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ABSTRACT

Obijective: Lima bean (Phaseolus lunatus) is a protein-rich legume species, which the consumption
causes a problem of digestion due to the high content of anti-nutritional factors. Thus, the objective
of this study is to improve the nutritional quality of lima bean by means of fermentation.
Methodology and results: The impact of spontaneous fermentation time on lima bean flour
proximate composition, antinutrient factors and microbiological composition was evaluated.
Lactic acid bacteria counts were the most abundant and their evolution was increased from 0 to 24
hours (3.66 to 10.34 log CFU/mL) and remained stable until 72 hours. A significant increase was
observed in yeast and mould counts (2.89 to 6.61 log CFU/mL), while Bacillus counts remained
stable. Furthermore, there was a significant reduction (P < 0.05) of anti-nutritional factors such as
tannins, phytate and oxalate during fermentation. Finally, lipids, fibres, ash, proteins and sugar
content decreased significantly (P< 0.05) unlike carbohydrate content.

Conclusion and Application of results: Spontaneous fermentation improved the nutritional quality
of Lima bean flour. Fermented lima bean flour could be used in the formulation of instant infant
meal and animal feed.

Keywords: spontaneous fermentation, physicochemical, nutrient, anti-nutrition factors,
fermentative microorganisms.
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INTRODUCTION

Legumes are flowering plants that produce
pods (Schrire et al., 2005). They belong to the
Fabaceae family. The Fabaceae family is the
third most populated family of flowering
plants (behind Asteraceae and Orchidaceae)
with 670 to 750 genera and 18,000 to 19,000
species (Lewis et al., 2005). Legumes play an
important role in the nutrition of many people
because of their high protein content in the
seeds. They are an important source of protein
in many developing countries, particularly
among the poorest populations, and are rich in
essential amino acids such as lysine, which
complements the nutritional value of cereal
and tuber diets (Graham & Vance, 2003).

The majority of African population is faced
with the problem of undernourishment
(Yabile, 2011). The consumption of pulses
appears to be an alternative to this problem
(FAO, 1988). Of these legumes, Phaseolus
lunatus L. is a bean species that belongs to the
family Fabaceae. This bean species is very rich
in phytochemicals and proteins. The protein
richness of Phaseolus lunatus L. may also
offset the increased protein deficiency in
Africa given the high price of animal protein
(Young & Pelett, 1994). However, the
consumption of these legumes poses a problem
of digestion and bioavailability of certain
nutrients due to the high content of anti-
nutritional factors (Fadahunsi, 2009). Lima
bean seeds contain anti-nutritional factors such
as hydrogen cyanide, phytic acids, saponin,
oxalate, tannin, trypsin inhibitor activity,
haemagglutinin activity (Ezeagu & Ibegbu,
2010).These anti-nutritional factors have been
observed to inhibit absorption of nutrients and
their subsequent utilization and assimilation by
animals. Besides, they cause some level of
damages to some organs such as liver, kidney
and spleen (Emiola et al., 2007). It seems
necessary to find ways to reduce this problem
in order to make their consumption
advantageous.

Fermentation is the traditional means and
remains the main and most affordable way of
preserving food in many places. It is an
interesting process in a context of sustainable
development and improvement of food
systems since it produces little effluent and
requires little energy to be put in place. Several
experiments  have  demonstrated that
fermentation of legumes enhances their
nutritive value and antioxidant properties;
reduces some anti-nutritional endogenous
compounds such as phytic acid, and exerts
beneficial effects on protein digestibility and
biological value of legumes (Oboh et al., 2012;
Oyewole &lsah, 2012). In addition, many
studies have shown that fermentation can be
effectively used to improve the nutritional
quality of cereal grains by increasing protein
content and digestibility (Inyang & Zakari,
2008; Osman, 2011).

The normal fermentation process is carried out
with the endogenous flora. However, beans
can contain aerobic microorganisms from air,
water, soil, containers. These microorganisms
may be more numerous than the fermentative
species. Fermentation failures can often be
attributed both to the preponderance of
undesirable organisms and to the retardation of
the growth of desirable organisms. However,
the microorganisms responsible for the
fermentation of any food are usually present.
Fermentations can be carried out by
spontaneous fermentation or after addition of
starter cultures (Hui et al., 2004). The
microorganisms  involved in  natural
fermentation are most often lactic acid bacteria
and yeasts. By their numerous lytic activities
(proteolytic, amylolytic, lipolytic, phytasic,
etc.), they are responsible for modifying raw
materials. Lactic fermentations allow food to
be preserved by inhibiting the development of

pathogenic bacteria or spoilage through
acidification and the production of
bacteriocins. However, the recognized

importance of lactic acid bacteria and yeasts
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should not minimize the role of fungi and
species of the genus Bacillus in the production
of fermented foods or condiments. Fungi are
responsible for the fermentation of soybeans to
produce tempeh and sufu (Han et al., 2001;
Kiers et al., 2000), two widely consumed
Asian foods, while different Bacillus species

MATERIAL AND METHODS

Simple collection and flour production: The
biological material used for this study
consisted of mature seeds of the black red-
spotted cultivar of Phaseolus lunatus (L.)
(Figure 1). A producer in the villages of
Assoumoukro (M’batto) and N’guessankro
(Bongouanou), the central-eastern park of Cote

are responsible for the fermentation of carob
and soybean seeds to produce soumbala and
kinema, respectively (Ouoba et al., 2004,
Sarkar et al., 2002). The objective of this study
is to improve the nutritional quality of lima
bean by means of fermentation.

d’Ivoire, supplied it. The dried bean seed
samples were cleaned and sorted according to
size and absence of extraneous or abnormal
odours and living or dead insects. The bean
samples were finally ground in a suitable
analytical mill and sieved through a 0.5 mm
mesh sieve.
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Figurel: Mature seeds of the black red-spotted cultivar of Phaseolus lunatus (L.)

Fermentation experiments: Suspensions of
bean flour in distilled water were prepared a
concentration of 1:12 dilution (w/v). The flour
slurry was allowed to ferment naturally at
room temperature (26 °C) for 24, 48 and 72 h
in 3 containers according to the modified
method of Dablado et al. (2002). The pH was
measured daily. After fermentation, part of the
samples was used for microbiological analysis
and the rest was dehydrated at 55°C for 24 h to
stop microbial growth (Fadahunsi, 2009). The
dried fermented samples were ground to pass
through a 0.5 mm sieve and stored in glass jars
for analyses.

pH and titratable acidity determination:
The pH was determined by the AOAC
principle  (1990), according to the

potentiometric method, using the electrode of
a pH meter (WTW pH 302). The titratable
acidity was also determined according to the
method of the AOAC (1990). 10g of each
crushed sample was diluted in 100 mL of
distilled water and the mixture was filtered.
Then, 10 mL of each filtrate was taken and
titrated with a solution of NaOH (0.1 N) in the
presence of phenolphthalein until the turn pink.
Proximate Analysis: The different samples
(unfermented and fermented) were analysed
for ash, crude fat, crude protein and crude fibre
in proportions of 1 g each, by standard methods
recommended by AOAC (1990).
Carbohydrates were calculated by the
difference based on the total composition of
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fermented and unfermented flours (Muller &
Tobin, 1980).

The total sugars were determined according to
the technique described by Dubois et al. (1956)
using phenol and concentrated sulfuric acid.
The ethanosoluble extract (150 pL) was taken
and placed in a test tube. Then, 1 mL of phenol
(5%, w / v) and 1 mL of concentrated sulfuric
acid (97%) were added. The reaction medium
was homogenized and left to cool for 5 min.
The optical density was read at 490 nm on a
spectrophotometer against a control containing
all the products except the ethanosoluble
extract. The optical density was converted into
the amount of total sugars using a standard
curve obtained from a glucose solution (1g /
L).

The reducing sugars were determined
according to the method of Bernfeld (1955)
using 3, 5-dinitrosalycilic acid (DNS). A
volume of 150 pL of ethanol-soluble extract
was taken and placed in a test tube. To this
volume, 300 pl of DNS were added. The
mixture was brought to a boiling water bath for
5 min. 2 mL of distilled water were added to
the reaction medium after cooling for 5 min on
the bench. The optical density was read at 540
nm with a spectrophotometer against a control
containing all the products except the ethanol-
soluble extract. The optical density was
converted into the amount of reducing sugars
using a standard curve obtained from a glucose
solution (1g/L).

Anti-nutritional factors estimation:
Hydrogen cyanide was analysed by the AOAC
method (1990). 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 KI
(0.02 N). The distillate was titrated with silver
nitrate AgNOz3 (0.02 N) until a yellowish haze
appears.

The tannin  content was  estimated
spectrophotometrically by the procedure

described by Baindridge et al. (1996). One
millilitre of methanolic extract is introduced
into a test tube to which 5 mL 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 Latta & Eskin (1980).
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 Day & Underwood (1986). 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 millilitres of filtrate were titrated
hot with a solution of potassium permanganate
(KMnOg4, 0.05 M) until the change to persistent
pink.

Mineral content analysis: The following
minerals: magnesium (Mg), calcium (Ca), zinc
(Zn), iron (Fe), potassium (K) and sodium (Na)
were determined using atomic absorption
spectrophotometry as described by AOAC
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(1990). Nitric acid and hyperchloric acid (6:1)
were used for the digestion of the mixture.

Microbiological analysis: The
microorganisms in the samples were
enumerated by using the standard plate-count
method at every 24 h (up to 3 days) of
fermentation. Ten grams of fermented samples
were diluted with 100 mL of distilled water
followed by homogenization. Hundred
microliters of appropriate dilutions were
spread on the following media: Man Rogosa
and Sharpe agar (MRS; Biokar Diagnoses,
France) for the lactic acid bacteria, Sabouraud
with Chloramphenicol (Biorad, France) for
yeasts and molds. For Bacillus, counts samples

RESULTATS

Evolution of pH and titratable acidity: The
pH of lima bean flour decreased significantly
(P< 0.05) during spontaneous fermentation.
The pH was 5.99 + 0.0 for the unfermented
four. Then, it decreased until 72 h of
fermentation with a value of 4.07 £ 0.0. Unlike

were treated at 80 °C for 10 minutes in order to
Kill the vegetative forms and spread on plate
count agar (PCA; Conda, Madrid, Spain)
supplemented with rice starch (1%). The plates
for LAB were incubated anaerobically for 48 h
at 30°C; those for yeasts and molds and
Bacillus were incubated for 72 h at 30°C.
Statistical analysis: The analysis of variance
(ANOVA) was used to determine the
differences between treatments. When a
difference was observed, the multiple range
test Duncan at 5% was performed to separate
treatment means. Statistical tests were
performed using the STATISTICA software
version 7

pH, the total titratable acidity increased
significantly (P<0.05) during spontaneous
fermentation. It varied from 0 to 72 h with
respective values of 12. 93 + 0.28 meq / 100 g
and 44. 61 + 0.33 meq / 100g (figure 2).
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Figure 2: Evolution of pH and titratable acidity of Lima bean four (Phaseolus lunatus) during the

liquid fermentation

Biochemical composition: The results of this
study showed that fermentation had a
considerable effect on the nutritional value of

lima bean four. Table 1 shows the evolution of
the protein, lipids, carbohydrate, ash, fibre,
reducing sugar and total sugar contents during
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the spontaneous fermentation of Lima bean
flour. During fermentation, there was no
significant reduction in protein contents.
Unlike the protein, there was a significant
reduction in the lipid contents. Between 0 and
72 hours, the content varied from 1.72 £+ 0.04
to 1.25 + 0.04 mg / 100g respectively. The
carbohydrate contents increased gradually and
significantly during fermentation. Between 0
and 72 hours, the contents varied respectively
from 61.68 + 0.67 to 67.94 + 0.66 mg / 100g.
During the first 24 hours of fermentation, the
variation in the fibre crude content was not

significant (P < 0.05). After 48 hours, it
decreased significantly (4.17 + 0.29 mg /
100g). The ash content decreased significantly
during 72 hours of fermentation with values
varying from 4.1 + 0.10 to 1.88 £ 0.11 mg /
100g. In addition, a significant increase in the
content of reducing sugars was observed
during the first 24 hours of fermentation. Then,
this content decreased significantly until 72
hours. A significant decrease in total sugars
was observed during the spontaneous
fermentation of lima bean flour.
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Table 1: Evolution of biochemical composition of Lima bean flour during the spontaneous fermentation

Fermentation | Protein (%) | Fat (%) Carbohydrate | Fibber crude | Ash (%) Reducing Total sugar
time (h) (%) (%) sugars (9/ 1009)
(mg/ 1009)

0 26.67 +1.72+0.04* | 61.68+0.67% 5.83+ 0.58? 41+0.10* |33.19+£0.27* |4.22+0.06%
0.18%

24 26.13 +|1.47£0.02° | 63.67 £0.19° 6.33+0.29° | 24+000° |89.48+0.49" |1.84+0.04°
0.10°

48 25.93 +[1.34+£0.01° | 66.46 £ 0.33° 4,17+ 0.29° 2.1+£0.10° |67.15+0.20° 1.07 £0.04°
0.06°

72 25.43 +|1.25 +£0.049 | 67.94 + 0.66¢ 3.5+ 0.50° 1.88+0.11% |48.10+0.11¢ | 0.89 +0.02¢
0.08°

The values are mean + standard deviation, n = 3; in the columns, the means with different letters indicate a significant difference (P <0.05)
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Anti-nutritional factors: The anti-nutritional
factors measured during this study were tannin,
phytate, oxalate and hydrocyanic acid. Table 2
shows the changes in the levels of these anti-
nutritional  factors during fermentation.
Analysis of the results showed a significant
decrease (P < 0.05) in all of these factors.
Between 0 to 72 hours of fermentation, the

phytate content varied from 66.10 £ 0.91 to
51.10 £ 1.50 mg / 100g. The tannin content
varied from 71.82 = 0.56 to 30.78 £ 0.10. That
of oxalates varied from 227.33 + 6.35t0 209 £
0.00 mg / 100g. Finally, the hydrocyanic acid
content varied from 10.45 + 0.25 to 5.1 £
0.00mg / 100g.

Table 2: Evolution of anti-nutritional factor contents of Lima bean flour during the spontaneous

fermentation

Fermentation Anti-nutritional factor contents (mg/ 100g)

time (h) Phytates Oxalates Tannins cyanhydric acid
0 66.10 + 0.91° 227.33 £6.35% 71.82 + 0.56° 10.45 + 0.25%

24 58.00 + 1.20° 220.00 + 0.00° 44.35+0.56" |9.43+0.25

48 54.37 £ 1.74° 212.67 £3.17° 40.82 £ 0.30° 511 +0.25°

72 51.10 + 1.50¢ 209.00 £ 0.00° 30.78 + 0.10¢ 5.10 £ 0.00°

The values are mean * standard deviation, n = 3; in the columns, the means with different letters indicate

a significant difference (P <0.05)

Mineral content: Eight minerals were assayed
in this study namely magnesium, calcium,
sodium, potassium, phosphorus, zinc, iron and
copper. Table 3 shows the evolution of these
eight minerals as a function of fermentation
time. Analysis of the results showed a

significant decrease in the content of Mg, Ca,
K, P, Naand Zn after 72 hours of fermentation.
For Fe and Cu, a significant decrease was
observed only at the first 24 hours. After 24
hours, the variation was not significant.
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Table 3: Evolution of mineral contents of Lima bean flour during the spontaneous fermentation

Fermentation

Mineral contents (mg/ 100g)

time (h) Mg P K Ca Na Fe Zn Cu

0 137.13+2.49% | 503.97+2.37% | 1425.90+6.44° 101.11¢ 14,74+ 11.75+0.63% | 4.97+0.71% | 2.78+0.47°
24 87.64+0.48" | 363.92+1.10° | 912.64+4.54° gé%z:ro.mb (1)'06.%1 + | 8.88+0.24° | 3.76+0.42° | 1.44+0.14°
48 68.56+0.63° | 310.30£0.85° | 742.50+0.95° | 85.72+0.74° g:?gc + | 8.82+0.36° | 1.99+0.21° | 1.01+0.32°
72 59.89+0.93¢ | 298.68+0.85¢ | 722.58+0.87¢ | 85.67+0.61° z:géd + | 8.25+0.44" | 1.15+0.79° | 0.88+0.19°

The values are mean + standard deviation, n = 3; in the columns, the means with different letters indicate a significant difference (P <0.05)
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Evolution of microbial counts: The
microorganisms enumerated during the
fermentation of Lima bean (Phaseolus lunatus)
in this study are yeasts and molds, lactic acid
bacteria as well as Bacillus. Figure 3 illustrates
the evolution of their charge over time. During
the fermentation, there was a significant
increase (P< 0.05) in the load of yeasts and
molds. Between 0 and 72 h, their load varied

12
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respectively from 2.89 + 0.4 to 6.61 + 0.95
CFU / mL. Concerning lactic acid bacteria, a
significant increase (P< 0.05) in their load was
observed in the first 24 hours with values
varying from 3.67 + 0.49 to 10.34 + 0.04 CFU
/ mL. Then, their charge decreased slightly at
72 hours at a charge of 9.62 + 0.08 CFU / mL.
For Bacillus, the variation in their load is not
significant (P < 0.05) during the fermentation.
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Figure 3: Evolution of Bacillus, lactic acid bacteria, yeasts and moulds during the spontaneous

fermentation of Lima bean flour

DISCUSSION

The fermentative microorganisms, which were
counted in this study, are lactic acid bacteria,
yeasts, molds, and Bacillus. During
spontaneous or natural fermentation of lima
bean, the increase in the yeast and mould loads
could be explained by the fact that the
environmental conditions were favourable to
their growth. The parameters influencing the
growth of microorganisms in a food are water
activity, pH, temperature and the composition
of the food matrix (Blandino et al., 2003).
During the fermentation of bean flour, the pH
varied from 5.97 + 0.0 to 4.07 + 0.0. This
variation is included in the optimum pH range

for the growth of yeasts and molds which is
between 4 to 6.5 for yeasts and 4.5 to 6.8 for
molds (Dilbaghi & Sharma, 2007). Yeasts
tolerate very wide pH ranges, theoretically 2.4
to 8.6 because their cell envelopes are
impermeable to HzO * and OH™ ions (Laouar,
2020). A study had shown that Candida krusei
could live in the presence of lactic acid because
it has a high tolerance to lactic acid (Halm et
al., 2004). The increase in the load of lactic
acid bacteria is due to the pH of the matrix
favourable to their growth. This pH is located
in the optimal pH range of lactic acid bacteria,
which is between 5.5 to 6.5. As the load of
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lactic acid bacteria increases, there is a
production of organic acids by them. The
production of organic acids leads to a lowering
of the pH of the matrix (N’goran-Aw et al.,
2017). At this pH level, the lactic acid bacteria
strains remain viable but their growth is slowed
(Zoumpopoulou et al., 2008). This would be
the cause of the gradual decrease in their load
over time. Indeed, the production of organic
acid such as lactic acid would be due to the
transformation of the carbohydrates contained
in the matrix into pyruvate by the phenomenon
of glycolysis then into lactic acid by lactase
dehydrogenase produced by lactic bacteria
(Murphy & Condon, 1984; Piard &
Desmazeaud, 1991). At 24 hours of
fermentation, the pH was 4.66 = 0.1. At this
pH, the (H +) ions produced by the
deprotonation of organic acids block
permeases; which changes the permeability of
the bacteria membrane. On the other hand, at
acidic pH, it is the dissociated form of lactic
acid, which enters the cytoplasm of
microorganisms. This causes a drop in the
cytoplasmic pH of the cells, thereby slowing
down their enzymatic metabolism (Cotter &
Hill, 2003). The slowing down of the enzyme
metabolism leads to a slowing down of the
growth of bacteria. The variation in Bacillus
load during fermentation was not significant (P
< 0.05). The lactic acid production by bacteria
lowered the pH of the matrix and created an
unfavourable environment for the growth of
Bacilli. Although the pH decreased during
fermentation, the number of Bacillus was
almost constant. In fact, under unfavourable
environmental conditions, the Bacilli can take
on spore-forming forms in order to resist
unfavourable conditions (Nicholson et al.,
2000). This resistance of spores is due to their
particular and compartmentalized structure
(Atrih & Foster, 2002). The spore is a
particularly poorly permeable structure with
low mobility of its structures (Cowan et al.,
2004; Griffiths & Setlow, 2009). This
permeability is also very useful for the spore

because it allows it to maintain the dehydrated
state of the protoplast and therefore its dormant
state. This state of dormancy could be at the
base of the weak variation of the load of the
bacilli during the fermentation. These results
show that lactic acid bacteria, yeasts and molds
are responsible for the spontaneous
fermentation of lima bean flour. The
importance of Bacilli should not be minimized
as they are used in the production of fermented
foods or condiments with important biological
properties (Kiers et al., 2000; Tamang et al.,
2016). Spontaneous fermentation had a
significant (P < 0.05) effect on the nutritional
value of lima bean. The reduction in the protein
content of the four could be due to an increase
in the catabolism of matrix proteins by
microorganisms during fermentation. Indeed,
bacteria need nitrogenous substances to
synthesize their proteins necessary for their
growths. Some microorganisms have the
capacity to fix atmospheric nitrogen and others
do not have such as lactic bacteria (Loubiére et
al., 1996). During their  growths,
microorganisms secrete proteases, which will
hydrolyse proteins into amino acids. Then,
after the amino acid deamination reactions by
deaminases, the  microorganisms  will
assimilate nitrogen. This could cause the
nitrogen level in the matrix to drop. These
results are similar to those of Assohoun et al.
(2013) who observed a reduction in the protein
contents in fermented corn, a condiment used
in the production of doklu. Lima bean is not
rich in lipids like most species of the genus
Phaseolus, unlike oilseeds like soybeans,
which happen to be rich in proteins and fats.
The reduction in the lipid contents during
fermentation could be due to the hydrolysis of
lipids by lipases produced by microorganisms
during fermentation. During the fermentation
of bean seed flour, the fibre content decreased
significantly between 24 hours and 48 hours.
This could be due to the secretion of
extracellular enzymes such as ligninases,
cellulases and hemicellulases by fungi (Oboh
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& Elusiyan, 2007). The presence of dietary
fibre in a food can significantly reduce the
availability of mineral elements and proteins
because of their chelating effect (Fralich,
1990; Adams et al., 2018). Reducing fibre
content could significantly increase the
availability of proteins and minerals and
improve the nutritional quality of the food. The
carbohydrates content increased significantly
during fermentation. This increase could be
due to the significant decrease in other
macronutrients that the microorganisms were
able to consume during their growth.
Assohoun et al. (2013) observed a reduction in
the carbohydrates content during the
fermentation of corn while Gabriel &
Akharaiyi (2007) observed an increase in the
carbohydrates content during the spontaneous
fermentation of the seeds of Canavalia
ensiformis (L.) having undergone a heat
treatment. The rate of ash decreased in lima
bean flour during fermentation. Ojokoh (2009)
had shown that during the preparation of ogi,
there was a decrease in the ash rate during the
spontaneous fermentation of corn, an
ingredient in the preparation of ogi. Difo et al.
(2014) also observed a reduction in the ash rate
during the spontaneous fermentation of Vigna
unguiculata flour. The total sugar content
dropped significantly (P< 0.05) during
fermentation. The reduction in soluble sugar
content is believed to be due to their use as an
energy source by microorganisms. For their
metabolism, microorganisms can secrete
enzymes that hydrolyse soluble sugars. During
the reduction of soluble sugars, there could be
a significant reduction (P> 0.05) in flatulence
oligosaccharides. These results are similar to
those of Assohoun et al. (2013) who observed
a significant reduction (P< 0.05) in the total
sugar level during the fermentation of corn for
the production of doklu. The increase in the
content of reducing sugars during the first 24
hours could be due to the hydrolysis of starch
by amylases, oligosaccharides, cellulose by
cellulase produced by microorganisms. The

reduction in the reducing sugar content after
24h could be due to the use of these as a carbon
source by microorganisms during their
metabolism. Cuellar-Alvarez et al. (2017)
observed a significant increase (P <0.05) in the
content of reducing sugars during the
spontaneous fermentation of the seeds of
Theobroma grandiflorum (Willd. Ex Spreng.)
K.Schum. During the fermentation of lima
bean flour, there was a significant reduction in
the tannin content. These results are similar to
those of Murwan & Ali. (2011). They observed
a reduction during spontaneous fermentation in
the tannin content of two sorghum cultivars in
Sudan. These were the cultivars Dabar and
Tabat. Lewis & Starkey (1968) indicated that
the reduction in tannin content in sorghum
cultivars could be attributed to the activities of
microorganisms during fermentation. During
the activities of microorganisms, there could
be a secretion of tannases, which hydrolyze the
tannins. The seeds of lima bean were rich in
proteins. The significant reduction in tannins
contributes to improving the nutritional quality
of flour from lima bean by increasing the
bioavailability of proteins. Phytic acid and
phytate are widely distributed in plant seeds
(including cereals), roots and tubers (Graf,
1986; Lasztity & Lasztity, 1990) and legumes
(Wcislo & Szarlej-Wecislo, 2014). The phytate
molecule is  negatively charged at
physiological pH and would bind to
nutritionally essential divalent cations such as
Fe 2*, Zn #*, Mg ?* and Ca %*, etc., and forms
insoluble complexes, rendering thus the
minerals unavailable for absorption (Bohn et
al., 2008; Nielsen et al., 2013). It also forms
complexes with proteins and starch and
inhibits their digestion (Oatway et al., 2001).
Dephosphorylation of phytate is a prerequisite
for improving nutritional value, since the
elimination of phosphate groups from the
inositol cycle decreases the mineral bonding
strength of phytate. Dephosphorylation of
phytate is catalyzed by phytase (Cowieson et
al., 2016). During the fermentation of
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Phaseolus lunatus (L.) flour, there was a
significant and gradual reduction in the phytate
content. These results agreed with those of
Sokrab et al. (2012). They observed a
reduction in the phytate content during the
spontaneous fermentation of two genotypes of
maize Var-113 (high phytate) and TL98B-
6225-9 x TL617 (low phytate). Oxalate is
present in many types of edible plants with
varying concentrations (Noonan & Savage,
1999; Radek & Savage, 2008). In the plant,
oxalate is in the soluble and insoluble form
which bind the Na * or K * ions and the Ca %
and Mg ?* ions respectively, thereby reducing
their availability (Savage & Vanhanen, 2018).
During the fermentation of Phaseolus lunatus
(L.) bean flour, the oxalate content decreased
gradually and considerably. These results are
similar to those of Oke & Bolarinwa (2012)
who observed a decrease in the oxalate content
of taro flour (Colocasia esculenta) during its
spontaneous  fermentation. The marked
reduction observed due to fermentation may be
due to the effect of leaching and enzymatic
hydrolysis / acid hydrolysis of the starch
granule during fermentation. During the
fermentation of lima bean flour, there was a
significant reduction in the content of
cyhanidric acid. Kobawila et al. (2005)
observed decrease in cyhanidric acid content
during spontaneous cassava fermentation. The
body uses mineral ions as electrolytes for the
regulation, distribution, composition and
acidity of its fluids. Magnesium is used as a
cofactor in more than 300 enzyme systems and
in membrane stabilization. In addition, its
major role lies in regulating the transmission of
nerve impulses in the nervous system and in all
the organs in which it is projected (Al Alawi et
al., 2018). The spontaneous fermentation of
the flour from these seeds caused a significant
reduction in the magnesium content.
Potassium is the mineral best represented in the
cell where it regulates water movements and
plays a role in the transmission of nervous
current and muscle contraction (Udensi &

Tchounwou, 2017). Moreover, spontaneous
fermentation of the flour caused a reduction in
the calcium content, which passes from 101.11
+ 0.82 mg / 100 g to 85.67 £ 0.61 mg / 100g
after 72 h of fermentation. This result is
contrary to the conclusion of Oyewole &
Odunfa (1990) that fermentation releases
bound calcium. Fermentation of the flour
caused a reduction in the potassium content
which ranging 1425.9 + 6.44 to 722.58 + 0.87
after 72 hours of fermentation. However, the
bioavailability of potassium make fermented
flour a good source of potassium. Phosphorus
plays a metabolic role in the production of
energy released by sugars and amino acids, and
with calcium ensures the rigidity of the
skeleton (De Paula & Rosen, 2013).
Spontaneous fermentation of the flour from
these seeds caused a reduction in the
phosphorus content from 503.97 = 2.37 to
298.68 + 0.85 after 72 hours of fermentation.
However, the bioavailability of phosphorus
would make fermented flour from the seeds of
lima bean, a good source of phosphorus whose
needs are estimated at 460 mg / d from 1 to 3
years and 700 mg / d for adults (Johnson et al.,
2006). Sodium is essential for the conduction
of nerve impulses and an essential factor in
hydroelectric balance. Its absorption is
stimulated by glucose and amino acids in the
digestive tract. A severe restriction causes an
impairment of the functions of the nervous
system, even growth retardation in children.
Muscle exercise can cause significant sodium
losses (Soetan et al., 2010 ; Sakuyama et al.,
2016). Despite the reduction of this mineral
during fermentation, the significant reduction
in tannins and phytate resulted in
bioavailability of this. Iron, zinc and copper are
essential trace elements (Picaud, 2017). Iron, a
central component of haemoglobin, it
participates among other things, as a redox
cofactor, as well in the transport of electrons in
the mitochondria as in the metabolism of
catecholamines and in the synthesis of DNA
(Xu et al., 2013; Paul et al., 2017). Zinc plays,
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in particular, an essential role in all stages of
protein synthesis, in the activation of
ribonucleic acids (RNA) and DNA
polymerase, in the synthesis of prostaglandins
and has an antioxidant function by its structural
position in superoxide dismutase, independent
copper-zinc (Chanmugam, 1984; MacDonald,
2000; Prashanth et al.,, 2015). Copper is
involved in bone mineralization, the regulation
of  neurotransmitters,  immunity, iron
metabolism, oxidative glucose metabolism,
and essential in particular for the functioning
of the myocardium, and the elimination of free
radicals through the functioning of the

CONCLUSION

Lima bean is a legume rich in protein, iron,
copper and magnesium but in anti-nutritional
factors. During fermentation, a significant
reduction in anti-nutritional factors such as
tannins, phytate, cyhanidric acid and oxalate
was observed. This reduction has a positive
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