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Abstract

Mucuna pruriens is a protein-rich underutilized legume with considerable potential for food and nutrition security, although its
utilization is limited by high levels of antinutritional compounds. This study evaluated the effects of traditional Toubani
processing on the physicochemical, mineral, and antinutritional composition of Mucuna pruriens. Five processing steps were
investigated: raw Mucuna, dehulled Mucuna, soaked dehulled Mucuna, dried soaked Mucuna, and Toubani. Two independent
processing batches were produced, and all analyses were performed in triplicate. The processing chain included dehulling,
soaking, drying, milling, dough preparation, and steaming at 120°C for 60 min. Processing effects were assessed using Welch’s
one-way ANOVA followed by Games-Howell post hoc comparisons (p < 0.05). The final product retained a high protein content
(25.0 g/100 g dry matter) and appreciable concentrations of calcium (624.3 mg/100 g), magnesium (344.8 mg/100 g), potassium
(1503.9 mg/100 g), and iron (11.8 mg/100 g). Processing substantially reduced antinutritional factors, with L-DOPA decreasing
from 6680 to 94.7 mg/100 g (98.6%), tannins from 8.75 to 0.34 mg TAE/g (96.2%), trypsin inhibitor activity from 40.2 to 13.8
TIU/mg protein (65.7%), phytates from 22.7 to 13.1 mg/100 g (42.3%), and oxalates from 443.6 to 282.1 mg/100 g (36.5%).
Hydrogen cyanide was completely eliminated. Pearson correlation and principal component analyses revealed a progressive
compositional change from antinutrient-rich raw seeds to a product with reduced toxicological risk and improved nutritional
characteristics. Nevertheless, residual phytate, oxalate, and trypsin inhibitor levels remained above proposed target thresholds,
suggesting that further process optimization may enhance detoxification. Overall, traditional Toubani processing effectively
reduced major antinutritional compounds while preserving nutritional quality, highlighting its potential for valorising Mucuna
pruriens as a sustainable protein-rich food for West African populations.
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1. Introduction

The growing demand for sustainable and nutrient-dense
foods has intensified interest in underutilized legumes as al-
ternative sources of dietary protein. In many low- and middle-
income countries, particularly in sub-Saharan Africa, food and
nutrition insecurity remains a major challenge, necessitating
the exploration of resilient crops that can contribute to dietary
diversification and improved nutritional outcomes. Beyond
their nutritional value, the utilization of underexploited leg-
umes offers an opportunity to broaden dietary diversity,
strengthen local food systems, and develop affordable, nutri-
ent-rich food products that can contribute to improved nutri-
tion and healthier diets [1, 2].

Among these underexploited legumes, Mucuna pruriens
(velvet bean) has attracted considerable attention due to its
high protein content (23-35%), appreciable levels of dietary
fibre, minerals, and bioactive compounds, as well as its adapt-
ability to marginal environments. The crop is drought tolerant,
capable of biological nitrogen fixation, and suitable for low-
input agricultural systems, making it an attractive candidate
for sustainable food production in tropical regions [3, 4]. Con-
sequently, Mucuna has been proposed as a promising ingredi-
ent for the development of functional and protein-rich foods.

Despite these advantages, the utilization of Mucuna pruri-
ens for human consumption remains limited because of its
high content of antinutritional and potentially toxic com-
pounds. The principal concern is L-3,4-dihydroxyphenylala-
nine (L-DOPA), a non-protein amino acid that can account for
a substantial proportion of seed dry matter. Excessive intake
of L-DOPA may cause adverse physiological effects, thereby
limiting the direct consumption of untreated seeds. In addition
to L-DOPA, Mucuna contains phytates, tannins, oxalates,
trypsin inhibitors, and cyanogenic compounds, all of which
may impair protein digestibility, mineral bioavailability, and
overall nutritional quality [4, 5]. Recent reviews have further
emphasized that antinutritional factors remain one of the pri-
mary obstacles to the wider adoption of legumes and other
plant-based proteins in human diets [1, 6].

Various processing techniques have been developed to im-
prove the nutritional quality and safety of Mucuna seeds. Tra-
ditional approaches such as dehulling, soaking, germination,
fermentation, boiling, roasting, and steaming have been
shown to reduce antinutritional factors through physical re-
moval, enzymatic degradation, leaching, and thermal inacti-
vation [5, 7]. Recent studies have demonstrated that appropri-
ate processing techniques can improve the nutritional quality
and bioavailability of nutrients in legumes, while reducing or
modifying antinutritional factors and other undesirable com-
pounds, thereby enhancing their safety, digestibility, and suit-
ability for human consumption [1, 8, 9]. Among these meth-
o0ds, soaking and thermal treatments are particularly attractive
because they are inexpensive, easy to adopt at household and
artisanal scales, and compatible with traditional food-pro-
cessing practices.
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In West Africa, Toubani is a traditional steamed dough food
commonly prepared from cowpea (Vigna unguiculata) and
widely consumed as a breakfast meal and street food [10, 11].
The product is appreciated for its affordability, sensory quality,
and nutritional value [10, 12] The incorporation of Mucuna
pruriens into Toubani production could offer an innovative
strategy for diversifying protein sources, promoting the utili-
zation of underexploited legumes, and increasing the nutri-
tional value of traditional foods. However, limited infor-
mation is available regarding the effectiveness of the complete
Toubani processing chain in reducing antinutritional com-
pounds while preserving nutritional quality.

Most previous studies on Mucuna pruriens have evaluated
the effects of individual processing techniques such as soak-
ing, boiling, fermentation, germination, or roasting on nutrient
composition and antinutritional factors [3, 7, 9].

Despite the growing interest in Mucuna as an underutilized,
protein-rich legume with potential to contribute to food and
nutrition security, limited attention has been given to the se-
quential transformations that occur during the preparation of
traditional Mucuna-based foods. In particular, the combined
evolution of physicochemical properties, mineral composition,
antinutritional factors, and their interrelationships throughout
processing remains poorly understood. Addressing this
knowledge gap is essential because the nutritional and techno-
logical quality of Mucuna products is determined not only by
the composition of the raw seeds but also by the extent to
which processing modifies nutrients and undesirable com-
pounds. A comprehensive assessment of these changes, sup-
ported by multivariate statistical approaches, can therefore
provide valuable insights into the effectiveness of traditional
processing practices, identify critical processing steps associ-
ated with detoxification and nutritional improvement, and
support the development and optimization of safer, more nu-
tritious, and culturally appropriate Mucuna-based

While these studies have provided valuable information on
the efficacy of specific treatments, they do not reflect the com-
plexity of traditional food-processing systems in which sev-
eral operations are applied sequentially. Toubani production
represents a distinct technological system that combines de-
hulling, prolonged soaking, drying, milling, dough formation,
and steaming into a structured processing chain. The cumula-
tive and interactive effects of these operations on the detoxifi-
cation and nutritional quality of Mucuna have not been previ-
ously documented.

The present study aimed to evaluate the effects of succes-
sive processing steps involved in Toubani production on the
proximate composition, mineral content, and antinutritional
factors of Mucuna pruriens beans. We hypothesized that (i)
the sequential processing operations would significantly re-
duce the levels of major antinutritional factors, particularly L-
DOPA, tannins, phytates, oxalates, and cyanogenic com-
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pounds; and (ii) despite some processing losses, the final Tou-
bani product would retain substantial amounts of proteins,
minerals, and other nutrients, thereby improving its suitability
for human consumption.

Therefore, the objective of this study was to evaluate the
effects of dehulling, soaking, drying, milling, dough prepara-
tion, and steaming on the physicochemical properties, mineral
composition, and antinutritional factors of Mucuna pruriens
during the production of Toubani. Particular emphasis was
placed on assessing the reduction of L-DOPA and other an-
tinutritional compounds, determining nutrient retention, and
elucidating compositional relationships using Pearson corre-
lation analysis and principal component analysis. The findings
contribute to current efforts aimed at valorizing underutilized
legumes and developing safe, nutritious, and sustainable
plant-based foods.

2. Materials and Methods

2.1. Study Design

The experiment was conducted using two independent pro-
cessing batches (biological replicates) prepared on separate
occasions following the same Toubani production protocol.
For each batch, samples were collected at five processing
steps: raw Mucuna (RM), dehulled Mucuna (DM), soaked de-
hulled Mucuna (SDM), dried soaked Mucuna (DSM), and
steamed Toubani (TOU). All physicochemical, mineral, and
antinutritional analyses were performed in triplicate. There-
fore, the study incorporated both biological replication (two
independent processing batches) and analytical replication
(triplicate measurements).

2.2. Raw Materials

Mature beans of Mucuna pruriens brown-white seed were
obtained from agri-livestock farmers who received the seed
for soil restoration and regeneration during the project BEN-
COUT AGRODUR in Tchaourou, Borgou, Benin. Foreign
materials broken seeds, and damaged seeds were manually re-
moved prior to processing.

2.3. Processing of Mucuna into Toubani

Mucuna beans were first crushed in a mill to facilitate hull
removal. Following crushing, the beans were manually win-
nowed and cleaned to remove hull fragments and foreign ma-
terials, resulting in dehulled Mucuna beans for subsequent
processing. The dehulled beans were washed thoroughly and
soaked using a bean-to-water ratio of 1:5 (w/v) for 48 hours at
ambient temperature. The soaking water was renewed every 6
hours to facilitate the removal of water soluble anti-nutrient
compounds. Following soaking, the beans were then dried at
80<C for 24 hours and subsequently milled into flour. The
flour was mixed with water and thoroughly kneaded to
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achieve a homogeneous and smooth dough. The resulting
dough was packaged in suitable steam-resistant containers and
steamed at 120<C for 60 min (Figure 1). After steaming, the
Toubani samples were allowed to cool to room temperature
before physicochemical, mineral, and antinutritional analyses
were conducted.

‘ Mucuna pruriens ‘

Sorting /v‘vinnowing
12
Dehulling
L 3

‘ Dehulled Mucuna ‘

= Raw Hull and attrition loss

¥
Soaking (48h) waier renewed every 6h

‘ Soaked Mucuna ‘
3
Drying (24h, 80<C)
3
Dried soaked Mucuna

¥
Milling
i 5

Dried soaked dehulled Mucuna flour
2

Kneading/whipping
¥
Packaging
1
Steaming
s

Toubani

Figure 1. Toubani based Mucuna beans processing technology.

2.4. Sample Preparation

Prior to analysis, sample of raw Mucuna beans, intermediate
product and Toubani were collected during Toubani production,
were finely ground using a mixer and passed through a 0.5 mm
sieve to obtain a homogeneous powder. The milled samples
were stored in airtight containers at refrigerated conditions until
physicochemical and mineral analyses were performed.

2.5. Physicochemical Analysis

Moisture ash, crude fat, crude protein, crude fibre contents
were determined according to standard AOAC methods [13].
Carbohydrate content was calculated by difference and ex-
pressed as nitrogen-free extractives (NFE). Metabolizable en-
ergy values were estimated using Atwater conversion factors
[14].

2.6. Mineral Analysis

Mineral composition was determined after wet digestion of
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samples using a nitric acid-perchloric acid mixture. Approxi-
mately 0.5 g of powdered sample was digested with concen-
trated nitric acid (HNOs3) and perchloric acid (HCIO4) until
complete mineralization was achieved. The digested solution
was filtered and diluted to a known volume with deionized
water. Potassium (K), sodium (Na), calcium (Ca), magnesium
(Mag), iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), and
phosphorus (P) were quantified using Atomic Absorption
Spectrophotometry (AAS) and flame photometry, depending
on the element analyzed [15]. Calibration curves were pre-
pared using certified standard solutions prior to analysis. An-
alytical blanks and calibration standards were included
throughout the analytical procedure to verify instrument per-
formance and analytical accuracy.

2.7. Evaluation of Mineral Quality Indices

Two nutritionally relevant mineral ratios were calculated:
Calcium-to-Phosphorus Ratio (Ca/P)

Ca/P — _Calcium concentration
Phosphorus concentration

Sodium-to-Potassium Ratio (Na/K)

Na/K — _Sodium concentration
Potassium concentration

These indices were used to assess the nutritional quality of
the mineral profile regarding bone health and cardiovascular
health, respectively [16-19].

2.8. Antinutrient Analysis

L-DOPA content was determined using a modified LC-
MS/MS method based on Hasegawa et al [20] and Yumoto et
al [21]. Briefly, 50 mg of flour from each Mucuna samples
were extracted with 10 ml of 80% methanol (MeOH) contain-
ing L-DOPA-d3 (10 mg/100 mL MeOH) as an internal stand-
ard. The mixture was homogenized and centrifugated at 3500
rpm for 10 min. The resulting supernatant was collected, di-
luted 10-to 1000-fold as required, and filtered through a 0.22
pm nylon membrane filter. The filtrate was subsequently ana-
lysed using liquid chromatography-tandem mass spectrometry
(LC-MS/MS) for L-dopa quantification. Phytate content was
determined using ferric ion precipitation and colorimetric
quantification methods [22]. Tannins were determined using
the Folin-Denis method described by Elgailani e al. [23]. Total
oxalates were determined by acid extraction following ti-
trimetric analysis [9]. Trypsin inhibitor activity (T1A) was de-
termined using a standard enzymatic inhibition method re-
ported by Nwosu et al. [24]. Hydrogen cyanide content was
determined using alkaline picrate method described by
Olawuyi et al. [25].
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2.9. Anti-nutrient Reduction Efficiency

The percentage reduction of each antinutrient during pro-
cessing was calculated using equation:
Ce

Reduction (%) = COC;
0

X 100

Where: C,= concentration in raw Mucuna beans; C.= con-
centration after processing.

The reduction rates were used to evaluate detoxification ef-
ficiency throughout Toubani production

2.10. Statistical Analysis

Data were generated from two independent processing
batches (biological replicates), with each analytical determi-
nation performed in triplicate. Results are expressed as mean
+ standard error. Normality and homogeneity of variances
were assessed prior to hypothesis testing. Because heterosce-
dasticity was detected among processing steps, Welch’s one-
way ANOVA was applied to evaluate processing effects on
physicochemical, mineral, and antinutritional parameters.
Pairwise comparisons were performed using the Games-How-
ell post hoc test. Differences were considered significant at p
< 0.05. Pearson correlation analysis was used to investigate
relationships among nutritional, mineral, and antinutritional
variables. Principal component analysis (PCA) was performed
on standardized data to identify the main factors explaining
variability among processing steps and to visualize composi-
tional changes throughout Toubani production. Statistical
analyses were carried out using Statistica version 7.1 (StatSoft,
France) and Jamovi software version 2.7.12.

3. Results and Discussion

3.1. Changes in Physicochemical Composition
During Processing

Physicochemical changes occurring from Mucuna pruriens
into Toubani during processing are summarized in Table 1.
The pH decreased progressively from 6.50 in raw Mucuna
beans to 4.80 in the final product (Toubani), with soaking con-
stituting the major acidification step. Games-Howell compar-
isons indicated that raw and dehulled samples did not differ
significantly (p > 0.05), whereas soaked (5.2), dried (5.11),
and steamed (4.80) products formed a statistically distinct
group. This decrease may result from the solubilization of or-
ganic compounds and spontaneous microbial or enzymatic ac-
tivities occurring during hydration [26, 27].
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Table 1. Changes in physicochemical composition of Mucuna to Toubani.

Soaked Dehulled  Dried soaked

Parameters Raw Mucuna Dehulled Mucuna Mucuna Mucuna Toubani

pH 6.50 +0.04a 6.50 +0.03a 5.26 +0.31b 5.11 +0.04b 4.80 £0.01b
Moisture (%) 9.77 £0.05a 9.64 +0.07a 10.8 #0.10b 8.47 £0.29c 73.9 +0.08d
Dry matter (%) 90.2 +0.05a 90.4 +0.07a 89.2 +0.10b 91.5 +0.29¢ 26.1 +0.08d
Crude Protein (g/100 g DM) 28.3 +0.81a 26.5 +0.18b 21.7 +£0.19c 23.5 +0.13c 25.0 £0.04b
Crude Fat (g/100 g DM) 6.67 £0.59 5.43 +0.12ab 4.39 +0.31bc 3.49 +0.09c 3.21 +0.03c
Crude Fiber (g/100 g DM) 8.67 +£0.33a 7.26 £0.13b 7.75 £0.06bc 8.38 +0.21ac 8.89 +0.03a
Ash (g/100 g DM) 4.01 +0.44a 3.54 +0.23ab 3.79 £0.12a 2.82 +0.18bc 2.28 £0.10c
g‘;{gge; g:\;;’ Extractives (NFE) 47 4 +0.82 52.3 £0.32b 57.3 +0.18¢c 56.8+0.18c 346 +0.09d
Energy (kJ/100 g) 1540 +14.0a 1545 +1.52a 1511 +6.12ab 1498 +4.62b 1134 +2.29¢

Values are means of three replicates. Means in the same line with different superscripts (a, b, ¢, d) are significantly different (p < 0.05); Mean
#+standard error, n = 6, corresponding to two independent batches analyzed in triplicate.

Moisture content remained relatively low in the raw and de-
hulled Mucuna flour samples (9.77-9.64%) but increased to
10.8% after soaking, reflecting both water absorption by the de-
hulled seeds and the presence of added soaking water. A much
greater increase was observed in the Toubani (73.9%), which
should be interpreted primarily in relation to the deliberate ad-
dition of water during dough preparation, followed by steaming,
rather than as an effect of steaming alone. The resulting high
moisture content is characteristic of steamed, dough-based leg-
ume products and contributes to the soft texture and palatability
of Toubani. Accordingly, the marked decrease in dry matter
from 91.5% in the dried soaked Mucuna to 26.1% in Toubani
mainly reflects the incorporation and retention of water during
dough preparation and steaming. These changes highlight the
importance of considering water addition and processing con-
ditions when interpreting moisture and dry matter variations
across the Mucuna processing sequence.

Crude protein decreased significantly after dehulling and
soaking, from 28.3 to 21.7 g/100 g DM, likely due to leaching
of soluble nitrogenous compounds into soaking water. Similar
reductions have been reported in legumes subjected to hydra-
tion and thermal treatment, where protein losses are generally
limited and do not significantly compromise nutritional value
[8, 9, 28, 29]. Despite these losses, the final product remained
high protein content (25.0 g/100 g DM), confirming the suita-
bility of Mucuna pruriens as a valuable plant protein source.

Crude fat content decreased progressively throughout pro-
cessing, from 6.67 g/100 g DM in raw Mucuna to 3.21 g/100
g DM in Toubani, corresponding to an overall reduction of
approximately 52%. This decrease may reflect the combined
effects of dehulling, soaking, and subsequent processing op-
erations, which can promote the removal or redistribution of
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lipid-containing fractions within the food matrix. In particular,
soaking may facilitate the loss of lipid-associated components
through the soaking medium, while subsequent processing
may further modify the distribution and extractability of lipids.
Similar reductions in crude fat have been reported during the
processing of pulses and underutilized legumes, including
Bambara groundnut [1, 30].

Fiber content was less affected. Dehulling caused an initial
decrease due to removal of fibrous seed coats, whereas drying
and steaming slightly increased apparent fibre concentration.
The final Toubani showed fibre levels comparable to raw
Mucuna beans.

Ash content decreased significantly (p < 0.05) from 4.01 to
2.28 ¢/100 g DM, indicating mineral losses through soaking
and processing water. Similarly, nitrogen-free extract (NFE)
increased after dehulling and soaking but decreased signifi-
cantly in Toubani because of compositional redistribution as-
sociated with hydration. The energy value decreased signifi-
cantly (p < 0.05) from 1540 to 1134 kJ/100 g in Toubani,
mainly due to moisture incorporation and fat reduction.

Overall, soaking was the critical stage affecting chemical
composition, while steaming mainly modified moisture con-
tent and product acidity. The final Toubani retained substan-
tial protein and fibre contents despite moderate nutrient losses.

3.2. Changes in Mineral Composition During
Processing

Significant differences were observed for most minerals
during processing (p < 0.05), whereas magnesium and the
Ca/P ratio remained relatively stable (Table 2).
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Table 2. Changes in mineral composition of Mucuna into toubani.

Parameters Raw Mucuna Dehulled Mucuna
Calcium (Ca) 701.3 +33.6a 595.7 +4.3b
Magnesium (Mg) 3349 +11.7a 339.2 +0.6a
Potassium (K) 1652.6 +45.9a 1523.9 +7.6b

Iron (Fe) (mg/100 g) 13.9 +0.6a 12.0 +£0.1b

Zinc (Zn) (mg/100 g) 5.59 +0.4a 3.83 +0.0b
Phosphorus (P) (mg/100g)  473.9 +£9.3a 382.4 +12.6b
Sodium (Na) (mg/100 g) 128.1 +3.7a 123.4 +=1.6a

Na/K 0.0775a 0.0810b

Ca/P 1.48 £0.07a 1.56 +0.04a

Soaked Dehulled

Dried soaked Mucuna  Toubani

Mucuna

574.1 £3.9b 626.2 +£7.4b 624.3 20.0b
337.6 =0.6a 341.1 +0.9a 344.8 +0.3a
1487.6 40.9b 1501.3 +0.6b 1503.9 +0.4b
11.2 #0.1b 11.7 +0.01b 11.8 +0.0b
3.88 #0.0b 4.17 +0.0b 4.26 #0.0b
377.0 £1.0b 387.0 £0.3b 388.4 £0.2b
103.0 +£0.7b 109.0 +0.2b 110.6 +0.2b
0.0693c 0.0726¢cd 0.0735d

1.52 £0.01a 1.62 +0.02a 1.61 +0.0a

Values are means of three replicates. Means in the same line with different superscripts (a, b, ¢, d) are significantly different (p < 0.05); Mean
=+standard error. n = 6, corresponding to two independent batches analyzed in triplicate.

Calcium content decreased from 701.3 to 624.3 mg/100 g,
while phosphorus decreased from 473.9 to 388.4 mg/100 g.
Potassium, the most abundant mineral, declined from 1652.6
to 1503.9 mg/100 g. Iron and zinc also decreased significantly
after dehulling and soaking. The reductions are attributable to
mineral diffusion into soaking water and the removal of min-
eral rich outer tissues during dehulling. Similar observations
have been reported in studies investigating processing meth-
ods for Bambara groundnut [31].

In contrast, magnesium remained statistically unchanged
throughout processing, Magnesium remained statistically un-
changed throughout processing, likely because it is predomi-
nantly localized within the cotyledon tissues and forms rela-
tively stable complexes with intracellular components. Con-
sequently, magnesium appears less susceptible to leaching
during soaking than more mobile minerals such as potassium
and sodium.

Sodium decreased significantly after soaking but remained
relatively stable thereafter. Consequently, the Na/K ratio re-
mained very low (0.069-0.081), well below the recommended
threshold of 01 for cardiovascular health.

3.3. Reduction of Antinutritional Factor During
Processing

Table 3 presents the changes in antinutritional composition
during Toubani processing. L-DOPA showed the greatest re-
duction, decreasing from 6680 mg/100 g in raw seeds to 94.7
mg/100 g in Toubani, corresponding to a removal efficiency
of 98.6% (Table3; Figure 1). The final concentration de-
creased to 94.7 mg/100 g, which is below the literature-based
target value of 100 mg/100 g frequently proposed for pro-
cessed Mucuna pruriens products intended for human con-
sumption. This result indicates a substantial reduction in the
toxicological risk associated with L-DOPA [4, 29]. The pro-
gressive reduction indicates complementary effects of dehull-
ing, soaking, and steaming process. Because L-DOPA is
highly water-soluble, soaking appears to be the most influen-
tial operation [9, 29]. The recorded reduction exceeds or
equals those reported for many conventional Mucuna-pro-
cessing systems.

Table 3. Changes in antinutrients composition of Mucuna into Toubani.

Parameters Raw Mucuna D )
Mucuna
Content 6680.0 = 4393.3 +76.7b
L-DOPA (mg/100 g) 149.8a
RD (%) 34.2
Phytate Content 274072  186+03b

(mg/100 g)
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Proposed tar-

Soaked De- Dried soaked  Tou- et level based
hulled Mucuna Mucuna bani 9 .
on literature*
500.0 + 947 +
1536.7 +33.3¢c 158.7d 2 84 <100 [4, 29]
77.0 925 98.6
131+
17.2 +£0.1bc 15.7 +0.7¢ 0.1 <5.0[1, 32]
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Parameters Raw Mucuna II\D/Ie:cquLG;

RD (%) 18.1

Content (mg 8.75 40.6a 1.13 +0.1b
Tannins TAE/g)

RD (%) 87.1

Content

443.6 #29.6a 375.0 +7.8ab

Oxalates (mg/100 g)

RD (%) 15.54

) Content

TrypsinIn- (Tju/mg pro- ~ 40.2 +3.0a 37.7 +£0.6a
tivity

RD (%) 6.2

Content 0.379 =
Hydrogen (mg/100 g) 0.084a 0028 £0.008b
cyanide RD (%) 926

Proposed tar-

Soaked De- Dried soaked  Tou-
] get level based
hulled Mucuna Mucuna bani .
on literature*
24.2 30.8 42.3
0.86 +=0.04b 0.32 +0.01b 0.34 <1.0[1, 6, 32]
U D +0).01b ' T
90.2 96.3 96.2
361.0 +35.1ab  3025+12b 22@; * 50[1, 9]
18.69 31.76 36.49
29.8 +0.3b 145 +0.2¢ 188+ 51 39
0.0c
25.9 63.9 65.7
0.029 +0.004b nd nd
92.3 100 100

Values are means of three replicates. Means in the same line with different superscripts (a, b, c) are significantly different (p < 0.05); Mean +
standard error. TIA= Trypsin Inhibitor Activity, TIA=trypsin inhibitor activity, L-DOPA= L 3,4-dihydroxyphenylalanine, RD =reduction; nd=

not detect.

n = 6, corresponding to two independent batches analyzed in triplicate.
*Proposed target levels are literature-based reference values used to evaluate the effectiveness of antinutrient reduction during processing.
These values should not be interpreted as universal regulatory safety limits but rather as targets commonly reported for improving the nutritional

quality and safety of legume-based foods.

Phytate content decreased from 22.7 to 13.1 mg/100 g, cor-
responding to a 42.3% reduction. Although a significant re-
duction was observed, the final phytate concentration re-
mained higher than the literature-based target value frequently
proposed for maximizing mineral bioavailability in processed
legume foods. This suggests that additional treatments such as
germination or fermentation may further improve phytate deg-
radation. Samtiya et al. [1] Popova et al. [32] reviewed the
effects of processing on antinutrients and reported phytate re-
ductions generally ranging from 20% to 60% after soaking and
cooking, whereas germination and fermentation often produce
greater reductions. Tannins declined dramatically from 8.75
to 0.34 mg TAE/g, achieving a 96.2% reduction. The final
concentration was below the literature-based target value of
1.0 mg TAE/qg, indicating effective removal of polyphenolic
compounds that may interfere with protein digestibility and
mineral utilization. This reduction demonstrates the major
contribution of dehulling, since tannins are concentrated in the
seed coat. Similar observations have been reported in legumes
where removal of outer seed tissues substantially decreases
tannin content and improves nutritional quality. Similar re-
sults have been observed in other legumes where removal of
outer layers contributes substantially to tannin reduction [1, 6,
32].

Oxalate concentration decreased from 443.6 to 282.1
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mg/100 g, corresponding to a reduction of only 36.5%. De-
spite a significant reduction during processing, the residual
oxalate concentration remained above the reference value of-
ten considered desirable for minimizing the adverse effects of
oxalates on mineral utilization and kidney stone risk [1, 33].
The oxalate reduction was lower than that observed for L-
DOPA and tannins, which is consistent with reports showing
that insoluble oxalate forms are relatively resistant to conven-
tional processing treatments [6, 9].

Trypsin inhibitor activity declined from 40.2 to 13.8
TIU/mg protein, corresponding to a 65.7% reduction. Most in-
activation occurred during drying and steaming, confirming
the heat-sensitive nature of protease inhibitors. Nevertheless,
residual trypsin inhibitor activity remained above the target
level generally considered indicative of effective thermal in-
activation of protease inhibitors in processed legumes. Similar
reductions have been reported for thermally processed leg-
umes and pulse products [6, 33].

Hydrogen cyanide decreased by over 92% immediately af-
ter dehulling and became undetectable after drying and steam-
ing. This demonstrates the effectiveness of thermal processing
in eliminating volatile cyanogenic compounds. Among all an-
tinutrients, the process was most effective for L-DOPA, tan-
nins, and cyanide removal.

The attainment of a L-DOPA concentration below the liter-
ature-based reference value of 100 mg/100 g, together with
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the complete elimination of hydrogen cyanide, indicates a
substantial reduction in toxicological risk. However, the per-
sistence of phytates, oxalates, and trypsin inhibitor activity
above their respective literature-derived target values suggests
that further process optimization may enhance nutritional

quality and mineral bioavailability. However, the persistence
of phytates, oxalates, and trypsin inhibitor activity above pro-
posed target levels suggests that the product cannot be consid-
ered completely detoxified and that further process optimiza-
tion may be beneficial.

3.4. Correlation Analysis and Principal Component Analysis (PCA)

3.4.1. Relationship Between Antinutrient Reduction and Nutritional Quality
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Figure 2. Pearson correlation of physicochemical, mineral and antinutrients composition.

TIA=trypsin inhibitor activity, L-DOPA= L 3,4-dihydroxyphenylalanine, NFE=Nitrogen Free Extractives.
Green pane= positive Pearson correlation coefficient (up to 1.0), indicating a direct relationship where higher values of one variable correspond

to higher values of the other.

White pane= neutral or near-zero correlation (0.0), indicating no linear relationship between the two variables.
Orange pane= negative Pearson correlation coefficient (down to -1.0) indicating an inverse relationship where higher values of one variable

correspond to lower values of the other.

"X" Marking= correlation is non-significant at p < 0.05 (using the Holm adjustment method).

The correlation analysis revealed important insights into the
nutritional transformations occurring during Toubani produc-
tion (Figure 2). Strong positive correlations were observed

among L-DOPA, phytates, tannins, oxalates, and trypsin in-
hibitor activity (TIA), indicating that these antinutritional
compounds responded similarly to processing operations. In
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particular, L-DOPA was highly correlated with phytates (r =
0.929, p < 0.001), TIA (r = 0.906, p < 0.001), tannins (r =
0.841, p <0.001), and oxalates (r = 0.838, p < 0.001). These
relationships suggest that dehulling, soaking, and steaming
simultaneously reduced several antinutritional factors rather
than targeting a single compound. Such coordinated reduc-
tions are nutritionally beneficial because phytates, tannins, ox-
alates, and trypsin inhibitors are known to impair protein di-
gestibility and mineral utilization [1, 34-36].

Phytates were positively correlated with potassium (r =
0.776, p < 0.001), phosphorus (r = 0.719, p < 0.01), and iron
(r=0.672, p <0.01), while tannins showed strong correlations
with phosphorus (r = 0.925, p < 0.001), zinc (r = 0.907 p <
0.001), and iron (r = 0.854, p < 0.001). These strong positive
relationships between antinutritional factors and minerals fur-
ther support the role of processing in improving nutrient avail-
ability. Although processing caused some mineral losses
through leaching, the concurrent degradation of phytates and
tannins may enhance the bioavailability of retained minerals
because these compounds possess strong metal-chelating
properties that limit intestinal absorption [1, 6].

Moisture content showed strong negative correlations with
energy value (r =-0.900, p < 0.001), indicating that hydration
reduced caloric density through dilution effects. At the same
time, moisture showed negative associations with several an-
tinutritional factors, particularly phytates (r =-0.663, p <0.01),
TIA (r =-0.576, p < 0.05), and oxalate (r = -0.538, p < 0.05).
These results highlight the importance of soaking and steam-
ing as key processing steps responsible for both detoxification
and the modification of nutritional characteristics.

Interestingly, the Ca/P ratio was negatively correlated with
L-DOPA (r =-0.562, p <0.05), cyanide (r = -0.570, p < 0.05),
and TIA (r =-0.656, p < 0.01), suggesting that improvements
in mineral balance occurred concurrently with reductions in
antinutritional compounds. Since Ca/P ratios above unity are
generally associated with favourable calcium utilisation and
bone health, this relationship further supports the nutritional
value of the processed product.

Overall, the correlation structure indicates that traditional
processing improved nutritional quality through two comple-
mentary mechanisms: (i) substantial reductions in antinutri-
tional compounds, including L-DOPA, phytates, tannins, ox-
alates, and trypsin inhibitors, and (ii) preservation of nutrition-
ally relevant amounts of proteins and minerals. Consequently,
although some nutrients were partially lost during processing,
the reduction of compounds that impair digestion and mineral
absorption is expected to increase the nutritional effectiveness
of the final Toubani [1, 6].
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3.4.2. Principal Component Analysis

Principal component analysis (PCA) was used to visualize
relationships among samples and compositional variables.
The first two principal components account for approximately
86.8% of total dataset variability (Diml = 62.8%, Dim2 =
24.0%), indicating that the PCA model adequately described
the major sources of variation (Figure 3)

The PCA biplot clearly separated raw and processed mate-
rials along the first principal component. Raw Mucuna clus-
tered with antinutritional variables such as L-DOPA, tannins,
phytates, oxalates and trypsin inhibitors activity, confirming
their high concentrations before processing. In contrast, Tou-
bani occupied the opposite side of the plot and was associated
with moisture content and reduced antinutrient levels. The in-
termediate products formed a processing trajectory between
these two extremes, demonstrating the cumulative effects of
dehulling, soaking, drying and steaming. The PCA therefore
confirmed that Toubani production based on Mucuna pruriens
led to a progressive nutritional transformation characterized
by detoxification while retaining substantial amounts of pro-
tein and essential minerals.

An important contribution of this study is the evaluation of
Toubani production as an integrated processing technology ra-
ther than as a collection of independent unit operations. The
PCA trajectory demonstrated that each processing step con-
tributed incrementally to compositional changes, highlighting
the cumulative detoxification effect of the entire system. This
finding suggests that the effectiveness of Toubani production
cannot be attributed solely to a single operation such as soak-
ing or steaming but rather to the synergistic interaction of suc-
cessive treatments. Consequently, the traditional Toubani pro-
cess may be viewed as a practical indigenous food technology
capable of enhancing the utilization of underexploited leg-
umes such as Mucuna pruriens.

The traditional processing technology substantially im-
proved both the safety and nutritional value of Mucuna pruri-
ens. The reduction of L-DOPA to below the recommended
safety threshold, coupled with complete cyanide elimination,
demonstrates the effectiveness of the process in detoxifying
the seeds. Simultaneously, the retention of high protein levels
and nutritionally relevant mineral concentrations indicates
that processing preserved the major nutritional attributes of
Mucuna. Although residual phytates, oxalates and trypsin in-
hibitor activity suggest that additional process optimization
could further improve quality, the current process produced a
product with significantly enhanced nutritional potential and
reduced toxicological risk. Consequently, Mucuna-based
Toubani represents a promising protein-rich functional food
capable of contributing to food and nutrition security in West
Africa.
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Figure 3. Principal component analysis (PCA) biplot of Nutrition composition, mineral and antinutrients composition of Toubani based

Mucuna.

RM= raw Mucuna, DM= dehulled Mucuna, SDM=soaked dehulled Mucuna, DSM= dried soaked Mucuna and Tou =Toubani, steamed dough
based Mucuna, TIA=trypsin inhibitor activity, L-DOPA= L 3,4-dihydroxyphenylalanine, NFE=Nitrogen Free Extractives.

4. Conclusion

The present study demonstrated that the traditional pro-
cessing sequence used to produce Mucuna -based Toubani in-
cluding dehulling, soaking, drying, milling, dough preparation,
and steaming substantially modifies the nutritional, physico-
chemical, and safety-related characteristics of Mucuna pruri-
ens. Among the processing steps, soaking and steaming ap-
peared to be particularly influential, contributing to changes
in the composition and reduction of undesirable compounds.
These findings provide evidence that traditional processing
plays a critical role in determining the nutritional quality and
food-use potential of Mucuna pruriens and may contribute to
the development of safer and more nutritionally suitable
Mucuna-based foods. The final product retained a high protein
content (25.0 g/100 g DM) and appreciable concentrations of
essential minerals, including calcium, magnesium, potassium,
phosphorus, iron, and zinc. Although moderate mineral losses
occurred during processing, favorable Na/K and Ca/P ratios
were maintained, suggesting good nutritional quality. Most
importantly, the process effectively detoxified Mucuna seeds,
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resulting in substantial reductions in L-DOPA (98.6%), tan-
nins (96.2%), trypsin inhibitor activity (65.7%), phytates
(42.3%), and oxalates (36.5%), while hydrogen cyanide was
completely eliminated. The reduction of L-DOPA to below
the recommended safety threshold confirms the suitability of
the processing method for improving the safety of Mucuna-
based foods.

Correlation analysis and principal component analysis fur-
ther demonstrated that the successive processing operations
produced a clear transition from antinutrient-rich raw seeds to
a nutritionally enhanced and safer food product. These find-
ings highlight the potential of traditional Toubani processing
as an effective strategy for valorising Mucuna pruriens, an un-
derutilized legume with considerable promise for sustainable
food systems and nutrition security in West Africa.

Study limitations

Despite these promising findings, several limitations should
be acknowledged. First, the study focused primarily on
changes in chemical composition and antinutritional factors
and did not evaluate protein digestibility, amino acid availa-
bility, or mineral bioaccessibility, which are important indica-
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tors of nutritional quality. Second, no in vitro or in vivo as-
sessment of nutrient absorption was conducted to confirm the
nutritional benefits associated with antinutrient reduction.
Third, the study did not investigate the effects of processing
on functional properties, sensory acceptability, or consumer
perception of the final product. In addition, only one pro-
cessing scheme was evaluated, and alternative treatments such
as germination, fermentation, pressure cooking, or enzymatic
processing were not examined.

Future perspectives

Future research should focus on evaluating protein digesti-
bility, mineral bioavailability, sensory quality, and shelf sta-
bility of Mucuna-based Toubani. Investigations combining
traditional processing with germination, fermentation, or other
bioprocessing approaches may further reduce residual
phytates, oxalates, and trypsin inhibitors while enhancing nu-
trient utilization. Such studies would strengthen the evidence
supporting the incorporation of Mucuna pruriens into sustain-
able, protein-rich food products and contribute to the diversi-
fication of local food resources in Africa and other developing
regions.

Practical implication

Overall, the results indicate that traditional Toubani pro-
cessing can successfully transform Mucuna pruriens from a
legume constrained by high antinutrient levels into a safer, nu-
trient-dense, and protein-rich food, thereby providing a prom-
ising avenue for the utilization of underexploited agricultural
resources in food and nutrition security programs.
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