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ABSTRACT

Food products development by means of composite flour technology is
experiencing a remarkable upsurge globally with the ticking of the clock;
thereby inviting a great deal of researchers’ consideration, particularly in
bakery foodstuffs and pastries making. The world population is increasing
and is projected to be well over eight billion people in the year 2030, with
attendant imports of an increased consumption, hence higher demands
for processed foods such as bread. In view of the climb in consumption
of bread, a higher demand for wheat should be in anticipation. Thus,
shrinkage in the global supply of wheat as a resource in the immediate
future should be anticipated. This development gives emphasis to the
necessity for alternative sources of flour and starch. The attention of this
review is directed at the studies of rheological characteristics of
composite flour vis-a-vis its consumptions via food products such as
bread, biscuits, and pasta. Emphasis is on blends which have high quality
cassava flour (HQCF) or just cassava flour as one of the compositing
flours with its influence on the sensory and nutritional qualities in
addition to its universal approval. In this work, a report has also been
given of a study on wheat flour blended in varying proportions with other
flours such as those from rhizomes, legumes, fruits and cereals (other
than wheat) to create diverse food products. Cassava flour in bread
making has been found to be a suitable substitute for encouraging the
utilization of a local produce besides reduction of wheat flour imports
and upholding the production of high quality cassava flour (HQCF). The
development of gluten-free products and fortification of foods have also
turned out to be a possibility. Several researchers have developed a
range of breads using cassava flour whose properties are akin to those of
wheat flour breads. It is promising that the capability of composite flour
in bakery and pastry products to retain similar properties to products
made from pure wheat flour has been reported. It has also been testified
that the use of composite flours has acceptable impacts on the finishing
products from the standpoint of functional and physicochemical
characteristics as well as healthiness of the end users. Generally,
composite flour technology is being regarded as a noble new method for
harnessing the benefits in flours that may not unfold unless in
composites, which of course, as a matter of fact, will be contingent upon
the proportions of blending.
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1.0 Introduction

The global population is increasing and is estimated to reach nine billion people in no distant time
(Jensen et al, 2015). A critical aspect of the imports of this increase in population will be an
increased consumption, hence higher demands, for processed foods such as bread (Godfray et al,
2010). In view of the escalation in consumption of bread, a higher demand for wheat should be in
anticipation. To this end, the global supply of wheat as a resource should be expected to diminish in
the immediate future. This development underscores the necessity for alternative sources of starch
and flour (Jensen et al. 2015). Although Falade and Akingbala (2011) and Ukwuru and Egbonu (2013)
would see the challenges in the emerging industry as it has to do with the type of food to be
processed, consumption habits, raw materials supply and equipment availability. Onyango et al.
(2011), however, is optimistic that in Africa and Latin America, cassava flour possesses an abundant
potential as a substitute for wheat flour in bread making; the consistency, which is an offshoot of
rheological properties, in flour quality being a foremost challenge, nevertheless (Hershey et al,
2000). Noorfarahzilah et a/, (2014) maintains that the development of foodstuffs by means of
composite flour has increased and is inviting considerable attention from researchers, particularly in
the making of bakery products and pastries.

The enlarged root (tuber) of cassava plant (Manihot esculenta Crantz) is an essential foodstuff in the
tropical regions of the world, namely; Africa, Asia, and in the Caribbean (Okafor et a/, 1999). Cassava
is reported by Collares et al, (2012) to be the world’s sixth most important crop grown in these
countries. According to IFAD and FAO (2001), cassava has outstanding features which include; its
great potential for the production of starch, drought tolerance and adaptation to difficult
ecosystems such as acid soils of low fertility. In 2014, Colombia produced 2.1 million tons of cassava,
as compared with Brazil's 23.2 million tons and Paraguay’s 3.0 million tons (FAO, 2016). The roots
and leaves of cassava are both suitable for human consumption; the former, as a source of
carbohydrates and the latter as a source of protein, minerals and vitamins, particularly carotene,
calcium and phosphorus (IFAD and FAO, 2004).

It is a known fact that carbohydrates provide the prime source of fuel for the body. Cassava
happens to be a dependable source of dietary carbohydrate — mainly starch. According to
Dziedzoave et a/ (2010), cassava roots have up to 60% starch content. Thus exploring avenues for
increased value chain of the cassava is a worthwhile venture. The increased demand for wheat-
based convenient foods in Nigeria and other countries of the world vis-a-vis the challenges of
climate in cultivation of wheat in the tropical regions demands an alternative food ingredient for
baking and confectionery products with at least a partial substitution of wheat. An interesting
attraction, as reported by (Abass et al, 1998), is that cassava flour is one of derivatives from cassava
roots whose processing technology, not only requires less consumption of water and energy, is
more economical and easier than its other products like starch; besides, and produces lesser
amount of by-products and waste.

Eriksson (2013) disclosed that High Quality Cassava Flour has the prospective to swap part of the
wheat flour in bakery foods as there has been an inclusive approval among users; even as he
presented the proximate composition of cassava as shown in Table 1 below;
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Table 1: Proximate composition of fresh cassava roots

Component Value
Moisture (g/100 g) 594
Carbohydrates (g/1009) 38.1
Protein (g/100 g) 0.7
Fat (g/100 g) 0.2
Crude fiber (g/100 g) 0.6
Ash (g/100 g) 1.0
Calcium (mg/100 g) 50.0
Vitamin C (mg/100 g) 25.2
Energy (kcal/100 g) 157

Source: Eriksson (2013)

Although gluten, whose good source is wheat, has been reported to be responsible for the
rheological characteristics of bakery foodstuffs (Sciarini, et al/, 2010), the same gluten has been
indicted in the report of Aguilera and Park (2016) as being a source of serious worry in diets for
elderly people — people aged over 65 years - whom they had described as being the fastest
increasing section of global population. Even though studies such as Defloor et al/, (1993) and
Jensen et al, (2015); have shown that bread quality is impaired when large quantities of cassava
flour are used in the bread formulations, there is still room for less emphasis on pure wheat bread.

According to Akinlonu (2011), Falade and Akingbala (2009) and Oyewole (2002), inclusion of cassava
flour as composite for production of foods such as noodles, breakfast cereals, cookies, breads, cakes,
pastries, muffins and doughnuts inter alia could lessen costs and increase the production of these
products locally. Thus wheat flour supplementation provides an excellent means of improving the
dietary worth (protein, minerals, vitamins, and bioactive compounds) of foods. The incorporation of
less expensive non-wheat flour for food product enrichment would be a desirable vehicle for
nutritional improvement, Okafor, et a/, (2002) opined.

1.1 Objective

The main objective of this work was to look into the studies of rheological properties of composite
flour products with special emphasis on blends which have high quality cassava flour (HQCF) or just
cassava flour as one of the compositing flours.

2.0 The Review

2.1 Composite flour

Composite flours may be considered chiefly as amalgams of wheat and other flours for the making
of baked products, leavened or unleavened and pastas (Riley-Mitchell et a/, 2012). Also composite
flour can be looked upon as a product created from a combination of two or more materials. Such
amalgam may be different in characteristics from the individual components and/or may be an
enhancement of their properties and overall acceptance; in some circumstances, value may be
added to the financial aspects of its production. In the preceding age, it was uncommon to have
bread prepared from any other material than wheat flour. However, the emergence of composite
flour technology has conveyed innovative dimensions upon the production of bread and other
bakery foodstuffs.
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Composite flour technology denotes the development of bakery products by a combination of two
or more flours which may be cereals and/or legumes. According to Adeniji (2013), composite flours
can be considered as blends of flours from tubers rich in starch (e.g. cassava, yam, sweet potato)
and/or protein-rich flours (e.g. soybeans, peanut) and/or cereals (e.g. maize, rice, millet, buckwheat)
with or without wheat flour. This development creates an avenue for economic utilization of
indigenous raw materials to manufacture high quality food products (Shahzadi, 2005). Composite
flours should not be perceived in the light of ready-mixed flours which millers and bakers are
accustomed to. While ready-mixed flours contain all the non-perishable constituents of the formula
for a certain bakery product, composite flours are only a mixture of different flours rich in starch or
protein, with or without wheat flour, for certain groups of bakery products.

The foremost objective of the previous study of composite flours was to lessen, to the largest
imaginable extent, the emphasis on wheat flour usage in the manufacture of certain baked products,
as well as bread. The key benefit derivable from this technology by emerging economies is in the
amelioration of savings of hard foreign currencies. Job creation, capacity building, products shelf-life
extension and diversification of food products utilization are other benefits in anticipation.

Sanful and Danko (2010) had observed that there is a possibility of making composite flour from
locally available starchy crops. Bamidele et al. (2014) suggested that a composite of cassava and
cocoyam flours produced a nutritive gari, which was hihgly acceptable. Kareem et a/, 2015 worked
on blends of tigernut and high quality cassava flours, and unmasked the fact that an acceptable
extruded snacks can be produced from tigernut-HQCF composite. Wronkowska, Haros, and Soral-
Smietana (2013) reported that when starch was substituted by buckwheat flour on gluten-free
bread quality, a decrease in whiteness and increase in redness and yellowness of crumb was noticed.
Composite flour in baking performance using plantain flour substituted with wheat flour had been
studied by Onwuka and Onwuka (2005), plantain, cassava/soybean flour blends for snacks and
corresponding food preparations (2004). These efforts again were aimed at improving the protein
content in particular and the overall nutritional value of the product (Kiin-Kabari et a/, 2015).

Composite flours, according to Chandra et a/, (2015) may be considered firstly as blends of wheat
and other flours for the production of leavened breads, unleavened baked products, pastas,
porridges and snack foods. Secondly, wholly non-wheat blends of flours or meals, for the same
purpose. They also noted that there are two reasons for mixing the wheat with other flours namely;
economic and nutritional; like adding soy flour is to increase the protein content of the +baked
products. Increasing the quantity of buckwheat flour in gluten-free bread formulation caused a
decrease in crumb hardness during storage. Haros and Soral-Smietana (2013) also suggested that
buckwheat flour incorporated into a gluten-free formula could improve bread texture and shelf-life.
Bread made with seaweed composite flour exhibited higher values of firmness (Mamat, et a/2014).

Moreover, modified starchy flours from other sources such as tubers, cereals, pseudo-cereals,
legumes and oil seeds have been used as alternatives1 in bread making (Ohimain, 2015).
Mannuramath et a/, (2015) reported that combination of little millet flour (LMF) at 30% level in
bread can be considered as a functional dietetic food option for the management of diet-related
metabolic maladies. Boz and Karaoglu (2013) showed that the value of whole wheat bread could be
enhanced by adding various materials of plant origin.
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2.2 High Quality Cassava Flour (HQCF)

High Quality Cassava Flour (HQCF) is sometimes produced from High Quality Cassava Cake (HQCC)
and conveyed to and flash dried in a flash dryer at temperatures of between 165 and 180 degrees
Celsius. The dried flour is milled in an industrial pin mill to less than 200 microns and subsequently
the flour is cooled down to ambient temperature, sieved on tumbler sieves and bagged
automatically or manually. The amicable features of this type of HQCF include; at least 98% of the
flour will pass a sieve of 200 microns and a standard homogenous sizing for every batch; all cyanide,
nearly all proteins and dissolvable matter have been removed, and there is no risk at all for public
healthiness; starch granules are completely released and gelatinized totally at 57 - 65 degrees
Celsius; low Total Viable Count (less than the 10,000 cfu/g limit), low yeasts, low moulds, no
coliforms and no entero bacteriae; and there is standard and consistent quality between all batches
as regards moisture content and all other parameters; i.e. batches do not differ or if they do, it is
very marginally from each other. A standard HQCF producing unit comprises a flash dryer and 2-3
AMPUs. The flour production of a flash drier is 12,000 — 15,000 metric tonnes per annum. HQCF is a
wheat flour substitute and is used in bread-making, pastas, cookies, various fast-food snacks, wood-
board/plywood, adhesives and mosquito coils.

2.3 Rheological Properties

Rheological properties, with reference to food materials, are those characteristics which influence
the consistency and flow of food under tightly specified conditions. These properties affect the
deformation and flow of matter. The texture of any food material depends on its rheological
properties. According to Berk (2009), most of the textural properties are largely rheological in nature;
and most rheological tests involve applying a force to a material and measuring its flow or change
in shape. However rheological considerations do not cover all the elements that establish the
texture of a food (Urbicain and Lozano, 1997). Production of food products such as buns, bread,
cake, etc., depends on the functional properties of the flour (Julianti et a/, 2016; Ekwu et al, 2011).
The rheological properties of dough are significant base for the process of manufacture of quality
food products (Létang et al, 1999; Moreira et al, 2010), which allows for the development of new
materials (Ibarz and Barbosa-Canovas, 2014). There have been several studies, such as Kokse et a/.
(2001); Moreira et al. (2010) and Sabovics et al (2011) on rheological properties of food materials
and flour dough from different crops.

Flours from other raw resources replacing wheat flour will adjust the rheological properties of
dough, as well as the feature of baked product. It is well known that proteins encountered in non-
wheat flours do not have the capacity to form the gluten network responsible for holding the gas
produced during the fermentation (Hadnadev et a/, 2011). In determining the rheological behaviour
of different raw materials using Chopin Mixolab, they reported that blends of rice and buckwheat
flours would give the finest rheological profile.

The Mixolab technique as reported by Collar et a/, (2007); Kahraman et al/, (2008), allows the
complete characterization of the flours in terms of proteins’ quality by determining their water
absorption, stability, elasticity, and weakening properties; starch behaviour during gelatinization and
retro gradation; consistency modification when adding additives and enzymatic activity of the
proteases, amylases, etc. The technique was also applied by Stoenescu et al. (2012) to study the
rheological properties of augmented wheat flour. Mixolab analyses were carried out on composite
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flour with 30% of cassava flour by Jensen et al, (2015). This team reported that the amount of
incorporated cassava flour in bread was decidedly a function of the variety of cassava flour. Eriksson
(2013) used a Rapid Visco Analyzer (RVA) from Newport Scientific (Warriewood, Australia) to analyze
pasting properties of cassava flours upon heating and subsequent cooling with application of RVA
General Pasting Method (STD1). The researcher concluded that cassava flours were characterized by
a premature gelatinization (pasting temperature between 70 and 71°C), high peak viscosity, large
paste breakdown and low retro-gradation propensity compared to wheat flour. In an analogous
development, Ekwu et a/ (2011) determined the rheological characteristics of traditionally processed
cassava flour with the same apparatus, but a method after Sanni et a/, (2008) and established that
the pasting properties of the flour showed peak viscosity range from 157.35 to 399.58RVU, trough
90.08-206.50 RVU, breakdown viscosity 67.23-193.09 RVU, final viscosity 123.58 -300.41 RVU,
setback 33.40 - 93.93 RVU.

Kareem et a/, 2015 worked on blends of tigernut and high quality cassava flours, and unmasked the
fact that and acceptable extruded snacks can be produced from tigernut-HQCF composite. Eduardo
et al. (2013) investigated into some textural cum rheological characteristics of cassava — wheat —
maize bread types. In that report, loaf slices of 2.5 cm were taken for study of the crumb firmness,
six (6) hours after baking using an Instron Universal Testing Machine (UTM, model 5542). The loaf
volume was measured one (1) hour after the end of the baking procedure by the displacement
method in which alfalfa seed was used. It was shown that pectin interacts with wheat starch bringing
about an increased paste viscosity during heating. Both the increased viscosity and the gel network
were believed to have strengthened the gas-holding properties of the expanding cells in the dough
and subsequently resulting in a greater loaf volume. Bread with fermented cassava flour resulted in
firmer bread crumb when cassava level and pectin content were both low, and softer bread types
were obtained with roasted flour.

The viscosity of a suspension of wheat flour supplemented with high quality cassava and pigeon pea
flours was measured by Chilungo (2013) using the Brookfield viscometer. It was remarked that as
the levels of supplementation were increased, the viscosity of flour blends slightly increased. This
was construed to be due to addition of cassava flour at increased levels. The low viscosities of wheat
and pigeon pea flours were related to the cohesiveness of the starch molecules of these flours.

Nwokocha et al (2009) measured some rheological properties of the starch pastes using a
controlled stress Rheometer (AR 2000, TA Instruments Ltd) with cone and plate geometry (40 mm, 2
cone and 52 Im gap). The measurements were carried out at 25°C and shear rates of 10°1 to 120/s.
They used TA Data Analysis software (version VI.2.5) to fit shear stress versus shear rate models viz;
Newtonian, Power law, Bingham, Casson and Herschel-Bulkley to the experimental data and
estimated the goodness of fit for each model using the standard error of estimate. In that report, a
model was considered acceptable if the standard error was about 20 or less, and the model that had
the lowest standard error was considered, best suited for the description of the shear stress—shear
rate profile of the starch pastes.

Where rheological properties are viewed as textural, they are such characteristics of a food material
that portray physical features of the material when it comes in contact with the senses of feel or
touch. Food texture from this standpoint refers to those qualities of a food that can be felt with the
fingers, tongue, palate, or teeth. Texture is distinctive of the surface of a material and is an
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indication of quality. Davies (2007) described texture as relating to characteristic intensity variation
that typically originates from roughness of an object's surface. It may be regarded as what
constitutes the macroscopic region of the object. Its structure is basically ascribed to the repetitive
patterns in which elements or primitives are arranged according to an order rule (Tuceryan and Jain,
1998).

Textural characteristics refer, but are not limited to the following; consistency, hardness, brittleness,
firmness, crispiness, springiness, combablilty, crunchiness, coarseness, fineness, cohesiveness,
adhesiveness, gumminess, resilience, chewiness, fracturability. Fellows (2000) gave further
delineation of textural properties as shown on Table 2 below. Korczyk-Szabé and Lacko-Bartosova
(2013) described texture analysis as one of the most helpful analytical methods of product
development.

Evaluation of texture involves measuring the response of a food when it is subjected to forces such
as cutting, shearing, chewing, compressing or stretching. Many studies have been carried out on
textural properties of dough obtained from composite flours blends such as wheat-pitaya flour (Ho
and Abdul-Latif (2016); wheat-soy composite, wheat-cassava composite bread (Komlaga, Clover-
Amengor, Dziedzoave, and Hagan, 2012). Starch has been identified by Miyazaki et al., (2006) as a
major component that plays a major role in texture and quality of dough and bread. Cassava of
course, is a good source of starch.

Table 2: Textural characteristics of food

Primary Characteristics Secondary Characteristics Popular Terms
Mechanical Characteristics
Hardness Brittleness Soft — firm — hard
Cohesiveness Chewiness Crumbly, crunchy, brittle
Gumminess Tender, chewy, tough
Short, mealy, pasty, gummy
Viscosity Thin, viscous
Elasticity Plastic, elastic
Adhesiveness Sticky, tacky, gooey
Geometrical Characteristics
Particle Size and Shape Gritty, grainy, coarse
Particle Shape and Fibrous, cellular, crystalline
Orientation
Others
Moisture Content Dry —moist— wet— watery
Fat Content Oiliness Oily
Greasiness Greasy

Source: Fellows (2000)

Alvarez-Jubete et al, (2009) evaluated the pasting properties of pseudo-cereal flours using a rapid
visco analyzer. They carried out standard baking tests and texture profile analysis on the gluten-free
control and pseudo-cereal samples of gluten-free breads. They obtained Confocal Laser Scanning
Microscopy (CLSM) images from the baked breads. In addition, they conducted digital image
analysis on the resulting bread slices. From these studies, they found that bread volume significantly
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increased for the buckwheat and quinoa breads compared with the control. Furthermore, breads
with pseudo-cereal content were characterized by a considerably softer crumb texture effect that
was ascribed to the presence of natural emulsifiers in the pseudo-cereal flours and confirmed by the
confocal images.

Shittu et al (2008) determined the textural analysis of bread from cassava-wheat composite four
with the aid of a cone penetrometer to measure bread crumb softness. In this study, 6-cm thick
bread slice was placed on the base of the penetrometer for the measurement. Higher penetration
units were indicators of increased crumb softness.

3.0 Conclusion

It is a matter of fact that with the use of composite flour, at any percentage level of inclusion, the
resulting recipe will certainly exhibit properties markedly different from those of the individual
component flours. The determination of dough properties, including rheological was found to be
essential for the estimation of dough processing, handling behavior and future bread properties
(Tietze, Jekle, & Becker, 2016). Several studies carried out to use cassava flour in bread making have
shown that wheat flour can be substituted by 5 to 10 % cassava flour without significant effects on
processing and the quality of bread (Aristizabal et al 2017).
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