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The increasing use of high-quality cassava flour (HQCF) for the baking of food 
products makes it imperative to improve its antioxidant and pasting attributes. 
Therefore, the phenolics composition, antioxidant and pasting properties of HQCF 
substituted with 10% and 20% Brachystegia eurycoma seed flour (BSF) were 
evaluated in this study. The HPLC-DAD profile of the phenolics revealed that 
chlorogenic acid, caffeic acid, rutin and quercetin levels in the blends increased 
significantly (p<0.05) as the proportion of BSF increased. DPPH* (2,2-Diphenyl-
2-picrylhydrazyl radical) and ABTS*+ [2,2-azinobis (3-ethyl-benzothiazoline-6-
sulfonic acid) radical cation] scavenging activities, and Fe2+ chelating capacity of 
the blends increased significantly (p<0.05) with increasing proportion of BSF. As 
the proportion of BSF in the blends increased, the amylose content reduced; this 
fact was accompanied with an increase of the trough, final and set-back 
viscosities, and a decrease of the peak and breakdown viscosities of the blends. 
Therefore, the substitution with BSF enhanced the antioxidant and pasting 
properties of HQCF. 

Keywords: antioxidant activity, Brachystegia eurycoma, cassava flour, phenolics, 
pasting characteristics 

 

Introduction 

Cassava (Manihot esculenta Cranz), belonging to the Euphorbiaceae family, is a 
dicotyledonous perennial plant grown in the tropical regions of the world, where it 
serves as the third most important energy source and one of the major subsistence 
crops, next to rice and maize (Uarrota and Maraschin, 2015). Cassava roots are 
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processed into a variety of traditional products such as gari, lafun, abacha, fufu and 
starch for human consumption (Kormawa et al., 2003). In addition to these 
traditional products, fresh cassava roots are also processed into high-quality 
cassava flour (HQCF). HQCF is an unfermented cassava flour produced from 
freshly harvested cassava roots within a day of harvest. It has several applications 
including the making of biscuits and confectioneries, starch, dextrin, seasonings, 
adhesives and hydrolysates for pharmaceuticals (Ene, 1992). Several studies 
showed that HQCF can be blended in various proportions with wheat flour to form 
composite flours that are used for the baking of different food products (Eleazu et 
al., 2014; Khalil et al., 2000).  

The use of a composite flour consisting of wheat and other staple crops for baking 
bread and other food products is gaining more popularity due to some economic, 
health and social reasons (Eduardo et al., 2013). Economically, wheat importation 
was noted to pose a major burden on the importing countries due to its high cost, 
causing a decline in foreign exchange and over-dependence on foreign foods 
(Ohimain, 2014). However, the flours used as substitutes of wheat flour, including 
HQCF, are associated with considerable technological difficulties, the reason being 
that their proteins lack gluten and cannot form the necessary gluten network 
characteristic to wheat flour for holding the gas produced during the fermentation 
(Gallagher et al., 2003). This limitation usually leads to baked products with 
inferior qualities (Defloor et al., 1993). One of the possible ways of overcoming 
this limitation is the addition of hydrocolloids, which were shown to have the 
potential to serve as gluten substitutes in the formulation of gluten-free breads 
(Guarda et al., 2004). The hydrocolloids were also shown to enhance the moisture 
retention and the viscoelastic characteristics of the dough for baked foods (Eduardo 
et al., 2013). However, using synthetic hydrocolloids and other additives to 
improve the quality of baked products may increase their cost of production 
(Ohimain, 2014). In addition to hydrocolloids, the amylose and amylopectin 
contents of flours and starches influence their pasting properties (Jane et al., 1999). 
Gelatinization and pasting, in turn, influence the texture, digestibility and end use 
of starchy foods; and are therefore, two of the most important properties taken into 
consideration in the food industry for the quality and aesthetic value of food 
products (Maziya-Dixon et al., 2005). 

Similarly, synthetic antioxidants such as butylated hydroxyltoluene are added to 
flours to improve the antioxidant properties of the baked products. However, due to 
the potential harmful effects of such synthetic antioxidants, studies demonstrated 
the effectiveness of substituting baking flours with rich sources of natural dietary 
antioxidants, with a view to improve the antioxidant properties of the composite 
flour (Ahmed, 2014; Irondi et al., 2017), and consequently, those of the baked 
products. In recent years, natural dietary antioxidants attracted researches attention 
due to their contribution in offering protection against various diseases (Omar et 
al., 2012) such as diabetes, obesity, hypertension and cancer. Among the natural 
dietary antioxidants, phenolic compounds are very prominent, having a wide 
distribution in the plant kingdom (Duan et al., 2006). In addition to their 
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antioxidant properties, phenolic compounds are known to impact the nutritional 
and commercial properties of food products through their influence on the sensory 
properties such as flavor (Perez-Lopez et al., 2007) and pasting properties (Zhu et 
al., 2008). 

Brachystegia eurycoma harms, a member of the Caesalpinoideae family, is an 
underutilized legume that thrives mostly in the West African tropical rain forest. It 
has both food and ethnomedicinal uses (Irondi et al., 2015a). In West Africa, the 
edible seeds flour is used as a natural thickening agent in soups (Uhegbu et al., 
2009), for bakery products and for starch production (Ikegwu et al., 2010). These 
food uses of B. eurycoma seeds flour are attributable to its high content of 
hydrocolloids (Nwakaudu et al., 2017). Furthermore, a recent study demonstrated 
that the seeds flour is rich in phenolic compounds, and exhibits antidiabetic effect 
in type 2 diabetic rats (Irondi et al., 2015a). In a related study, methanol extract of 
B. eurycoma seeds flour was reported to inhibit some enzymes relevant to type 2 
diabetes, including α-amylase, α-glucosidase and aldose reductase (Irondi et al., 
2015b).  

The increasing use of HQCF in baking food products calls for research efforts to 
improve its antioxidant and pasting properties, and consequently, improve its 
health benefits and food applications. In view of the richness of B. eurycoma seeds 
flour (BSF) in phenolic compounds and hydrocolloids as reported by previous 
studies, it may be suitable as a low-cost natural dietary source to improve the 
antioxidant and pasting properties of HQCF. Therefore, this study evaluated the 
phenolics composition, antioxidant and pasting properties of HQCF substituted 
with BSF. 

 

Materials and methods 

Materials 

Freshly harvested white-flesh cassava roots were obtained from a local cassava 
farmer; while dried B. eurycoma seeds were bought from a local market in 
Akinyele, Ibadan, Nigeria. Afterwards, the samples were authenticated at the 
Botany Department, University of Ibadan, Nigeria. All the chemicals used for the 
various analyses were of analytical grades. 

Preparation of samples 

High quality cassava flour (HQCF) preparation 

The freshly harvested white-flesh cassava roots (8 kg) were peeled, washed, grated, 
dewatered, and sieved. Thereafter, the sieved mash was oven-dried at 40 °C and 
milled into flour of 0.5 mm particle size to obtain the HQCF. 

B. eurycoma seeds flour (BSF) preparation 

A seeds sample of B. eurycoma (2 kg) was sorted, shelled manually and ground 
into 0.5 mm particle size to obtain the BSF.  
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HQCF-BSF blends preparation 

HQCF was substituted with BSF at 0%, 10% and 20% levels to produce 
100%HQCF, 90%HQCF-10%BSF and 80%HQCF-20%BSF blends, respectively, 
used for the study. The flours were packed in separate airtight plastic containers 
and kept in refrigerator for further analysis.  

Flours extract preparation 

A portion of 2 g of each flour sample was extracted by soaking in 20 mL of 
absolute (100%) methanol overnight. Thereafter, the mixture was centrifuged at 
4000 rpm for 5 min, and the supernatant was collected by filtering through 
Whatman (No. 2) filter paper. The methanol in the filtrate was removed using a 
rotatory evaporator at 45 °C, after which the dried extract was diluted to 6 mL with 
methanol (Engida et al., 2013). 

Analysis of phenolic compounds using HPLC–DAD 

The phenolic compounds in the flours were quantified using a reverse-phase 
HPLC-DAD (Shimadzu, Kyoto, Japan) connected to a diode array detector (SPD-
M20A) and a personal computer with a LC solution software (1.22 SP1). Forty 
(40) μL of each flour extract was injected at 20 mg/mL and a flow rate of 0.6 
mL/min, and separation of the phenolic compounds was carried out using reversed 
phase Phenomenex C18 column (4.6 mm⨯250 mm) packed with particles of 5 μm 
diameter. The mobile phase consisted of solvent A, comprising water, methanol 
and acetic acid in the ratio of 95:3:2 (v/v/v), and solvent B, comprising acetonitrile 
and formic acid in the ratio of 98:2 (v/v). Prior to injection, the extracts and mobile 
phase were filtered through a 0.45 μm (Millipore) membrane filter, and degassed in 
an ultrasonic bath. The gradient program used was as previously described by 
Boligon et al. (2015). Stock solutions (0.030 – 0.500 mg/mL) of the phenolic 
compounds standards were prepared using the mobile phase. The chromatography 
peaks were integrated using the external standard method, at 254 nm for gallic 
acid; 327 nm for chlorogenic and caffeic acids; and 366 nm for quercetin and rutin. 
The sample peaks identification and quantification of their corresponding phenolic 
compounds were done by matching their retention times and DAD spectral (200 to 
600 nm) to those of the reference standards. Triplicate determinations of each 
sample were performed at ambient temperature. 

DPPH* scavenging assay 

DPPH* scavenging ability of the extracts was determined according to the method 
described by Cervato et al. (2000), using ascorbic acid as positive control. In brief, 
a reaction mixture consisting of 1.0 mL of different concentrations (0.15, 0.30, 0.45 
and 0.60 mg/mL) of the extract and 3.0 mL of 60 µM DPPH* solution was 
incubated at room temperature for 30 min. Thereafter, the absorbance was 
measured at 517 nm in a UV-Vis spectrophotometer, and the DPPH* scavenging 
ability percentage of the extracts was calculated.  

ABTS*+ scavenging assay 

ABTS*+ scavenging ability of the extracts was determined according to the method 
described by Re et al. (1999). ABTS*+ reagent was prepared by thoroughly mixing 
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equal volume of ABTS*+ (7 mM) and K2S2O8 (2.45 mM) aqueous solutions, and 
incubating it in the dark at room temperature for 16 h. Afterwards, the absorbance 
of the reagent was adjusted to 0.7 ± 0.02 at 734 nm using 95% ethanol. A reaction 
mixture consisting of 2.0 mL of the ABTS*+ reagent and 0.2 mL of the flour 
extracts was incubated at room temperature for 15 min, following which the 
absorbance was measured at 734 nm in a UV-Vis spectrophotometer. ABTS*+ 
scavenging ability of the extracts was subsequently calculated from Trolox 
standard curve, and expressed in micromole Trolox equivalent antioxidant capacity 
per gram (µmol TEAC/g). 

Iron (II) (Fe2+) chelating assay 

The ability of the extracts to chelate Fe2+ was determined using the method 
reported by Puntel et al. (2005). Shortly, to a reaction mixture containing 168 μL 
0.1 M Tris-HCl (pH 7.4), 218 μL normal saline and different concentrations of the 
extracts (0.30, 0.60, 0.90 and 1.20 mg/mL), 150 μL of freshly prepared FeSO4 (500 
μM) was added. The mixture was then incubated for 5 min at room temperature, 
after which 13 μL of 0.25% 1,10-phenanthroline was added. Subsequently, the 
absorbance was measured at 510 nm in a UV-Vis spectrophotometer, and the Fe2+ 
chelating ability of the extracts was calculated. The Fe2+ chelating ability of the 
extract was expressed as the concentration of extract that chelated 50% of Fe2+ 

(SC50) in mg/mL. 

Determination of amylose and amylopectin contents 

Amylose content of the flours was determined by the method described by Juliano 
et al. (1981). Briefly, 100 mg of the flour sample was mixed with 1 mL of 95% 
ethanol and 9.2 mL of 1N NaOH, and the mixture was heated in a water bath at 
100oC for 10 min to gelatinize the starch. After cooling to room temperature, 0.5 
mL of diluted extract was mixed with 0.1 mL of 1N acetic acid solution, 0.2 mL of 
iodine solution (0.2% I2 in 2% KI) and 9.2 mL of distilled water. The reaction 
mixture was incubated at room temperature for 20 min, after which the absorbance 
was measured at 620 nm in a UV-Vis spectrophotometer. Subsequently, amylose 
content of the samples was calculated using amylose as a standard. 

Amylopectin content of the flour samples was calculated by difference, using the 
formula reported by Juan et al. (2006):  

 Amylopectin (%) = 100 – amylose (%) 

Determination of pasting properties  

The pasting properties of the flours were determined using a Rapid Visco Analyzer 
(RVA) (RVA-4, Perten Scientific, Springfield, IL) as reported by Deffenbaugh and 
Walker (1989). The RVA was equipped with a personal computer (PC) containing 
the Thermocline software. The pasting characteristics of a suspension obtained 
from 3 g flour in 25 mL of distilled water, including peak viscosity, trough, 
breakdown, final viscosity, set back, peak time, and pasting temperature, were read 
on the PC with the help of the Thermocline software. The measurements were 
performed in triplicate, and the results were expressed in Rapid Visco Analyzer 
units (RVU).  
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Statistical analysis of data 

Results of triplicate determinations were presented as mean ± standard deviation 
(SD), and subjected to one-way analysis of variance (ANOVA) and least 
significant difference (LSD) tests at 95% confidence level using the 17th version of 
the SPSS statistical software.  

 

Results and discussion 

HPLC-DAD profile of the phenolic compounds in the flours revealed the presence 
of gallic acid (peak 1), chlorogenic acid (peak 2), caffeic acid (peak 3), rutin (peak 
4) and quercetin (peak 5) (Figure 1). The levels of the various phenolic compounds 
identified are presented in Table 1. Generally, the levels of all the phenolic 
compounds, except gallic acid, were low in the 100% HQCF. Interestingly, the 
levels of chlorogenic acid, caffeic acid, rutin and quercetin increased significantly 
(p<0.05) in the blends (90% HQCF-10% BSF and 80% HQCF-20% BSF) as the 
proportion of BSF increased. Overall, quercetin had the highest percentage increase 
(580%), from 0.15 ± 0.02 mg/g in 100% HQCF to 1.02 ± 0.01 mg/g in 80% 
HQCF-20% BSF; whereas gallic acid had the lowest percentage increase (3.72%), 
from 2.15 ± 0.01 mg/g in 100%HQCF to 2.23 ± 0.01 mg/g in 80% HQCF-20% 
BSF.  

Table 1. Phenolic composition of HQCF and the obtained HQCF-BSF blends  

Compounds 100%HQCF 
(mg/g) 

90%HQCF-
10%BSF 
(mg/g) 

80%HQCF-
20%BSF 
(mg/g) 

Retention 
time 
(min) 

Increase 
(%) 

Gallic acid 2.15 ± 0.01a 1.08 ± 0.03b 2.23 ± 0.01a 10.45 3.72 

Chlorogenic acid 0.39 ± 0.02c 1.57 ± 0.01b 2.27 ± 0.04a 20.11 482.05 

Caffeic acid 0.96 ± 0.01c 2.03 ± 0.01b 2.54 ± 0.02a 26.37 164.58 

Rutin 0.49 ± 0.02c 0.97 ± 0.03b 1.58 ± 0.01a 39.08 222.45 

Quercetin 0.15 ± 0.02b 0.97 ± 0.02a 1.02 ± 0.01a 44.61 580.00 

Values are expressed as the mean ± standard deviations (SD) of triplicate analyses.  
The average values with different superscript letters along the same row vary significantly at p<0.05. 

Although, to the best of our knowledge, there is no existing report on the phenolic 
profile of HQCF to compare our results, studies on the phenolic profile of other 
root and tuber crops including white skin sweet potato (Salawu et al., 2014) and 
bitter yam (Salawu et al., 2017) indicated the presence of the same phenolic 
compounds. The increase in the levels of chlorogenic acid, caffeic acid, rutin and 
quercetin observed with the increasing proportion of BSF in the blends may be 
directly attributed to the contribution from the BSF. A previous study showed that 
B. eurycoma seed flour (BSF) contained abundant levels of these phenolics (Irondi 
et al., 2015a). The same study reported that caffeic and chlorogenic acids, which 
are the predominant phenolics in the blends in this present study, were also the 
most abundant phenolic acids in BSF (Irondi et al., 2015a). This increase of the 
phenolics suggests that the substitution of HQCF with BSF may enhance the 
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typical health benefits of these phenolic compounds, such as antiobesity, 
antidiabetic, antihypertensive and antioxidant activities (Irondi et al., 2016; Oboh 
et al., 2012).  

a)  

b)  

c)  
Figure 1. HPLC-DAD chromatograms of 100%HQCF (a), 90%HQCF-10%BSF (b) and 
80%HQCF-20%BSF (c). Peak 1- gallic acid; peak 2- chlorogenic acid; peak -: caffeic acid; 
peak 4- rutin; peak 5- quercetin 
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The antioxidant activity of the flours is presented in Table 2. In line with the 
phenolics profile, the DPPH* and ABTS*+ scavenging, and Fe2+ chelating abilities 
of the 100% HQCF were low, improving as the proportion of BSF in the blends 
increased. The DPPH* SC50 of the flours decreased significantly (p<0.05) from 
0.48 ± 0.06 mg/mL in 100% HQCF to 0.41 ± 0.04 mg/mL and 0.32 ± 0.03 mg/mL 
in the 90% HQCF-10% BSF and 80% HQCF-20% BSF, respectively. This trend 
inversely indicates that 80% HQCF-20% BSF had the strongest DPPH* scavenging 
ability, followed by 90% HQCF-10% BSF and 100% HQCF. Ascorbic acid, a 
reference antioxidant, had a much lower DPPH* SC50 (0.03 ± 0.01 mg/mL) than the 
flours, indicating its stronger DPPH* scavenging ability. Similarly, the Fe2+ 
chelation SC50 of the flours decreased significantly (p<0.05) from 0.92 ± 0.11 
mg/mL in 100% HQCF to 0.73 ± 0.10 mg/mL and 0.54 ± 0.08 mg/mL in the 90% 
HQCF-10% BSF and 80% HQCF-20% BSF, respectively; indicating an inverse 
increasing order of Fe2+ chelation. The ABTS*+ scavenging ability of the blends 
increased significantly (p<0.05) from 120.55 ± 1.71 µmol TEAC/g in 100% HQCF 
to 146.19 ± 2.13 µmol TEAC/g in 90% HQCF-10% BSF and 181.86 ± 2.92 µmol 
TEAC/g in 80% HQCF-20% BSF, as the proportion of BSF increased. However, 
BSF (100%) showed a much stronger antioxidant activity than the blends. 

Table 2. DPPH*, ABTS*+ scavenging and Fe2+ chelation abilities of HQCF, BSF and the 
obtained flour blends 

Antioxidant 
activity 

100%HQCF 100%BSF 90%HQCF-
10%BSF 

80%HQCF-
20%BSF 

Ascorbic 
acid 

DPPH* SC50 

(mg/mL) 
0.48±0.06a 0.05±0.01d 0.41±0.04b 0.32±0.03c 0.03±0.01e 

ABTS*+ 
scavenging 
ability (µmol 
TEAC/g) 

120.55±1.7d 984.42±5.63a 146.19±2.13c 181.86±2.92b - 

Fe2+ chelation 
SC50 (mg/mL) 

0.92±0.11a 0.21±0.01d 0.73±0.10b 0.54±0.08c - 

Values are expressed as the mean ± standard deviations (SD) of triplicate analyses.  
Average values with different superscript letters along the same row vary significantly at p<0.05. 
SC50: concentration of flour extract that scavenged 50% of DPPH*. 

The increased trend of the antioxidant activity of the flour blends observed in this 
study is similar to that of wheat flour blended with flour of some other staples, as 
reported by some previous studies (Ahmed, 2014; Irondi et al., 2017). This 
increase may be attributed to the increase of the levels of the various phenolic 
compounds due to BSF substitution. Phenolic compounds are prominent for their 
antioxidant activity, conferred by their redox properties, which enable them to act 
as singlet oxygen quenchers, hydrogen donors and reducing agents (Chang et al., 
2001). The increase of the free radicals scavenging ability of the flour blends 
suggests that the substitution of HQCF with BSF may boost the ability of baked 
food products to protect the body from the harmful effects of free radicals, such as 
oxidative damage to cellular biomolecules (proteins, nucleic acids, carbohydrates 
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and lipids) (Takemoto et al., 2009) and oxidative stress-related chronic diseases 
(Ward et al., 2008). Similarly, the increase of the Fe2+ chelation ability suggests 
that the blends, by forming insoluble complexes with Fe2+, could help mitigate the 
Fe2+-mediated generation of hydroxyl radical (OH-) from hydrogen peroxide 
(H2O2) (Oboh et al., 2008), and Fe2+-catalyzed lipid oxidation (Hsu et al., 2003), 
thereby protecting against oxidative stress.  

The amylose and amylopectin contents of the flours are presented in Table 3. The 
levels of amylose in the blends significantly (p<0.05) decreased with the increasing 
proportion of BSF, from 28.45 ± 0.36% in the 100%HQCF to 22.54 ± 0.42% in the 
90%HQCF-10%BSF and 18.63 ± 0.35% in the 80%HQCF-20%BSF. Inversely, 
their amylopectin contents increased significantly (p<0.05) with the increasing 
proportion of BSF, from 71.55 ± 0.36% in the 100%HQCF to 77.46 ± 0.42% in the 
90%HQCF-10%BSF and 81.37 ± 0.35% in the 80%HQCF-20%BSF. The 
amylose/amylopectin ratios of the flours decreased with the increasing proportion 
of BSF in the blends. However, BSF (100%) had the lowest amylose content (0.82 
± 0.03%), the highest amylopectin content (99.18 ± 0.94%) and the least 
amylose/amylopectin ratio (0.01). 

Table 3. Amylose and amylopectin contents of HQCF, BSF and the obtained flour blends 

Sample Amylose (%) Amylopectin (%) Amylose: Amylopectin 

100%HQCF 28.45 ± 0.36a 71.55 ± 0.36d 0.40 

100%BSF 0.82 ± 0.03d 99.18 ± 0.94a 0.01 

90%HQCF-10%BSF 22.54 ± 0.42b 77.46 ± 0.42c 0.29 

80%HQCF-20%BSF 18.63 ± 0.35c 81.37 ± 0.35b 0.23 

Values are expressed as the mean ± standard deviations (SD) of triplicate analyses.  
Average values with different superscript letters along the same column vary significantly at p<0.05. 

Generally, amylopectin content of the flours were higher than the amylose content, 
in line with the reports of previous studies that indicated that amylopectin is the 
predominant component of most starches (Yotsawimonwat et al., 2008). The 
amylose and amylopectin content of flours were reported to influence their 
functional properties, and consequently, their food and industrial applications 
(Irondi et al., 2017). In addition, amylose and amylopectin content of 
flours/starches impacts their glycemic index; with a lower amylose and a higher 
amylopectin content leading to a higher glycemic index (Shanita et al., 2011), due 
to their relative ease of digestion by α-amylase in human duodenum (Birt et al., 
2013). Thus, the lower amylose contents of blends (90%HQCF-10%BSF and 
80%HQCF-20%BSF) relative to that of 100%HQCF, is an indication that they will 
have higher digestibility than the 100%HQCF (Riley et al., 2006), and 
consequently, higher glycemic index. 

The pasting properties of the flours are presented in Table 4. The trough, final and 
set-back viscosities of the flours increased significantly (p<0.05) as the proportion 
of BSF in the blends increased. Conversely, the peak and breakdown viscosities of 
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the blends decreased significantly (p<0.05), with increasing proportion of BSF. 
However, the peak time and pasting temperatures were comparable (p>0.05). The 
trough viscosity increased from 179.17 ± 0.32 RVU in 100%HQCF, to 207.58 ± 
0.58 and 241.42 ± 0.46 RVU in 90%HQCF-10%BSF and 80%HQCF-10%BSF, 
respectively. Similarly, the final viscosity increased from 279.75 ± 0.51 RVU in 
100%HQCF, to 329.50 ± 0.77 and 390.08 ± 0.89 RVU in 90%HQCF-10%BSF and 
80%HQCF-10%BSF, respectively; while the set-back viscosity increased from 
100.58 ± 0.29 RVU in 100%HQCF, to 121.92 ± 0.23 and 148.67 ± 0.66 RVU in 
90%HQCF-10%BSF and 80%HQCF-10%BSF, respectively. Trough viscosity, 
also known as holding strength or hot paste viscosity, is the least viscosity value 
during the constant temperature phase of RVA test, which measures the capacity of 
the paste to withstand breakdown during cooling. Thus, the higher trough 
viscosities of the blends suggest that their paste can withstand breakdown better 
than that of 100%HQCF during cooling, as higher trough viscosity reflects lower 
breakdown of flour starches.  

Final viscosity, which is the change in the viscosity after holding cooked starch at 
50 °C, indicates the stability of the cooked starch and the paste resistance to shear 
force during stirring. Among the pasting properties, it is the most commonly used 
index to determine the quality of a particular flour/starch (Maziya-Dixon et al., 
2005). The higher final viscosity of the blends is an indication that they may be of 
better quality than the 100%HQCF, and consequently, will be more appropriate 
than the 100%HQCF for obtaining food products, which require high viscosity 
starch (Moorthy, 2002). As Miles et al. (1985) reported, the increase in final 
viscosity could be a result of the aggregation of the amylose molecules in the starch 
of the flours. Set-back viscosity is the viscosity of cooked paste after cooling to 50 
°C, during which there is retrogradation or re-association of the amylose and 
amylopectin molecules in the starch. It indicates the stability of the paste as well as 
its retrogradation tendency (Liang and King, 2003). Thus, the higher set-back 
viscosities of the blends, relative to that of the 100%HQCF, is an indication of a 
higher tendency of their starch molecules to more readily disperse in hot paste and 
re-associate during cooling (Chinma et al., 2010). The blends may therefore be 
more suitable for products that require high viscosity and paste stability at low 
temperature (Oduro et al., 2000) than the 100%HQCF.  

The peak viscosity of the flours decreased from 561.33 ± 0.94 RVU in 100%HQCF 
to 512.83 ± 0.82 and 492.67 ± 0.91 RVU in 90%HQCF-10%BSF and 80%HQCF-
10%BSF, respectively. Peak viscosity indicates the tendency of starch granules to 
swell freely, before their physical breakdown. Similarly, the breakdown viscosity 
decreased from 382.17 ± 0.92 RVU in 100%HQCF to 305.25 ± 0.66 and 251.25 ± 
0.72 RVU in 90%HQCF-10%BSF and 80%HQCF-10%BSF, respectively. 
Breakdown viscosity reflects the tendency of swollen starch granules disintegration 
(Kaur and Singh, 2005), which is dependent on the material nature, temperature, 
mixing degree and the shear force applied to the mixture. The peak time of flour 
paste reflects their cooking time. Since the peak time of the 100%HQCF and the 
blends were comparable, they may have similar cooking time. 
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The pasting temperature is the minimum 
temperature needed to cook a starchy sample, 
and its attainment is necessary for the swelling, 
gelatinization and pasting of starch during 
processing (Offia-Olua, 2014). Thus, with a 
comparable pasting temperature, the energy cost 
of cooking the 100%HQCF and the blends may 
be similar. Taken together, the improved pasting 
properties of the blends suggest that they may 
be better than 100%HQCF for products 
development.  

Conclusions 

The substitution of high-quality cassava flour 
(HQCF) with Brachystegia eurycoma seed flour 
(BSF) led to an increase in the levels of 
chlorogenic acid, caffeic acid, rutin and 
quercetin in the blends as the proportion of BSF 
increased. The antioxidant activity of the blends 
also increased with the increasing proportion of 
BSF. Amylose content of the blends reduced, 
and this was accompanied by an increase in the 
trough, final and set-back viscosities, and a 
decrease in the peak and breakdown viscosities 
of the blends, as the proportion of the BSF in 
the blends increased. Therefore, the substitution 
with BSF enhanced the antioxidant and pasting 
properties of HQCF; suggesting that BSF may 
be a low-cost natural source to improve the 
health benefits, as well as the quality of HQCF 
for food applications. Further studies to 
understand the impact of BSF substitution on the 
physicochemical and sensory properties of 
products made from the blends are 
recommended. 
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