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Abstract 
The objective of the study was to add value to sweet potato based biscuits, the 

sweet potato was processed into flour; while the African yam-bean seed was 

sorted to remove the stones, dirt’s and unwholesome materials, washed, fermented 

in lime water, sundried, roasted and processed into flour and sieved. The African 

yam-bean flour was substituted at 00, 5, 10, 15 and 20 % into wheat and sweet 

potato composite flour were used for the production of biscuits. Functional, 

proximate composition of the biscuits, physical and sensory properties of 

composite biscuits were determined. Significance difference (P<0.05) was 

observed Bulk density, water absorption capacity, oil absorption capacity and 

foaming capacity increased from 0.63 to 0.79 g/cm3, 1.24 to 211 g/g, 1.98 to 2.29 

g/g and 1.60 to 2.09, respectively with an increase in the addition of African yam-

bean and sweet potato flour. The crude protein, crude fat, crude fibre, moisture 

and ash increase from 6.21 to 14.64 %, 3.58 to 4.97 %, 0.89 to 1.33 % and 4.10 

to 4.76 %, 11.09 to 13.89 % and 1.36 to 1.98 % respectively; while the 

carbohydrate content of the biscuits decreased from 76.43 to 66.66 % respectively 

with increase in the addition of the African yam-bean and sweet potato flour. The 

physical properties of the composite biscuits such as the weight, thickness, 

diameter and spread ratio ranged from 7.58 to 9.38 g, 9.67 to 14.00 mm, 33.67 to 

39.00 mm and 2.66 to 3.63 respectively. The average means scores for the 

appearance, crispness, taste, aroma and overall acceptability increase were 

observed. There was a significant difference (p<0.05) in the appearance, taste 
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and aroma while there was no significant difference (p>0.05) in the crispness and 

overall acceptability. 

 

Keywords: protein; composite flour; proximate; physical properties; diameter 

 

 

Introduction 
Urbanization in African Countries is 

changing the food habit and preference of 

the population towards convenient foods. 

Biscuit and other baked products are 

some of the food realized to be a fast and 

convenient foods by the populate 

(Oyewole et al., 1996). The present high 

cost and demand of biscuits in Nigeria 

however, necessitated the need for further 

research for the production of biscuit 

from cashew nut and sweet potatoes flour 

(Oyewole et al., 1996). 

Biscuit may be regarded as a form of 

confectionary, dried to very low moisture 

content. Biscuit is defined as a small thin 

crisp cake made from unleavened dough; 

Okaka and Isiah (1990) further described 

the production of biscuit as a mixture of 

flour and water but may contain fat, sugar 

and other ingredient mixed together into 

dough which is rested for a period and 

then passed between rollers to make a 

sheet (Ayo and Gidado, 2017). 

Sweet potato (Ipomea batatas) is a tuber 

of the herbaceous climbing plant known 

in Britain much earlier than the Irish 

potato. The flesh may be white, yellow or 

pink (if carotene is present) and its leaves 

are also edible (Bender and Bender, 

1995). Sweet potato is another of the 

world’s most important food crops and an 

important staple in Nigeria and other 

developing countries (Odebode et al., 

2008). It is a low input crop and is used 

as vegetable, a desert, a source of starch 

and animal feed (Odebode et al., 2008). 

In Nigeria, sweet potato is mostly 

consumed as a snack (asondo), roasted, 

boiled, used with fresh yams in pounded 

yam and as a sweetener in beverage 

production. Processing sweet potato into 

flour would increase its utilization and 

can serve as a source of nutrients such as 

carbohydrates, beta-carotene (Pro 

vitamin A), vitamin C, vitamin B6, 

minerals such as calcium, phosphorus, 

iron, potassium, magnesium and zinc and 

can contribute to the colour, flavor and 

dietary fibre of processed food products 

such as bread and also enhance its use in 

other food preparations (Ofori et al., 

2009). 

Composite flour is considered 

advantageous in developing countries as 

it reduces the importation of wheat flour 

and encourages the use of locally grown 

crops as flour (Hasmadi et al., 2014). 

Noorfarahzilah et al., (2014) also defined 

composite flour as a mixture of flours 

obtained from tubers which are rich in 

starch such as cassava, yam, potato, and 

protein-rich flour and cereals, with or 
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without wheat flour that is created to satisfy specific functional characteristics and 

nutrient composition  For example, wheat with sweet potatoes (Awuni et al., 2018), 

wheat and cassava (Lagnika et al., 2019).  

The African yam bean is a leguminous herbaceous plant that grows throughout tropical 

Africa (US Department of Agriculture (USDA, 2010). The nutritional composition of 

the African yam bean has piqued researchers' interest. The amounts of lysine and 

methionine in the protein are equivalent to or better than those in soybeans, according 

to amino acid assays, and the majority of the other necessary amino acids are in 

accordance with WHO/FAO recommendations. African yam bean protein content 

ranged between 20.2 and 21.2 percent (Eneche, 2005). Its protein concentration has 

reportedly been used to fortify starchy foods such as maize, cassava, and akamu flours 

(Eneche, 2005). This research was carried out to determine the potential of sweet 

potato and African yam-bean flour blends in the production of biscuits. 

 

MATERIALS AND METHODS 

Source of Materials 

Sweet potato, SP (Ipomea batatas), Baking materials: wheat flour (Dangote), sugar 

(Dangote), yeast (Instant dry yeast, Hangzou, China), baking powder (STK Royal), 

margarine (Simas), salt (Mr. Chef), filled milk (Cowbell), were purchased from a 

Supermarket in Kaura Namoda, Zamfara State. Packaging material: Johnson’s 

polyethylene ziplock double zipper storage bags (26.8 x 27.3 cm; 17.7 x 19.5 cm) were 

purchased from the Abubakar Gumi Central Market, Kaduna. All laboratory materials 

and reagents used were of analytical grade. The raw materials were properly cleaned 

by removing extraneous matter prior to their subjection to different processing 

treatments. 

 

Sample Preparations 

Production of sweet potato (SP) flour 

Native Orange fleshed sweet potato (OFSP) flour was produced according to the 

method of Avula (2005), with modification. OFSP tubers were washed and peeled 

manually with knives, keeping them in water to prevent enzymatic browning. The 

tubers were trimmed and sliced thinly (manually) and oven dried at 600C, milled, 

sieved (0.5mm), packaged in polyethylene bag and labeled accordingly (Figure 1). 

 

 

                 Sweet potato  

             Washing   
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Figure 1: Flow chart for the production of native sweet potato (SP) flour 

Source: Avula (2005) with modification. 

 

Preparation of African Yam Bean Flour 

The process of (Kukwa et al., 2018) was used to make African yam bean flour. After 

48 hours of fermentation, the African Yam Bean was weighed, sorted, cleaned, and 

sundried. The roasted bean was coarsely ground, winnowed to remove the seed 

coatings, then ground into flour using an attrition mill before being filtered through a 

sieve with a 250 µm aperture. Fine flour was then obtained and placed in sealed 

Peeling 

              Packaging 

                    Native SP flour 

  

    Trimming 

           Slicing 

Drying (60 0C) 

            Milling 

              Sieving (0.5 mm sieve) 
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containers for further use. The flow chart showing the production of African yam bean 

flour is shown Fig 2. 

 

  
Fig. 2. Flow Process Showing the Production of African Yam Bean Flour 

Source: Method described by (Kukwa et al., 2018) with modification  

 

Table 1: Formulation Blends for the Production of Biscuits 

Sample Wheat (W) % Sweet potato flour (S) 

% 

African yam-bean (A) 

% 

A 100 00 00 

B 90 5 5 

C 80 10 10 

D 70 15 15 

E 60 20 20 

Production of biscuits 
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The method described by Ndife et al. (2014) with modification was used to produce 

biscuits and composite biscuits. Sugar and margarine were weighed into a Master Chef 

mixer (MC HM 5577) and mixed at medium speed until fluffy. Milk powder was 

added while mixing and then mixing continued for about 30 min. Sifted wheat flour 

or composite flours, baking powder and salt were slowly added to the mixture, water 

was added with continual mixing and kneading to form dough. It was then rolled on a 

flat rolling board (sprinkled with flour) to a uniform thickness, cut using biscuits 

cutter, placed in greased baking trays and baked in the oven at 180 oC for 25 min. 

Other samples with different blends ratio and the control with 100 % wheat flour were 

baked in the same manner.  

 

    

 

     Weighing 

     Mixing 

     Kneading 

     Uniform scaling 

     Shaping/moulding 

 

     Stamping 

     Baking (180 oC for 25 min)   

     Cooling 

             Wheat flour or Composite flour 
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     Packaging 

 

Figure 5: Flow Chart for the Production of Biscuits 

Source: Ndife et al. (2014), with modification. 

 

Determination of the Functional Properties Composite Flours  

The functional properties (bulk density, water and oil absorption capacity, gelation 

capacity, foaming capacity of the flour blends biscuits production were determined 

according to the methods described by Onwuka (2018). 

 

Bulk density 

A 10 ml graduated cylinder was weighed dry and gently filled with the flour sample 

up to the 10 ml mark. The bottom of the cylinder was then tapped gently on a 

laboratory bench several times. This continued until no further diminution of the test 

flour sample in the cylinder after filling to mark was observed. Weight of cylinder plus 

flour was measured and recorded. Bulk density was expressed as: 

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑔/𝑚𝑙) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑚𝑙)
......................   (1) 

 

Water/Oil absorption capacity (WAC/OAC) 

One gram (1 g) of the sample was mixed with 10 ml distilled water, or 10 ml of 

vegetable oil of known density (0.99 mg/ml) for 5 min on a magnetic stirrer at 1000 

rpm. The mixture was centrifuged (Model: SM 800B Uniscope Surgifriends Medicals, 

England) at 3500 rpm for 30 min and the volume of the supernatant noted. WAC or 

OAC was calculated and expressed as g of water or oil absorbed or retained per g of 

sample. 

𝑊𝑎𝑡𝑒𝑟 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%)

=  
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑑𝑑𝑒𝑑 − 𝐹𝑟𝑒𝑒 𝑤𝑎𝑡𝑒𝑟

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 
 × 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 

× 100      (2) 

 

𝑂𝑖𝑙 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%) 

Biscuits 
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=  
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑜𝑖𝑙 𝑎𝑑𝑑𝑒𝑑 − 𝐹𝑟𝑒𝑒 𝑜𝑖𝑙

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 
 × 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑜𝑖𝑙 

× 100                                                   (3) 

 

3 Foaming capacity 

Ten gram (10 g) of the sample was introduced into a graduated cylinder with the dry 

bulk volume noted. Thereafter, 100 ml of boiling water was added to the sample in the 

cylinder and mixed thoroughly. The volume was measured after 10mins and swelling 

index was calculated as: 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝐼𝑛𝑑𝑒𝑥 (
mL

g
) =

𝐶hange in Volume of Sample (ml)

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ht of Sample
   (4) 

 

Determination of Proximate of the Biscuits 

The proximate composition of the flour blends, bread and biscuits and starch 

properties of flour blends were determined by the standard methods described by the 

AOAC (2012). Carbohydrate content was determined by difference (Onwuka, 2018). 

 

Moisture 

Moisture content was determined using the air oven drying method. A clean dish with 

a lid was dried in an oven (GENLAB, England B6S, serial no: 85K054) at 100 oC for 

30 min. It was cooled in desiccator and weighed. 2 g of sample was then weighed into 

the dish. The dish with its content was then put in the oven at 105 oC and dried to a 

fairly constant weight. The loss in weight from the original sample (before heating) 

was reported as percentage moisture. 

% 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (𝑊2−𝑊3)

𝑊𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑆𝑎𝑚𝑝𝑙𝑒 (𝑊2−𝑊1)
𝑥 100    (5) 

𝑊ℎ𝑒𝑟𝑒 

𝑊1 =  𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑖𝑠ℎ, 

𝑊2 =  𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑖𝑠ℎ +  𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔, 

𝑊3 =  𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑖𝑠ℎ +  𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔. 

 

Crude protein 

The Kjeldahl method was used to determine crude protein. Two gram (2 g) of sample 

was weighed into a Kjeldahl digestion flask using a digital weighing balance (3000 g 

x 0.01g 6.6LB). A catalyst mixture weighing 0.88 g (96 % anhydrous sodium sulphate, 

3.5 % copper sulphate and 0.5 % selenium dioxide) was added. Concentrated sulphuric 

acid (7 ml) was added and flask swirled to mix content. The Kjeldahl flask was heated 

gently in an inclined position in the fume chamber until no particles of the sample was 

adhered to the side of flask. The solution was heated more strongly to make the liquid 
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boil with intermittent shaking of the flask until clear solution was obtained. The 

solution was allowed to cool and diluted to 25 ml with distilled water in a volumetric 

flask. 10 ml of diluted digest was transferred into a steam distillation apparatus. The 

digest was made alkaline with 8 ml of 40 % NaOH. To the receiving flask, 5 ml of 2 

% boric acid solution was added and 3 drops of mixed indicator was dropped. The 

distillation apparatus was connected to the receiving flask with the delivery tube 

dipped into the 100 ml conical flask and titrated with 0.01 M HCl. A blank titration 

was done. The percentage nitrogen was calculated from the formula: 

% 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 =
(𝑆−𝐵)×0.0014×100×𝐷

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
      (6) 

Where, S = sample titre, B = Blank titre, S - B = Corrected titre, D = Dilution factor 

% Crude Protein = % Nitrogen x 6.25 (correction factor). 

 

Crude fat 

Crude fat was determined using Solvent extraction method. Five gram (5 g) sample 

was weighed into a thimble and loose plug fat free cotton wool was fitted into the top 

of the thimble with its content inserted into the bottom extractor of the Soxhlet 

apparatus. Flat bottom flask (250 ml) of known weight containing 150-200 ml of 40-

60 oC hexane was fitted to the extractor. The apparatus was heated and fat extracted 

for 8 h. The solvent was recovered and the flask (containing oil and solvent mixture) 

was transferred into a hot air oven (GENLAB, England B6S, serial no: 85K054) at 

105 oC for 1 h to remove the residual moisture and to evaporate the solvent. It was 

later transferred into desiccator to cool for 15 min before weighing. Percentage fat 

content was calculated as 

% 𝐶𝑟𝑢𝑑𝑒𝐹𝑎𝑡 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑓𝑎𝑡

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒
𝑥 100    (7) 

 

Crude fibre 

Two gram (2 g) of the sample was extracted using diethyl ether. This was digested and 

filtered through the California Buchner system. The resulting residue was dried at 130 

± 2 oC for 2 h, cooled in a desiccator and weighed. The residue was then transferred 

in to a muffle furnace (Shanghai box type resistance furnace, No.: SX2-4-10N) and 

ignited at 550 oC for 30 min, cooled and weighed. The percentage crude fibre content 

was calculated as: 

% 𝐶𝑟𝑢𝑑𝑒 𝑓𝑖𝑏𝑟𝑒 =
𝐿𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑖𝑛𝑐𝑖𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑓𝑜𝑜𝑑
× 100      (8)  

 

Ash 

Two gram (2 g) of sample was weighed into an ashing dish which had been pre-heated, 

cooled in a desiccator and weighed soon after reaching room temperature. The crucible 
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and content was then heated in a muffle furnace (Shanghai box type resistance furnace, 

No.: SX2-4-10N) at 550 oC for 6-7 h. The dish was cooled in a desiccator and weighed 

soon after reaching room temperature. The total ash was calculated as percentage of 

the original sample weight. 

% 𝐴𝑠ℎ =
(𝑊3−𝑊1)

(𝑊2−𝑊1)
𝑥 100   (9) 

𝑊ℎ𝑒𝑟𝑒:  

𝑊1 =  𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑚𝑝𝑡𝑦 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒, 

𝑊2 =  𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 +  𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑎𝑠ℎ𝑖𝑛𝑔, 

𝑊3 =  𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 +  𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑎𝑓𝑡𝑒𝑟 𝑎𝑠ℎ𝑖𝑛𝑔. 

 

Carbohydrate 

Carbohydrate content was determined by difference, viz: 

% 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒

= 100

− (% 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 + %𝑃𝑟𝑜𝑡𝑒𝑖𝑛 + %𝐹𝑎𝑡 + %𝐴𝑠ℎ +  %𝐹𝑖𝑏𝑟𝑒)     (10) 

 

Determination of the Physical Properties of the biscuits 

Weight of the Biscuits: The weight of the Biscuits was determined according to the 

method of Ayo et al, (2007). The weights of cookie samples were determined with the 

aid of a weighing balance (model KDBN2010) immediately after cooling. 

Diameter: The diameter (D) of the Biscuits was determined according to the method 

of AOAC (2012). Four Biscuits were placed edge to edge and their total diameter was 

measured with the aid of a ruler. The Biscuits were rotated at angles of 90° for 

duplicate reading. The experiment was repeated twice and average diameter was 

recorded in millimeter. 

Thickness: The thickness of the Biscuits was determined according to the method of 

Ayo et al. (2007). The Biscuits thickness was measured with the aid of a digital vernier 

caliper with 0.01mm precision. 

Spread ratio: The spread ratio was determined according to method of Okaka and 

Isieh (1990). The diameter and thickness of the unbaked cut out dough and baked 

dough were measured using the venier caliper. 

Spread ratio =  
baked Biscuits diameter−unbaked Biscuits diameter

baked Biscuits thickness−unbaked Biscuits thickness
…equation (11) 

 

Sensory Evaluation of Biscuits 

Sensory evaluation of Biscuits was carried out according to the method described by 

Ihekoronye and Ngoddy (1985). A panel of twenty members consisting of students 

and members of staff in Food Science and Technology Department, Federal 
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Polytechnic Kaura Namoda, Zamfara State Nigeria, was chosen based on their 

familiarity and experience with wheat-based Biscuits for sensory evaluation. Biscuits 

produced from each flour blend, along with the reference sample were presented in 

coded form and were randomly presented to the panelists. The panelists were provided 

with portable water to rinse their mouth between evaluations. However, a 

questionnaire describing the quality attributes (appearance, taste, flavour, texture 

crispiness and overall acceptability) of the Biscuits was given to each panelist. Each 

sensory attribute was rated on a 9-point hedonic scale (1 = dislike extremely and 9 = 

like extremely). Biscuits were produced from 100 % wheat flour served as control. 

 

RESULTS AND DISCUSSION 

Table 2: Functional Properties of the Flour Samples 

Samples Bulk density 

(g/ml) 

WAC (g/g) OAC (g/g) Foaming capacity 

A 0.63a±0.02 1.24a±0.02 1.98a±0.02 1.60a±0.01 

B 0.70b±0.02 1.98b±0.01 2.12b±0.02 1.98b±0.02 

C 0.76c±0.01 2.00c±0.02 2.31c±0.01 1.99b±0.01 

D 0.78 c±0.01 2.07 d±0.01 2.50 c±0.01 2.02 bc±0.01 

E 0.79 c±0.01 2.11 d±0.01 2.59 d±0.01 2.09 c±0.01 

LSD 0.03 0.04 0.06 0.03 

Values are means ± standard deviations of triplicate determinations. Means in the same 

column with different superscripts differ significantly (p<0.05). 

 

Key: A =100:00:00 wheat: sweet potato: African yam-bean, B =90:5:5 wheat: sweet 

potato: African yam-bean, C= 80:10:10 wheat: sweet potato: African yam-bean, D= 

70:15:15 wheat: sweet potato: African yam-bean and E= 60:20:20 wheat: sweet 

potato: African yam-bean. 

 

Functional properties of the flour 

Functional properties of a food material are parameters that determine its application 

and end use (Adeleke and Odedeji, 2010). They are those physico-chemical properties 

of food proteins that determine their behaviour in food system during processing, 

storage and consumption. It usually shows that the food materials under investigation 

will interact with other food components directly or indirectly affecting processing 

applications, food quality, and ultimate acceptance (Ohizua et al., 2016). Functional 

properties of the composite flours determine the food application and end use of such 

materials for other applications (Kiin-Kabari et al., 2015). 

Bulk density of flour is used to evaluate the flour heaviness, handling requirement and 

the type of packaging materials suitable for storage and transportation of food 
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materials (Oppong et al., 2015). Bulk density is a reflection of the load the samples 

can carry if allowed to rest directly on one another (Onabanjo and Ighere, 2014). 

Sample (A) flour sample had the lowest bulk density and the highest was recorded in 

sample (E). It has been reported that bulk density is influenced by the structure of the 

starch polymers and loose structure of the starch polymers could result in low bulk 

density (Malomo et al., 2012). Similar range of bulk density values (0.60-0.85 g/ml) 

have been reported by Ndife et al. (2014) in flours.  

Water absorption capacity is the ability of product to incorporate water and water 

inhibition is an important functional trait in food such as sausages, custard and dough 

(Ojo et al., 2017). It also refers to water retained by a food product following filtration 

and application of mild pressure of centrifugation (Kolawole and Chidinma, 2015). 

Sample (E) flour recorded significant (p<0.05) highest water absorption capacities 

than other flour samples. The high value in water absorption capacities in the flour 

samples may be attributed to the presence of protein contents recorded in their flours 

(Adebowale et al., 2008). It has been suggested that flours with high water absorption 

capacity as seen will be very useful in bakery products and this could prevent staling 

by reducing moisture loss (Okpala et al., 2012) and also, help maintain the freshness 

of bread, cakes and sausages and could favour their use as soup thickener (Kolawole 

and Chidinma, 2015).  

Oil absorption capacity measures the ability of food material to absorb oil (Ohizua et 

al., 2016). Oil absorption capacity is the flavour retaining capacity of flour which is 

very important in food formulations (Ajatta et al., 2016). The results of the oil 

absorption capacity of flour samples showed that sample E was significantly (p<0.05) 

higher than other flour samples and the least was recorded in sample A. The high oil 

absorption capacity in sample A could be attributed to its flour protein content.  The 

oil absorption capacities of the flours samples tended to increase with increase in 

protein content since the protein in foods influences fat absorption (Omoniyi et al., 

2016). The flour samples have high oil absorption capacity as a result of the 

hydrophobic character of protein in them. The presence of protein exposes more non-

polar amino acids to the fat and enhances hydrophobicity as a result of which the flour 

absorbs more oil (Oluwalana et al., 2011). Also, the high oil absorption capacity 

observed in the composite flours suggested the lipophilic nature of the constituents of 

the composite flour (Ubbor and Akobundu, 2009), and this also suggest that the blends 

will potentially be useful in structural interaction in food especially in flavour 

retention, improvement of palatability and extension of shelf life of bakery or meat 

products, doughnuts, baked goods, pancakes and soup mixes where fat absorption is 

desired (Seena and Sridhar 2005). Forming capacity of the flour samples ranged from 

1.60-2.09 g. 
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Table 3: Proximate composition of the biscuits 

Sampl

es 

Protein Moisture Fat Ash Crude 

fibre 

CHO 

A 6.21a±0.0

1 

11.09a±0.

01 

3.58a±0.0

1 

1.36a±0.0

1 

1.33a±0.0

1 

76.43a±0.

05 

B 8.69b±0.0

1 

13.89b±0.

02 

4.35b±0.0

2. 

1.41b±0.0

2 

1.05b±0.0

2 

70.61b±0.

03 

C 11.62c±0.

01 

13.61c±0.

00 

4.89c±0.0

2 

1.76c±0.0

3 

0.98c±0.0

1 

67.14c±0.

02 

D 12.74d±0.

02 

12.85d±0.

01 

4.90d±0.0

1 

1.87d±0.0

1 

0.98c±0.0

1 

66.66d±0.

02 

E 12.64e±0.

03 

12.69e±0.

02 

4.97e±0.0

2 

1.98e±0.0

2 

0.89d±0.0

1 

66.83e±0.

03 

LSD 0.09 0.05 0.04 0.03 0.03 0.07 

Values are means ± standard deviations of triplicate determinations. Means in the same 

column with different superscripts differ significantly (p<0.05). 

Key: A =100:00:00 wheat: sweet potato: African yam-bean, B =90:5:5 wheat: sweet 

potato: African yam-bean, C= 80:10:10 wheat: sweet potato: African yam-bean, D= 

70:15:15 wheat: sweet potato: African yam-bean and E= 60:20:20 wheat: sweet 

potato: African yam-bean. 

 

Proximate composition 

Proximate composition provides information about the major nutrient and gross 

energy contents of feeds and feedstuffs. The idea is for the required major nutrients 

(protein, fat and carbohydrate) to be fixed and replacements of ingredients can be done 

in the formulation (Jobling, 2001).  

Moisture content is an indicator of shelf life stability; increase in moisture content 

enhances microbial contamination and chemical reactions that could lead to reduction 

in the food quality and stability. The moisture content is below 14% recommended for 

long period of storage, hence a good potential during storage (Atobatele and Afolabi, 

2016). The highest moisture content was recorded in sample C and the least was in 

sample A. Significant (p<0.05) differences existed between the biscuits samples. The 

result is similar to the finding of (Aprianita et al., 2009) who reported a higher moisture 

content in non-starch residue of yam, Taro and sweet potato more than in their flour 

and starch counterparts. The moisture content of the cookies was low enough to reduce 

the chances of spoilage by micro-organisms and consequently guarantee good storage 

stability (Ayo et al., 2007). According to Adebowale, et al. (2012), baked foods: cake, 
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cookies and bread with high moisture content encourages bacterial, yeast and mould 

growth that could lead to spoilage.  

The protein contents were significantly (p<0.05) higher compared to the protein 

contents of wheat flour biscuits.  There was an observed increased protein contents in 

the composite biscuits. 

Fats are needed for insulation and protection of vital organs and for hormone 

production. Lipids provide very good sources of energy and aids in transport of fat 

soluble vitamin, insulates and protects internal tissue and contribute to important cell 

processes. Lowest fat content was recorded in the wheat four control biscuits (A) and 

the highest was in composite biscuits. The presence of high fat content in the biscuits 

means high calorific value and also serves as a lubricating agent that improves the 

quality of the product, in terms of flavour 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 (Ihekoronye and 

Ngoddy, 1985).  

Dietary fibre is the edible parts of plants or analogous carbohydrates that are resistant 

to digestion and absorption in the human small intestine with partial fermentation in 

the large intestine. Fibre content consists of hemicelluloses, cellulose and lignin. It 

contributes to the health of the gastro-intestinal system and metabolic system in man 

(Atobatele and Afolabi, 2016). The high fibre contents of the biscuits ranged from 

0.89-1.33 %, fibre residue are good enough for the body because their presence in food 

products are essential owing to their ability to facilitate bowel movement (peristalsis), 

bulk addition to food and prevention of many gastrointestinal diseases in man 

(Satinder et al., 2011). Recently the importance of consuming dietary fibre has 

increased owing to its relation with the reduction of blood cholesterol levels and 

incidence of colon cancer.  

The ash content of a food material could be used as an index of mineral constituents 

of the food because ash is the inorganic residue remaining after the water and organic 

matter have been removed by heating in the presence of an oxidizing agent (Sanni et 

al., 2008). The level of the ash contents of both controls and composite biscuits ranged 

from 1.36-1.98 %. There was a significant reduction in the carbohydrate content of the 

biscuits. This could be attributed to the high protein and fat contents of the biscuits.  

 

Table 4: Physical Properties of the Biscuits 

Sample Weight (g) Thickness (mm) Diameter (mm) Spread ratio 

A 7.58a±0.17 12.67a±0.58 33.67a±0.58 2.66a±0008 

B 8.37b±1.22 9.67b±0.58 35.00b±0.00 3.63b±0.23 
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C 8.24b±0.86 14.00c±1.00 37.33c±2.08 2.67a±0.22 

D 8.84b±1.51 14.00c±1.00 36.33d±1.53 2.61a±0.28 

E 9.38d±0.66 12.67a±0.58 39.00e±1.00 3.08d±0.17 

LSD     

Values are means ± standard deviations of triplicate determinations. Means in the same 

column with different superscripts differ significantly (p<0.05). 

 

Physical properties of the Biscuits 

The weight of the biscuits samples showed that sample (E) was significantly (p<0.05) 

heavier than all other biscuits samples. The variation in weight may have some 

implications for sales. For instance, consumers may prefer thicker and bulkier biscuits 

than thinner and less bulky ones at the same price the weight of the biscuits ranged 

from 7.58-9.38 g. Sample (C and D) had the largest thickness and were significantly 

different from the thickness of other biscuits samples, the thickness and diameter 

ranged from 9.67-14.00 and 33.67-39.00 mm. The result of the present study is in line 

with the findings of Temesgen et al. (2015) for diameter and thickness of Snacks 

produced from wheat supplemented with orange-fleshed sweet potato. Spread ratio is 

an indication of ability of the biscuits to rise and biscuits with higher values of spread 

ratio are considered to be more desirable than those with lower values (Hussein et al., 

2011). According to Miller et al. (1997), spread ratio is restricted by dough viscosity 

as dough with lower viscosity causes baked products to spread faster. The spread ration 

ranged from 2.66-3.63. According to Miller et al. (1997), spread ratio is restricted by 

dough viscosity as dough with lower viscosity causes spread faster.  

 

Table 5: Sensory Scores of the Biscuits Samples 

Samples Colour Texture Taste Aroma Overall 

acceptability 

A 7.8a 7.8a 7.1a 7.1a 8.1a 

B 6.4b 6.6b 6.3b 6.6b 7.7b 

C 6.4b 6.7b 6.5b 5.6c 6.7c 

D 7.4a 6.4b 6.2b 6.4b 6.8c 

E 5.4c 6.2b 5.3c 5.8c 6.2cd 

LSD 0.08 0.09 0.08 0.05 0.06 

Means in the same column with different superscripts differ significantly (p<0.05). 

Key: A =100:00:00 wheat: sweet potato: African yam-bean, B =90:5:5 wheat: sweet 

potato: African yam-bean, C= 80:10:10 wheat: sweet potato: African yam-bean, D= 

70:15:15 wheat: sweet potato: African yam-bean and E= 60:20:20 wheat: sweet 

potato: African yam-bean. 
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Sensory Scores of the Biscuits  

Sensory analysis is a scientific discipline used to evoke measure, analyze and interpret 

reactions that are the characteristics of foods and other materials as they are perceived 

by the senses of sight, smell, taste, touch and hearing. Industries and academia have 

embraced sensory evaluation as an invaluable tool for creating successful products and 

understanding the sensory properties of materials.  

Biscuits produced from 100 % wheat flour (A) tasted better than all other sample but 

significantly (p>0.05) different from other samples. Taste attributes consist of 

saltiness, sweetness, bitterness and acidity which is detected by the taste buds at the 

tip, sides, and back of the tongue and is one of the important sensory quality parameters 

of a food product. Also, it is the primary factor that determines the acceptability of any 

product which has the highest impact as far as market success of product is concerned. 

An attractive golden brown colour was observed on all of the cookies and composite 

cookies. This was due to Maillard reactions, caramelization of sugars and dextrins 

(either present in the food or produced by hydrolysis of starches) to furfural and 

hydroxymethyl furfural, carbonization of sugars, fats and proteins (Fellows, 2000).  

Aroma is an important and integral part of taste and general acceptability of food 

before it is put in the mouth.  According to Fellows (2000), the high temperatures and 

low moisture contents in the surface layers cause caramelisation of sugars and 

oxidation of fatty acids to aldehydes, lactones, ketones, alcohols and esters producing 

aroma eventually. More over the Maillard reaction and Strecker degradation produce 

different aromas according to the combination of free amino acids and sugars present 

in a particular food (Biniyam, 2010). The result of the overall acceptability shows no 

significant (p>0.05) difference between wheat control biscuits and other samples. 

 

Conclusion 

The functional properties of wheat, sweet potato and african yam-bean composite 

flours such as the bulk density, water absorption capacity, oil absorption capacity and 

foaming capacity were increased with increase in the incorporation of sweet potato 

and african yam-bean flour. The result showed that the addition of sweet potato and 

african yam bean flour based biscuits in the proportion of 5 to 20% for each produced 

acceptable biscuits and also functionality of the flour was not affected. The Sensory 

properties revealed that the appearance, crispness, taste, aroma and Overall 

acceptability of the biscuits increased with increasing in the incorporation of sweet 

potato and African yam-bean flour. The biscuits prepared with the flour ratio of 

70:15:15 liked most of the panelists. Incorporation of above sweet potato and african 

yam-bean flours to wheat flour would therefore help in combating protein-energy 

malnutrition in northern part of Nigeria. 
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