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Biscuits were produced from the composite flour of grapefruit pulp and wheat flour. 
The Grapefruit pulp was boiled, fermented and some unfermented separately. Nine 
composite flours were made from the fermented, boiled and unfermented grapefruit 
pulp at different ratios of 10:90, 20:80 and 30:70 respectively while the control was 
100% wheat flour. The proximate composition ranged from 6.50-8.25% (moisture), 
5.46-11.36% (protein), 1.5-9.75% (crude fiber), 0.5-1.75% (ash), 2.93-4.35% (fat), and 
62.77-80.04% (carbohydrate). The water absorption capacity and oil absorption capacity 
ranged from 1.01-1.42 g water/g flour and 0.94- 1.56 g oil/g flour respectively. The 
values obtained for fiber fraction analysis ranged from 24- 44% (neutral detergent 
soluble), 11-39.75% (acid detergent fiber), 6.50-34.50% (lignin), 2.75-6.63% (silica), 2.5-
7.5% (cellulose) and 5.00-20.50% (hemicellulose). The sensory scores of the biscuits 
indicated that sample 10BGP had the best overall acceptability among the composite 
flour pointing out high acceptability at up to 10% inclusion of grapefruit pulp flour to 
wheat flour. This research recommended the inclusion of boiled grapefruit pulp flour up 
to 10% with wheat flour for the production of biscuit.  
 

Contribution/Originality: This study showed the variations in proximate composition, water and oil 

absorption capacities, fibre fraction, and sensory properties of biscuit as affected by different levels of grapefruit 

inclusion. The acceptable level of grapefruit pulp flour to wheat flour for biscuit production was established. 

 

1. INTRODUCTION 

The grapefruit (Citrus paradisi) is a subtropical citrus plant known for its sour to semi-sweet fruit. The 

grapefruit’s name alludes to the cluster of the tree, which often appear similar to grape. Grapefruit is a rich source of 

vitamin C, providing more than 20% of the daily value in a 100g serving (Fellers, Nikdel, & Lee, 1990) contains 

fiber, most of which are present in the pulp (Cerda, Robbins, Burgin, Baumgartner, & Rice, 1988). The pink and red 

hues contain beneficial antioxidant lycopene (Lee, 2000). Platt (2000) reported that grapefruit helps to lower 
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cholesterol in humans. In addition, the seeds have antioxidant properties (Amando, Maythe, & Beatriz, 1997). Most 

of the fiber in grapefruit are soluble which helps in lowering cholesterol, lengthens digestion time, which may aid in 

hunger control and helps slow the absorption of sugar.  

Grapefruit can be eaten as food, or processed into grapefruit juice. The pulp of grapefruit can be processed to 

make it more palatable and be included in diet. Grapefruit pulp can be boiled or fermented to reduce the bitter taste, 

dried and milled. The processed grapefruit pulp can be combined with wheat flour to produce snacks like biscuits. 

Wheat is the most important staple food crop for more than one third of the world population and contributes more 

calories and proteins to the world diet than any other cereal crops (Adams, Lombi, Zhao, & McGrath, 2002).  

Wheat is considered a good source of protein, minerals, B-group vitamins and dietary fiber. Although the 

environmental conditions can affect nutritional composition of wheat grains with its essential coating of bran, 

vitamins and minerals; it is an excellent health-building food. Wheat flour is used to prepare bread, produce 

biscuits, confectionary products, noodles and vital wheat gluten (Shewry et al., 2006). Biscuits have been produced 

from mixture of different flours of cereals and legume or root crops which is known as composite flour so as to 

satisfy specific functional characteristics and nutrients composition (Ubbor & Akobundu, 2009).  Biscuit is a term 

used for a diverse variety of baked, commonly flour-based food products. It is a tasty nutritious snack consumed 

among all classes of people with tea or coffee. Among ready to eat snacks, biscuits and cookies are widely consumed 

throughout the world (Ishiwu, Nkwo, Iwouno, Obiegbuna, & Uchegbu, 2014). 

 

2. MATERIALS AND METHODS 

2.1. Source of Ingredients 

Matured ripe grapefruits were purchase from a local store in Ilorin, Kwara State, Nigeria. Wheat flour, sugar, 

salt, fat, sodium bicarbonate (baking powder) and milk were purchased from Baboko new market in Ilorin, Kwara 

State, Nigeria, while all reagents used were obtained from the Departmental Laboratory of Food Science, 

University of Ilorin, Ilorin, Nigeria. 

 

2.2. Processing of Grapefruit Pulp into Flour 

The flowchart for grapefruit processing is shown in Figure 1. Grapefruits were sorted, cleaned and peeled. The 

grapefruit juice was extracted and the pulp was removed and subjected to three treatments. A portion of the pulp 

was fermented, drained, sundried, milled and packaged in airtight polythene bags. Another was boiled, drained, 

sundried, milled and packaged in airtight polythene bags.  

The third treatment was sundried after pulp was removed, milled and packaged in airtight polythene bags. The 

dried grapefruit pulp flours were named with acronyms according to the treatment given as follows; Fermented 

Grapefruit Pulp (FGP), Boiled Grapefruit Pulp (BGP) and Unfermented Grapefruit Pulp (UGP). Nine composite 

flours were made from the fermented, boiled and unfermented grapefruit pulp at different ratios of 10:90, 20:80 and 

30:70 respectively while the control was 100% wheat flour. 

 

2.3. Proximate Analysis of Grapefruit Pulp and Wheat Composite Flour 

The proximate compositions of grapefruit pulp and wheat composite flour samples were analyzed using the 

standard methods of AOAC (2005).  
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Figure-1. Flowchart for the production of grapefruit pulp flour. 

 

2.4. Water Absorption Capacity of Composite Flour 

This was determined using the method of AOAC (2010). One gram of the sample was dispensed into a weighed 

centrifuge tube with 10ml of distilled water and mixed thoroughly. The mixture was allowed to stand for 1 hour 

before being centrifuged at 3500rpm for 30 minutes. The excess water (unabsorbed) was decanted and the tube 

inverted over an adsorbent paper to drain dry.  The weight of water absorbed was determined by difference.  The 

water absorption capacity (WAC) was calculated as:   

WAC (%) = Volume of water used – Volume of free water x 100 

                                       Weight of sample used 

 

2.5. Oil Absorption Capacity of Composite Flour 

This was determined using the method of AOAC (2010). One (1) gram of the sample was dispensed into a 

weighed centrifuge tube with 10ml of vegetable oil and mixed thoroughly. The mixture was allowed to stand for 

one (1) hour before being centrifuged at 3500rpm for 30 minutes. The excess oil (unabsorbed) was decanted and the 

tube inverted over an adsorbent paper to drain and dry. The weight of oil absorbed was determined by deducting 

the volume of free oil from volume of oil used and further dividing by weight of sample used.  The oil absorption 

capacity (OAC) was calculated as:   

OAC (%) = Volume of oil used – Volume of free oil   x 100 

                                                         Weight of sample used 

 

2.6. Determination of pH 

Degree of alkalinity and acidity (pH) was determined using hand pH meter. About 5g of the flour sample was 

weighed into a beaker containing 25 ml of distilled water and allowed to stand for 30minutes with constant stirring. 

The pH was then determined using pH meter (AOAC, 2000). 

 

2.7. Determination of Total Titratable Acidity (TTC) 

About 25 ml of sample was distilled under reflux for 20 min to expel carbon (iv) oxide. The condensate was 

then washed with water and titrated with 0.1 M NaOH using bromothymol blue as indicator (AOAC, 2000). 

Titratable Acidity (mg/Kg) =      V× 0.07×100 

                                           25  

 Where; V = Volume of acid used. 
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2.8. Pasting Properties Determination of Composite Flour 

Pasting characteristics was determined with a Rapid Visco Analyzer (RVA), (Model RVA3D+, Network 

Scientific, Australia). About 2.5 g of samples were weighed into a dried empty canister; 25 ml of distilled water was 

dispensed into the canister containing the sample. The solution was thoroughly mixed and the canister was well 

fitted into the RVA as recommended. The slurry was heated from 500 to 950 0C with a holding time of 2 min flowed 

by cooling to 500 0C with 2 min holding time. The rate of heating and cooling was at a constant rate of 11.25 0C 

/min. Peak viscosity, breakdown, final viscosity, set back, peak time, and pasting temperature were read from the 

pasting profile with the aid of thermocline for windows software connected to a computer (Newport Scientific, 

1988). 

 

2.9. Fiber Fraction Analysis of Grapefruit Pulp and Wheat Composite Flour 

The Van Soest (1982) method of forage evaluation was used for estimating the Neutral Detergent Soluble 

(NDS), Acid Detergent Fiber (ADF), Lignin, Silica, Cellulose and Hemicellulose. 

 

2.10. Sensory Analysis of Biscuits Produced With Blends of Grapefruit Pulp and Wheat Flour 

Sensory evaluation of biscuit produced from composite of grapefruit pulp and wheat flours was done by 20 

panelist using nine-point hedonic scale and multiple comparison test as described by Ihekoronye and Ngoddy 

(1985). The scale ranged from like extremely (9) to dislike extremely (1). Each of the samples was rated for 

appearance, aroma, taste, texture, mouth-feel and overall acceptability using the method of Iwe (2001). 

 

2.11. Statistical Analysis  

The mean values of data obtained were subjected to multiple analyses of variance (ANOVA) at 5 % significance 

level (p ≤ 0.05), using statistical package for social sciences (SPSS) version 20.0. The mean values were separated 

using Duncan’s multiple range tests. 

 

3. RESULTS AND DISCUSSION 

3.1. Proximate Compositions 

The proximate compositions of grapefruit pulp and wheat flour blends at different proportions are shown in 

Table 1.  

 
Table-1. Proximate composition of grapefruit pulp and wheat flour blends. 

Samples Moisture% Protein% Ash% Fat% Fiber% Carbohydrate% 

10FGP 7.25a + 0.35 6.33i+ 0.01 0.75ab+0.35 3.77a+ 0.1 3.00d+0.70 78.89ab+ 0.71 
10UGP 8.25a + 2.47 5.46 j+ 0.01 1.00ab+0.00 3.49a+1.86 1.75d+ 0.35 80.04a+ 0.24 

10BGP 7.25a + 0.35 8.87g+ 0.01 0.75ab+0.35 3.50a+0.38 3.25d+1.76 75.87abc+ 3.57 
20FGP 8.25a + 1.76 9.14f+ 0.06 1.00ab+0.00 4.35a+1.45 5.50c+ 0.00 71.75abc+0.37 

20UGP 6.75a + 1.76 7.45h+ 0.01 1.25bc+0.35 2.93a+0.39 8.50ab+2.12 73.12abc+ 0.41 

20BGP 7.25a + 0.35 9.84d+ 0.00 1.25bc+0.35 3.23a+0.01 7.25bc+0.35 71.17abcd+0.36 
30FGP 7.00a + 0.70 9.64e+ 0.02 1.75a+ 0.35 3.22a+1.52 8.00ab+0.00 70.38bcd+1.19 

30UGP 7.75a + 3.89 10.03c +0.04 1.25bc+0.35 3.69a+0.75 9.75a+1.06 62.77d+ 10.61 
30BGP 6.50a + 0.00 11.36a+ 0.02 1.75a+ 0.35 2.94a+1.13 8.25ab+0.35 69.19cd+ 1.11 

WHF 8.25a + 1.06 10.97b+0.40 0.5c+ 0.00 2.95a+0.36 1.5d+ 0.00 75.82abc+0.37 
Note: Means with the same superscripts along a column are not significantly different (p<0.05); 10FGP = Fermented grapefruit pulp (10%) + wheat flour (90%); 
20FGP = Fermented grapefruit pulp (20%) + wheat flour (80%); 30FGP = Fermented grapefruit pulp (30%) + wheat flour (70%); 10UGP = Unfermented 
grapefruit pulp (10%) + wheat flour (90%); 20UGP = Unfermented grapefruit pulp (20%) + wheat flour (80%); 30UGP = Unfermented grapefruit pulp (30%) + 
wheat flour (70%); 10BGP = Boiled grapefruit pulp (10%) + wheat flour (90%); 20BGP = Boiled grapefruit pulp (20%) + wheat flour (80%); 30BGP = Boiled 
grapefruit pulp (30%) + wheat flour (70%); WHF = Wheat flour (100%). 

 

The moisture content of the composite flour ranged from 6.50- 8.25% with Sample 30BGP having the least 

value of moisture content indicating that the higher the inclusion of grapefruit pulp the lower the moisture content 

which may contribute to longer shelf life showing a better possibility of high storability due to lower moisture 

content which may not support the rapid growth of microorganism (Frazier & Westhoff, 1995). There was no 
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significant difference in the moisture content of the samples with similar values reported by Emojorho and Akubor 

(2016).  

The protein values of the composite flour ranged from 5.46 (10UGP) to 11.36% (30BGP). There was significant 

difference (P<0.05) in the protein values of the composite flour samples Table 1. Sample 30BGP had highest crude 

protein content compared to similar proportion of other treatments of grapefruit pulp and wheat composite flour 

which had lower values. Protein content is the best single test that can be applied to determine the quality of flour, 

because it has a direct correlation with baking quality (Matz, 1996; Stone & Savin, 1999).  

The crude fiber content ranged from 1.50 to 9.75%. Sample WHF (100% wheat flour) had least fiber content 

while sample 30UGP had the highest. The high level of fiber may be significant in human nutrition. Reports have 

shown that fiber aids in lowering blood glucose level (Anderson et al., 2009). Health benefits of dietary fiber 

indicated protection against cardiovascular diseases, diabetes and obesity (Spiller, 2001). A generous intake of 

dietary fiber may reduce the risk for developing coronary heart disease, stroke, hypertension, diabetes, obesity, and 

certain gastrointestinal disorders (Marangoni & Poli, 2008). The total ash content ranged from 0.5 to 1.75 %. 

Sample WHF (control) had least total ash while samples 30FGP and 30BGP had higher total ash content compared 

with others. Ash content of food is an indication of the mineral content (Ajala, 2009).  Minerals have been proven to 

provide structure to bones and teeth and participate in energy production, building of protein, blood formation and 

several other metabolic processes (Wardlaw, 1999). There was no significant difference (p<0.05) in the crude fat 

content of the composite flour of grapefruit pulp and wheat. The mean values ranged from 2.93 to 4.35%, while 

carbohydrate content ranged from 62.77% to 80.04% with Sample 30UGP having the least value of 62.77%. 

 

3.2. Functional Properties of Flour Blends 

Functional properties of the flour blend are shown in Table 2. The water absorption capacity ranged from 1.01-

1.42 g water/g flour. The water absorption capacity (WAC) of the flour varied significantly (p<0.05) with sample 

20BGP having the highest value of 1.42 g water/g flour. The variation in WAC could be due to the different sizes 

of the granules of the formulation which may enhance the ability of the flour to absorb water. Water absorption 

capacity of flour could be an important attributes of food materials; since low water absorption capacity is often a 

major to compactness of the molecular structure of foodstuffs, while high values of water content may contribute to 

loose structure of the starch polymers of food stuffs. The oil absorption capacity (OAC) ranged from 0.94 – 1.56 g 

oil/g flour. Absorption of oil by food products had contributed to improved mouth feel and retained food flavour. 

Onimawo and Egbekun (1998) stated that oil binding by protein is a function of the size, shape, pH, ionic strength, 

temperature, presence or absence of surfactant and solubility of the protein molecules. 

 
Table-2. Functional properties, total titratable acidity and pH of composite flour made from grapefruit pulp and wheat. 

Samples WAC (g water/g flour) OAC (g oil/g flour) TTA (mg/Kg) pH 

10FGP 1.23c+ 0.01 1.15e+ 0.01 0.112de+ 0.00 4.25e+ 0.07 
10UGP 1.01g+ 0.01 1.33d+ 0.01 0.141d+ 0.00 5.15b+ 0.07 
10BGP 1.29b+ 0.01 1.03f+ 0.4 0.102ef+ 0.01 4.50e+ 0.00 
20FGP 1.18d+ 0.01 1.41c+ 0.01 0.076f+ 0.01 3.95f+ 0.07 
20UGP 1.04fg+ 0.01 1.50b+ 0.01 0.280b+ 0.01 4.75c+ 0.07 
20BGP 1.42a+ 0.03 0.94g+ 0.01 0.140e+ 0.00 4.20e+ 0.00 
30FGP 1.18d+ 0.01 1.53ab+ 0.02 0.072f + 0.00 3.85f+ 0.07 
30UGP 1.14e+ 0.0 1.56a+ 0.01 0.413a+ 0.04 4.55d ± 0.07 
30BGP 1.32b+ 0.01 1.11e+ 0.01 0.179c+ 0.01 3.95f+ 0.07 
WHF 1.05f+ 0.01 1.04f+ 0.00 0.154g+ 0.11 5.80a+ 0.14 

Note: Means with the same superscripts along a column are not significantly different (p<0.05); 10FGP = Fermented grapefruit pulp (10%) + 
wheat flour (90%); 20FGP = Fermented grapefruit pulp (20%) + wheat flour (80%); 30FGP = Fermented grapefruit pulp (30%) + wheat flour 
(70%); 10UGP = Unfermented grapefruit pulp (10%) + wheat flour (90%); 20UGP = Unfermented grapefruit pulp (20%) + wheat flour  (80%); 
30UGP = Unfermented grapefruit pulp (30%) + wheat flour (70%); 10BGP = Boiled grapefruit pulp (10%) + wheat flour (90%); 20BGP = Boiled 
grapefruit pulp (20%) + wheat flour (80%); 30BGP = Boiled grapefruit pulp (30%) + wheat flour (70%); WHF = Wheat flour (100%). 
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The titratable acidity (TTA) and pH analysis of grapefruit pulp and wheat flour blends are shown in Table 2. 

The pH values ranged from 3.85 to 5.80. TTA mean values ranged from 0.072 to 0.413 mg/Kg. The low pH could 

indicate higher ionic strength and may lead to better keeping quality of the flour compared with the control having 

pH 5.80. 

 

3.3. Pasting properties of the Flour 

The pasting properties are shown in Table 3. The peak viscosity ranged from 160.80 – 242.65 RVU with 

sample 30UGP having the least and sample 10FGP having the highest peak viscosity. Peak viscosity has been 

reported as indices of the water binding capacity of starch (Ikegwu, Okechukwu, & Ekumankana, 2010). The low 

peak viscosity exhibited by sample 30UGP shows that the flour may not be suitable for products that require high 

gel strength and elasticity while being suitable in the preparation of complementary foods. The trough viscosity, 

which is the minimum viscosity value in the constant temperature phase of the RVA profile and measures the ability 

of paste to withstand breakdown during cooling ranged between 87.15 – 142.05 RVU. The breakdown viscosity is 

an index of the stability of starch. The low values suggest high stability of flour to withstand heat and shear stress. 

In other words, the higher the breakdown viscosity, the lower the ability of the flour to withstand heating and shear 

stress during cooking (Adebowale, Adeyemi, & Oshodi, 2005).  

 
Table-3. Pasting properties of flour blends made from grapefruit pulp and wheat. 

Sample Peak 
viscosity 
(RVU) 

Trough 
viscosity 
(RVU) 

Breakdown 
viscosity 
(RVU) 

Final 
viscosity 
(RVU) 

Setback 
viscosity 
(RVU) 

Peak Time 
(min) 

Pasting 
Temperatur

e(°C) 

10FGP 242.65a+0.71 142.05a+0.71 100.50a+1.41 261.05a+0.71 119.05b+0.71 6.13b+ 0.01 70.95de+0.01 
10UGP 190.75h+0.71 106.15f+ 0.71 84.60h+1.41 207.20f+1.41 101.25e+0.71 6.07b+ 0.01 89.75a+ 0.21 

10BGP 194.60g+1.41 105.65g+ 0.71 88.95e+0.71 175.20h+1.41 69.80h+ 1.41 5.65d+ 0.07 70.25e+ 0.07 
20FGP 220.40b+1.41 121.95c+ 0.71 98.65b+0.71 225.25c+0.71 103.40c+0.00 5.75c+ 0.02 70.00e+ 0.00 

20UGP 200.90f+ 1.41 105.75g+ 0.71 95.15c+0.71 188.05g+0.71 82.35g+ 0.71 5.65d+ 0.07 87.85b+ 0.91 
20BGP 212.95d+0.71 121.25d+ 0.71 91.80d+1.41 223.75d+0.71 102.60d+1.41 6.08b+ 0.01 72.58c+ 0.04 

30FGP 207.70e+0.00 120.95e+ 0.71 86.80g+0.00 213.20e+0.00 92.35f+ 0.71 5.68d+ 0.01 71.50d +0.71 
30UGP 160.80i+ 1.41 87.15h+ 0.71 73.65i+ 0.71 148.55i+ 0.71 61.45i+ 0.71 5.54e+ 0.01 87.90b+ 0.00 

30BGP 207.75e+0.71 121.00e+ 1.41 86.75g+0.71 213.20e+0.00 92.35f+ 0.71 5.68cd+0.01 71.50d+ 0.71 

WHF 213.80c+1.41 125.65b+ 0.71 88.15f+0.71 247.55b+0.71 121.95a+0.71 6.34a+ 0.01 88.85ab+0.07 
Note: Means with the same superscripts along a column are not significantly different (p<0.05); 10FGP = Fermented grapefruit pulp (10%) + wheat flour (90%); 
20FGP = Fermented grapefruit pulp (20%) + wheat flour (80%); 30FGP = Fermented grapefruit pulp (30%) + wheat flour (70%); 10UGP = Unfermented 
grapefruit pulp (10%) + wheat flour (90%); 20UGP = Unfermented grapefruit pulp (20%) + wheat flour (80%); 30UGP = Unfermented grapefruit pulp (30%) + 
wheat flour (70%); 10BGP = Boiled grapefruit pulp (10%) + wheat flour (90%); 20BGP = Boiled grapefruit pulp (20%) + wheat flour (80%); 30BGP = Boiled 
grapefruit pulp (30%) + wheat flour (70%); WHF = Wheat flour (100%). 

 

The final viscosity ranged from 148.55 – 261.05 RVU. Final viscosity has been used to define the particular 

quality of flour and may indicate the stability of the cooked paste when in actual use. It could also indicate the 

ability of flour to form various paste or gel after cooling. The final viscosity may give an idea of the ability of a 

material to gel after cooking. The setback values of composite flour ranged from 61.45 – 121.95 with 100% wheat 

flour having the highest value. The peak time ranged from 5.54 – 6.34 min. Peak time had been described as a 

measure of the cooking time (Adebowale et al., 2005). The pasting temperature ranged from 70 to 89.75 °C. The 

pasting temperature is one of the pasting properties which provide an indication of the minimum temperature 

required for sample cooking, energy cost involved and other components stability (Shimelis, Meaza, & Rakshit, 

2006). Hence, pasting properties of these flours are important indices in predicting the pasting behaviour during 

and after cooking.  

 

3.4. Fibre Fraction Composition 

The mean values for fiber fraction composition of grapefruit pulp and wheat composite flour are shown in 

Table 4. The values of fiber fraction gave an idea of the degree of food digestibility. Crude fiber as determined is not 

chemically a uniform substance but a variable mixture, the major components of which are cellulose, hemicellulose 
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and lignin (Van Soest, Robertson, & Lewis, 1991). The Neutral Detergent Soluble (NDS) of the composite flour 

ranged from 24 – 44 % with sample 10FGP having the highest value and sample 10UGP with the lowest. The 

Neutral Detergent Soluble (NDS) consists most part of the cell content. Acid Detergent Fiber (ADF) values ranged 

from 11-39.75%. Acid Detergent Fiber is important in fiber analysis to determine the percentage lignin and silica 

present in food. The lignin content of the composite flour ranged from 6.50 to 34.50% with sample 30FGP having 

the highest value; this could be as a result of the fermentation treatment on the grapefruit pulp while silica’s mean 

values ranged from 2.75 to 6.63%. Both lignin and silica are essentially indigestible even by microorganisms. The 

cellulose and hemicellulose are content of the cell wall and contribute to the cell structure.  The cellulose content of 

the composite flour ranged from 2.5 to 7.5%, while the hemicellulose ranged from 7.50 to 20.50%. The values were 

significantly higher compared with the control sample (5.00%).  

 
Table-4. Fiber fraction composition of grapefruit pulp and wheat composite flour. 

SAM- 
PLE 

NDS (%) ADF (%) Lignin (%) Silica (%) Cellulose (%) Hemicellulose 
(%) 

10FGP 44.00ab±0.00 23.50d± 0.71 10.75f± 0.35 5.50b ± 0.71 7.75a ± 0.35 7.50f± 0.71 
10UGP 24.00d± 1.41 11.00g ± 0.71 6.50g ± 0.71 2.75d± 0.35 2.50e ± 0.71 9.75e ± 0.35 

10BGP 36.50c± 0.71 18.25f± 0.35 9.25f ± 0.35 3.75cd± 0.35 5.75b± 0.35 13.50bc ± 0.71 
20FGP 39.50bc± 0.71 30.00b ± 0.71 23.50c± 0.71 3.75cd± 0.35 3.10de± 0.14 12.75cd ± 0.35 

20UGP 25.50d± 0.71 20.00e ±1.41 10.25f± 0.35 6.63a ± 0.18 2.75de ± 0.35 20.50a ± 0.71 
20BGP 47.00a ±1.41 22.00d ± 0.71 12.75e± 0.35 2.75d± 0.35 6.75ab± 0.35 14.75b ± 0.35 

30FGP 40.00bc± 2.82 39.75a ± 0.35 34.50a± 0.71 2.75d ± 0.35 3.50cde± 0.71 11.75d ± 0.35 

30UGP 42.00b ± 0.00 39.50a ± 0.71 30.50b±0.71 5.50b ± 0.71 4.50c ± 0.71 13.50bc ± 0.71 
30BGP 46.50a ± 2.12 31.25b ± 0.35 23.50c±0.71 4.75bc± 0.35 3.75cd ± 0.35 20.50a ± 0.71 

WHF 26.00d ± 4.24 26.75c ± 0.35 21.00d±1.41 4.50bc± 0.71 2.75de± 00.35 5.00g ± 0.71 
Note: Means with the same superscripts along a column are not significantly different (p<0.05); 10FGP = Fermented grapefruit pulp (10%) + wheat flour (90%); 
20FGP = Fermented grapefruit pulp (20%) + wheat flour (80%); 30FGP = Fermented grapefruit pulp (30%) + wheat flour (70%); 10UGP = Unfermented 
grapefruit pulp (10%) + wheat flour (90%); 20UGP = Unfermented grapefruit pulp (20%) + wheat flour (80%); 30UGP = Unfermented grapefruit pulp (30%) + 
wheat flour (70%); 10BGP = Boiled grapefruit pulp (10%) + wheat flour (90%); 20BGP = Boiled grapefruit pulp (20%) + wheat flour (80%); 30BGP = Boiled 
grapefruit pulp (30%) + wheat flour (70%); WHF = Wheat flour (100%). 

 

3.5. Sensory Evaluation 

The mean sensory scores of the biscuits produced from grapefruit pulp and wheat composite flour at different 

proportions are shown in Table 5. The ratings of the various sensory attributes were significantly different 

(p<0.05). In terms of aroma qualities, sample 10BGP had the highest score of 8.55 while sample 30UGP had the 

least score of 6.90. There was no significant difference (p<0.05) in the texture except for sample 10BGP that had 

the highest score of 8.35. Colour attributes ranged from 6.45-8.15. Sample 30UGP had the least score of 4.00 for 

taste while the control (100% wheat flour) had the highest score of 8.90 followed by sample 10BGP with mean score 

of 8.00. Sample 10BGP had the highest overall acceptability. The substitution of wheat flour with grapefruit pulp 

flour above 10% for production of biscuits gives a bitter after taste which is undesirable. 

 

Table-5. Sensory scores of biscuits made from composite flour of grapefruit pulp and wheat. 

Sample Aroma Taste Colour Texture Overall Acceptability 

10FGP 7.45bc+ 0.94 6.75b+ 0.79 6.80bcd+ 1.05 7.00b+ 1.07 7.00c+ 0.56 
20FGP 7.40bcd+ 0.68 6.25bc+ 0.79 6.60cd+ 0.68 6.85b+ 0.87 6.45def+ 0.67 

30FGP 7.25cd+ 0.72 5.80cd+ 1.28 6.80bcd+ 0.76 6.65b+ 0.81 6.45def+ 0.75 
10UGP 7.30cd+ 0.80 5.95bcd+ 1.57 7.05bc+ 0.76 7.25b+ 1.07 6.80cd+ 0.83 
20UGP 7.15cd+ 0.59 5.60cd+ 1.39 6.90bcd+ 0.72 7.00b+ 0.73 6.45def+ 0.76 
30UGP 6.90d+ 0.64 4.00e+ 1.68 6.45d+ 0.83 6.80b+ 0.89 5.95f+ 0.99 
10BGP 8.55a + 0.51 8.00b+ 0.64 8.15a+ 0.93 8.35a+ 0.67 8.30a+ 0.57 
20BGP 7.30cd+ 0.80 5.30d+ 1.41 7.10bc+ 0.72 7.25b+ 1.20 6.50def+ 0.69 
30BGP 7.00cd+ 0.79 4.40e+ 1.67 6.80bcd+ 0.52 7.10b+ 0.97 6.25ef+ 0.97 
WHF 7.85b+ 0.49 8.90a+ 0.64 7.35b+ 0.99 7.30b+ 0.92 7.60b+ 0.75 

Note: Means with the same superscripts along a column are not significantly different (p<0.05); 10FGP = Fermented grapefruit pulp (10%) + 
wheat flour (90%); 20FGP = Fermented grapefruit pulp (20%) + wheat flour (80%); 30FGP = Fermented grapefruit pulp (30%) + wheat flour 
(70%); 10UGP = Unfermented grapefruit pulp (10%) + wheat flour (90%); 20UGP = Unfermented grapefruit pulp (20%) + wheat flour (80%); 
30UGP = Unfermented grapefruit pulp (30%) + wheat flour (70%); 10BGP = Boiled grapefruit pulp (10%) + wheat flour (90%); 20BGP = Boiled 
grapefruit pulp (20%) + wheat flour (80%); 30BGP = Boiled grapefruit pulp (30%) + wheat flour (70%); WHF = Wheat flour (100%). 
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4. CONCLUSION  

The composite flour made from grapefruit pulp and wheat has increased nutritional value and dietary fibre. The 

sensory scores of the biscuits made indicated that sample 10BGP had the best overall acceptability among the flour 

treatments, pointing out high acceptability at up to 10% inclusion of grapefruit pulp-wheat flour for the production 

of biscuit. 
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