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Abstract:

In This Study, A Functional Breakfast Cereal
Was Formulated, Extruded And Optimised To
Improve On The Nutritional Qualities
Employing Mixture Design And Response
Surface Approach, Using Combinations Of
Malted Finger Millet, Malted Roasted
Bambara Groundnut, Date Fruit, Moringa
Oleifera Leaf, And Turmeric. The Design
Matrix For The Formulation Was Created
Using A Constrained D-Optimal Mixture-
Process Experimental Design With Five
Mixture Components: Malted Finger Millet
(20%-60%), Malted Roasted Bambara
Groundnut (10%-40%), Date Palm Fruit
Powder (5%-20%), Moringa Leaf Powder
(2%-5%), Turmeric Powder (5%-15%), Salt
(0.3%), And Two Processing Factors: Screw
Speed (70-150 Rpm) And Barrel Temperature
(90-100°). Desirability Function Approach
Of Numerical Optimisation Was Applied To
Attain The Ideal Conditions For The
Functional Breakfast Cereal's Formulation,
With A Single Attractiveness Index Of 0.5,
Which Was Obtained With Optimised Mixture
Components And Process Parameter Levels Of
40.0% Malted Roasted Bambara Groundnut,
42.7% Malted Finger Millet, 5% Powdered
Date Fruit, 2% Powdered Moringa Leaf, 10%
Powdered Turmeric, And 0.3% Salt
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(Maintained Constant), Using 110°c Barrel
Temperature And 110rpm Screw Speed.
Results Obtained Revealed That The Best
Formulation Gave A Breakfast Cereal With
The Following Quality Properties; 75.58%
Carbohydrate, 5.79% Protein, 7.43% Moisture
Content, 7.28% Crude Fat, 3.40% Ash
Content, 0.51% Crude Fibre, 391.03 K/Cal
Gross Energy, 0.16 Mg/100g Vitamin E, 2.48
Mg/100g Vitamin B, 1.83 Mg/100g Vitamin
A, 0.69 Mg/100g Vitamin D, 9.8 X 10°
(Cfu/G) Bacteria Count, 4.6 X 10° (Cfu/G)
Fungi Count, 151.32% Swelling Power, 0.57
G/Cm® Bulk Density, 18.2% Oil Absorption
Capacity, 0.68 Water Activity 12.0% Water
Absorption  Capacity, 82.4°%¢  Gelation
Temperature, 56.0 Water Solubility Index, 170
(Mg/Kg) Calcium 51 (Mg/Kg) Sodium, 167.76
(Mg/Kg) Potassium, 11.77 (Mg/Kg) Iron,
116.60 (Mg/Kg) Magnesium 1.13 (Mg/L)
Zinc, 3.71 (Mg/L) Phosphorus, 17.9 (N)
Hardness, 122.7 (N) Chewiness 1.89
Expansion Ratio, Texture (6.1), Taste (4.9),
Mouthfeel (4.8), Colour (4.2), Flavour (5.5)
And Overall Acceptability (4.9).

Keywords:  Breakfast Cereal, Process
Parameters, Desirability, Mixture-Process,
Component Proportions, Quality Properties.

www.ijmsrt.com 81

DOI: https://doi.org/10.5281/zenodo.19703443



http://www.ijmsrt.com/
https://doi.org/10.5281/zenodo.19703443

Volume-4-1ssue-4-April, 2026

1.0 Introduction

Breakfast Cereals Are Grain Food Made For
Human Intake That Are Typically Eaten For
Breakfast Together With Milk, Sugar, Or
Fruit, Either Cooked Or Not (1,2). They Are
Made Using A Number Of Processes,
Including As Cooking, Shaping, Drying, And
Adding Additional Components Like Yeast,
Colourants, Flavourants, Sugar Alternatives,
Micronutrients, And Stabilizers (1). Cereal
Grains Such As Wheat, Oats, Corn, Rice, And
Others Are Commonly Used To Make
Breakfast Cereals, Which Are Mono-Grain
Goods. Recently, Attention Has Been Drawn
By Some Evaluations That Majority Of
Existing Breakfast Foods Are High In Rapidly
Digestible Starch, High Glycaemic Indices,
And Some With Low Dietary Fibre And
Artificial Sweeteners Or Increased Added
Sugars Which Contribute To Harmful
Metabolic Consequences Such As Type 2
Diabetes, Overweight, And Heart Diseases.
(3). Thus, The Need For Consumption Of
Functional Food To Curb Diet-Related
Sicknesses Ravaging The World. There Is
Also A Need To Replace The Flavouring
Agents, Sweeteners, Artificial Colours And
Synthetic Minerals That Come With Breakfast
Cereals With Natural Flavours, Sweeteners
And Colours Which Are Inherent In Our
Indigenous Ingredients (1). Even The Biggest
And Most Prosperous Businesses In The
World Hardly Ever Use Experimental
Methodology And Computational
Optimization Method As Effective
Instruments For Creating New Food Products
With  Particular  Functional  Ingredients,
Changing Food Compositions, And Improving
Overall Quality And Safety (4, 5).

When Turned Into Morning Cereals, Locally
Accessible Agricultural Products Including
Finger Millet, Bambara Groundnut, Moringa
Leaf, Turmeric, And Date Fruit Can Provide
Energy, Protein, Dietary Fiber, And Minerals.
Compared To Other Traditional Grains, Finger
Millet Offers Several Untapped Health-
Promoting Properties. The Grains Are High In
Bioactive Components, Have A Low
Glycaemic Index, And Are Easily Digestible
(6). Bambara Groundnuts Are A Reasonably
Priced Source Of Protein, Particularly In Light
Of The High Cost Of Animal Protein. It Has A
Higher Protein Score (80%) Than Cowpea
(64%) And Soy Bean (74%) And Is Higher In
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Critical Aminoalkanoic Acid Than Other
Legumes (7). Phytochemicals As Flavonoids
And Anti-Nutritional Factors (Anfs) Are
Abundant In Bambara Groundnuts (8).
Moringa Oleifera Leaf Is An Easily
Accessible Green Vegetable That Can Be
Utilized To Fortify Several Food Products Or
Meals To Address Micronutrient Deficiencies
(9). Moringa Oleifera Plant, Particularly Its
Leaves Are Abundant In Minerals Including
Iron, Potassium, Calcium, Phosphorous, And
Vital Amino Acids. The Leaves Of Moringa Is
Known To Have Antimicrobial, Antioxidant,
Antiulcer, Anti-Inflammatory, Antispasmodic,
Hypotensive And Antitumor Agent Potential
(10). Date Fruit Is An Excellent Source Of
Dietary Potassium And A Variety Of Other
Vital Minerals (11). You Can Use Dates As
Sugar Alternatives And High In Antioxidants
And Bioactive Substances. It Is An Excellent
Root Of Fibre And Energy (12). Turmeric Is A
Natural Food Colourant And A Preservative
(13).Turmeric Is Rich In Bioactive Compound
Curcumin, Which Is Also Responsible For Its
Therapeutic  Properties Such As  Anti-
Inflammatory, Antibacterial And Antioxidants
Action Against Free Radicals And Microbes
That Cause IlInesses Including Aging (14,15).
Globally, Food Items That Can Improve
Human Nutrition And Health In New Ways
Are Gaining Popularity. Mixture-Design And
Response Surface Methodology Experimental
Design Strategy Was Employed In This Study
To Create And Refine A Functional Morning
Cereal Using Ingredients That Are Readily
Available Indigenously With  Improved
Nutritional, Micronutrients, Functional,
Physicochemical And Sensory Properties.
There Is Insufficient Information On The
Systematic Formulation And Optimisation Of
Extruded Locally Sourced Health-Oriented
Morning Cereal From

Indigenous Nigerian Raw Materials Like Date,
Bambara Groundnut, Finger Millet, Turmeric,
And Moringa Leaf Using Mixture-Design To
Optimise Nutritional, Functional And Sensory
Properties, Though Some Studies May Have
Reported The Development Of Composite
And Functional Breakfast Cereals From
Legumes And Cereals.

2.0.Materials And Methods
2.1Experimental Materials
2.2.1 Raw Material Sourcing
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Date Palm Fruit, Bambara Groundnut, Finger
Millet, Turmeric, Fresh Moringa Leaves And
Turmeric Were Acquired From The Kure
Modern  Market, Minna, Niger State.
Cultivar/Variety And Degree Of Maturity
Were Determined Based On Agronomic
Procedures And Practices In Nigeria. The
Cream And White Cultivar And Early-
Maturing Variety Of Bambara Groundnut Was
Used. Local Red-Seeded Land Race Of Finger
Millet Was Used. The Local Dried Date
(Dabino) Dark Brown, Elongated And
Wrinkled Harvested At Fully Ripe Dry Stage
(Tamr Stage) Was Used. Moringa Oleifera
Cultivar Which Is The Main Cultivated
Species In Nigeria With High Leaf Biomass
Harvested At Early Stage Was Used In The
Research. Locally Adapted Types, Mature
Rhizome Turmeric With Bright Yellow-
Orange Interior Obtained At Maturity Stage
With Brown Skin Was Used In This Research.
All The Samples Were Taken To Processing
Laboratory Of Food Science And Technology
Department, Fut, Minna, Nigeria Where They
Were Prepared.

2.1.1Sample Preparation

Using The Procedure Outlined By (16),
Finger Millet Was Malted And Turned Into
Flour (Mfmf). In Order To Promote Sprouting,
The Finger Millet After Being Cleaned And
Washed Were Spread Out On Jute Sacks.
After 48 Hours, It Was Dried In A Hot Air
Oven (Model Dgh Elecrothermal Oven). The
Method Described By (17) Was Used To
Prepare Bambara Groundnut Flour That Has
Been Malted And Roasted (Mrbgnf). Bambara
Groundnuts  Were  Scrubbed,  Properly
Cleansed With Tap Water, And Immersed In
Warm Water (40-50°C) For Eight Hours. To
Encourage Sprouting, The Seeds Were Placed
On Jute Bags And Covered With A Damp Jute
Bag For 48 Hours. The Germinated Seeds
Were Evenly Distributed On Oven Trays And
Dried For Ten Hours At 65°C In An Air Oven.
The Vegetable Portions Of The Dried Bgn
Seeds Were Then Manually Removed And
Winnowed. After Being Cleaned, The Malted
Bgn Was Equally Distributed On Trays,
Roasted For 40 Minutes At 130 Degrees
Celsius In An Air Oven, And Then Chilled.
After Cooling, The Roasted Seeds Were
Ground Into A Fine Flour And Passed
Through A 0.4 Mm Mesh Screen. The Method
Described By (18) Was Used To Prepare Date
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Powder (Dfp). Dry Date Palm Fruits Were
Cleaned, De-Pitted And Sliced Into Bits. After
Being Oven-Dried For Six To Eight Hours At
75 Degrees Celsius, The Dry Dates Samples
Were Mashed, Ground In A Dry Kitchen
Grinder (Binatone Blender With Grinder
Model-452), And Sieved. The Method Of (19)
Was Used To Make Moringa Oleifera Leaf
Powder (Mlp). The Leaves Were Removed
From The Petiole, Washed And Dried In An
Air Oven At 50°C And Scattered On A Mesh.
After Being Ground Up With A Dry Blender
And Sieved, The Dried Leaves Were Put Into
Glass Jars. Turmeric Powder (Tp) Was Made
Using The Procedure Outlined In (20). After
Being Washed And Sliced, The Rhizomes
Were Dried At 75°C In An Air Oven. After
Being Ground, The Dry Rhizomes Were
Packed In Plastic Bowls After Being Sieved.
High Density Polythene Bags (Hdpe) Were
Used To Store Malted Roasted Bambara
Groundnut Flour (Mrbgnf) And Malted Finger
Millet (Mfmf), While Turmeric Powder (Tp)
And Date Fruit Powder (Dfp) Were Kept In
Air Tight Plastic Containers. All The Samples
Were Kept Under Environmental
Circumstances Before Usage.

2.2Methodology

2.2.1Tools and Equipment: Hammer Crusher
Were Utilized As Tools And Apparatus
(500kg/H, 4.5hp) With 0,75mm Screen Size,
Single-Screw Food Extruder Of 304:18.5
Barrel Length To Diameter Ratio, 18 Mm
Screw Diameter Ratio, And 1.74 Kw Power,
304 Barrel Length And 6mm Die Diameter,
Model Dgh Electro Thermal Oven, Digital
Vernier Caliper (£0.02mm), Ph-600 Digital Ph
Meter, Binatone Blender With Grinder Model
Blg-452, Centrifuge Model E-Pendorf 5810r,
100-500ml Graduated Glass Vessel, And
Mettle Pc2000 Weighing Machine, Aqualab
4te  Water Activity Meter, M500-100 At
Testometric Texture Analyser, Gallenkamp
Kjeldahl Apparatus And Soxhlet Apparatus.

2.2.2 Design of Experiments

The Formulation Was Carried Out With
Limited Amounts Of The Mixture's
Ingredients; Malted Finger Millet Flour (20%-
60%), Date Fruit Powder (5%-20%), Moringa
Oleifera Leaf Powder (2%-5%), Turmeric
Powder (5%-15%), And Malted Roasted
Bambara Groundnut Flour (10%-40%), Salt
(0.3%) And Processing Parameters; Screw
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Speed (70-150rpm) And Barrel Temperature
(90-100°c) Employing The Limited D-Optimal
Mixture-Process Experimental Design Method
Which Generated The Design Matrix For 100
Experimental Test Runs. The Design
Constraints And Design Matrix Are Presented
In Tables 1 And 2 Respectively. Data
Collected Were Analysed And Model
Equations Using The Design Expert 13.0
Software Package, Establishing A
Relationship Between The Quality Indices
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And The Proportions Of Mixture Components
And Processing Parameters Was Created.

Numerical Optimization Was Used To
Determine  The  Ideal Manufacturing
Circumstances Based On Predetermined

Optimization Targets And Individual Quality
Desirability Indices Through Desirability
Function Technique.

Table 1: Design Restrictions For
Components And Process Parameters

Low Restrictions Upper
Bound bound
< <
20 = | X, (A): Malted Finger Millet Flour - 60
< <
10 = | X,(B): Malted, Baked Bambara Groundnut | — 40
Flour
< <
> = | X(C): Date Palm Fruit Powder - 20
2 <l x . . < 5
1(D): Moringa oleifera Leaf Powder
< <
> = | X(E): Turmeric Powder - 15
G(F): Salt N 0.3
A+B+C+D+E+F = 100
70 1, (G): Screw Rate 150
20 [, (H): Barrel Temperature 130

X1 = Malted Finger Millet Paste, x, = Malted Baked Bambara Groundnut Paste
X3 = Date Palm Fruit, x, = Moringa oleifera Leaf, xs = Turmeric, c; = Salt,Z; = Screw Rate,

Z, = Barrel Temprature

Table 2: Experimental Design Matrix

Run MFMP | MRBGP | DFP | MLP | TP Salt | Screw | Barrel Heat

(%) (%) (%) | (%) | (%) | (%) |Rate | (°C)

(rpm)
1 60.00 10.00 11.20 | 3.50 15.00 | 0.30 | 150 90
2 40.20 40.00 12.50 | 2.00 5.00 | 0.30 | 150 90
3 60.00 16.20 5.00 | 3.50 15.00 | 0.30 | 150 130
98 34.70 40.00 5.00 | 5.00 15.00 | 0.30 | 150 110
99 56.40 10.00 16.40 | 2.00 15.00 | 0.30 | 110 130
100 20.00 39.70 20.00 | 5.00 15.00 | 0.30 | 150 90
After formulation, the extrusion was power of 1.74 kW, barrel length of 304

conducted employing a single-screw extruder
with L/D (length-to-diameter) ratio of
304:18.5, thread diameter of 18 millimeter,
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millimeter, length of die 0.8 cm and die
diameter (6mm). Pre-hydration method was
used to add water to the ingredients, and 25%
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moisture was arrived at during preliminary
processing. Making use of thermocouples to
regulate the heat and adjustable heaters affixed
to the barrel, the extruder barrel was let to
warm up prior to processing. The extruder was
manually fed, and the feed rate was changed
so that the screw flights were consistently
filled and feed buildup was prevented. Crude
protein, crude fat, moisture, crude fiber and
ash are examples of quality indexes evaluated
with  standard  methods (21), while
carbohydrate was determined by difference
(22). Data generated for the quality indices
were analysed for statistical significance by
developing models and model equations
linking them with processing parameters and
mixture components proportions utilizing the
design software. Regression analysis was used
to fit the chosen models to the data, and model
parameters were calculated. R? model
significance (p-value <0.05), lack-of-fit (p-
value >0.05), adequate precision ratio (> 4),
and numerous other metrics were used to
assess the models' sufficiency. These matrices
aided in determining the model's goodness of
fit and its capacity to forecast the response
variables in various scenarios.

2.2.3Numerical Optimisation
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Numerical optimisation method was used to
create the ideal formulation requirements for
the cereal for morning using desirability
function strategy. The optimization strategy is
to obtain an improved characteristics of the
prepared breakfast cereal applying empirical
models from the experimental data. This was
achieved by setting optimization goals for the
decision variables and the responses to ensure
that the nutritional qualities are improved on.
The desirability function approach transforms
respective dependent variable into a distinct
desirability function by assigning a value
between zero to one for each response
variable, where zero is undesirable and one is
target value. The optimisation goals ranges
from maximising, minimising, keeping in
range and targeting the process factors and
component  proportions. The individual
desirability function is further combined into
an overall desirability function using a
geometric mean, and maximised into a
desirability  index/solution  (di).  The
optimisation constraints schedule set for the
first optimisation are presented in Table 3.

Table 3: Limitations for the Screen
Optimisation of the Developed Breakfast
Cereal

Title Target Lower | Upper | Minimum Maximum Significance
Bound | Bound | Weight Weight

Malted Finger Millet Flour | Keepinrange | 20.00 60.00 1 1 3.0
Malted, Roasted Bambara | Keepinrange | 10.00 40.00 1 3.0
Groundnut Flour

Date Palm Fruit Keep inrange | 5.00 20.00 1 1 3.0
Moringa oleifera Leaf Keep inrange | 2.00 5.00 1 1 3.0
Turmeric Keep inrange | 5.00 15.00 1 1 3.0
Screw Rate Keep inrange | 70.00 150.0 1 1 3.0
Barrel Heat Keep inrange | 90.00 130.0 1 1 3.0
Total Protein target = 16.28 | 2.67 16.28 1 5 5.0
Total Fat Keepinrange | 0.42 18.15 1 1 3.0
Total Fibre Keepinrange | 0.5 4.20 1 1 3.0
Moisture Keep to | 45 11.80 1 1 3.0

minimum

Ash Keepinrange | 2.6 4.60 1 1 3.0
Carbohydrate Keep inrange | 56.23 79.98 1 1 3.0

To further create the best possible formulation
to produce the highest-quality morning cereal,
the formulation conditions from the first (best)
five optimisation solutions (Screen
optimisation) were used to formulate and
extrude fresh samples of the developed
breakfast cereal. Extrudates obtained got

IIMSRT26APR009

characterised revealing proximate composition
using standard method of (21), while
carbohydrate was computed by difference

(22).
Functional properties: Functional properties
such as profile expansion index were

determined as described by (23), bulk density

www.ijmsrt.com 85

DOI: https://doi.org/10.5281/zenodo.19703443



http://www.ijmsrt.com/
https://doi.org/10.5281/zenodo.19703443

Volume-4-1ssue-4-April, 2026

as described by (24), water absorption
capacity, water solubility index and swelling
power as described by (25).

Texture  analysis:  The  M500-100AT
Testometric plus Texture Analyzer (Stable
Micro Systems Ltd., Surry GU7 IJG, England)
was used for the textural analysis according to
(26).

Physicochemical analysis: The extrudates'
physicochemical  characteristics evaluated
were; oxidation value as described by (27), pH
as described by (16), free fatty acid as
described by (28), water activity as described
by (29),

Microbiological analysis: The technique
outlined by (30) was used to calculate total
plate counts. For every sample, five test tubes
were filled with approximately 9 milliliters of
diluents (distilled water). A 250 ml conical
flask was filled with a known amount of
nutritional agar. The nutritional agar was
chilled to 45°C before being poured onto petri
dishes after the contents of the 250ml conical
flask were swirled and autoclaved for 15
minutes at 121°C. After measuring and adding
about 1 milliliter of the extrudate sample to the
first tube, a serial dilution was created.
Following the dilution, 1 milliliter was
measured and added to the appropriate petri
dishes. The agar was then allowed to harden.
The incubation period was 18-24 hours at
37°C. A computerized colony counter was
used to count the amount of colonies (cfu/g).
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The method outlined by (30) was used to
count the mould. A 250 ml conical flask was
filled with a known amount of potato dextrose
agar. After gently swirling the contents of the
250 ml conical flask, it was autoclaved for 15
minutes at 121 degrees Celsius to sterilize it.
Before adding the potato dextrose agar to the
petri dishes, it was allowed to cool to 45°C. In
order to prevent the growth of microorganisms
other than molds, 10% tartaric acid was added
to the agar during the cooling phase.

Sensory evaluation: The formulated breakfast
cereals were evaluated for sensory properties
of taste, colour, flavour, texture, mouthfeel
including general acceptability on a 9-point
hedonic scale (strongly dislike, strongly like)
as described by (31). 50 untrained panelists
were presented with the same samples and
assigned scores on a hedonic scale of nine
points. In order to prevent the panelists from
transferring their knowledge from one sample
to the next, they were given water to rinse
their mouths in between.

Design Expert 13.0 software was then used to
statistically analyze the results. Table 4
displays the optimisation constraints used in
the second optimisation.

Table 4: Limitations for the Second
Optimisation of the Developed Breakfast
Cereal

Title Target Lower | Upper | Minimu Maximu Significa
Bound | Boun | m Weight | m Weight | nce
d
Malted Finger Millet Flour is in | 37.7 46.9 1 1 3
range
Malted, Baked Bambara is in | 25 40 1 1 3
Groundnut Flour range
Date Palm Fruit Powder is in |5 20 1 1 3
range
Turmeric Powder is in | 5.9 15 1 1 3
range
Screw Rate is in | 70 150 1 1 3
range
Barrel Heat is in | 94 126 1 1 3
range
Total Protein target = | 4.56 6.75 1 10 5
6.75
Carbohydrate is in | 72.9 77.04 |1 1 3
range
Moisture Content is in | 455 9.5 1 1 3
range
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Ash maximize | 2.9 3.75 1 1 3
Total fibre is in | 0.2 1.12 1 1 3
range
Total Fat minimize | 6.2 9.84 1 1 3
Total energy Target of | 379.9 4146 |1 10 5
action =
414.6
Retinol Increase 1.61 2.02 1 1 3
Vitamin B complex Increase 2.03 2.96 1 1 3
Vitamin D Increase 0.55 0.82 1 1 3
Vitamin E Increase 0.10 0250 |1 1 3
Free Fatty Acids minimize | 1.75 1965 |1 1 3
Power of Hydrogen minimize | 6.8 8.03 1 1 3
Peroxide value minimize | 1.57 1.97 1 1 3
Water activity minimize | 0.65 0.7 1 1 3
Apparent density minimize | 0.45 0722 |1 1 3
Oil Retention Capacity Increase 16 21 1 1 3
Water Retention capacity Increase 6 16 1 1 3
Water Solubility index maximize | 48 66 1 1 3
Swelling Power maximize | 148 157 1 1 5
Solidification Temperature is in | 78 88 1 1 3
range
Sodium(Na) is in | 43.22 60.56 |1 1 3
range
Potassium(K) is in | 14456 | 204.71 | 1 1 3
range
Calcium(C) maximize | 146.45 | 192.3 |1 1 3
Magnesium(Mn) maximize | 88.75 133.62 | 1 1 3
Iron(Fe) maximize | 9.58 1298 |1 1 3
Zinc(Zn) maximize 0.9085 | 1.3625 |1 1 3
Phosphorus(P) is in | 3.1935 | 4.8685 | 1 1 3
range
Bacteria load minimize | 2 21 1 1 5
Mould minimize | 1 9 1 1 5
Toughness is in | 65.523 | 2185 |1 1 3
range
Chewiness is in | 6.697 4536 |1 1 3
range
Expansion rate maximize | 1.3906 | 2.1166 | 1 1 3
Taste maximize | 4.64 5.3 1 1 3
Colour is in | 3.92 4.8 1 1 3
Savour | range 5.36 5.7 1 1 3
maximize
Texture maximize | 5.82 6.46 1 1 3
Mouth feel is in | 4.16 4.96 1 1 3
range
General acceptability maximize | 4.82 5.22 1 1 3

3.0.Results,Discussionsand

Recommendation Table 5: Result of Proximate Composition
3.1.Experimental Results of the Developed for the Developed Functional Morning
Breakfast Cereal’s Proximate Composition Cereal.

Table 5 displays the average values of the
proximate qualities of the prepared morning
cereal.
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rFf v ycp yfat yfibra ymc yac ycho
% % % | % % %

1 11.9 9.2 1.7 | 7.75 3.9 65.5
5

2 | 1197 |18.15 2.0 | 7.95 3.65 56.23
5

3 1105 0.42 2.8 | 855 3.4 74.33

98 | 4.97 7.73 16 |5.85 4.1 75.75

99 143 9.23 29 145 3.45 75.62

10 | 10.33 | 8.43 06 |11.8 3.7 65.08

0 5

y,, =Crude Protein y, =Crude Fat yg,, =Crude Fibre
y.. =Moisture Content y,. = Ash Content 'y, =Carbohydrate

3.2Statistical Analysis of the Experimental Table 6: The Regression Analysis’s
Results: Table 6 displays the summary of the Summary Statistics of the Developed
regression analysis showing only terms that Breakfast Cereal Proximate Properties
are significant of the proximate characteristics (indicating only significant terms)

of the prepared morning cereal.

Response Origin p-value F-value R’ Adjuste | Predicte | C.V. Signal-to-
dR? dR? (%) noise Ratio
Yep Model <0.0001 | 3.17 0.5039 | 0.3452 0.0716 33.11 7.1343

L/Mixture | 0.0104 | 3.55
Yixtaxs | 00200 | 565

Yfat Model 0.0205 3.05 0.1139 | 0.0766 0.0175 37.04 5.4169
L/Mixture 0.0205 3.05
Yribre Model 0.0243 2.27 0.1850 | 0.1035 0.0032 31.00 9.6324
X7 0.0450 4.13 0.3576 | 0.0915 -0.3279 16.00 49321
X’ 0.0052 8.20
Yime Model 0.1580 1.34
L/Mixture 0.7317 0.5056
X2Xs’ 0.0024 9.91
Xs X7’ 0.0040 8.87
Yac Model 0.0177 1.99 0.3214 | 0.1602 -0.1558 7.02 8.2621

L/Mixture 0.6377 0.6368

Yeho Model 0.0105 2.04 0.3945 | 0.2008 -0.0667 6.09 7.1935
L/Mixture 0.0138 3.36

Ycp= Total protein, yg,.= Total fat, yf;,..= Total fibre, y,,,.= Moisture,
Yac= Ash, y.n,= Carbohydrate

Crude protein model: The results of proportions (Linear Mixture) are significant (p
statistical analysis of crude protein showed < 0.05). The interactive effect of malted finger
that crude protein model and ingredient millet, date fruit and turmeric proportions (
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X1XsXs ) has a p-value of 0.02, making it
significant. The causes of variations account
for 50.39% of the changes in the crude protein,
according to the R® value of 0.5039. The
Adjusted R? of 0.3452 (difference more than
0.2) and the Predicted R® of 0.0716 do not
match, indicating that the model may be
overfitting the analyzed data and cannot be
utilized to interpolate crude protein
consistently. A sufficient signal is indicated by
the signal-to-noise ratio of 7.134. This implies
that the breakfast cereal can be predicted and
the design space can be navigated using the
crude protein model.

Total fat model: Results of analysis of crude
fat content showed that the crude fat model is
significant and crude fat with Linear Mixture
p-value of 0.0205, implies the amounts of
ingredients has a significant impact on the
prepared breakfast cereal at the 5% level of
significance. The causes of variation account
for 11.39% of the variation in crude fat,
according to the R® value of 0.1139. The
Adjusted R? of 0.0766 and the Predicted R? of
0.0175 agree (difference less than 0.2). This
suggests that the model is not overly sensitive
to the analysed data and can be employed for
interpolation. Adequate Precision ratio of
5.417 indicates an adequate signal. The model
can be used to navigate the design space and
be used to make predictions about the crude
fat content for given levels of each factor of
the breakfast cereal.

Total fibre model: From the results of
analysis of crude fibre, with p-values less than
0.05, the crude fibre model and the proportions
of the ingredients (linear mixture) are
significant. The first and second order of

screw speed (X, andx?) are additional

important parameters. This implies that the
screw speed at first and second order
substantially affected the breakfast cereal's
crude fat at 5% significance levels. The
sources of variation account for 18.50% of the
differences in crude fiber, according to the R?
of 0.1850. The Adjusted R? of 0.1035 and the
Predicted R? of 0.0032 agree (difference less
than 0.2). This implies that the model can be
used for interpolation. A sufficient signal is
indicated by an appropriate precision ratio of
9.634. This implies that the crude fiber model
can be used to forecast the breakfast cereal's
crude fiber content and navigate the design
space.
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Moisture content model: The results of
analysis of moisture content showed that
moisture content model is not significant with
p-value above 0.05, and the moisture content
of the developed morning cereal fails to
significantly influence at 5% level of
significance by the ingredient proportions
considering the linear mixture p-value of
0.7317. The proportion of malted roasted
Bambara groundnut with second order barrel
temperature and the proportions of turmeric

with second order screw speed ( X, X and X, X

) were two interaction factors that had a
substantial impact on the moisture content of
the breakfast cereal. According to the R* of
0.3576, the sources of variation account for
35.76% of the fluctuations in moisture content.
The overall mean may be a more accurate
predictor of the moisture content than the
corrected fitted model, according to the
negative predicted R? of -0.3279. A sufficient
signal is indicated by signal-to-noise ratio of
4.9231. This implies that the moisture content
of the breakfast cereal may be predicted using
the moisture content model.
Ash content model: The results of the
statistical analysis of ash content revealed that
the ash content model is significant with a p-
value less than 0.05, but the proportions of the
ingredients are not significant. This suggests
that the proportions of all the ingredients do
not significantly affect the ash content of the
prepared breakfast cereal at the 5% level of
significance, based on the linear mixture p-
value of 0.6377. A sufficient signal is
indicated by a precision ratio of 8.2621. This
implies that for certain values of each factor,
the ash content model may be used to navigate
the design space and estimate the breakfast
cereal's ash content. The overall mean may be
a more accurate predictor of ash content than
the current fitted model, according to the
negative Predicted R® of -0.1558. The model
accounts for 32.14% of the variation in the ash
content, according to the R? value of 0.3214.
Carbohydrate model: Carbohydrate
content data results showed that the proportion
of ingredients and the carbohydrate content
model both have significant p-values of 0.0138
and 0.0105, respectively. The proportion of
date fruit with turmeric and the proportion of
malted finger millet, date fruit, and turmeric

temperature  (X;X; and X X;X;) were two
interaction factors that had a significant impact
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on the carbohydrate content of the prepared
morning cereal. The overall mean may be a
more accurate predictor of carbohydrates than
the current fitted model, according to the
negative Predicted R? of -0.0667. The model
may be used to navigate the design space and
forecast the carbohydrate content for specific
guantities of each factor, and a sufficient
precision ratio of 7.1935 indicates an adequate

International Journal of Modern Science and Research Technology
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signal. To utilize the model for predictions, the
ratio must be greater than 4.

3.3 Results of Optimizing the Developed
Breakfast Cereal Numerically

Table 7 displays the 90 desirable solutions
(component proportions and process factors)
that were obtained from the first optimisation.
Table 7: Optimization Strategies for the
Initial Optimisation of the Developed
Breakfast Cereal

N
0 Xl X2 X3 X4 X5 Cl Zl Z2 ycp yfat yfibre ymc yac ycho D
1| 427 4 5.0 2. 10. 0 70.0 94, 125 7.2 2.4 6.9 3.6 67.4 0.7 S
0 0 0 3 0 e
0 |
e
C
t
e
d
2| 46.8 4 5.0 2 5.9 0 70.9 11 11.4 7.4 16 6.0 3.7 68.1 0.7
0. 0 3 0.3
0
3| 46.9 3 5.0 2 5.9 0. 128.4 10 11.3 7.3 3.3 6.3 3.7 68.2 0.7
9. 0 3 0.8
8
8 | 49.7 1 20.0 5. 15. 0 112.1 13 6.4 6.4 2.8 7.0 3.7 74.6 0.4
8 0. 0 0 3 0.0
0
8 | 43.6 2 13.8 3. | 10 0 110.0 11 6.3 7.2 2.4 7.0 3.7 73.2 0.4
9 7. 8 9 3 0.0
7
9| 427 4 5.0 2. | 10. 0. 70.0 94 12.5 7.2 2.4 6.9 3.6 67.4 0.7
0 0. 0 0 3 0
0

X, =Malted Finger Millet , x, = Malted Baked Bambara Groundnut, xy; = Date Palm Fruit,
X4 = Moringa oleifera Leaf, ys = Turmeric, C; = Salt, Z; = Screw Rate, Z, = Barrel Heat

The results of second optimisation gave 84
desirability solutions which in Table 8
displays the ideal formulation conditions for
the best-formulated morning cereal. Using the
desirability function technique, the
formulation (Solution 1) that yielded the best
breakfast cereal with the highest desirability
index of 0.5 was made with 42.71% malted
finger millet, 40.0% malted roasted Bambara
groundnut, 5% date fruit, 2% moringa powder,
10% turmeric, and 0.3% salt at a barrel
temperature of 110 rpm and a screw speed of
110°C. Sensory scores and quality attributes of
the best breakfast cereal as derived from the
software are 7.28% crude fat, 7.43% moisture
content, 75.58% carbohydrate, 5.79% protein,

IIMSRT26APR009
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3.40% ash content, 0.51% crude fibre, 391.039
ki/cal gross energy, 2.48 mg/100g vitamin B,
1.83 mg/100g vitamin A, 0.69 ng/100g
vitamin D, 0.16 mg/100g vitamin E, 9.8 x 10°
(cfu/g) bacteria count, 4.6 x 10° (cfu/g) fungi
count, 0.570 g/cm® bulk density, 82.4°C
gelation temperature, 12.0% water absorption
capacity, 151.32% swelling capacity 18.2%
oil absorption capacity, 56.0 water solubility
index, 82.4°C, 51 (mg/kg) sodium, 116.60
(mg/kg) magnesium, 167.7 (mg/kg) potassium,
170 (mg/kg) calcium, 3.71 (mg/l) phosphorus,
11.77 (mg/kg) iron, 1.13 (mg/l) zinc, 17.9 (N)
hardness, 122.7 (N) chewiness, 0.68 water
activity, 1.89 expansion rate, 5.5 flavour, 4.9
general acceptability, 4.9 taste, 4.2 colour, 4.8
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Desirability

mouthfeel, 6.1 texture. The desirability bar
plot of the numerical solution in Figure 1
shows the highest desirability value. The
study's findings demonstrated that the best-

formulated morning cereal is of excellent
quality.

Table 8: Formulation Conditions for the
Ideal Breakfast Cereal

Malted | Malted, Date Moringa | Turmeric | Salt | Screw | Barrel | Desira
Finger | Roasted Palm | oleifera | (%) (%) | Rate Heat bility
Millet | Bambara Fruit | Leaf (rpm) ( oc )
Flour | Groundnut | (%0) (%)
(%) Flour (%)
1 |42.700 | 40.000 5.000 | 2.000 10.000 0.300 | 110.000 | 110.000 | 0.503 Selected
2 | 46.800 | 40.000 5.000 | 2.000 5.900 0.300 | 110.000 | 110.000 | 0.503
3 | 37.700 | 25.000 20.000 | 2.000 15.000 0.300 | 110.000 | 110.000 | 0.503
82 | 38.059 | 34.853 11.794 | 2.000 12.993 0.300 | 110.000 | 110.000 | 0.503
83 | 44.956 | 26.231 19.589 | 2.000 6.925 0.300 | 110.000 | 110.000 | 0.503
84 | 45.855 | 33.307 5.661 | 2.000 12.876 0.300 | 110.000 | 110.000 | 0.503
Figure 1: Desirability bar Plot of the cereal with 5.79%  protein, 75.58%

Optimally Formulated Breakfast Cereal
4.0Conclusion

In this study, a functional breakfast cereal was
formulated from blends of locally available
ingredients using constrained D-optimal
mixture-process experimental design,
characterised, and optimised using numerical
optimisation  via  desirability  function
technique. The breakfast cereal provides novel
choices for consumers in search of products
with both improved nutritional and health
benefits. The optimal breakfast cereal was
formulated with 42.7% malted finger millet
flour, 40.0% malted roasted Bambara
groundnut flour, 5% date fruit powder, 2%
moringa leaf powder and 10% turmeric
powder, and yielded an optimal breakfast

IIMSRT26APR009
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carbohydrate, 7.43% moisture content, 3.40%
ash content, 0.51% crude fibre, 7.28% crude
fat, 391.039 k/cal gross energy, 1.83 mg/100g
vitamin A, 2.48 mg/100g vitamin B, 0.69
ng/100g vitamin D, 0.16 mg/g vitamin E, 9.8
x 10 (cfu/g) bacteria count, 4.6 x 10° (cfu/g)
fungi count, 0.68 water activity, 0.57 g/cm®
bulk density, 18.2% oil absorption capacity,
12.0% water absorption capacity, 56.0 water
solubility index, 151.32% swelling capacity,
82.4°C gelation temperature, 51 (mg/kg)
sodium, 167.76 (mg/kg) potassium, 170
(mg/kg) calcium, 116.6 (mg/kg) magnesium,
11.77 (mg/kg) iron, 1.13 (mg/l) zinc, 3.71
(mg/l) phosphorus, 122.7 (N) chewiness, 17.9
(N) hardness, 1.89 expansion ratio, taste (4.9),
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colour (4.2), flavour (5.5), texture (6.1),
mouthfeel (4.8) and overall acceptability (4.9).
Mixture-process technology is also used to
develop novel food products with specific
functional ingredients and overall quality
improvement which helps to solve the rising
need to curb diet-related sicknesses all over
the world. This study however, recommends
that further study be carried out on the effect
of more process variables in the formulation
and optimisation of optimal breakfast cereals
and the health attributes (antioxidants,
phytochemicals,anti-inflammatory,
antibacterial properties) of the breakfast cereal
be evaluated and optimised.
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