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INTRODUCTION 

 

Composite flour has often been used with the intent of reducing importation of 

wheat and improving its nutritional value, most especially in countries where, 

wheat crop is not grown. The use of composite flour also promotes the use of 

some locally cultivated crops as flour and increases the nutritional content of 

food products (Hasmad et al., 2014). Wheat as a cereal crop is as far as nutrient 

is concerned poor, as it is lacking in some limiting amino acids, such as lysine 
and threonine, even though it is considered as good source of calories and other 

nutrients.  Compositing wheat flour with locally available, avoidable flours from, 

other cereals and legumes has successfully increased its nutritional quality 
(Nilufer et al., 2008).The growing large market for confectioneries and pastries 

has encouraged local raw materials replacement for wheat (Nooz-Aziah and 

Komath , 2009). Also governments in developing countries are encouraging 
policies aimed at assessing the possibility of using alternative local sources of 

flour as substitute for wheat flour (Abdelghafor et al., 2001). Cookies as 

confectionary edible products are widely eaten in Nigeria, most especially among 
kids and young people. It is cheap to purchase and has longer shelf life when 

compared with other processed foods (Oyeyinka et al., 2014). 
Wheat has been tagged as the number three most important cereal crop after 

maize and rice. It is one of the most essential staple foods for man (Akhtar et al., 

2008). It is also the most abundantly available energy grain for the production of 

confectioneries, as it is a cheaper source of protein and carbohydrates. It has a 

unique protein (gluten) that makes it adequate for the production of cookies, 

pastries and bread, because of the strength and elasticity it provides. (Akhtar et 

al., 2008). Meanwhile, wheat is not at the moment grown in commercial quantity 

in Nigeria. Most of the wheat used for confectionaries are imported, which 

impose a considerable foreign exchange burden on the country’s economy. 
Hence, the need for the use of composite flour from home grown sources for the 

production of some of the confectioneries consumed in the country. 

Sorrel seed has a high protein content when compared to other seeds and are 
abundantly grown in many countries of Africa and Asia. Plant proteins have been 

extensively recognized as important sources of affordable protein. Studies have 

shown that Sorrel seeds can be used as a possible source of proteins (Tounkara 

et al., 2011). Sorrel seeds protein isolate or concentrates could be a veritable 

source of cheap protein replacement in dietary supplement or as ingredients for 

food companies (Sanni et al., 2019). It use, could lessen pressure on 

conventional sources like, meat, fish and soybean. Cassava is an important root 

crop and a major energy food for more than half a billion people in the third 

nations of world (Falade, 2010). Yellow cassava, a variety of cassava naturally 
high in pro vitamin A, has been developed and introduced into Africa by the 

International Institute of Tropical Agriculture (IITA) in Nigeria. The color of the 

tuber ranges from deep yellow to slightly orange. Carotenoids concentration is a 
stable trait and is influenced more by genotype than by its environment (Maroya 

et al., 2012). Even though yellow cassava is an excellent source of β-carotene 

and energy, it is  generally poor in other nutrients such as protein, fat, iron and 
zinc. Children, whose diets consist mainly of cassava, even it elevated 

carotenoids, may still be vulnerable to micronutrient deficiencies (Joy et al., 

2014). Therefore, the use of yellow cassava, will require additional food-based 
dietary nutrients to make up for the existing gap in nutrients in the diet. 

Newly developed, High quality cassava flour (HQCF) is a good alternative for 
wheat flour substitution. Meanwhile, it has to meet the quality features in terms 

of nutritional and chemical characteristics, and cyanogenic glucoside content 

(Adetuyi et al., 2009). HQCF has been showed to be useful for many 

applications at homes, for the production of various types of pastries and 

confectionery foods at  cities and as  raw material for the manufacture of 

industrial products (Iwe et al., 2014). Soybean, sunflower seeds chickpea and 
broad bean protein isolate to mention but few have been used as sources of high 

quality protein for cookies and biscuits production (Modsen et al., 2009; Lee 

and Brennand, 2005; Claughton and Pearce 1998; Rababah et al., 2006). 
Sorrel seeds are far less expensive than many of these seeds, and so could be a 

cheaper source of protein for composite flour.  This research was therefore aimed 

at investigating the effect of sorrel seed protein isolate and yellow cassava flour 

An investigation to examine the impart of replacement of wheat flour with sorrel seed protein isolate and High Quality Cassava Flour 

(HQCF) made from yellow flesh cassava (TMS/BA/1368) on the attributes of cookies made from their blends was carried out. Wheat 

flour was blended with Sorrel seed protein isolate and cassava flour at the ratios of 100:0:0 (W100:0:0), 85:5:15 (W85:5:10), 70:10:20 
(W70:10:20) and 55:15:30 (W55:15:30) respectively. The proximate, functional, mineral, pasting and sensory attributes of composite flours 

were evaluated using standard methods. 

The results obtained showed that crude protein content, crude fat content, ash and crude fibre increased significantly (p< 0.05), as the 

level of replacement increased, while the moisture  and carbohydrate contents were significantly decreased as the level of inclusion 

increased. The level of carotenoids in the cookies sample also significantly increased along the level of inclusion. Functional 

characteristics such as water and oil absorption, foaming and swelling capacities increased significantly (p< 0.05) as the wheat flour 

reduced, while packed and loose bulk densities and pH, decreased accordingly. The mineral constituent of the cookies were significantly 

(p<0.05) elevated as the wheat flour substitution increased. The pasting characteristics of the blends showed an increase in peak 

viscosity, trough viscosity as well as final viscosity from 1382 to 1708,   926.7 to1314.3, and 1810.7 to 2092 RVU, respectively. While, 

setback viscosity decreased from 883.70 to 780.00 RVU as the level of wheat substitution increased. The sensory quality of the cookies 

were not significantly different at all levels of incorporation except crispness that was reduced significantly (p<0.05) after 30% 

substitution. 
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fortification on the nutritive value and sensory properties of cookies thus 
producing an inexpensive, nutritionally balanced food.  

  

MATERIAL AND METHODS 

 

Materials Collections 

 

High Quality Cassava Flour (HQCF) made from yellow flesh cassava 

(TMS/BA/1368) was collected from International Institute of Tropical 

Agriculture (IITA), Ibadan, Oyo state. Sorrel seeds were bought at Kaduna 
central market, Kaduna state, Nigeria. Other raw materials and ingredients such 

as whole wheat grains, baking powder, flavour, sugar, eggs, butter and the 
packaging materials were obtained from Ikole market in Ikole-Ekiti, Ekiti State. 

 

Preparation of Wheat Flour 
 

Whole wheat seeds were sorted and cleaned by the removal of plant debris, dust 

and stone. The seeds were milled using a laboratory scale hammer miller (Model 
9FQ-320) and the  powder gotten was sieved through 0.25 mm screen. 

 

Preparation of Sorrel Seed Protein Isolate 

 

Sorrel flour was first defatted using Soxhlet apparatus (Ginotec, China). A 

modified method of Gbadamosi et al., (2012) was used for the preparation of 
protein isolates from sorrel flour. The sorrel seeds flour was first defatted for 6 

hours using a Soxhlet apparatus after which 100 g of the defatted flour was 

suspended in water in the ratio 1:10 and it was stirred in a magnetic stirrer for 10 
min and the pH was adjusted to 10.0 and stirred for 4 h at constant pH. The slurry 

was centrifuged at 4500 rpm for 30 min at ambient temperature (25±2oC). The 

supernatant was collected and the pH was brought to  4.5 to precipitate the 
protein. The mixture was centrifuged at 4500 rpm for 30 min, the residue 

obtained was washed twice with distilled water, re-suspended in distilled water 

and the pH was adjusted to 7.0 (neutral) after which it was centrifuged at 4500 
rpm for 10 min. The residue was lyophilized or freeze dried (Model LGJ-10) to 

obtain isolate.  

 

Preparation of Cookies 

 

Four flour blends were prepared from wheat, sorrel seed protein isolate and 
yellow cassava flours according to the formulation presented in Table 1. The 

cookies were produced, using to the method reported by Ndife et al. (2014) with 

some modifications. The dry components were first mixed together (composite 
flour, sugar, baking powder) then the wet parts were mixed also (eggs, butter, 

milk, flavor). The wet components were added to the dried one and kneaded for 

about 10 min into fine dough. The dough gotten, was cut into uniform sizes and 
shapes and  made to passed through a series of molding, shaping and stamping. 

The stamped dough was baked in the oven (Model DHG-9023A) for 20 min at 

185 ᵒC, the products were left to cool and were then packaged with a nylon 
wrappers. The produced cookies were kept at cool dried place until required for 

further analysis.  

 

 

Proximate Analysis of Cookie Samples 

 

Proximate composition of the cookies sample were evaluated using standard 

methods of AOAC (2005). The carbohydrate was calculated by difference, while 

energy content (E) was calculated using the Atwater factor (Obiegbuna and 

Baba, 2001) as:  E (Kcal/100g) = (4X P) + (9XF) + (4XC) where E is energy, P 

is Protein F is Fat and C is Carbohydrates 

 

 

 

 

Determination of Functional and physical properties of the Composite Flour 

 

Water and Oil Absorption Capacity 

 
The Water and Oil absorption capacities   were determined at room temperature 

using method of Onwuka, (2005).  

 

Determination of Bulk Density 

  

Bulk density (loose and packed) was determined by the method of Onwuka 

(2005). For Packed bulk density, 10 ml graduated cylinder, initially tarred, was 

carefully filled with the sample. The base of the cylinder was gently tapped on a 
laboratory bench several times till there was no further attenuation of the sample 

level after filling to the 10ml mark. For loose bulk density, an empty and dried 

100 ml measuring flask was weighed and flour sample was left to fall freely into 
it up to the mark. The flask was weighed again along with the sample. Bulk 

density (loose and packed) was evaluated as weight of sample per unit volume of 

sample (g/ml). 
 

Bulk density (g/mL) =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑓𝑡𝑒𝑟 𝑡𝑎𝑝𝑝𝑖𝑛𝑔
 

 

Determination of pH  

 

The pH of the samples were determined by making a 10% w/v suspension of the 

sample in distilled water. The suspensions were thoroughly mixed and the pH 
evaluated with a Hand held pH meter (HANNA, pH; Model Scholar 425), 

(Onwuka, 2005). 

 

Determination of Swelling Capacity 

 

The swelling capacity was assessed by the method presented by Rosell et al. 
(2009) with modifications. The sample was fill into 100ml graduated cylinder to 

10 ml mark. Then the cylinder was filled with distilled water arrive at a total 

volume of 50 ml. The top of the graduated cylinder was tightly covered and 
mixed by inverting the cylinder. The suspension was inverted again after 2 

minutes and left to stand for 60 min. The swelling capacity of the sample was 

evaluated as an increase in the original volume. 
 

Swelling Capacity (mL/g) =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑂𝑐𝑐𝑢𝑝𝑖𝑒𝑑 𝑏𝑦 𝑆𝑎𝑚𝑝𝑙𝑒

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑆𝑎𝑚𝑝𝑙𝑒 𝑊𝑒𝑖𝑔ℎ𝑡
 

 

Determination of Foaming Capacity 

 

Foaming capacity of the flour samples were evaluated according to the AOAC 

(2005) method. Sample of 2 g was measured from each of the sample and mixed 
with 100ml of distilled water at 30 ± 2°C in a graduated cylinder using a warring 

blender and the suspension was whipped at 1600 rpm for 5 minutes. The mixture 

was  poured into a 100 ml measuring cylinder and its volume was recorded after 
30 seconds. Foam capacity was expressed as percentage increase in volume as 

follows: 

 

Foam Capacity (%) = 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑜𝑎𝑚 𝐴𝑓𝑡𝑒𝑟 𝑤ℎ𝑖𝑝𝑝𝑖𝑛𝑔−𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑜𝑎𝑚 𝑏𝑒𝑓𝑜𝑟𝑒 𝑤ℎ𝑖𝑝𝑝𝑖𝑛𝑔

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑜𝑎𝑚 𝑏𝑒𝑓𝑜𝑟𝑒 𝑤ℎ𝑖𝑝𝑝𝑖𝑛𝑔
 

 

Pasting Characteristics 

 

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, cooling step from 100 to 

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

Carotenoids Determination 

 

The total content of carotenoids in the cookies samples was evaluated using a 

method of Rodriguez-Amaya and Kimura, (2004). 15 g of the samples, plus 3 g 
of celite 454 (Tedia, Ohio, USA) was weighed on a digital balance (Bel 

Engineering, model MA0434/05). For the carotenoid, gradual additions of 25 mL 

of acetone were done to arrive at a paste, that is put into a sintered funnel (5μm) 
joined to a 250 mL Buchner flask and filtered under vacuum. This step was 

repeated thrice until the sample turned colorless. The extract gotten was poured 

into a 500 mL separating funnel that has 40 mL of petroleum ether. The acetone 
was gotten rid of through a stepwise addition of ultrapure water (Milli-Q - 

Millipore) to hinder the formation of emulsion. The aqueous phase was thrown 

off. This procedure was repeated four times till there was no residual solvent 
remaining. The extract was transferred via a funnel to a 50 mL volumetric flask 

that has 15 g of anhydrous sodium sulfate.  The volume was made up by 

Table 1  Formulation of composite Flour  for cookies production 

                                             Blends 

Ingredient W100:0:0 W85:5:10 W70:10:20 W55:15:30 

Wheat (%) 100 85 70 55 

Sorrel Seed Protein 
Isolate (%) 

- 5 10 15 

Yellow Cassava 

Flour (%) 

- 10 20 30 

Margarine (g) 50 50 50 50 

Sugar (g) 40 40 40 40 

Vanilla Flavour (g) 1 1 1 1 
Powdered Filled Milk 

(g) 

11 11 11 11 

Baking Powder (g) 1 1 1 1 
Egg (g) 5 5 5 5 

Total weight of 

Dough(g) 

204 204 204 204 
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petroleum ether, and the samples were evaluated by a spectrophotometer that was 
set at 450 nm. The total carotenoid content was determined using the formula 

stated thus: 

 

Carotenoids Content (µg/g) = 
𝐴×𝑉(𝑚𝐿)×104

A1℅1cm ×P(g)
 

 

Where A = Absorbance; V = Total extract volume; P = sample weight; A1℅
1cm 

=2592 (β-carotene Extinction Coefficient in petroleum ether). 

 

Mineral Analysis  

 

The analyses for essential mineral elements Potassium (K), Sodium (Na), Zinc 
(Zn), Iron (Fe) and Calcium (Ca) were investigated using atomic absorption 

spectrophotometer for Ca,  Zn, Fe while  flame photometric method was used for 

Potassium (K) and Sodium (Na) (AOAC,2005). About 0.5 g of the sample was 
weighed into a digestion flask and 10 mL of nitric acid and 10 mL of HCl were 

added. The mixture was digested for 10 min. The digested mixture was filtered 

using No 1 whatman filter paper. The filtrate was made up to 50 mL with 
distilled water. An aliquot was transferred to the flame Spectrophotometer 

(Perkin Elmer, model 402) at 420 nm. 

 

Sensory Analysis  

 

The sensory profile of the cookies was evaluated by 20 semi-trained panelists 
selected from students using a 9-point hedonic scale from like extremely (9) to 

dislike extremely (1). Quality parameters evaluated were taste, colour, 

flavor/aroma, texture, appearance, crispiness and overall acceptability as 
described by Iwe (2010). 

The panelists were University Students screened for familiarity with the product. 

Sessions were conducted at the Federal University, Oye-Ekiti, Ikole-Ekiti and the 
language used for the sensory testing was English. Water was served to rinse the 

mouth between samples testing. 

 

Statistical Analysis  

 

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

New Duncan Multiple range test using Snedector and Cochram (1976). 

Significance was accepted at 5 % level of probability. 

 

RESULTS AND DISCUSSION 

 

Functional and Physical Properties of the Flour Samples 

 

The results of the functional properties of the composite flour blends are 

summarized in Table 3. There were significant differences (p<0.05) in the 
swelling capacity, water absorption capacity, oil absorption capacity, packed bulk 

density and loose bulk density of the flour samples.  

The water absorption capacity of the flour samples varied from 0.83 g/g in 
W100:0:0 to 1.34 g/g in W55:15:30. Water absorption capacity increased with 

increasing replacement of wheat flour with sorrel seed protein isolate and yellow 

cassava flour due to the addition of sorrel seed protein isolate. The increase in 
water absorption capacity of composite flours means the composite flours 

absorbed water greatly compared to wheat flour. As similarly observed by 

Adebowale et al.(2008), water holding capacity of wheat-soybeans-banana flours 

increased with soy-banana flour substitution due to increase in protein content 

because addition of soy and banana flour to the wheat flour makes it to have high 

water absorption capacity which in turn improves the reconstitution  and textural 
abilities obtainable from the wheat flour. Water absorption capacity is essential in 

bulking and consistency of product and in baking applications (Niba, et al., 

2002). Ndulaka and Obasi, (2018) reported that high WAC as recorded in this 

study will be very useful in bakery products, and that it could prevent staling by 

reducing moisture loss. 
The oil absorption capacity (OAC) of the flour samples also ranged from 0.96 g/g 

in W100:0:0 to 1.23 g/g in W55:15:30. Oil absorption capacity increased with 

increasing substituting of wheat flour with sorrel protein isolate and yellow 
cassava flour. Oil absorption capacity (OAC) is the ability of flour to absorb oil, 

which is important as oil acts as flavor retainer and improves mouth feel 

(Onimawo et al., 2001). The high OAC suggests the lipophilic nature of the 
constituents of the flour (Ubor and Akobundu, 2009), and this suggests that the 

blends are potentially useful in structural interaction in food especially in flavor 
retention, improvement of sensory quality, and shelf life extension of of bakery 

or meat products (Ndulaka and Obasi, 2018). 

The packed bulk density of the flour samples varied from 0.63 g/ml in 
W55:15:30 to 0.81 g/ml in W100:0:0. Packed bulk density was seen to  increase 

as the level of wheat flour substitution with sorrel seed protein isolate and yellow 

cassava flour increased. Loose bulk density of the flour samples varied from 0.57 
g/ml in W55:15:30 to 0.77 g/ml in W100:0:0 showing that, loose bulk density 

increased with increasing replacement of wheat flour with sorrel seed protein 

isolate and yellow cassava flour. It has been well established tha bulk density of a 
food material is essential in relation to its packaging. The result obtained from 

this study indicates that more the cookies could be packaged in constant volume 

which ensures an economical packaging. It is also said that elevated bulk density 
nutritionally promotes adequate digestibility, especially among kids who have 

immature digestive system diseases. Thus, it could be considered a snack for 

children (Henry et al., 2016). Udensi and Eke,(2000) also indicated that high bulk 
density is desirable when ease of dispersibility and paste reduction are of 

consideration. 

The swelling capacity of the flour samples varied from 17.17 ml/g in W100:0:0 
to 20.00 ml/g in W55:15:30. Swelling capacity increased with increasing 

replacement of wheat flour with sorrel seed protein isolate and yellow cassava 

flour. Several authors have reported that inherent flour lipid restrict swelling 
because of it interactions with amylose in the flour starch (Putseys  et al., 2010; 

Oyeyinka et al., 2016b). Lipid  also chelate the surface of starch with film, which 

hinder swelling and hydration(Kim and Walker, 1992). High swelling index 
according to Achinewhu et al. (1998) enables good thickening and bulking agent 

. This result indicates that the substitution of wheat flour with sorrel protein 

isolate and yellow cassava flour increased the swelling capacity. Hence, small 
flour quantity may be required to produce cookies from these composite flour 

compared to 100% wheat flour. 

Foaming capacity of the flour samples ranged from 11.17% in W100:0:0 to 16.00% 
in W55:15:30. Foaming capacity got elevated with increasing substituting of wheat 

flour with sorrel seed protein isolate and yellow cassava flour. The increase in 

foaming capacity is due to increase substitution of wheat flour with sorrel seed 
protein isolate and yellow cassava flour and can be related to maintenance of 

protein structure. For a protein to have excellent foaming properties, it  has  to  be  

very  soluble.  Because  foam  capacity demands  rapid  adsorption  of  protein  at  
the  air/water interface  during  whipping  penetration  into  the surface  layer  and  

re-arrangement  at  the  interface (Amon et al., 2011). Foams are used to improve 

texture, consistency and appearance of foods (Akubor, 2003).The pH of the 
cookies ranged from 5.43 in W55:15:30 to 6.32 in W100:0:0. The pH of the cookies 

decreased with increasing replacement of wheat flour with sorrel protein isolate 

and yellow cassava flour. The inclusion sorrel seed isolate and yellow cassava 

lowers the pH of the cookies made from the blended flour. In food some sensitive 

biological parameter such as  gut ` homeostasis, microbial growth on food, and 

feeding behavior could be affected by changes in pH. Hence, variation in the 
acidity of the cookie will affect their sensory attributes, taste and storage stability. 

 
Table 2 Functional and Physical Properties of the Flour Samples 

Sample Water 

absorption 

capacity 
(g/g) 

Oil 

absorption 

capacity 
(g/g) 

Packed 

bulk  

density 
(g/g) 

Loose  

bulk 

density 
(g/ml) 

Swelling 

capacity 

(ml/g) 

Foaming 

capacity 

(%) 

pH    

W100:0:0 0.83±0.01d 0.96±0.01c 0.81±0.01a 0.77±0.01a 17.17±0.17b 11.17±0.17d 6.32±0.07a    

W85:5:10 0.93±0.01c 1.05±0.03b 0.71±0.01b 0.68±0.01b 18.00±0.58ab 12.50±0.29c 5.94±0.04b    

W70:10:20 1.06±0.02b 1.07±0.02b 0.66±0.01c 0.62±0.01c 19.00±0.58ab 14.50±0.29b 5.56±0.03c    
W55:15:30 1.34±0.02a 1.23±0.02a 0.63±0.01d 0.57±0.01c 20.00±0.58a 16.00±0.00a 5.43±0.06c    

Values are mean ± S.D. Means with same superscript across a column are not significantly (p>0.05) different. 

 

Pasting profile of composite flours  

 

The results of the pasting properties of the composite flour samples are presented 
in Table 5. There were significant (p < 0.05) differences in the pasting profile of 

the flour samples for peak viscosity, trough viscosity, breakdown, final viscosity, 

setback viscosity, peak time and pasting temperature. Olatunde et al. (2016) has 
also reported that pasting characteristics such as peak viscosity, pasting 

temperature and setback viscosity of the composite flours differed significantly in 

cassava-wheat Composite flour biscuit. 

Peak viscosity of the flour samples ranged from 1382 RVU in W100:0:0 to 
1708.0RVU in W55:15:30. Peak viscosity increased with increasing substituting of 

wheat flour with sorrel protein isolate and yellow cassava flour. It has been 
reported that pasting viscosity  of  the  flours  generally  get elevated with 

increase  in  the  pro-vitamin  A  cassava  flour ( Olatunde et al., 2016). Peak  

viscosity  of flours  is  controlled  by quiet a lot of   factors  namely, amylose 
content,  granular size of starch,  fats  and  proteins.  During the cooking  of  

flours, amylose  in  starch  leaches  out  into the  surrounding medium  to  form  a  

viscous  paste.  The  extent  of association  between  the  various constituents of 
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the flours may  explain the reason for the differences  in  the  paste  peak 
viscosity observed.  The elevated starch  content in  cassava  flour  may have  

supported  the  increased  peak  viscosity  of  the blended  flours. 
 Trough viscosity of the flour samples ranged from 926.7 RVU in W100:0:0 to 
1314.3 RVU in W55:15:30. Trough viscosity increased with increasing substituting 

of wheat flour with sorrel protein isolate and yellow cassava flour. Olapade and 

Adeyemo (2014) also reported that trough also increased as cassava flour 
increased in cassava, cowpea and wheat flour cookies. They also said that trough 

is the lowest viscosity value in the constant temperature phase of the RVA profile 

and it measures the capaability of the paste to restrict breakdown while 
undergoing cooling. 

 
Table 3 Pasting profile of composite flours 

Sample Peak viscosity 

(RVU) 

Trough 

viscosity 

(RVU) 

Breakdown 

viscosity 

(RVU) 

Final viscosity 

(RVU) 

Setback 

viscosity 

(RVU) 

Peak time 

(min) 

Pasting 

temperature 

(oC) 

W100:0:0 1382.0±0.00d 926.7±0.33d 455.3±0.33a 1810.7±0.33d 883.7±0.33c 5.32±0.01b 70.10±0.00d 

W85:5:10 1445.3±0.33c 1021.7±0.33c 423.0±0.58b 2050.3±0.33c 1028.0±0.58a 5.51±0.01a 84.60±0.06a 

W70:10:20 1649.0±0.58b 1238.0±0.58b 410.3±0.33c 2188.0±0.58a 951.0±0.58b 5.51±0.01a 84.77±0.03b 

W55:15:30 1708.0±0.58a 1314.3±0.33a 395.3±0.33d 2092.0±0.58b 780.0±0.58d 5.46±0.00ab 75.04±0.00c 

Values are mean ± S.D. Means with same superscript across a column are not significantly (p>0.05) different. 

.   

 

Breakdown viscosity of the flour samples are from 395 RVU in W55:15:30 to 455.3 

RVU in W100:0:0. Breakdown viscosity decreased with increasing substituting of 

wheat flour with sorrel protein isolate and yellow cassava flour. Olapade and 

Adeyemo (2014) also reported that breakdown reduced as the cowpea 

replacement increased from 2476 RVU in 20% cowpea flour to 1065 RVU in 

30% cowpea flour. The lower breakdown viscosity can be attributed to increase 
in sorrel seed protein isolate in the composite flour. The more the breakdown in 

viscosity, the less the ability of the samples to restrict heating and shear stress 

during cooking (Adebowale and Lawal, 2004). This indicates that cookies made 
from composite of wheat, sorrel protein isolate and yellow cassava flour will be 

able to withstand heating and shear stress during cooking than 100% wheat flour. 

Final viscosity of the flour samples ranged from 1810.7 RVU in W100:0:0 to 2092.0 
RVU in W55:15:30. Final viscosity increased with increase wheat flour subtitution 

with sorrel protein isolate and yellow cassava flour. Setback viscosity of the flour 

samples ranged from 780.0 RVU in W55:15:30 to 1028.0 RVU in W85:5:10. Setback 
viscosity initially increased with increasing replacement of wheat flour with 

sorrel seed protein isolate (5%) and yellow cassava flour (10%) then decreased 

significantly with increasing substituting of wheat flour with sorrel protein isolate 
and yellow cassava flour. Olatunde et al. (2016) found that setback viscosity of 

the flour reduced from 1255 to 890 RVU with increase in the levels of cassava 

flour pro-vitamin A. Setback viscosity is an expression of the retrogradation 
propensity of cooked starch, which  relied on the extent of reassociation of 

leached amylose. The decrease in setback viscosity following the addition of 
provitamin A cassava flour suggest low retrogradation propensity of the blended 

flours.  

Peak time of the flour samples ranged from 5.32 min in W100:0:0 to 5.51 min in 
W70:10:20. Peak time increased with increasing replacement of wheat flour with 

sorrel protein isolate and yellow cassava flour. Pasting temperature of the flour 

samples ranged from 70.10 ˚C in W100:0:0 to 84.77 ˚C in W70:10:20. Pasting 
temperature decreased with increasing substituting of wheat flour with sorrel 

protein isolate and yellow cassava flour. Pasting temperature gives an indication 

of the lowest temperature required to cook the flour and also shows the ease of 
cooking. This indicates that cookies made from composite of wheat, sorrel 

protein isolate and yellow cassava flour will require more time to cook compared 

to cookies made from 100% wheat flour. This does not agree with the findings of 

Olatunde et al. (2016) where the pasting temperature (87.25 °C) of wheat flour 

(100%) was higher than that of blended flour (wheat and pro-vitamin  A  cassava  

flour), which was approximately 74 °C. The differences in the results might be as 
result of the presence of elevated protein content  in the sorrel protein isolate. 

 

Proximate and Carotenoids Composition of the Cookies 

 

The results of the chemical composition of the cookies are presented in Table 2. 

There were significant differences (p > 0.05) in the moisture content, ash, crude 
fat, carbohydrate, protein, carotenoid and crude fiber content of the cookies. 

Moisture content of the cookies ranged from 5.17% in W55:15:30 to 6.67% in 

W100:0:0 which was relatively low. Cookies are generally low moisture foods 

(Ndulaka and Obasi, 2018). Moisture content reduced with increasing 

substituting of wheat flour with sorrel seed protein isolate and yellow cassava 
flour. The range of moisture content of the cookies recorded in this research will 

prolong the shelf-life of these products in storage. Ezeama (2007) and Akhtar et 

al. (2008) noted that at reduced moisture contents, spoilade of baked products 
would be reduced due to decreased activity of microorganisms  and  microbial  

proliferation  will  be  minimal  and  it  confers  higher  shelf-life  stability  to  the 

product. Sengev et al. (2015) submitted that the moisture content of cookies from 
composite flours of wheat, sweet potato and mango seeds flour increased 

significantly (p < 0.05) with increase in the level of substitution which is alluded 

to the hygroscopic nature of mango seeds flour due to the presence of reducing 
sugars. Crude protein content of the cookies ranged from 14.29% in W100:0:0 to 

23.12% in W55:15:30. Crude protein content increased with increasing replacement 

of wheat flour with sorrel protein isolate and yellow cassava flour. It is expected 
that the protein content of the cookies produced from blended flour of wheat and 

cassava to reduce, as reported by Olapade and Adeyemo (2014), that, increase 

in the levels of cassava flour substitution of wheat flour resulted in a decrease in 
the protein content progressively, which was attributed to the low protein content 

of the cassava flour. Olatunde et al. (2016) also showed that inclusion of pro- 

vitamin A cassava flour to wheat flour showed a reduction in protein content of 
biscuits which is also similar to what was reported on composite biscuits by 

Hooda and Jood (2005); Oluwamukomi et al. (2011); Oyeyinka et al. (2014). 
However, high protein composition as observed in this work despite the 

substitution of wheat flour with yellow cassava flour, can only be attributed to the 

addition of sorrel seed protein isolate. 
Hainida et al. (2008) discovered high protein content in sorrel seeds and protein 

content of the sorrel seeds is higher than that of other common seeds and grain 

legumes. Flour made from sorrel seeds flour contain a high amount of protein 
(27%) while sorrel seed protein isolate showed high protein content (88%) 

(Ismail et al., 2008). Hence, sorrel protein isolate can serve the complementary 

purpose in development of protein-rich cookies. Similar observation was made 
when soybean was composited with wheat flour by Atobatele and Afolabi, 

(2016), Other studies have also reported a similar increase of protein content in 

soy-composite flours (Mashayekh et al., 2008). Sorrel protein isolate-fortified 

cookies will be of nutritional importance in most third world countries like 

Nigeria where majority of family can hardly afford high protein foods because of 

their exorbitant prices (Falola et al., 2014) thereby help in preventing diseases 
such as kwashiorkor that results from higher carbohydrate intake. The sorrel 

protein isolate from sorrel seed is 94.67%. This indicates a very high composition 

of crude protein in the isolate. This result corroborates the reasons for the usage 
of sorrel because of its high protein content which is readily available and can 

easily substitute or supplement animal source of protein (Sanni et al., 2016). 

Sorrel seeds are valuable food source, when its protein, calories, fiber and 
micronutrients contents are put into consideration.  

 
Table 4   Chemical Composition of the Cookies 

Sample Moisture 

content 
(%) 

Crude 

protein 
(%) 

Crude fat 

(%) 

  Ash 

(%) 

Crude 

fiber 
(%) 

Carbohydrate   

(%) 

Energy 

(Kcal/100g) 

Carotenoids  

(µg/g) 
 

 

W100:0:0 6.67±0.17a 14.29±0.14d 26.67±0.17a 1.40±0.00d 0.61±0.01d 50.37±0.31a 498.67±0.23a 241.93±1.10d  

W85:5:10 6.00±0.00b 16.13±0.06c 26.00±0.00b 1.63±0.01c 0.74±0.01c 49.44±0.01a 496.28±0.45b 301.28±0.07c  

W70:10:20 5.33±0.17c 19.24±0.14b 25.17±0.17c 1.89±0.01b 0.88±0.00b 47.41±0.23b 493.13±0.13c 337.95±0.26b  
W55:15:30 5.17±0.17c 23.12±0.06a 24.17±0.17d 1.99±0.01a 1.10±0.01a 44.39±0.15c 487.57±0.67d 350.13±0.10a  

SPI - 94.67±0.88 - - - - - -  

Values are mean ± S.D. Means with same superscript across a column are not significantly (p>0.05) different.  

 
Crude lipids composition of the cookies ranged from 24.17% in W55:15:30   to  

26.67% in W100:0:0. Crude fat content reduced significantly (p<0.05) with 

increasing substitution of wheat flour with sorrel seed protein isolate and yellow 

cassava flour. In agreement with the findings of this study, Hooda and Jood 
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(2005), Oyeyinka et al. (2014) and Olatunde et al. (2016) submitted that the 
inclusion improved pro-vitamin A cassava flour to wheat flour led to in a 

decrease in lipid contents of biscuits, while ash and fibre contents increased. 

They ascribed the decrease in lipid constituents of the biscuits to the decrease in 
the proportion of wheat flour in the biscuit formulation since wheat flour is a 

better source of protein and lipid compared to cassava flour, which has most of 

its constituents as carbohydrate. As similarly observed by Ubor and Akobundu 

(2009), the fat content of the cookies produced from wheat-cassava-watermelon 

composite decreased due to the substitution of cassava flour and the reduction of 

the wheat flour.  
Ash constituents of the cookies varied from 1.40% in W100:0:0 to 1.99% in 

W55:15:30. Ash content increased significantly (p<0.05) with increasing substitution 
of wheat flour with sorrel seed protein isolate and yellow cassava flour. Akubor 

and Badifu (2004) similarly reported in their study that the fibre content 

increased with increasing level of cowpea flour from 0.65% in whole African 
breadfruit kernel flour to 1.50% wheat, because African Breadfruit seed is 

relatively high in both ash and  fibre. Atobatele and Afolabi (2016) also 

observed that there was an increase in the ash content of cookies with increasing 
level of soy-flour in the flour blends. Ash constituent is a representation of 

mineral content; so samples with high ash constituent are expected to have a 

relatively high mineral content (Olapade and Adeyemo, 2014).  
Crude fiber content of the cookies ranged from 0.61% in W100:0:0 to 1.10% in 

W55:15:30. Crude fiber content increased with increasing substitution of wheat flour 

with sorrel protein isolate and yellow cassava flour. As similarly observed by 
Oluwamukomi et al. (2011), the crude fibre content of composite biscuits 

increased with substitution of wheat with cassava flour due to the fibre content in 

the cassava flour which increased in the composite flour. The high fibre and the 
reduced carbohydrate content of cookies have several health implications,  High 

level of fibre confirmed to  aid digestion in the colon and decrease constipation 

that is  often associated with products from refined grain flours (Slavin, 2005). 
Fibre is good for the body as it improves the stool bulk by acting as a vehicle for 

faecal water. The fibre content consists of hemicelluloses, cellulose and lignin. It 

improves the health of the gastro-intestinal system and metabolic system in 
human (Atobatele and Afolabi, 2016). 

The carbohydrate content of the cookies ranged from 44.39% in W55:15:30 to 

50.37% in W100:0:0.  Carbohydrate content decreased with increasing substitution 
of wheat flour with sorrel protein isolate and yellow cassava flour. 

Oluwamukomi et al. (2011) reported that the carbohydrate content initially 

increased in biscuit produced from composite flours of wheat, cassava, and soy 
flour as the cassava flour ratio increased. It was also observed that the 

carbohydrate content of the biscuit reduced again with substitution with 10% soy 

flour. The decrease in carbohydrate content may be due to the increase in protein 
content of the cookies (50.37% in W100:0:0 to 44.39% in W55:15:30). The energy 

values of the cookies were quite high and significantly different from each other, 
however with a decrease trend as the level of wheat substation increased. The 

cookies can be used as energy based snacks (Atobatele and Afolabi, 2016).  

Carotenoids content of the cookies ranged from 241.93 µg/g in W100:0:0 to 
350.13µg/g in W55:15:30. Carotenoids content increased as the level of wheat flour 

substitution increased with sorrel seed protein isolate and yellow cassava flour. 

Differences in the carotenoids content of the cookies could be ascribed to 
different proportion of yellow cassava blends in the cookies. The carotenoids 

content of compounded biscuits increased as level of pro-vitamin A cassava flour 

increased in the composite flour from 246.80 to 352.40 µg/100 g (Olatunde et 

al., 2016). Ndulaka and Obasi (2018) also reported high beta carotene values 

for cookies produced from blends of wheat flour and biofortified cassava 
varieties. The consumption of these composite flour cookies under study from 

yellow cassava flour and wheat blends could reduce Vitamin A Deficiency in 

kids, pregnant and lactating women and other persons who love to eat cookies to 
a very large extent. Beta carotene is a major source and precursor of dietary 

vitamin A to  human  health (Ndulaka and Obasi, 2018).  Adding vitamin A rich  

cookie-like  products to family menu  can  provide  households  with  direct  
access  to  foods  rich  in  β-carotene  and  solution to Vitamin A Deficiency 

(Faber et al., 2002). 

 

Mineral Composition of the Cookies 

 

Table 4 showed the results of the mineral composition of the cookies. There were 
significant differences (p ≤ 0.05) in the iron, zinc, sodium, potassium and calcium 

content in the cookies. Iron constituent of the cookies varied from 55.00 mg/100g 

in W100:0:0 to 69.17 mg/100g in W55:15:30. Iron content increased as the level of 
wheat flour  substitution with sorrel seed protein isolate increased. Iron is the 

least abundant mineral component of the cookie composites. Iron is a vital 

element that must be provided in the diet to prevent anemia and other related 
diseases (Oluyemi et al., 2008). Based on the WHO (2005) report the daily 

recommended intake of iron for pregnant/lactating women and children (6-59 

months) should be between 5.8 mg/100g to 27mg/100g respectively. 
Zinc content of the cookies ranged from 37.17 mg/100g in W100:0:0 to 53.00 

mg/100g in W55:15:30. Zinc content increased with increasing replacement of 

wheat flour with sorrel seed protein isolate and yellow cassava flour. Zinc may be 
seen as a good source for storage and secretion of insulin from the β-cell of 

pancreas; it is also needed for wound healing (Satyanarayana and Chakrapani, 

2013). The daily recommended allowance of  zinc  content  for  pregnant/  
lactating  women  and  children  ranged between  10.0  and  4.1  mg/100g, 

respectively  based  on  WHO  (2005), which can be conveniently supplied by 

fair consumption of any of the cookies formulations.  

 

Table 5 Mineral Composition of the Cookies 

Sample  Calcium 

(Ca) 

(mg/100g) 

Iron (Fe) 

(mg/100g) 

Zinc (Zn) 

(mg/100g) 

Sodium 

(Na) 

(mg/100g) 

Potassium (K)  

(mg/100g) 

 

W100:0:0  178.17±0.17d 55.00±0.00c 37.17±0.17c 36.30±0.58d 312.70±1.45d   

W85:5:10  218.67±0.33c 56.17±0.17c 39.17±0.17c 38.60±2.52c 374.70±2.03c   

W70:10:20  251.67±0.33b 62.17±0.17b 41.33±0.17b 41.40±1.15b 409.0±0.58b   
W55:15:30  265.67±0.33a 69.17±0.17a 53.00±0.00a 42.47±0.58a 434.70±3.71a   

Values are mean ± S.D. Means with same superscript across a column are not significantly (p>0.05) different. 
 

Calcium content of the cookies ranged from 178.17 mg/100g in W100:0:0 to 265.67 

mg/100g in W55:15:30. Calcium content increased with increasing substituting of 
wheat flour with sorrel seed protein isolate and yellow cassava flour. Ayo et al. 

(2010) and Dabels et al. (2016) also showed that calcium and iron increased 

greatly in composited cookies. Potassium content of the cookies varied from 
301.12 mg/100g in W100:0:0 to 435.25 mg/100g in W55:15:30. Potassium content 

increased as the level of wheat flour subtitution with sorrel seed protein isolate 

and yellow cassava flour increased.Sodium content of the cookies increased with 
increasing substitution of wheat flour with sorrel seed protein isolate and yellow 

cassava flour. Sodium content of the cookies ranged from 36.30±0.58 mg/100g in 

W100:0:0 to 42.47±0.58 mg/100g in W55:15:30. Sodium is the most abundant mineral 
component of the cookie composites. Elemental minerals are required for regular 

growth, cellular activity and oxygen transport (Fe), fluid balance and nerve 

transmission (K) as well as the control of blood pressure and strengthening of 
bones (Ca and K) (Esan et al., 2017). These results may be due to the high 

amount of potassium and sodium contained in sorrel seed protein isolate and 

yellow cassava flour. Since insufficient intakes of micronutrients have been 

linked with severe malnutrition, increased disease conditions and mental disorder 

(Wardlaw, 2004), the  results  from  this  study  showed  that  the  cookies 

produced from a blended of wheat flour, sorrel protein isolate and yellow cassava 
flour may contribute significantly to the recommended dietary requirements for 

minerals in children and adults. 

 

 

 

 

Sensory Attributes of the Cookies 

 
The results of sensory evaluation are presented in Table 5. The cookies were 

evaluated for colour, taste, texture, appearance, flavor, crispiness and overall 

acceptability. Composite cookies produced from 100% wheat flour do not 
significantly (p > 0.05) differ from those obtained from W85:5:10, W70:10:20 and 

W55:15:30 in terms of colour, taste, texture, appearance, flavor and overall 

acceptability. The sensory results from a study by Nwakalor (2014) also 
indicated that acceptable cookies that were  not  distinguishable  from  the  

control  for the  most  of  the  sensory  attributes  were  made  from  10% and  

20%  substitution  wheat flour with  Moringa  flour  for  cookies production. 
Similar to the findings of Ndulaka and Obasi (2018), all the samples had 

moderately acceptable to extremely acceptable sensory ratings in all the attributes 

considered which include colour, taste, texture, appearance, flavor, crispiness and 
overall acceptability. The acceptable sensory properties of the cookies made from 

wheat flour substitution with sorrel protein isolate and yellow cassava flour were 

superior to bakery products supplemented with cassava flour evaluated by 

Mebpa et al. (2007), Olapade and Adeyemo (2014) and Ndulaka and Obasi 

(2018) indicating that the presence of sorrel protein isolate improved the sensory  

properties  of the cookies. 
On the other hand, composite cookies produced from 100% wheat flour is 

different significantly (p ≤ 0.05) from W85:5:10, W70:10:20 and W55:15:30 in terms of 

crispiness. There was decrease in rating of the crispiness of the composite 
cookies with increase in wheat flour substitution with sorrel protein isolate and 

yellow cassava flour. Crispiness of the cookies ranged from 7.60 in W100:0:0 to 

7.10 in W55:15:30. However, crispiness of the cookies made from composite flours 
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and 100% wheat flour were moderately acceptable. Reduction in the crispiness of 
the cookies made from composite flours of sorrel seed protein isolate and yellow 

cassava flour can be due to lower fat contents of the cookies. Fats have been 

associated with crispiness of baked foods which impacted flavour and tenderness 
to the cookies (Akubor et al., 2003; Atobatele and Afolabi, 2016).  

 

Table 6  Sensory assessment of the Cookies 

Sample Colour Taste Texture Appearance Flavour Crispiness Overall 

acceptability 

W100:0:0 8.10±0.18a 7.85±0.22a 7.70±0.25a 8.40±0.11a 7.75±0.18a 7.60±0.25a 7.68±0.20a 

W85:5:10 7.95±0.17a 7.65±0.25a 7.65±0.26a 8.20±0.17a 8.05±0.17a 7.45±0.26ab 8.05±0.21a 

W70:10:20 8.05±0.15a 7.65±0.28a 7.70±0.22a 8.25±0.10a 7.65±0.15a 7.20±0.26ab 8.21±0.18a 

W55:15:30 8.30±0.15a 7.50±0.20a 7.70±0.18a 8.15±0.17a 7.50±0.24a 7.10±0.30b 8.00±0.20a 

Values are mean ± S.D. Means with same superscript across a column are not significantly (p>0.05) different. 
 

CONCLUSION 

 
Results from this study showed that cookies of acceptable quality can be 

manufactured from wheat flour, sorrel seed protein isolate and yellow cassava 

flour. Sorrel seeds protein isolate and yellow cassava supplementation 
significantly improved the fibre, mineral and pasting characteristics of the 

cookies. Hence, their incorporation could be used as a protein supplement in 

special food intervention for malnourished children.  
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