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Abstract

unprocessed or minimally processed foods is essential. This study aimed to formulate a soumbala-
based food with high nutritional and nutraceutical potential. Thus, soumbala and six spices were used.
Standard methods were used to evaluate the physicochemical and biochemical properties of the
formulations. The experiment produced 17 formulations using Minitab 18 software. Analysis showed
that protein content was (19.23- 33.30% DM); lipids (19.51- 27.99% DM); carbohydrates (35.95-
86.66% DM) and pH ranged from 6.37 to 6.88, i.e. weakly acidic. Sensory analysis showed that
formulations F06, FO05, F10, F13 and F17 were the most appreciated. To “enhance ‘the .value of

soumbala, it would be worthwhile to popularize and promote the consumption of these:foods.

1. Introduction

throughout life. It provides the body with the nutrients it needs for proper functioning. Such
diets are essential to prevent non-communicable diseases like diabetes, high blood pressure,
and obesity [19]. As these diseases become epidemics worldwide, particularly due to an
energy-dense, nutrient-poor diet, it,is necessary to formulate healthy, nutritious foods that
prevent these pathologies [5,27]. These formulations must take into account people's
preferences and eating habits [23]. For a sustainable food system, formulations need to give
priority to local preducts that are accessible and low in cost. Non-timber forest products, long
considered nutritious by populations, are receiving special attention, particularly in food
technology [22]. One such food is soumbala. This highly valued food is derived from the
nutritional and nutraceutical importance of soumbala. It has long been recognized as an
important source of protein, rich in essential amino acids. It is therefore recommended to
alleviate malnutrition. Its pH is slightly basic, which helps preserve the enzymes that facilitate

digestion and ensure good digestibility [35]. Soumbala is very rich in potassium and low in
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sodium, it is considered as a natural hypotensor and is recommended to prevent and/or control
high blood pressure [9,20]. Its low carbohydrate and lipid content helps prevent weight gain,
obesity and all its associated pathologies. Other studies have shown that Soumbala contains
high levels of bioactive compounds, especially phenolics, vitamins and other antioxidants
[31]. Most of these studies have focused on evaluating soumbala in its raw, uncooked state. In
view of all these benefits, the popularization of the consumption of raw soumbala will not
only contribute to the reduction of malnutrition, but also to the prevention.of a number of non-
communicable diseases [1]. Unfortunately, many consumers are still reluctantto incorporate
raw soumbala into their dietary habits. This is due to certain organoleptic: properties of
soumbala, particularly its flavors. In fact, the fermentation of.soumbala leads to the
appearance of several properties, including the unpleasant odors perceived by some
consumers [31].

nutritional and nutraceutical quality;: isiessential for the acceptance of raw soumbala.

Formulation of a soumbala-based food with-commonly used spices would be welcomed[35].

These include onion, parsley, chili, green anise, guinea pepper, black pepper and a little salt.
In this context, this study was. initiated to formulate a highly nutritious food based on

soumbala and;spices commonly used.

2. Materiakand. methods

2.1. Material

Burkina Faso. These dry samples were packaged in sterile bags, then sent to the laboratory of

the Food Technology Department of the Institute for Research in Applied Sciences and

{ Comment [p6]: Justify the paragraph. ]

{Comment [p7]: Corrected. ]
[ Comment [p8]: Capitalize ]
( Comment [p9]: Capitalize ]

-] Comment [p10]: Justify the paragraph and ‘

all other subsequent ones.




Technology (IRSAT) in Bobo-Dioulasso, where they were ground into powder for analysis.
The spices were purchased in Bobo-Dioulasso. They were then dried and ground into powder.
Sample collectionform
Sampling was carried out according to the sampling guide of the Institute for Research
in Applied Sciences and Technology, in accordance with the guidelines of the National

Biosafety Agency of Burkina Faso. The study included plants commonly used as.spices by the

local population, so there was no need for identification or herbarium collection:

2.2 Methods

The water content of the samples was determined by differential weighing before and
after oven drying at 105+2°C for 24 hoursofa5'gsample [4710f

The pH was determined using a digital pH meteri(HI 991300, PH/EC/TDS meter) [16].

Acidity was determined by titration,using the method described by [15].

Total sugars were determined by the sulfuric orcinol method described by Montreuil
and Spik (1969). Carbohydrate contents were calculated using a calibration curve with D-
glucose as the reference. sugar.

The “fat content .of samples was determined by Soxhlet extraction, adapting the
international standard 1SO-659 with hexane [14].

The “protein content of the samples was determined using the Kjeldahl method
described inT18].

The energy value of the samples was calculated using the coefficients of Atwater &
Rosa (1899) according to the following formuld ;

Energy (Kcal/100g) = % carbohydrate x 4 Kcal + % protein x 4 Kcal + % fat x 9 Kcal
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2.2.2. Formulation and organoleptic analysis

From the raw material, seventeen (17) formulations were generated using Minitab18
software. The organoleptic analysis was aimed at testing the acceptability and preference of
condiments by tasters, in order to select the best formulation. It took place over four sessions.
The seventeen formulations generated through the experimental design were divided into
three groups. These samples were subjected to hedonic and ranking tests to select the best.
The best formulations from each group analyzed were retained to form a final group for
selection of the best formula by the tasters. A panel of 35 male and female tasters over the age
of 15.

Each participant gave informed consent by completing the form provided by the
Burkina Faso Applied Sciences and Technology'Research Institute (IRSAT).

Prior to completing the participation form, participants under 18 years of age had to
obtain the consent of their parents or guardians: Informed consent is non-binding.

All personal data is treated confidentially and is not disclosed without written consent.

The consent form'is available onrequest from the corresponding author.

Formulations. were developed using Minitab18 software. For physicochemical
analyses, data were entered using Microsoft Excel 2013 and XLSTAT software univariate
ANOVA analysis at 5% threshold with adjusted R* and principal component analyses.
Physicochemical analyses and results are expressed as mean values + standard deviation.
Sensory evaluation test data were entered using Microsoft Excel 2013 and analyzed using

SPSS 21 software. Descriptors were converted into numerical notation.
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3. Results and [discussion

3.1. Results

In the process, 17 formulations were developed, ranging from formulation 1 (F01) to

formulation 17 (F17). These formulation results are assigned in Table 1.

Table 2 shows the results of the physicochemical analyses of the formulations. Acidity
ranged from 2.25 + 0.05 for F06 to 5.01 + 0.16 for FO1. These differences in‘acidity would
appear to be linked to the physicochemical properties of the different raw materials used. For
example, the low acidity of FO06 is due to the low proportions of:spices, in contrast to FO1
(Table 1). Nevertheless, the acidity of a food can be an.indicator of its quality, as it can help to
preserve it to a greater or lesser extent. The pH of the formulations ranged from 6.37 + 0.03
for FO6 to 6.88 + 0.01 for F11. Dry matter, ranged from:88.07% =+ 0.28 for F17 to 93.26% +
0.17 for F14. Protein contents ranged from 19.23% + 0.02 for F13 to 33.30% + 0.03 for F10.
In these formulations, fat contents ranged from 19.51% + 0.43 for F06 to 27.89% +0.02 for
FO05. Carbohydrate valuesiranged from 35.95%:z+ 0.34 for F10 to 86.66%= 0.00 for F14.The
energy values of;the different. formulas varied significantly between 475.48+2.32 and

639.83+2.24 Kcal/100 g.
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Table 1} Ingredients content of the various formulations

Comment [p21]: Bold and capitalize the

Order Soumbala  Chili (%) Parsley (%) Onion (%)  Guinea pepper Black pepper Salt  Green Total initials of the major words.
Essay (%) (%) (%) (%) anise (%)

1 51.40 3.00 4.00 11.50 19.00 6.55 2.00 2.55 100,00] Comment [p22]: Remove or change to

2 51.57 15.07 4.06 11.56 6.56 6.56 2.05 2,57 100,00  (100.00.

3 50.00 1.00 2.50 10.00 5.00 5.00 0.50 26.00 100,00

4 53.13 4.13 5.63 13.13 8.13 8.13 3.63 413 100,00

5 64.06 2.56 4.06 11.56 6.56 6.56 2.06 2.56 100,00

6 50.00 1.00 2.50 10.00 5.00 5.00 25.50 1.00 100,00

7 50.00 26.00 2.50 10.00 5.00 5.00 0.50 1.00 100,00

8 50.00 1.00 2.50 10.00 30.00 5.00 0.50 1.00 100,00

9 51.56 2.56 16.56 11.56 6.56 6.56 2.06 2.56 100,00

10 75.00 1.00 2.50 10.00 5.00 5.00 0.50 1.00 100,00

11 50.00 1.00 2.50 10.00 5.00 30.00 0.50 1.00 100,00

12 51.56 2.56 4.06 11.56 6.56 6.56 2.06 15.06 100,00

13 51.56 2.56 4.06 24.06 6.56 6.56 2.06 2.56 100,00

14 51.56 2.56 4.06 11.56 6.56 6.56 14.56 2.56 100,00

15 50.00 1.00 27.50 10.00 5.00 5.00 0.50 1.00 100,00

16 51.56 2.56 4.06 11.56 6.56 19.06 2.06 2.56 100,00

17 50.00 1.00 2.50 35.00 5.00 5.00 0.50 1.00 100,00




Table 2: Physicochemical parameters and energy value of the different formulations

Legend : p-value indicates statistically significant difference.\

Paramétres physico-chimiques

Formulations | Acidity (%) pH DM (%) Protein (% DM) Lipide (% DM) .Glucide (%0 DM) Energy (Kcal /100 g DM)
F1 5.01+0.16  6.74+0.07 90.71+0.23 27.03%+0.07 25.14+0.60 72.80+0.09 625.58+6.04
F2 3.71+0.00 6.67+0.04 91.26+0.02 26.58+0.01 23.95+0.11 78.78+1.04 636.99+5.19
F3 3.00+0.00 6.78+0.01 92.32+0.25 26.09+0.07 26.65+0.47 54.99+0.51 564.17+6.55
F4 3.20+0.05  6.64+00 91.32+0.01 28.11+0.00 25.46+0.34 69.57+0.11 619.86+3.5
F5 2.84+0.11  6.63+0.00 90.39+0.18 29.12+0.06 27.89+0.02 38.80+2.58 522.69+10.74
F6 2.25+0.05  6.37+0.03 92.39+0.26 23.19+0.06 19.51+0.43 70.80+0.58 551.55+6.43
F7 3.31+0.00 6.76+0.04 91.40+0.07 26.25+0.02 24.64+0.14 47.93+0.24 518.48+2.3
F8 2.56+0.05 6.71+0.07 88.65+0.07 26.21+0.02 25.97+0.07 58.77+0.79 573.65+3.87
F9 3.24+0.00 6.61+0.00 90.11+0.15 25.15+0.04 26.56+0.21 65.07+5.72 599.92+24.93
F10 3.16+0.00 6.73+0.01 88.77+0.07 33.30+0.03 25.23+0.19 35.95+0.34 504.07+3.19
F11 2.92+0.00 6.88+0.01 91.08+0.09 25:28+0.03 23.69+0.32 81.86+0.32 641.77+4.28
F12 3.32+0.56  6.66+0.02 91.02+0.08 27.2940.02 26.17+0.14 51.56+0.43 550.93+3.06
F13 3.16+0.00 6.64+0.03 90.56+0:11 19.23+0.02 24.03+0.24 86.66+0.00 639.83+2.24
F14 3.04+0.06  6.50+0.00 93.26+0.17 26.81+0.05 22.96+0.20 40.40+0.08 475.48+2.32
F15 3.28+0.06  6.75+0.02 91.77+0.09. 26.35+0.03 23.38+0.50 51.53+1.04 521.94+8.78
F16 2.84+0.11  6.76+0.06-92.33+0.18 25.47+0.05 23.74+0.11 49.33+0.03 512.86+1.31
F17 422+0.16  6.62+0.00 - 88.07%+0.28 25.25+0.08 20.40+0.52 54.35+0.63 502+7.52

R2 0.97 0.96 0:.99 1.00 0.99 1.00 1.00

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Legend : p-value indicates statistically significant difference.
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3.2. Discussion

The formulations have different pH values. This difference may be linked to the
addition of black pepper to the F11 formulation and to processing conditions, which can
influence pH levels [10]. As well as acidity, the pH of these formulations can influence storage
stability. The low acidity of these formulations is an asset in preventing gastro-oesophageal
reflux disease (GERD) [38]. Other authors have reported that the optimal pH in a healthy
organism varies from 6.1 to 7.5 [37].

Analysis of Table 1 suggests that the high dry matter content of the/F14 formulation is
attributable to the contribution of the various ingredients;. but especially-the salt, which
contains a low water content. Nevertheless, dry matter contents are relatively high in all
formulations and could be an indicator of high macronutrient<concentration, as well as
micronutrient concentration. Their low water.content ensures a long shelf-life [8]. Studies
have also shown that the mineral content of.a food is.linked to its dry matter content [13].

The high protein content.of:the F10 formulation may be linked to its high proportion
of soumbala. Indeed, studies have reported that soumbala is an important source of protein
[31]. Higher levels of soumbala:could not only help combat protein-energy malnutrition, but
also positively influence the bioaccessibility of the carotenoids contained in spices [33]. In
addition, proteins ‘facilitate the bioavailability of minerals contained in the various raw
materials. and, formulation components [2]. Although some report that non-thermal food
processing can lead to protein oxidation, the presence of spices rich in bioactive compounds
helps to produce a healthy and nutritious food [2,7,34].

Lipids are an important source of energy for the human. They are also a source of
essential fatty acids and play a crucial role in the development of flavors and in the transport
of fat-soluble bioactive compounds such as vitamins A D E K and carotenoids. The presence

of lipids in a food is of great importance, especially plant lipids rich in essential fatty acids



[32]. In these formulations, fat contents ranged from 19.51% =+ 0.43 for F06 to 27.89% +0.02
for FO5. These high lipid contents can be explained by the high lipid content of soumbala.
Thus, formulation FO5 containing a high proportion of soumbala (64.06%) is the most
concentrated in lipids. These formulations are nutritionally important because, without heat
treatment and with the contribution of the spices' antioxidant compounds, their lipids will be
protected from any degradation and, above all, will protect the body against certain chronic
diseases, notably cardiovascular disease [3,11].

Carbohydrate values ranged from 35.95%z+ 0.34 for F10 to" 86.66%:0.00 for F14.
Analysis of variance ANOVA (P <0.0001) indicates that physicochemical characteristics vary
according to formulation. These variations could be due to the different proportions of raw
materials depending on the formulation. Carbohydrates are the-main energy sources used by
the body. However, a diet rich in carbohydrates with a high glycemic index can be detrimental
to health. [6]. These dietary fibre-rich formulations can be an alternative for a balanced,
preventive diet [30].

The energy values of the different formulas varied significantly. These variations were
due to differences in the composition of the raw materials (soumbala and spices) (Table 1).
However, these formulated foods remain potential low-cost energy sources, especially for
low- and middle-income, countries where undernutrition is prevalent. They could also help
offset the needfor functional foods to prevent certain metabolic diseases such as diabetes,
hypertension:and obesity [28]. In a context where the consumer's need for plant-based foods is
becoming more and more of a requirement, these types of foods should be encouraged and
promoted as part of a healthy diet. Priority is indeed given to foods rich in bioactive
compounds, but foods that combine the two advantages (nutritional and nutraceutical) would
be a considerable asset for consumers, especially athletes. [12,29].

Principal component analysis



Analysis of the correlation between the various parameters showed a positive
correlation between acidity and all other parameters except dry matter (Figure 1). This
correlation is even stronger between acidity and pH, implying that pH is partly influenced by
the various organic acids. Thus, the higher the acidity, the lower the pH. This correlation
between pH and titratable acidity has been demonstrated by other authors, who report that
certain organic acids may not be taken into account when measuring pH [26]. There was also a
negative correlation between titratable acidity and dry matter. This shows that titratable
acidity depends on the moisture content of the feed and also on the contribution of soumbala,
which is slightly alkaline. Furthermore, the most significant negative correlation is that
between proteins and carbohydrates. This correlation could be due to soumbala, which is
partially digested by microorganisms. Studies have shown that proteins can form complexes
with carbohydrates, reducing their digestibility [21]. On the other hand, the highest positive
correlation is between carbohydrates and energy value. This means that carbohydrate-rich
formulations are low in protein. This could be explained by the fact that carbohydrates are the
main sources of energy. In a healthy diet, 55-75% of human energy is provided by

carbohydrates [25].
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Figure 1: correlation between the studied parameters
Principal component analysis shows that the parameters studied can be represented on

two axis (61.1% of total inertia) (Figure 2). The information in Figure 2 shows that



formulations FO1, FO2 and F11 are rich in protein, carbohydrates, fat and energy, and have a
high acidity. Formulations F05, FO7, F10, F12 and F14 are low in protein, carbohydrates, fat
and energy. In addition, formulations F06, F16 and F14 are rich in dry matter and have a low
pH. These differences in the content of the various formulations depend on the raw materials

used, in particular the proportions assigned to them (Table 1).

PCA - Biplot

Figure 2: Principal component analysis between parameters and formulations

Sensory analysis and classification of formulations

To facilitate the acceptability of food, consumers must be associated to take into
account their needs and preferences [23]. For this study, panels of tasters were set up to assess
the organoleptic quality of the various formulated foods. The results of these sensory analyses
are classified into three groups according to the hedonic test in the figures (Figure 3-5).

Figure 3 shows the sensory analysis test for group 1. In general, all the formulations in
this group were rated according to the sensory characteristics of color, taste (salty and
pungent) and odor. However, the most appreciated were F05, followed by F11 and FO7. The
proportions of tasters who rated the taste of FO5 as not very pungent were 77% and 91.42%
respectively. This would be due to the contribution of onions and peppers. Meanwhile, 71% of
tasters rated the taste of F11 as pungent, 71.42% as not very salty, 54.28% as acceptable in

color and 71% as having a good odor. These organoleptic characteristics could be due to the



low proportion of salt and the high proportion of hot pepper. For FO7, 60% of tasters judged
the taste to be pungent; 45.71% acceptable odor and 57.14% good color. This could be due to

the contribution of salt, black pepper and the average proportion of soumbala (50%).
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Figure 3: Sensory analysis of Group 1

For Group 2 (Figure 4), tasters preferred the FO6, F17 and F15 formulations with
different proportions. Thus, for F06, 94.28% found the taste not very pungent, while 45.71%
found it salty and 34.28% a very nice color. An analysis of the raw materials composition
table reveals that this formulation contains a high proportion of salt and onion, which could
justify the tasters' assessment. For F17, 68.57% of tasters rated the taste as not very pungent,
80% as not very salty, 40% as having a good color and 31.42% as having a good odor. In this
formulation, it was the high proportion of onion and the low proportion of salt that would
have guided tasters' perceptions. As for formulation F15, the proportions were: 85.71%
judged not very pungent; 88.57% not very salty; 37.14% good odor and 34.28 % acceptable
color. It's also important to note that all formulations were positively appreciated by tasters
with varying preferences. Parsley, onion and low salt content are the main characteristics that

differentiate this formulation.
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Figure 4: Sensory analysis of Group 2

All the formulations in Group 3 were appreciated to varying degrees by the tasters
(Figure 5). In fact, F10 was the most appreciated, with 94.28% of tasters rating the taste as not
very spicy, 94.28% as not very salty, 60% as very good in color and 48.57% as good smelling.
This formulation was mainly characterized by a high proportion of soumbala (75%), a
medium concentration of onion (10%) and a low salt content (0.5%). After F10, F13 was also
positively appreciated. Many tasters (62.85%) rated the taste as not very pungent, 74.28% as
not very salty, 40% as having a good color and 40% as having a good smell. Although
preferences depend on each individual, these assessments could be based on an average intake

of soumbala (51.56%), but especially a high intake of onion (24%).
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Figure 5: Sensory analysis of Group 3
Following the tasting session, the different formulations were evaluated by all the
tasters and subsequently ranked according to their preferences. Following the ranking

procedure, six formulations were identified as the most popular. The results of these rankings



were then subjected to statistical analysis to ascertain the nature of the correlations that exist
in the six most highly rated formulations (Figures 6-7). Figure 6 illustrates that the tasters'
selections can be categorized into two principal groups, which are themselves subdivided into
subgroups. It is evident from this figure that tasters who appreciate the color are more or less
drawn to formulations with lower salt and spice levels. Conversely, those who appreciate the

aroma are more or less associated with saltier and spicier formulations.
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Figure 6: Dendrogram of sensory parameters

The principal component analysis also divides the six formulations into two groups
according to their similarity (Figure 7). Formulations F06, F13, and F17 are positively
correlated with one another. This positive correlation is likely attributable to the similar
proportions of spices utilized in each formulation (Table 1). In addition, formulations F05,
FO7, and F10 are also positively correlated with one another. The observed similarity in

organoleptic parameters is attributable to the spices, except chili pepper (Table 1).
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Figure 7: Principal component analysis of different formulations

Figure 8 illustrates the statistical ranking of the most highly rated formulations. The
data indicate that formulation FO6, which contains the highest concentration of salt, is ranked
first, followed by formulation FO5. These findings suggest that tasters may have disparate
perceptions of quality based on their sensory experiences. For F06, the choice is mainly
motivated by its salt content, to compensate for the glutamate contained in the cubes.
Nevertheless, it should be eaten in moderation, and should be avoided whenever possible by
people with high blood pressure, as salt intake is an essential factor in the onset of blood
pressure attacks [36]. For this population, formulations with lower salt levels may be more

beneficial in reducing blood pressure fluctuation [36].
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Figure 8: Classification of the most popular formulations according to tasters'
preferences

On the basis of these rankings and the physicochemical analysis, certain formulations
were selected as best formulations, taking into account the proportions in which they were
appreciated by tasters. It should be noted that F10 has a clear advantage, as it contains a high

proportion of soumbala in addition to onion and parsley, with a very low salt content (0.5%).

After F10, formula FO5 has the highest soumbala content with medium proportions of spices.. [ comment [p25]: Al these should be

captured in the Results section and then
followed by Discussion of findings.




4, Conclusion

The study involved the development and production of seventeen condiment
formulations based on soumbala powder, using Minitab18 software. The results of the
physicochemical and sensory analyses show that the condiments formulated are a good source
of protein, lipids, and carbohydrates. Sensory analysis of the seventeen formulations revealed
that they were all acceptable, although formulations F05, FO6 and F10 were the most
appreciated. To enhance the value of soumbala and spices, it would be interesting to. diversify
the forms of consumption and raise consumer awareness of its nutritional value. Nevertheless,
it is suggested that the mineral content and nutraceutical potential of these formulations be

evaluated.

Conflicts of Interest: The authors declare that there is no conflict of interest.
Disclosure statement

The authors declare that there is no conflict of interest,
Ethical consent

All participants gave their consent before taking part in the study.

Notice of conformity

The ethics:committee of the Institute for Research in Applied Sciences and Technology

has given a favourable opinion for this work to be carried out.

Data Availability Statement:Study data are available from the corresponding author

for researchers upon request.

Supplementary Materials: there are no additional materials for this manuscript

| Comment [p26]: Repetition detected.

Reconcile please.

{ Comment [p27]: Full stop added.



10.

11.

References

A. A. Adu, O. J. Aderinola, O. Avoseh, R. S. Bamiwola, A. E. Adegorite, T. H. Olaoye, and O.
A. Adeboyejo. 2021. Phytochemicals, Heavy Metal and Proximate Analysis of Parkia
biglobosa and Three Varieties of Bouillon Cubes (Purchased From lyana Iba Market, Ojo Local
Government Area in Lagos, Nigeria. Asian Journal of Soil Science and Plant Nutrition 7, 4:
43-56. https://doi.org/10.9734/ajsspn/2021/v7i430121

Dipika Agrahar-Murugkar. 2020. Food to food fortification of breads and biscuits with herbs,
spices, millets and oilseeds on bio-accessibility of calcium, iron and zinc and impact of
proteins, fat and phenolics. LWT 130: 109703.
https://doi.org/https://doi.org/10.1016/j.lwt.2020.109703

Eliana Alves, Abigail Simoes, and M Rosario Domingues. 2021. Fruit seeds and their oils as
promising sources of value-added lipids from agro-industrial byproducts: oil content, lipid
composition, lipid analysis, biological activity and potential biotechnological applications.
Critical Reviews in Food Science and Nutrition 61, 8: 1305-1339.
https://doi.org/10.1080/10408398.2020.1757617

W. O. Atwater and E. B. Rosa. 1899. A new respiration calorimeter and experiments on the
conservation of energy in the human body, Il. Physical Review (Series 1) 9, 4: 214-251.
https://doi.org/10.1103/PhysRevSeries|.9.214

Tariq Aziz, Nageen Hussain, Zunaira Hameed, and Lin Lin. 2024. Elucidating the role of diet
in maintaining gut health to reduce the risk of obesity, cardiovascular and other age-related
inflammatory diseases: recent challenges and future recommendations. Gut Microbes 16, 1.
https://doi.org/10.1080/19490976.2023.2297864

Thomas M. Barber, Petra Hanson, Stefan Kabisch, Andreas F.H. Pfeiffer, and Martin O.
Weickert. 2021. The low-carbohydrate diet: Short-term metabolic efficacy versus longer-term
limitations. Nutrients 13, 4: 1-15. https://doi.org/10.3390/nu13041187

Rahul Islam Barbhuiya, Poonam Singha, and Sushil Kumar Singh. 2021. A comprehensive
review on impact of non-thermal processing on the structural changes of food components.
Food Research International 149: 110647.
https://doi.org/https://doi.org/10.1016/j.foodres.2021.110647

Sagar Bhatta, Tatjana Stevanovic, and Cristina Ratti. 2020. Freeze-drying of maple syrup:
Efficient protocol formulation and evaluation of powder physicochemical properties. Drying
Technology 38, 9: 1138-1150. https://doi.org/10.1080/07373937.2019.1616751

Chiemela Enyinnaya Chinma, Vanessa Chinelo Ezeocha, Olajide Emmanuel Adedeji, Comfort
Ufot Inyang, Victor Ndigwe Enujiugha, and Oluwafemi Ayodeji Adebo. 2023. Chapter 5 -
African legume, pulse, and oilseed-based fermented products. In Oluwafemi Ayodeji Adebo,
Chiemela Enyinnaya Chinma, Adewale Olusegun Obadina, Antonio Gomes Soares, Sandeep
Kumar Panda and Ren-You B T - Indigenous Fermented Foods for the Tropics Gan (eds.).
Academic Press, 73-84. https://doi.org/https://doi.org/10.1016/B978-0-323-98341-9.00012-8

Uduenevwo Francis Evuen, Ngozi Paulinus Okolie, and Augustine Apiamu. 2022. Evaluation
of the mineral composition, phytochemical and proximate constituents of three culinary spices
in Nigeria: a comparative study. Scientific Reports 12, 1: 1-17. https://doi.org/10.1038/s41598-
022-25204-3

Martin Grootveld, Benita C. Percival, Justine Leenders, and Philippe B. Wilson. 2020.
Potential adverse public health effects afforded by the ingestion of dietary lipid oxidation



12.

13.

14.

15.

16.
17.

18.
19.

20.

21.

22.

23.

24.

product toxins: Significance of fried food sources. Nutrients 12, 4: 1-50.
https://doi.org/10.3390/nu12040974

Zahidul Islam, S. M.Rashadul Islam, Faruk Hossen, Kazi Mahtab-Ul-Islam, Md Rakibul
Hasan, and Rezaul Karim. 2021. Moringa oleifera is a Prominent Source of Nutrients with
Potential Health Benefits. International Journal of Food Science 2021, June 2013.
https://doi.org/10.1155/2021/6627265

B Pam Ismail. 2024. Ash Content Determination BT - Nielsen’s Food Analysis Laboratory
Manual. In B Pam Ismail and S Suzanne Nielsen (eds.). Springer International Publishing,
Cham, 129-131. https://doi.org/10.1007/978-3-031-44970-3_14

2009 ISO 659. 2009. Graines oléagineuses — Détermination de la teneur en huile (Méthode de
référence).

International Organization for Standardization 1SO 750:1998(E). 1998. Fruit and vegetable
products — Determination of titratable acidity Produits.

1SO 1842:1991(F). 1991. Produits dérivés des fruits et légumes - Mesurage du pH. Geneve.

ISO-712. 1989. Céréales et produits céréaliers — Détermination de la teneur en eau —
Méthode de référence. Genéve.

2013 1SO_20483. 2013. Proteines par Kjeldahl_cereales et legumineuses.pdf.

Marija Knez, Marija Rani¢, and Mirjana Gurinovi¢. 2024. Underutilized plants increase
biodiversity, improve food and nutrition security, reduce malnutrition, and enhance human
health and well-being. Let’s put them back on the plate! Nutrition Reviews 82, 1111-1124.
https://doi.org/10.1093/nutrit/nuad103

Kayode Komolafe, Mary Tolulope Olaleye, Hung Chung Huang, and Maricica Pacurari. 2024.
Contemporary Insights into the Biological Mechanisms of Parkia biglobosa. International
Journal of Environmental Research and Public Health 21, 4,
https://doi.org/10.3390/ijerph21040394

Li Lin, Hui Yang, Chengdeng Chi, and Xiaobin Ma. 2020. Effect of protein types on structure
and  digestibility of  starch-protein-lipids  complexes. LWT  134:  110175.
https://doi.org/https://doi.org/10.1016/j.lwt.2020.110175

Jean M. Mondo, Géant B. Chuma, Matthieu B. Muke, Bienfait B. Fadhili, Jacques B. Kihye,
Henri M. Matiti, Caroline I. Sibomana, Léon M. Kazamwali, Napoléon B. Kajunju, Gustave N.
Mushagalusa, Katcho Karume, Hwaba Mambo, Rodrigue B. Ayagirwe, and Alphonse Z.
Balezi. 2024. Utilization of non-timber forest products as alternative sources of food and
income in the highland regions of the Kahuzi-Biega National Park, eastern Democratic
Republic of Congo. Trees, Forests and People 16, April.
https://doi.org/10.1016/j.tfp.2024.100547

Eva C. Monterrosa, Edward A. Frongillo, Adam Drewnowski, Saskia de Pee, and Stefanie
Vandevijvere. 2020. Sociocultural Influences on Food Choices and Implications for Sustainable
Healthy  Diets. Food and  Nutrition  Bulletin 41, 2_suppl:  59S-73S.
https://doi.org/10.1177/0379572120975874

J Montreuil and G and Spik. 1969. Micro dosage des glucides, méthodes colorimétriques de
dosage des glucides totaux. Faculté des Sciences Université de Lille France.



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Anne-Katrin Muth and Soyoung Q Park. 2021. The impact of dietary macronutrient intake on
cognitive  function and the brain. Clinical Nutrition 40, 6: 3999-4010.
https://doi.org/https://doi.org/10.1016/j.cInu.2021.04.043

Affane Armelle L Ntsame, Glen P Fox, Gunnar O Sigge, Marena Manley, and Trevor J Britz.
2011. Simultaneous prediction of acidity parameters (pH and titratable acidity) in Kefir using
near infrared reflectance spectroscopy. International Dairy Journal 21, 11: 896-900.
https://doi.org/https://doi.org/10.1016/j.idairyj.2011.04.016

Seema Puri, Majida Shaheen, and Bhanvi Grover. 2023. Nutrition and cognitive health: A life
course approach. Frontiers in Public Health 11, 1-11.
https://doi.org/10.3389/fpubh.2023.1023907

James P. Reynolds, Minna Ventsel, Daina Kosite, Brier Rigby Dames, Laura Brocklebank,
Sarah Masterton, Emily Pechey, Mark Pilling, Rachel Pechey, Gareth J. Hollands, and Theresa
M. Marteau. 2021. Impact of decreasing the proportion of higher energy foods and reducing
portion sizes on food purchased in worksite cafeterias: A stepped-wedge randomised controlled
trial. PLoS Medicine 18, 9: 1-18. https://doi.org/10.1371/journal.pmed.1003743

Mrinal Samtiya, Rotimi E. Aluko, Tejpal Dhewa, and José Manuel Moreno-Rojas. 2021.
Potential health benefits of plant food-derived bioactive components: An overview. Foods 10,
4: 1-25. https://doi.org/10.3390/foods10040839

Chris J. Seal, Christophe M. Courtin, Koen Venema, and Jan de Vries. 2021. Health benefits of
whole grain: effects on dietary carbohydrate quality, the gut microbiome, and consequences of
processing. Comprehensive Reviews in Food Science and Food Safety 20, 3: 2742-2768.
https://doi.org/10.1111/1541-4337.12728

A. Adamu Shahidah, A. A. Faroug, M. A. Magashi, and A. M. Sokoto. 2019. Comparative
Amino Acid and Volatile Flavor Profile of Dawadawa Produced from the Seeds of P. biglobosa,
G. max and H. sabdariffa. Journal of Advances in Microbiology 14, 3: 1-13.
https://doi.org/10.9734/jamb/2019/46326

Fereidoon Shahidi and Abul Hossain. 2022. Role of Lipids in Food Flavor Generation.
Molecules 27, 15. https://doi.org/10.3390/molecules27155014

Fereidoon Shahidi and Yao Pan. 2022. Influence of food matrix and food processing on the
chemical interaction and bioaccessibility of dietary phytochemicals: A review. Critical Reviews
in Food Science and Nutrition 62, 23: 6421-6445.
https://doi.org/10.1080/10408398.2021.1901650

Maria Smiechowska, Joanna Newerli-Guz, and Magdalena Skotnicka. 2021. Spices and
Seasoning Mixes in European Union—Innovations and Ensuring Safety. Foods 10, 2289: 1-13.

Abel Tankoano, Kabakdé Kaboré, Pingdwindé Marie Judith, Kerbou Isabelle Some, Mariam
Coulibaly-, Donatien Kaboré, Aly Savadogo, and Hagrétou Sawadaogo-lingani. 2024.
Characterization of spice ingredients and raw soumbala for the formulation of a highly
nutritious seasoning. Cogent Food & Agriculture 10, 1: 1-9.
https://doi.org/10.1080/23311932.2024.2413387

Cuicui Wang, Zilong Lu, Jiyu Zhang, Xiaorong Chen, Jianwei Xu, Bingyin Zhang, Jing Dong,
Jie Ren, Chunxiao Xu, Congcong Gao, Xiaolei Guo, Jing Wu, and Jixiang Ma. 2024. The
Relationship between Low-Sodium Salt Intake and Both Blood Pressure Level and
Hypertension in Chinese Residents. Nutrients 16, 12: 1-11.
https://doi.org/10.3390/nu16121909



37.

38.

Ryodai Yamamura, Kumi Y. Inoue, Kunihiko Nishino, and Seiji Yamasaki. 2023. Intestinal and
fecal pH in human health. Frontiers in Microbiomes 2, July: 1-12.
https://doi.org/10.3389/frmbi.2023.1192316

Mei Zhang, Zheng Kun Hou, Zhi Bang Huang, Xin Lin Chen, and Feng Bin Liu. 2021. Dietary
and lifestyle factors related to gastroesophageal reflux disease: A systematic review.
Therapeutics and Clinical Risk Management 17: 305-323.
https://doi.org/10.2147/TCRM.S296680

Comment [p28]: References style not
uniform. Authors should provide correct
references that conform to the Journal’s
referencing style.




