the
hemagglutinating and antitryptic activities of the seeds of the
two Canavalia species are presented in Table 2. The Con A
and the trypsin inhibitors in the seeds of the two species
responded similarly to pressure cooking. Whereas it took 30
min of pressure cooking to completely inactivate the trypsin
inhibitors in the two species, Con A required 45 min for
complete inactivation, reaffirming the stronger resistance of
Con A to heat treatments than trypsin inhibitors.

The analytical data seem to support observations in the
literature. Nonruminants have been reported to show some
negative response to 200—300 g kg~ dietary inclusion of C.
ensiformis that had been pressure-cooked for 30 min (Jayne-
Williams, 1973; D'Mello et al., 1985; Udedibie and Nwaiwu,
1988; Udedibie and Madubuike, 1988). This also tends to show
that in the absence of trypsin inhibitors, minute amounts of

Con A in the diet can still constitute a problem to the animals
in ad libitum feeding system.

Although pressure cooking of the Canavalia seeds can be
useful for some domestic purposes, its application in large-
scale commercial operations cannot be recommended with
enthusiasm in view of difficulties relating to equipment.

Soaking in Water/Cooking. The assumption that soaking
legume grains in water, mostly overnight, facilitates their
detoxification during cooking has not proved for the C. ensi-
formis seeds (D'Mello et al., 1985; Esonu, 1996). Perhaps the
seeds require a prolonged period of soaking. We therefore
decided to investigate the effect of length of soaking in water
coupled with length of cooking on the two antinutritional
factors in the seeds.

The seeds were soaked in water for five different periods:
12, 24, 48, 72, and 96 h. At the end of each soaking time, the
seeds were subjected to four different cooking times: 30, 60,
90, and 120 min at 96 °C. Drying, milling, extraction, and
determination of hemagglutinating and antitryptic activities
were done as above.

Results. The data on the effects of length of soaking the
seeds in water prior to cooking on their hemagglutinating and
antitryptic activities are presented in Table 3. Soaking the
seeds of C. braziliensis in water for up to 96 h had practically
no effect on the response of Con A or trypsin inhibitors to moist
heat treatment. This was in contrast to the response of the
seeds of C. ensiformis. Soaking C. ensiformis in water for 12
h did not have any effect on Con A content but was able to
reduce the time required to completely inactivate trypsin
inhibitors to 60 min of cooking. It took 48 h of soaking in water
to completely inactivate the trypsin inhibitors in 30 min of
cooking but 2 h of cooking to completely inactivate Con A. The
optimal length of soaking time of C. ensiformis in water
appeared to be 72 h, which required only subsequent 1 h of
cooking to completely eliminate the hemagglutinating activity
of the seeds. Soaking in water for 96 h did not have any
advantage over 72 h. The seeds started to germinate when
left in water for 72 h. The germination process was believed
to have facilitated the inactivation process of Con A in the
seeds since hemagglutinating activity has been reported to
decrease with germination (Liener, 1986). The germination
of the seeds failed to occur when the seeds were soaked in urea
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Table 3. Effects of Length of Soaking in Water and Cooking Time on Hemagglutinating and Antitryptic Activities of C.

ensiformis and C. braziliensis Seeds

C. ensiformis

C. braziliensis

HuU2 % TIUS % HU % TIU %
treatment (971 of seed) recov® (971 of seed) recovd (971 of seed) recov (971 of seed) recov
raw seed 13531.8 100.00 1681.5 100.0 10204.1 100.00 1662.2 100.0
12 h soak
30 min cook 62.5 0.46 697.1 41.8 9005.3 88.25 11219 67.3
60 min cook 14.3 0.11 NIf 0.0 238.6 2.32 473.3 28.4
90 min cook 8.3 0.06 NI 0.0 81.9 0.81 NI 0.0
120 min cook 4.2 0.03 NI 0.0 34.4 0.34 NI NI
24h soak
30 min cook 62.5 0.46 567.5 34.1 8196.2 89.32 1104.6 66.3
60 min cook 13.3 0.09 NI 0.0 241.2 2.36 473.3 28.4
90 min cook 7.7 0.06 NI 0.0 69.7 0.68 NI 0.0
120 min cook 4.0 0.03 Ni 0.0 29.8 0.29 NI 0.0
48 h soak
30 min cook 33.3 0.25 NI 0.0 7981.0 78.22 1093.9 65.6
60 min cook 14.3 0.11 NI 0.0 298.8 2.93 522.4 31.3
90 min cook 3.7 0.03 NI 0.0 70.1 0.67 NI 0.0
120 min cook <3.6° <0.03 NI 0.0 24.2 0.24 NI 0.0
72 h soak
30 min cook 3.2 0.02 NI 0.0 8191.4 80.32 1104.4 66.3
60 min cook <3.7 <0.03 NI 0.0 301.9 2.96 427.7 25.7
90 min cook <3.3 <0.03 NI 0.0 73.3 0.72 NI 0.0
120 min cook <3.6 <0.03 NI 0.0 30.4 0.30 NI 0.0
96 h soak
30 min cook 4.3 0.03 NI 0.0 7813.5 76.56 1072.8 64.4
60 min cook <4.3 <0.03 NI 0.0 236.1 2.31 434.7 26.1
90 min cook <4.3 <0.03 Ni 0.0 68.4 0.67 NI 0.0
120 min cook <3.2 <0.02 NI 0.0 29.1 0.29 NI 0.0

a-f As in Table 1.

Table 4. Effects of Cracking Prior to Cooking on the Hemagglutinating and Antitryptic Activities of C. ensiformis and

C. braziliensis Seeds

C. ensiformis

C. braziliensis

HuU2 % TIU® % HU % TIU %
treatment (971 of seed) recov® (971 of seed) recovd (971 of seed) recov (g7t of seed) recov
raw seed 13531.8 100.00 1681.5 100.0 10204.1 100.00 1662.2 100.0
cracked/cooked
30 min 14.3 0.11 NIf 0.0 19.2 0.19 NI 0.0
60 min <4.4¢ <0.03 NI 0.0 <4.6 <0.04 NI 0.0
90 min <24 <0.02 NI 0.0 <35 <0.03 NI 0.0
120 min <3.6 <0.03 NI 0.0 <3.4 <0.03 NI 0.0
cracked/prior to cooking
15 min <4.0 <0.03 NI 0.0 <4.3 <0.04 NI 0.0
30 min <3.8 <0.03 NI 0.0 <3.5 <0.03 NI 0.0
45 min <3.8 <0.03 NI 0.0 <4.1 <0.04 NI 0.0

a-f As in Table 1.

solution for a week, which may explain why the seeds that
were soaked in urea solution prior to cooking for an hour
retained some hemagglutinating activity.

The relatively very poor response of C. braziliensis to
soaking in water arose from its very tough seed coat that
appeared impermeable to water.

These data have once again reaffirmed the stronger resist-
ance of Con A to heat treatments relative to trypsin inhibitors.
It may mean as well that any moist heat treatment that
completely inactivates Con A has already eliminated trypsin
inhibitors along the way.

Cracking and Cooking. Canavalia seeds are large seeds,
about 5 times the size of soybean. They are very hard, too,
and coated with thick and tough testa that constitute up to
20% of the seed total weight (Bressani et al., 1987). Most large
legume grains, notably fava and kidney bean, have also been
reported to take unusually longer times of cooking to become
lectin-free (Coffey et al., 1985; Udedibie and Carlini, 1997,
unpublished data). We therefore decided to verify the hypoth-
esis that the physical structure of the seeds could be a limiting
factor as follows.

The seeds were broken into smaller pieces (~3—6 parts)
using a grinding machine. The broken seeds were then
subjected to four ordinary cooking times, 30, 60, 90, and 120
min at 96 °C, and pressure cooking for 15, 30, and 45 min,

respectively. The products were dried in the sun, milled,
extracted, and analyzed for hemagglutinating and antitryptic
activities as earlier described.

Results. The data on the effects of cracking prior to cooking
of the beans on their hemagglutinating and antitryptic activi-
ties are presented in Table 4. Cracking the seeds before
cooking resulted in complete inactivation of the trypsin inhibi-
tors in both species in 30 min of ordinary cooking and of the
Con Ain 1 h of ordinary cooking or 15 min of pressure cooking.
It is believed that the relative ease and rapidity with which
the broken seeds absorbed the cooking water and hence moist
heat was responsible for the unusually rapid elimination of
the two antinutritional factors from the seeds. The broken
seeds rapidly absorbed the cooking water at the onset of the
cooking and about twice their volume of water disappeared
within the first 3 min of cooking. It is perhaps important to
observe too that it took the cooked material only 4 —6 h of the
January summer sunshine of Rio de Janeiro to dry to 90% dry
matter.

As earlier stated (Carlini and Udedibie, 1996, unpublished
data), Con A ordinarily is highly heat-labile but relatively
thermostable as a component of the seed, possibly protected
by the characteristics of the seeds mentioned above. By
breaking the seed into smaller pieces, that protection is
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dissipated, thus exposing it to greater susceptibility to dena-
turation by moist heat.

GENERAL DISCUSSION

Canavalia seeds have been reported to contain a
number of toxic factors. However, in discussing toxic
and antinutritional factors in these seeds and indeed
any other seeds, it should be appreciated that it is only
the toxicity associated with oral ingestion of the factor
that has any nutritional significance. The toxic alkaline
non-protein amino acid in the seeds, canavanine (about
50 g kg™ seed), a naturally occurring analog of L-
arginine, has been reported to induce reduced feed
intake in nonruminants but at the equivalent of about
300 g kg1 dietary level of the raw seed or in the
condition of inadequate dietary arginine (Rosenthal,
1972; Michelangeli and Vargas, 1994; Swaffer et al.,
1994) Nutritionally speaking, a 300 g kg~ dietary level
of any raw legume grains for nonruminants is objection-
able. Furthermore, other edible legume seeds often
contain twice as much canavanine as the Canavalia
seeds (VanEtten et al.,, 1963; Rosenthal, 1974). It
therefore seems doubtful that the contribution of cana-
vanine to the toxicity of the seeds is really significant.
The concentrations of the specialized secondary plant
biomolecules in the seeds—cyanogenic glycosides, sa-
ponins, alkaloids, terpenoids, and tannins—have also
been shown to drop below detectable levels following 1
h of cooking (Udedibie and Nwaiwu, 1988; Oliveira,
1997). Urease and canatoxin, which were isolated from
the seeds, were shown to be highly toxic if injected into
experimental animals (Sumner, 1926; Tauber and Klein-
er, 1931; Carlini and Guimaraes, 1981) but to exhibit
no toxic effects if orally administered (Sumner and
Howell, 1935; Carlini and Guimaraes, 1991). They
therefore cannot be classified as antinutritional factors
in the seeds.

Jackbean seeds have been processed in various ways
by different investigators with conflicting results, indi-
cating no more than partial detoxification. The im-
provement in their nutritive value through toasting was
first reported by Borchers and Ackerson (1950). How-
ever, toasting alone could improve their nutritive value
for broiler chickens only to the extent of 100 g kg~
dietary inclusion (Udedibie et al., 1994). Partial detoxi-
fication by heat treatments of the seeds, mainly by
cooking and autoclaving (D’Mello et al., 1985; Udedibie
and Madubuike, 1988; Udedibie, 1990; D'Mello and
Walker, 1991) and by extrusion cooking (Aguirre-
Montana, 1988; Bressani and Sosa, 1990; Leon et al.,
1991; Melcion et al., 1991) has also been reported.
Although Melcion et al. (1991) claimed complete elimi-
nation of hemagglutinating activity of the jackbean
through extrusion cooking, a feeding trial with the
product indicated only partial detoxification since it still
depressed growth of the experimental cockerels. It is
therefore doubtful if the process actually succeeded in
complete destruction of the lectin. Recent studies by
Pinto et al. (1997) have shown that extrusion cooking
of soybean even after malting could not completely
inactivate trypsin inhibitors in the seed. Any heat
process that cannot completely eliminate trypsin inhibi-
tors from a seed will obviously have little effect on
lectins.

CONCLUSION AND RECOMMENDATIONS

We believe that the two most important antinutri-
tional factors in the Canavalia seeds are the trypsin

Carlini and Udedibie

inhibitors and Con A. The results of these trials have
reaffirmed that for the Canavalia seeds to be rendered
lectin- and trypsin inhibitor-negative, and therefore
acceptable as human food or animal feed, moist heat
treatment is the option of choice for processing them.
The relative ease and rapidity with which trypsin
inhibitors and Con A in the seeds were inactivated by
the process of cracking the seeds before cooking, coupled
with the subsequent production of very easy to dry and
mill product, make that process the method of best
option, particularly for the production of livestock feed
from the Canavalia seeds. It is a process that can be
started and finished in a day at any scale of operation.
However, in the event of unavailability of means of
cracking the seeds, soaking in water (but not for C.
braziliensis) for 72 h prior to cooking for an hour is
considered the second best option.

LITERATURE CITED

Addison, K. B. The effect of fertilizing, spacement and date of
planting on the yield of jackbean (Canavalia ensiformis).
Rhod. Agric. J. 1957, 54, 521—-532.

Aguirre-Montana, J. Detoxificacion Industrial de Canavalia
ensiformis Mediante el Processo de Extrusion; Univ. Nac.
Exp. Simon Bolivar: Canoabo, Venezuela, 1988; Nucleo 7,
184 pp.

Babar, V. S.; Chava, J. K.; Kadam, S. S. Effects of heat
treatments and germination on trypsin inhibitor activity
and polyphenols in jackbean (C. ensiformis). Plant Food
Hum. Nutr. 1988, 38, 319—324.

Borchers, R.; Ackerson, C. W. The nutritive value of legume
seeds. X. Effects of autoclaving and trypsin inhibitor test
for 17 species. J. Nutr. 1950, 41, 339—345.

Bressani, R.; Sosa, J. L. Effects of processing on the nutritive
value of Canavalia jackbean (C. ensiformis). Plant Food
Hum. Nutr. 1990, 40, 207—214.

Bressani, R.; Brenes, R. G.; Garcia, A.; Elias, L. G. Chemical
composition, aminoacid content and protein quality of
Canavalia sp. seeds. J. Sci. Food Agric. 1987, 40, 17—-23.

Carlini, C. R.; Guimaraes, J. A. Isolation and characterization
of a toxic protein from Canavalia ensiformis (jackbean)
seeds, distinct from Con A. Toxicon 1981, 19, 667—675.

Carlini, C. R.; Guimaraes, J. A. Plant and microbial toxic
proteins as hemilectins: Emphasis on canatoxin. Toxicon
1991, 29, 791—-806.

Coffey, D. G.; Uebersax, M. A.; Hosfield, G. L.; Brunner, J. R.
Evaluation of hemagglutinating activity of low-temperature
cooked kidney beans. J. Food Sci. 1985, 50, 78—81.

D’'Mello, J. P. F.; Walker, A. G. Detoxification of jackbeans
(Canavalia ensiformis): studies with young chicks. Anim.
Food Sci. Technol. 1991, 33, 117—-127.

D'Mello, J. P. F.; Acamovic, T.; Walker, A. G. Nutritive value
of jackbean (C. ensiformis) for young chicks. Trop. Agric.
1985, 62, 145—150.

Erlanger, B. F.; Kokowsky, N.; Cohen, W. The preparation and
properties of two new chromogenic substrates of trypsin.
Arch. Biochem Biophys. 1961, 95, 271-278.

Esonu, B. O. Studies on methods of improving the nutritive
value of the jackbean (C. ensiformis). Ph.D. Thesis, Federal
University of Technology, Owerri, Nigeria, 1996.

FAO (Food and Agricultural Organization). Tabulated Infor-
mation on Tropical and Sub-tropical Grain Legumes; Rome,
Italy, 1959; p 73.

Hague, D. Studies of storage proteins of higher plants. 1.
Concanavalin A from three species of the genus Canavalia.
Plant Physiol. 1975, 55, 636—642.

Herrera, F.; Gutierrez, M.; Cupul, S.; Ferrioro, M.; Carabano,
J. M.; Montilla, J. J. The effect of incorporation of Canavalia
ensiformis seed into a ration for laying hens at 10 and 20%.
Trop. Anim. Prod. 1981, 6, 775—776.

Howard, R. A. Vegetation on Bauxitic soils in Jamaica. 11. J.
Arnold Arb. 1988, 38 (2), 162—168.



Hemagglutinating and Antitryptic Activities of Canavalia Seeds

Jaffe, W. G. Hemagglutinins (lectins). In Toxic Constituents
of Plant Foodstuffs; Liener, I. E., et al., Eds.; Academic
Press: New York, 1980; pp 525—552.

Jayne-Williams, D. J. The influence of dietary jackbean
(Canavalia ensiformis) and concanavalin A on the growth
of conventional and gnotobiotic Japanese quail. Nature
1973, 243, 150—151.

Kolberg, J.; Sollid, L. Lectin activity of gluten identified as
wheat germ agglutinin. Biochem. Biophys. Res. Commun.
1985, 130, 867—872.

Larue-Achagiotis, C.; Pichard, M.; Louis-Sylvestre, J. Feeding
behaviour in rats on a complete diet containing concanavalin
A. Reprod. Nutr. Dev. 1992, 32, 343—350.

Leon, A. M.; Caffin, J. P.; Plassart, M.; Picard, M. L. Effect of
concanavalin A from jackbean seeds on short-term food
intake regulation in chicks and laying hens. Anim. Food Sci.
Technol. 1991, 32, 297—-311.

Liener, I. E. Soyin, a toxic protein from the soybean. 1.
Inhibition of rat growth. J. Nutr. 1953, 49, 527—539.

Liener, I. E. Legume toxins in relation to protein digestibility—a
review. J. Food Sci. 1976, 41, 1076—1081.

Liener, I. E. Nutritional significance of lectins in the diet. In
The Lectins; Liener, I. E., et al., Eds.; Academic Press: New
York, 1986; pp 525—552.

Melcion, J. P.; Michelangeli, C.; Picard, M. Uso de la Canavalia
ensiformis en la alimentacion de no rumiantes: Efecto de
la extrusion. Compilacion de los trabajos presentados en el
primer seminario-taller sobre Canavalia ensiformis, cele-
brado en Maracay, Venezuela, del 25 al 28 de junio de 1991.

Michelangeli, C.; Vargas, R. E. L-canavanine influences feed
intake, plasma basic amino acid concentrations and kidney
arginase activity in chicks. J. Nutr. 1994, 124, 1081—-1087.

Molina, M. E.; Argueta, C. E.; Bressani, R. Extraction of
nitrogenous constituents from the jackbean (C. ensiformis).
J. Agric. Food Chem. 1974, 22, 309—312.

Montilla, J. J.; Perreioro, M.; Cupul, S.; Guirieri, N.; Preston,
T. R. Preliminary observations: the effects of ensilage and
heat treatments of Canavalia ensiformis seeds in diets for
poultry. Trop. Anim. Prod. 1981, 6, 376—377.

Nakatsu, S.; Matsuda, M.; Sakagami, T.; Takahashi, T.;
Yamamoto, S. Decomposition of canavanine in process of
germination in the seeds of Canavalia gladiata. Seikagaku
1996, 38, 67—71.

Okonkwo, J. C.; Udedibie, A. B. I. Preliminary observations
on the yield performance of jackbean (C. ensiformis) and
swordbean (C. gladiata) in the Guinea Savanna of Nigeria.
Paper presented at the 27th Annual Conference of the
Agricultural Society of Nigeria, Minna, Nigeria, Sept 1—4,
1991.

Oliveira, A. E. A. Defense proteins of legume seed testa are
homologous to vicilin storage protein. Book of Abstracts, 26th
Annual Conference; Brazilian Society of Biochemistry and
Molecular Biology: Caxambu, Brazil, May 3—6th, 1997; p
63.

Orru, A.; Demel, V. C. Physiological and anatomical-pathologi-
cal observations on rats fed the seeds of Canavalia ensifor-
mis. Quad. Nutr. 1941, 7, 272—-275.

Pinto, M. C.; Trugo, L. C.; Cabral, L.; Carvalho, C. W. P. Effect
of malting and extrusion-cooking processes on nutrient
composition of soybean. Book of Abstracts, 26th Annual
Conference; Brazilian Society of Biochemistry and Molecular
Biology: Caxambu, Brazil, May 3—6th, 1997; p 27.

Pound, B.; Dona, F.; Peratta, G. Effect of cutting frequency
on seed and forage yield of Canavalia ensiformis (jackbean).
Trop. Anim. Prod. 1982, 7, 262—266.

Pusztai, A. Biological effects of dietary lectins. In Recent
Advances of Research in Antinutritional Factors in Legume

J. Agric. Food Chem., Vol. 45, No. 11, 1997 4377

Seeds; Huismay et al., Ed.; Pudoc: Wageningen, The
Netherlands, 1989; pp 17—29.

Rajaram, N.; Janardhanam, K. Nutritional and chemical
evaluation of raw seeds of Canavalia gladiata and Canava-
lia ensiformis, the under-utilized food and fodder crops in
India. Plant Food Hum. Nutr. 1992, 42, 329—336.

Rosenthal, G. A. Investigations of canavanine biochemistry in
the jackbean plant. 11. Canavanine biochemistry in the
developing plant. Plant Physiol. 1972, 50, 328—331.

Rosenthal, G. A. The interrelationship of canavanine and
urease in seeds of the Lotoideae. J. Exp. Bot. 1974, 25, 609—
613.

Sauer, T.; Kaplan, L. Canavalia beans in American prehistory.
Am. Antiqg. 1969, 34, 417—424.

Sumner, J. B. The globulins of jackbean (Canavalia ensifor-
mis). J. Biol. Chem. 1926, 68, 345—441.

Sumner, J. B.; Howell, S. F. The non-identity of jackbean
agglutinin with crystalline urease. J. Immunol. 1935, 29,
133-134.

Swaffer, D. S.; Ang, C. Y.; Desai, P. B.; Rosenthal, G. A.
Inhibition of the growth of human pancreatic cancer cells
by the arginine antimetabolite, L-canavanine. Cancer Res.
1994, 54, 6045—6048.

Tauber, H.; Kliener, I. S. Studies on crystaliine urease. 111.
The toxicity of crystalline urease. J. Biol. Chem. 1931, 92,
177—-185.

Udedibie, A. B. I. Nutritional evaluation of jackbean (C.
ensiformis) for the Nigerian poultry industry. Ambio 1990,
19, 361—365.

Udedibie, A. B. I.; Madubuike, F. N. Effect of dietary raw and
cooked jackbean (C. ensiformis) on the performance of laying
hens. J. Arid Agric. 1988, 1, 47—-54.

Udedibie, A. B. I.; Nkwocha, C. O. Comparative study of
jackbean (C. ensiformis) and swordbean (C. gladiata) as
protein supplements for young broiler chicks. Niger. Agric.
J. 1990, 24, 7—-14.

Udedibie, A. B. I.; Nwaiwu, J. The potential of jackbean (C.
ensiformis) as animal feed. Niger. Agric. J. 1988, 23, 130—
143.

Udedibie, A. B. I.; Esonu, B. O.; Obaji, C. N.; Durunna, C. S.
Dry urea treatment prior to toasting as a method of
improving the nutritive value of jackbeans (C. ensiformis)
for broilers. Anim. Food Sci. Technol. 1994, 48, 335—345.

Udedibie, A. B. I.; Esonu, B. O.; lwuoha, M. C.; Unachukwu,
C. N. Two-stage cooking as a method for improving the
nutritive value of the jackbean (C. ensiformis) for broiler
chicks. Niger. J. Anim. Prod. 1996, in press.

VanEtten, C. N.; Miller, R. W.; Wolff, I. A. Amino composition
of seeds from 200 angiospermous plant species. J. Agric.
Food Chem. 1963, 11, 399—409.

Received for review June 4, 1997. Accepted August 18, 1997.®
We are very grateful to CNPQ (Conselho Nacional de Desen-
volvimento Cientifico e Technologico, Brasilia, Brasil) and
FINEP (Financiadora de Estudo e Projeto, Rio de Janeiro,
Brazil) for financial support of this work and for CNPQ
sponsorship of 1 year sabbatical leave for A.B.1.U. in Brazil.
The financial support of the International Foundation for
Science (IFS), Stockholm, Sweden, during our many years of
research on Canavalia is also highly appreciated.

JF970466+

® Abstract published in Advance ACS Abstracts, Oc-
tober 15, 1997.



