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Abstract

The present study was undertaken to analyze the effect of various processing methods. Raw, Boiled, Toasted, Soaked and

Fermented methods were applied on Canavalia ensiformis Jack bean seed meals to determine their nutritional compositions.
The applied methods were found to improve the protein content (30%-36.60%), lipid (5.85%-9.23%), fiber (3.25%-6.35%),
ash (3.5%-5.32%), Nitrogen-free extract (38.79%-46.21%). There was an increase in the mineral composition with processing
methods; potassium, calcium and sodium were the most abundant macro minerals in Canavalia seed meal. There was also
an increase in the essential amino acids of the processed minerals. Methionine content was increased due to fermentation
(2.12 g/100 g) as compared to the raw (0.81 g/100 g). Vitamins A (1425.32-6124.56 1U/100 g), B1 (0.15-0.32 mg/100 g), B3
(0.06-0.21 mg/100 g), B6 (0.03-0.19 mg/100 g), C (7.54-25.65 mg/100 g) and D (0.36-0.53 mg/100 g). There was a reduction
in vitamins content from boiled and toasted methods. Fatty acids: Capric (0.002-0.0035 g/100 g), Lauric (0.003-0.004 g/100
g), Myristic (0.004-0.006 g/100 g), Palmitic (0.015-0.023 g/100 g), Stearic (0.013-0.019 g/100 g), Oleic (0.016-0.021 g/100
g), linoleic (0.024-0.039 g/100 g) and Arachidic (0.003-0.006 g/100 g). The toasted and fermented method gave the best-
processed methods. Knowledge gathering and exploration of nutritionally balanced unconventional legumes would enhance

food and nutritional security.
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Introduction

Legumes have been recognized to be the second most valuable
plant source for human, animal nutrition and the third largest family
among flowering plants, consisting of approximately 650 genera and
20000 species [1,2]. Kalidass and Mohan [3] reported that legume
seeds are important sources of nutrients and can serve as high-quality
dietary protein to meet the nutrient requirements of fishes [4,5]. These
seeds have an average of twice protein content as in cereals and the
nutritive values of the proteins in legumes are usually higher [6]. The
unconventional legumes have tremendous potential for commercial
exploitation but remain ignored, form a good scope in this context [7].
Switching by most of the world's population to a protein-rich vegetarian-
based diet from animal-based protein has created unwarranted scarcity
to plant protein resources. In this regard, legumes have been highlighted
as an effective substitute for animal protein [8]. Considering the above,
it becomes imperative for nutritionists to search for cheap, reliable, and
safe plant-based resources to accomplish the demand for protein-rich
feed.

Jack bean of the genus Canavalia comprises forty-eight species of
these underutilized legumes. They are indigenous to tropical regions
where they are widely distributed [9]. They are rarely eaten by humans
and yield about 2.5 tons ha™ when grown under optimal agronomic
conditions [10]. The present study has been designed to explore the effect
of various processing methods on the nutritional values of Canavalia
ensiformis seeds meal.

Materials and Methods
Seeds collection and identification

Matured Canavalia ensiformis seeds were collected from Girei and
surroundings. They were identified by plant Taxonomist in Forestry and
Wildlife Department of Modibbo Adama University of Technology, Yola
(MAUTECH) Adamawa State. Adamawa State is located on latitude
9.14'N, longitude 12.38°E and altitude of 185.9 m [11].

Preparation of the legume seeds and processing

Canavalia ensiformis seeds were cracked open manually to remove
the coats. The seeds were clean of dirt by hand picking and winnowed.
The processing was done according to Doss et al. [12].

1. Raw seeds were milled and tag raw seed meal (RSM)

2. Raw seeds were soaked in tap water to the ratio of 1:3 for 72 hours,
oven dried at 50°C to constant weight then milled and tag soaked
seed meal (SSM)

3. Raw seeds were boiled for 30 minutes, oven dried at 50°C to
constant weight then milled and tag boiled seed meal (BSM)

4. Raw seeds were toasted at 70°C using electric hot plate until seeds
turn brown in color then milled and tag Toasted Seed Meal (TSM)

5. Raw seeds were moistened with water, kept in a container with
the cover in a dark place to ferment for 72 hours under laboratory
condition, oven dried at 50°C then milled and tag Fermented Seed
Meal (FSM)

Laboratory analysis

The samples were packaged and send to Animal Nutrition laboratory,
Adamawa State University Mubi for the analysis. Proximate, Minerals,
Essential amino acids, vitamins, and fatty acids were determined using
standard methods of AOAC [13].
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Statistical analysis

Data collected were recorded as a Mean + standard deviation,
Subjected to one- way ANOVA.

Results

Table 1 shows Proximate and mineral compositions of the raw and
processed seeds of C. ensiformis. The processed seeds had the highest
values of protein, crude lipid, and ash while the raw seeds had the
highest Nitrogen-free extract (carbohydrate) 46.21%.

Cal. Gross energy as 5.64, 9.44 and 4.11 Kcal/g for Protein, lipid,
and Nitrogen free extract respectively.

Table 2 shows the essential amino acids which are affected by
processing methods. Fermentation method significantly increased the
essential amino acids compositions when compared with the raw.

Table 3 shows that processing methods (soaked and fermented)
increase the vitamins compositions of C. ensiformis seed meal when
compared with the raw seed.

Table 4 shows a decreased in the fatty acids compositions in toasted,
soaked and fermented methods when compared to the control (raw),
while boiled method had the highest compositions.

Discussion

The crude protein content of raw Canavalia ensiformis seeds
reported in this study was found to be higher when compared to an
earlier report of Doss et al. [12] on Canavalia ensiformis [14]. However,
a significantly higher protein content of processed C. ensiformis seed
meal were recorded in this study and agree with the results of Okomoda
et al. [9] for C. ensiformis, [15] red kidney bean, but disagreed with
Emenike HI, et al [16] who fed jack bean to grower pigs and reported
decreased in protein content of different processed seed meals as a result
of some nitrogenous substances in the raw beans been solubilized and
removed. Rajeev and Karim [17] reported that protein content varied
for C. gladiata, but agreed with the result of this work. Alagbaoso et
al. [18] reported a higher value for raw Canavalia plagiosperm when
compared to this study. The lipid content of C. ensiformis from this

Raw Boiled Toasted Soaked Fermented
Protein % 30.32 £ 0.0¢ 32.42+0.01° 35.23 £0.012 36.60 + 0.00° 34.73£0.01°
Lipid % 8.25+0.00° 8.16 £ 0.01° 5.85 + 0.00° 8.73+£0.01° 9.23 £ 0.01°
Fibre % 4.21+£0.01° 3.57+0.01° 6.35 + 0.00° 4.23+£0.01° 3.25+0.01°
Ash % 3.50 £ 0.00° 3.85+0.00° 5.32+0.012 3.75+0.00° 3.60 £ 0.00°
Nitrogen free extract % 46.21 + 0.04° 44.4 + 0.04° 40.40 £ 0.01° 38.79 £ 0.02° 41.68 + 0.02¢
Dry Matter % 92.49° 92.4° 93.15° 92.1° 92.49°
Calculated Gross Energy (Kcal/g) 431.32 434.612 412.642 439.782 445.892
Ca(g/100 g) 0.312+0.012 0.265 + 0.01° 0.385+ 0.01° 0.304 + 0.012 0.415 + 0.022
Fe (g/100 g) 0.008 + 0.01° 0.009 + 0.00° 0.011 +£0.01° 0.010 £ 0.012 0.011+0.012
Mg(g/100 g) 0.128 + 0.01¢ 0.154 + 0.01° 0.182 + 0.01° 0.132 + 0.02¢ 0.155 + 0.00°
Na(g/100 g) 0.284 + 0.01° 0.266 + 0.01° 0.311+£0.01° 0.298 + 0.01° 0.336 + 0.012
K (9/100 g) 1.394 + 0.022 0.986 + 0.01° 1.724 £ 0.012 1.452 +0.01° 1.694 + 0.022
P (9/100 g) 0.185 + 0.01° 0.196 + 0.02° 0.253 + 0.01° 0.192 + 0.01° 0.226 + 0.00?
Mean + Std on the same row with different superscripts are significantly different (P<0.05)
Table 1: Effect of processing methods on proximate and mineral compositions of Canavalia ensiformis seed meals.
Raw Boiled Toasted Soaked Fermented
Arginine 3.81+0.01° 4.01+0.01° 5.32+0.012 3.83+0.01° 5.72+0.012
Histidine 1.76 £ 0.01° 1.92 £ 0.02° 2.23+0.012 1.85+0.01° 3.09 £0.012
Isoleucine 2.94 £0.01° 3.11+£0.012 2.76 £ 0.01° 2.87 £0.01° 3.05 £+ 0.002
Leucine 6.53 £ 0.01° 7.62 £ 0.02° 8.36 £ 0.01° 6.78 £ 0.01° 9.01 £0.012
Lysine 3.23+0.01° 3.41+0.01° 3.64 £ 0.01° 3.26 £ 0.01° 4.73+0.01°
Methionine 0.81 £ 0.01° 0.91 £ 0.01° 0.88 £ 0.01° 0.82 +0.01° 2.12+0.012
Phenylalanine 3.76 £ 0.01° 4.02 +0.02° 9.34 £0.012 3.84 £ 0.01° 10.23 £ 0.0°
Threonine 1.91+£0.01° 1.21 + 1.40° 2.11+0.01° 1.96 + 0.01° 3.43+0.012
Tryptophan 2.89 +£0.01¢ 3.01+0.01° 4.02+0.01° 2.97 £ 0.01¢ 5.01 +£0.012
Valine 3.98 + 0.00¢ 4.11+£0.01° 5.32+0.01° 3.98 £ 0.01¢ 6.08 £ 0.01°
Mean + Std on the same row with different superscripts are significantly different (P<0.05)
Table 2: Effect of processing methods on essential amino acid compositions of Canavalia ensiformis seed (g/16N dry weight basis).
Raw Boiled Toasted Soaked Fermented
A (1U/100 g) 5243.54 +0.02° 3751.26 £ 0.01° 1425.32 + 0.0¢ 5743.65 + 0.02° 6124.56 + 0.01°
B1(mg/100 g) 0.26 + 0.01° 0.22 £ 0.00° 0.15+0.01° 0.27 £ 0.01° 0.32+0.012
B3 (mg/100 g) 0.17 £0.01° 0.14 £ 0.01¢ 0.06 + 0.00° 0.19 £0.01° 0.21 £+ 0.002
B6 (mg/100 g) 0.14 £ 0.00° 0.08 + 0.00¢ 0.03 £0.01¢ 0.16 + 0.00° 0.19 £ 0.01°
C (mg/100 g) 18.36 £ 0.01° 15.35+0.01¢ 7.54 £0.02° 20.42 £ 0.01° 25.65 + 0.00°
D (mg/100 g) 0.36 + 0.01¢ 0.39 £0.01° 0.45+0.01° 0.36 +£ 0.01¢ 0.53 £0.01°
Mean + Std on the same row with different superscripts are significantly different (P<0.05)

Table 3: Effect of processing methods on vitamin compositions of Canavalia ensiformis seed meals.
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Raw Boiled

Toasted Soaked Fermented

C10:0 (Capric) 0.0030 + 0.01° 0.0035 +0.01=

0.0020 + 0.00° 0.0030 +0.01° 0.0020 + 0.01°

C12:0 (Lauric) 0.0040 + 0.01° 0.0050 + 0.012

0.0036 + 0.01° 0.0040 + 0.01° 0.0030 + 0.01¢

C14:0 (Myristic) 0.0050 + 2.10° 0.0060 + 0.012

0.0040 +£0.01° 0.0060t + 0.012 0.0050 +0.01°

C16:0 (Palmitic) 0.022 +0.01° 0.023 £ 0.012 0.015+0.01¢ 0.022 +0.01° 0.017 + 0.00°
C18:0 (Stearic) 0.018 +0.01° 0.019 £ 0.02° 0.013 £ 0.02¢ 0.018 +0.01° 0.015+0.01°
C18:1 (Oleic) 0.020 £ 0.01° 0.021 £ 0.012 0.016 £ 0.01¢ 0.020 £ 0.01° 0.017 £ 0.01°
C18:2 (Linoleic) 0.038 £ 0.012 0.038 £ 0.012 0.024 + 0.01° 0.039 + 0.01° 0.027 £ 0.01°

C20:0 (Arachidic) 0.0060 + 0.012 0.0060 + 0.01°

0.0030 + 0.01¢ 0.0050 + 0.01° 0.0040 + 0.01°

Mean + Std on the same row with different superscripts are significantly different (P<0.05)

Table 4: Effect of processing methods on fatty acids compositions of Canavalia ensiformis seed (g/100 g dry weight basis).

study was not in correspondence to that of Tiamiyu LO, et al [19] for
C. ensiformis; [12] for C. ensiformis; [9] for C. ensiformis; [16] for C.
ensiformis; [14] for C. ensiformis; C. cathartic and C. maritime [20], but
agreed with the results of Rajeev and Karim [17] where lipid varied
for C. gladiata, C. ensiformis; C. plagiosperm [18]. The result of this
work equally indicated that the various processing methods have not
exhibited a significant reduction in the proximate composition of C.
ensiformis seeds, which agrees with the results of [12]. Effiong and
Umoren [21] reported that fiber has some physiological effect in the
gastrointestinal tract and low fiber in the diet was undesirable as it may
cause constipation. The fiber content of C. ensiformis seed for raw and
processed in this study falls within the acceptable range of 2.7%-7.9%
as reported by Eke et al. [22]. The decrease in fiber content of raw C.
ensiformis seed meal when compared to processed methods boiled and
fermented enhanced nutrients, vitamins, minerals and improved fiber
digestibility [23,24]. Ash represents the mineral matter left after food
material is burnt in oxygen [25]. The presence of ash in C. ensiformis
indicated that the seed has good mineral content, hence, can serve as a
viable tool for nutrients evaluation [26]. The low value of ash in raw C.
ensiformis may be a result of the effect of antinutrients on the mineral
contents of the sample. Alonso et al. and Anigo et al. [27,28] reported
that anti-nutrients could interfere with the bioavailability of minerals.
Since anti-nutrients are heat liable, processing could have reduced the
levels of the anti-nutrients, thereby improving the bioavailability of
the minerals as seen in the resultant increase in the ash content and
agreed with the work of Audu SS, et al [15]. The Nitrogen-Free Extract
(NFE) of the raw C. ensiformis seed meal and that of the processed had
a significant difference. The processed had a significant effect on the
NEFL content and in agreement with the report of [18]. The NFE content
of raw Canavalia ensiformis was lower than that of most legumes like
Bambara groundnut (65%), broad bean (56.9%), chicken peas (60.9%)
and higher than soya beans (32%), groundnut (21.0%) as reported by
Okaka [29]. Carbohydrate (NFE) provides energy to the cells in the
body, particularly the brain, it is necessary for the maintenance of the
plasma level; it spares the body protein from being easily digested and
helps to prevent using up. The fairly high carbohydrate content found
in Canavalia ensiformis suggested its caloric value [25]. A decrease in
nitrogen-free extracts observed after fermentation was in line with
Odetokun SM, Abang FB and Bough SH [23,24,30]. Carbohydrates
including cellulose, pepsin, lignocellulose, and starch are broken down
by fermentative micro-organisms thereby reducing the fiber content of
such food [31]. The dry matter ranged was in agreement with the result
of [19] but differ with that of Doss et al. [12]. The result agreed with the
values for scarlet runner bean [32] and Bambara nut [33]. The moisture
content of any food is an index of its water activity and is used as a
measure of stability and susceptibility to microbial contamination [34],

indicating that raw and processed seeds of Canavalia ensiformis can be
processed to flour and kept for some time without microbial spoilage
and deterioration in quality [18].

The processed method (boiled) in this study had a higher reducing
effect on calcium. Minerals are not destroyed by exposure to heat [35].
The reduction, in this case, maybe as a result of leaching of minerals
into boiling water. This study revealed that seeds of C. ensiformis are
rich in mineral elements including Calcium, Phosphorus, Potassium,
Magnesium, and Iron. These minerals are necessary for cell formation,
transmission of nerve impulse, fluid balance and bone formation
[36,37]. Processing reduced the vitamin content of C. ensiformis seed
and this agrees with the report of Asogwa and Onweluzo [38]. Vitamins
are lost during processing because of their sensitivity to oxidation and
leaching into water [39]. Potassium had the highest value, followed
by calcium, this agrees with the result of [40]. It then implies that C.
ensiformis seed meal could serve as a good source of Potassium and
Calcium respectively. The balance of ions in the animal tissues is
important for cellular fluid, in order to maintain normal osmotic
activity [41].

The essential amino acids were not affected by the processing
methods in this study, which is in total disagreement with the work
of [9,19] that all the essential amino acids reduced significantly with
increasing time of hydrothermal processing. Generally, the reduction
in the essential amino acids is likely due to denaturation of the amino
acids as boiling time increased. Cereal grain-based diets for fish have
been reported to be deficient in lysine, leading to growth reduction
[42,43]. The relatively high concentration of lysine in C. ensiformis
seed makes it a potential supplement in cereal-based diets. One of the
most important factors that limit large inclusions of conventional and
unconventional feedstuffs in the diet of fish is the leucine/isoleucine
ratio [44]. The leucine and isoleucine for hydrothermally processed
C. ensiformis observed were higher in value but similar in ratio to
reported values of fishmeal [45] and in Agama agama meal [46]. Values
of sulphur-containing amino acids such as Methionine and Cystine
observed for C. ensiformis in this study are relatively lower when
compared to the work of [9,19].

Fatty acids act as double-edged swords due to their role as major
energy source, structural components of cell membranes, precursors
for bioactive molecules, regulators of enzyme activities and gene
expression on the positive side; ischaemic/reperfusion injury and heart
failures on the negative side via the imbalance in their homeostasis
as reported by Sathya and Siddhuraju [47]. The result of fatty acid
profiles of C. ensiformis in this study agrees with Bhat and Karim [48]
and Siddhuraju and Becker [49] who reported that the unsaturated
fatty acid contents in some of the Canavalia spp. (C. ensiformis,
C. gladiata, C. cathartic) are much higher (70%-78%) than in other
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common legumes like a broad bean (63.8%) and chicken pea (67.1%).
Gupta et al. and Mohan and Janardhanan [50,51] reported that the seed
flour of some Canavalia spp. (C. gladiator, C. ensiformis) possesses
ample amounts of essential fatty acids like linoleic and linolenic acids,
comparable to soybeans. In fact, C. gladiata has been recommended
to be considered as a potential oilseed due to its rich content of PUFAs
[50,52].

Conclusion

The results of this study revealed that C. ensiformis seeds have a
good nutritional profile with a high level of protein, lipid, and other
nutrients. Among the various common processing methods employed,
toasted and fermented methods were found to improve the nutrient
contents of the seeds meal.
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