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Abstract To enable growers and provide consumers with Phaseolus lunatus (L.) seeds of good nutritional quality,
this study was carried out on Phaseolus lunatus seeds obtained from pods of white, red and black cultivars harvested
at stage 1 (32 days), stage 2 (38 days), stage 3 (45 days) and stage 4 (52 days) after fertilisation. Weight of pods and
seeds at harvest decreases from stage 1 to stage 4 of maturity. Major biochemical compounds such as crude protein,
carbohydrates and lipids of seeds are highest at stage 4 (52 days) of maturity. Seeds of the black cultivar are richer in
protein, with a content varying between 17.51 + 0.17 and 21.21 + 0.18 % at stage 4 (52 days) of maturity. Seeds of
black cultivar produced at stage 4 (52 days) are rich in vitamins B1, B2, B6 and B9 and antioxidants such as
carotenoids and flavonoids. These seeds contain high levels of vitamins B6 (pyridoxine) and B9 (folic acid). The
concentrations of these vitamins vary from 1900 to 2000.03 pg/100g of dry matter and from 599.93 + 0.86 to 600 +
1.00 pg/100g of dry matter respectively. P. lunatus seeds obtained at stage 4 (52 days) were rich in minerals. The
Na/K ratio of white, red and black bean seeds varies from 0.04 to 0.05, i.e. less than 1. As a result, eating these
Phaseolus lunatus bean seeds would probably reduce high blood pressure. In conclusion, Phaseolus lunatus seeds
have good nutritional quality, the pods must be harvested at stage 4 (52 days) after fertilisation in order to satisfy
consumers.
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1. Introduction

Beans represent a considerable source of micronutrients,
such as iron, calcium, phosphorus, magnesium and zinc.
Beans contain a good level of bioactive compounds. These
substances can influence human health, having an impact
on various activities at the physiological or cellular level.
Beans improve our health, counteract the aging process,
prevent chronic diseases, extend life expectancy and
support the bodily structure or function [1]. The human
body’s inability to neutralize free radicals, individuals
must resort to foods that are able to neutralize them. Beans
provide beneficial levels of antioxidant capacity and
substances that are able to prevent or slow down oxidation
in easily oxidized materials. Beans protect the body

against the action of free radicals by slowing down the
aging process and fighting cell degeneration and cell death
[2]. Among these beans, the lima bean is an under-utilized
seed legume in Ivory Coast [3]. There seeds are
commonly consumed in rural country of lvory Coast [3].
It can either be consumed solely or cooked in combination
with cereals such as rice or tuber such as yam [4]. Lima
beans can also serve as substitute for expensive soy meal
and groundnut meal which constitute the major portion of
conventional protein sources used in composite livestock
feeds [5]. Lima beans possess good nutritional profile
being a good source of minerals, dietary fibers,
carbohydrates and proteins but, it is low in fat [6,7]. The
seeds contain protein twice as much present in cereals
with more balanced profile of essential amino acids
including lysine which is lacking in cereals [8]. They are
many varieties of lima bean [9] of all these varieties the
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immature and mature seeds are the main products. Reports
show that both the seeds and leaves can be eaten as pot
herb when they are young and tender [10,11]. It is a
nutritious food stuff which is cultivated primarily for
immature vegetables or mature dry seeds [12]. Seed
development is the period between fertilizer and
maximum fresh weight accumulation and seed maturation
begins at the end of seed developments and continues till
harvested [13]. Maximum seed quality may be achieved at
the end of seed filling period [14] or slightly after this
phase [15]. Knowledge of seed development is essential to
successful seed production and crop improvement. A
better understanding of optimum harvesting time for
Phaseolus lunatus (L.) seed contributes to improve quality
and quantity of seed produced. This research was carried
out to investigate the changes in seed quality of white ; red
and black beans rapeseed cultivars at different stages of
development and maturity in order to determine the
appropriate time for harvest and quality improvement.

2. Material and Methods

2.1. Materials

A -

Figure 1. Color evolution of pods (a) and seeds (b) of cultivars (A:
black); (B: red) and (C: white) (Tchumou, Biochemistry laboratory at

Technical High School of Yopougon, December, 2014). ST1 (green pod),

ST2 (more green than yellow pod), ST3 (more yellow than green pod)
and ST4 (brown pod).

White, red and black cultivars of lima beans used for
this research work, has been cultived from February 2014
to January 2015 at the experimental station of Tomasset
(Azaguié, town from 38.7 km to Abidjan). Pods from the
three cultivars were harvested at stages (1, 2, 3 and 4)
after fertilization [3] (Figure 1).

2.2. Methods

The harvested pods were kept in a food cooler until
they reached the laboratory. The seeds were extracted
from each pod, washed and oven-dried (Memmert,
Germany) at 60 °C for 72 h [16]. The dried powdered
samples obtained were stored in polythene bags at 4°C
until for analysis.

2.3. Determination of Physical and
Biochemical Parameters

2.3.1. Color Determination of Pods and Seeds

The ICL (International Commission for Lighting) L*,
a*, and b* color system was used to measure the colors of
the pods and seeds of Phaseolus lunatus (L.). The Cie Lab
coordinates (L*, a*, b*) were directly read with a
spectrophotocolorimeter MS/Y-2500 (Hunter lab, In,
Reston, VA, USA), calibrated with a white tile. Color
values were recorded as L* (Lightness) — the vertical
coordinate runs from L* = 0 (black) through grey to L* =
100 (white); a*(-a, greenness, +a, redness) — the horizontal
co-ordinate, that runs from -a* (green) through grey to
+a* (red) and b* (-b, blueness, +b, yellowness) — another
horizontal co-ordinate, that runs from -b* (blue) through
grey to +b* (yellow) [17,18]. The measurements were
repeated on four different pods and seeds randomly
selected locations at the surface of each sample.

2.3.2. Proximate Analysis of Samples

Moisture, ash, crude protein, crude fat, crude fiber and
total sugars were determined respectively by following the
standard method [19,20], while Carbohydrate contents
were calculated by difference [100- (protein + crude fat +
ash + crude fiber)] [21]. In addition to the energy value
(EV) was calculated by applying the heat coefficients of
[22] according to the following equation: [EV (Kcal/100g)
= (4 x Protein %) + (4 x Carbohydrate %) + (9 x Fat %)].
The analyses' values were the basis for three
determinations.

2.3.3. Mineral Analysis

Minerals were analyzed by the method reported by [23].
The ash obtained from 1 g of sample was dissolved in 10 %
HCI, filtered with filter paper and made up to standard
volume with deionised water. Flame photometry method
reported by [20] was used to determine sodium and
potassium contents of the sample. Calcium, Fe, Mg, Zn
and Cu were determined using Atomic Absorption
Spectrophotometer (AAS). Phosphorus was estimated
colorimetrically (UV-visible spectrophotometer, Model
DR 2800/United States)

2.3.4. Vitamin B Determination

All fresh seed of Phaseolus lunatus (L.) was washed
and dried weighed 50 mg and cut into small pieces and
extracted with 0.1 NHCI on a water bath at a suitable
temperature and period. All extracts were filtered through
0.40 micron filter and taken into 100 mL volumetric
flashes, and volume was added up for mobile phase. Stock
of standard prepared by dissolving 0.01 g of each standard
in 100 mL of mobile phase followed by successive
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dilutions. HPLC equipped with UV detector and supelco
discovery C-18 column (25 cm in lengthand 0.45 internal
diameter) was used for analysis. Mobile phase was 50 mL
MK2HPO4 and MeOH (70 :30) at 1 mL/min flow rate and
10 pL of each sample/standard was injected and
monitored at UV 254 nm by [24].

2.3.5. Anti-Nutritional Factors Estimation

Hydrogen cyanide was analysed by the [23]. Ten (10) g
of flour were homogenized in 200 mL of distilled water.
The trapped distillate was left to stand for 3 hours and
filtered through whatman paper. The filtrate obtained was
distilled from 20 mL of sodium hydroxide (0.1 N) and 2
mL of Kl (0.02 N). The distillate was titrated with silver
nitrate AgNO3 (0.02N) until a yellowish haze appears.
The tannin content was estimated spectrophotometrically
by the procedure described by [25]. One millilitre of
methanolic extract is introduced into a test tube to which
5mL of vanillin reagent were added. The tube was left to
stand for 20 min in the dark and the absorbance was read
with a spectrophotometer at 500 nm against a blank. The
blank was prepared for each test by adding 5 mL of
distilled water to the test tubes replacing the vanillin
reagent. The amount of tannins in the sample was
determined using a standard range established from a
tannic acid solution (2 mg / mL) under the same
conditions as the test. Phytic acid was determined using
the procedure described by [26]. One gram of flour was
homogenized in 20 mL of HCI (0.65). The mixture
obtained is stirred for 12 hours at room temperature. The
mixture was centrifuged at 3000 trs/min for 40 minutes.
To 0.5 mL of supernatant, 3 mL of Wade’s reagent were
added. The blank was prepared for each sample with 0.5
mL of distilled water in the test tubes without Wade's
reagent. The tubes were left to stand for 20 min in the dark
and the optical density was read with a spectrophotometer
at 490 nm against a blank. The amount of phytate was
determined using a standard range established from a
sodium phytate solution (10 mg / mL) under the same
conditions as the test. The oxalate was determined using
the method of [27]. Two grams of flour were
homogenized in 75 mL of H2SO4 (3M). The mixture was
stirred magnetically for 1 hour at room temperature. The
whole was filtered through Whatman filter paper. Twenty
five milliliters of filtrate were titrated hot with a solution
of potassium permanganate (KMnO4, 0.05 M) until the
change to persistent pink.

2.3.5. Antioxidant and Phytochemicals

Determination of antioxidant activity in the bean
samples was determined using the 1, 1-diphenyl-2-
pycrylhydrazyl (DPPH) method, as reported by [28]. The
results were expressed as milligrams of Trolox equivalents
antioxidant capacity (TEAC g—1) extract. Total phenolic
content (TPC) in extracts from the samples was
determined by a Folin-Ciocalteu method described by [29],
using garlic acid as standard.

2.4. Statistical Analysis

Results for  physico-chemical, nutritional and
phytochemical parameters within each cultivar, according
to harvest stage and interaction (Cultivars x Harvest stage)

were processed using Statistica 7.1 software (StatSoft Inc).
Two-factor analyses of variance (ANOVA) were used to
compare the parameters measured. The completion of the
ANOVA and the equality of the variances were first
checked using Levene's test. When a significant difference
was observed between the modalities of each parameter,
the ANOVA was completed by multiple comparisons
using the Newman Keul test. Differences were considered
significant at the 5% threshold.

3. Results

3.1. Color Changes in Phaseolus lunatus Pods
and Seeds

The color of Phaseolus lunatus pods and seeds varies
according to maturity stage (Table 1 and 2). Pod L* values
for white, red and black cultivars increase from stage 1
(32 days) and 3 (45 days), then decrease from stage 3 (45
days). L* values vary respectively from 32.47 + 0.88 to
45.48 + 0.56; 45.48 + 0.56 to 35.12 + 0.37 and 32.42 +
1.67 to 38.36 * 0.46 for the three cultivars. Pod a* values
were negative from stage 1 (32 days) to stage 3 (45 days)
for both white and black cultivars. The a* values range
from 3.92 = 0.25 to - 10.05 = 0.45. Pod a* values are
negative from stage 1 to stage 4 in the red cultivar (-0.28
0.02 to -10.05 + 0.45), then become positive at stage 4 (52
days) in the white and black cultivars (+2.31 = 0.13 to
+3.7 £ 0.25). Finally, all b* pod values are positive for all
cultivars, increasing significantly (P< 0.05) from stage 1
(32 days) to stage 3 (45 81 days), then decreasing at stage
4 (52 days) of maturity. They increase from 18.45 + 1.55
t0 29.26 + 0.36 and decrease from 29.26 + 0.36 to 16.72
0.12. All pod luminance (L*) values for the three cultivars
ranged from 100 (white) to -100 (black).

Red cultivar pods have a negative (a*) value from stage
1 (32 days) to stage 4 (52 days). Pods of the white and
black cultivars have a negative (a*) value from stage 1 to
stage 3, then become positive at stage 4. All pods of the
three cultivars have a positive (b*) value (yellow). The L*
seed values of P. lunatus decrease during ripening in the
red and black cultivars (52.13 + 2.01 to 34.65 + 0.66 and
52.57 + 0.38 to 27.50 + 0.18), while they increase in the
white cultivar (51.82 + 0.17 to 59.29 + 0.49). The a* seed
values of the three cultivars differed significantly (P <
0.05) according to maturity stage. Phaseolus lunatus a*-
seed values were negative at stage 1 (32 days) of maturity
in seeds from all three cultivars (-2.61 + 0.77 to -9.20 +
0.21). White cultivar a* seed values are negative after
stage 1 (32 days). However, they become positive for the
red and black cultivars (+2.85 + 0.47 to +9.75 + 1.55).
The b*-seed values for the red and white cultivars show
no significant variation (P > 0.05), while they decrease
significantly (P < 0.05) for the black cultivar (16.77 + 0.87
to 6.50 = 0.30). The (L*) seed value of the white cultivar
varies between 0 and 100 (white), while that of the red and
black cultivars decreases (black). The (a*) seed value of
the white cultivar is negative during ripening (green-
colored seed), while that of the red and black cultivars is
negative at stage 1 and then becomes positive from stage 2
(38 days) to stage 4 (52 days) (red-colored seed). Seed (b*)
values for all three cultivars are positive from stage 1 (32
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days) to stage 4 (52 days) of maturity (yellow seed color).
Chroma (C*) values for pods are higher than those for
seeds, and are positive for all cultivars. Chroma (C¥*)
values for white, red and black cultivars ranged
respectively from 22.02 + 0.38 to 20.8 £ 0.21; from 21.07
+ 0.73 to 17.47 £ 1.62 and from 20.78 + 1.58 to 20.21 +
1.33 from stage 1 (32 days) to stage 4 (52 days) of
ripening. Seed chroma (C*) values for white and red
cultivars showed no significant difference (P > 0.05)
during ripening, with the exception of those for the black
cultivar, which decreased (17.22 + 0.63 to 8.65+ 0.18).
Pod hue angle (H*) values for white, red and black
cultivars increased significantly (P < 0.05) during ripening.
On the other hand, hue angle (H*) values for seeds of the
white cultivar did not decrease significantly during

ripening. Pod hue angle (H*) values for white, red and
black cultivars varied respectively from 62.83 + 0.44 to
83.60 £ 0.20; from 65.81 + 0.39 to 89.01 + 0.72 and from
62.53 £ 1.50 to 79.40 £ 1.25 from stage 1 (32 days) to
stage 4 (52 days) of ripening. Seed hue angle (H*) values
for the white cultivar did not vary significantly (P > 0.05)
during ripening. Seed hue angle (H*) values for the red
and black cultivars decreased, with the exception of the
white cultivar, which increased during ripening. Seed hue
angle (H*) values for red and black cultivars ranged from
81.80 + 1.66 to 57.54 + 1.06 and from 76.87 + 0.41 to
65.19 + 1.08 respectively. All chroma (C*) and hue angle
(H*) values for pods and seeds of the three cultivars are
positive, whatever the maturity stage.

Table 1. Changes pods color of Phaseolus lunatus (L.) during maturity

Stages
of
Cultivar Maturity
days L*gs a*gs b*gs C*gs H*gs
y g g g g g
32 37.47+0.88° -10.01+0.18" 19.52+0.47% 22.02+0.38¢ 62.83+0.44°
38 42.32+1.64 -8.61 % 0.29° 24.20+0.55> 25.68+0.39° 70.35+0.48°
CcwW 45 45.48 +0.56° -3.92+0.25 29.52 +0.36° 29.60+0.43a 82.36+0.46°
52 37.310.69° +2.31+0.13° 20.66+0.49 20.8 +0.21¢ 83.60+0.20°
32 36.33+0.67° -10.05 + 0.45° 19.30+0.61% 21.97+0.73¢ 65.81+0.39°
38 40.41+0.26% -9.66 + 0.33%" 22.68+0.61% 24.660.69° 66.93 0.27°%
CR 45 43.20+0.49% -5.22 +0.25 25.66 +0.09° 26.19+0.11° 78.54+0.54°
52 35.12+0.37° -0.28 +0.02¢ 16.72 +0.12° 17.47 1.62° 89.01 +0.72°
32 32.42 +1.67° -9.57+ 0.46" 18.45+1.55% 20.78+1.54 62.51 + 1.50°
CB 38 36.98+1.78° -9.41 + 0.66%" 19.29+1.29% 21.42+1.43¢ 63.99 +0.52¢
45 38.36+0.46% -7.43 +0.04% 19.76+1.03% 21.11+0.96¢ 69.61 +1.36%
52 37.51+0.53° +3.7+0.25' 19.86+1.37% 20.21+1.33¢ 79.40 + 1.25°

Mean = SD, n=3; in the columns, means marked with different letters indicate a significant difference at the threshold of (P< 0.05). VW (White

Cultivar), CR (Red Cultivar) and CB (Black Cultivar)

Table 2. Evolution of Phaseolus lunatus seed color during maturity

Stages
of
Cultivar Maturity
(days) L*gr a*gr b*gr C*gr H*gr
32 51.82+0.17¢ -9.20 +0.21° 16.77+0.29° 19.13+0.22° 61.25+0.85%
38 52.36+0.47° -7.26 +0.20° 16.17+0.29% 17.73+0.249 65.82 +0.40¢
cw 45 54.51+0.57¢ -7.20 £ 0.43° 16.00+0.47% 17.55+0.10¢ 65.18 +0.93¢
52 59.29+0.49° -6.63+0.41° 15.10+0.28 16.68+0.23f 66.33 +0.98¢
32 52.13+2.01° -2.61+0.77° 16.10+1.09% 17.03+0.47™ 81.80 +1.66*
38 46.55+0.33¢ +5.76 + 0.76° 11.82 +0.40° 12.97+0.17° 64.13 +2.63°
CR 45 44.71+0.76° +9.75 + 1.55° 12.37 +0.91° 15.77+0.21¢ 53.03+1.30
52 34.65+0.66° +8.92 +0.38° 14.03 +0.33° 16.27+0.40% 57.54+1.06%
32 52.57+0.38% -3.91+0.32° 16.77 +0.87¢ 17.22+0.63¢ 76.87 +0.412
CB 38 37.25 +1.05° +3.33 £ 0.44° 6.83 +0.63° 7.60 +0.34° 66.40+0.95%
45 28.78 +0.76 +2.85 + 0.47° 6.50 + 0.30° 7.01+0.21° 68.95 +1.37¢
52 27.50 +0.18" +3.50 +0.41° 7.91+0.28° 8.65 +0.18° 65.19 +1.03¢

Mean = SD, n=3; in the columns, means marked with different letters indicate a significant difference at the threshold of (P< 0.05). CW (White
Cultivar), CR (Red Cultivar) and CB (Black Cultivar)
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3.2. Biochemical Composition of Seeds From
Three Phaseolus lunatus (L.) Cultivars
According to Maturity Stage

A study of the relationship between seed biochemical
composition and maturity seeds stage of three lima bean
cultivars showed that moisture content, carbohydrate
content and energy value decreased significantly (P < 0.05)
with maturity for all cultivars (Table 3). Moisture content
varied between 70.37 £ 0.29 and 29.68 + 0.75 g/100 g dry
matter content in seeds of white, red and black varieties
ranged from 69.88 + 0.17 to 33.30 + 0.34 ¢/100 g dry
matter and from 72.68 + 0.16 to 35.36 + 0.33 g/100 g dry
matter. Carbohydrate content in P. lunatus seeds
decreased significantly (P < 0.05) with maturity. It ranged
from (71.36 + 0.34 to 64.16 £ 0.09 g/100 g dry matter) for
the white cultivar ; from (73.17 £ 0.25 to 69.63 £+ 0.48
0/100 g dry matter) for the red cultivar ; and from (72.88 £
0.05 to 67.95 + 0.28 ¢/100 g dry matter) for the black
cultivar. Regardless of stage of maturity, seeds of red
varieties contained more carbohydrates than seeds of
black and white varieties. The energy values of seeds of
all three P. lunatus cultivars decreased significantly (P <
0.05), from 314.67 £ 0.32 to 300.79 + 0.59 Kcal/100 g dry
matter. The seeds of the red variety have the highest
energy value. It fluctuates between 314.54 + 2,50 and
311.25 £ 0.33 Kcal/100 g dry matter. Seeds of the white
variety had the lowest energy values, ranging from 310.66
+ 1.94 to 300.79 + 0.59 Kcal/100 g dry matter. Regardless
of the stage of maturity, the seeds of red varieties have
the highest energy value. With the change of maturity
stage, the contents protein, lipid and vitamin C in the
seeds lima bean increased significantly (P < 0.05). The
protein content of seeds of all three varieties increased
significantly (P < 0.05), from 17.22 + 0.13 to 25.06 + 0.13
0/100 g dry matter. The protein content of white variety
seeds is higher than that of black and red variety seeds.
The dry matter content of all three P. lunatus seeds
ranged from 17.22 + 0.13 to 25.06 + 0.13 g/100 g. At
maturity stage 4 (52 days), the seeds of the white variety
contained more protein than the seeds of the black and red
varieties. The protein content is between 19.30 and 25.06
9/100 g dry matter. The lipid content of seeds of white,
red and black varieties increased significantly with
maturity (P < 0.05). They were between 1.01 + 0.01 and
1.40 £ 0.01 g/100 g dry matter ; 1.05 + 0.01 to 1.60 + 0.01
0/100 g and 1.1 + 0.0 to 2.16 £ 0.08 g/100 g dry matter. At
maturity stage 4, red varietie produce seeds with higher
lipid content. The vitamin C content of white, red and
black seeds increased significantly (P < 0.05), from 2.30 +
0. 409/100g fresh weight to 8.63 + 0. 20g /100g fresh
weight They were between 2.30 = 0.40 and 5.81 + 0.25
0/100 g dry matter ; 3.1 + 0.11 to 6.23 + 0.20 g/100 g dry
matter and 5.23 + 0.41 to 8.63 + 0.20 ¢g/100 g dry matter.
The seeds of the black variety contain more vitamin C

than the seeds of the white and red varieties. The average
ash content of white, red and black cultivars did not
increase significantly during ripening (P > 0.05). They
were between 3.37 + 0.10 and 4.17 + 0.00 g/100 g dry
matter ; 2.37 £ 0.10 to 4.26 + 0.05 g/100 g dry matter and
3.42 £ 0.04 to 3.74 + 0.05 ¢g/100 g dry matter. The fourth
stage of ripening produces black seeds rich in vitamin C.
There was no significant difference in the crude fiber
content of the seeds of the three varieties with different
maturity stages (P > 0.05). They ranged between 4.89 +
0.30 and 5.13 + 0.15 ¢g/100 g dry matter ; dry matter
contents from 4.75 £ 0.18 to 5.1 + 0.26 g/100 g, in white,
red and black seeded varieties from 5.20 + 0.20 to 4.93 +
0.11g/100g. The seeds of the red variety are rich in fiber
at all stages of maturity (Table 3).

3.3. Mineral Composition of Seed Flours
From Three Phaseolus lunatus Cultivars
as a Function of Maturity Level

Sodium, potassium and iron levels in the seeds of the
three Phaseolus lunatus cultivars (white, red and black)
increased significantly (P < 0.05) with maturity stage
(Table 4). They range respectively from 38.68 + 0.28 to
75.27 £ 0.72 mg/100 g; 724.20 + 1.05 to 1592.9 + 6.38
mg/100 g; 6.36 = 0.17 to 12.56 +0.28 mg/100 g dry matter.
At stage 4 (52 days), seeds from the red cultivar contained
more iron than seeds from the white and black cultivars.
Iron content ranged from 9.13 + 0.18 to 12.56 +0.28
mg/100 g dry matter. Phosphorus, magnesium and
calcium levels in the seeds decrease during ripening. They
vary respectively from 569.67 + 0.89 to 230.18 + 1.13
mg/100 g; 160.14 + 0.66 to 128.46 + 0.55 mg/100 g;
669.32 + 0.76 to 301.03 + 1.00 mg/100 g dry matter. The
most abundant minerals in P. lunatus seeds are potassium,
phosphorus, magnesium and calcium. Potassium is the
most abundant mineral in the seeds of all three P. lunatus
cultivars. Seeds of the red cultivar contain high
concentrations of potassium, calcium and magnesium. The
highest potassium concentration was obtained at stage 4
(52 days) of maturity. The potassium content of the
cultivars seeds ranged from 1043.3 £ 1.25 to 1592.9 *
6.38 mg/100 g dry matter. Average zinc concentrations
did not vary significantly during ripening. They ranged
from 0.16 + 0.03 to 1.70 + 0.01 mg/100 g dry matter.
Copper content increased in seeds of the white cultivar as
a function of ripening stage. This increase was not
significant (P > 0.05). It varied from 1.87 + 0.04 to 2.40 =
0.05 mg/100 g dry matter. Stage 4 (52 days) of maturity
produces seeds of the black cultivar rich in sodium, copper
and zinc, while at the same stage seeds of the red cultivar
are rich in potassium, iron and calcium. The white cultivar
produces phosphorus rich seeds at stage 4 of maturity.

Table 3. Biochemical composition of seeds from three Phaseolus lunatus (L.) cultivars according to maturity stage

Stages Value
Flours of Moisture Proteins Lipids (%) Glucides (%) Fibers (%) Ashs (%) Energy
Maturity (%) (%) (%) (%) (%) (%) (Kcal/100g)
(days)
ST1(32) 70.37 0.29° 19.30 £0.32¢ 1.01+0.01° 71.36 +0.34° 489 +0.17° 3.37 £0.10° 310.71 +£1.93*
ST2(38) 65.31+0.61° 20.56 +0.15% 1.22 +0.01%f 67.15+0.33° 4.90 +0.05° 453+ 0.10° 306.42 +0.63°
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Stages Value
Flours of Moisture Proteins Lipids (%) Glucides (%) Fibers (%) Ashs (%) Energy
Maturity (%) (%) (%) (%) (%) (%) (Kcal/100g)
(days)
FCW ST3(45) 55.36 +0.63°  23.69+0.11° 1.34+0.01% 65.16 +0.17° 501+0.1° 458+0.13° 302.55 + 0.81°
ST4(52) 29.68+0.75°  25.06 +0.13% 1.40 +0.01¢ 64.16 +0.09°  513+0.07®  4.17 £0.00°  300.79 + 0.59°
ST1(32) 69.88 +0.17¢ 17.22 +0.13¢ 1.05 +0.01% 73.17+0.25°  4.85+0.15° 2.37+0.01° 314.67 £ 0.32°
ST2(38) 62.54 + 0.69° 18.25 +0.14° 1.20 +0.03% 72.10 #0.28% 5,02 +0.16° 2.86 + 0.20° 312.97+0.58%
FCR ST3(45) 55.35 + 0.349 19.41 + 0.24' 1.34 +0.02% 71.55 +0.12° 4.73+0.14° 2.82 +0.10° 312.43+0.33%¢
ST4(52) 33.30+0.34"  20.63+0.20" 1,60 +0.01° 69.63+0.48°  4.62+0.04°  4.26+0.05 311.25 +0.33%
ST1(32) 72.68 +0.16 17.51 +0.17™ 1.1 +0.06% 72.88 +0.05¢ 5.20 +0.11%* 3.42 +0.04 312.51+0.10%
FCB ST2(38) 61.26 + 0.48° 18.47 +0.19% 1.6 +0.02° 71.16 +0.11° 5.15 +0.14%® 3.85 +0.03% 311.59 +0.76%
ST3(45) 57.35 + 0.39° 19.70 £0.17¢ 1.87 +0.06° 69.48+0.14°  570+0.17% 3.55+0.07° 310.96 +0.09%
ST4(52) 35.36+ 0.33 21.21+0.18" 2.16 +0.08° 67.95+0.28"  4.93+0.08 3.74+0.05¢" 310.02 +0.68%

Mean + SD, n = 3; in columns, means marked with different letters indicate significant differences at the threshold (P < 0.05). FCW (White Cultivar
Flour), FCR (Red Cultivar Flour) and FCB (Black Cultivar Flour).

Table 4. Mineral composition of seed flours from three Phaseolus lunatus cultivars as a function of maturity level

Stages
Flours of
Maturity Na K P Mg Fe Ca Na/K Ca/P
ST1(32)  38.68+0.280  72420+1.05  459.85+1.18°  156.05+0.36°  6.80 +0.15" 53032+ 0.58¢ 0.05 1.15
ST2(38)  39.49+0.40'  899.16 +1.04  399.300.75°  150.67 #0.32°  7.45+0.07%  480.8 +1.48" 0.04 1.2
FCW ST3(45)  53.79+0.19  981.43+1.62'  330.69+0.30"  147.75+0.50° 7.55+0.13%  401.33+1.23¢ 0.05 1.21
ST4(52) 60.80+0.60" 1109.3+0.81"  259.25+1.08'  140.60 +0.53°  10.33+0.17™ 340.5 +0.51° 0.05 131
ST1(32) 56.81+0.15  1043.3+1.25"  569.67+0.89a  160.14 +0.66°  9.13+0.18° 669.32+0.76° 0.05 1.17
ST2(38)  63.40+0.40°  1359.20+1.07°  430.35+0.25°  157.43+0.66"  10.78%0.11°  529.69+0.30° 0.04 1.23
FCR ST3(45)  69.12+0.12°  1450.50+1.15°  340.46 +0.80°  146.45+0.10°  10.86 +0.08°  479.33+0.87" 0.04 1.4
ST4(52)  72.65+#0.32°  1592.9+6.38°  250.48 +0.67%  140.56 +0.209  12.56 +0.28"  359.32 +0.89' 0.04 1.43
ST1(32)  46.12+40.87"  909.23+0.75 470,55 +0,40° 15572 +0.72f  6.36 £ 0.17' 539.50+0.70° 0.04 1.14
FCB ST2(38)  55.60+0.40'  1086.80+1.05° 410,83 +0,97°  139.63+0.55°  6.66 +0.24®  460.18+0.86° 0.04 1.12
ST3(45)  67.62+0.37%  1209.2 +0.64°  320,55+0.64  135.95+1.12° 7.80 +0.10° 359.47 +0.74! 0.05 1.12
ST4(52)  75.27#0.72a  1519.50+1.40°  230.18 +1.13' 12846 +0,55  9.49+0.27°  301.03+1.00°  0.05 1.3

Mean + SD, n = 3; in columns, means marked with different letters indicate significant differences at the threshold (P < 0.05). FVW (White Cultivar
Flour), FCR (Red Cultivar Flour) and FCB (Black Cultivar Flour)

Table 5. B-vitamin composition of seeds from three Phaseolus lunatus cultivars consumed in Ivory Coast (mg/100 g dry matter)

Flourss Stages of B1 B2 B3 B6 B9
maturity (days)
ST1(32) 160.15 +.669 130.05 + 2.19' ND 1471.00 + 1.47° 500.67 + 2.42°
Fow ST2(38) 170.00+1.55 145.05 + 0.52 ND 1500.00 + 2.48" 500.37 + 1.10°
ST3(45) 180.27+0.52' 170.07 + 0.83' ND 1500.00 + 2.54" 500.00 + 3.24 °
ST4(52) 210.80+1.11¢ 189.90 + 0.84' ND 1500.00 + 2.16" 499.37 + 0.56°
ST1(32) 180.05+0.94' 240.00 + 1.46" ND 1650.00 + 2.22¢ 500,45 + 1,46°
ECR ST2(38) 190.05+1.13° 258.00 + 2.48° ND 1500.00 + 1.58" 500,75 + 0,95°
ST3(45) 200.02+1.39" 270.02 + 0.68f ND 1600.00 + 1.36° 499,13 +0,43°
ST4(52) 230.05+0.82° 280.00 + 0.90° ND 1679.72 +0.98° 575,53 + 0,81
ST1(32) 180.00+0.74' 400.00 + 0.50° ND 1900.00 + 1.42% 599.93 + 0.86°
FCB ST2(38) 200.02+0.66" 403.27+ 1.25° ND 1800.00 + 1.10° 600.35 + 1.00°
ST3(45) 220.35+0.75° 409.75 + 1.10° ND 2000.05 + 0.46° 599.60 + 0.49%
ST4(52) 239.97+0.77° 420.25 + 0.50° ND 2000.03 + 1.32¢ 600.00 + 1.09%

Mean + SD, n=3; in columns, means marked with different letters indicate significant differences at the threshold (P < 0.05). FCW (White Cultivar

Flour), FCR (Red Cutivar Flour) and FCB (Black Cultivar Flour)
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3.4. B-Vitamin Composition of Seeds From
Three Phaseolus lunatus Cultivars
Consumed in Ivory Coast

The B vitamin composition of the seeds of the three
Phaseolus lunatus cultivars is shown in the (Table 5).
Concentrations of thiamine (B1) and riboflavin (B2)
increase during ripening, with the exception of the
vitamins pyridoxine (B6) and folate (B9), which remain
constant. Thiamine (B1) content increases significantly (P
< 0.05) in all cultivars. It varies from 160.15 + 1.66 to
210.80 £+ 1.11ug/100g dry matter (white cultivar); from
180.05 + 0.94 to 230.05 + 0.82uug/100g dry matter (red
cultivar) and from 180.00 + 0.74 to 239.97 + 0.77ug/100g
dry matter (black cultivar). Vitamin B2 content increased
significantly (P < 0.05) in all cultivars. Concentrations
range from 130.05 £ 2.19 to 189.90 + 0.84ug/100g dry
matter (white cultivar); from 240.00 £ 1.46 to 280.00 +
0.909/100g dry matter (red cultivar) and from 400.00 £
0.50 to 420.25 + 0.50u0/100g dry matter (black cultivar).
Pyridoxine (B6) and folate (B9) concentrations did not
increase significantly (P > 0.05) during ripening. They
vary respectively from 1471 + 1.47 to 1500.97 + 2.16
1g/100g dry matter (white cultivar), from 1650.00 + 2.22
to 1679.72 + 0.98 ug/100g dry matter (red cultivar) and
from 1900 + 1.42 to 2000.03 + 1.32 ug/100g dry matter
(black cultivar). Seeds from the red cultivar contained the
highest concentration of vitamin B6, compared with seeds
from the white and black cultivars. Vitamin B9 content
did not vary significantly (P > 0.05) across cultivars and
ripening stages. The highest vitamin B9 concentration was
obtained in the seeds of the black cultivar (599.93 + 0.86
to 600 £ 1.001g/100g dry matter) at stage 4 (52 days) of
ripening. The black cultivar produces seeds rich in
vitamins B1, B2, B6 and B9 at stage 4 (52 days).

3.5. Evolution of Phytochemicals and
Antioxidant Activity as a Function of
Maturity Stage

Analysis of the phytochemical content of seeds from
white, red and black cultivars of Phaseolus lunatus (L.)
showed a significant decrease (P < 0.05) in polyphenols as
a function of maturity level. (Table 6). From stage 1 (32
days) to stage 4 (52 days) of harvest, total polyphenols
varied from 1310.96 + 1.00 to 705.85 + 0.95 mg/100 g
DM. The highest polyphenol content was observed in
white seeds (1310.96 + 0.96 to 860 + 0.85 mg/100 g DM).
It was obtained at stage 1 (32 days) of maturity. Phytate
concentrations in seeds of white, red and black P. lunatus
cultivars ranged from 105.36 = 0.36 to 124.66 + 0.61
mg/100 g dry matter during ripening. Phytate content
increased significantly (P < 0.05) from 109.76 + 0.76 to
120.23 + 0.92 mg/100 g dry matter in the black cultivar
from stage 1 (32 days) to stage 4 (52 days) of ripening.
From stage 1 (32 days) to stage 2 (38 days) of maturity,
this content increases respectively from 111.38 £ 0.75 to
117.23 = 0.56 mg/100 g dry matter) in white seeds and
from (124.66 £ 0.61 to 130.95 £ 0.17 mg/100 g dry matter)
in red seeds before decreasing until 52 days of harvest.
The phytate content of the red cultivar, ranging from

124.66 + 0.61 to 124.37 + 0.35 mg/100 g dry matter, did
not vary significantly (P < 0.05). At stage 2 (38 days) of
pod harvest, seeds of the red variety contained more
phytates than seeds of the white and black cultivars.
Oxalate concentrations of all three P. lunatus varieties
decreased significantly (P < 0.05) with harvest stage. The
oxalate concentrations of the three P. lunatus cultivars
ranged from 396.53 £ 0.61 to 615.93 £+ 0.90 mg/100 g dry
matter. At harvest stage 1 (32 days), white seeds contained
more oxalates than red and black seeds. On the other hand,
at stage 4 (52 days) of harvest, oxalate concentration is
higher in red seeds. The tannin content of P. lunatus seeds
increases significantly (P < 0.05) with maturity stage.
They range from 82.75 + 1.05 to 133.81 + 0.77 mg/100 g
dry matter. Tannin content higher in white seeds. It ranged
from 94 111.16 + 0.69 to 133.81 + 0.77 mg/100 g dry
matter. Seeds of the white cultuvar have higher tannin
concentrations at stage 4 of maturity than seeds of the red
and black cultivars. Analysis of flavonoid levels shows an
increase in the seeds of all three P. lunatus cultivars from
stage 1 to stage 4 of harvest. They range from 3.68 + 0.27
to 13.62 + 0.50 mg/100 g dry matter. Black seeds contain
a high concentration of flavonoids, ranging from 5.42 +
0.15 to 13.62 = 0.50 mg/100 g dry matter, compared with
white and red seeds. At stage 4 of maturity, black seeds
contain high levels of flavonoids. Carotenoid levels in
Phaseolus lunatus seeds increase significantly (P< 0.05)
with harvest stage. They range from 2.83 £+ 0.15 to 17.83
+ 0.22 mg/100 g dry matter. Harvest stage 4 shows high
carotenoid levels with black seeds, ranging from 4.70 +
0.11 to 17.83 + 0.22 mg/100 g dry matter. Chlorophyll
content decreased significantly (P< 0.05) according to
harvest stage with all three Phaseolus lunatus varieties. It
varied from 3.80 £ 1.96 to 0.20 + 0.71 mg/100 g fresh
matter. The hydrocyanic acid content of P. lunatus seeds
increased significantly (P< 0.05) with harvest stage. It
varied from 3.06 £ 0.03 to 4.26 £ 0.06 mg/100 g dry
matter according to maturity stage. Red seeds contain
more hydrocyanic acid (3.25 = 0.02 mg/100 g dry matter)
than black and white seeds at harvest stage 4.

Antioxidant activity increases in Phaseolus lunatus (L.)
seeds during ripening, ranging from 81.72 + 1.96 to 95.30
+ 0.71 in percentage inhibition. Antioxidant activity is
highest at stage 4 of ripening in black seeds. It varied from
82.60 + 0.65 t0 95.30 £ 0.71 % DM.

3.6. Anti-Nutritional/Mineral and
Mineral/Mineral Ratios of Seeds From
Three Phaseolus Lunatus Cultivars as a
Function of Maturity Stage

Phytate/iron ratios for seeds from cultivars (white, red,
black) range from 10.19 - 16.33; 9.67 - 13.65 and 12.66 -
17.26 respectively. Phytate/Ca ratios for white, red and
black cultivars ranged from 0.21 - 0.30; 0.18 - 13.65 and
0.20 - 39. Oxalate/Ca ratios for seeds of the white (CB),
red (CR) and black (CN) cultivars ranged from 0.72 to
1.55. Oxalate / (Ca+Mpg) ratios ranged from 0.58 to 1.12.
Seeds from all three cultivars have Na/K values below 1
and Ca/P values above 1. Phytate/Ca and Oxalate/Ca
ratios are below 2.5 for all maturity stages and cultivars
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Table 6. Phytochimical composition and Antioxidant Activity of seeds from three Phaseolus lunatus cultivars consumed in Ivory Coast
(mg/100 g dry matter)

States of

maturity hydrocyanic  Antioxidant

Flours (days) Polyphenols Phytates Oxalates Tannins Flavonoids Caroténoids acid Activity

(%)

St1(32)  1310,96+1,00° 111,38+0,75" 615,93+0,90° 111,16+0,69° 3,68+0,27° 2,83+0,15"  3,11+0,02" 81,72 +1,96°®
St2(38) 911,33 +0,51° 117,23+0,56° 574,27+0,75° 118,18+0,54" 557 0,209 3,91+0,10° 2,14+0,04" 84,86 +9,03°C
FCW  St3(45)  750,86+0,80h 101,12+#1,12" 556,38+0,97° 127,78+1,07° 6,99 +0,30" 6,77+0,28" 421+0,01° 86,52+3,19°
St4(52) 860,10 +0,85" 105,36+1,16° 525,20+0,72° 133,81+0,77° 8,74+0,14° 843+0,21° 492+0,11° 89,98 +1,11%
St1(32) 1046,33+0,76° 124,66+0,61° 563,41+0,36° 110,76+0,219 512+0,15° 4,80+0,20' 3,15+0,02" 76,56 +1,69°
St2(38) 747,66 +0,76'  130,95+0,17%° 499,24+0,74" 116,13+0,17" 6,87 0,12 876+0,30° 4,23+0,02° 79,32 +0,93%
FCR  St3(45) 732,16+1,04 124,80+0,08° 528,13+1,20" 122,15+0,15° 8,66 +0,22° 13,82+0,41° 5,36+0,09°%c 83,26+3,66%°
St4(52) 803,90 +0,90' 124,37+0,35% 560,50+0,50° 128,67+1,02° 10,28+0,03° 16,21 +0,16° 6,37 +0,03°  85,06+4,50%
Stl(32)  1247,73+0,50° 109,78+0,51" 444,69+0,33' 82,75+1,05° 542+0,15° 4,70+0,11" 3,06+0,03" 82,600,657
FCB St2(38) 92540+ 1,00° 111,31+1,00" 352,43+0,51' 99,45+0,31" 7,71+0,08° 750+0,30" 352+022° 86,60+0,70%
St3(45) 609,59 +0,52' 114,52+0,53° 411,77+0,25' 1004 +0,65" 9,88+0,28° 12,25+0,45° 3,86+0,05° 92,10 +0,65®
St4 (52) 705,85+ 0,95 120,23+0,92° 396,53+0,61% 108,42+1,15° 13,62+0,50° 17,83+0,22° 4,26+0,06° 95,30+ 0,71%

Mean + SD, n = 3; in columns, means marked with different letters indicate significant differences at the threshold (P < 0.05). FCW (White Cultivar
Flour), FCR (Red Cultivar Flour) and FCB (Black Cultivar Flour).

Table 7. Rapports facteurs antinutritionnels/minéraux et minéraux/minéraux des graines de trois cultivars de Phaseolus lunatus

Stades
Cultivars de maturité Phytate/Fer Phytate/Ca Oxalate/Ca Oxalate/Ca+Mg Na/K Ca/P
ST1(32) 16,33 0,21 1,16 0,86 0,05 1,15
ST2(38) 15,73 0,24 1,19 0,90 0,04 1,20
FCW ST3(45) 13,58 0,25 1,38 1,01 0,05 1,21
ST4(52) 10,19 0,30 1,54 1,09 0,05 1,31
ST1(32) 13,65 0,18 0,84 0,67 0,05 1,17
FCR ST2(38) 10,14 0,24 0,94 0,72 0,04 1,23
ST3(45) 11,49 0,26 1,10 0,84 0,04 1,40
ST4(52) 9,67 0,34 1,55 1,12 0,04 1,43
ST1(32) 17,26 0,20 0,82 0,63 0,04 1,14
FCB ST2(38) 16,71 0,24 0,76 0,58 0,04 1,12
ST3(45) 14,68 0,31 1,14 0,83 0,05 1,12
ST4(52) 12,66 0,39 1,31 0,92 0,05 1,30

Mean + SD, n = 3; in columns, means marked with different letters indicate significant differences at the threshold (P < 0.05). FCW (White Cultivar

Flour), FCR (Red Cultivar Flour) and FCB (Black Cultivar Flour)

4. Discussion

4.1. Pods and Seeds Change Color According
to Maturity

All three varieties had pod values (L*) between 100
(white) and -100 (black). The pods of the red variety are
green (a*) between stage 1 (32 days) and stage 4 (52 days).
The pods of the white and black varieties are green (a*)
from stages 1 to 3, but turn red in stage 4. All pods of the
three varieties were positively (yellow) (b*). (L*) seed
values ranged from 0 to 100 (white), for white cultivars
and decreased (black) for red and black cultivars. The (a*)
seed value of the white variety is green, while the (a*)
seed value of the red and black varieties is green at

maturity stage 1 (32 days) and turns red at maturity stage
4 (52 days). Seed values (b*) were positive for all three
varieties. The pods and seeds change color as they
mature. The CIE parameters (L, a* and b*) showed that
the pod color of all three cultivars changed from green at
stage 1 to yellow at stage 3 and brown at stage 4. Positive
b* values decrease during ripening and are responsible
for the brown color of stage 4 pods. The white color of the
seeds of white varieties is explained by the increase in L*
value during ripening. The red seed color of red varieties
can be explained by positive a* values. The black seed
color can be explained by a decrease in L* value during
ripening. The development of pod and seed color can be
explained by the breakdown of chlorophyll, which on the
one hand leads to the loss of green color, and on the other
hand to the new synthesis of colored pigments such as
carotenoids, anthocyanins, etc. ([30,31]. Chlorophyll
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degradation occurs through the action of ethylene [30,32].
The maturation process has been studied by, enzymes
involving only chlorophyllase. The activity of the enzyme
increases during maturation, which Associated with reduction
of chlorophyll and loss of green color [31,33].

4.2. Biochemical Composition of Phaseolus
lunatus (L.) Seeds During Maturity Stage

Moisture content decreases during seed maturation.
This decrease in water content of P. lunatus seeds is most
likely due to the utilization of water in various metabolic
activities caused by environmental conditions (high)
temperature, wind, etc.) [34]. The dehydration of P.
lunatus seeds is similar to this similar. Consistent with
what he observed during his study of Anethum graveolens
(L) [35]. The seeds of red varieties were higher in
carbohydrates than black and white varieties regardless of
maturity stage. Seeds of all three P. lunatus cultivars
showed a significant decrease in carbohydrate content at
maturity at the 5% threshold (73.17 — 64.16% dry matter).
The decrease in carbohydrate content was due to
conversion of seed starch by phosphorylases during
ripening caused by soluble sugars [36]. According to [37],
the variation in carbohydrate content among three month
old pine cultivars was influenced by cultivars. According
to the work of [38], the carbohydrate content of the seeds
of the three species varied similarly to that of the
Crotalaria Enable species, whose dry matter content varied
between 66.21 % and 82.16 %. The carbohydrate content
of P. lunatus seeds is similar to that of Crotalaria, making
them a good source of calories against wasting and can be
used for infant feeding [38]. At stage 4 of maturity (52
days), seeds of the red cultivar contained more fat than the
black and white cultivars.

The fat content in the seeds Phaseolus lunatus cultivars
varied widely during ripening, ranging from 1.01 to 2.6
0/100 g dry matter. The fat content is higher in the seeds
of the black cultivar (1.1 to 2.6% dry matter) than in the
white and red cultivars. The decrease in water content in P.
lunatus seeds is responsible for the increase in seed oil
content during ripening [39]. According to the work of
[40], the lipid content of the seeds of the three P. lunatus
cultivars is comparable to that of some lima bean cultivars

(1.3-2.3 /100 g dry matter). Lipids are important
compounds in the human diet and play several roles in the
human body. Lipids are the main source of energy, more
than the energy provided by proteins or carbohydrates [41].
The lima bean is not rich in lipids like most species of the
Phaseolus genus, unlike oilseeds such as soy, which are
rich in protein and lipids. At stage 4 (52 days), the seeds
of the white variety contain more protein than those of the
black and red varieties. Its content ranges from 19.30 to
25.06% of dry matter. The protein content in the seeds of
the three Phaseolus lunatus cultivars increased
significantly (P < 0.05) with maturity and differed
between cultivars. In the seeds of the three P. lunatus
cultivars, the protein content varied from 17.2 to 25.06
0/100 g dry matter). [42] showed a significant positive
correlation (P < 0.05) between increasing seed nitrogen
content and crude protein content in mungbean seeds

during ripening. During ripening, the mass of the seed
increases, followed by the accumulation of large amounts
of protein, each of which accounts for 40% of the dry
mass [43,44] have shown that the crude protein content of
tumbleweed, which is 11.2% of dry matter at the
beginning of flowering, increases with ripening. The
protein content of the seeds harvested after 52 days from
the three varieties is higher than that of pulses like Cicer
arietinum (20.70% DM), Vigna mungo (23.60% DM) and
Vigna radiata (24.50% DM); Phaseolus vulgaris (22.4%
DM) and Cajanus cajan (22.7% DM) [37]. These values
are comparable to the protein contents of the three Vigna
mungo varieties. They range from 24.37 to 26.22% dry
matter [45]. The protein content of P. lunatus white
cultivar seeds is lower than that of Mucuna pruriens var.
utilis white cultivar seeds (28.82% dry matter) [46]. The
plant protein from the cultivars of P. lunatus is an
alternative source of protein in the human diet.

The highest energy value is found in the seeds of the
red cultivar, whatever the ripening stage. The energy value
decreases significantly at the 5% threshold with increasing
maturityThe energy value of the seeds of three cultivars of
P. lunatus varied between 314.67 and 310.02 Kcal / 100 g
of dry matter during the ripening period. In this study, this
low energy value can be attributed to the low lipid and
carbohydrate content during seed ripening. The energy
values obtained with P. lunatus seeds are low in
comparison with those of seeds of the same species, which
are respectively 370.96 Kcal/100 g for the cultivated
species and 376.26 Kcal/100 g dry matter for the wild
species [47]. The energy value of the seeds of the three P.
lunatus cultivars is comparable to that of soybean and
bean [48], ranging from 1318-1394 Kj (315-333.17
Kcal/100 g dry matter).

Ash content increases significantly with maturity
(P<0.05). The relatively high ash content of the seeds of
all three cultivars is thought to be due to the high
concentration of minerals in the seedsThis value is slightly
higher than that found in wild and cultivated seeds of P.
lunatus [49], which are 3.42 g and 2.91 g per 100 g of dry
matter, respectively. Cassia obtusifolia seeds [50] and
Vigna species [51] showed similar results. The ash content
of a food is a very important parameter for the assessment
of mineral content. At stage 4 (52 days), black seeds are
rich in sodium, copper and zinc, whereas red seeds at the
same stage are rich in potassium, iron and calcium. At
stage 4 of maturity, the white variety produces seeds rich
in phosphorus. There is a significant increase (P<0.05) in
the content of minerals such as sodium, potassium, iron
and copper during the ripening period. They vary from
38.68 - 60.80 mg/100 g; 72.26 - 110.43 mg/100 g; 6.80 -
10.33 mg/100 g and 1.84 - 2.4 mg/100 g dry matter,
respectively. With ripening, the content of phosphorus,
magnesium and calcium decreases. Variety seeds contain
phosphorus (55.52 - 37.18 mg/100 g dry matter),
magnesium (55.72 - 45.44 mg/100 g dry matter) and
calcium (63.32 - 48.24 mg/100 g dry matter). Potassium
(K) content in kale leaves increases during development
according to [52]. On the other hand, according to the
same author, phosphorus tends to decrease during ripening.
Phosphorus (P) is an essential element for plant growth
and development. The decrease in minerals such as
phosphorus, magnesium and zinc during ripening could
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also be explained by their use as activators of enzyme-
catalysed reactions [53]. Their use in photosynthesis,
carbohydrate and nucleic acid metabolism could explain
the decline in calcium (Ca) and magnesium (Mg) [54].
Magnesium is an essential component of chlorophyll [55],
which contributes to fruit (pod) ripening. Changes in the
mineral profile of the seeds of the three cultivars can be
explained by genetic variability and the level of mineral
uptake from the soil [56], plant metal fertility [57] and soil
salinity [58]. The levels of iron and phosphorus are high
Phaseolus lunatus (L.) seeds contain high concentrations
of iron, which can help carry oxygen to tissues at the
haemoglobin level. Potassium regulates the body's water
balance. Together with sodium, it helps maintain acid-
base balance. It is an activator of certain enzyme systems
necessary for protein synthesis, glycogen storage, nerve
fibre excitability and muscle joints. The Na/K and Ca/P
ratios of the seeds of all three varieties are less than or
greater than 1, irrespective of the stage of maturity. The
Na/K ratio is very important for the proper functioning of
the body. It helps to prevent high blood pressure. A food
product is a good source of Ca and P if the Ca/P ratio is
greater than 1 [59]. The Na/K and Ca/P ratios of the seeds
of all three cultivars are less than or equal to 1. They can
therefore be recommended for human consumption.
Phaseolus lunatus seeds can be recommended in the diet
of both men and women as their content exceeds the
standards proposed by [60] of 1.37 mg/day and 2.94
mg/day, respectively. In addition, according to the work of
[61], the seeds of the three P. lunatus cultivars can be used
in the human diet to reduce anaemia affects several
million people worldwide.

4.2.1. Vitamins B

Seeds from the black cultivar contain more B vitamins
than seeds from the red and white cultivars at stage 4 (52
days) of maturity. The B-vitamin concentrations of
Phaseolus lunatus cultivars differ from one cultivar to
another. There was a significant difference (P < 0.05) in
the evolution of thiamine (B1) and riboflavin (B2)
concentrations during seed ripening. On the other hand,
pyridoxine (B6) and folate (B9) levels did not increase
significantly (P > 0.05) with seed ripening. Seeds of the
white cultivar are rich in thiamine (B1), while those of the
black cultivar are rich in riboflavin (B2) and pyridoxine
(B6). Pyridoxine (B6) content ranges from 1900 to
2000.03 pg/100g dry matter. P. lunatus seeds have high
levels of pyridoxine (B6), as well as thiamine (Bl),
riboflavin (B2) and folate (B9). Vitamin B content
depends on the ripeness of the fruit and vegetables [62].
Vitamins are essential organic compounds found in fruit
and vegetables. Soluble B vitamins are necessary for
cellular metabolism, especially carbohydrate metabolism.
According to [63], the recommended level of vitamin B6
(pyridoxine) in the human diet is 1.3 mg/day or 1300
pg/day of dry matter. Seeds from all three P. lunatus
cultivars can be used in adult diets, as their pyridoxine (B6)
content exceeds the level recommended by [63]. A
deficiency in B vitamins can lead to metabolic disorders,
manifested by more or less characteristic symptoms
(pellagra and beri-beri). P. lunatus seeds can therefore be
a good source of folates (B9) to prevent megaloblastic

anemia in undernourished or malnourished populations,
mainly in Africa and specifically in Céte d'lvoire.

4.3. Polyphenols and Antioxydant Activity

The white cultivar contains more polyphenols than the
red and black cultivars at all stages of ripening.
Polyphenol levels in Phaseolus lunatus (L.) seeds from the
three cultivars range from 1310.96 + 1.00 to 705.85 + 0.95
mg/100 g dry matter, depending on ripening stage. Values
range from 1310.96 + 1.00 - 860.10 + 0.85 mg/100 g dry
matter. According to studies by [64], the difference in
total polyphenols between bean cultivars can be attributed
to genetic differences, agronomic practices, climatic
conditions and ripening stages. Levels are lower than
those found by [46], which are 3130 + 0.01 mg /100 g dry
matter in the white variety and 2840 + 0.01mg/100 g dry
matter in the black variety of dry bean Mucuna pruriens
var. utilis (Wall ex Wight). The seeds of all three P.
lunatus cultivars are a good source of polyphenols. They
may possess anti-inflammatory properties ([65,66] and be
able to modulate immune system function. Consumption
of P. lunatus seeds, rich in polyphenols, can protect
human cells against oxidation, thus preventing their
premature destruction and body wrinkles [67]. The use of
these seeds in food recipes should be encouraged. The
hydrocyanic acid content of Phaseolus lunatus seeds
increases from 3.06 + 0.03 to 6.37 + 0.03 mg/100 g dry
matter during maturity. The hydrocyanic acid content of
the seeds is below the toxic level of 10 mg HCN Eq/kg
dry matter recommended for cassava by [68] and
comparable to that of Vigna sinensis and Pisum sativum
[69]. P. lunatus seeds can be used for human consumption
because the hydrocyanic acid is destroyed by heat. Seeds
of the red cultivar contain more phytates than those of the
white and black cultivars at stage 4 of maturity. Phytate
levels increase significantly in the seeds of the black
cultivar at the 5% threshold from (109.78 + 0.51 to 120.23
+ 0.92 mg /100 g dry matter) during ripening, and remain
constant in the seeds of the white and red cultivars.
Phytates accumulate in the seeds of P. lunatus cultivars
during the ripening period in the form of phosphate and
inositol [70]. This increase in phytate levels in the seeds is
explained by the accumulation of phytates in the form of
phosphorus in legume seeds, which can reach up to 80%
of the total phosphorus content [71]. According to [72],
during seed development, phytic acid is deposited in the
organelles. The average phytate content of P. lunatus
seeds, ranging from 105.36 + 1.16 to 130.95 + 0.17
mg/100 g dry matter, is within the range of values
recorded for Dioscorea alata yam (58.6 to 198 mg/100 ¢
dry matter) [73]. Seeds of the white cultivar contain more
tannin than those of other cultivars. Tannin levels increase
significantly (P < 0.05) in the seeds during ripening.
Tannin levels in Phaseolus lunatus seeds ranged from
82.75+1.05 to 133.81 £0.77 mg/100 g dry matter. An
increase in seed tannin levels during ripening was
observed by [74], who showed that polymerization of
tannins in potatoes at stage 7 of ripening. According to
[75], tannins are widely distributed in plants, particularly
in fruit and cereal seeds. Seeds of the red cultivar contain
the highest levels of total oxalates. The total oxalate
content of Phaseolus lunatus seeds decreased significantly
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(P < 0.05) from 615.93 + 0.90 to 396.53 + 0.61 mg/100 g
dry matter during ripening. The oxalate content obtained
in P. lunatus seeds is higher than that reported by [76] for
Artocarpus altilis flours, which is 66.84 + 1.54 mg/100 g
dry matter. The evolution of oxalate content is explained
by a rapid accumulation of oxalates followed by a
decrease at the end of ripening [77]. Oxalate content
varies according to variety and species. The lethal oxalate
content of a feed is between 2000 and 5000 mg
oxalates/100 g feed dry matter [78], indicating that
consumption of P. lunatus seeds would be safe. Seeds of
the black cultivar are richer in flavonoids at stage 4 (52
days) of ripening. Flavonoid levels increase significantly
at the 5% threshold during seed ripening for all three
Phaseolus lunatus cultivars, regardless of ripening stage.
They range from 3.68 £ 0.27 to 13.62 £ 0.50 mg/100 g dry
matter. Flavonoid values are higher in the seeds of the red
cultivar than in the white and black cultivars. Changes in
flavonoid composition during ripening correlate with
increased antioxidant activity. Our results are similar to
those of [79], who showed an increase in flavonoid levels
in Thymus transcaspicus (Klokov) fruits during ripening.
Bean seed color is determined by the presence and
concentration of flavonol glycosides, anthocyanins and
condensed tannins [80]. Results found by [81] showed an
increase in flavonoid levels during ripening of Ocinum
américanum (L) cultivars ranging from 10 to 749 mg
CA/100 g dry matter. This difference is probably due to
anthocyanins, a well-known group of water-soluble
colorants, which contribute significantly to seed coloration
[82]. All plant phenolics possess antioxidant activity. [83]
have shown that the antioxidant power of flavonoids can
be attributed to the synergy of phenolic compounds
(phenoalic acids, tannins and flavonoids). The increase in
antioxidant activity in the seeds of three P. lunatus plants
illustrates the findings of [83]. The results obtained show
an increase in flavonoids ranging from 3.68 to 13.62
mg/100 g dry matter, followed by high antioxidant activity
(81.72 - 95.30%) during ripening. Interestingly,
flavonoids in the seeds of all three P. lunatus cultivars are
able to inhibit and/or reduce the production of reactive
oxygen species (ROS) by neutrophils [84]. Calcium,
magnesium, zinc and iron are divalent cations chelated by
oxalates and phytates, reducing their bioavailability [85].
Phytates/Ca, oxalates/Ca, Phytates/Ca and
oxalates/Ca+Mg ratios in Phaseolus lunatus seeds are
below the critical value of 2.5, whatever the stage of
maturity, implying good absorption of these minerals by
the organism, according to [86]. As for the phytate/iron
ratio, which is higher than the critical value of 0.4
whatever the stage of maturity, this shows the non-
bioavailability of iron after consumption of Phaseolus
lunatsu seeds.

5. Conclusion

The aim of this study was to determine the pod
harvesting stage of three Phaseolus lunatus cultivars, so as
to obtain seeds of good nutritional quality. The results
showed that most biochemical parameters are at their
maximum at stage 4, i.e. 52 days after fertilization,
especially in the seeds of the red cultivar. This cultivar is

rich in carbohydrates and has a good energy value. Protein
levels are higher in the seeds of the white cultivar than in
those of the red and black cultivars. The seeds of all three
cultivars are rich in minerals, but more potassium. Seeds
from the black cultivar contain more B vitamins than
seeds from the white and red -cultivars. Flavonoid,
carotenoid and antioxidant activity levels increase during
ripening in the seeds of all three Phaseolus lunatus
cultivars. Antioxidant activity is high in seeds harvested at
stage 4 of ripening. At stage 4 (52 days), the seeds of all
three cultivars can be used as a dietary supplement by
Ivorian populations.
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