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The nutritive and toxicological values of the dry seeds, germinated seeds, and string beans of Erythrina
americana were studied using raw and boiled samples. Raw germinated seeds had a higher protein
content and lower fiber content than dry seeds. The whole string bean had lower protein content and
higher fiber content. However, the seeds of the green pod showed the same protein concentration
as the dry seeds (dry basis). Boiling and elimination of broth was beneficial in diminishing the alkaloid
concentration in all the samples. The trypsin inhibitors, lectins, and tannins were also diminished as
was expected. The raw string bean showed the lowest LD50. Although the total essential amino acids
content of the boiled germinated seeds was increased, the quality of protein, protein efficiency ratio
(PER), was lower than in boiled dry seeds, and in these, the PER was similar to the control (casein).
The present results suggest that for the protein quality and low alkaloid content, the boiled dry seeds
and string beans could be used for animal feeding. It could be interesting to test the raw string beans
in ruminants since in this stage E. americana showed the lowest toxicity.
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INTRODUCTION

The search for new food sources has been one of man’s
objectives for his entire history. Plants have played a more
important role in human feeding in developing countries.
Although so many plant species exist, relatively few are used
as food for man due to the presence of toxins or antinutritional
factors (ANFs) in many species (1-3).

Legume seeds are the main protein source in developing
countries; therefore, it is important to increase the number of
edible legumes for humans or for animals by eliminating the
toxic factors in them. At present, technological and biotechno-
logical techniques can be used to destroy or eliminate the
harmful components of naturally inedible food, thereby increas-
ing the food supply (4-6).

The Mexican wild flora have been studied to evaluate the
nutritional value of edible and nonedible plants (7-9).

From the 115 known species ofErythrina, 27 species have
been located in Mexico (10), and in most of them the studies
have been concentrated mainly on the content of alkaloids (11-
13).

Erythrina americanais a tree used as an ornament in gardens
because of its beautiful red flowers, and in some parts of Mexico
the flowers are cooked and eaten after elimination of the broth,

to eliminate most of the dissolved alkaloids during cooking.
The high alkaloid content in seeds impedes its consumption by
humans and animals.

In previous work, the nutritive value was studied in whole
and detoxified seeds (14) and the protein and nonprotein nitrogen
concentrations at different stages of development of this legume
were also studied (15).

The purpose of this work was to determine the nutritive and
toxicological evaluation of the dry seeds, germinated seeds, and
string beans ofE. americanain both raw and boiled samples
with elimination of the broth, and to determine if this treatment
reduces the toxic effects. If this was the case, this legume could
be used for animal feeding.

MATERIAL AND METHODS

The dry seeds and string beans ofE. americanawere collected from
a selected tree from the campus of the university.

The procedural diagram is shown inFigure 1.
The study was divided in three parts:
One part of the dry seeds was cleaned and milled in a Willey Thomas

mill with a 1 mm sieve. Another part of the seeds was boiled in water
(1:5 w/v) for 2 h, and after that the broth was removed. The seeds
were rinsed with tap water, dried in an oven at 70-75 °C, and milled.

The other part of the dry seeds was used for germination. The testa
of seeds was scratched with a steel knife and soaked for 30 min in a
1% sodium hypochlorite solution. After that, the seeds were rinsed
several times with distilled water. After the clean seeds were soaked
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in tap water for 6 h, the seeds were placed in trays lined with filter
paper and a layer of wet cotton. The trays were maintained in the dark
at room temperature (25°C) to allow the seeds to sprout.

The germinated seeds were divided in two subparts: One part of
the germinated seeds were freeze-dried and milled for the analytical
study of nutrients, antinutritional factors, and alkaloids. The other part
was boiled in water (1:5 w/v) for 30 min; the broth was eliminated,
and the boiled germinated seeds were rinsed with tap water, drained,
and dried in an oven at 70-75 °C, and milled.

String bean. The green pods were harvested 6-8 weeks after
blooming. The pods were 10 to 20 cm in length, and each of them
contained 2-10 uncolored seeds. One part of the whole pods (pod with
seeds) was studied intact, and in another lot of string beans, the pod
was removed and only the seeds were studied. One part of each raw
sample was freeze-dried and the other part was boiled in water (1:5
w/v) for 2 h. This time was chosen to do the same traditional treatment
used to cook common beans. After cooking, the material was drained
and rinsed with tap water and dried in an oven and milled.

Chemical analysis and biological studies were done on the raw and
cooked samples of dry seeds, germinated seeds, and string beans (whole
pod and seeds without pod).

Chemical Analyses.The proximate analysis was done according
to the AOAC techniques (16).

Amino acid determination was done after acid hydrolysis (17-18),
using a Waters HPLC equipment: Pico Tag station, automated gradient
controller Mod. 680, HPLC pumps Mod.510, tunable absorbance
detector Mod.486, data module Mod.745, and temperature control unit
Mod. III.

Tryptophan was measured by a colorimetric method (19) after
alkaline hydrolysis (20). The chemical score of the protein was
calculated with the essential amino acids data (21).

Antinutritional factors were done in the freeze-dried and boiled
material. Trypsin inhibitors were measured according to Kakade method
(22), and lectins were measured by the Jaffe technique (23). Total tannin
content was also measured (24). Total alkaloids were measured in the
raw and boiled samples according to the USP Pharmacopeia, and
reported as erythroidine, which is the alkaloid that is in higher
concentration (25).

Biological Tests.Protein quality.The protein efficiency ratio (PER)
determination and digestibility were performed (21). Isocaloric and
isoproteic (10%) diets were prepared.Table 1 shows the composition
of experimental diets. The composition of the Roger-Harper mineral
mix and vitamin mix was obtained from ICN Pharmaceuitcal, Cleve-
land, OH. Roger Harper mix (%): ammonium molybdate 0.003, calcium
carbonate 29.290, calcium phoshate‚dibasic 0.430, cupric sulfate 0.156,
ferric citrate (16-17% Fe) 0.623, magnesium sulfate 9.980, manganese
sulfate 0.121, potassium iodide 0.0005, potassium phosphate 34.310,
sodium chloride 25.060, sodium selenite 0.002, and zinc chloride 0.020.
Vitamin mix (g/Kg): vitamin A acetate (500 000 IU/g) 1.8, vitamin
D2 (850 000 IU/g) 0.125,DL-R-tocopherol acetate 22.0, ascorbic acid
45.0, inositol 5.0, and choline chloride 75.0, in dextrose Q.S. 1 Kg.

The tests were performed using weanling Sprague Dawley male rats
21-23 days old, weight average 40-60 g. The PER determination
lasted 21 days. Both food and water were available ad libitum. Food
consumption and weight of each of the rats were recorded twice a week
throughout the 21 days of the experiment. For digestibility measure-

Figure 1. Diagram of the study of the chemical composition and biological tests of the dry seed, germinated seed, and string bean of E. americana.
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ments, feces were collected from the 12th to the 21st day of the
experiment (10 days) for nitrogen determination.

Acute toxicity test (26): 135 CFW female mice 5-6 weeks old,
weight average 20-25 g were used. The animals were distributed in
three lots of five doses each for the preliminary tests and for the final
test of acute toxicity. The temperature of the animal house was 23(
1 °C, relative humidity of 45-55%, 18 air changes per hour and periods
of 12 h light/dark.

Statistical Analysis. Data on the composition of the samples are
presented as mean values of three replicates with a maximum coefficient
of variation (CV) of 5%. Biological studies were tested statistically by
the one-way analysis of variance (ANOVA), and multiple range analysis
(Duncan) using a PC software package (Statsgraphics V.5/1991). The

Table 1. Composition of Experimental Diets with Dry Seed, Germinated Seed, and String Bean of E. americanaa

diet composition (g/100 g of total diet)

string bean

dry seed germinated seed whole pod seed

ingredients control R B R B R B R B

casein (89.19% protein) 11.11
protein source 39.24 24.29 25.42 26.08 48.08 46.77 33.09 32.76
sucrose 22.00 18.33 19.90 18.90 18.86 15.76 17.20 18.44 19.35
glucoseb 19.00 15.84 17.20 16.34 16.30 13.61 14.86 15.93 16.71
dextrinb 25.00 20.84 22.64 21.50 21.44 17.91 19.55 20.96 21.99
lard 8.00 4.91 6.02 5.80 5.78 6.40 5.50 5.49 4.71
corn oil 6.00 3.68 4.51 4.39 4.34 4.80 4.12 4.12 3.54
Roger-Harper mineral mixc 4.00 2.24 0.05 2.82 3.00 0.91 2.16 2.67 3.10
vitamin mixc 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
fiber cellulose typeb 2.89 3.39 2.77 2.20

a N × 6.25 g of protein/100 g of total diet. Each diet was calculated to contain 10% protein and 422 kcal/100 g of diet. b Sigma, St. Louis Mo. c ICN Pharmaceutical,
Cleveland, OH. R ) raw sample; B ) boiled sample.

Table 2. Proximal Analysis of the Dry Seed, Germinated Seed, and String Bean (Whole Pod and Seed without Pod) Raw and Cooked (g/100 g of
Dry Basis Sample)a

dry basis

sample moisture protein lipid fiber ash carbohydratesb

dry seed
raw 9.22 ± 0.07 30.34 ± 0.88b 16.40 ± 0.47a 14.62 ± 0.29a 5.35 ±0.23a 33.29
boiled 56.60 ± 1.67 41.43 ± 1.36a 14.56 ±0.54a 14.64 ±0.30a 4.02 ±0.04b 24.95

germinated seed
raw 73.41 ± 2.86 40.01 ± 0.35a 14.96 ± 0.36a 3.33 ± 0.18a 4.73 ± 0.39a 36.97
boiled 80.53 ± 2.73 39.49 ± 0.91a 15.34 ± 0.48a 4.10 ± 0.16a 3.97 ± 0.22b 37.10

string bean
raw whole pod 85.09 ± 4.26 24.38 ± 1.01a 6.11 ± 0.27a 26.14 ± 1.04b 6.64 ± 0.09a 36.73
boiled whole pod 86.27 ± 2.56 23.12 ± 1.01a 6.64 ± 0.38a 31.80 ± 2.15a 4.27 ± 0.37b 34.17
raw seed 83.55 ± 3.22 30.04 ± 0.64a 13.77 ± 0.29b 17.07 ± 1.43b 4.21 ± 0.10a 34.91
boiled seed 84.40 ± 1.92 32.44 ± 0.82a 16.09 ± 0.60a 23.25 ± 0.57a 3.00 ± 0.19b 25.22

a Mean of triplicate sample ± SD; CV < 5%. Values of raw vs boiled samples with different superscripts are significantly different (p e 0.05). b Obtained by difference.

Table 3. Trypsin Inhibitors, Lectins, and Tannins Content in Raw and Cooked Dry Bean, Pods, and Germinated Seeds (dry basis)a

sample
trypsin inhibitors

(TUI/mg sample)b
hemagglutinating

activity (titer)c
tannins

g/100 g sample

dry bean
raw 85.18 ± 2.42a 5 0.14 ± 0.001d

boiled 4.75 ± 0.24c 2 0.06 ± 0.001e

germinated seed
raw 1.18 ± 0.08c 3 0.03 ± 0.005f

boiled ND 1 0.02 ± 0.001f

string bean
raw whole pod 28.67 ± 0.82b 5 0.17 ± 0.01c

boiled whole pod 1.77 ± 0.18cd 3 0.14 ± 0.01d

raw seed 88.43 ± 6.85a 6 0.37± 0.01a

boiled seed 1.90 ± 0.16cd 3 0.23 ± 0.01b

a Mean of triplicate samples ± SD; CV < 10%. Values in each column with different superscripts are significantly different (p e 0.05). b Trypsin unit inhibited. One trypsin
unit ) 0.01 absorbency units at 410 nm. c Titer ) maximum dilution where agglutination was observed. ND ) not detected.

Table 4. Total Alkaloid Content in Dry Seed, Germinated Seed and
String Bean of E. americana Raw and Boiled (g/100 g of Dry
Sample)a,b and LD50 in the raw samples

sample raw boiled LD50 (mg/kg b.w.)c

dry seed 1.056 ± 0.028a 0.500 ± 0.014d 12000
germinated seed 1.098 ± 0.022a 0.313 ± 0.013e 28000
string bean whole pod 0.670 ± 0.039c 0.301 ± 0.023e 78000
seed without pod 0.769 ± 0.054b 0.214 ± 0.015f NM

a Mean of triplicate samples ± SD; CV < 5%. Values with different superscripts
are significantly different (p e 0.05). b g of erythroidine/100 g of sample. c The
test was done orally, n ) 9 per doses. NM ) not measured.
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LD50 was statistically analyzed according to the method of Lichfield
and Wilcoxon (26). A p value e 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

Chemical Composition.The proximate composition of the
samples is shown inTable 2. The string beans showed the
highest moisture content. The highest protein concentration in
the raw samples (dry basis) was found in germinated seeds and
the lowest in the string beans; these samples had the highest
fiber concentration. Boiling increased the protein concentration
in the dry seed. The explanation of these results is that part of
the minerals (ash) and sugars were probably dissolved in the
broth.

Germination decreased the three ANFs studied (Table 3).
The most remarkable results were found in the trypsin inhibitors.
Similar results had been reported in other work (8, 27). String
bean seeds and dry seeds showed the same ANFs profile, and
boiling decreased the ANFs as was expected. Germination did
not decrease the alkaloid content (Table 4). It has been reported
by other authors that in lupins the alkaloids increased during
germination (28). Although the alkaloid content in the dry seed
was similar to that in the germinated seed, the toxicity (LD50)
was higher in the dry seed. The explanation of these findings
is that probably the alkaloids found in the germinated seeds
are different and less toxic than those in the dry seeds. In all
samples, boiling and removing the broth decreased the alkaloid
content. Since the whole string bean in its raw form had a very
low toxic effect, it could be tested in future studies for ruminant
animal feeding.

Table 5 shows the content of essential amino acids in the
raw and boiled samples. It is important to mention the significant
content of tryptophan. Sulfur amino acids were in low concen-
tration as in most of the legumes.

Table 6 shows the PER values of the boiled dry seeds,
germinated seeds, and string beans. All the rats fed with the
raw samples lost weight and died during the second and third
week of the experiment. The boiled dry seed had the highest
PER value similar to the control, followed by the germinated
seed and the seed of the string pod. The whole string bean had
the lowest PER. The boiled dry seed had the same PER value
obtained in previous study in the detoxified dry seed by
methanol extraction (14).

These results mean that significant amounts of alkaloids were
eliminated in the broth and the remainding alkaloids in the boiled
seeds did not affect the growth of the rats. The growing curve
of the rats fed with the three different samples is shown in
Figure 2. It could be concluded that cooking, removing the
broth, and rinsing with tap water were enough to remove the
most of the alkaloids, obtaining a detoxified dry seed that mixed
with cereals might increase the protein quality as well as
decrease the alkaloid content and could be tested in other
monogastric animals like fowls. The present results suggest that
the beneficial effect of heat treatment used in this study was

Table 5. Essential Amino Acid (EAA) Content in the Raw (R) and Boiled (B) Dry Seed, Germinated Seed, and String Bean of E. americana (g of
amino acid/16 g of N)a

string bean

dry seed germinated seed whole pod seed

amino acid R B R B R B R B FAO/WHO pattern (1973)

Met 1.75 1.70 1.87 1.70 1.15 0.75 1.45 1.44 3.5
Cys 1.00 0.90 0.47 0.50 0.45 0.40 0.70 1.00
Phe 2.51 2.50 3.00 3.00 1.97 1.83 2.82 2.31 6.0
Tyr 4.39 4.59 5.67 5.70 3.90 2.54 3.21 3.16
Lys 9.26 9.10 9.15 9.18 8.73 7.70 7.31 7.05 5.5
Ile 3.83 3.43 4.35 4.27 3.27 4.23 5.75 5.68 4.0
Leu 6.55 6.49 7.06 7.10 5.30 6.73 5.91 6.82 7.0
Val 4.05 4.18 4.92 4.75 5.47 5.73 5.43 5.44 5.0
Thr 3.63 3.53 3.40 3.42 3.06 2.17 3.37 3.33 4.0
Trp 1.17 1.27 1.51 1.37 1.31 1.28 1.27 1.07 1.0
total EAA 38.17 37.67 43.40 40.99 34.61 33.36 33.22 37.30
chemical scoreb 78.57 74.29 66.86 66.00 45.71 32.86 61.43 69.71
limiting aa sulfur amino acids in all the samples

a Average of duplicate. b Chemical score ) (g of amino acid in sample/g of amino acid in FAO/WHO pattern) × 100.

Table 6. Protein Efficiency Ratio (PER) and Digestibility of the Cooked
Dry Seeds, Geminated Seeds, and String Bean of E. americanaa

sample PER(exp) PER(corrected) digestibility

dry seed
boiled dry seed 2.83 ± 0.31a 2.34 90.42 ± 0.802b

germinated seed
boiled germinated 2.56 ± 0.25b 2.05 87.19 ± 1.519c

string bean
boiled pod and seed 2.12 ± 0.11c 1.73 86.55 ± 1.068c

boiled seed 2.48 ± 0.18b 2.02 90.49 ± 1.046b

casein (control) 3.06 ± 0.17a 2.50 98.50 ± 0.345a

a Mean ± SD; n ) 6; CV < 10%. Values in each column with different
superscripts are significantly different (p e 0.05).

Figure 2. Growth rate of rats fed with boiled Erythrina diets: dry seed
(9), germinated seed (2), string bean whole pod ([), seed without pod
(]), and casein control (b).
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due to the reduction of the several antinutritional factors, mainly
alkaloids. However, one could also consider the possibility that
the effectiveness of heat treatment was due to the destruction
or elimination of some yet unidentified noxious heat-labile
component of this legume. It is necessary also to do some further
studies using raw string beans mixed with cereals in ruminants
feeding since in this stage it was shown to have the lowest
toxicity of the raw samples.
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