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ABSTRACT

Aims: The aim of this study was to examine the physicochemical and functional
properties of cassava flour and in composite with wheat flour for bakery products.
Study Design: A 3 x 3 factorial design of High Quality Cassava Flour and levels of
inclusion in wheat flour were designed for the studies.
Place and Duration of Study: Food Processing and Engineering Division of the CSIR-
Food Research Institute, Accra and Department of Food Science, BioCenter, Swedish
University of Agricultural Sciences, Uppsala, Sweden between January, 2012 and
January 2013.
Methodology: High quality cassava flour was processed from three cassava varieties as
Afisiafi, Bankye hemmaa and Doku duade, formulated into composite flours at 10, 20 and
30% inclusion levels with wheat flour. The Physicochemical, functional and pasting
properties of the flours were characterized.
Results: Cassava flour appeared whiter and less yellowish had higher pH and lower
water activity compared to wheat flour but moisture and starch content of the flours
showed no significant differences (p>0.05). Flour from only Doku duade had significantly
igher amylose content than wheat flour. Generally, swelling power, solubility index,
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solubility volume and water binding capacity were greater in cassava flours than wheat
flour. Increasing trend in these parameters was observed as cassava flour inclusion
increased in the composite flour. Pasting performance in RVA showed a higher peak
viscosity for cassava flour (3500–4089 cP) but lower paste stability and pasting
temperature compared to wheat flour. Peak viscosity of the various composites were
however comparable to that wheat flour but increasing cassava fraction resulted in early
gelatinization and reduced retrogradation of the composite.
Conclusion: The performance of cassava flour and its composite with wheat shows that
it can be successfully adopted to replace a significant fraction of wheat flour.

Keywords: Physicochemical; functional; pasting; cassava; wheat; composite flours.

1. INTRODUCTION

Increasing population, urbanization and changing food habits in recent years has led to an
increased demand for wheat-based convenient foods in many developing countries. The use
of high quality cassava flour in cassava and wheat composite flours has been one way of
addressing this need. Cassava (Manihot esculenta Crantz) is a root crop rich in starch and is
widely grown and consumed as a staple food in tropical countries. It requires low inputs of
water, fertilizers and labour. Cassava is cultivated widely in most parts of Africa and
contributes to improve food and livelihood security in many developing countries [1].

In Ghana, cassava is one of the most important crops in terms of production, energy intake,
and contribution to Growth Domestic Product. It is considered a food security crop with a
great potential for industrial applications [2]. Processing cassava into flour is a value addition
for expanding the range of uses of the root crop. The flour has been applied as a raw
material for ethanol and other fermented foods [2,3] and has partially replaced wheat flour
for food and plywood industries [4,5].

Many efforts have been initiated in several developing countries to promote the use of
composite flours for baking [6]. In these flours, a fraction of wheat flour is replaced by flour of
locally grown crops such as cassava. For certain products, attempts have been made to
completely substitute wheat flour with other flours and entirely alter their recipes [1]. In the
past some of these composites have been applied without any foreknowledge of their
performance in food systems and has resulted in products with varying consumer
acceptability. The possibility of using starchy tubers instead of wheat flour in foods depends
on their chemical and physical properties.  Amylose/amylopectin ratio for example influences
the flour’s behavior in food systems such as viscosity, gelatinization and setback which
affect the texture of the end product.  In order to be widely accepted by the food industry,
cassava flour needs to meet the high quality requirements in terms of physicochemical
characteristics, microbial safety and cyanogenic glucoside content. However, the success of
completely or partially replacing wheat flour with cassava flour for bakery and other
applications could be better achieved if the cassava flour is adequately characterized in
terms of its physicochemical and functional behavior.  Probably, composite flours change the
functional properties of the finished product [7]. The aim of this study was therefore to
examine the physicochemical and functional properties of cassava flour and in composite
with wheat flour for bakery products.
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2. MATERIALS AND METHODS

2.1 Processing of Cassava into Flour

Three different local cassava varieties, Afisiafi, Bankye hemmaa and Doku duade, which
were six months matured, were purchased from farm gates at Pokuasi, north of Accra,
Ghana. The cassava roots were washed in tap water, peeled by hand using stainless steel
knives, secondarily washed and grated with a motorized cassava grater (Cassava Grater,
CSIR-FRI, Accra, Ghana), The grated cassava was packed in polypropylene sacks and
pressed under a manual screw press (Screw Press, CSIR-FRI, Accra, Ghana). The cassava
mash was disintegrated in the cassava grater and dried in a solar dryer of temperature
35-48ºC. The dried cassava grits were milled into flour using a disc-attrition mill (Mill
Machine, CSIR-FRI, Accra, Ghana).  A motorized flour sifter (Flour Sifter, CSIR-FRI, Accra,
Ghana) with a 250 µm screen was used to remove fibers and larger particles to obtain fine
flour with a uniform particle size.  The cassava flour was vacuum packaged using Vacuum
Sealer, Audion-Vac VM 150H (A1 Packaging Ltd., London, UK) in air-tight polyethylene bags
until subsequent use [8,9].

2.2 Preparation of Composites

Cassava flour was blended with hard wheat flour at 10, 20 and 30% inclusion levels for all
three varieties of cassava and packaged separately in HDPE (high-density polyethylene)
bags for analysis as shown in Table 1. Commercial hard wheat flour (W) purchased from a
commercial store in Accra was used as control.

Table 1. Formulation of cassava in wheat flour blends

Sample Afisiafi (%) Bankye hemmaa (%) Doku duade (%) Wheat flour (%)
A 10% 10 90
A 20% 20 80
A 30% 30 70
A 100% 100
B 10% 10 90
B 20% 20 80
B 30% 30 70
B 100% 100
D 10% 10 90
D 20% 20 80
D 30% 30 70
D 100% 100
W (control) 100

2.3 Moisture Content and Water Activity

Moisture content was determined in triplicate on wheat flour, Afisiafi flour, Bankye hemmaa
flour and Doku duade flour according to standard method [10]. Water activity was measured
using standard methods in triplicates with a Rotronic Hygrolab 2 (Rotronic, USA) water
activity meter.
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2.4 pH and Titratable Acidity

Ten grams of flour sample was weighed into a 250 ml beaker. Distilled water (90ml) was
added and mixed well. The mixture was left for 1hr at room temperature. The pH was
measured in triplicate using a pH meter (Jenway 3330, UK). The prepared mixture was used
for determination of total titratable acidity. Phenolphthalein indicator (4-5 drops) was added
to the mixture. Titration was carried out by adding 0.1 M NaOH until end point identified by a
color change to pink. The volume of NaOH added was multiplied by 0.09 to obtain the %
titratable acidity as lactic acid.

2.5 Starch Content of Flours

The starch content was determined by the method of Åman et al. [11] with some
modifications concerning the glucose oxidase reaction and final reagent volume. Flour (40
mg) sample was dissolved in 15 ml of 80% ethanol, placed in a boiling water bath for 30 min,
centrifuged for 10 min (900 rpm) and the pellet was washed twice with 80% ethanol before
decanting the solvent by inverting tubes on tissue paper. This first step was carried out to
eliminate low molecular weight carbohydrates that could interfere with the subsequent starch
analysis. Acetate buffer (25 ml, 0.1 M, pH 5.0) and 50 µl termamyl (α-amylase) from
Megazyme was added to the sample, the tubes were placed for 30 min in a boiling water
bath and shaken three times during incubation. After cooling to 40ºC, 100 µl
amyloglucosidase (diluted 1:9 with 0.1 M acetate buffer) was added in order to degrade the
starch into glucose units and the samples were incubated in a 60ºC shaking water bath
overnight. After centrifuging (10 min, 900 rpm), 40 µl of supernatant was diluted with distilled
water to 1:25 and 3 ml GOPOD (glucose oxidase/peroxidase) from Merck (Bergman and
Beving Lab) was added. The sample was placed in 50ºC water bath for 20 min and
absorbance was read at 510 nm in UV Spectrophotometer (UV Spectrophotometer,
Shimadzu, Japan). Glucose concentration in the flour samples was determined from a
standard curve with solutions stretching from 0.025 to 0.100 mg/ml. Starch content was
calculated using following formula:

% ℎ ( ) = [ ]( )× . × . ×( , ) ……………………………... (1)

2.6 Amylose Content of Flours

One hundred microliters of sample solution composed of approximately 50mg of flour and 6
ml UDMSO (0.6 M urea in 90% dimethyl sulfoxide) was mixed with 900 µl absolute ethanol.
The samples were centrifuged (2000 rpm, 15 min), washed with 2 ml 95% ethanol and
centrifuged again. After decanting the solvent, 100 µl UDMSO was added to the pellet and
placed 15min in a boiling water bath for complete dissolution. Five ml of 0.5 % trichloroacetic
acid (TCA) and 50 µl iodine solution (1.27 g I2 and 3.00 g KI per litre) was added and mixed
immediately. After 30 min at room temperature, absorbance was read at 620 nm with water
as reference. The amylose content of the flour was calculated using a standard curve.

2.7 Colour

Colour of the flour was measured with a Minolta CR-310 (Minolta, Japan) Tristimulus
colorimeter, recording L*, a* and b* values.  The machine was calibrated with a reference
white porcelain (Lo* = 97.63; ao* = 0.31 and bo* = 4.63), before the determinations. The colour
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space parameters L* (lightness, ranging from zero (black) to 100 (white), a* (ranging
from +60 (red) to -60 (green) and b* (ranging from +60 (yellow) to –60 (blue) were measured
in pentuplicate and means±standard error (SE) reported. Hue angle and chroma were
calculated from a* and b* values using the following formulae [12]:

Hue angle (º) = arctan (b/a)......................................................................................... (2)

Chroma = √(a2 +b2)...................................................................................................... (3)

2.8 Swelling Power, Swelling Volume and Solubility Index

The swelling power (SP), swelling volume (SV) and solubility index (SI) of all the composite
flours were determined based on a modification of the method of Leach et al. [13]. One gram
of sample was transferred into a weighed graduated 50 ml centrifuge tube. Distilled water
was added to give a total volume of 40 ml.  The sample in the tube was stirred gently by
hand and then heated at 85ºC in a water bath (Grant Instruments Ltd, Cambridgeshire, UK)
for 30 min with constant shaking.  After cooling to room temperature, the samples were
centrifuged for 15 min at 2200 rpm. The supernatant was transferred into a can, dried in a
hot air oven (BS Gallenkamp, UK) and the dry residue was weighed. The sediment paste
(pellet) was weighed. The swelling volume was obtained by directly reading the volume of
the sediment in the tube. The solubility and swelling power was calculated by the formulas:= ….……………………………………… (4)

(%) = × 100…………………………………………….. (5)

Wpellet is the weight of the sediment paste after centrifugation, Wsample dry basis is the weight of
the initial sample on dry basis, Wdried residue is the weight of the residue of supernatant after
drying.

2.9 Water-binding Capacity

The water-binding capacity (WBC) was determined in triplicate on all the composite flours
according to the method of Yamazaki [14] as modified by Medcalf and Gilles [15]. Sample
(2.0 g) was dissolved in 40 ml of water in a centrifuge tube.  The suspension was agitated for
1 hr at room temperature on a shaker (Grant Instruments, United Kingdom) and centrifuged
for 10 min at 2200 rpm. The free water was decanted from the pellet and drained for 10 min.
The pellet was weighed and water-binding capacity of the sample was calculated by the
formula: = × 100……………………………………………………………… (6)

Wbound water is the weight of the pellet after centrifugation – weight of the initial sample and
Wsample is the weight if the initial sample.
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2.10 Pasting Properties

A Rapid Visco-Analyzer (RVA) (Newport Scientific, Warriewood, Australia) was used to
analyze the pasting properties of cassava flours upon heating and subsequent cooling. The
RVA General Pasting Method (STD1) was applied. Total running time was 13 min and the
viscosity values were recorded every 4 sec by Thermocline Software as the temperature
increased from 50ºC to 95ºC before cooling to 50ºC again. Rotation speed was set to 960
rpm for the first 10 sec and to 160 rpm until the end. Three grams of flour and 25.0 ml of
distilled water were placed in a canister. A paddle was inserted and shaken through the
sample before the canister was inserted into the RVA.

2.11 Statistical Analysis

Experiments were conducted in duplicates unless indicated and data obtained were
analyzed using SPSS 16.0. One-Way Analysis of Variance (ANOVA) and Duncan test with a
level of significance of p < 0.05 were performed to evaluate differences in data obtained for
cassava flours.

3. RESULTS AND DISCUSSION

3.1 Moisture Content, Water Activity, pH and total Titratable Acidity of Flour
from Three Cassava Varieties and Wheat Flour

Cassava flours showed lower moisture content and water activity than the hard wheat flour
used as control, which can be attributed to different storage conditions and packaging
materials (Table 2). Low moisture content and water activity is essential for storage of flour
to prevent growth of microorganisms, fermentation and caking [16,17,18]. Moisture uptake
during storage may increase water activity and lead to changes in certain chemical and
organoleptic properties.

The pH was higher in cassava flour than in the control and ranged between 6.73 and 7.05,
which was acceptable according to the quality requirements [19]. The pH is a good quality
indicator for cassava flour since flour with a pH 4 or less will have a characteristic sour
aroma and taste due to fermentation, which is not desirable in bakery products [19]. The
authors further reported that the age at harvest also significantly affected the moisture
content of cassava flour and correspondingly the water activity. The total titratable acidity
was higher for control sample of wheat flour compared with the three cassava flours,
although they were all in acceptable ranges for bakery products.

Table 2. Moisture content, water activity, pH and total titratable acidity of flour from
three cassava varieties and wheat flour

Cassava variety Moisture
content (%)

Water
activity

pH Total titratable
acidity (%)

Afisiafi 10.75±0.07 0.61±0.001a 6.85±0.01a 0.37
Bankye hemmaa 11.06±0.19 0.61±0.003a 7.05±0.01b 0.36
Doku duade 10.30±0.33 0.61±0.010a 6.73±0.00c 0.41
Wheat (control) 11.81±0.71 0.68±0.004b 6.42±0.02d 0.45

Mean ± standard error within each column followed by a different letter is significantly different at
(p < 0.05).
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3.2 Colour

An important quality attribute of flour is its colour, which affects appearance and consumer
acceptability of products made from it [12]. A high degree of whiteness is desirable
according to Van Hal [20]. Flour from the three cassava varieties was whiter (91.43-95.43)
compared to wheat flour (89.71), which was slightly more yellowish. The whiteness of
cassava flour showed that no fermentation and microbial contamination had occurred in the
cassava roots prior to processing into flour. It was also indicative of thorough peeling since
natural pigments from peels may affect the colour of flour [20]. The colour of wheat was
more intense than the other flours as is indicated by its high chroma value (Table 3).
Increased lightness index corresponded with low chroma values. The hue angle values
place the flours in the yellow region of the CIE L* C* H* colour space, however, as indicated
by the lightness index and chroma, this yellowness is very faint (light and less intense).

In a related study on flour colour, cereal colour greatly affected its flour colour of which
efficient removal of seed coat improved its colour [21]. Similar observation was made in this
study. As colour is the aesthetic appeal of finished products from flour, reducing sugar and
amino acid content of flours greatly affects the colour of finished products made from them.

Table 3. Colour determination of flour from three cassava varieties

Cassava variety L* a* b* Hue angle Chroma
Afisiafi 93.97±0.26a -0.22±0.01a 5.15±0.01a 92.40±0.06a 5.15±0.01a

Bankye hemmaa 91.85±0.17b -0.31±0.02a 5.16±0.08b 93.43±0.15b 5.17±0.08b

Doku duade 95.43±0.13c -0.25±0.01b 5.00±0.02ab 92.91±0.07c 4.96±0.02b

Wheat (control) 89.71±0.49d -0.85±0.04c 9.75±0.08c 94.95±0.18d 9.79±0.08c

Mean ± standard error within each column followed by a different letter is significantly different at
(p < 0.05).

3.3 Starch and Amylose Content

Starch content of cassava flour ranged from 87.8 to 89.2%, which was higher than the starch
content of wheat flour (81.0%) although the difference was not significant (Table 4).
Differences between the starch content of the selected flours were not significant (p < 0.05).
Starch content of the cassava flours were consistent with those found these authors [19,22,
23] while that for wheat confirms the assertion that starch makes up about 80.0% of wheat
flour [24].

The amylose content in the cassava flours ranged from 16.3 to 18.9%, where Afiasi had
significantly lower amylose content (p < 0.05) than Bankye hemmaa and Doku duade (Table
4). Wheat flour amylose content of 22.6% was significantly higher (p < 0.05) than all three
cassava varieties. On starch-basis, the amylose content obtained for all three varieties of
cassava were 18.2% for Afiasi, 21.4% for Bankye hemmaa, 20.3% for Doku duade and
27.9% for wheat. These values were similar to those observed by other authors [25] and
[26], who estimated amylose content of cassava starch as 17.0-23.6%. However, starch and
amylose content varies from one crop to another and even among same crops of different
botanical origin [19,27]. Hung et al. [28] reported the possibility of high amylose flours used
to replace 50% wheat flour without a compromise on acceptability when applied in baking.
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Table 4. Starch and amylose content

Cassava variety Starch content
(% of flour, dry matter)

Amylose content
(% of flour, dry matter)

Afisiafi 89.2±0.01c 16.3±1.45a

Bankye hemmaa 87.8±0.01b 18.8±0.96b

Doku duade 88.2±0.02b 18.9±0.12b

Wheat (control) 81.0±0.02a 22.6±1.4c

Mean ± standard error within each column followed by a different letter is significantly different at
(p < 0.05).

3.4 Functional Properties of Cassava Flour, Wheat Flour and their Composites

Flour from the three cassava varieties had a significantly higher SP and WBC than wheat
flour (p < 0.05) (Table 5). It may be a result of the differences in amylopectin content of the
various flours since SP has been described as an amylopectin property [29,30].
Furthermore, proteins and lipids, which are present in higher amounts in wheat compared to
cassava, inhibit SP [31]. Also, the higher SP in cassava flour than wheat flour reflects the
weaker bonding forces in their starch granules [32]. There were no significant differences in
SP between the cassava varieties although Doku duade exhibited significantly higher
solubility. Apart from the solubility of Bankye hemma, which defied previously recognized
trends, WBC and solubility correlated well with SP for the various flours, as has been
observed in earlier studies [31,33]. Differences in WBC observed may be attributed to the
variability in available water binding sites among the various flours [34].

Table 5. Functional properties of cassava flour, wheat flour and their composites

Cassava
variety

Proportion
of cassava
flour (%)

Swelling
power

Swelling
volume (ml)

Solubility
(%)

Water-
binding
capacity(%)

Afisiafi 10 8.44±0.37a 7.67±0.17a 5.16±0.23a 87.09±3.27b

20 8.57±0.06ab 8.00±0.00ab 5.37±0.31ab 86.78±1.10b

30 9.27±0.14bc 9.33±0.33bc 7.42±1.37ab 87.47±0.23b

100 10.48±0.63d 8.67±0.33ab 12.27±3.56b 166.87±4.84d

Bankye
hemmaa

10 8.07±0.38ab 8.17±0.44ab 10.38±5.19ab 86.05±1.28b

20 7.90±0.37a 9.33±0.67bc 7.13±0.79ab 84.76±1.21ab

30 8.51±0.23ab 8.00±0.50ab 6.26±0.40ab 88.24±1.58b

100 10.32±0.74cd 10.33±0.88cd 10.98±3.26ab 159.46±5.04cd

Doku duade 10 7.38±0.18a 8.33±0.33ab 6.21±0.48ab 81.09±1.75ab

20 8.54±0.09ab 8.67±0.33ab 6.46±0.72ab 84.66±2.71ab

30 9.22±0.23bc 8.67±0.33ab 6.56±1.05ab 76.79±0.49a

100 12.04±0.55e 11.33±0.33b 20.77±0.58c 151.97±5.21c

Wheat
(control)

0 7.65±0.18a 7.67±0.33a 5.15±0.28a 88.43±1.28b

Means ± standard error within each column followed by a different letter is significantly different (p <
0.05) from each other.

Generally, increasing the amount of cassava flour in cassava/wheat composite flours
resulted in an increase in SP, SV, SI and WBC of the composite flour. The ANOVA for the
functional properties on Afisiafi, Bankye hemmaa and Doku duade flours at 100% and their
composite compared to wheat flour is presented in Table 6. Solubilization is a consequence
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of swelling and occurs after birefringence is lost during gelatinization and amylose leaches
out of swollen starch granules [35] while WBC reveals the intermolecular associations
between starch polymers [36]. Flour with very high solubility may result in soggy and less
cohesive dough when applied in baking [19].

Table 6. ANOVA for functional properties of varietal cassava flour and their
composites compared to wheat flour

Cassava variety p-value
Swelling
power

Swelling
volume (ml)

Solubility
(%)

WBC(%)

Afisiafi (100% and composites) 0.002 0.005 0.063 <0.001
Bankye hemmaa (100% and
composites)

0.009 0.051 0.519 <0.001

Doku duade (100% and composites) <0.001 <0.001 <0.001 <0.001
Wheat (control) – – – –

3.5 Pasting Characteristics

Pasting temperature, which is also related to paste stability, gives an indication of the
strength of associative forces within the granules [37]. Flours from the three cassava
varieties were characterized by early gelatinization and showed similar pasting temperature
of 70-71ºC, which was lower compared to pasting temperature of wheat flour (Fig. 1). This
reveals lower gelatinization temperature of cassava starch granules, which translates into
shorter cooking time and lower paste stability of cassava flour as opposed to the wheat flour
[38,39].

Fig. 1. Pasting profile of flour from wheat and three varieties of cassava

Peak viscosity is indicative of ease of cooking a particular sample. The high peak viscosity of
3500 cP for Doku duade compared to 4089 cP for Afisiafi can be attributed to the high
degree of swelling of cassava starch granules (Fig. 1). The rapid drop in viscosity at 95ºC
corresponding to almost half of the peak viscosity suggests a large extent of breakdown of
the paste and hence low stability. As all cassava flours were high in amylopectin (≈ 90%),
they exhibited a low retrogradation tendency (low final viscosity upon cooling, compared to
peak viscosity). The final viscosity, a parameter commonly used to determine a sample’s
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ability to form a gel after cooking and cooling ranged from 1883 cP for Doku duade flour to
2613 cP for Afisiafi flour. Wheat flour showed a later increase in viscosity and lower peak
viscosity compared to cassava flours (Fig. 1). A higher setback was also observed for wheat
flour as the final viscosity was relatively higher. These findings confirmed earlier stance that
cereal starches have a lower peak viscosity compared to tuber and root starches [40,41].

Fig. 2. Pasting properties of wheat/cassava flour (Afisiafi) containing 10, 20 and 30%
cassava flour

Fig. 2 shows the pasting properties of wheat flour and Afisiafi-wheat composite flour at 10%,
20% and 30%, which is supported by Fig. 1 that clearly indicated higher viscosity in Afisiafi
when all the varietal 100% flours were compared. The pasting profiles of Afisiafi-wheat flour
composite were verifiably different from Bankye hemmaa-wheat and Doku duade-wheat
composite flours. The addition of cassava flour to wheat affected some pasting properties of
the composite flour, although peak viscosities between 100% wheat flour and the different
inclusion levels of cassava flour up to 30% were quite similar. The onset of gelatinization
occurred faster for flours with a high inclusion level of cassava and retrogradation decreased
as proportion of cassava flour increased. Increasing substitution level would be felt very
much in the eating quality of foods prepared from this composite flour as the paste stability
(50ºC hold) is consistently reduced. Nonetheless, 20% replacement of wheat flour with
cassava flour showed paste stability which was akin to 30% substitution level (Fig. 2). This
effect of cassava flour on the composite flour is explained by the increase in amylose-gluten
or amylose-lipid complexes. The behaviour in pasting characteristics among starches is
attributable to differences in amylose content, crystallinity and the presence or absence of
amylose-lipid interaction [42,43].

4. CONCLUSION

The flours obtained from the three cassava varieties showed good quality properties.
Cassava flour was whiter and had higher swelling power, solubility and water-binding
capacity than the wheat flour, which is required for bread baking. These properties are
attributed to higher starch content in cassava flour and also to looser association of starch
molecules in cassava starch granules. These functional properties of the starch also affected
the pasting profile since cassava flours exhibited an early gelatinization, high peak viscosity,
large paste breakdown and low retrogradation tendency compared to wheat flour. Inclusion



British Journal of Applied Science & Technology, 4(11): 1609-1621, 2014

1619

of cassava flour generally increased SP, SI, SV and WBC of the resulting composite flour.
Gelatinization was faster while retrogradation reduced for composite flours with high level of
cassava substitution. Peak viscosity of flours was rather similar to that of wheat flour. The
study shows that physicochemical and functional performance of cassava flour from the
three cassava varieties can successfully replace portions of wheat flour for application in the
bakery industry.
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