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Abstract

The objective of this study was to evaluate the impact of two different production processes on the nutritional and antinutritional
quality of Tchakpalo, a traditional beninese beer. A 24-hour mono-fermented variant (MFM1) and a 24-hour double-fermented
variant (DFM1) were produced and analysed for energy parameters, vitamin and mineral content, and levels of antinutritional
compounds. The results show that the MFM1 variant has significantly higher levels of macronutrients (carbohydrates: 12.53
2/100 mL, proteins: 3.56 g/100 mL and fats: 0.95 g/100 mL), vitamins (C: 27.15 mg/100 mL and A: 16.65 pg RE/100 mL), and
minerals (phosphorus: 265.32 mg/100 mL, potassium: 534.88 mg/100 mL, sodium: 3.17 mg/100 mL, calcium: 5.55 mg/100 mL
and iron: 18.39 mg/100 g). It therefore has a higher nutritional density than the DFM1 variant. In contrast, the DFM1 variant is
characterised by a significant reduction in antinutritional factors, particularly phytates and tannins. This reduction suggests a
potential improvement in nutrient bioavailability. According to ANSES, 500 mL of the MFM1 variant of Tchakpalo provides
14.02% of men's and 17.35% of women's daily energy needs. This same quantity completely or partially satisfies their daily
needs for vitamin C (100%), phosphorus (100%), iron (100%), potassium (76.41%), and vitamin A (12%). To promote the
traditional beer Tchakpalo and strengthen food and nutrition security, it is essential to optimize processing methods in order to
enhance nutritional density and ensure nutrient bioavailability.
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1. Introduction

Since ancient civilisations, fermented beverages tradition-
ally produced from local grains have played an important role
in human diets [1].

These beverages are found in all regions of the world and
are produced from various grains. Among these beverages, we
can mention: Sake (rice, Japan), Chicha de jora (maize, Peru),
Kvass (rye, Russia), and Tchakpalo, produced from maize,
sorghum, or millet in West Africa [2-5]. Various populations
are attached to these beverages not only because of their dis-
tinctive and unique organoleptic characteristics but also for
their recognized nutritional and functional importance. Their
refreshing and thirst-quenching nature, combined with their
customary and religious uses, makes them beverages of cul-
tural and social significance [6]. They constitute a food and
cultural heritage for the peoples of the world.

In Benin, several traditional fermented beverages are pro-
duced and sold throughout the country. Among them is Tchak-
palo, an emblematic beer that exemplifies the country’s brew-
ing tradition. Tchakpalo is a local, low-alcohol beer produced
using a traditional process, primarily involving malting, brew-
ing, and spontaneous fermentation of a wort made from water
and grits of sprouted maize, sprouted sorghum, or a mixture
of these two sprouted grains [7].

In a previous study, Dognon et al. [5] identified five (05)
variants of Tchakpalo in southern Benin. The production pro-
cesses for these different variants involve nearly the same unit
operations. However, the sequence of operations, the number
of fermentation stages (one or two), the fermentation duration
(24 or 48 hours), and the raw material (maize, sorghum, or a
maize-sorghum mixture) differ from one variant to another. In
another study, Dognon et a/. [8] used a hedonic test to identify
the Tchakpalo variants preferred by consumers in a compara-
tive sensory analysis. Two variants stood out with overall ac-
ceptability scores significantly higher than the others. These
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were the MFM1 (24-hour Mono-Fermented Maize) and
DFM1 (24-hour Double-Fermented Maize) variants.

In that context, the present study seeks to evaluate the nu-
tritional potential of these two Tchakpalo variants to contrib-
ute to the food and nutrition security of the population.

2. Materials and Methods

2.1. Plant Material

The primary raw material was constituted of maize (Zea
mays L.), especially AK 94 DMR ESR Y BENIN variety Figure
1, known as “Vovo Non Bakin” in local language Fon. This is
the variety most used by female processors in Tchakpalo busi-
ness. Itis a ninety (90) day cycle variety (from seed to maturity),
with dented kernels, a texture that is half-sticky and half-floury,
and yellow colour. It is well-suited for local dishes such as
akassa, dough (Woin local language Fon), porridge, etc.

Figure 1. Maize variety used for Tchakpalo production (AK 94 DMR
ESR Y BENIN).

Sorting — Waste (mouldy maize, weevils, sand, etc.)

Running Water — Cleaning — Wastewater

Running Water —— Soaking (24h)

v,
Draining — Wastewater

Germinattion (96h)
Solar drying (72h)
v

Crushing

Malted maize grits

Running Water

|
15t Fermentation (24h)

Cooking (10(1 °C, 1h05mn)

| Malted maize mash

Running Water ———»

2 Fermentation (24h)

Caramclized sugar syrup ——
White Granulated Sugar

e A
Filtration
v

Tchakpalo (A)

— Spent grain


http://www.sciencepg.com/journal/jfns

Journal of Food and Nutrition Sciences

http://www.sciencepg.com/journal/jfns

Maize ‘

Sorting —— Waste (mouldy maize, weevils, sand, ctc.)

Wastewater

Running Water

Running Water —— Soaking (24h)

Cleaning

v

Draining —— Wastewater

Germination (96h)

Drying (72h)

Crushing

Malted maize grits

Fermented, soaked maize
starch supernatant)

Fermented, soaked maize

\
Cooking (100 °C, 10min)

Malted maize mash |

starch supematant)
Caramelized sugar syrup
White Granulated Sugar

¥
Cooling (40-45 °C?)

v
Fermentation (24h)

Filtration —— Spent grain

White Granulated Sugar ————>
Tchakpalo (B)

Figure 2. Technological diagram of maize Tchakpalo production.

A: Double-Fermented Maize Tchakpalo production of 24h (DFM1)
B: Mono-Fermented Maize Tchakpalo production of 24h (MFM1)

2.2. Production of Tchakpalo

The two Tchakpalo variants have traditionally been pro-
duced by female producers, selected based on their availabil-
ity and, above all, their expertise. Figure 2 shows the techno-
logical diagrams used for Tchakpalo production. All unit op-
erations were carried out at room temperature.

2.3. Determination of Nutritional
Characteristics

The nutritional parameters evaluated are: total sugar, pro-
tein, fat, vitamins A and C, ash content, phosphorus, potassium,
iron, sodium, and calcium. The analyses were performed in
triplicate.

2.3.1. Determination of Total Sugar Content

Total sugar content was determined using the phenol-sulfu-
ric acid colorimetric method described by Dubois et al. [9]. A
2 mL volume of sample (0.1%) is mixed with 1 mL of phenol
(5%) and then with 5 mL of concentrated sulfuric acid. After
stirring, the mixture is incubated at 30°C for 20 minutes. The
absorbance is then measured at a wavelength of 485 nm after
cooling. The sugar concentration is determined from a calibra-
tion curve prepared using glucose treated under the same con-
ditions. The result is expressed as a percentage of the sample.

2.3.2. Determination of Protein Content

Crude protein content was assessed using the Kjeldahl
method [10], based on the determination of total nitrogen. The
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analysis involved three steps: digestion, distillation, and titra-
tion. The protein content is calculated from the nitrogen con-
tent by applying the conversion factor 6.25 according to the
following equation:

Tp (%) = 6.25 x%N (1)

Where N = Nitrogen content

2.3.3. Determination of Lipid Content

The lipid content was determined by Soxhlet extraction [11].
The extraction is performed using petroleum ether (40—60°C)
on approximately 5 g of sample placed in a cartridge. The sys-
tem is subjected to continuous extraction for 4 to 6 hours until
all sample fat is extracted. The lipid content is calculated as
the difference in mass of the flask before and after extraction,
relative to the sample mass and its dry matter.

2.3.4. Determination of B-carotene (Vitamin A)
Content

The provitamin A (B-carotene) content was determined us-
ing the modified Jakutowicz method [12]. The MFM1 (24-
hour Mono-Fermented Maize) and DFM1 (24-hour Double-
Fermented Maize) absorption of the samples was measured at
a wavelength of 328 nm following chloroform extraction. The
calibration curve for B-carotene standard solutions was plotted
at 328 nm, and the provitamin A content was then expressed
as a percentage.

2.3.5. Vitamin C Content

The ascorbic acid content of the samples was determined
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by redox titration with iodine [13]. A 10 mL volume of stand-

ard solution or sample, supplemented with distilled water and

starch indicator, was titrated with iodine solution (0.005 mol/L)
until the characteristic color change occurred. The results were

expressed as a percentage of ascorbic acid.

2.3.6. Determination of Mineral Content

Minerals were determined by atomic absorption spectrom-
etry following dry digestion (2 h at 530°C) and solubilization
of the ash. The atomic absorption spectrophotometer (Varian
SpectrAA 2000) was operated using Varian Spectra software
version 5.5 following dry digestion in the presence of a mix-
ture of concentrated nitric acid and hydrochloric acid (1: 1,
v/v). The various mineral elements included iron, sodium,
phosphate, calcium, and potassium.

2.4. Determination of Antinutritional
Characteristics

The anti-nutritional parameters evaluated were oxalates,
phytates, and tannins.

2.4.1. Oxalate Content

Oxalates were determined using the method of Day and Un-
derwood [14]. 1 g of Tchakpalo samples was mixed with 75
mL of sulfuric acid (15N). The resulting solution was stirred
for one hour and filtered through Whatman No. 1 filter paper.
A 25-mL volume of the filtrate was titrated with potassium
permanganate (0.1N) until a stable pink color persisted for ap-
proximately 30 seconds. In the presence of sulfuric acid and
under heat, oxalic acid was oxidized by potassium permanga-
nate. The oxalate content (O) is expressed as a percentage (%).

2.4.2. Phytate Content

Phytate determination was performed according to the
method of Reddy and Love [15]. 4 g of Tchakpalo samples
were mixed with 200 mL of 2% hydrochloric acid. The mix-
ture was stirred for 5 hours. After filtration, 25 mL of the fil-
trate was added to 5 mL of 0.3% ammonium thiocyanate. The
mixture was titrated with ferric chloride (FeCls) at 0.002
mol/L until the resulting brown-yellow color persisted for 5
minutes. The phytate (P) content is expressed as a percentage
(%).

2.4.3. Tannin Content

Tannins were determined using the method of Trease and
Evans [16]. 1 mL of the methanolic extract of Tchakpalo was
mixed with 5 mL of Folin-Denis reagent in a basic medium.
The absorbance of the mixture was then measured at 760 nm
using a spectrophotometer.

2.5. Statistical Analysis

Statistical analysis of data consisted of descriptive statistics
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(mean and standard deviation) using Microsoft Excel 2013.
Analysis of variance (ANOVA) was then conducted to detect
the nature of the differences (significant or not) between the
physico-chemical parameters of the two Tchakpalo variants,
using the R software [17].

3. Results

3.1. Visual Organoleptic Characteristics of
Tchakpalo Variants

Figure 3 shows the appearance of the two Tchakpalo vari-
ants produced from the same raw material (maize). The influ-
ence of the production process on the beverage’s visual char-
acteristics is clearly evident.

Figure 3. Visual appearance of the two Tchakpalo variants.

A: Double-Fermented Maize Tchakpalo production of 24h
(DFM1)

B: Mono-Fermented Maize Tchakpalo production of 24h
(MFM1)

The MFM1 variant appears cloudier and denser, with a yel-
lowish-brown hue. These characteristics reflect a high concen-
tration of suspended solids and residual organic compounds,
resulting from a shorter fermentation period. These character-
istics are attributable to the initial inclusion of caramelized
sugar syrup prior to fermentation, as well as the subsequent
addition of supernatant derived from fermented maize flour.

In contrast, the DFM1 variant has a less cloudy, less dense,
slightly translucent appearance and a dark brown color. Dou-
ble fermentation promotes more thorough degradation of the
substrates and the reduction in visible colloidal particles. The
inclusion of carbonized sugar syrup during the final stages of
preparation contributes to a pronounced brown coloration.

3.2. Energy Profile of Two Tchakpalo Variants

The results in Table 1 reveal a highly significant difference
(» < 0.001) in macronutrients (carbohydrates, proteins, and
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fats) between the two Tchakpalo variants (MFM1 and DFM1).
Tchakpalo produced using MFM1 technology has higher lev-
els of carbohydrates, proteins, and fats compared to DFMI1.
The levels of these macronutrients in MEM1 Tchakpalo are
approximately double those in DFM1 Tchakpalo. Conse-
quently, the energy value of MFM1 Tchakpalo (72.91 kcal/100

mL) is significantly higher than that of DFM1 (38.46 kcal/100
mL). The type of production process used, therefore, greatly
influenced the energy value of Tchakpalo. The findings sug-
gest that double fermentation results in a reduction of macro-
nutrients, which is likely attributable to their utilization by fer-
mentative microorganisms as energy sources.

Table 1. Proximate composition of two Tchakpalo variants.

MFM1
Parameters

X
Carbohydrates (g/100 mL) 12.53a
Protein (g/100 mL) 3.56a
Fat (g/100 mL) 0.95a
Energy value (kcal/100 mL) 7291a

DFM1
p-value
Oy X Ox
0.00 6.59b 0.03 ok
0.06 1.63b 0.01 ok
0.02 0.62b 0.01 ok
38.46b ok

MFM1: Single-fermented maize (24 h); DFM1: Double-fermented maize (24 h); X: Mean; o: Standard error; Within the same column,
means marked with different letters are significantly different at the 5% level according to the Student-Newman-Keuls test.° =p > 0.05
(not significant); * =p < 0.05 (significant); ** =p < 0.01 (highly significant); *** =p < 0.001 (very highly significant).

3.3. Vitamin and Mineral Profiles of Two
Tchakpalo Variants

From a vitamin and mineral perspective, there are fairly sig-
nificant differences between the MFM1 and DFM1 variants.
Table 2 shows that the vitamin C content is significantly

higher in Tchakpalo MFM1 than in DFM1 (p <0.001). In con-
trast, no significant difference is observed for vitamin A. Re-
garding minerals, Tchakpalo MFM1 has higher levels of phos-
phorus, potassium, sodium, calcium, and iron than Tchakpalo
DFMI1. The lower mineral content observed in Tchakpalo
DFMI1 could be due to leaching, precipitation, or utilization
by microorganisms during prolonged fermentation.

Table 2. Vitamin and Mineral composition of two Tchakpalo variants.

MFM1 DFM1
Settings p-value
X 6x X Ox
Vitamin content
Vitamin C (mg/100 mL) 27.15a 0.33 19.04b 0.09 Hokx
Vitamin A (ug RE/100 mL) 16.65a 0.00 16.65a 0.00 °
Mineral composition
Ash content (g/100mL) 0.85a 0.00 0.45b 0.00 wAK
Phosphorus (mg/100 mL) 265.32a 1.16 235.44b 0.68 HkE
Potassium (mg/100 mL) 534.88a 0.31 487.05b 0.24 wAK
Sodium (mg/100 mL) 3.17a 0.02 2.84b 0.01 wAK
Calcium (mg/100 mL) 5.55a 0.47 4.36b 0.31 *
Iron (mg/100 g) 18.39a 0.42 15.48b 0.51 ok

MFM1: Single-fermented maize (24 h); DFM1: Double-fermented maize (24 h); X: Mean; oy: Standard error; Within the same column,
means marked with different letters are significantly different at the 5% level according to the Student-Newman-Keuls test.° =p > 0.05
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MFM1
Settings

X

DFM1
p-value

X

(not significant); * = p < 0.05 (significant); ** = p <0.01 (highly significant); *** = p < 0.001 (very highly significant).

3.4. Antinutritional Profile of Two Tchakpalo
Variants

Regarding antinutritional compounds, there are also signif-
icant differences in content between the MFM1 and DFM1
variants. In fact, except for oxalates, the tannin and phytate
contents of the MFM1 variant are slightly higher than those of
the DFM1 variant.

The results in Table 3 indicate significant differences be-
tween the two variants for all antinutritional factors studied.

The MFM1 variant has higher levels of tannins and phytates,
while the DFM1 variant has a slightly higher level of oxalates.
The decrease in tannins and phytates in DFM1 suggests that
double fermentation promotes degradation of these com-
pounds, likely through the action of microbial enzymes such
as phytases and polyphenol oxidases. The type of production
process also influenced the antinutritional profile of Tchak-
palo.

Table 3. Antinutritional profiles of two Tchakpalo variants.

MFM1
Parameters

X Ox
Tannins (mg GAE/g) 0.45a 0.04
Phytates (mg/100 mL) 77.54a 0.12
Oxalates (mg/100 mL) 3.75a 0.04

DFM1

p-value
X Ox
0.30b 0.00 o
69.22b 0.23 ok
4.04b 0.06 o

MFM1: 24-hour Single-Fermented Maize; DFM1: 24-hour Double-Fermented Maize; X: Mean; oy: Standard Error; Within the same col-
umn, means marked with different letters are significantly different at the 5% level according to the Student-Newman-Keuls test.° =p >
0.05 (not significant); * = p < 0.05 (significant); ** = p <0.01 (highly significant); *** = p < 0.001 (very highly significant).

4. Discussion

This study, which aimed to determine the nutritional and
anti-nutritional profiles of the two Tchakpalo variants under
investigation, yielded interesting results. The findings clearly
show that the processing method particularly the number of
fermentation stages significantly influences the nutritional and
anti-nutritional quality of Tchakpalo. Thus, from a nutritional
standpoint, there is a significant difference between the
MFM1 and DFM1 variants. Indeed, the macronutrient content
(carbohydrates, proteins, and fats) of the MFM1 variant is ap-
proximately double that of the DFM1 variant. The major dif-
ference in the production process of these two types of Tchak-
palo is the number of fermentation cycles (1 and 2) and, con-
sequently, the duration of fermentation. It can therefore be de-
duced that the type of production process greatly influences
the energy value of Tchakpalo. This result is in accordance
with the findings of Kayodé et a/. and Blandino et al. [18, 19],
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who demonstrated that the fermentation of cereals results in
the consumption of carbohydrates and proteins by microor-
ganisms, leading to a reduction in the energy value of the fer-
mented products.

It is known that during the fermentation process, enzymes,
including amylases, proteases, lipases, and phytases facilitate
the hydrolysis of polysaccharides, phytates, proteins, lipids,
and starch, thereby modifying primary food products [20].
This results in a reduction in the glycemic index through the
conversion of glucose—formed from the breakdown of starch
into short-chain organic acids such as propionic, acetic, and
lactic acids [21]. In other words, this glycemic reduction is
driven by the fermentation flora (lactic acid bacteria, yeasts,
and molds), which consume fermentable sugars (glucose,
maltotriose, etc.) to produce ethanol, carbon dioxide, and aro-
matic compounds. Residual non-fermentable sugar such as
dextrin remain, influencing the beer’s sweetness and body.

Fermentation uses very little protein as a major energy
source. The decrease in protein content results from the action
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of proteases synthesized by yeast, which partially hydrolyze
proteins into amino acids subsequently utilized by the yeast to
support its growth. Yeast does not use lipids as a primary sub-
strate. However, some of the fatty acids are used in the syn-
thesis of their cell membranes. Fermentation, therefore, sig-
nificantly influences the macronutrient content of fermented
beverages. In natural, spontaneous, and uncontrolled fermen-
tation systems, as fermentation proceeds, there is a decrease
in the nutritional value of the beverages due to the increase in
secondary metabolites such as ethanol [22].

Globally, the protein contents of the MFM1 and DFM1 var-
iants are lower than those reported by Egounlety et al. [23]
after 24 and 48 hours of fermentation, respectively. In contrast,
the protein (3.56 g/100 mL for MFM1 and 1.63 g/100 mL for
DFM1) and carbohydrate content (12.53 g/100 mL for MFM1
and 6.59 g/100 mL for DFM1) obtained in our study are sig-
nificantly higher than those reported by Bayoi and Danla [24]
in Cameroon for Bili-Bili (protein, 0.54 g/100 ml; carbohy-
drates 0.52 g/100 mL) and Cochette (protein 0.71 g/100 ml;
carbohydrates 0.50 g/100 mL), two traditional beers produced
from sorghum and rice, respectively. In another similar study,
Hirbo and Hola [20] revealed that Borde, Korefe, and Booka,
three (03) traditional fermented beverages from Ethiopia, pro-
duced from maize, barley, and cow’s bladder, respectively ex-
hibit significant variation in their nutritional composition. The
macronutrient composition of traditional beers, therefore, var-
ies considerably depending on the microorganisms involved
(yeasts, lactic acid bacteria, etc.), the starting substrate (milk,
grains, fruits, meats, etc.), and, above all, the production pro-
cess.

From an energy perspective, 100 mL of Tchakpalo provides
approximately 72.91 kcal to consumers, highlighting its po-
tential contribution to daily dietary energy intake (Table 1).
Although this energy content is lower than that of other tradi-
tional fermented beverages such as Borde (125.95 kcal/100
mL), Korefe (101.35 kcal/100 mL), and Booka (78.05
kcal/100 mL) [20], it is still significantly higher than the en-
ergy content of Heineken industrial beer (42 kcal/100 mL), a
Dutch-style lager [25].

Although energy requirements vary depending on several
factors related to a person’s physiology and lifestyle (age, sex,
weight, height, physiological condition, basal metabolic rate,
and level of physical activity), the average daily energy re-
quirement for an average Physical Activity Level (PAL) is es-
timated at 2,600 and 2,100 kcal per day for men aged 18 to 69
and women aged 18 to 59, respectively [26]. It can therefore
be concluded that consuming 500 mL of the MFM1 variant of
Tchakpalo provides 14.02% and 17.35% of the daily energy
requirement for men and women, respectively, at an average
PAL. This result confirms the findings of Letaconnoux [27],
who stated that traditional beers account for 5 to 40% of daily
food intake in sub-Saharan Africa. Traditional African beers
thus contribute significantly to the diets of local populations.

The higher vitamin C content in 7chakpalo MFM1 could be
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explained by partial degradation of this vitamin during pro-
longed fermentation in Tchakpalo DFM1. Similar results were
reported by Oboh [28], who noted that certain vitamins, par-
ticularly vitamin C, are sensitive to fermentation and oxida-
tion conditions. In contrast, the stability of vitamin A for the
two variants suggests that -carotene is relatively resistant to
fermentation conditions. This observation is consistent with
Rodriguez-Amaya’s [29] results on the stability of carotenoids
in food matrices. Based on the recommendations of France’s
National Agency for Food, Environmental and Occupational
Health & Safety [30], and regarding the results obtained (Ta-
ble 2), it can be concluded that Tchakpalo is a significant
source of vitamins C and A.

In fact, consuming 500 mL of the MFM1 variant of Tchak-
palo fully meets the daily vitamin C requirements for both
men and women and provides 11.10% and 12.80% of the vit-
amin A requirements for men and women aged 18 and older,
respectively. The consumption of 500 mL of Tchakpalo could
fully meet the daily requirements for phosphorus and iron for
men and women aged 18 and older, and 76.41% of their daily
potassium requirement. However, Tchakpalo is not a good
source of sodium and calcium. Hence, consumption of Tchak-
palo could contribute significantly to homeostatic balance and,
consequently, to good health. Indeed, vitamin C is essential
for collagen biosynthesis, antioxidant defence, and iron ab-
sorption [31]. Vitamin A plays a role in vision, epithelial ho-
meostasis, and immune regulation [32]. As for iron-, it is es-
sential for oxygen transport, DNA synthesis, and cognitive
functions [33]. Phosphorus contributes to energy metabolism
and bone mineralization [34]. Finally, potassium regulates
neuromuscular excitability and blood pressure [35].

Tchakpalo is therefore an important source of energy-
providing substances, vitamins, and minerals essential for the
proper functioning of the human body. However, it is im-
portant to ensure that these nutrients can be absorbed by the
bodies of Tchakpalo consumers. Indeed, the nutrients availa-
ble in a food may not be absorbed if that food contains enough
antinutritional factors. Antinutritional factors, also known as
antinutritional substances, are compounds naturally present in
certain foods, primarily of plant origin. They reduce the bioa-
vailability of nutrients, hinder their absorption, or exert toxic
effects when consumed in large quantities [36].

In this study, three (03) groups of antinutritional com-
pounds were analyzed in Tchakpalo (tannins, phytates, and
oxalates). Except for oxalates, the tannin and phytate contents
of the MFM variant were higher than those of the DFM1 var-
iant. The type of production process used, therefore, influ-
enced the content of antinutritional substances in Tchakpalo.
Other studies on traditional beers have revealed the presence
of antinutritional substances in these beers. In Cameroon,
Bayoi and Danla [24] recorded relatively high tannin levels in
Bili-Bili and Cochette, two (02) traditional beers produced
from sorghum and rice, respectively. Ndie and Okaka [37] rec-
orded varying levels of phytates and oxalates in several plant-
based foods in southeastern Nigeria.
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The presence of tannins, phytate, and oxalate in 7chakpalo
constitutes a risk factor for micronutrient deficiency and kid-
ney stone formation in Benin. Indeed, phytate and tannins re-
duce the bioavailability of essential minerals and proteins by
forming insoluble complexes [24, 38, 39]. They can also dam-
age the intestinal tract and promote carcinogenesis [40], par-
ticularly tannins.

Oxalates reduce mineral bioavailability by forming insolu-
ble complexes with calcium, magnesium, iron, and zinc. Cal-
cium oxalates may accumulate in the kidneys, leading to uri-
nary calculi, which are the most common type of kidney
stones. Previous studies confirm that high oxalate intake is a
major risk factor for mineral deficiencies and kidney stone for-
mation, although processing methods such as fermentation
can reduce oxalate levels and improve nutrient bioavailability.

5. Conclusions

This study demonstrates that production processes signifi-
cantly influence the nutritional and antinutritional characteris-
tics of Tchakpalo. The 24-hour Mono-Fermented Maize vari-
ant (MFM1) is distinguished by its higher macronutrients, vit-
amins, and minerals content. It therefore exhibits better nutri-
tional density. Conversely, the 24-Hour Double-Fermented
Maize variant (DFM1) exhibits a significant reduction in an-
tinutritional compounds (phytates and tannins) which sug-
gests an improvement in nutrient bioavailability. Above all,
the findings showed that consumption of a bottle of Tchakpalo
(like industrial beer) could contribute significantly to partially
or totally cover the daily nutrient requirements (macro and mi-
cro) and the vitamins of adult women and men. With a view
to enhancing the value of Tchakpalo, it appears essential to
optimize processing methods to achieve high and balanced nu-
tritional density, thereby favoring nutrient bioavailability. In
addition, future studies should assess the alcohol content of
Tchakpalo to establish safe consumption levels, as excessive
intake may compromise consumer health. Overall, these ef-
forts will contribute to positioning Tchakpalo as both a cul-
tural heritage product and a relevant component of food and
nutrition security strategies.
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