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Abstract

The proximate compositions and functional properties of water lily tubers (Nymphaea lotus), coconut (Cocos nicifera)
and wheat (Titricum aestivum) were determined using Association of Official Analytical Chemists (AOAC) standard
methods. Values were obtained in duplicate and results tabulated using mean + standard deviation. Data were
subjectedtothe analysisof variance (ANOVA) and Tukey -Test was used to determine the significant difference among the
various samples. Data were analyzed using the software, Statistical Package for Social Science (SPSS) version 22.00 at the
0.05 level of significance. The results of proximate composition of the various flours indicated increasing level of
protein, fatand crude fibre; 4.41 +0.22t016.73+0.76,6.47 +0.16t019.16 + 0.16 and 12.54 +0.07 to 13.52 + 0.04, while
there was decrease in levels of moisture, ash and carbohydrate as the proportion of the composite flourincreased;7.91 +
0.03t010.30+0.21,0.90+0.10t04.28+0.24and 40.89 + 1.22t061.99 + 0.35. Functional properties resultsindicateda
decreasein the level of water and oil absorption capacity and emulsion ability; ABC (134.87 +0.66), RBD (87.97 + 0.88),
XYZ (91.64 + 1.50), DIO (105.00 + 1.69) and ERY (128.81 + 2.29) but decreased level in the bulk density; 0.56 + 0.03 to
0.68 + 0.01 and stable foaming capacity, 12.44 + 1.27 to 17.16 + 0.69. With the addition of other flours to wheat flour,
the functional properties such as water absorption capacity, oil absorption capacity, emulsion stability and foam capacity
decreased while the bulk density increased. Incorporating other flours with wheat flour increased the protein, fat and
fibre contents, making it a viable materials for the preparation of pastries and other flour products.
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Introduction

For the past decade, there has been so much pressure on cereals and grains as food and feed due to population growth.
Cereals are generally acknowledged for their importance in the nourishment of millions of people around the world. It is an
excellent source of energy and traces of protein. Itis also widely acknowledged that some cereals adgrains have poor protein
content and that, their protein quality is hampered by deficits in certain key amino acids, particularly lysine but if used as
composite flour, the nutrients complement each other [1]. Composite flour is well-defined as a mixture of flours obtained
from starch-rich tubers such as cassava, yam, and potato, as well as protein-rich flour made from beans, coconut, leave, and
cereals, with or without wheat flour, made to meet specific functional characteristics and nutrient composition [2]. In terms of
minerals, vitamins, fibers, and proteins, composite flour offers a higher nutritional value than flour milled from a single
cereal. According to author [3], the composite flour mixture can give a balanced nutrition. Composite flour has been the focus
of various studies in the last few years. There has been a growing interest in using functional gluten-free flours to partially
replace the traditional wheat flour formulations [4, 5]. The use of composite flour has several advantages in underdeveloped
nations such as Africa and other parts of the world. Furthermore, [6, 7] claimed that using composite flour will promote better
overall usage of domestic agriculture products.

Nymphaea lotus is a shallow-rooted aquatic plant with vegetative parts that emerge above the water surface. It is one of the
most prominent aquatic macrophytes found in Ghana freshwater bodies. Many authors have emphasized the impact of various
macrophytes on water bodies. Despite its prevalence on many of our country’s fresh water bodies and its utility among anglers,
thereisascarcity of knowledge about its usage [8]. It iscommonly known that the majority of people inimpoverished nations rely
on famine foods such as Nymphaea Lotus tuber. It is an herbaceous aquatic plant that can be found inrivers, streams, and ponds.
Itisahydrophyte with pink, white, oryellow flowers that float or submergeinwater [9]. The nymphaea lotus tubers contain seeds
that are used to produce food delicacies by the Hausa people of Ghana, Nigeria, the people of Southern Sudan, and some parts of
America. The seeds are locally referred to as ‘gunsi’ in Ghana by the people of Upper East Region. The seedscan be milled into
flour and has the potential to be used to partially replace wheat or millet flour in meal preparation, due to the relatively high
water binding capacity. Author [10] advocated for the use of Nymphaea lotus as a supplement to fish and livestock feeds.
Authors [11-16] have all cited composite flour as unique flour that gotten a lot of interest in research and food products
development.

Coconut as fruit is common in West Africa particularly Ghana. It is used in making coconut oil apart from eating it as fruit.
Therefore, little research has been done about how it can be processed into flour and used to partially replace traditional
wheat flour. According to author [17], the mature coconut endospermis abundant in nutrients and hence used in the application
of products in other countries. In the production of food products, the functional qualities of composite flours are critical; as it
indicates whether the blends are suitable for use in products that require moisture to facilitate handling [18]. In practicality,
the use of composite flour in baked goods would help to reduce total reliance on imported wheat as well as saving hard
currency and promoting high yielding native plant species. The aim of this research was to undertake proximate compositions
and functional properties of composite flour made from water lily tubers (Nymphaea lotus), coconut (Cocos nicifera) and wheat
(titricum aestivum).

Materials and Methods
Raw Materials and Equipment
Wheat flour, semi dried coconuts and Nymphaea lotus tubers were purchased from the Bolgatanga market. Equipment such as

blender, bowl, knife, digital weighing scale, measuring cup, baking sheets, and oven were got from the food practical laboratory of
Bolgatanga Technical University, Ghana for the samples preparation.

ScholArena | www.scholarena.com Volume3 | Issue1


https://www.scholarena.com/

J Food Tech Food Chem 3

Sample Preparation

Coconut

Semi-dried coconut was cracked, washed and then subjected to grating. Through the grating process, coconut milk was extracted by
putting the residue in a clean muslin cloth and squeezed out. The residue was then weighed and dried at 60° C in an Apex Hot Air
Oven Dryer (Royce Ross Ltd) until it reached a consistent weight. A plate mill (Quaker City Grinding Co, Model 4-E, Phoenixville,
PA) was used to grind the dried coconut into flour. A 100 mesh sieve was used to sieve the coconut flour. The flour was stored in
plastic bags at room temperature before being utilized to make the composite flour.

Nymphaea

Nymphaea lotus tubers were collected from the central market of Bolgatanga. The seeds were removed and allowed to dry in hot
air oven at 60°C for 12 hours to a desirable moisture content of 12%. Once dried, the Nymphaea seeds were placed inside a food
processor and pulsed for 2 to 3 minutes until finely textured flour was attained. It was sifted, packaged and stored in air tight
container for further analysis.

Formulation of composite flour

The primary formulations for the flour samples are mentioned in Table 1. The samples were prepared with the combination of
coconut flour (CF)inO0, 6, 8, 12 and 15%; wheat flour 100, 90,80,70,60 while the nymphaea flour (NF) was also prepared indifferent
percentagesof0,4, 12,18 and 25% concentrationincombination with wheat flour (WF). Five (5) different samples were produced
andcodedasABC, RBD, XYZ, DIOandERY.Sample ABC servedascontrol, containing 100% wheat flour. SamplesRBD, XYZ, DIO
and ERY consisted of wheat, coconuts and Nymphaea flours. Sample (RBD) was produced using 90% wheat flour, 4% coconut flour
and 6% Nymphaeaflour. Sample (XYZ) was prepared using 80% wheat flour, 12% coconuts flour and 8% Nymphaea flour whereas
sample (DIO)wasmade upof 70%wheat flour, 18% coconuts and 12%nymphaeaflour. The lastsample (ERY), was comprised of
60% wheat flour, 25% coconuts and 15% nymphaea flour.

INGREDIENTS ABC RBD XYZ DIO ERY
Wheat flour (soft) (%) 100 90 80 70 60
Nymphaea flour (%) 0 6 12 18 25
Coconut flour (%) 0 4 8 12 15

Table 1: Formulation of Composite Flour

Proximate composition of flours

The proximate composition of the Raw Wheat Flour (ABC, 100%) and their flour blends (RBD 90%, Wheat flour, 6% Nymphaea
flour, 4% Coconut flour), XYZ (80% Wheat flour, 12% Nymphaea flour, 8% Coconut flour), DIO (70%Wheat flour, 18%, Nymphaea
flour 12%, Coconut flour), ERY (60%, Wheat flour, Nymphaea flour, 25%, 15% Coconut flour) were determined using [19] method.

Moisture content and total solids: Oven Drying Method

Fivegrams (5g)of samplewastransferredtothe previouslydriedandweigheddish. Dishwasplacedinanovenand thermostatically
controlled at 105 degrees for 5 hours. Dish was removed and placed in a desiccator to cool to room temperature and weighed. It
was thendried again for 30 minutes, cooled downagainand weighed. Drying, coolingand weighing wererepeated untilaconstant
weight was reached. (Alternatively, sample could be dried in a thermostatically controlled oven for at least 8 hours where a constant
weight would be achieved). The determinations were duplicated and the average found.
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Calculations
%moisture (wt/wt)=wtH,Oin sample x100
Wt of wet sample

%moisture (wt/wt) =wt of wet sample-wtof drysample x100

Wt of wetsample

%total solids (wt/wt) =wt of dried sample x100

Wt of wet sample

Ash content

Five grams (5g) sample was weighed into a tarred crucible and was pre-dried. Crucible was placed in cool muffle furnace using tongs,
gloves and protective eyewear. The crucibles Ignited for 2 hours at about 600 degrees Celsius. Muffle furnace was turned off and
opened when temperature dropped to at least 250 degrees preferably lower. The door was carefully opened to avoid losing ash that
may be fluffy. Safety tongs was used to transfer crucibles to a desiccator with a porcelain plate and desiccant. Desiccator was closed
and allowed crucibles to cool prior to weighing.

Calculations

%Ash  =wt of ash x100
Wt of sample

%Ash = (wtof crucible+ ash) - wt of empty crucible x100

(wtofcrucible+sample)-wtof emptycrucible

Fat content: Soxhlet Extraction

Previously dried (air oven at 100° C) 250 ml round bottom flask was weighed accurately. Five grams (5.0g) of dried sample to 22
x80mm paper thimble or afolded filter paper was weighed. Asmall of cotton or glass wool was placed into the thimble to prevent
loss of the sample. 150ml of petroleum spirit B.P 40-60° C was added to the round bottom flask and assembled the apparatus. A
condenser was connected to the soxhlet extractor and reflux for 4 - 6 hours on the heating mantle. After extraction, thimble was
removed andrecoveredsolvent by distillation. The flask and fat/oil was heated inan oven at about 103° C to evaporate the solvent. The
flask and contents were cooled to room temperature in a desiccator. The flask was weighed to determine weight of fat/oil collected.

%FAT (drybasis) =fat/oil collected x 100

Weight of sample

% FAT (dry basis) = (wt of flask + oil) - wt. of flask x 100

Weight of sample
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Crude Fibre Determination

Twograms (2g) sample from crude fat determination was weighed into a 750ml Erlenmeyer flask. 200ml of 1.25% H,SO,was added
and immediately flask was set on hot plate and connected to the condenser. The contents were boiled within 1 minute of contact
withsolution. Atthe end of 30 minutes, flask was removed and immediately filtered through linen clothin funneland washed with
alargevolumeof water. Filtrate (containing sample fromacid hydrolysis) waswashedand returnedinto the flask with200ml 1.25%
NaOH solutions. Flask was connected to the condenserand was boiled forexactly 30 minutes. ltwas then filtered through Fischer’s
crucible and washed thoroughly with water and added 15ml96% alcohol. Crucible and contents was dried for 2 hourat 105 °Cand
cooled in desiccator and it was weighed. Crucible wasignited in a furnace for 30 minutes and after that it was cooled and reweighed.

%Crudefibre=weightof crudefibre x 100

Weight of sample

% Crude fibre = wt of crucible + sample (before - after) ashing x 100

Weight of sample

Protein Determination
Digestion

Two grams (2g) of sample and a half of selenium -based catalyst tablets and a few anti-bumping agents were added to the
digestion flask. 25ml of concentrated H,50, was added and the flask was shook for the entire sample to become thoroughly wet.
Flask was placed on digestion burner and heated slowly until boiling ceases and the resulting solution is clear. The sample was
then cooled to room temperature and digested sample solution was transferred into a 100ml volumetric flask and made up to
the mark.

Distillation

Toflush out the apparatus before use, distilled water was boiled in a steam generator of the distillation apparatus with the connections
arranged tocirculate through the condenser, forat least 10 minutes. The receiving flask was lowered and continued to heat for 30
seconds inorder to carry over all liquid in the condenser. 25 ml of 2% boric acid was pipetted into 250ml conical flask and 2 drops
of mixed indicator added. The conical flask and its contents was placed under the condenser in such a position that the tip of the
condenseriscompletelyimmersedinsolution. 10mlof thedigested sample solution was measuredinto the decomposition flask of
theKejdahlunit, fixeditandadd excess of 40%NaOH (about 15-20ml) toit. Theammoniaproducedwasdistilledintothecollection
flask with the condenser tip immersed in the receiving flask till a volume of about 150ml- 200ml is collected. Before distilling another
sampleandoncompletionofalldistillations, theapparatus was flushedasinstep 1above. Steamwasallowed to passonlyuntil 5ml
of distillate is obtained.

Titration

Distillate with 0.1N HCL solution was titrated. The acid was added until the solution became colorless. If additional acid is added the
solution becomes pink. The nitrogen content was determined in duplicate, and run a blank determination using the same amount of
allreagentsasusedforthesample. Theblankwill correct fortracesof nitrogeninthereagentsandshouldincludedigestionaswell
as distillation.
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Calculation

% total nitrogen = 100 x (Va-Vb) x NAx 0.01401x 100
Wx 10

Va-volume in ml of standard acid used in titration

Vb- volumeinmlof standard acid usedinblank
NA- normality ofacid

W- Weight of sample taken
Carbohydrate Content

The calculation of available carbohydrate (nitrogen-free extract-NFE) was made after completing the analysis for ash, crude fibre,
etherextractand crude protein. The calculation was made by adding the percentage values on dry matter basis of these analysed
contents and subtracting them from 100%.

Calculation

Carbohydrate (%) =% crude fibre + % NFE
OR
Carbohydrate (%) =100 - (% moisture +% fat +% protein +% ash)

x. Calculation for dry basis = (100-% moisture) x wet basis
100

Functional properties of the flour blends
Water and oil absorption capacity

Thewaterandoilabsorptioncapacitiesweredetermined by themethod of [20]. Onegram (1g) of the flour sample wasdispersedin
10ml of oil and vortex the suspension for 5 minutes. The suspension obtained was centrifuged at 3500 rpm for 30min. it was then
decanted and measured with supernatant in a 10ml graduated cylinder. The density of the oil, and calculated oil absorption capacity
were determined using the formula:

ly—z)=d

Oil absorption capacity (% OAC) - =

= 100

Wherey=initial volume of oil added

Z=volume of supernatant collected

X=initial weight of (dried) sample taken

d= density of oil

y-z =volume of water retained by the sample after centrifugation
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Water Absorption Capacity

Thewaterabsorptioncapacityof the flourswasdetermined by themethodof[20]. One (gram) of thesamplein 10mldistilled water
wasdispersedandvortexthesuspensionfor5minutes. Thesuspensionobtainedat 3500 rpm for30minwascentrifuged. ltwas then
decanted and measured with supernatant in a 10ml graduated cylinder. Density of water was taken as 1.0gcm?, and calculates water
absorption capacity as:

Waterabsorption capacity (% WAC)= }Ii x 100
Wherey=initial volume of water added
Z= volume of supernatant collected
X=initialweightof (dried) sample taken

y-z =volume of water retained by the sample after centrifugation

Bulk Density

Thebulkdensitywasdeterminedaccordingtothemethoddescribedby[21]. Anamountof 100gof thesamplewasweigheddirectly
into 250ml capacity graduated cylinder and tap the measuring cylinder 10 to 15 times until no change in volume is observed.

Bulkdensity = weightofsample(g)

Volumeof sample after tapping (ml)
Foaming capacity and foaming stability

Foaming capacity and foaming stability were determined as described by [22] with slight modifications. Five milligram (5ml) of
samplewasweighedand mixedin40mldistilledwaterandhomogenizedfor 5minat highspeedusingahomogenizerwithasuitable
stirrer. Thevolume of foamseparatedwasnoted. Forstability, the collapseinfoamif anyat theendof aspecific timewasmeasured
(e.g. 1 minute, 2 minutes, 4 minutes and 5 minutes).

Calculate the capacity and stability as follows:

. . {volafterhomogenization)—(relbef orshomogenization)
%foamingcapacity= — % 100
volbeforehomogenization

%foam stability= foamvolumeafrertimelt) % 100

initial foamvolume

Statistical analysis

Datawereanalyzed usinganalysisof variance (ANOVA). Tukey Testwas used to determine significant difference among the various
samples in duplicate. Data were analyzed using the software, Statistical Package for Social Science (SPSS) version 22.00 (SPSS Inc.,
Chicago), IL, USA at the 0.05 level of significance.
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Results and Discussion

Proximate Analysis

Table2 presents the proximate composition of the various flour samples. The moisture content of the flour rangesfrom7.91 £0.03
to 10.30 = 0.21 for the flour compositions. There were significant differences between the whole wheat flour and the various flours
compositions. The highest moisture content was recorded by Sample ABC (100% wheat flour) and the lowest recorded by DIO (70%
wheat flour). Thus sample ABC differed (p<0.05) significantly from the other samples. The moisture content of all samples were
similar to that produced by [23] from whole wheat flour and full fat soya bean flour (ranged from 7.24-9.85%) except sample ABC.
These differences observed could be attributed to the different ingredients (Nymphaea flour and Coconut flour) used for the various
flours. The flour sample DIO had the lowest moisture content (7.91%) and this shows that it will have a long shelf-life since lower
moisture content is critical for prolonging the shelf life [24]. Similar observations were made by [25] in wheat-sweet potato composite
flours. The findings disagree with the study of [26] whorecorded anincreasein moisture content on wheat flour, soybean flourand
cocoyam flour blends. The other samples may however have a shorter shelf-life as compared to sample DIO since high moisture
content has been associated with short shelf life of baked products, as they encourage microbial proliferation that lead to spoilage
[24],[27]. Theashcontentrangedfrom0.90+0.10to4.28 +0.24for the flour compositions. Sample ABC (100% whole wheat flour)
had the highest ash content with a value of 4.28. The ash content of the remaining four samples namely RBD, XYZ, DIO and ERY
had ash contents (1.21 to 1.58) lower than what was recorded by [23]. They reported ash contents of 2.20 to 2.57%. From the results,
there was no significant (p>0.05) difference between the ash contents. The presence of ash is an indication of minerals present in the
sample[28]. Theashcontent of the samplesdecreasedassubstitutionof wheat flourincreased. Thistrend showsareductioninthe
ash content of the samples with Nymphaea flour and Coconut flour.

The protein content ranges from 4.41 + 0.22 to 16.73 + 0.76 for the formulation of flour with sample ABC (100% wheat) having
the lowestand ERY (60% Wheat flour, 25% Nymphaea flour, 15% Coconutflour) having the highest. There was significant (p<0.05)
difference between all the flour formulations. Increasing the Nymphaea flour and Coconut flour content resulted in the corresponding
increaseintheproteincontentdue tohigher presencein proteininboth Nymphaeaflourand Coconut flour (about 17.5% of protein,
[29]. Contrary to thisstudy however, [29] reported amuch higher protein content (17.65-21.65%) for their samples produced from
sweet potato flour and soybean flour. The protein content increased as the percentage of soybean flour increased. The higher protein
content of the samples by [29] may be attributed to the high percentage of soybean flour present in the biscuit. Proteinin foodis
very essential as is responsible for body building and repair of worn out tissues. Proteins are important food components, especially
forchildrensince theyare needed as building blocks for the body, necessary for growth and for the repair of damaged tissues [30].
Children consuming these products will therefore benefit immensely.

The fat content ranges from 6.47 +0.16t019.16 + 0.16 with sample ABC (100% wheat) having the lowest and ERY (60% Wheat flour,
25% Nymphaeaflour, 15% Coconutflour) having the highest. There wassignificant (p<0.05) differencesinthefatcontent. Thisfinding
issimilartowork of [31]whose work was in coconut flourand wheat flour biscuit respectively. They recorded higher levels of fatin
theirsamples. The fat content of all samples were higher than that of a flour (5.25%) with 70% sweet potato flour and 30% soybean
flourproducedby[31]. Thesedifferencescouldbeattributed tothedifferentingredients (Wheatflour,Nymphaeaflour, Coconutflour)
usedforthebiscuitsin thisstudy. The finding agreeswith[31]and [32] ontheirreportsfor theincreasing trendinthefat content of
the flour produced from wheat-defatted cashew nut and wheat-brewers grain (2.52-4.80%) flour blends respectively. The presence of
high fat content in the flour means high calorific value and also serves as a lubricating agent that improves the quality of the product,
in terms of flavor and texture. In addition, fat is a rich source of energy and is essential as carriers of fat soluble vitamins; A, D, E
and K. However, high levels of fat in food products should be <25%, since this could lead to rancidity in foods and development of
unpleasant and odorous compounds [32]. Fat is very important in food as it helps in the absorption of vitamins and it also fills fat
cells and insulates the body to keep it warm.
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The Crude fibre content ranges from 12.54 + 0.07 to 13.52 + 0.04 for the flour formulations. Sample ABC (100% wheat) had the
lowest (12.54) and ERY (60% Wheat flour, 25% Nymphaea flour, 15% Coconut flour) had the highest (13.52) fibre content. Increasing
the content of the Nymphaeaflourand Coconut flour resulted in the correspondingincrease in the fibre contentas coconut isknown
to have higher content of fibre. Statistical analysis showed that there was no significant (p<0.05) differences between the fat content
of thesamples. The crude fibre content of all samples were however higher than (12.54-13.52%) than those produced by [33] and
[34]whichrangedfromand3.29-5.73%. Fibreinfoodfacilitateseasydigestioninthecolonandreducesconstipation[25]; [35]. The
finding conforms to the observationof [36] for theincreasing trendin the crude fibre (1.32-10.82%) contents of cookies made from
wheat-brewers spent grain flour blends. In contrast, the result was higher than the crude fibre (1.05- 1.65%) of cookies produced
from wheat-defatted cashew nut flour blends as reported by [29]. The presence of high fibre in food products is essential owing to its
ability to facilitate bowel movement (peristalsis), bulk addition to food and prevention of many gastrointestinal diseases in man [36].
Fibreinfoodisinvolvedintheenhancementofgastrointestinal tractandcardiovascularhealth[37]. Italsoaidinloweringtheblood
cholesterol level and slows down the process of absorption of glucose thereby assisting in keeping the blood sugar level in control
[38]. Additionally, it ensures smooth bowel movement leading to easy flushing out of waste product from the body.

The carbohydrate content ranges from 40.89 + 1.22 to 61.99 + 0.35 for the flour formulation. The carbohydrate content decreases as
the level of the Nymphaea flour and Coconut flour increases. Sample ABC (100% wheat) had the highest (61.99%) and the lowest was
recorded by ERY (60% Wheat flour, 25% Nymphaea flour, 15% Coconut flour) with a content of 40.89%. There was statistical (p<0.05)
differences among the samples. The carbohydrate content of all samples were lower than that reported (ranges 64.52-70.32%) by [24].
Theywerehoweversimilartothosereported (49.3-59.5%)by[26]. Thehighcarbohydrate contentof thesample ABCsuggestsahigh
energycontentoftheflourandhigh-energyfoodstendtohaveaprotectiveeffectintheoptimalutilizationof othernutrients[28].
Similartrendwasobserved by [39]. Carbohydrates are sources of essential energy for the body and are good source of vitamins and
minerals.

Sample Moisture Ash Protein Fat Fibre CHO

ABC 10.30 + 0.21* |4.28 +0.24° 4.41 £0.22% | 6.47 +0.16° 12.54 + 0.07° 61.99 + 0.35°
RBD 8.31 £0.19° |1.21 £0.21> |12.01 +0.20° 8.60 + 0.07° 12.72 + 0.032 57.01 £ 0.72°
XYZ 8.34 £ 0.17° |1.34 £0.77° |15.76 +0.08° 11.01 £ 0.03¢ | 12.98 £0.04% 50.70 + 1.00¢
DIO 7.91 £0.03> |1.45£0.10° |16.11 £0.08° 15.18 +0.03¢ 13.41 +0.25% 46.48 + 0.36°
ERY 8.12 £ 0.37> |1.58 £+0.71> |16.73 +0.76¢ 19.16 £ 0.16¢ 13.52 + 0.04¢ 40.89 + 1.22¢

Table 2: Proximate Composition of Flour blends

Values represent means and standard deviation replicate readings for various parameters. Values in the same column with different
superscripts are significantly different (p>0.05). Keys: ABC = 100% (Wheat flour), RBD = 90, 6, 4 (Wheat flour, Nymphaea flour,
Coconut flour), XYZ =80, 12, 8 (Wheat flour, Nymphaea flour, Coconut flour), DIO =70, 18, 12 (Wheat flour, Nymphaea flour, Coconut
flour), ERY =60, 25, 15 (Wheat flour, Nymphaea flour, Coconut flour)

Functional properties of flour blends

Table 3 shows the functional properties of the various flour samples. Water Absorption Capacity represents the ability of a product to
associate with water under conditions where water is limited [40]. The water absorption capacity of the samples ranged from 87.97 to
134.87.Resultsobtainedrevealthat formulation ABC (100%wheat flour) had thehighest (134.87+0.66) waterabsorptioncapacity
followed by ERY, DIO, XYZ and RBD with the least of 87.97 + 0.88. The highest WAC of the sample AF (whole wheat flour) could be
attributed to the presence of higher amount of carbohydrate (starch) in the flour which is supported by the carbohydrate content on
the various formulated flour in Table 1. There were significant (p<0.05) differences among the WAC of the samples. Results obtained
aredifferent fromthat of [41]who reported WACof 2.65 to 5.74. They worked on refined wheat flour, elephant foot yam flour and
flour blend. The variance of WACin flours may be due to the difference in particle size, shape and also the presence of different
hydrophilic carbohydrates, lipids and proteins [42]. The findings support that of [43] whose work was assessing the functional
qualitiesof composite flours made by combining wheat flour, rice flour, green gramflour, and potato flourin theratios: 100:0:0:0,
85:5:5:5,70:10:10:10, and 55:15:15:15. They discovered that adding rice, green gram, and potato flour to wheat flour reduced water
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absorption because therice, greengram, and potato starch have amolecular structure thatinhibits waterabsorption. Ingeneral,
functional characteristic of flour playsamajorrolein the accomplishment of ready toeat food products and highwaterabsorption
capacity may facilitate in the cohesiveness of the product [44]. Itis vital to assess these intrinsic functional properties as they can
maintain the behaviour of food constituents in a complex food system, either during food processing, manufacturing or storage [45].

The Oil absorption capacity of the samples ranged from70.63 t0 96.43. The highest value of OACwas observed in formulation ABC
(96.43 + 3.01°) followed by ERY, DIO, XYZ and RBD with the least of 68.00 + 1.48. This capacity also depends on intrinsic factors
like amino acid composition, protein conformation and surface polarity or hydrophobicity. The study showed that the oil absorption
capacity of sample ABC was significantly (p>0.05) different from the other samples. Results obtained are different from that of [41]
whoreported WACof 1.86t02.73. Theyworked onrefined wheat flour, elephant foot yam flour and flour blend. OAC of flour playsa
significant role in improvement of shelf life and palatability especially in bakery product where fat absorption is desirable. OAC also
reflectsin flavour retention and enhanced mouth feel [46]. The variance in the existence of non-polar groups in flours and binding
capacity with flour might be responsible for difference in OAC of flours; the content of protein with hydrophilic and hydrophobic
groups plays a significant role in determining OAC of flours [42]. The OAC makes flour to be suitable in facilitating enhancement
in flavor and mouth feel when used in food preparation. It is also a useful factor in food system where optimum oil absorption is
desired. This result is similar to [47], they tested batters containing rice flour and wheat flour and discovered that rice flour resisted
oil absorption better than wheat flour but was less effective as a thickening agent. Again, the results confirmed the studies of [48] on
micronized cowpea flour, [49] roasted peanut flour and [50] low-fat soy flour. They found that the oil absorption capacity of defatted
macadamia cultivar flours were significantly higher than that of partially defatted flours.

Bulk density is a measurement of how heavy a flour sample is [51]. The bulk density of flour is used to calculate the amount of
packagingrequired. The particle sizeand moisture concentration of flours playarole. The bulk density of composite flour grew as
the percentage of other flours added to wheat flour increased. Flour’s high bulk density signifies that it is suitable for use in food
preparations (liquids, semisolids or solids). Low bulk density, on the other hand, might be advantageous in the formulation of
weaningfoods[52]. Thebulkdensityof thefloursamplesrangedfrom0.56t00.68. Thehighest bulkdensity wasobservedinSample
RBD (90% Wheat flour, 6% Nymphaea flour, 4% Coconut flour) and the least in sample ABC (100% wheat). Increasing the composite
flours resulted in a corresponding decrease in the bulk density with no significant differences between them. The study showed that
thebulk densityof sample ABCwassignificantly (p>0.05)different from theothersamples. Resultsobtained are similarfromthose
of [41]whoreported bulkdensityof 0.51t00.55. Theyworkedonrefined wheat flour, elephant foot yam flourand flour blend. Bulk
densityisafunctionality that dependsonthe particle size and moisture content. High bulk density of flour suggest their suitability
for use in food preparations and on the contrast, low bulk density would be an advantage in the formulation of complementary
foods [47]. The bulkdensity of whole flours from pintobean, limabean, redkidney bean, black bean, and navy bean was examined
by [54]. They found that the bulk density of legume flours ranged from 0.543 g/mL t00.816 g/mL, with lentil flour and black bean
flour having the highest and lowest values, respectively. The results are consistent with those reported by [55], who recorded the bulk
densities of various chickpea cultivarsandhad 0.536 g/mLt00.571 g/mL. The study had different results from that of [55] whose
workwasdeterminationof functional properties of potato, taro, corn, and soyaflourandrecorded the bulk density of potato flour
(0.998 g/mL) having the highest bulk density and soya flour having the lowest (Potato>Taro>Corn>Soya). Author [56] reported a
similar result for bulk density of flour blend especially wheat flour blended with amaranth flour.

The emulsion ability of the samples ranged from 10.57 to 61.25. Sample ABC (100% wheat flour) had the highest emulsion ability
(61.25 + 1.77). Analysis of variance showed that there were statistical (p<0.05) differences between the emulsion ability of the flour
samples. Itwasobserved thatintroducing the coconutandnymphaeaflourresultedinasudden decreasein the emulsionability but
increased as the composite flour content increased. This is so probably because of the type of protein presence in the two composite
floursisdifferent fromthatin the whole wheat flour. Itis also influenced by factors such as solubility, pHand concentration of the
protein. According to [57], adding 20% soy flour to the wheat had a substantial favourable influence on the emulsifying activity
of the samples. Author [58], in their findings observed that the addition of 5% pea or soybean protein isolates to rice flour, on the
other hand, had no effect on the emulsifying activity of rice flour dough. These findings confirmed with that of [59] whose work
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was the emulsion stability of mucana bean flour and jack bean flour and recorded decreased in emulsion ability as the concentration
of flour in the solution rose. However, [60] observed an improvement in emulsifying stability of Bambara groundnut flour with
increasing concentration until it started to diminish with rising flour concentration from 6% w/v upward. Author [61] on the
emulsifying capabilities of sunflower and soybean flours and protein concentrates came to the same conclusion. Emulsion ability
playsasignificant role inmuch food system where the proteins have the ability to bind with fat tomeet products batter, dough and
salad dressing [62]. Author [63] also stated that the hydrophobicity of protein has an influence on their emulsifying properties hence
the trend that was observed.

The amount of interfacial area generated by protein during foaming is measured by the foaming capacity [64]. Oilseed proteins’
foaming characteristics are significant for the domestic market since they are employed in the manufacturing of a variety of culinary
products. Flours can form foams due to surface-active proteins [59]. The foaming capacity of all samples ranged from 2.44 to 13.04.
Therewas asignificant difference between sample ABC and the remaining samples. Sample ABC (whole wheat flour) had a higher
13.04+0.00FCwhiletheothershad thesameresultsof2.44+0.00. This trend could be due to the fact that thereisacomponent of
oneof the composite flourswhich could possess antifoaming ability hence what was observed. The study showed that the foaming
capacity of sample ABC was significantly (p>0.05) different from the other samples. The changes in the foaming capacity of flour
blends are comparable with earlier studies stated by [65]. Studies by [66] revealed a Foaming capacity of 7.21t0 33.38. The FCis
accredited to the existence of proteins, which form a continuous cohesive film around the air bubbles in the foam. In their study
the FC of refined flour (33.38%) was found to be significantly higher than that of elephant foot yam flour (7.21%) and flour blend
(11.88%). The findings disagree with the study of [67] who found out that the foaming capacity of kidney bean flours ranged from

82.1t0 132.0 percent depending on the pH (2, 4, 6, 8, and 10). Again the results were not in line with [68] who investigated the
foaming capacities of wheat flour, rice flour, green gram flour, and potato flour and recorded green gram flour with the maximum
foam capacity (24.23 percent), followed by wheat flour (12.92 percent), potato flour (6.84 percent), and rice flour (6.84 percent)
(3.52 percent). The foaming capacity of field pea flour (FPF) and pigeon pea flour (PPF) was investigated by [55]. They found that
the foams formed by legume flours were thick, witha low foam volume but a high foaming capability. They observed that foaming
capacity of FPF was found to be higher (39.5-42.3%) than that of PPF (34.5-37.3%). The results were similar to those previously
published by [69], but were lower than those reported by [70] for PPF (68 percent). This could be related to protein and carbohydrate
composition discrepancies.

Sample WAC OAC BD EA EC

ABC 134.87 £ 0.66% | 96.43 + 3.01* | 0.56 + 0.032 61.25 + 1.77° 13.04 + 0.00°
RBD 87.97 + 0.88> | 68.00 + 1.48° | 0.68 +0.01° 10.57 + 1.69¢ 2.44 + 0.00°
XYZ 91.64 + 1.50° | 70.63 + 0.29° | 0.67 + 0.00° 12.44 + 1.27" 2.44 + 0.00°
DIO 105.00 + 1.69°| 72.21 + 1.90° | 0.66 + 0.00° 15.83 + 1.18" 2.44 + 0.00°
ERY 128.81 +2.29°| 72.21 + 1.52° | 0.64 + 0.05° 17.16 + 0.69° 2.44 £ 0.00°

Table 3: Functional Properties of Flours

Values represent means and standard deviation replicate readings for various parameters. Values in the same column with different
superscriptsaresignificantly different (p>0.05). WAC = Water Absorption Capacity, OAC = Oil Absorption Capacity, BD = Bulk Density,
EA = Emulsion Ability, FC = FoamingCapacity

Conclusion

Composite flours have been utilized in the making of pastries and other flour products for along time with great success. The functional
qualities of composite flours are a critical parameter for producing high-quality food items in terms of appearance, sensory attributes,
and consumer acceptance. With the addition of other flours to wheat flour, the functional properties such as water absorption
capacity, oil absorption capacity, emulsion stability and foam capacity decreased while the bulk density increased. Incorporating
other flours with wheat flour increased the protein, fat and fibre contents making it a viable material for the preparation of baked and
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other flour products. Integrating the foregoing flours into wheat flour would thus be a cost-effective technique of lowering the costs
of bakery product while also addressing malnutrition issues among Ghanaian children. This study concluded that composite flour
hadboth positive and negative impacts, and can be used toimprovefood quality in the future. Further, composite flour is likely to
operate as a product that provides a future source of locally grown agricultural items.
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