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Abstract 

West Africa imports most of its wheat. Local grains such as sorghum could reduce this dependence on cereal products, but only 

if the resulting food still tastes acceptable. This study made wheat-sorghum composite vermicelli with sorghum flour grown in 

Togo and tested three incorporation levels for sensory acceptance, nutritional composition, mineral content, contaminant levels, 

and microbiological safety to identify the best incorporation level. Vermicelli was produced at 20%, 30%, and 40% sorghum 

flour, and compared against a 100% wheat control. Thirty untrained consumers scored the samples on a five-point hedonic scale. 

Moisture, protein, fat, fibre, carbohydrate, and energy content were measured alongside mineral profile, heavy metal levels, and 

microbiological quality, using standard analytical procedures. Among the sorghum blends, the 20% formulation scored highest 

with consumers: 3.50 for appearance, 3.67 for texture, 3.50 for taste, 3.68 for aroma. Nutritional value rose with sorghum content. 

The 40% formulation reached the highest protein (14.92%), fibre (1.45%), fat (13.07%), and energy (419.05 kcal/100 g). Iron 

more than doubled across the series, from 17.99 mg/kg in the wheat control to 38.05 mg/kg at 40% sorghum, while lead and 

cadmium stayed below detection limits and within Codex thresholds throughout. The 20% formulation — the one consumer 

preferred — also cleared microbiological screening: 50,633 CFU/g total mesophilic aerobic flora, 3,033 CFU/g moulds, and no 

Salmonella spp., E. coli, S. aureus, or sulphite-reducing anaerobes. Sorghum can replace up to 20% of the wheat in vermicelli 

without consumers noticing, while adding measurable nutritional value and staying within safety limits. That is a tested, practical 

route for reducing wheat imports in West African food systems. 
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1. Introduction 

The food systems of sub-Saharan Africa are subject to 

mounting pressures due to population growth, urbanisation, 

climate variability, and reliance on imported staples. Despite 

the limited production of wheat in the region, wheat products, 

including pasta, noodles and vermicelli, have witnessed a 

surge in demand within the West African market. The major-

ity of Togolese imports are sourced from international markets, 

leaving the nation's food system vulnerable to external market 

fluctuations and posing significant concerns regarding the 

country's long-term food security. [1-3]. Replacing wheat with 

another cereal is harder than it sounds. Gluten gives dough its 

structure, its cooking behaviour, and much of what consumers 

expect from the finished product, so getting a composite cereal 

food right means balancing nutrition, processing performance, 

sensory quality, and safety all at once, not optimising one at 

the expense of the others [4]. 

Sorghum (Sorghum bicolor L. Moench) fits well here. It tol-

erates drought, heat, and poor soils better than most cereals 

and brings carbohydrates, fibre, protein, minerals, and bioac-

tive compounds with it [5-7]. It has already gone into bread, 

biscuits, gluten-free products, and pasta, with generally good 

nutritional and sensory results under the right conditions [5, 8-

10]. 

Most of that work, though, looks at one quality attribute at 

a time: composition in one study, sensory scores in another, 

rarely nutrition, processing performance, microbiological 

safety, and contamination risk together. And most of it comes 

from outside African processing conditions, so it says little 

about how local sorghum varieties actually behave once you 

try to turn them into something like vermicelli. 

In Togo, sorghum is a staple crop, but it is largely confined 

to traditional foods and fermented drinks [11-15]. Although 

sorghum pasta has been studied elsewhere, these studies have 

never involved Togolese sorghum flour. Furthermore, accord-

ing to the literature, no study has yet established an optimal 

incorporation rate that maintains acceptable levels of nutri-

tional value, sensory quality, food safety, and overall product 

quality simultaneously. 

This study considers the wheat-to-sorghum substitution to 

be more than just a simple swap. It evaluates wheat-sorghum 

vermicelli made with locally produced sorghum flour in terms 

of sensory acceptance, nutritional composition, mineral pro-

file, contaminant levels and microbiological quality, in order 

to identify the substitution level that meets all of these criteria 

simultaneously. 

2. Materials and Methods 

2.1. Materials 

Various raw materials, such as sorghum (a local dark brown 

variety) and durum wheat semolina, were acquired from vari-

ous markets in Lome, Togo, and used in the production pro-

cess. The ingredients were then ground and processed into 

flour via a food processor specifically designed for dry ingre-

dients. 

2.2. Methods 

2.2.1. Manufacturing Process 

Three formulations were developed with sorghum flour 

substitution rates of 20%, 30% and 40%. The addition of other 

ingredients, including but not limited to eggs, water, oil and 

salt, is integral to each formulation, with the objective of 

achieving a total weight of 1 kg. The production method used 

is founded upon the conventional technological processes for 

pasta production that have been delineated by [16]. The raw 

materials were initially sieved to remove any physical impu-

rities and then weighed out in the proportions specified for 

each recipe. The flours were subsequently thoroughly amal-

gamated prior to the incorporation of the eggs, oil, salt and 

water at ambient temperature. The process of hydration and 

mixing resulted in a homogeneous dough. The mixture was 

then subjected to a kneading process for a period of approxi-

mately 10 minutes until a smooth, cohesive dough was ob-

tained [17]. Following a process of kneading, the dough was 

left to rest for a period of between 45 and 60 minutes at room 

temperature. It was then rolled out by hand into thin sheets and 

finally cut into vermicelli. The resulting products were sub-

jected to desiccation at ambient temperature for a period of 

approximately 11 hours [18]. A further heat treatment was 

conducted in an oven at temperatures ranging from 80 to 95°C 

for seven to ten minutes. This process was undertaken to en-

sure complete drying of the material and to reduce the micro-

bial load. After a cooling period, the vermicelli was meticu-

lously packaged in labelled plastic bags for subsequent analy-

sis. 

2.2.2. Sensory Evaluation of Products Developed 

The culinary quality of the vermicelli paste was assessed to 

evaluate its technological suitability and consumer acceptabil-

ity. The pastes were prepared via the method described by [10]. 

To achieve this goal, approximately 10 g of dry vermicelli was 

cooked in 250 ml of boiling water, with no salt or oil added. 

At 30-second intervals, a piece of vermicelli was removed and 

squeezed between two fingers to observe the disappearance of 

the white center. The complete disappearance of this opaque 

area indicated the optimal cooking time, indicating that the 

starch had been sufficiently hydrated and gelatinised [19]. The 

vermicelli was then subjected to a sensory evaluation via an 

acceptability test designed to compare different formulations 

with a control sample consisting solely of wheat flour. This 

approach enabled us to appreciate the effect of incorporating 

sorghum flour on the organoleptic characteristics of the pasta 
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to be assessed. The sensory panel comprised 30 untrained tast-

ers of various genders and ages who were selected on the basis 

of their availability and motivation. Prior to the tests, the par-

ticipants were provided with instructions on good sensory 

evaluation practices, which included avoiding the use of 

scented products and abstaining from food, drink or tobacco 

consumption for at least 30 minutes prior to tasting [20]. Sam-

ples of cooked pasta were presented on plates labelled with 

three-digit codes. The tasters rated each sample on a hedonic 

scale from 1 to 5, where 1 corresponded to 'very poor' and 5 

to 'very good'. The sensory criteria considered were the ap-

pearance, texture, taste and smell of the vermicelli. 

2.2.3. Compositional Analysis of the Developed 

Products 

Physicochemical analyses were performed to determine the 

proximate compositions of various wheat- and sorghum-based 

vermicelli formulations and the control product. All the ana-

lytical determinations were carried out in duplicate. The pa-

rameters studied included moisture content in accordance with 

ISO 24557: 2009, ash content (ISO 2171: 2023), protein con-

tent (ISO 20483: 2013), fat content (ISO 734: 2023), and total 

carbohydrate content, which was calculated by difference. 

The energy values of the products were estimated via Atwater 

coefficients. The contents of heavy metals, notably cadmium 

and lead, were determined via atomic absorption spectrometry 

following dry ashing (NF EN 14082). 

2.2.4. Microbiological Evaluation of the Products 

Developed 

Microbiological analyses of vermicelli pasta were carried 

out in accordance with ISO standards and AFNOR routine 

methods. The selected microbiological criteria mainly con-

cerned spoilage flora and the most common pathogenic mi-

croorganisms implicated in the contamination of cereal prod-

ucts. These bacteria included moulds, Escherichia coli, Staph-

ylococcus aureus, sulfite-reducing anaerobes (SRAs), Salmo-

nella` spp. and total mesophilic aerobic flora [21]. 

2.2.5. Statistical Analysis 

Statistical analyses were performed via analysis of variance 

(ANOVA) at the 5% significance level (p < 0.05) with SPSS 

software. The results are expressed as the mean ± standard de-

viation of two replicate analyses. 

3. Results and Discussion 

3.1. Assessment of the Sensory Quality of the 

Vermicelli 

The sensory evaluation of different vermicelli formulations 

revealed the impact of varying sorghum incorporation rates on 

the organoleptic properties of the finished products. In general, 

pasta composed entirely of wheat was awarded the highest rat-

ings across the full range of sensory criteria. This finding is 

consistent with the recognised technological properties of 

wheat gluten, which has been demonstrated to enhance the 

elasticity of pasta, improve its structural cohesion, and provide 

enhanced control during the cooking process [16]. Among the 

sorghum-enriched formulations, the vermicelli containing 20% 

sorghum flour performed best in sensory tests, with scores ap-

proaching those of the wheat-based control. The formulation 

in question received relatively high scores for appearance 

(3.50), texture (3.67), taste (3.50) and smell (3.68) (Figure 1). 

These findings indicate that the incorporation of sorghum 

flour in a moderate manner has the potential to preserve the 

sensory characteristics that consumers typically desire while 

concurrently incorporating a local cereal into the final product. 

Chillo et al. [22] made similar observations in their study, 

which showed that a small substitution of wheat with gluten-

free cereals made it possible to maintain an acceptable sensory 

quality in pasta. 

 
Figure 1. Consumers’ preferences for vermicelli formulations. 
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Conversely, the gradual increase in the rate at which wheat 

was replaced by sorghum led to an overall decline in sensory 

scores, particularly in terms of appearance and texture. The 

formulations containing 30% and 40% sorghum produced 

more compact and less elastic products. The absence of gluten 

in sorghum can potentially explain the observed trend, given 

that gluten is known to play a pivotal role in the formation of 

the viscoelastic network that is responsible for the structural 

integrity of pasta [10]. The weakening of this protein network 

has been demonstrated to reduce water-holding capacity, thus 

affecting the firmness and texture of the vermicelli postcook-

ing. Despite this reduction in sensory acceptability at high 

substitution levels, the results obtained highlight several tech-

nological advantages. The incorporation of sorghum into pasta 

constitutes a relevant strategy for the utilisation of local cereal 

resources and the reduction of reliance on wheat imports. 

However, it is important to emphasise certain limitations. It 

has been demonstrated that increasing the proportion of sor-

ghum results in a deterioration of pasta processing properties, 

with a concomitant reduction in elasticity and textural quality. 

This has had a significant effect on product acceptability, par-

ticularly among consumers who are accustomed to pasta made 

from 100% wheat. Additionally, the natural pigments present 

in sorghum have resulted in a change in the colour of the pasta, 

which may have a detrimental effect on its visual appeal. 

These technological constraints necessitate further optimisa-

tion of formulations. This can be achieved through the utilisa-

tion of processing aids or adapted processing methods, with 

the objective of enhancing the sensory quality of the products 

[23]. 

3.2. Nutritional Characteristics of the 

Formulated Vermicelli 

The results of the nutritional analysis demonstrated that the 

gradual incorporation of sorghum flour into vermicelli signif-

icantly altered the nutritional composition of the finished 

products. Compared with those enriched with 100% sorghum, 

formulations enriched with sorghum presented increased nu-

tritional parameters, particularly protein, fat, minerals and cer-

tain essential micronutrients (Table 1). These observations 

confirm the potential of sorghum as a local raw material with 

high nutritional value for dietary diversification. 

Table 1. Proximate compositions of the various types of vermicelli. 

Parameters 20% sorghum 30% sorghum 40% sorghum 100% wheat P value (α = 0.05) 

Moisture (%) 9.84 ± 0.18ᵇ 10.25 ± 0.10ᵃ 8.51 ± 0.14ᶜ 10.00 ± 0.09ᵃᵇ <0.001 

Fat (%) 6.62 ± 0.002ᵇ 6.21 ± 0.002ᶜ 13.07 ± 0.002ᵃ 4.95 ± 0.069ᵈ <0.001 

Protein (%) 13.34 ± 0.02ᶜ 14.77 ± 0.02ᵃ 14.92 ± 0.03ᵃ 14.01 ± 0.16ᵇ <0.001 

Fibre (%) 0.88 ± 0.02ᵇ 1.08 ± 0.03ᵃ 1.45 ± 0.10ᵃ 0.71 ± 0.08ᵇ <0.001 

Carbohydrates (%) 67.96 ± 0.16ᵇ 66.21 ± 0.12ᶜ 60.44 ± 0.08ᵈ 69.48 ± 0.06ᵃ <0.001 

Energy (kcal/100 g) 384.75 ± 0.72ᵇ 379.82 ± 0.56ᶜ 419.05 ± 0.21ᵃ 378.50 ± 0.93ᵈ < 0.001 

a, b, c, d Values within the same row indicate statistically significant differences among formulations (p ≤ 0.05). The values are the means ± 

standard deviations (n = 3). 

The protein content of the samples ranged from 13.34% to 

14.92%, depending on the level of sorghum incorporation. 

Compared with those of the control, the values of the 30% and 

40% formulations marginally increased, whereas those of the 

20% formulation decreased. This increase can be attributed to 

the protein content of sorghum, which is abundant in kafirins. 

These are the primary storage proteins of this cereal [24, 25]. 

The results also revealed a significant increase in fat content 

with the addition of sorghum, reaching 13.07% in the 40% 

formulation. This increase is attributable to the relatively high 

content of unsaturated fatty acids in sorghum, with oleic and 

linoleic acids being of particular importance [7]. However, the 

high fat content may also promote lipid oxidation during stor-

age, thereby reducing the product's stability and potentially af-

fecting its organoleptic qualities [26]. It is imperative that ap-

propriate storage conditions, especially protective packaging 

or technologies that limit exposure to oxygen, be employed. 

The levels of carbohydrates are consistently high in all formu-

lations, confirming that pasta is a significant source of energy 

[27]. The moisture levels observed are generally concordant 

with those of the control sample. Nevertheless, it is imperative 

to emphasise the necessity of both enhanced drying techniques 

and the employment of airtight packaging methodologies to 

ensure the microbiological stability of the product [28]. 

The enrichment of vermicelli in fibre provides a substantial 

nutritional benefit. Dietary fibre is recognised for its role in 
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improving bowel function, preventing constipation and reduc-

ing the risk of cardiovascular and metabolic diseases [29]. The 

ingestion of these substances can assist in the regulation of 

postprandial blood glucose levels, thereby promoting a pro-

longed sensation of satiety. This may, in turn, contribute to the 

prevention of obesity. 

As demonstrated in Table 2, there was a gradual increase in 

ash content, thereby confirming the mineral enrichment of the 

vermicelli resulting from the incorporation of sorghum. The 

iron and zinc concentrations in the enriched formulations were 

considerably greater than those observed in the control group. 

This phenomenon is highly important in African contexts, 

where micronutrient deficiencies are prevalent, particularly 

among pregnant women and children [30]. Iron facilitates the 

transportation of oxygen and the prevention of anaemia, 

whereas zinc contributes to immune and enzymatic functions. 

Moreover, the absence of gluten in this cereal renders it a suit-

able candidate for future development as a product intended 

for individuals with gluten intolerance or coeliac disease [31]. 

Table 2. Mineral composition of vermicelli. 

Parameters 20% sorghum 30% sorghum 40% sorghum 100% wheat P value (α = 0.05) 

Ash (%) 1.367 ± 0.019ᶜ 1.485 ± 0.009ᵇ 1.614 ± 0.004ᵃ 0.846 ± 0.010ᵈ <0.001 

Iron (mg/kg) 31.13 ± 0.02ᶜ 32.79 ± 0.03ᵇ 38.05 ± 0.03ᵃ 17.99 ± 0.02ᵈ <0.001 

Zinc (mg/kg) 19.56 ± 0.03ᵇ 18.15 ± 0.04ᶜ 19.99 ± 0.03ᵃ 9.97 ± 0.03ᵈ <0.001 

Calcium (mg/kg) 496.26 ± 0.29ᵃ 373.38 ± 0.20ᵈ 463.21 ± 0.29ᵇ 438.86 ± 0.30ᶜ <0.001 

Potassium (mg/kg) 819.40 ± 1.21ᵈ 932.33 ± 0.85ᶜ 1439.73 ± 0.81ᵇ 1761.10 ± 0.79ᵃ <0.001 

Sodium (mg/kg) 121.07 ± 0.55ᶜ 179.91 ± 0.20ᵇ 239.49 ± 0.21ᵃ 58.80 ± 0.36ᵈ <0.001 

Magnesium (mg/kg) 212.53 ± 0.40ᵈ 238.70 ± 0.85ᶜ 280.71 ± 0.45ᵇ 324.58 ± 0.61ᵃ <0.001 

a, b, c, d Values within the same row indicate statistically significant differences among formulations (p ≤ 0.05) 

With respect to the phosphorus, magnesium and sodium 

contents, these contents remained relatively satisfactory 

across all formulations. Consequently, sorghum is highly nu-

tritious because of its high micronutrient content [7]. An in-

crease in sodium is observed, which could constitute a nutri-

tional limitation, particularly for consumers suffering from 

high blood pressure or cardiovascular disease. This increase 

may be attributable to the incorporation of sodium chloride 

during the formulation process. 

Table 3. Heavy metal contamination in vermicelli. 

Parameters 20% sorghum 30% sorghum 40% sorghum 100% wheat Codex CXS 193-1995 

Lead (µg/kg) < 0.06 < 0.06 < 0.06 < 0.06 0.2 mg/kg 

Cadmium (µg/kg) < 0.006 < 0.006 < 0.006 < 0.006 0.1 mg/kg 

 

Contaminant analyses demonstrated the presence of lead 

and cadmium, although at levels below the limits of detection 

and well below the thresholds stipulated by Codex Alimen-

tarius CXS 193-1995 (Table 3). These results are indicative of 

the stringent hygiene standards that are adhered to during the 

procurement of the raw materials and the manufacturing pro-

cess. The absence of significant contamination represents a 

major advantage in terms of food safety and product accepta-

bility. 

3.3. Food Safety of Vermicelli 

The results of the microbiological assessment of the formu-

lation containing 20% sorghum flour, which was the most ap-

preciated formulation, show that, overall, the microbiological 

quality of the product under study is satisfactory, as shown in 

Table 4. 

The total mesophilic aerobic flora (TMAF) count was found 
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to be 50,633 CFU/g, a value that falls below the acceptable mi-

crobiological threshold set by the criteria of 105 CFU/g. This 

moderate microbial load indicates an acceptable hygienic qual-

ity of the vermicelli and suggests relatively good control of the 

processing operations, particularly during kneading, drying and 

packaging [32]. A value falling below the regulatory threshold 

indicates that the vermicelli remains stable and fit for consump-

tion under normal storage conditions. The mould count, esti-

mated at 3,033 CFU/g, also remains below the recommended 

limit. This outcome is particularly important in the context of 

processed cereal products, as mould is frequently associated 

with food spoilage in humid tropical environments [33]. The 

low fungal load observed indicates that the drying process ap-

plied to the vermicelli resulted in a sufficient reduction in resid-

ual moisture, thereby limiting the growth of microscopic fungi. 

However, even at low levels, the presence of mould warrants 

particular attention, as certain toxin-producing species, notably 

Aspergillus flavus, have been shown to produce mycotoxins 

that are hazardous to human health [34]. 

The absence of other bacteria, including those that are path-

ogenic, is a good indication of adequate hygiene standards. 

This is indicative of the utilisation of high-quality water and 

the implementation of adequate hygiene practices during pro-

duction [35-37]. 

However, it is important to emphasise certain limitations. 

Despite the microbial counts remaining below regulatory 

thresholds, the significant presence of TMAF and mould indi-

cates that improvements in drying, storage and packaging con-

ditions are still necessary to increase the product's microbio-

logical stability during storage. Tropical climates, marked by 

elevated levels of humidity, have been shown to encourage 

moisture reabsorption in noodles, thereby increasing the risk 

of fungal growth during storage. Therefore, consideration 

should be given to the use of airtight packaging and improved 

storage practices with the goal of extending the shelf life of 

sorghum-enriched vermicelli. 

Table 4. Microbiological quality of the vermicelli formulation containing 20% sorghum. 

Parameters microbiological 20% sorghum (CFU/g) 100% wheat (CFU/g) Microbiological criteria (CFU/g) * 

Total Mesophilic Aerobic Flora (TMAF) 50633±642.91 < 10 105 

Escherichia coli < 10 < 10 10 

Staphylococcus aureus < 100 < 100 102 

Sulfite-Reducing Anaerobic Bacteria (SRB) < 10 < 10 102 

Mould 3033±115.47 < 10 104 

Salmonella spp. NS NS Absent 

* Division de la securite alimentaire du Luxembourg, 2015 [38], NS=Not specified 

4. Conclusion 

The present study demonstrated the technological feasibil-

ity of producing vermicelli made from wheat flour partially 

substituted with sorghum flour. The gradual incorporation of 

sorghum had a significant effect on the nutritional and sensory 

characteristics of the resulting paste. The physicochemical re-

sults revealed an increase in multiple nutritional parameters, 

most notably the levels of protein, fat, ash, and specific essen-

tial minerals such as iron and zinc. These observations con-

firm the potential of sorghum as a local raw material capable 

of enriching the nutritional value of processed cereal products. 

Sensory evaluation revealed that the formulation containing 

20% sorghum flour offered an optimal balance between or-

ganoleptic quality and nutritional enrichment. It was demon-

strated that formulations with higher substitution rates led to 

an increase in certain nutrients. However, these same formu-

lations also resulted in a decrease in sensory acceptability. Mi-

crobiological analysis revealed the absence of the main path-

ogenic bacteria tested, indicating that hygiene standards dur-

ing processing were generally satisfactory. The development 

of such products has the potential to contribute to food secu-

rity, promote local agricultural resources, and improve the nu-

tritional quality of the food consumed. To facilitate the poten-

tial industrial development of these sorghum-enriched vermi-

celli, further work is needed to optimise formulations, im-

prove microbiological stability and assess shelf-life. 
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