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Abstract

In Mozambique, a wide variety of edible wild plants with high nutritional and medicinal value are widely available.
Vangueria Infausta (Maphilua) and Strychnos Spinosa (Massala) are sold in informal markets during the harvest season
and are consumed in various forms, such as in cereal bars. Cereal bars are food products made by compressing cereal
flakes such as corn, rice, or oats, with the addition of honey, sugar, water, and fruit. This study aimed to produce and
evaluate the physicochemical, microbiological, and sensory properties of cereal bars with the addition of Vangueria
Infausta and Strychnos Spinosa pulp. 3 formulations were developed: F1: 12% Vangueria Infausta, 5.99% Strychnos
Spinosa; F2: 12.61% Strychnos Spinosa, 5.38% Vangueria Infausta; and F3: 4.06% Strychnos Spinosa and 13.93%
Vangueria Infausta. The following physicochemical parameters were determined: moisture content by the 105°C drying
method, protein by the Kjeldahl method, ash by incineration at 550°C, pH by the potentiometric method, Brix by
refraction, fat content by the Bligh and Dyer method, Vitamin A by the chromatographic method, carbohydrate content
by the difference method, and caloric value by summing the macronutrients. Sensory analysis was conducted using
an affective test with a panel of 50 untrained tasters, who assigned scores for attributes such as: appearance, color,
flavor, texture, aroma, and aftertaste. Molds and yeasts were determined using the dilution plating technique (plate
count), and microbiological stability was assessed based on initial mold and yeast levels, which were monitored over 30
days of storage. Data were analyzed using the Minitab statistical software package, Version 18.1, at a 5% significance
level using Tukey’s test. The physicochemical parameters showed moisture (12.2-12.55%), ash (1.56—1.96%), protein
(11.0-14.4%), fat (4.24-5.48%), vitamin A (35.6—46.86%), carbohydrates (66.0 to 71.13%), and a caloric value
(366.12 to 371.01 kcal). For the microbiological parameters, levels of 0.01 to 0.021 log CFU/100 g were observed.
Sensory evaluation showed that the product was accepted, with formulation F2 standing out most, achieving a 78.56%
acceptability index. This study concluded that the addition of wild fruits is technically feasible for diversifying their
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consumption in cereal bars. Overall, it was found that the second formulation, containing 5.38% Vangueria Infausta
and 12.59% Strychnos Spinosa, yielded better results than the other two in terms of physicochemical quality when used
in the production of cereal bars. There is a need to improve the quality management of the bars produced, since the
microbiological analysis showed low levels, indicating safety and hygienic sanitary quality.

Keywords: Strychnos Spinosa, Vangueria Infausta, Wild Berry-Based Cereal Bars

Introduction

The consumption of cereal bars is growing due to their convenience, ease of transport and consumption, and their
functional properties [1]. Modern consumers are increasingly aware of the perceived health benefits of food, opting for a
more nutritious and balanced diet [2]. These foods offer convenience, nutritional quality, and functional benefits, helping
to improve consumer health, particularly in countries like Mozambique that face the challenge of food insecurity [3].The
fight against food insecurity is being addressed through the adoption of food technologies such as the development of
fortified bars or those enriched with wild fruits locally available in the country, which can help reduce malnutrition and
food insecurity [4].

According to the wild fruits in Mozambique play an important role in reducing food insecurity because they can be used
to develop various beverages, baked goods, preserves, and dehydrated flours that can help address the challenge of
access to and availability of nutritious foods [5].

Thus, cereal bars may constitute a technological alternative for boosting the production of foods enriched with wild fruits,
given that these are rich in various vitamins, phenolic and therapeutic compounds, minerals, proteins, carbohydrates,
lipids (mainly in seeds), and calories [6]. The main objective of this research is to develop cereal bars fortified with the
local fruits Vangueria infausta and Strychnos spinosa, evaluating their quality in terms of physicochemical, sensory, and
microbiological parameters.

Materials and Methods

The district of Chokwe is located in the province of Gaza, Mozambique. Its area is estimated at approximately 1,864
km?2, with 222,396 inhabitants according to the 2017 census. It is situated in the south of Gaza Province, along the
middle course of the Limpopo River, bordered to the north by the Limpopo River, to the south by the districts of Bilene
and Xai-Xai, to the east by the district of Chibuto, and to the west by the districts of Magude and Massingir [7].

Methods

Raw Material Acquisition

2 kg of Vangueria Infausta and Strychnos Spinosa were purchased at informal buildings in the districts of Bilene and
Macia, and their quality, color, characteristics, absence of cracks or cuts, and freshness were assessed using sensory
evaluation—through sight, smell, and touch. As for the oat flakes (1 kg), granola flakes (1 kg), and honey (500 mL),
these were purchased at the Shopprite supermarket in Macia, and their expiration dates and packaging conditions were
verified. These ingredients were then transported to the food processing laboratory at ISPG (Gaza Higher Polytechnic
Institute) in high-density polyethylene packaging for the purpose of processing the bars.

Sanitization
Sanitization was performed by immersing the raw materials in a chlorinated water solution containing 10 ppm of active
chlorine for 10 minutes.

Peeling and Pulping

Peeling was performed manually using stainless steel knives, removing the Vangueria Infausta skin and any defects
affecting the pulp. For the Strychnos Spinosa, using the same tools, cuts were made on the Massala skin to expose
the fruit pulp.

Formulations
Using a BIOBASE analytical balance with a precision of 0.001 g, the cereal bar formulations were prepared based on 200
g of the product, as shown in Table 1 below:

Formulation
Ingredients (%) F1 F2 F3
Strychnos Spinosa 5.99% 12.61% 4.06%
Vangueria Infausta 12% 5.38% 13.93%
Honey 22.03% 22.03% 22.03%
Oat flakes 20.59% 20.59% 20.59%
Granola 39.39% 39.39% 39.39%

Table 1. Cereal Bar Formulations.
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Syrup Preparation

Honey and the pulps of Vangueria infausta and Strychnos spinosa were added to a metal pan and heated on an electric
stove at temperatures ranging from 90 to 100°C for 5 to 9 minutes. The mixture was then stirred with a wooden spatula
for the duration described, resulting in a syrup.

Mixing
The syrup and dry ingredients (oat flakes and granola) were mixed gradually (1/4, 2/4, 34, and 4/4). The dehydrated
flakes were added to the still-hot syrup, and a spatula was used to combine them.

Molding

While still hot, the mixture was placed into rectangular metal molds measuring 5 cm wide by 10 cm long. This process
took approximately 15 minutes, during which 200 g of the mixture was weighed using an analytical balance and spread
onto the metal mold with a spatula until it achieved a rectangular shape and a firm texture.

Cooling
The molds were cooled in a SAMSUNG cooler at a temperature of 5 to 9°C for 15 minutes. This process had a significant
impact on the crystallization of the sugars, helping to improve the hard texture of the bars at room temperature.

Packaging
The cereal bars were wrapped in aluminum foil and stored in previously sterilized glass containers under laboratory
conditions.

Physical-chemical analyses
Following the standards recommended by the Adolfo Lutz Institute (2008), the soluble solids content (°Brix), moisture,
pH, ash content, protein, fat, vitamin A, carbohydrates, and caloric value were determined.

Moisture

Approximately 5g of the cereal bar was weighed into a previously dried and tared Petri dish, then placed in a vacuum
oven at 105°C for two hours. Afterward, it was transferred to a metal tray, allowed to cool for 30 minutes, and weighed
again. The moisture content was determined using the formula:

% Moisture= (end plate—start plate)sample weight+100 (1]

Determination of ash by incineration

A 5g sample and an empty porcelain crucible were weighed, and their weights were recorded. The sample was then
placed in the crucible and incinerated using a Bunsen burner. After the sample had been reduced to a charcoal mass,
the contents were transferred to a muffle furnace at 550°C for 6 hours to burn off the organic matter and obtain the
ash. Next, the temperature was reduced to 150°C for a period of 1 hour, and the sample was subsequently allowed to
cool completely in a desiccator for approximately 25 minutes. The following formula was used to determine ash content:

% Ash= (M2-M)(M1-M)+100 [2]

Where:

= M — Weight of the crucible;

= M1 — Weight of the crucible with the sample;
= M2 — Weight of the crucible with ash.

Soluble Solids Content in °Brix

For this purpose, a manual digital refractometer with a scale ranging from 0 to 32 °Brix was used. A 5g sample was
diluted in 45 ml of distilled water and stirred manually for 10 minutes until completely homogenized. The sample reading
was taken directly from the refractometer’s display.

Ph Determination

For this step, the potentiometric method was used. Initially, an extract was prepared by weighing 10 g of sample into
90 ml of distilled water. Next, the cereal bars were ground using a pestle and mortar until the extract was obtained, and
the extract was placed in an Erlenmeyer flask. Afterward, the HANNA digital pH meter was turned on and calibrated with
buffer solutions of 4.0, 7.0, and 10.0. The reading was taken, and the electrode was inserted into the prepared sample,
with the reading displayed on the panel.

Protein Determination
Protein was determined using the Kjeldahl method (PB = Nx6.25), comprising three stages. Stage 1: digestion or
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mineralization: during which organic matter is oxidized and nitrogen is converted into ammonium sulfate (NH4S04).
0.2 grams of the sample were weighed on an analytical balance and transferred to digestion tubes, to which a dose of
catalytic mixture (K,SO, + CuSO,), 2 mL of concentrated sulfuric acid, and phenolphthalein to proceed with digestion
in a digestion block at 375°C until the liquid became clear. After removal from the digestion block, the material was
cooled and diluted to 20 mL with distilled water. Phase 2: Distillation: The tube from the digestion block was placed in
the distillation apparatus, and 10 mL of 40% sodium hydroxide (NaOH) was added, which reacted with the ammonium
sulfate and, under the action of heat, released ammonia. With the tip of the distiller immersed in a 50 mL Erlenmeyer
flask containing boric acid solution, ammonium borate (NH,) was formed, BO,. 3rd phase: titration: the sample was
placed in the distillate for titration with 0.051813471 N sulfuric acid solution, where the ammonium borate formed
was proportional to the amount of nitrogen in the sample. The titration ended with the appearance of a violet- e color,
indicating the endpoint.

Fat Determination

The fat content was determined using the, in which 2 g of sample was weighed and added to a 70-mL test tube
containing 8 mL of chloroform (CHCIs), 16 mL of methanol (CH, OH), and 6.4 mL of distilled water, in a 1:2:0.8 ratio,
where the three solvents coexist in a homogeneous solution, and the tubes were placed in a rotary shaker for 30
minutes. Next, an additional 8 mL of chloroform and 8 mL of 1.5% sodium sulfate solution were added, and the mixture
was agitated for another two minutes. Upon changing the ratio of chloroform, methanol, and water, separation occurred
at 1000 rpm for 2 minutes. Thus, all the LIP from the sample was dissolved in 20 mL of chloroform, from which 13 to
15 mL of this layer was withdrawn and transferred to a 30mL test tube containing 0.8 g of sodium amide sulfate, under
agitation. This mixture was filtered through filter paper in a small funnel; 5 mL of the clear filtrate was collected, poured
into a pre-weighed beaker, and placed in an oven at 105°C until the solvent evaporated. Afterward, the lipid material
was cooled, dried, and weighed.

Determination of Vitamin A

Vitamin A extraction was performed on 5.0 g of samples, which were placed in a boiling tube containing 1.69 g of
sodium ascorbate. We added 75 mL of ethanol and 7.5 mL of a 50% aqueous potassium hydroxide solution. The mixture
was homogenized in a water bath at a temperature between 65 and 85°C for 19 minutes. Next, 75 mL of purified
water was added. The extraction was performed in a 250-mL amber-colored separating funnel five times, using 30-mL
volumes of hexane. The extract was transferred to another 250mL separating funnel, where it was washed twice with
100 mL of distilled water. The organic phase was dried and filtered through filter paper containing anhydrous sodium
sulfate, then transferred to a 250 mL volumetric flask, washing the anhydrous sodium sulfate with the same solution to
remove any residues, and making up the volume of the flask with approximately 100 mL of hexane. Subsequently, a 10
mL aliquot was evaporated in a rotary evaporator at a temperature of 45°C for 3 minutes. Finally, it was homogenized
and subjected to liquid chromatography.

Determination of carbohydrates
The carbohydrate content was calculated as the difference between 100 and the sum of the percentages (%) of
moisture, protein, fat, and ash, as adapted by. To calculate total carbohydrates, the following Equation 1 was applied:

alculation of =(% moisture+% protein+% lipid+% ash) 3]

Calculation of caloric value

The caloric value was calculated using the known percentages of protein, carbohydrates, and lipids. Each value was
multiplied by its respective caloric value per gram, and the results were then summed according to Equation 2 shown
below:

Kcal=(Lipid*9+carbohydrate=4+proteinx4) [4]

Sensory analysis

The sensory evaluation of cereal bars followed the methodology described by in which a panel of 50 untrained tasters
was assembled, comprising faculty, students, and staff from the Higher Polytechnic Institute of Gaza of both genders
and ages ranging from 18 to 45 years. These participants provided their assessments of the sensory attributes of
appearance, aroma, flavor, aftertaste, texture, color, and overall evaluation, using a 9-point rating scale ranging from 1
— Disliked extremely to 9 — Liked extremely. The acceptability index was determined by the average score obtained from
the sample relative to the maximum score assigned to the cereal bar formulation with added maphilua and massala by
the sensory panel, using the equation below.

1(%)=A *100/B [5]

Where:
AI Acceptability Index;
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B: Represents the maximum score assigned;

Purchase Intention

Purchase intention was assessed according to the methodology described by the where it was obtained by dividing the
total number of purchase preferences from a given sample by the total number of panel tasters in the analysis, and the
results were calculated using the equation below.

IC o = @ [6]

Where:

IC — Purchase intention;

B — Total preference regarding the samples;
A — Total number of tasters;

Microbiological Analysis
The microbiological quality of the cereal bars was analyzed by determining the presence of molds and yeasts.

Determination Of Molds and Yeasts

5 g of the sample was weighed, and an initial suspension was prepared, followed by two decimal dilutions as needed.
0.1 mL of the sample was spread over the surface of the agar in the pre-labeled Petri dishes. The inoculum was spread
using a Drigalski loop. The Petri dishes were then incubated without inversion at 25+1°C for 48 hours. Finally, an |
count of colonies present on the plates containing up to 150 colonies was performed. Molds and yeasts were counted
separately. The results were expressed in CFU/g.

Statistical Analysis

This study was based on a completely randomized design (CRD) with (3) formulation and (3) replicates, totaling 9
experimental units. The data were analyzed using the R Studio statistical package, version 4.3.3, via the 5% ANOVA
method with Tukey’s test. Microsoft Excel 2013 was used to create tables and graphs illustrating the results.

Results and Discussion

These chapters present the results of the physicochemical (i), sensory (ii), and microbiological (iii) analyses of the cereal
bars with added wild berries.

The following presents the results of the analysis of variance for the physicochemical parameters of the produced cereal

bars.
. Formulations
Parametros
F1 F2 F3
Moisture 12,240,722 12,55+1,032 12,46+0,507
Ash 1,56+0,252 1,96+0,252 1,7+0,252
Protein 11+0,32° 14,440,272 12,3+0,45°
Fat 4,24+0,27° 5,48+0,322 4,760,272
Vitamin A 35,6+0,70° 46,86+0,48° 39,86+1,30°
Carbohydrates (%) |71,13+1,11° 66+1,07° 68,52+1,10%
Caloric Value (Kcal) | 366,68+0,05> |371,01+1,05% |366,12+0,03°

Table 2. Analysis of variance for the physicochemical parameters of cereal bars.

Mean + Standard Deviation; identical letters in the same row indicate no statistically significant difference. F1 — First
formulation containing 12% Vangueria Infausta and 5.99% Strychnos Spinosa; F2 — Second formulation with 5.38%
Vangueria Infausta and 12.61% Strychnos Spinosa; F3 — Third formulation with 13.93% Vangueria Infausta and 4.06%
Strychnos Spinosa.

Vitamin A

Regarding Vitamin A content, formulations 1 and 2 did not differ from each other (p > 0.05). Formulation 2 again stood
out in terms of levels, with the nutritional quality of Massala once again playing an important role in maintaining the
high levels observed.

According to who studied the quality of cereal bars, they found values similar to those reported in this study, with
vitamin A levels ranging from 35.0% to 40.43% [2].
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These similar results are supported by showing that the addition of fruit to cereal bars influences the increase in fat-
soluble vitamins. However, lower results than those of this study were reported by in his study of a savory cereal bar
enriched with passion fruit albedo flour, observing averages in the range of 14-19 pg/kJ for vitamin A, respectively,
and these low levels may be linked to the nutritional quality of the raw materials used for production and the effect of
temperature during the homogenization process.

According to in their study on the development and analysis of cereal bars with added fruit, there is an increase
in vitamins, particularly vitamins C and A, which, according to serves as a strategy for adding value to cereal bars,
especially in rural areas, helping to reduce symptoms of vision-related diseases (night blindness) [8,9].

Caloric value
No statistical differences (p > 0.05) were observed between formulations 1 and 3, with means ranging from 366.68 to
371.01 kcal; this variation was due to differences in the macronutrients of the produced formulations.

The values reported by and in their study of cereal bars with varying concentrations of dried murici and dried banana—
both rich in dietary fiber—ranged from 349.61 to 358.77 kcal, which is lower than the results reported in this study;
these levels are linked to the concentrations of macronutrients that influenced the final calorie calculation [10,11].

observed higher levels (386.35 kcal/100g and 415.11 kcal/100g) in cereal bars supplemented with oilseeds, pumpkin,
watermelon, cantaloupe, okra, and sesame. These higher levels may be linked to the high fat content of the seeds used,
which increased the fat content of the cereal bars. In contrast, when developing a cereal bar using green banana biomass
(Musa sapientum L.), observed reduced energy levels ranging from 192.5 to 210.24 kcal/100g, due to differences in
raw materials, the nutritional quality of the ingredients, and the properties of the binders used in the development of
the bars. Results observed by showed low levels (328.70 to 354.53 kcal) when studying the improvement of cereal bars
with the addition of seed and almond flours from local fruits, which demonstrated the influence of the flour production
processes on the final quality [12]. Lower results than those of the present study (291.24 to 364.36 kcal) were reported
by in a study on the quality of high-fiber cereal bars, and according to these high values observed in the study may
be associated with the type of raw material used and the interaction between the thermal process, which promotes a
reduction in energy content by increasing the availability of fiber in the bars[11,13].

Carbohydrates
This parameter showed statistically significant differences (p < 0.05) for formulations 1 and 2, with their means ranging
from 66 to 71.13%. The levels of moisture, minerals, protein, and fat may have influenced carbohydrate availability.

According to similar results (68—-74%) were found when they assessed the nutritional and sensory quality of cereal bars
made with locally available fruits [13]. Relatively low results (60—-66%) were observed by Micelle et al. (2025) in a study
on the acceptability of cereal bars with added ata pulp; the type of ingredient may have influenced the availability of
sugars in the final product. According to similar results (66.2—-78.4%) were observed when they evaluated the nutritional
composition of sugar-free cereal bars with added chestnuts, pumpkin seeds, and oat flakes [14]. when evaluating
the quality of cereal bars supplemented with fiber and protein extract, obtained levels between 60 and 66%, and the
addition of dehydrated kiwicha fruit, quinoa, shredded coconut, and roasted peanuts may have influenced the reduction
in soluble fiber levels; this finding is supported by when they evaluated the physicochemical quality of cereal bars with
added local dried fruits [15,16].

Fat
Formulation 2 showed statistically significant differences compared to formulation 1 (p < 0.05), with mean values
ranging from 4.24% to 5.48%. The formulations developed influenced the variation in fat concentrations.

Higher values (8.45-10.1%) were reported by in their study on the nutritional quality of cereal bars supplemented with
sesame seeds; these high levels are attributed to the high lipid concentration in the seed structure, unlike the pulp of
massala and maphilua [17]. obtained results >6% regarding fat content for granolabased cereal bars, and these high
levels were driven by the addition of omega- 3 fats to add value to the produced bar [18]. Results slightly lower than
those observed in this study (0.73— 2.83%) were reported by when assessing the quality of cereal bars with added
fruit, and possibly the type of raw material (Araucaria angustifolia) influenced these results because, according to it
contains approximately 0.59% essential oil in its composition, a finding supported by regarding the low fat content when
analyzing the quality of cereal bars enriched with passion fruit pulp, which may be related to the pulps of Massala and
Maphilua. Lower results (>4%) were observed by when developing cereal bars with baru almonds and pineapple peel,
with nutritional quality (fat content) being a key factor in these findings [13,19-21].

Proteins

For protein, the means ranged from 11% to 14%, with no statistically significant differences among them (p > 0.05).
Formulation 2 had higher protein levels due to the concentrations of Massala, and it is possible that this fruit is richer
in this macronutrient.
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Results consistent (11-12%) with those found in this study were reported by Esther et al. (2024) in their investigation
of the nutritional, antioxidant, and sensory quality of fortified cereal bars, even though a variety of ingredients were
used. Lower results (5.5-8%) were reported by when developing and characterizing the sensory aspects of cereal
bars supplemented with the local fruit licuri; the lipid oxidation process may have influenced the reduction in protein
content due to the formation of free radicals [22]. this phenomenon is also supported by who studied the nutritional
composition, lipid profile, and sensory characteristics of cereal bars produced with local fruits, finding variations in protein
concentration due to the oxidation reaction of the pulp after interaction with oxygen; according to it can be assumed that
the processing techniques allowed for enzymatic inactivation, preventing this type of reaction and preserving the protein
content of the cereal bar. observed protein levels between 3-16.7% in cereal bars, which are consistent with the results
of this study; these levels of 16.7% found can be explained by the addition of milk to the cereal bar formulation in the
authors’ study. studying the quality of cereal bars supplemented with flour and peel from the Araucaria angustifolia fruit,
obtained levels ranging from 6.66% to 8.43%, indicating that the low protein content in the composition, compared to
the present study, and the addition of low concentrations of oats and flour likely influenced these low levels
[13,23-25].

Ash

Regarding ash content, no statistically significant differences were observed (p > 0.05), ranging from 1.56% to 1.96%.
The variations among the formulations may be linked to the concentration of soluble solids, which influence the mineral
concentrations in the sample.

According to similar levels were observed in their study on ways to improve the composition of cereal bar formulations,
with a focus on the minerals sodium, magnesium, and potassium [26]. In agreement with these results, highlighted the
effect of adding fresh or dried fruits on increasing mineral content in cereal bars, and noted that the addition of fruits to
cereal bars helps improve the mineral content of this product, as observed in the study and reported by who found levels
close to 2%/100g, aligning with the results of the present study, which ranged from 1.56% to 1.96%[27-29]. According
to Michelle et al. (2025), who developed and studied the acceptance of cereal bars with added Atta, levels close to those
found in this study (1.23-1.86%) were obtained and results lower than those obtained in this study (1- 150%) were
reported by who developed and evaluated cereal bars with added cricket flour; the origin of the flour (animal) may have
influenced the low mineral levels observed[30].

Moisture

No statistically significant differences (p > 0.05) were observed among the formulations, with their means ranging
from 12.2% to 12.55%. The variations were slight, indicating the influence of variations in binder concentration on the
composition of the bars.

Relatively low values (9.30 to 9.50) were reported by when evaluating the chemical quality of gluten-free cereal bars;
the moisture content of the Vangueria infausta and Strychnos spinosa pulps influenced the final composition of the
cereal bars produced in the study [31]. Analyzing the nutritional quality of children’s cereal bars, observed moisture
concentrations between 8% and 9%, which were below the levels observed in this study; the starch molasses (54%)
used as a binder and high fiber levels may have contributed to greater water evaporation during product dehydration
[32]. Low moisture content (8—10%) was also observed by in a study of cereal bars with added gluten-free puffed grains,
and the influence of the low moisture content of the grains compared Vangueira infausta pulp, and dough on the final
moisture content was evident [33]. According to low moisture levels were observed, ranging from 7.3 to 7.9%/100g,
and the replacement of honey with xanthan gum/erythritol as a binder led to a reduction in moisture content because,
according to this polysaccharide is generally used in powder form [34,35]. Argue that the high moisture levels observed
in this study may be associated with the moisture content of the ingredients (Vangueria infausta, Strychnos spinosa, and
honey), which hindered the dissociation of H20 molecules in the produced bars due to the dehydration time. However,
the values found in this study were within the limit established by CNNPA Resolution No. 12 of 2008, which stipulates
that the maximum moisture content for cereal-based products should be 15% [14,36].

Microbiological analyses of wild fruit cereal bars
The table below illustrates the microbiological results of cereal bars regarding molds and yeasts.

Formulations

Microbiological parameters F1 F2 F3
Molds and yeasts (log cfu/g) 2.1x10°+ 0.01 1x10°+ 0.09 2x10°4+ 0.01

Table 3 - Microbiological parameters of Vangueria infausta and Strychnos spinosa cereal bars

J Glob Trad Med Indig Heal Syst 2026 7


https://www.primeopenaccess.com/international-journals/journal-of-global-traditional-medicine-and-indigenous-healing-systems.asp

Legend: Mean + Standard Deviation. Mean % Standard Deviation; identical letters in the same row indicate no
statistically significant difference between them. F1 — First formulation containing 12% Vangueria Infausta and 5.99%
Strychnos Spinosa; F2 — Second formulation with 5.38% Vangueria Infausta and 12.61% Strychnos Spinosa; F3 — Third
formulation with 13.93% Vangueria Infausta and 4.06% Strychnos Spinosa.

The mold and yeast counts showed that all cereal bar samples contained mold and yeast, with values ranging from?**10~
to 2.219CFU/g of product. However, no regulatory parameters regarding cereal bars were identified. In a study by
Strebernich et al. (2011), a lower incidence (1x10-°CFU/g) of the samples showed the presence of molds and yeasts,
which was higher than the results found in this study. This is consistent with who found mold and yeast contamination
at 1x10~-*CFU/g of cereal bar samples, which were similar to the results obtained in this study, ranging from*0~
to 2.1x10-2 CFU/g of molds and yeasts. The growth of molds and yeasts was associated with the product’s storage
conditions, and according to levels ranging from!*1°~’to 2.1*10*CFU/g indicate the need to apply preservation techniques
to reduce the probability of proliferation of these pathogens. studying the quality of cereal bars fortified with locally
available fruits (passion fruit), observed consistent levels (<10 CFU/qg), indicating a need to improve good manufacturing
practices to prevent contamination by these organisms [37,38,8]. Similar results were observed by in a study on the
production and sensory analysis of cereal bars made with passion fruit peel flour, demonstrating that adherence to
good manufacturing practices is indispensable for the food production chain, ensuring the availability of safe food for
communities [39].

Sensory Analysis
The graph below illustrates the results of the sensory attributes in the context of the production of cereal bars enriched
with Vangueria infausta and Strychnos spinosa..
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Figure: 1

Graph 1. Analysis of variance of sensory attributes. Legend: Mean + Standard Deviation; Different letters in the same
row indicate statistically significant differences at the 5% level (Tukey’s test). Mean + Standard Deviation; identical
letters in the same row indicate no statistically significant difference between them. F1 — First formulation with 12%
Vangueria Infausta and 5.99% Strychnos Spinosa; F2 — Second formulation with 5.38% Vangueria Infausta and 12.61%
Strychnos Spinosa; F3 — Third formulation with 13.93% Vangueria Infausta and 4.06% Strychnos Spinosa.

Regarding appearance, the graph above shows that the Vangueria Infausta (Maphilua) and Strychnos Spinosa (Massala)
cereal bar formulations did not exhibit statistically significant differences (p < 0.05). In turn, formulation F2 showed a
higher acceptance rate, and F3 a lower one, with all receiving satisfactory scores in the “moderately liked” range. Since
the higher acceptance may be due to the higher concentration of massala, this was the reason for its greater acceptance
compared to the others; cultural factors among the tasters may have caused the lower acceptance. However, lower
results than those of this study were found by in cereal bars formulated with genipap, with a score of 6.14, whereas
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this study obtained an average of 6.52; higher results were obtained by who developed two formulations of cereal bars
based on babassu almond flour and found an average value of 7.70, respectively; the difference in the raw material
used in this study may have influenced these results[40,41]. in their study on the production of oat and dietary fiber
cereal bars, obtained results similar to those of the present study; and who evaluated different cocoa contents in cocoa-
enriched cereal bars and observed that the highest levels of acceptance for the appearance attribute were found in the
formulation with the highest cocoa concentration [42,43].

For the color attribute, sample F3 had the highest acceptance, followed by the cereal bar with 5.38% Vangueria Infausta
and 12.59% (F2), while those with 12% Vangueria Infausta (F1) were the least accepted, showing no difference among
themselves but a significant difference compared to the others. in a study on the applicability of guava residue in cereal
bars (with additions of 15%, 30%, and 50%), found overall color ratings between 5 and 6 (representing “neither liked
nor disliked” and “slightly liked,” respectively) and Muniz (2017), studying the production of cereal bars with guava
residue (35% addition), found color averages of 7.05, results similar to those of this study [44].

Regarding flavor, there was no significant difference (p < 0.05) among the samples, although the highest score was
obtained for the formulation containing 12% Massala and Maphilua. The average score for the samples was 7.36, which
is higher than the 6.14 score reported by for bars formulated with genipap. There was also no significant difference in
texture (6.68), indicating that the concentration of Massala and Maphilua did not alter their technological properties[40].
The texture results were similar to those found by who developed two formulations of cereal bars based on babassu
almond flour and found a mean value of 7.70. Freitas and Moretti (2006) found a mean of 4.57 in the evaluation of
banana-flavored cereal bars, a value lower than that of the present study, demonstrating that the bar containing Massala
and Maphilua had a texture acceptable to consumers[41].

In terms of texture, the samples did not differ significantly from one another, suggesting that the percentage of
Vangueira infausta and Strychnos spinosa did not influence the results, since the sample with the highest
concentration received the highest score. The means obtained for F1 (6.68), F2 (6.68), and F3 (6.32) were higher than
those described by for bars formulated with genipap (5.88) and lower than those found by Pinedo et al. (2013) in bars
with babassu almond (8.1) [40].

Regarding aroma, however, no significant perceptible difference was observed with the addition of Vangueira infausta
and Strychnos spinosa, since the samples did not show a significant difference (p>0.05) among themselves. According
to consumers tend to relate the product’s aroma directly to the raw material used in its production. In comparison, found
that banana peel cereal bars had averages of 7.01 and 7.10 for the aroma attribute—results higher than those found in
the present study [45,46].

Regarding aftertaste, values ranging from 7.16 to 6.43 were obtained for this cereal bar formulated with Vangueira
Infausta and Strychnos spinosa, which were lower than those found by who reported 7.8 across all formulations for
the cereal bar made with soursop residues. on the other hand, obtained higher values for his cereal bar, with an average
of 7.4 to 7.6 for texture [47,48]. Regarding the study by values ranging from 5 to 7 were achieved for flavor in the cereal
bar made from ora-pro-nébis flour and pineapple agro-industrial residue [49].

The results for overall evaluation and purchase intention assessed by the tasters range from 7.72 to 6.69, differing
statistically. For the overall evaluation attribute obtained scores of 6 to 7 for the cereal bar made from ora-pro-ndbis
flour and pineapple agro-industrial waste, and found overall evaluation scores ranging from 6.44 to 7.84 for the use of
banana peels in the preparation of mariolastyle jam; these values are close to those found in the sensory evaluation of
the cereal bar in this study, which ranged from 6.13 to 6.36 [49,50].

Acceptability Index

The acceptability index for the four cereal bar formulations analyzed is presented in the graph below. When developing
a new product, one of the key points is to assess its acceptability in order to predict its performance in the consumer
market [51].

Based on the acceptability scores and the IA calculation, it can be seen that all formulations showed good acceptability,
as the evaluated formulations had an IA greater than 70% for all assessed attributes, with F2 having an index of
78.56%, followed by F1 and F3, respectively. The cereal bars with added Vangueira infausta and Strychnos
spinosa have great market potential, as they achieved satisfactory results in terms of sensory acceptance and purchase
intention; similar results were found by in their study on the sensory acceptance of iron-fortified cereal bars, where
77.7% had an acceptability index greater than 80%, indicating excellent acceptance of the cereal bars [52]. This is also
consistent with in his study on cereal bar development, which showed acceptability scores equal to or higher than the
minimum required for two attributes: appearance (70%) and flavor (72%) [53]. It can be concluded that, for these
attributes—considered important factors for consumers when choosing a product.

Results below these were found by in his study on the development and acceptability of recipes with quinoa; formulation
1 did not present an acceptability index higher than the minimum required for acceptance [54].
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72.89 = Acceptability Index

F1 F2 F3
Formulations of cereal bars with added Vangueira infausta and Strychnos spinosa

Figure: 2

(Vangueira infausta and Strychnos spinosa). Legend: Mean % Standard deviation; identical letters on the same
line indicate no statistically significant difference between them. F1 — First formulation with 12% Vangueria Infausta and
5.99% Strychnos Spinosa F2 — Second formulation with 5.38% Vangueria Infausta and 12.61% Strychnos Spinosa
F3 — Third formulation containing 13.93% Vangueria Infausta and 4.06% Strychnos Spinosa.

Purchase Intention Index

Regarding purchase intention, it was evident that there was a statistically significant difference when comparing the
attributes that may influence this purchasing preference; thus, formulation F2 had the highest purchase intention (49.5)
when compared to the others, while the lowest was F1 with (20.7). This difference can be explained by the concentration
of ingredients and associated with the tasters’ eating habits, leading to lower acceptance of that formulation. Different
results were reported in the study by Brizola and Bampi (2015), 56% responded that they would certainly purchase the
cereal bar with 15% green banana flour added, and 42% would possibly purchase it. Comparing this with the study
by RIGO (2017), which sought a physicochemical and sensory evaluation of cereal bars with added plum flour (Prunus
saliciana), 47.14% of participants stated that they “Certainly Would Buy” and 31.43% stated that they “Possibly Would
Buy” this product.

In their study of cereal bars made with alternative and regional ingredients from western Parana, reported a high
intention to consume, with 27 of the 37 tasters indicating they would frequently consume the evaluated products [55].

However, factors such as educational level and product knowledge directly influence purchasing decisions, which can

lead to reduced consumption of cereal bars, according to and Their study demonstrated that the greater the knowledge
of the product and its benefits, the higher the intention to purchase it [56,57].
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Figure: 3
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(Vangueira infausta and Strychnos spinosa). Mean + Standard deviation; identical letters on the same row indicate
no statistically significant difference between them. F1 — First formulation with 12% Vangueria Infausta and 5.99%
Strychnos Spinosa; F2 — Second formulation with 5.38% Vangueria Infausta and 12.61% Strychnos Spinosa; F3 — Third
formulation with 13.93% Vangueria Infausta and 4.06% Strychnos Spinosa.

Conclusion

This study concluded that the addition of wild fruits is technically feasible for diversifying their consumption in cereal
bars. Overall, it was found that the second formulation, containing 5.38% Vangueria Infausta and 12.59% Strychnos
Spinosa yielded better results than the other two in terms of the physicochemical and sensory quality of the cereal bars
produced. There is a need to improve the quality and safety management of the bars produced, since the microbiological
analysis showed low levels, indicating safety and hygienic-sanitary quality.
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