Volume 8 / Issue 3 / 62 / http://dx.doi.org/10.21931/RB/2023.08.03.62 http://www.revistabionatura.com

ARTICLE / INVESTIGACION

Procedure for obtaining flour from Canavalia ensiformis (L) seeds

Rodriguez - Quifiones, Pavel, Aurora Terylene Pérez Martinez?, Dayami Fontes Marrero', Liannis Pérez Gémez?, Marcos Edel Martinez
Montero™, Denisse Margoth Zambrano Mufioz®, Natalys Solis®and Cristébal Ismael Bolafios Velez*

DOI. 10.21931/RB/2023.08.03.62

' Departamento Procesos Agroindustriales. Facultad de Ciencias Agropecuarias. Universidad de Ciego de Avila Maximo Gémez Baez, Cuba.
2Centro de Bioplantas. Universidad de Ciego de Avila Maximo Gémez Baez, Cuba.

3Facultad de Ciencias de la Industria y Produccion. Universidad Tecnica Estatal de Quevedo, Ecuador.

4 Gestor Ambiental. Provincia Santa Elena, Ecuador.

Corresponding author: cubaplantas@gmail.com

Abstract: Legume seeds are rich in protein, making them useful in various biotechnological processes, such as protein
hydrolysates, with different uses based on biological activity. These bioproducts can be used as agricultural biostimulants
due to their ability to improve nutrient absorption and assimilation processes, biotic and abiotic stress tolerance, and
agronomic indicators of crops. Among tropical legumes, Canavalia ensiformis (L.) is a promising crop because of its
adaptability to various soil and climate conditions, high germination rate, and agricultural yield. This study aimed to
establish a technological procedure for producing C. ensiformis seed flour to use as a protein source for agricultural
biostimulant production. The seeds underwent an 84-h imbibition process in running water, and the water absorption index
and percentage of seeds that experienced plasmolysis were determined, with indicators evaluated every 12 h. The seed
coat was removed, and the cotyledons were dried in an oven at 60°C for 24 h, establishing the drying curve and productive
yield. The resulting flour from the 72-h imbibition process was analyzed for particle size, techno-functional and chemical
properties, which were compared to the flour of whole seeds. The study showed that the procedure improved the techno-

functional and chemical properties of the flour and its effectiveness in obtaining flour easily and cost-effectively.
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|
Introduction

The amino acid-based biofertilizers constitute an impor-
tant source of essential elements for plant development, fa-
cilitating their assimilation into plant tissues. The increasin-
gly frequent application of biostimulants in the agricultural
sector improves food safety and nutritional quality’. The use
of raw materials derived mainly from plants is an alternative
for their use as multifunctional materials?.

On the other hand, legumes are an essential source of
proteins, from which value-added products can be obtained,
such as protein hydrolysates or peptides with different biolo-
gical activities®. Among the families of tropical legumes, the
genus Canavalia has 12 species with agricultural potential,
among which Canavalia ensiformis (L.) can be found. This
legume has a high capacity for adaptation to climatic and
edaphic conditions*. C. ensiformis is a tropical legume with
a protein content higher than 26%, belonging to the Faba-
ceae family®.

Hydrating legumes with distilled water reduces the con-
centrations of inhibitors in beans, such as trypsin, tannins,
phytic acid, and saponins®. Reductions of these antinutri-
tional factors have been reported by processing methods,
such as gamma radiation, dehulling, imbibition, sprouting,
boiling, malting, and fermentation’. The water absorption
and retention capacity are techno-functional properties of
dry legumes. These determine the appropriate imbibition ti-
mes of grains and are directly related to the protein content

and protein-water interaction®. Although the benefits of grain
imbibition in water are scientifically recognized, this practice
is not used massively®.

Given the background above, seeking a procedure
according to the existing technological capabilities for ob-
taining C. ensiformis seed flour is necessary, considering
its contribution to proteins, which can be used in biotech-
nological processes to produce agricultural biostimulants.
Therefore, the objective can be to establish a procedure for
creating C. ensiformis seed flour using the imbibition me-
thod for biotechnological processes.

|
Materials and methods

The research was conducted in 2022 at the Plant Phy-
siology Laboratory facilities of the University of Ciego de
Avila Maximo Gomez Baez, Cuba. Seeds of the Canavalia
ensiformis (L.) species were used, which were cultivated at
the Juan Tomas Roig Experimental Station belonging to the
Bioplants Center of the University of Ciego de Avila Maximo
Goémez Baez and collected in December 2021.

Developed technological procedure

The C. ensiformis seeds were subjected to different
evaluations during the successive technological stages of
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the process to determine the viability of the proposed pro-
cedure. This procedure aims to obtain flour for later use as
a protein source in the production of agricultural biostimu-
lants. The evaluated process consists of four technological
stages (Figure 1).

Removal
of the seed coat

Imbibition
of seed

The dry seeds were ground in a manual disc mill, and
the industrial yield, qualitative parameters, techno-functio-
nal properties, and chemical properties of the C. ensiformis
flour were evaluated concerning fresh mass.

=>> Seed drying e==p» Seed crushing

Figure 1. Technological procedure for the production of C. ensiformis seed flour.

To obtain flour from C. ensiformis seeds, the imbibition
method was used, which involved immersing the seeds in
running water. During the seed imbibition process, the water
absorption index concerning time was evaluated at intervals
of 0, 12, 24, 36, 48, 60, 72, and 84 h. The mass-to-volume
ratio was 1:20, with 1 g of fresh seed mass in 20 mL of run-
ning water placed in 500 mL beakers (Figure 1). The new
seed mass was determined using a technical balance (Sar-
torius model BSA 2201, China) with a margin of error of 0.1
g. Five replicates were made, each with 12 seeds.

Figure 2. Imbibition of Canavalia ensiformis seeds in run-
ning water.

Once the imbibition process was completed, the seeds
were dried with an absorbent material (filter paper), and the
dry mass of the seeds was determined. The water absorp-
tion index was calculated using the formula:

Water Absorption Index = fresh mass ot / fresh mass
(t0)

Subsequently, the seed coat was manually removed,
and the percentage of seeds showing plasmolysis was de-
termined. The drying process was carried out in an electric
oven with digital temperature control (Brand Boxun, China)
at 60°C for 24 h, and the drying curve of the C. ensiformis
cotyledons was defined. The moisture loss during the dr-
ying process was evaluated every 2 h. The values taken to
create the drying curve were referred to as the moisture loss
index (A Moisture) using the equation:

A Moisture = {1 - [massa (fresh) - massa (dry) / massa

(dry)I}

Qualitative characterization, techno-functional properties,
and chemistry of C. ensiformis seed flour

To determine the qualitative characteristics of the C.
ensiformis flour (particle size), 100 g were placed in a sie-
ve shaker (Ro-tap-SDILTEST-model CL-313-8, Italy) with a
set of standard sieves and kept under agitation for 15 min.
Finally, the fractions of flour retained on each sieve were
weighed, and the retention percentage was calculated. The
final mean size value was obtained from five replicates. The
resulting flour was analyzed for crude protein content using
the Kjeldahl method'®, soluble proteins determined by the
Bradford method", and total phenols by reaction with the
Folin-Ciocalteu reagent'. Also, the techno-functional pro-
perties, such as water-holding and foam-forming capacity,
were determined as described by Bravo'®. Water holding
capacity values correspond to the grams of water held per
gram of flour. The foam forming capacity was expressed
(mL/mL) as the volume of the foamed layer/total volume.
The evaluated parameters were compared with flour from
seeds without water imbibition treatment (control treatment).

Statistical processing of the data

For statistical analysis of the data, the SPSS softwa-
re was used. Normal distribution was determined using the
Kolmogorov-Smirnov test, homogeneity of variance was
tested using Levene's trial, and the significance of means
was determined using the Student's t-test, one-way ANO-
VA, and Tukey's test with a significance level of P < 0.05.
Percentage data were transformed using the mathematical
equation y' = 2arcsin(vy/100) for statistical analysis.

|
Results

Table 1 shows the relationship between imbibition time
and the absorption index of C. ensiformis seeds. It can be
seen that imbibition time directly affects the absorption in-
dex, as there is an increase in source fresh mass over time.

In the control treatment (O h), there was no gain in seed
mass as there was no water absorption, resulting in an ab-
sorption index of 1.00 at 12 h, indicating a significant increa-
se in seed mass due to water absorption. Between 12 and
24 h, there was a substantial increase in the absorption in-
dex, resulting in statistically significant differences between
their means. After 24 h, there were no significant variations
in the absorption index concerning 36 and 48 h, as well
as between 48, 60, 72, and 84 h, except for the significant
differences between 36 and 60 h. Although there were no
statistically significant differences between 72 and 84 h,
there was a slight decrease in the absorption index at 84 h,
which may have been caused by the presence of seeds that
underwent plasmolysis, the solubility of some substances
present in the seeds, and the onset of natural fermentation.

After the imbibition process and as a preliminary step



Imbibition time (h)

Fresh mass (g)

Procedure for obtaining flour from Canavalia ensiformis (L) seeds

Absorption index

0 20.07+0.34¢ 1.00+0.01¢
12 39.67+0.34¢ 1.98 +0.01¢
24 4].5440.35° 2.08 +0.02°
36 42.13+0.34° 2.11+0.03°
48 43.73+0.34% 2.19 + 0.04%®
60 44.13+0.342 2.21 +0.047
72 44.67+0.35° 2.23 +0.037
84 44.07+0.342 2.21 4 0.028

Average + SE*

Mean values with the same letters are not statistically different (factorial ANOVA, Tukey test,

p = 0.05,n=75). * Standard error (SE).

Table 1. Effect of imbibition time on the absorption index of Canavalia ensiformis seeds.

Imbibition time (h)

Seeds with plasmolysis (%)

0 0+04
12 0+01
24 0+0¢
36 0+01
48 80+23¢
60 21.3+23°
72 78.6+3.1°
84 813+2772

Average + SE

Mean values with the same letters are not statistically different (factorial ANOVA, Tukey test, p =< 0.05,n=735).
Table 2. Percentage of C. ensiformis seeds presenting plasmolysis during the soaking process.

to drying, the seminal envelope of C. ensiformis seeds was
manually removed. The effect of imbibition time on the per-
centage of plasmolysis of the seeds can be seen in Table
2. Plasmolysis facilitates the seed coat removal more easily
and quickly than seeds that do not undergo this process. An
indicator of plasmolysis is that seeds under this condition
float in the liquid medium, and degradation of the seed coat
is observed, indicating the onset of a fermentation process.

Table 2 shows that no seeds presented plasmolysis in
the control treatment and at 12, 24, and 36 h. In the 48-h
treatment, 8% of the seeds gave plasmolysis (Figure 3),
indicating a statistically significant difference in treatments

evaluated with shorter imbibition time. The treatment asses-
sed at 60 h showed 21.3% of seeds with plasmolysis, with
substantial differences compared to 48 h. From 72 h, an
increase in the percentage of seeds with plasmolysis was
observed, reaching a value of 78.7%, indicating a significant
difference concerning 60 h. At 84 h, the rate of sources with
plasmolysis was 81.3%, and no statistically significant diffe-
rence was found concerning 72 h.

Given that the percentage of plasmolysis reaches
78.6% at 72 h and there is no significant difference compa-
red to 84 h, and the absorption rate of the seeds between
48 and 84 h shows no significant differences among their
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Figure 3. Plasmolysis in C. ensiformis seeds, degradation
of seed coat and initiation of a fermentation process.

and foam formation capacity (Table 5) to evaluate its nutri-
tional and functional characteristics.

The study analyzed flour's soluble protein content and
phenol concentration obtained from both non-imbibed and
imbibed seeds. The results showed that the soluble protein
content was significantly higher in the imbibed seed flour
(197.3 mg/g) compared to the non-imbibed seed flour (19.6
mg/g). On the other hand, the phenol concentration was sig-
nificantly lower in the imbibed seed flour (60.2 ug/g) compa-
red to the non-imbibed seed flour (99.0 pg/g).

Regarding techno-functional properties, the water-hol-
ding capacity remained the same for both non-imbibed and
imbibed seed flours, indicating that imbibition and seed coat
removal did not affect the water-holding ability of the flour.
However, the foam formation capacity decreased signifi-
cantly after the imbibition process, which could be attributed
to the changes in the protein structure caused by the imbi-
bition process.

Overall, the results suggest that imbibing seeds can
significantly increase the soluble protein content of the re-
sulting flour without affecting its water-holding ability. Howe-
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means, it can be inferred that the optimal imbibition time is
72 h. Therefore, evaluating the flour's physical, chemical,
and techno-functional properties subjected to the imbibition
process should be based on seeds imbibed for 72 h.

Figure 4 shows the dynamics of water loss from the
dehulled cotyledons of C. ensiformis seeds over time. The
graph indicates a more significant trend in the drying pro-
cess during the first 6 h, as their means differ significantly.
From 14 h, the mass stability begins, with a mean value that
does not differ significantly from the standards at 16 and
18 h, but there is a significant difference between 14 h and
20 h. From 18 h, there are no significant differences in the
mean value compared to the means at 20, 22, and 24 h.
Therefore, it can be concluded that the optimal drying time
is 18 hours.

After undergoing absorption, manual removal of the
seed coat, and drying processes, the cotyledons were
ground using a manual disk mill, and the particle size of the
resulting flour was evaluated. In the control treatment, the
seeds from which the seed coat could not be removed could
not be ground using the manual disk mill. Table 3 presents
the results of the sieving analysis of the flours. The first sie-
ve (#4) showed no retention of flour, as the sieve opening
was more significant than the particle diameter. Sieves #8
and #16 had retention percentages of 3.72 and 9.85 %, res-
pectively. The retention percentages in sieve #30, #60, and
#80 were 20.52, 13.73, and 28.58 %, respectively, while the
final collector retained 23.60 % of the sample. These values
indicate that 86.43 % of the model has a particle size sma-
ller than 1180 ym, demonstrating uniformity in particle size.

After the drying and grinding process, the productivity
yield was 73.7 = 0.1% concerning the initial mass of the
seeds (fresh mass), resulting in losses of 26.2%. These los-
ses can be attributed to the removal of the seed coat and
the soluble microelements that passed into the liquid me-
dium due to the plasmolysis of the seeds. The high inciden-
ce of seeds with plasmolysis may have led to the onset of
spontaneous fermentation due to the presence of microor-
ganisms in the aqueous medium. The resulting product has
a fine texture, bone-white color, and a characteristic odor.

The obtained flour was analyzed for its soluble and
total proteins and phenolic concentration (Table 4) and te-
chno-functional properties related to water-holding capacity
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Figure 4. Dynamics of moisture loss index of C. ensiformis seed cotyledons without seed coat in the time interaction.
Mean values with the same letters are not statistically different (factorial ANOVA, Tukey test, p < 0.05, n = 5).
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# sieve Opening (um) Retention (%)
4 4750 0.00 =0.00
8 2360 3.72+0.28
16 1180 90.85+0.61
30 500 20.52+0.39
60 250 13.73+£0.59
80 180 28.58 =£0.61

colector 0 23.60+049

Table 3. Granulometry of C. ensiformis flour.

No imbibition

Average £ SE

Imbibition time 72 h

Chemical properties | Unit

Total proteins % 273+£0.1° 288+0.1°
Soluble proteins mg/g | 196,6 3,67 1973 +38°7
Total phenols ug/g | 99.0+1.1° 60,2+0,9°?

Average = SE

Mean values with the same letters are not statistically different (Student's t, p <0.05,n=15).
Table 4. Percentage of C. ensiformis seeds presenting plasmolysis during the soaking process.

Properties Unit No imbibition | Imbibition time 72 h
Water-holding capacity g/g 1.20+0.027 1.21+£0.037
Foam-forming capacity mL/mL 1.39+0.01= 1.25+0.01"

Average =+ SE

Mean values with the same letters are not statistically different (Student's t, p <0.05, n=)3).
Table 5. Percentage of C. ensiformis seeds presenting plasmolysis during the soaking process.

ver, it can also lead to a decrease in the foam formation
capacity of the flour.

|
Discussion

According to Megat-Rusydi et al.*, germination and im-
bibition of seeds result in the activation of hydrolytic enzy-
mes, which initiate the breakdown of macromolecules such

as proteins and carbohydrates, directly modifying the tech-
no-functional properties of flours. During imbibition, meta-
bolic processes in seeds start with ATP production and res-
piratory activity, which begin a few minutes after the process
initiates. However, in the process described in this research,
seeds cannot start respiratory activity after absorbing water
in the imbibition process due to being in an aqueous envi-
ronment. This interrupts the germination process initiated in
the 1 h of imbibition and causes plasmolysis in the seeds,
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facilitating the seed coat removal. The beginning of seed
plasmolysis coincides with the stability of water absorption
at around 48 h. According to Vira Putri et al.’®, the multi-
plication of microorganisms is represented by foam on the
water's surface during the imbibition phase of C. ensiformis
seeds. This effect can be observed in this research. This is
because it has been discovered that imbibed legumes con-
tain lactic acid bacteria and yeast'.

According to Rios et al."”, flour with high particle size
uniformity absorbs water homogeneously and promotes
even cooking, which is beneficial for biotechnological pro-
cesses. These characteristics facilitate greater homogenei-
ty in protein extraction, making it possible to optimize ope-
rations such as enzymatic protein hydrolysis.

The flour of C. ensiformis has a different particle size
than the flour evaluated by Dussan-Sarria et al.'®, who stu-
died this characteristic in chontaduro and quinoa flours.
Compared to chontaduro flour, C. ensiformis flour has sma-
ller particle diameters, is more homogeneous, and does not
form lumps. Compared with quinoa flour, it has a larger par-
ticle size and less homogeneity in its composition. Howe-
ver, the percentage of particles smaller than 250 pm in both
flours was similar, with 52.18% in C. ensiformis flour and
50% in quinoa flour.

El-Suhaibani et al."® suggested that imbibition can in-
crease the availability of amino acids in certain foods by
breaking down antinutrients such as phytic acid and tan-
nins. This is supported by Vira Putri et al.®, who observed
a significant increase in certain hydrophobic amino acids in
seeds. Depending on the processing method used, these
biochemical changes can impact the techno-functional pro-
perties of resulting flours. The highest levels of foaming ca-
pacity and essential amino acids in C. ensiformis flour were
observed after 72 h of germination'. This increase can be
attributed to more excellent protein solubility, given the in-
creased levels of free amino acids?. While the cited authors
suggest that the germination process increases the foaming
capacity of flours, the process described in this research
shows that this techno-functional property decreases during
the 72-h imbibition process.

According to studies by Vira Putri et al."®, C. ensiformis
seeds after 24 h of soaking have a protein content of 30%,
indicating a small reduction in concentration compared to
soaking for 12 h, while hulled seeds contained 32%. Ac-
cording to a study by Kanetro et al.!, the protein content of
jack beans increased after 36 and 48 h of imbibition. The
authors' findings are consistent with the data from this re-
search, which showed protein percentages of 27.3% for
whole seeds and 28.8% for seeds imbibed for 72 h and
subsequently dehulled. Other authors reported a significant
decrease in the protein content of C. ensiformis after imbi-
bition, which could be attributed to the release of ammonia
from amino acid deamination during leaching?.

Regarding ash content, it was demonstrated that its per-
centage decreased as imbibition time was prolonged. The
process of boiling, imbibing in water, and dehulling could
cause a 41% loss of ash that can remain in the grain husk
or leach during processing?. According to Ramli et al.?,
the nutrient and antinutrient compositions of C. ensiformis
subjected to an imbibition pretreatment with 1% NaHCO3
reduced antinutrients such as HCN, phytic acid content, sa-
ponins, tannins, and oxalates. These results are consistent
with the research conducted, where the imbibition process of
seeds in running water decreased the concentration of total
phenols. The technological process described improves the

techno-functional properties of C. ensiformis seed flour by re-
ducing its foaming capacity. This makes the flour obtained in
a subsequent enzymatic hydrolysis process have less foam
formation and, therefore, less protein loss due to this cause.

|
Conclusions

Based on the experimentation and subsequent analy-
sis and evaluation of the data obtained, the viability of the
process can be concluded. The resulting C. ensiformis seed
flour has a fine texture, bone-white color, and a characte-
ristic odor. The evaluated soaking-drying procedure is an
effective and economical way to obtain flour, with a produc-
tive yield of 73.7%. The soaking process improves the te-
chno-functional properties of the flour by maintaining its wa-
ter absorption capacity and decreasing foam capacity. The
described process also enhances the total protein content
and keeps the amount of soluble proteins while reducing
the concentration of phenols. Therefore, the evaluated pro-
cedure is suitable for using this flour in biotechnological pro-
cesses, such as producing enzymatic protein hydrolysates.
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