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INTRODUCTION 

 

Consumption of cereal snack foods such as biscuits, short bread, wafers and 
cookies is gaining more popularity in Africa, especially in Nigeria. Most cereal 

snacks are traditionally produced from wheat flour. The climatic condition in 

Nigeria does not support the growth of wheat seed (Adeyeye and Akingbala, 

2015). Therefore, there is huge reliance on importation of wheat in order to meet 

up with the increased growing demand for wheat based snacks. The replacement 

of wheat flour with indigenous cereal such as locally grown rice flour in 
industrial food applications will reduce economic losses incurred from huge 

foreign exchange, thereby increasing economic growth. 

Furthermore, health-conscious consumers are no longer snacking for enjoyment 
alone. Hence, they demand snacks suitable for specific health purpose, such as 

supplying essential nutrients and/or prevention of nutrition-related diseases 

(Beswa et al., 2016; Norazmir et al., 2014). Therefore, there is need for the 
production of gluten-free snacks from non-wheat flour. The consumption of 

gluten-free (GF) cereal-based snacks cater for clinically diagnosed celiac 

patients, and those seeking to exclude gluten-containing proteins from their diet 
(Pellegrini and Agostoni, 2015). Therefore, there is need for the production of 

gluten-free snacks from non-wheat flour.  

However, gluten-free snacks have been reported to contain lower resistant starch 
(RS) and dietary fibre, with higher glycemic index (GI) than its gluten-containing 

counterparts (Foschia et al., 2017; Giuberti et al., 2018; Pellegrini and 

Agostoni, 2015).  In addition, gluten-free foods have also been reported to 

contain lower protein content than gluten-containing foods (Wu et al., 2015). 

Thus, threatening the production of nutritious gluten-free foods (Pestoric et al., 

2017; da Silva and Conti-Silva, 2016). Enrichment of gluten-free 
confectioneries with legumes such as soy protein; a rich source of lysine, an 

essential amino acid limiting in most cereals will improve the nutritional 

composition of the snacks. Nutritious snacks have been produced from various 
blends from wheat, rice, green gram and potato flours (Chandra et al., 2015), 

germinated pigeon pea, fermented sorghum and cocoyam flours (Okpala et al., 

2013). There is limited information on the utilisation of locally grown rice 

(Nerica 7 and Faro 44) as food ingredients in food system. This study evaluated 
the chemical composition, physical characteristics, and the sensory attributes of 

gluten-free cookies produced from blends of rice and soy protein isolate.  

 

MATERIALS AND METHODS 

 

Procurement of raw materials 

 

The rice samples (Nerica 7 and Faro 44) were obtained from Agricultural 
Development Programme (ADP) office at Ikole-Ekiti, Ekiti State, Nigeria. 

Soybean seed and baking ingredients were purchased from the central market in 

Ado-Ekiti, South western Nigeria.   

 

Preparation of raw materials 

 
The rice samples were separately ground into flour with the use of well cleaned 

Hammer mill (Trojan TGS 228 E). The rice flour was sieved through a 500 µm 

screen mesh and packed in an air-tight container prior to use. Soybean grains 
were sorted and dehulled manually, then ground in a Warring laboratory blender 

(HGBTWTS3, Torrington, CT, USA) and sieved through a screen mesh of 355 

μm.  

 

Production of soybean protein isolate 

 

Soybean flour was defatted overnight using n-hexane solvent in the ratio 1:7 

(flour: solvent) on a magnetic stirrer at speed of 198 g. Protein isolate was 

prepared from defatted soybean meal following the method described by 
Ogunbusola et al. (2012) with slight modification. Soy protein was extracted 

with water by adding 20 ml of water to 1 g flour sample. The mixture was stirred 

with a magnetic stirrer at speed of 175 g for 10 min, and the pH of the slurry was 
adjusted to 8.0 using 0.1 M HCl or 0.1M NaOH drop wise. The extraction was 

allowed to continue for 2 h with constant stirring on a constant temperature 

magnetic stirrer (78HW-1), while the pH was kept constant. The slurry was 

The chemical composition, physical characteristics, and sensory attributes of gluten-free cookies made from blends of rice and soy 

protein flour were evaluated. Nerica 7 and Faro 44 rice were separately blended with soy protein isolate, to produce five formulations 

with ratio (100:0, 95:5, 90:10, 85:15 and 80:20) of rice to soy protein isolate flour respectively for cookies production. The functional 

and pasting properties of the composite flour formulations were analysed. The bulk density and the least gelation concentration of the 

flour blends decreased with increasing percentage of soy protein isolate, while other functional attributes increased. Pasting properties 

varied significantly (p≤0.05), with whole rice flours having the highest pasting characteristics. Nerica 7 flour blend and its composite 

blends exhibited better pasting properties than their Faro 44 rice counterpart. Cookies made from Nerica 7 rice flour supplemented with 

10% soy protein isolates had the highest spread ratio. The moisture content, protein and crude fibre content of the cookies ranged from 

3.28-5.33 g/100g, 3.96-17.76 g/100g, and 3.09-4.22 g/100g respectively. The results of sensory evaluation showed that the cookies 

produced from flour blends were scored significantly higher in all the quality attributes compared to whole rice flours (control). Nerica 7 

and Faro 44 rice flour composited with soy protein isolate could serve as functional ingredients in food formulation, especially in the 

production of gluten-free cookies. 
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centrifuged at 8000 rpm for 25 min. The residue was re-extracted with the same 
solvent under similar conditions. The supernatant was combined and proteins 

precipitated by adjusting the pH to 4.5 with 0.1 M HCl, followed by separation 

by centrifugation (GL16C BBPAN Scientific and Instrument Co Ltd) at 8000 
rpm for 20 min. The insoluble material was dispersed in distilled water, 

transferred into the dialysis tube (Brooklyn, N.Y.11311, USA), and then dialysed 

against distilled water for 18 h at room temperature. The dialysing water was 
replaced at intervals of 3 hours. The dialysate was lyophilised using freeze dryer 

(Armfield, Model 1793/CPS6352/1) and later stored in an air-tight container for 

future use. 

 

Preparation of composite flour  
 

Blends of rice-soy protein isolates were prepared by mixing rice flour and 

soybean protein isolates according to the formulation depicted in Table 1. 

 

Table 1 Formulation of rice-soy protein isolate flour blends 

Sample Code 
Nerica 7 Rice 

flour (g) 

Faro 44 Rice 

flour (g) 

Soy Protein 

Isolate flour (g) 

NRW 100 0 0 

FRW 0 100 0 

NRFvPI 95 0 5 
FRFvPI 0 95 5 

NRTnPI 90 0 10 

FRTnPI 0 90 10 
NRFtPI 85 0 15 

FRFtPI 0 85 15 

NRTwPI 80 0 20 
FRTwPI 0 80 20 

 

Functional properties of composite flours 

 

Determination of bulk density  

 

The bulk density (BD) of flour blends was determined using the method 
described by Ige et al. (1984). Some quantity of flour sample was transferred into 

a pre-weighed empty measuring cylinder (W1). The measuring cylinder was 

tapped for about gently, and its new weight was recorded (W2). The volume of 

flour in the measuring cylinder was recorded as V. The bulk density was 

calculated using the formula below:  
 

      BD (g/cm3) = 
𝑊2−𝑊𝐼

𝑉
 

 

Determination of water and oil absorption capacity  

 

Water and oil absorption capacity (WAC and OAC) were determined using the 

method of Sathe et al. (1982) described by Omowaiye-Taiwo et al. (2014). 
Exactly 1.0 g of the flour sample was measured, and 10 ml of distilled water (ρ 

=1.0 g/cm3) was added in a beaker and then stirred using magnetic stirrer for 5 

min. The suspension was later centrifuged for 30 min at 2500 rpm.  The 
supernatant was decanted and the volume was recorded. Water absorbed by the 

flour was calculated as the different between the initial volume of water added 

and the final volume of supernatant decanted. OAC was determined by replacing 
water with vegetable oil with density of 0.92 g/cm3. 

 

Determination of foaming capacity and foaming stability 

 

Foaming capacity and foaming stability (FC and FS) were determined using the 

method described by Omowaiye-Taiwo et al. (2014). A known quantity of flour 
sample was weighed, 100 ml distilled water was added and stirred using 

magnetic stirrer at 1500 rpm for 5 min. The foaming mixture was immediately 
dispensed into 250 ml measuring cylinder and the foam volume was measured. 

FC was expressed as percentage volume increase (%, v/v). FS was expressed as 

foam volume remaining after 1 h. 
 

 Determination of Least gelation concentration and Solubility Index (LGC 

and SI) 

 

The solubility index was determined using the method of Leach et al. (1959). 

LGC was determined using the procedure of Coffman and Garcia (1977). Flour 
suspensions of 2-20 % (m/v) were prepared with distilled water. Aliquot of 10 ml 

from each suspension was put into test tubes and heated in a boiling water bath 

for 60 min. The tubes were cooled rapidly under running water and then further 
cooled in a water bath at 4 °C . The LGC was taken as concentration when the gel 

did not fall or slip when tubes were inverted.  

 

Determination of Pasting Properties of Composite Flours    

 

The pasting characteristics of whole and composite flour blends were determined 
using a Rapid Visco Analyser (Newport Scientific Pty Ltd. Warriewood NSW 

2102, Australia) hooked on to a workstation. The moisture content of the sample 
was first determined to obtain the correct sample weight and amount of water 

required for the test. An aqueous suspension of the sample (6 %, w/w; 28 g total 

weight) was prepared and spun at 75 rpm. The temperature-time conditions 
included a heating step from 50 to 100 °C at 6 °C/min (after an equilibration time 

of 1 min at 50 °C), a holding phase at 100 oC for 5 min, and a cooling step from 

100 to 50 oC for 2 min. Viscosity was expressed in centipoises (cP) (IITA, 2001). 

 

Production of cookies 

 
About 100 g of hydrogenated fat, leavening agents and granulated sugar were 

creamed to a smooth uniform consistency. Required amount of the flour, water 
and sodium bicarbonate were added to the creamed mixture, then mixed using a 

dough mixer to obtain a homogeneous mixture. The resulting dough was rolled 

out into a thin sheet of uniform thickness and cut into the desired shape using a 
Cookies-cutter. The cut pieces were placed on a lightly greased perforated pan 

and baked at 180 °C for 15–20 min in an Oven (PBs 118SF Genlab Widnes, 

England). The cookies were later cooled to room temperature, packed in 
polyethylene bags and stored for further analysis.  

 

Determination of physical characteristics of cookies 

 

Width of six cookies placed edge to edge was measured with a Vernier caliper 

(0.01 mm accuracy) and the average width was calculated (Siddiqui et al., 2003). 
Similarly, the length of the cookies was determined by placing the butt of six 

cookies and taking the mean value. The thickness was measured by stacking six 

cookies on top of each other and taking the average thickness. Weight of cookies 
was determined as average weight of six cookies measured using a digital 

weighing balance (CP 413, OHAUS China). Spread ratio was calculated by 

dividing the average value of width by average value of thickness of cookies. 

 

Determination of proximate composition of cookies 

 
The cookies were analysed for proximate composition using the method of 

AOAC (2010). The carbohydrate was calculated by difference. 

 

Sensory evaluation of cookies 

 

Sensory evaluation of the cookies was carried out by ten semi-trained panelists 
selected based on familiarity with cookies and their consistency in scoring, using 

a 9-point Hedonic scale from like extremely to dislike extremely. The samples 

were evaluated for colour, taste, texture, crispiness and overall acceptability. 

 

Statistical analysis 

 
Data were analysed using Analysis of Variance ANOVA and mean separated by 

New Duncan Multiple range test using. Significance was accepted at 5 % level of 

probability. 

 

RESULTS AND DISCUSSION 

 

Functional properties of flour blends 

 

The results of functional properties of flour blends made from rice (Nerica 7 or 

Faro 44) and varying proportions of soybean protein isolates is shown in Table 2. 

Bulk density varied significantly (p ≤ 0.05); ranged from 0.62 to 0.85 g/cm3, with 

whole Nerica 7 rice flour (NRW) having the highest value, while Nerica 7 rice 
blended with 20 % soy protein isolate (NRTwPI) had the least value. The range 

of bulk density compared favourably with the range of 0.762 – 0.820 g/cm3 

reported for composite flour of wheat, rice, green gram and potato flours 
(Chandra et al., 2015). The data obtained in this study is however lower than 

1.08 – 1.24 g/cm3 reported for sweet potato and wheat flour blend fortified with 

brewer’s spent grain flour (Okpala and Ofoedu, 2018). The bulk density of rice-
soy protein isolate flours significantly decreased with increased level of protein 

isolate added. Bulk density is an important parameter required for packing 
design, and it correlates with relative volume (Udensi and Okoronkwo, 2006). 

Greater quantity of the flour blends could be packaged within constant volume, 

which would offer greater packaging advantage. The low values obtained for 
rice-soy protein flour blend would make it suitable for infant feed formulation 

where less bulk is desired (Iwe and Egwueke, 2010). The bulk density (0.84 

g/cm3) reported for whole Faro 44 rice flour in this study compared favourably 
with the range of 0.87 – 0.89 g/cm3 reported for some varieties of Faro rice flours 

(Sanusi et al., 2017). The high bulk densities of whole Nerica 7 and Faro 44 rice 

flours suggest their suitability in food preparations. The rice flours and their 
composite blends may find use in food products as thickeners and in food 

formulations, especially in children. 
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Table 2 Functional properties of rice-soy protein isolate flour blends 

Sample  BD (g/cm3) WAC (%) OAC (%) FC (%) FS (%) SI LGC (%) 

NRW 0.85±0.01a 95.35±0.75h 58.05±0.98j 56.85±0.94f 14.42±0.42j 20.97±0.09h 18.00±1.00a 

FRW 0.84±0.01a 72.55±0.52i 60.47±0.28i 21.49±0.54i 16.11±0.84i 21.25±0.22h 19.00±0.58a 

NRFvPI 0.74±0.01d 102.89±0.38g 101.56±0.47g 59.99±1.11e 34.23±0.58f 36.25±0.21d 17.00±0.58b 

FRFvPI 0.81±0.005b 94.65±0.36h 75.77±0.30h 27.68±0.26h 21.39±0.45h 31.13±0.17g 17.00±0.58b 

NRTnPI 0.72±0.01e 103.49±0.53e 123.85±0.68e 73.82±0.33d 42.30±0.61e 35.32±0.99e 15.00±0.58c 

FRTnPI 0.78±0.005c 111.68±0.71f 103.17±0.91f 33.71±1.25g 30.66±0.55g 32.73±0.35f 13.00±0.58d 

NRFtPI 0.68±0.01f 167.96±0.51c 155.98±1.01c 88.89±0.21c 57.08±0.23c 40.25±0.12c 11.00±0.58e 

FRFtPI 0.74±0.005d 153.52±0.30d 143.42±0.58d 61.16±1.04e 54.47±1.26d 42.92±0.22b 8.00±0.58e 

NRTwPI 0.62±0.01g 205.49±0.33b 202.66±1.33a 107.16±0.82a 87.29±0.40a 40.88±0.51c 5.00±1.00h 

FRTwPI 0.68±0.01f 233.38±0.59a 195.35±0.91b 94.69±0.58b 80.33±0.34b 52.97±0.07a 7.00±1.00g 

Legend: Values are means of triplicates ± Standard deviation.  Values on the same column with different superscripts are significant 

(P≤0.05). NRW - Whole Nerica 7 rice flour, FRW Whole Faro 44 rice flour, NRFvPI Nerica 7 rice + 5 % soy protein isolate, FRFvPI Faro 
44 rice + 5 % soy protein isolate, NRTnPI - Nerica 7 rice + 10 % soy protein isolate, FRTnPI - Faro 44 rice + 10 % soy protein isolate, 

NRFtPI - Nerica 7 rice + 15 % soy protein isolate, FRFtPI - Faro 44 rice +1 5 % soy protein isolate, NRTwPI - Nerica 7 rice + 20 % soy 

protein isolate, FRTwPI - Faro 44 rice + 20 % soy protein isolate. 
 

The water and oil absorption capacities (WAC and OAC) varied significantly in 

the flour samples. WAC and OAC ranged between 72.55 – 233.38 % and 58.05 – 

202.60 % respectively. Highest WAC was recorded in FRTwPI and lowest in 

FRW, while the highest OAC was recorded in NRTwPI and least in NRW. As the 

soy protein isolate inclusion increases, the WAC and OAC of the flour blends 
significantly increases. This could be attributed to the increased protein content 

of flour blends thus enhancing better interactions between the protein and 

solvent. In addition, proteins have both hydrophilic and hydrophobic amino acids 
which further encouraged more interaction with water and oil. The non-polar 

amino acid side chains can form hydrophobic interaction with the hydrocarbon 

chains of lipids, thus high OAC recorded in protein isolate substituted flour 
blends compared to whole rice flours (Jitngarmkusol et al., 2008). The high 

WAC and OAC of the composite flour blends especially NRTwPI and FRTwPI 

may be an indication of their potential usage in food products where good 
viscosity and thickening are required such as gravies and soups. The WAC and 

OAC of the composite flours obtained for this study is in similar trend with that 

of 2.12 – 2.63 g/g for composite flours from potato, cassava, rice, soyabean and 
xanthan gum (Tharise et al., 2014) and the range of 1.87 – 2.08 g/g for pigeon 

pea, sorghum and cocoyam flours (Okpala et al., 2013). Oil absorption capacity 

is important because of the flavour retention function of oil and its enhancement 

of palatability, particularly in bakery and meat products (Aremu et al., 2007).  

The foaming capacity and stability of flour blends ranged from 21.49 to 107.16 
% and 14.42 to 87.29 %, while the solubility index, and the least gelation 

concentration ranged from 20.97 to 52.97 % and 5.00 to 19.00 %, respectively. 

The FC, FS and SI generally increase with increase in the level of soy protein 
isolate incorporated in the flour blends, while the least gelation concentration 

decreases. Foam formation has been attributed to the rate of decrease of surface 

tension of the air/water interface caused by absorption of protein molecules 
(Sathe et al., 1982). The increasing solubility index with increasing protein 

isolate substitution for rice flour may be due to the increasing protein content of 

the flours. Gelation property is dependent on the nature of protein, starch and 
gums in the flour as well as their interaction during treatments (Omowaiye-

Taiwo et al., 2014). NRTwPI and FRTwPI blends with higher gelation properties 

may be better ingredients in food applications involving gel formation. 

 

Pasting profile of rice-soy protein isolate flour blends 

 

Pasting characteristics of flour blends is depicted in Table 3. The range of values 

of peak viscosity (PV), trough viscosity (TV), breakdown viscosity (BV), final 
viscosity (FV) and setback viscosity (SV) are 128-355 cP, 98.67-251.00 cP, 

31.00-104.00 cP, 198.67-1188.00 cP and 99.67-922.67 cP respectively. In 

addition, the pasting viscosity varied significantly among the flour blends. 
Moreover, as the level of soy protein isolates increases in the blend, there was 

general reduction in pasting characteristics. Similar observation was reported by 

Tharise et al. (2014) for composite flour blends of cassava, rice, potato, soybean 
and xanthan gum. Nerica 7 rice flour and its composite blends generally showed 

higher pasting characteristics than their Faro 44 whole rice and composite blend 

counterparts. The relative low peak viscosity of the sample with higher protein 
isolate content shows that they may find use in products requiring low gel 

strength and elasticity (Abioye et al., 2011). The final viscosity indicates re-

association of starch granules during cooling after gelatinization and formation of 
gel network (Chanapamokkhot and Thongngam, 2007). The lower breakdown 

and final viscosity with increase in soybean flour has been reported to be an 

indication of the ability of the flour to form viscous gel or paste after cooking and 

cooling (Abioye et al., 2011). The lower setback viscosity of the flour blends 

with increasing level of soybean protein isolates indicates more retrogradation 
during cooling and greater tendency of staling of the products produced from the 

flours.  

The pasting temperature ranged from 94.80 oC (NRFvPI) to 95.03 oC (FRFvPI). 
There was no significant difference observed in the pasting temperature of the 

flour blends. The range of pasting temperature is higher than 71.35 to 77.80 oC 

range reported for composite flours reported by Tharise et al. (2014). Pasting 
temperature gives information on the minimum temperature required for heating 

or gelatinizing flour. The pasting time ranged from 7.03 to 7.13 min in FRTwPI 

and NRW respectively.  

 

 

Table 3 Pasting properties of rice-soy protein isolate flour blends 

Sample  PV (cP) TV (cP) BV (cP) FV (cP) SV (cP) PTemp (oC) PTime (min) 

NRW 355.00±11.53a 251.00±8.00a 104.00±3.61a 1188.00±61.49a 922.67±45.45a 94.94±0.12ab 7.13±0.01a 
FRW 253.00±1.00c 198.00±2.00c 55.0±1.00d 382.67±3.06e 183.00±1.00f 95.00±0.04a 7.05±0.06bc 

NRFvPI 308.67±13.05a 219.67±8.50b 88.33±1.00b 968.00±22.51b 749.33±14.01b 94.80±0.20ab 7.12±0.03ab 

FRFvPI 207.00±1.00d 157.33±1.52e  49.0±2.00e 317.33±6.40f 158.67±7.09fg 95.03±0.04a 7.05±0.06bc 
NRTnPI 242.67±1.15c 178.00±2.00d 65.33±3.05c 693.67±4.70c 516.00±6.56c 95.00±0.01a 7.07±0.06abc 

FRTnPI 190.00±2.00e 144.67±2.52f 45.67±0.58e 290.00±2.00f 144.33±3.51gh 95.00±0.01a 7.12±0.03ab 

NRFtPI 203.00±2.00de 154.00±2.00ef 49.67±1.15e 551.33±5.03d 397.33±3.05ͩd 95.00±0.01a 7.09±0.04abc 
FRFtPI 162.33±19.50f 120.67±14.00g 36.33±5.51f 247.67±31.56g 120.33±17.50i 95.00±0.01a 7.06±0.04abc 

NRTwPI 159.66±6.50f 120.00±6.00g 40.00±1.00f 411.67±10.60e 291.67±4.73e 95.00±0.01a 7.09±0.03abc 

FRTwPI 128.33±3.51g 98.67±4.16h 31.00±1.00g 198.67±1.54h 99.67±3.79i  95.00±0.05a 7.03±0.03c 

Legend: Values are means of triplicates ± Standard deviation.  Values on the same column with different superscripts are significant (P≤0.05). 

PV- Peak viscosity, TV-Trough viscosity, BV-Breakdown viscosity, FV-Final viscosity, SV-Setback viscosity, PTemp- Pasting temperature and 

PTime-Pasting time. 

 

Physical properties of cookies made from rice-soy protein isolate flour 

blends 
 

Figure 1 depicts the physical properties of the cookies produced from rice flour 

(Nerica 7 and Faro 44) blended with soy protein isolate. The width, thickness and 
weight of the cookies ranged from 2.06-3.04 cm, 0.97-1.45 cm and 6.15-6.35 g 

respectively, and they increase generally with increase in soy protein isolate. The 

spread ratio of the cookies ranged from 2.12 to 3.08. Cookies produced from the 
blend of NRTnPI (Nerica 7 rice flour supplemented with 10 % protein isolate) 

had the highest spread ratio, while those from NRW (whole Nerica 7 rice flour) 

had the least. High spread ratio is desired in cookies (Kirssel and Prentice, 

1979). Low spread ratio has been attributed to very hydrophilic nature of starches 

in the flour used for cookies (Okpala and Egwu, 2015). The flour blend, 

NRTnPI, may be a better ingredient in production of cookies. It was observed 
that cookies with the least spread ratio have the least thickness and width, this is 

contrary to the observation of Okpala et al., (2014), but similar to that of Man et 

al. (2014). The determination of physical properties of cookies would help in the 
design of package.  
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Fig 1 Physical properties of rice-soy protein isolate cookies 

 

Proximate composition of cookies 

 
Proximate composition of the cookies produced from rice-soy protein isolate 

flour blends is shown in Table 4. The proximate composition varied significantly 

(p ≤ 0.05). The moisture content ranged from 3.28 g/100g (NRW) to 5.33 g/100g 
(NRFtPI). The range of values of moisture content of the cookies is lower than 

6.11 % moisture in cookies from plantain-based composite flour (Osundahunsi 

et al., 2010) and 6.56 to 7.89 % for biscuits reported by Okpala and Egwu 

(2015). The range of moisture content obtained in this study is also lower than  

 

the range of 7.46 to 10.23 % reported by Okpala et al. (2013) for cookies made 

from germinated pigeon pea, fermented sorghum and blanched cocoyam flour 
blends and 8.64 to 8.73 % reported for cookies from composite flour containing 

brewer’s spent grain (Okpala and Ofoedu, 2018). The relatively low moisture 

content of the cookies in the present study may be an indication of higher shelf 
stability of the cookies. The moisture content of the cookies in this study 

increased significantly with inclusion of soybean protein isolate. This may be due 

to higher water binding capacity of legume protein.  

 

 

Table 4 Proximate composition (g/100g) of cookies made from rice-soy protein isolate blends 

Sample  Moisture Ash Protein Crude Fibre Crude Fat Carbohydrate 

NRW 3.28±0.08 e 5.98±0.02b 4.34±0.03h 4.22±0.11a 0.31±0.01g 81.87±0.17a 

FRW 3.85±0.01d 6.99±0.02a 3.96±0.02i 4.13±0.11a 0.21±0.01h 80.87±0.13b 
NRFvPI 4.41±0.08c 4.65±0.05f 8.78±0.03g 3.09±0.06f 0.88±0.01d 78.19±0.07c 

FRFvPI 4.42±0.04c 4.75±0.05e 8.56±0.02g 3.15±0.10f 0.80±0.02f 78.32±0.11c 

NRTnPI 4.84±0.57b 4.94±0.03c 11.41±0.18e 3.50±0.02e 0.91±0.01c 74.40±0.62e 
FRTnPI 4.52±0.02bc 4.85±0.03d 10.39±0.18f 3.41±0.01e 0.81±0.01f 76.03±0.16d 

NRFtPI 5.18±0.03a 4.98±0.03c 14.29±0.04c 3.72±0.03cd 0.95±0.01b 70.87±0.34g 

FRFtPI 5.33±0.06a 4.99±0.01c 13.39±0.04d 3.62±0.03d 0.85±0.01e 71.81±0.01f 
NRTwPI 4.80±0.02b 4.94±0.01c 17.76±0.23a 3.96±0.04b 0.98±0.01a 67.56±0.23i 

FRTwPI 5.18±0.03a 4.84±0.02d 16.63±0.23b 3.82±0.02c 0.88±0.01d 68.66±0.21h 

Legend: Values are means of triplicates ± Standard deviation.  Values on the same column with different superscripts are significant (P≤0.05).  

 
The protein content of the rice-soy protein isolate cookies was highest in 

NRTwPI (17.76 g/100g) with FRW having the least value of 3.96 g/100g. The 

protein content increased with increased level of soy protein isolate in the flour 

blends; this may be due to significant quantity of protein in the isolate. Similar 

observation was reported for cookies from composite flour of maize and soy 

protein isolates (Adeyeye et al., 2017). The values obtained for protein content in 
this study compared favourably with the ranges of 7.37 to 21.4 % (Okpala et al., 

2013) and 13.75 to 21.65 % (Abayomi et al., 2013) reported for cookies 

produced from germinated pigeon pea, fermented sorghum and blanched 
cocoyam flour blends and cookies from blends of sweet potato and fermented 

soybean flour respectively. The high protein content of soy protein isolate 
supplemented cookies would be of nutritional significant especially in developing 

countries like Nigeria where high protein foods are costly and thus unaffordable 

by the majority of the populace, especially those below the poverty line.  
Ash and crude fibre reduced with increased protein isolate inclusion, while crude 

fat increased. The increase in fat content with protein isolate addition could be 

due to increase fat binding properties of soy protein. NRTwPI had the lowest 
carbohydrate content of 67.56 g/100g, while NRW had the highest value of 81.87 

g/100g. The range compared favourably with the range of values of carbohydrate 

of some cookies and biscuits produced from gluten-free composite flours (Falola 

et al., 2011; Abayomi et al., 2016). The lower carbohydrate content of cookies 

made from composite blends of rice and soy protein isolate may be of advantage 

in therapeutic diet for obese and diabetics. 

 

Sensory Attributes of Cookies 

 

The results of sensory scores of rice-soy protein isolate cookies are depicted in 

Table 5. The cookies varied significantly in all the sensory parameters evaluated. 
The whole rice cookies (NRW and FRW) were scored lower than their composite 

blend counterparts in all the sensory properties evaluated. Cookies made from 
rice-soy protein isolate blends were generally preferred to their whole rice flour 

cookies for taste, colour, crispiness and overall acceptability. Cookies sample 

NRFtPI (Nerica 7 rice blended with 15 % soy protein isolate) is scored highest in 
taste, texture, crispiness and overall acceptability. Composite blends of Nerica 7 

or Faro 44 rice and soy protein isolate may be a better ingredient in preparation 

of functional gluten free cookies. 
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Table 5 Sensory properties of cookies made from rice-soy protein isolate blends 

Sample  Taste Colour Flavour Texture Crispiness Overall 

Acceptability 

NRW 5.00±1.76b 5.80±1.23c 6.50±1.08a 6.60±1.71a 5.50±1.27c 5.00±1.56b 

FRW 5.20±1.69b 5.20±1.48c 6.50±1.08a 6.70±1.16a 5.90±1.37bc 4.70±1.16b 
NRFvPI 6.90±1.10a 6.70±1.06ab 7.10±1.10a 6.80±1.75a 7.70±1.34a 7.60±0.97a 

FRFvPI 6.90±1.28a 6.60±1.07ab 6.50±1.51a 6.20±1.55a 7.40±1.07a 7.00±1.15a 

NRTnPI 6.90±1.60a 6.30±1.34abc 6.60±1.50a 6.00±1.69a 7.40±1.90a 7.40±1.26a 
FRTnPI 7.30±1.41a 6.70±1.06ab 6.70±1.70a 7.10±1.20a 7.80±1.23a 7.70±0.82a 

NRFtPI 7.70±1.25a 6.50±0.71ab 7.00±1.83a 7.40±0.97a 7.70±1.25a 7.70±0.82a 

FRFtPI 7.00±1.05a 6.70±1.06ab 6.30±1.57a 6.90±0.99a 6.80±1.03ab 7.60±0.70a 
NRTwPI 7.40±1.42a 7.20±1.23a 6.40±1.43a 6.90±1.29a 7.30±1.25a 7.70±1.16a 

FRTwPI 6.60±0.96a 6.50±1.58ab 7.00±1.05a 6.70±1.25a 7.10±1.37ab 6.90±0.88a 

Legend: Values are means of triplicates ± Standard deviation.  Values on the same column with different superscripts are significant (P≤0.05).  

 

CONCLUSION  
 
Rice-soy protein gluten-free flour could find use in producing functional cookies 

with acceptable physical and sensory qualities. These cookies would be an 

advantage to people suffering from gluten intolerance. The addition of soy 

protein to rice flour in varying proportions significantly (p≤0.05) improved the 

functional properties and pasting qualities of the flour blends. Also, the physical 

properties, sensory qualities, and nutrient values of the cookies are enhanced. 
Nerica 7 rice blended with 15 % soy protein isolate flour may find use in the 

production of enriched and acceptable cookies. This study showed that utilisation 

of indigenous crops, such as locally cultivated rice in Nigeria could have 
economic advantage, thus reducing foreign exchange spending on wheat 

importation, enhance the livelihood of local farmers and also serve as ingredient 

in food product development. 
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