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Impact of Lactic Acid Fermentation on the

Nutritional Potential and Anti-nutritional factors
of Two Widely Consumed Pulses (Vigha
unguiculata and Vignha subterranea) Flours in
Cote d’lvoire

ABSTRACT |

Aims: The aim of this study was to evaluate the impact of lactic acid fermentation of Lactobacillus
plantarum on the nutritional and anti-nutritional factors of cowpea and voandzou flours, two legumes
widely consumed in Céte d'Ivoire]
Place and Duration of Study: Laboratory of Biotechnology, Agriculture and Valorization of Biological
Resources, between February 2021 and November 2021.

Methodology: Two pulses (cowpea and voandzou) purchased at the Adjamé market (Abidjan) Wwere
submitted, after the unitary operations of sorting, washing drying and grinding of the grains, in
fermentation in a sterile flour/water mixture at 37 °C for 48 h by Lactobacillus plantarum. The final
microbial load was enumerated according to official methods, the fermented flour was dried at 50 °C for
48 h and then the antioxidant and anti-nutritional properties were evaluated.

Results: The sterile conditions of fermentation of the water/flour mixture with the inoculum load of| 9,10”
CFU/g resulted in final microbial loads of 7.8 10° CFU/g and 6.7 10° CFU/g, in decreased in pHto 3.13 +
0.06 and 3.27 + 0.06. This decrease was correlated with an increase in total titratable acidity (4.89 + 0.02
and 4.26 + 0.0 %) after 48 h of fermentation for cowpea and voandzou flours, respectively. The
fermentative activity of Lactobacillus plantarum increased the initial phenolic compound content to 74.28 +
0.99 mg/100 g (cowpea) and 71.26 + 0.4 mg/100 g (voandzou) for total polyphenols and 36.52 + 0.336
mg/100 g (cowpea flour) and 35.33 + 0.231 mg/100 g (voandzou flour) for total flavonoids after 30 h of
fermentation. At the same time, their antioxidant activity doubled from 15 to 30 % while initial phytate and
tannin levels were both reduced by 47 % and 50 %, respectively in cowpea and voandzou flours in 30
hours of fermentation.

Conclusion: In view of all these results, cowpea and voandzou flours fermented with Lactobacillus
plantarum could be used as functional foods.
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1. INTRODUCTION
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Pulses refers to any plant from the [Fabaceae| family, distinguished by fruits called pods that release seeds at ma{ Comment [5]: italics ]
dehiscent slits [1]. These plants are of great agronomic and food interest. Indeed, the whole vegetative part (stem, root
and leaves) is used agriculturally as a cover crop, green manure or in livestock feed, while the beans are used in human

used foods in the world. Their worldwide consumption is believed to be attributed to their interesting biochemical and
nutritional composition [3]. Indeed, legumes are an excellent and inexpensive source of protein and micronutrients
(vitamins and minerals) [4]. This nutrient richness and diversity has made legumes a staple food in many countries [5].
Legumes also contain a number of bioactive compounds, including phytates, oligosaccharides, enzyme inhibitors,
peptides and phenolic compounds, which have been reported to have a positive impact on health [6,7]. Indeed, some



phytochemicals such as saponins, phenolic compounds and tannins present in legumes have antioxidant and anticancer
effects, which could be used in the treatment of cancer diseases [6]. Similarly, Doué let al| [7] have highlighted the dual

anti-diabetic and anti-oxidant character of legume peptides. Consumption of pulses also improves the serum lipid profile,
which has a positive effect on several other risk factors for cardiovascular disease, such as blood pressure, platelet
activity and inflammation. Pulses are rich in fibre and have a low glycaemic index, which makes them particularly

beneficial for people with diabetes in helping to maintain healthy blood glucose and insulin levels [8]. Despite the many
nutritional benefits mentioned above, there is still the problem of digestive discomfort often associated with the
consumption of legumes. These digestibility problems are related to the presence in legumes of anti-nutritional factors
(ANFs) such as lectins, trypsin inhibitors and phytic acid that complex essential nutrients [9,10,11] and hinder the
acceptability of these foods by the population especially in developing countries such as Cote d'lvoire.

In Céte d'lvoire, as in many countries in the sub-region, the preparation of local pulses (soy, common bean, white bean,
voandzou) follows a certain number of practices, including soaking, roasting and fermentation [12,13]. The adoption of
pulses in African household diet is challenged by the long cooking time required before palatability is achieved, coupled
with high fuel energy requirements [14], which constitute serious constraints to their use. These constrains (long
preparation time, difficult digestibility, etc.) have led to a sharp drop in their consumption [15]. In this context, nutritional
improvement of legumes would require less energy-intensive processing technologies that would significantly reduce anti-
nutritional factors such as fermentation.

Fermentation, an ancient food processing and preservation process, to be a sustainable way of improving the nutritional
properties of foodstuffs at lower cost by hydrolysis the anti-nutritional factors and reducing the antimicrobial compound.
Indeed, food becomes easier to digest and the fibres are less aggressive for the intestines [16]. This process therefore
appears to be a way of diversifying the range of foods derived from legumes by increasing their digestibility and even their
nutritional value. For legumes, it should be noted that many foods are produced, mainly tempeh in Indonesia and
dawadawa in Nigeria, two food products resulting from the natural fermentation of soybeans and néré, respectively
[17,18]. These natural fermentations are the result of spontaneous colonization of foods by local fermentative strains.
However, the randomness of this kind of fermentation implies diversity and variability of fermenting microorganisms and
does not allow for standardisation of the health, sensory and nutritional quality of the final product [19].

Therefore, using microbial ferments with known technological properties as starter for fermented foods, especially beans,
is increasingly becoming the most suitable approach to control and improve the technical properties of processed foods.
Recently, starter strains of lactic acid bacteria have been isolated from magnan (fermented dought cassava) and
characterized at the molecular level [20]. These Lactobacillus plantarum strains have shown interesting technological
properties that can be exploited in the formulation of functional foods. Given the high fermentation potential of these
strains and their interesting technological properties, it seems important to use them to explore their ability to ferment
different local legumes in order to control food quality. This is even more important as these Lactobacillus plantarum
strains, considered "GRAS" i.e. Generally Recognized As Safe and isolated from food strains are potentially safe for
human consumption. The aim of this study was to evaluate the impact of legume flours (Vigna unguiculata or cowpea and
Vigna subterranea or voandzou) fermentation by Lactobacillus plantarum on their anti-nutritional and antioxidant
properties.

2. MATERIAL AND METHODS

2.1. Biological material

Two legumes (Vigna unguiculata or cowpea and Vigna subterranea or voandzou) were purchased at the Adjamé market

(Abidjan), which is the largest supply area for these seeds in Cote d'lvoire. Once purchased, they were put in coolers and

transported directly to the laboratory. The bacterial material consisted of the Lactobacillus plantarum strain previously

isolated from "magnan” in Céte d'lvoire and well-characterised at the molecular level (Krabi gt al, [2015). This strain-
synthesises an extracellular amylase and B-glucosidase jand is capable of degrading starch to glucose. These strains

produced a large amount of lactic acid from glucose and has been used for lactic acid fermentation.

2.2. Processing of legume seeds (cowpea and voandzou) into flour
Once in the laboratory, the legume seeds (Vigna unguiculata or cowpea and Vigna subterranea or voandzou) were
sorted, cleaned, dehulled and washed with distilled water. They were dried in an oven (MercK, Germany) at 50 °C for 24
h, ground with a blender (Moulinex, France). The resulted flours were sterilized at 121 °C for 15 min and stored at 4 °C.
2.3. Fermentation of legumes flours

150 g of sterilized flour were mixed with a quantity of sterile distilled water of ration 4/5 (w/v) and inoculated with a
suspension of Lactobacillus plantarum ko obtain a starting bacterial population of approximately 9.10" and 8.107 CFU/g bf

fresh product for cowpea and voandzou respectively. Fermentations were carried out in 250 mL Erlenmeyer flasks and

[Comment [7]: Italics

[Comment [8]: Source of citation

[Comment [9]: Italics

[ Comment [10]: Alpha and beta amylases

Comment [11]: How are you sure that once this
state of inoculation is achieved, the the bacterial
population will be 9.10" and 8.10" CFU/g .
Source of citation will be necessary




incubated at 30 °C for 48 h. During fermentation, pH, total titratable acidity (TTA), growth bacterial of lactic acid flora,
nutritional and anti-nutrional factors were measured every 6 h. All fermentations were performed in triplicate.

2.4. Analysis during fermentation by Lactobacillus plantarum

2.4.1. Monitoring of pH and Total Titrable Acidity (TTA) during fermentation of two legumes flours

TTA of the fermenting flours was determined according to the AFNOR method, NF V05-101 [21]. TTA was determined by
titrimetry with 0.1 N NaOH and the pH was measured with an electronic pH meter (HANNA Instruments, Germany)
previously calibrated with standard buffer solutions pH = 4 and 7 [22]. TTA is expressed as percentage of lactic acid (%).
2.4.2. Growth bacterial of lactic acid flora during fermentation of two legumes flours

10 g of sampled every 6 hours was homogenized in 90 mL of peptone water solution followed by decimal serial dilutions.
MRS agar medium was used to determine lactic acid bacteria growth as colony forming units (CFU); incubation was at 30
°C for 48 h.

2.4.3. Polyphenols content determination during fermentation of two legumes flours

Polyphenols were extracted and determined using Folin-Ciocalteu’s reagent [23]. A quantity (1 g) of flour fermented was
mixed in 10 mL of methanol 70 % (w/v) and centrifuged at 1000 rpm for 10 min. An aliquot (1 mL) of supernatant was
oxidized with 1 mL of Folin—Ciocalteu’s reagent and neutralized by 1 mL of 20 % (w/v) sodium carbonate. The reaction
mixture was incubated for 30 min at room temperature and absorbance was measured at 745 nm by using a
spectrophotometer (PIOWAY, China). The polyphenols content was obtained using a calibration curve of gallic acid (1
mg/mL) as a standard.

2.4.4. Flavonoids content evaluation during fermentation of two legumes flours

Flavonoid content of flours fermented was evaluated using the method reported by Arvouet-Grand et al. [24]. 0.5 mL of
the methanolic extract (1 g of flour fermented was mixed in 10 mL of methanol 70 %) was mixed with 0.5 mL of AICl; (10
%, wiv), 0.5 mL of potassium acetate (1 M) and 2 mL of distilled water. Absorption at 415 nm (PIOWAY, China) was
mesured after 10 min against a blank sample. The total flavonoid content was determined using a standard curve with
quercetin (Sigma-Aldrich, Germany) (0,50 mg/mL) as the standard.

2.4.5. Antioxidant activity evaluation during fermentation of two legumes flours

Antioxidant activity assay was carried out using the 2,2-diphenyl-1-pycrilhydrazyl (DPPH) spectrophotometric method [25].
To 1 mL of 0.3 mmol/L DPPH solution prepared in ethanol was added 2.5 mL of solution (1 g of flour fermented sample
mixed in 10 mL of methanol and filtered through Whatman paper) and was allowed to react for 30 min at room
temperature. Absorbance values were measured with a spectrophotometer (Pioway, China) set at 415 nm and the
average absorbance values were converted to percentage antioxidant activity using the following formula:

Antioxidant activity (%) = 100 — [(Abs of sample — Abs of blank) x 100/Abs positive control]

2.4.6. Phytate content evaluation during fermentation of two legumes flours

Phytates contents of flours were determined using the Wade’s reagent method [26]. To 20 mL of hydrochloric acid (0.65
N) was added 1 g of fermented flour and the mixture was agitated for 12 h using a magnet. The mixture was centrifuged
at 12000 rpm for 40 min and 0.5 mL of supernatant was added with 3 mL of Wade’s reagent. The reaction mixture was
incubated for 15 min and absorbance was measured at 490 nm by using a spectrophotometer (PIOWAY, China).
Phytates content of flours was determined using a calibration curve of sodium phytate (10 mg/mL) as standard.

2.4.7. Tannin content evaluation during fermentation of two legumes flours

Tannins content of flours were quantified according to method proposed by Bainbridge et al. [27]. For this, vanillin reagent
(5 mL) was mixed of the methanolic extract (1 mL) and the mixture was allowed to incubate at ambient temperature for 30
min. Thereafter, the absorbance was read at 500 nm by using a spectrophotometer (PIOWAY, China). Tannins content of
flours was estimated using a calibration curve of tannic acid (2 mg/mL) as standard.

2.4.8. Statistical Analysis

All the analyses were performed in triplicate and data were analyzed using EXCELL and SPSS Statistics 20.0.
Differences between means were evaluated by Duncan’s test. Statistical significant difference was stated at p < 0.05.

3. RESULTS AND DISCUSSION

Fig. 1 shows the changes in biochemeical parametere (pH, total titratable acidity) of the two studied legumes flours during
the 48 hour fermentation. It should be noted that the total titratable acidity (TTA) is inversely proportional to the pH during
the fermentation of both legume flours. At the beginning of fermentation, the pH of cowpea and voandzou flour was
around 6.5, and then decreased to reach 3.13 + 0.0 and 3.27 + 0.3, respectively. There was a sharp drop in the first 24
hours (Fig. 1A). The same trend was obtained by the study made by Menezes et al. [28] on wheat dough fermentation
showing the greatest decrease in the pH level in the first few hours of fermentation, until it reached a relatively stable
value after several stages. During the same fermentation period, the TTA increased from an initial value of 0.2% to values
of 4.89 + 0.6% and 4.26 + 0.4% for cowpea and voandzou flours, respectively (Fig. 1B). This increase in the acidity of the
fermentation medium is the consequence of the lactic fermentation carried out by these lactic bacteria. This is beneficial
for the legume flours studied since it contributes to the enhancement of their stability by inhibiting possible microbial and
enzymatic alterations, and therefore favours the extension of the shelf life of these products [29].
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Fig 1. Evolution of pH (A) and total titratable acidity (B) during fermentation of
both legumes flours by Lactobacillus plantarum

The evolution of the lactic acid bacteria is monitored during the fermentation process as shown in Fig. 2. The microbial
population increased slightly in the first 24 hours, then increased rapidly from 42 hours until the end of fermentation (Fig.
2). This rise in the bacterial population is in line with the previously identified increase in the acidity of the medium. Indeed,
cowpea and voandzou flours with low microbial loads at the beginning of fermentation show a progressive increase of this
load reaching a maximum of microbial load of 8.109 + 57.74 CFU/g (cowpea) and 7.109 + 115.47 CFU/g (voandzou) after
42 hours of fermentation. The production of various organic acids (with lactic acid as the predominant acid) may have
contributed to the low pH [29]. LAB strains produced lactic acid and CO, from carbohydrates via the carbohydrate
pathway (Embden-Meyerhof, phosphoketolase, 6-phosphate tagatose and Leloir pathways) and carbonic acid produced
in this pathway reduces pH. The decrease in pH correlated with increased TTA and cell growth could be explained by the
production of lactic acid by Lactobacillus plantarum. Indeed, cowpea and voandzou seeds are rich in carbohydrates
mainly starch around 50 % [30,31]. Lactobacillus plantarum strains are able to break down these carbohydrates into
simple molecules like glucose since it produces amylolytic enzymes [32,20]. The low pH, high amount of lactic acid and
high load of lactic acid bacteria are factors to inhibit the growth of poathogenic bacteria in food. Our fermented flours can
be used as an ingredient to develop better quality foods with a longer shelf life.
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Fig. 2. Microbial growth in cowpea and voandzou pastes during Lactobacillus
plantarum fermentation



Phenolic compound or polyphenols are secondary metabolites characterised by the presence of an aromatic ring
bearing free or carbohydrate-engaged hydroxyl groups. They are present in all parts of higher plants (roots, stems,
leaves, flowers, pollens, fruits, seeds and wood). The most represented are flavonoids and tannins [33]. Regardless of the
factor studied, an increase in the polyphenol and flavonoid content on the studied legume flours was observed up to 30 h
of fermentation. After this peak, these contents decrease until the end of fermentation (Fig. 3A and 3B). The study
revealed that the fermentation process impacts on the phenolic compound contents in two steps. First, it induces an
(cowpea) and 71.26 + 0.40 mg/100 g (voandzou) for total polyphenols and 36.52 +0.33 mg/100 g (cowpea flour) and
35.33 + 0.21 mg/100 g (voandzou flour) for total flavonoids (Fig. 3 and 4). After that, a regular decrease is observed until
the end of the fermentation. This same trend was observed in the work of Colosimo et al. [34], who observed a significant
increase in polyphenols and flavonoids over a 72 hours sourdough fermentation period.

As previous studies [35,36,7] have highlighted the positive correlation between the presence of phenolic
compounds and antioxidant activity, it is appropriate to assess this activity in fermenting legume flours. Figure 4 [shows tihﬂe”
antioxidant activity values recorded during fermentation in the pastes of the two legume flours studied. It should be noted
that a perfect correlation is observed in the evolution kinetics of this parameter during the fermentation It should be noted
that a perfect correlation is observed in the kinetics of evolution of this parameter during fermentation with the increase in
oxidizing power in the first thirty hours of fermentation reaching the maxumum of 29.88 + 0.24 and 26.52 + 0.54 % for

cowpea and voandzou, respectively followed by a progressive decrease (Fig. 4).

These results are consistent with those of other researchers who reported that the antioxidant activity levels of
unfermented cowpea and voandzou flour were around 16.2 mg/100 g for cowpea [37] and 7.2 mg/100 g to 20.39 mg/100
g for voandzou [38]. Katina et al. [39] suggested that the fermentation induced structural breakdown of cell walls, leading
to the liberation and/or synthesis of various bioactive compounds. During fermentation, enzymes derived (amylases,
xylanases and proteases) and LAB contributes to the modification of flour composition, and bound phenolics may
released by enzymatic treatment of samples prior to extraction. Moreover, Dordevic et al. [40] indicate that the type of
fermentation influence the levels of most bioactive compound. In fact, the acidification of the medium by lactic acid
bacteria during fermentation improves the extraction of of TTC. Thus, the feruloyl-esterase and B-glucosidase activities of
lactic acid bacteria contribute to the release of more complex-form phenols whichh explains the increase in TTC and
flavonoids [41]. The observed reduction in TTC and flavonoids in flours fermented with lactic acid bacteria strain was
probably due to detoxification and utilization of phenolic acids as a carbon source [42]. As the studied fermented flours
displayed high content of polyphenols and flavonoids positively correlated with antioxidant activity, they could be highly
recommended in food formulation to contribute to the prevention of certain diseases caused by free radicals desorder
such as atherosclerosis, cancer, inflammatory diseases, neurodegenerative diseases and diabetes [43].
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Fig. 3. Effect of Lactobacillus plantarum fermentation on total polyphenol (A) and total
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Fig. 4. Effect of Lactobacillus plantarum fermentation on antioxidant activity of legumes
pastes flours

The occurrence of endogenous anti-nutritional factors such as tannins and phytates in legumes is the most important
factor limiting their use and consumption [44]. Table 1 shows the impact of fermentation by Lactobacillus plantarum on
two main compounds with anti-nutritive effects in the legumes studied. It is noteworthy that the fermentation carried out by
the starter strains of Lactobacillus plantarum favoured a decrease in tannin and phytate content throughout the
fermentation. However, this was only significant (p<0.05) during the first 30 and 36 hours of fermentation for tannins and
phytates, respectively. Indeed, the tannin and phytate contents drop significantly from 36.83 + 0.84% to (18.82 + 0.58-
18.38 £ 0.19%) in the case of cowpea and from 30.75 + 0.66 to (18.57 + 0.16%-18.08 + 0. 45% for voandzou in 30 hours
for tannins and from 756.38 + 1.62% to 394.79 * 0.47% (cowpea) and from 569.02 + 1.24% to 305.65 + 0.43%
(voandzou) in 36 hours for phytates.

The reduction of tannins and phytates in legume meals during fermentation by Lactobacillus plantarum has already been
reported by several authors [45,46]. The significant reduction in phytates content observed in this study could be
attributed to the production phytases and phosphophytases by Lactobacillus plantarum which hydrolysis phytates [47,48].
In fact, during fermentation, lactic acid bacteria ferment carbohydrates into various organic acids such as lactic acid, citric
acid and acetic acid, which cause a reduction in pH to levels at which the enzyme phytase (endogenous or from lactic
acid bacteria) can dephosphorylate phytate more effectively [49]. With regard to tannin, the observed decrease could be
due to the mobilisation of enzymes such as phenyl oxidase, a-galactosidase and other enzymes associated with seeds
[16]. Tannins affect the palatability of foods due to their bitter and harsh taste and also reduce digestibility by forming a
complex with proteins [50]. Lactic acid bacteria can break down most tannins into small molecules, including catechin,
gallic acid and galliccathechins by various enzymatic and/or protein-based mechanisms [51]. Thus, lactic acid
fermentation, through its ability to significantly reduce tannin and phytate content, contributes to making legumes more
suitable for human consumption

Table 1. Effect of fermentation time on the tannin and phytate content of the legume
flours studied

Tannins (mg/100 g) Phytates (mg/100g)

Fermentation Cowpea Voandzou Cowpea Voandzou
time (h)

0 36.83 + 0.84° 30.75 + 0.66% 756.38 + 1.62°  569.02 + 1.24°
6 32.62+1.23° 28.60 + 0.15° 713.27+1.69° 519.10 + 1.35"
12 31.17 +0.58° 25.62 + 0.58° 701.75+1.34°  479.28 + 1.85°
18 27.08 +1.23 23.20 + 0.50° 674.00 +3.12°  417.20 + 3.12°
24 23.32+0.78° 20.73 +0.30° 539.08 + 1.44°  377.15+5.98°
30 18.82 + 0.58" 18.57 + 0.16' 504.35+1.56'  362.27 +2.63'
36 18.38 +0.19 18.35 + 0.09' 463.55+2.86°  322.87 +6.47°
42 18.55 + 0.23" 18.08 + 0.45' 394.79 +0.47"  305.65 + 0.43"
48 18.70 + 0.05 18.25 + 0.09' 395.17 +2.76"  306.00 + 0.35"

Data are means of three determinations (n = 3) = SD. Means with different superscripts in each column indicate significant differences at p < 0.05 based

on Duncan multiple range test.



4. CONCLUSION

Controlled fermentation of cowpea and voandzou flours by Lactobacillus plantarum induced numerous modifications of
nutritional and anti-nutritional factors in an average of 30 hours. The increase in the population of Lactobacillus plantarum
favoured an acidification of the fermentation medium (TTA and pH) allowing an increase in phenolic compounds
(polyphenol and flavonoids) and antioxidant activity inversely correlated with phytates and tannins (anti-nutritional factors)
content. This strategy makes it possible to obtain functional foods of better nutritional quality that are useful in the fight
against nutritional metabolic diseases.
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