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ABSTRACT

The dietary amino acid requirement pattern established by the World Health Organization is the standard
criterion for measurement of protein quality in food and treatment of malnutrition. Indigenous Leafy
Vegetables (ILVs) in the region of Kenya are a source of proteins that are culturally acceptable but incomplete;
their critical deficiency is in essential amino acids, mainly lysine and Methionine while others are available but
limited to the WHO standards. Fermentation has been reported to improve the nutritional bioavailability but
the possibility of producing a WHO-compliant complete protein from ILVs through this process has not been
investigated extensively. Aiming to do so, the present study sets off to formulate and evaluate a soy-fortified
fermented ILV blend through direct quantitative comparison against the WHO standard. In a randomized
simulated design, a 1:1:1 mixture of Nightshade, African Spider Plant, and Slender leaf was simulated to
fermentation using Lactobacillus plantarum, both without soy (S0) and with soy fortification (S1). The amino
acid profiles were generated through a simulated HPLC and evaluated based on the Amino Acid Score (AAS).
The formulation comprising of ILVs only remained substandard (AAS 84%), with lysine being the limiting
amino acid. On the other hand, the soyfortified product attained an AAS of 118%, thus meeting or surpassing
WHO requirement for all essential amino acids, thereby being classified as a high-quality complete protein.
The study states that it is not fermentation alone but rather strategic soy fortification that is essential for the
achievement of the WHOcompliant nutritional completeness. The optimized 60:40 vegetable-soy blend is a to
validated by conducting actual experiment, locally sourced food model which can be used for the sustainable
addressing of protein malnutrition in Kenya and other similar regions
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BACKGROUND

The World Health Organization (WHO) sets up nutrient criteria globally which are crucial in overcoming
malnutrition as well as in achieving the best human health possible. The amino acid requirement pattern is one
of the criteria, indicating the optimal ratio of essential amino acids (EAAs) that should be included in dietary
proteins in order to support human growth, maintenance, and metabolism (WHO/FAO/UNU, 2007). In Kenya,
where undernutrition among children and mothers is still a major concern, the use of

Indigenous Leafy Vegetables (ILVs) such as Nightshade (Solanum scabrum), African Spider Plant (Cleome
gynandra), and Slenderleaf (Crassocephalum crepidioides) will not only be beneficial in the diet of these
populations due to their traditional use, but also because they are cost-effective. Yet, their protein profile is
incomplete and that is worse than with WHO standards; they have low lysine and sulfurcontaining amino acids
(Musa, Kamau, & Wambugu, 2024).

The main point of this research is that the effectiveness of food-based nutritional interventions should be
proved by comparing them directly with the world's established standards. Fermentation, especially by lactic
acid bacteria, is acknowledged for enhancing the digestibility of proteins, the availability of amino acids, and
the overall nutritional value (Zhang, Zhao, Li, & Chen, 2020). Still, it has not been thoroughly studied how far
the fermentation process can go in making ILVs a source of complete protein meeting WHO standards. The
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studies that are currently available often report relative "improvements" without placing them into context with
the WHO amino acid requirement pattern an important mistake that makes the true public health potential of
such interventions less visible (Castro-Muñoz, Siddiqui, & Mehdizadeh, 2023).

Consequently, the study takes a different route and assesses the fermented ILV-soy blend not just for its
nutrient enhancement but specifically for its adherence to the WHO amino acid standard.

This viewpoint goes beyond mere academic interest and seeks to provide a scientifically supported, local food
source that can fill the protein quality gaps in the diets of the local population, thus giving real benefits for the
health of the community and nutrition security.

Purpose of the Study

The primary goal of the present study is to develop and carry out a nutritional evaluation of a fermented
mixture of Indigenous Leafy Vegetables (ILVs) and soy, with the WHO amino acid requirement pattern being
the ultimate standard for measuring the protein quality and nutritional completeness evaluation.

Objectives of the Study

1. To simulate the fermentation of a Nightshade, African Spider Plant, and Slenderleaf blend with and without
soy fortification using Lactobacillus plantarum.

2. To generate and compare the amino acid profiles of the fermented formulations (ILV-only and ILV-soy)
against the WHO/FAO/UNU (2007) requirement pattern.

3. To calculate the Amino Acid Score (AAS) for each formulation and identify the limiting amino acids.
4. To determine whether a strategic ILV-soy formulation can achieve WHO compliance for a complete protein.

Problem Statement

Indigenous Leafy Vegetables (ILVs) like Nightshade (Solanum scabrum), African Spider Plant (Cleome
gynandra), and Slenderleaf (Crassocephalum crepidioides) are among the locally available and culturally
important nutrient sources in Kenya (Musa, Kamau, & Wambugu, 2024).

Even so, they are still regarded as nutritionally incomplete vegetables because of the very fact that they are still
deficient in certain essential amino acids strategically defined as lysine and sulfurcontaining amino acids in the
case of WHO/FAO/UNU (2007) amino acid requirement pattern (Musa et al., 2024).
Fermentation, especially with lactic acid bacteria like Lactobacillus plantarum, is a commonly accepted
method to enhance protein digestibility and amino acid bioavailability, thus it is considered as a very promising
way to increase the nutritional value of plant-based foods (Zhang, Zhao, Li, & Chen, 2020). On the other hand,
fermentation not only improves some nutritional parameters but is still not very clear how far it can go in
turning ILVs into a complete protein source meeting the WHO standards. The studies done so far have often
reported only the general "improvements" in the nutritional profiles and have at all times overlooked one very
important step: making direct, quantitative comparisons of these improved profiles against the WHO reference
pattern (Castro-Muñoz, Siddiqui, & Mehdizadeh, 2023). This neglect not only creates a substantial gap in the
literature but also dulls the noise regarding the real impact of such foodbased interventions on people's health.
As a result, it is still not known if the fermented products based on ILV, although with the improved levels of
amino acids, can still reach the global protein-quality standards. This ignorance restricts the use of such
biologically relevant and locally available food to be a big part of the malnutrition alleviation campaign.
Consequently, this research is the solution for this crucial issue, as it will turn the spotlight on whether a
deliberately concocted fermented ILV-soy blend using the principle of protein complementation (Qin, Wang,
Zhang & Chen 2023) can produce an amino acid composition that meets the WHO requirements. Thus, the
study aspires to create a food model that is scientifically verifiable, locally available, and compliant with world
standards, used to combat protein malnutrition in Kenya and other similar countries.
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LITERATURE REVIEW

The academic value of this research rests on the combination of the study of fermented indigenous foods with
the already existing framework of global nutritional science. The main idea is that a fermented food product
can only be regarded as a potential cure for protein malnutrition if it clearly complies with the WHO's highest
standard for protein quality, as marked by the Amino Acid Score (AAS) and the rule of protein pairing. Recent
publications have thoroughly described about the changes in biochemistry caused by fermentation, particularly
regarding African Indigenous Leafy Vegetables (ILVs). Lactic acid bacteria, particularly Lactobacillus
plantarum, are credited for the breakdown of proteins, the increases in availability of free amino acids, the
betterments in protein digestibility, and thereby the raising of the nutritional profile of plant-derived substrates
(Zhang, Zhao, Li, & Chen, 2020). It is very these improvements that make it possible to exploit the potential of
local food resources that have not gained wide acceptability like Nightshade, African Spider
Plant, and Slenderleaf, which are of high cultural value in Kenyan food systems (Musa, Kamau, & Wambugu,
2024). Nevertheless, although these vegetables contain a good amount of certain vitamins and minerals and are
a local source of protein, their basic chemical composition poses a major drawback: they are proteins of low
quality due to the fact that they lack essential amino acids, like lysine and methionine, and this is the case with
the Kenyan food systems (Musa et al., 2024).
This built-in flaw calls for a strategic plan that goes beyond just improving the process. The complementarity
of proteins science gives the basis for such an intervention. The food science field is very supportive of the
strategic adoption of complementary protein sources as a means of overcoming the drawbacks of isolated plant
proteins (Qin, Wang, Zhang, & Chen, 2023). For example, soybeans are especially high in lysine, which is the
most limiting amino acid in, among others, cereals and green leaves; hence, it is considered the best strategic
fortificant (Qin et al., 2023). The possibility of mixing soy with grains and vegetables has been thoroughly
studied; which is a lysine-rich grain, show that through multi-component blends, one can produce nutritionally
dense and complete food matrices (Mburu, Swamy, & Gweyi-Onyango, 2022). The very same principle of
strategic combination is what lies at the heart of producing the proposed 60:40 vegetable-soy blend (3:2 ratio),
which is intended to be the minimum effective formulation for securing completeness while maximizing usage
of local crops.
There is a contradiction of major proportions, although the literature reviews have been improved in the
understanding of both. Processing literature and formulation are still gaps that need to be filled. Several
authors confirm that fermentation "improves" or "enhances" nutritional profiles but they never mention the
essential step of directly and quantitatively matching these improved profiles with the unequivocal
WHO/FAO/UNU (2007) amino acid requirement pattern (CastroMuñoz, Siddiqui, & Mehdizadeh, 2023).
One unanswered question among others that the public health argument poses is: Do these "improved"
fermented foods just fare better than their raw versions, or do they indeed meet the human needs for proteins as
set by the global authorities? Without this clear evaluation that follows the standard references, the real
potential of such interventions is obscured, and this renders them less valid and applicable in the formal
nutrition policy and security strategies (Castro-Muñoz et al., 2023).
By choosing the WHO standard as the main criterion for evaluation (WHO/FAO/UNU, 2007), this study
openly addresses the gap. It not only stops at proving relative improvement which is what the common story
goes it further investigates whether the ILV product could be engineered to contain enough soy, thus being
better, not just enough. The research question is now framed in terms of product sufficiency worldwide rather
than process efficacy, thus raising the scholarly contribution from local food science to internationally
significant nutrition security strategy. This research is, thus, trying to convert the recognized advantages of
fermentation and complementarity into a food model that is not only validated and complies with existing
standards but also has a clear public health application.

METHODSAND MATERIALS

To the high-quality score of fermented Indigenous Leafy Vegetables (ILVs) as per WHO standard, a rigorous
evaluation was done using hybrid analytical methodology that consisted of systematic content analysis (data
mining) and computational simulation. This combination not only provided a powerful, reproducible, and
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controlled result but also used the variability of full-scale laboratory experimentation to its advantage by
bypassing it. A simulation framework was first created for the study to begin with. The fermentation process
was simulated using a completely randomized design (CRD) that was modeled computationally. A virtual
substrate was created from a 1:1:1 mixture of Nightshade (Solanum scabrum), African Spider Plant (Cleome
gynandra), and Slenderleaf (Crassocephalum crepidioides). Two different treatments were simulated: S0 (0%
soy, representing an ILV-only control) and S1 (adding soy with different inclusion levels: 10%, 20%, 30%, and
40%). Lactobacillus plantarum fermentation was simulated by using the established biochemical parameters
for modeling microbial growth kinetics, pH, and proteolytic activity under idealized, controlled conditions.
This simulation predicted the postfermentation amino acid profiles of all the formulations.

To anchor the simulation in real-world data, a simultaneous systematic content analysis protocol was
conducted. This encompassed a thorough evaluation and extraction of data from peerreviewed literature and
recognized food composition databases. The data set that was extracted became the primary input, which
included: the amino acid profiles for the raw ILVs and soy; literature that specified the fermentation-induced
changes in amino acid composition; and the WHO/FAO/UNU (2007) amino acid requirement pattern, which
was designated as the main standard for evaluation. The primary analytical and evaluative techniques were
then used. The amino acid concentrations from the simulated products were regarded as the results of a
simulated High-Performance Liquid Chromatography (HPLC) analysis. The main metric for evaluation, the
Amino Acid Score (AAS), was determined for each essential amino acid using the standard formula: AAS =
(mg of EAA per gram of protein in sample / mg of EAA per gram required by WHO) × 100%. The limiting
amino acid, which is the one with the lowest AAS, was pinpointed for each formulation since this score
regulates the total protein quality. Thus the final products were labeled "WHO-compliant" only when all
essential amino acids had an AAS ≥ 100%. To find out the minimum effective level of soy inclusion for
compliance, a comparative analysis was carried out.

In order to guarantee methodological accuracy, validation was constantly upheld by the combination of data
from various independent sources, sensitivity testing of the most important simulation parameters, and
rigorous compliance to the systematic protocol. The outcomes of the comparative analysis, which consisted of
the computed AAS values for every amino acid and the recognition of limiting factors, are thoroughly laid out
in the following section and are visually represented in comparative charts and tables to show the performance
of different formulations in relation to the WHO standard.

FINDINGSAND DISCUSSIONS

The findings provide a clear, evidence-based assessment of the fermented product's value, framed entirely by
its compliance with WHO standards.

Benchmarking Nutritional Adequacy Against The Who Requirement Pattern
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Figure 1:Amino Acid Profiles of Vegetables without Soy

The Figure 1.0 shows the analysis of the unfortified indigenous leafy vegetable (ILV) blends at the start makes
a significant and sharp point: the two combinations in the ratios of 1:1:1 and 5:2:3 respectively cannot be
considered as a total protein source. The Amino Acid Score (AAS), which is the most important measure, is
very far below the 100% threshold for two of the crucial amino acids. Lysine is pinpointed as the main limiting
factor and it is only able to reach 60% of the FAO/WHO standard while methionine is extremely low at only
30-35%. This indicates that the plant source contains an inbuilt nutritional gap that cannot be fixed. The 5:2:3
blend has slightly better amino acid composition compared to the 1:1:1 blend but the difference is not
significant enough to be considered a solution to the main problem. Therefore, the chart is the main reason for
carrying out the fortification process. It shows the "before" state of complete inadequacy and it also makes it
very clear why displaying a protein like soy is not only helpful but actually a must factor in the whole process.
The information asserts that simply mixing ILVs is not enough; it takes the help of external fortification that is
an unavoidable step to make these local resources a possible solution for protein malnutrition.

Figure 2: Amino Acid Profiles of Complete Formulations with 40% Soy

The figure 2.0 analysis ends up confirming the success of the core formulation strategy. The two product
blends that were tested, one with equal indigenous leafy vegetables (ILVs) of the 1:1:1 ratio and the other with
the ratio of 5:2:3, are both declared nutritionally compliant if fortified with 40% soy. Validation comes from
the Amino Acid Score (AAS) of each of the essential amino acids reaching or even surpassing the 100%
critical benchmark as set by the FAO/WHO. There are slight variations in the absolute concentrations of
individual amino acids in two ILV blends, but the final result is the same: the strategic addition of soy makes
up for the plant base's deficiencies.

Methionine (in combination with cysteine) is the limiting amino acid in both final products with the AAS at
exactly the 100% sufficiency threshold. This precision indicates that the 40% soy level is the lowest effective
dose required to change the ILV blend from being an incomplete protein source to being a complete protein
source. Importantly, this finding confirms an extremely practical way of working. The formulation with 40%
soy fortification as a standard allows different types and amounts of locally sourced ILVs to be used. This
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means that the final product will consistently comply with international nutritional standards while being able
to adapt to seasonal availability, local preferences, and cost considerations thus creating a reliable and cost-
effective food-based intervention.

Amino Acid Profile of a 100g Combined Blend

0

500

1000

1500

2000

2500

3000

Histidine Isoleucine Leucine Lysine Met + Cys Phe + Tyr Threonine Tryptophan Valine

Amino Acid Profile of a 100g Combined Blend

WHO Daily Req. (70 kg adult) Per 100g of Combined Blend

Figure 3: Amino Acid Profile of a 100g Combined Blend

The outcomes derived from the Indigenous leafy vegetable (ILV) product analysis and subsequent fortification
from figure 3.0 can be outlined as isolated fermentation of indigenous leafy vegetables was found to be
nutritionally insufficient, only reaching 84% of the stipulated Amino Acid Score

(AAS). Lysine was highlighted as the limiting amino acid, proving that bioprocessing alone would not be able
to substitute the deficiencies of these plant proteins especially in lysine and sulfur containing amino acids
created during their growth. To compensate for this shortfall, a targeted multi-component formulation was
introduced. The mixture cleverly consists of the soybeans (40%), lysine-rich primary fortificant, amaranth
grain (30%) as a secondary source of lysine and methionine, and a culturally accepted ILV base (30%) for
micronutrients and partial amino acids. The outcome reflects a definite nutritional transformation. The fortified
product goes from being an incomplete protein to a WHOcompliant, complete protein source, with the lysine
requirement raised to about 122%. This indicates that even though fermentation has increased bioavailability, it
is still necessary to have strategic protein complementarity through intelligent formulation in order to reach
international nutritional standards and really eliminate protein malnutrition.

Comparative Amino Acid Analysis Against Who Requirements (Mg/G Protein

Figure 4:Comparative Amino Acid Analysis Against WHO Requirements (mg/g protein)
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Source: WHO/FAO/UNU (2007); Simulated Data Analysis (2025).

Figure 4.0 portrays vividly the process of how strong urging a nutrition-related reform can transform a poor
protein source into a complete one in terms of nutrition. It places the amino acids of the two products
comparisons against the constant WHO requirement: the first being the fermented Indigenous Leafy
Vegetables (ILVs) without any addition (S0), and the second being the same base but fortified with 20% of soy
flour (S1). There is a difference in the results that cannot be overlooked. The S0 product that is not fortified
manifests its bars falling short of the

WHO standard for the majority of the indispensable amino acids as a clear nutritional inadequacy. There are
two main deficiencies to be pointed out: lysine which is severely reduced thus making it the primary limiting
amino acid, while methionine (along with cysteine) also shows considerable deficiency, being a co-limiting
factor. This implies that the plant-based ILV protein has not even achieved partial completeness through
fermentation. The addition of 20% soy causes the decisive change through the principle of protein
complementarity. The S1 profile indicates a striking rise across the entire range. Soy, which is high in lysine,
directly meets the most serious deficiency, pushing its level up far higher than the requirement. This
adjustment leads to a shift in the nutritional imbalance; methionine + cysteine becomes the new limiting amino
acid for the S1 mix, as it is now the element closest to, while still meeting, the WHO threshold. All essential
amino acids in the S1 product are now at least at the level of the international standard so that the latter one
changes from being an incomplete protein to a complete protein.

The findings of this analysis back up the fortification strategy and at the same time present through visuals the
dynamic idea of the limiting amino acid. It points out that the use of 20% soy is an effective minimum dose in
the sense of not only nutritional but also cultural aspect of ingredients' acceptance. Therefore, the graph
represents a successful nutritional intervention, a journey from deficiency to sufficiency, and a model for
producing easily accessible and high-quality protein sources from the foods available in the region.

Comparative Analysis Of Protein Quality Against Who Standards

Table 1: Comparative Amino Acid Analysis of Fermented Formulations Against WHO Requirements
(mg/g protein)

Essential
Amino Acid
(EAA)

WHO/FAO/UNU
(2007)
Requirement

S0:
Fermented
ILVs Only
(0% Soy)

S1:
Fermented
ILVs + 40%
Soy

60:40 Veg-Soy Blend
(Optimized)

Histidine 15 22 (AAS:
147%)

28 (AAS:
187%)

25 (AAS: 167%)

Isoleucine 30 35 (AAS:
117%)

45 (AAS:
150%)

42 (AAS: 140%)

Leucine 59 65 (AAS:
110%)

79 (AAS:
134%)

75 (AAS: 127%)

Lysine 45 38 (AAS:
84%)

55 (AAS:
122%)

58 (AAS: 129%)
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Methionine
Cysteine

+ 22 19 (AAS:
86%)

27 (AAS:
123%)

22 (AAS: 100%)

Phenylalanine
+
Tyrosine

38 48 (AAS:
126%)

59 (AAS:
155%)

52 (AAS: 137%)

Threonine 23 29 (AAS:
126%)

37 (AAS:
161%)

33 (AAS: 143%)

Tryptophan 6 5 (AAS: 83%) 7 (AAS:
117%)

6.5 (AAS: 108%)

Valine 39 40 (AAS:
103%)

50 (AAS:
128%)

47 (AAS: 121%)

Overall AAS 100% 84% 118% 100%

Limiting
Amino
Acid

– Lysine None Methionine+Cysteine

WHO
Compliance

– Noncompliant Compliant Compliant

Essential
Amino Acid
(EAA)

WHO/FAO/UNU
(2007)
Requirement

S0:
Fermented
ILVs Only
(0% Soy)

S1:
Fermented
ILVs + 40%
Soy

60:40 Veg-Soy Blend
(Optimized)

Protein
Classification

– Incomplete
Protein

High-
Quality
Complete
Protein

Complete Protein

Source: WHO/FAO/UNU (2007); Simulated Data Analysis (2025). AAS = Amino Acid Score

The table 1.0 validates that solely fermented indigenous leafy vegetables (ILVs) are nutritionally incomplete,
with an Amino Acid Score (AAS) of 84% and lysine being the major deficiency. The limitation in question is
still there, despite the process of fermentation. On the other hand, the addition of soy makes the product a
complete protein. The optimized blend of 60:40 vegetable-soy mixture not only meets the WHO standards for
all essential amino acids but also achieves a phenomenal AAS of 118%. The previously deficient amino acids
lysine and methionine are greatly increased in concentration thus the previous shortcomings are rectified. The
incorporation of 40% soy is regarded as the least effective amount since it exactly brings up the new limiting
amino acid (methionine+cysteine) to the 100% compliance mark. Comparative study of lower soy levels



INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue I, January 2026

www.ijltemas.in Page 673

provides a straightforward doseresponse, with WHO standards being met only at 30% or more. The 40%
chosen formulation provides an important safety margin against fluctuation of ingredients while at the same
time maximizing the use of ILVs that are culturally relevant. The results empirically affirm protein
complementarity, signifying that the fortification strategy is the key in uplifting local food resources to viable,
nutritionally complete options for anti-protein malnutrition campaigns.

Contribution To Knowledge And Addressing Limitations

The present research fills up a very important void in the literature by the move from qualitative claims of
"nutritional enhancement" to Benchmarking-fed Quantifying Assessment of fermented indigenous foods. The
leading main scholarly disclosure is the empirical proof that, although fermentation has the advantages of
improving digestibility as well as bioavailability of proteins, it is still insufficient for the

Indigenous Leafy Vegetables (ILVs) to be declared a complete protein source according to the WHO standards.
The significant transformative factor is the protein fortification by means of the soy strategy blending. This
result reveals a very important point for public health nutrition: the effective measures in nutrition require not
only the optimization of the processes but also the product design that is purposely made for the international
nutritional norms. By proving that even the fermented ILVs are nutritionally inferior without fortification
specific to them, this study supports the need for formulation-based approaches to combat protein malnutrition.
The perspective that is based on scientific evidence and aligned with the WHO is indispensable for the
direction of public health policies, the control of the development of sustainable food products, and the setting
of dietary strategies with measurable nutritional impact as the first priority.

CONCLUSION

The research herein clearly validates that a fermented mixture of local green vegetables, when skillfully
enriched with soy, can reach a protein quality that not only satisfies but also surpasses the WHO amino acid
requirement pattern. The hybrid methodology of data mining and computational simulation allowed for a
rigorous, reproducible comparison, which showed that fermentation alone, although advantageous, cannot
make up for the inherent amino acid deficiencies in ILVs. The addition of soy in a specific ratio (60:40
vegetable-soy blend) was needed to correct lysine and sulfur-containing amino acid shortages, thus turning the
product into the high-quality complete protein. The most important implication of this research is the creation
of a scientifically backed, locally-grown, and internationally accepted food model. The research offers a
practical guide for creating culturally acceptable, nutritionally adequate, and sustainable dietary interventions.
By managing to combine indigenous food processing practices with global nutritional standards, this study has
opened a door for a scalable and repeatable approach to improving the protein quality in areas that rely on
underutilized local crops.

RECOMMENDATIONS:

1.Standardize and Optimize the Formulation: Create an exhaustive technical protocol for the 60:40
vegetable-soy blend that will define exact types, preparation (e.g., fresh vs. dried, particle size), and quality
control measures to guarantee the same output in terms of nutritional value and consistency, thus maximizing
the output of the future production.

2.Explore Alternative Complementary Proteins: In addition to soy, which is extremely efficient, look for
other legumes that are available or suitable for regional use (e.g. cowpea, pigeon pea) to make new blends of
complementary proteins that will not only provide but also increase the variety of diets and strengthen their
reliance on them.

3.Establish a National Benchmarking Framework: Work toward the recognition of the WHO Amino Acid
Score (AAS) as a common measure for the assessment of the protein quality of native and fortified food
products placed in national food composition databases and regulatory frameworks.
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4.Conduct Empirical Laboratory Validation: Move from simulation to lab analysis in order to confirm the
predicted amino acid profiles and AAS through actual HPLC analysis

of the fermented product, thus validating the simulation's accuracy and building a stronger evidence base.

5.Integrate into Public Health and Agricultural Policies: The Ministry of Health and Agriculture of Kenya
would be the first audience for the validated formulation, with the possibility of incorporating it into national
nutrition security schemes, school feeding programs, and agricultural extension services that advocate for the
cultivation of ILV and soy

6.Community-Level Pilot Production and Sensory: Testing will be done in collaboration with women's local
groups. Facilitate this through a partnership with women's groups, cooperatives, or small-scale processors to
produce the fermented blend on a pilot scale. At the same time, perform structured sensory evaluation and
consumer acceptance studies in order to confirm that the product is culturally accepted and practically
adoptable.

7.Creation of Scalability and Feasibility Models: A thorough investigation of the product’s economic
viability, supply chain requirements, and potential for small-to-medium enterprise (SME) development must
be the first step to ensuring that the product not only has high nutritional value but also is sustainable and
market-ready.
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