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ABSTRACT 

 

The breeding objectives of cassava have led to increased cassava varieties focused on 

improved agronomic traits for increased yields, disease tolerance, and bio-fortification. The 

introduction of beta carotene bio-fortified and official release of improved cassava varieties 

in Zambia would require screening for suitability of processing. The development of starch 

properties is mainly determined by genetic factors. Thus, it would be beneficial to identify 

cassava roots suitable for processing on the variety basis. A review of literature on the 

screening of cassava cultivars for processing, and application of cassava flours and starches 

was conducted. The aim was to summarize published research on the screening criteria of the 

end-use properties of cassava varieties, and identify gaps in knowledge for the purposes of 

gathering information to develop a research project on characterization of flours and starches 

derived from new improved and bio-fortified cassava varieties, and application of cassava 

flour in frozen wheat dough for bread making.  

 

The review showed that screening of cassava cultivars end-use properties were based on 

composition, morphology, structural, gelatinization and pasting characterization of cassava-

derived flours and starches. Other screening criteria were dry matter content, total cyanogen 

and total carotenoids, and amylose/amylopectin ratio of cassava tubers. The 

amylose/amylopectin ratio had a huge influence on the viscosities of starches and hence it 

affects the gelatinization and pasting properties of starches. The granular shape and size of 

cassava starches influences the swelling and solubility of cassava starches. The Differential 

Scanning Calorimetry (DSC) and Rapid Visco Analyser (RVA) were common techniques for 

investigating gelatinization and pasting properties. The amylose/amylopectin ratio also has a 

significant role on the freeze-thaw stability properties of cassava starches.  

 

The proposed research is focused on the characterisation of composition, granular shape and 

size, and physicochemical properties of flours and starches derived from improved and beta 

carotene bio-fortified varieties of cassava utilized in Zambia, and application of cassava flour 

in the frozen dough for bread making.  
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1. INTRODUCTION  

 

Cassava (Manihot esculenta Crantz) is a staple food for over 800 million people in the tropics 

(Howeler et al., 2013). It is cultivated over a wide variety of soils (Anikwe et al., 2016). 

Cassava ranks fourth among food staples with worldwide production of 276 x 106 t.yr-1 

(FAOSTAT, 2013; Uchechukwu-Agua et al., 2015). It is estimated to reach 290 million t.yr-1 

in 2020, and most of these are cultivated in West Africa, tropical South America, and South 

East Asia (Westby, 2002; Guira et al., 2016). Among the starches, including main cereal crops, 

cassava is the highest producer of carbohydrates per hectare and can be grown at considerably 

lower cost (Emmanuel et al., 2016; Tadesse et al., 2016). Cassava is often viewed as an 

‘inferior crop’, ‘poor people crop’, and as ‘dangerous toxic crop’, and these tags on cassava 

were due to some limitation of the crop including low quality and quantity of protein, and the 

presence of anti-nutritional factor cyanogenic glucoside that undermine its nutritional value 

(Cuvaca et al., 2015; Wakil and Benjamin, 2015). Nevertheless, cassava is high in dietary fiber 

(4.92 to 5.60% insoluble fiber and 3.40 to 3.78% soluble fiber) (Westby, 2002). The starch 

content in cassava can range from 64 to 72% and is different from cereal starch regarding its 

amylose content and starch granular structure (Tester et al., 2004). Furthermore, cassava starch 

is highly digestible as evidenced by its hydrolysis to glucose by the industrial enzyme α-

amylases (Mei et al., 2015). These properties are important in the functionality of flour 

produced from cassava.  

 

Application of cassava flour and starch in product development and food formulations is 

guided by end-use properties such as composition, physicochemical and functional properties 

(Omodamiro et al., 2007). Starch granules consist of two main types of glucans, amylose and 

amylopectin (Pérez et al., 2010). Starch granules also consist of minor non-starchy components 

such as lipids, proteins and phosphates (Swinkels, 1985; Zhu, 2015a). The proportion and 

distribution of amylose and amylopectin glucans fundamentally influences the 

physicochemical properties of starches and starch based foods. The variation in composition is 

the reason that relates to diversity in starch properties of different genotypic sources of cassava. 

The characterization of cassava starches is well documented (Rickard et al., 1991; Sánchez et 

al., 2010). However, much research attention on physicochemical and functionality properties 

has been given to rice, wheat, barley, maize, and Irish potato starches (Ross‐Murphy, 1995; 
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Sestili et al., 2016). Thus, cereals and potato continue to dominate world markets for starches 

in food and non-food industries.  

 

The breeding objectives on cassava have generated several varieties for increased yields, 

disease resistant, early bulking, and improved nutrition (Chikoti et al., 2016; Nduwumuremyi 

et al., 2016b). However, the composition, structural, swelling, gelatinization and pasting  

properties of flours and starches derived from cassava varieties grown in Zambia is yet to be 

investigated. Cassava flour and starches remain under-researched in Zambia. Research toward 

value addition is required to characterize the composition, structural and physicochemical 

properties of cassava-derived flours and starches. There is an increasing industrial demand for 

starches with a global demand of 70 x 106 t.yr-1 (Halley and Avérous, 2014). Considering the 

increased applicability of starch in food systems and non-food applications (Teh et al., 2014; 

Abass et al., 2016), alternative sources of cheap starches should be investigated for 

physicochemical and functional properties. The understanding of the characteristics of cassava 

flours and starches could potentially provide useful information on end use properties for 

product development and formulation. Documentation and catalogue on properties of 

technological importance will form a baseline of information to enhance the selection of the 

most appropriate genotypes to meet the needs of cassava end-users such as farmers, breeders, 

and industry. There can be variation of properties of the cassava flours and starches of various 

cassava genotypes such as in terms of amylose and amylopectin content and characteristics, 

granule size, the degree of polymerization and structures. The variations can be observed in the 

swelling, gelatinization, pasting, gel and retrogradation properties of the starches. Thus, there is 

a need to present the work of characterization in terms of structural-functional property 

relationship, correlations of amylose/amylopectin ratio with physicochemical properties, and 

granule size distribution effect on physicochemical properties of cassava starches.  

 

Native cassava flours and starches have limited applications. Thus, cassava flours and starches 

are blended with other starches to widen and improve its utilization (Zhu, 2015a; Abass et al., 

2016). The properties which are unattainable with native starches can be attained by blending 

(Tharise et al., 2014).   

 

In this review, the composition, granular shape and size, swelling, gelatinization, pasting and 

nutritional properties of cassava flours and starches are summarized. Attributes pertaining to 

swelling, gelatinization and pasting have been reviewed including freeze-thaw stability 
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properties of starches. The properties of cassava and wheat flour blends have been synthesized 

and quality assessment of flour blends and dough for bread making is highlighted.   

 

This proposal focuses on the characterisation of composition, granular shape and size, and 

physicochemical properties of flours and starches derived from improved and beta carotene 

bio-fortified varieties of cassava utilized in Zambia, and application of cassava flour in the 

frozen dough for bread making.  
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2. REVIEW OF PROGRESS IN CASSAVA FLOUR AND STARCH 

RESEARCH: FINDINGS, APPLICATIONS AND GAPS  

 

The review of progress covers brief background on cassava including cassava varieties 

cultivated in Zambia. The section describes wide range of issues pertaining to 

characterization of cassava starches and flours and applications. 

  

2.1  Overview on Cassava  

 

Cassava is an important tropical root crop widely cultivated and produced for its edible tubers 

and leaves. It is a staple food crop to approximately 800 million inhabitants in tropics and 

subtropics (Howeler et al., 2013; Anyanwu et al., 2015). The total cassava production in 

2012 was estimated to be around 263 million tons (Howeler et al., 2013). Sub-Saharan Africa 

ranks as the number one, producing 50% of world’s cassava production with an average yield 

of 12.8 t.ha-1 (Chipeta et al., 2016). However, given optimal conditions, cassava yields are 

estimated at 80 t.ha-1. In Zambia cassava is a guarantee to food security and the most 

important staple crop after maize (Haggblade et al., 2012). It is cultivated as a perennial crop 

for its starchy roots that can be harvested at 16 to 24 months after planting (El-Sharkawy, 

2003; Chipeta et al., 2016), and varies according to genotype and environments (Howeler et 

al., 2013). The consumption of storage roots comes in a variety of different forms as human 

food (Falade and Akingbala, 2010; Karri and Nalluri, 2016), livestock feed (Bokanga, 1995; 

Okike et al., 2015; Sudarman et al., 2016) and starch extraction and its various industrial uses  

(Bokanga, 1995; Anyanwu et al., 2015). There is also great potential for bread making using 

wheat-cassava blend flours (Abass et al., 2016). Cassava is a low input crop that is able to 

grow in low marginal soil fertility, tolerate drought, and grow without application of fertilizer 

and other agrochemicals. This make cassava easy to produce by low income households, and 

small-scale farmers with limited resources.  

 

2.2 Cassava Varieties in Zambia 

 

There are a number of local cassava varieties cultivated in Zambia. The cassava crop is 

grown for its bulking roots, and the leaves serve as the main vegetable in both rural and urban 



5 

 

areas. The breeding of cassava in Zambia is the Zambian Government’s agricultural priority. 

The breeding objective is to produce high yielding, early bulking, pests and disease resistant 

varieties (Chikoti et al., 2016), for reduced cyanide content in cassava (Dixon et al., 1994) to 

produce sweet varieties (Sarkiyayi and Agar, 2010). The bio-fortified cassava is yellow fleshed 

and is the most recent genotype which has been bred for improved nutrition to supply pro-

vitamin A carotenoids (La Frano et al., 2013). The micronutrients, mainly of provitamin A, and 

dry matter content traits are among the primary selection objectives in cassava breeding (Rabbi et 

al., 2017). The yellow-fleshed cassava has other advantages such as delayed postharvest 

deterioration due to anti-oxidant carotenoids contained in the tuber (Sánchez et al., 2006; 

Nduwumuremyi et al., 2016a; Nduwumuremyi et al., 2016b). The physicochemical traits 

such as water binding capacity, swelling power, solubility, gelatinization, and pasting 

properties of cassava-derived flour and starch remain under-researched in Zambia. Bechoff et 

al. (2016), reported that the research on technological properties such swelling, 

gelatinization, and pasting including end-user acceptance traits of cassava has been ignored. 

Studies on characterization of end-use properties were based on common cassava flour and 

starches collected from markets, farms and varieties in breeding sites. Muñoz et al. (2015), 

purchased cassava starch from the local markets in the study of microstructural and thermal 

properties of native starch. Some studies were based on commercial native cassava starch 

collected from industry and markets (Bahnassey and Breene, 1994; Abera and Rakshit, 2003; 

Farahnaky et al., 2009; Aichayawanich et al., 2011; Dhillon and Seetharaman, 2011; Beninca 

et al., 2013a; Colman et al., 2014; Bie et al., 2016; Chandanasree et al., 2016; Dries et al., 

2016). Other studies were based on cassava from farms (Moorthy et al., 2006; Chantaro et 

al., 2013; Babajide et al., 2014; Figueroa et al., 2016) and research breeding sites (Abera and 

Rakshit, 2003; Ceballos et al., 2007; Beninca et al., 2013a; Eriksson, 2013). In the current 

study, characterization of flours and starches will be based on cassava varieties from research 

breeding site.  

 

2.3 Chemical composition of cassava 

 

The chemical composition is dependent on a number of factors such as cultivar, the 

geographical location, maturity stage of the plant, and environmental conditions (Burns et al., 

2012; Agiriga and Iwe, 2016). On the wet basis, cassava roots are composed of 56-60% 

moisture, 0.3-0.6% protein, 30-35% carbohydrate, and 0.1-0.3% fat (Charles et al., 2004; 
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Montagnac et al., 2009). Cassava is rich in carbohydrates and deficient in proteins and fats. 

On a dry matter basis, cassava root has carbohydrate content of 70-82%,  which is made up of 

starch containing 83% amylopectin and 17% amylose (Charles et al., 2005b; Chiwona-

Karltun et al., 2015). Other constituents include calcium in the range 0.16-0.45 mg g-1 

(Charles et al., 2005b). Cassava root contains a small amount of sugars in the form of 

sucrose, fructose, glucose, and maltose (Afoakwa et al., 2012a; Li et al., 2016b). Relative to 

other staple foods of the starch group, cassava ranks as the third highest source of dietary 

calories (Cumo, 2015). However, studies associating amylopectin/amylose ratio to the dietary 

energy of cassava flour and starch were not found. The amylopectin/amylose ratio can be 

used as selection criteria of cassava flours and starches in the food industry. It is difficult to 

compare chemical constituents based on data derived from literature because analyses were 

based on different cassava varieties and variation in harvest time, and lack of complete 

description of sample materials in terms of genotypic traits. Table 2.1 shows chemical 

composition of cassava. 
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Table 2-1 Proximate composition of different cassava varieties 

Cassava source, 

Country 

Number 

of variety 

White/yellow  

fleshed 

Dry/wet 

basis 

Harvest 

time 

(MAP) Moisture (%) Ash (%) Protein (%) 

Lipids 

(%) Fiber (%) Author 

Gannoruwa, SriLanka 1 - - - 62.92 - 0.72 0.41 0.92 Somendrika et al. (2016) 

Umudike, Nigeria 3 - - 10 61.05-69.95 - - - - - 

Umudike, Nigeria 3 - - 13 62.85-70.21 - - - - Agiriga and Iwe (2016)  

Umudike, Nigeria 3 - - 16 49.96-62.02 - - - - Agiriga and Iwe (2016)  

Pokuasa, Ghana 6 - - 12 33.14-45.86 - 1.76-3.48 0.74-1.49 1.38-3.20 Emmanuel et al. (2012) 

Nassau, Bahamas 6 - - 9 56.50-68.80 2.27-3.24 1.20-2.10 0.20-041 - - 

Chapare, Bolivia 6 - - - - 1.46-2.71 1.46-2.49 0.58-1.4 7.40-8.50 Rojas et al. (2007) 

IITA Ibadan, Nigeria 2 - - - 55.44-58.79 1.90-2.84 0.90-1.43 - 3.62-5.45 Charles et al. (2005b) 

Nokornratchasrima, 

Thailand 1 - dry 10 - 2.41 1.83 0.14 1.79 Chotineeranat et al. (2006) 

Nokornratchasrima, 

Thailand 1 white dry 12 - 2.52 1.41 0.08 2.59 Chotineeranat et al. (2006) 

Umudike, Nigeria 1 white dry - 12.28 1.92 - 0.95 1.78 Eleazu and Eleazu (2012)  

Umudike, Nigeria 5 yellow dry - 8.40-9.85 1.44-2.35 - 0.80-2.75 1.65-2.32 Eleazu and Eleazu (2012)  
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2.4 Cassava Primary Products 

 

The factors limiting utilization of fresh cassava include poor shelf life and high amounts of 

cyanides (Charles et al., 2005b; Bradbury et al., 2013; Mtunguja et al., 2016a). The cassava 

varieties with low cyanide contents such as sweet fresh cassava root variety (Oluwole et al., 

2007) can be consumed raw with minimal processing (Wiley, 1889; Peroni et al., 2007; 

Nduwumuremyi et al., 2016b). Processing of cassava roots leads to decreased cyanide 

content and improved shelf life stability (Ugwu, 1996; Falade and Akingbala, 2010; Ferraro 

et al., 2015). Traditionally, various methods of processing cassava roots into various products 

vary depending on local customs and preferences and differ in between and within countries 

(Falade and Akingbala, 2010). Processing techniques include fermentation, drying, and 

milling resulting in various products (Simonyan, 2014; Aragon et al., 2016; García-Segovia 

et al., 2016). The cassava products are either fermented or unfermented (Uchechukwu-Agua 

et al., 2015; Zhu, 2015a) and contribute to the growing industrial application of cassava. 

Cassava is an industrial crop in Thailand, Brazil and Indonesia, where it is processed into 

biofuel and livestock feed (Zhang et al., 2016).  

 

2.4.1 Unfermented cassava products 

 

Unfermented cassava products include chips, starch, flour, and pellets (Nguyen et al., 2007). 

Chips are transformed into pellets through the process of pelletizing to obtain hardened 

cylindrical or cube materials (Nguyen et al., 2007; Falade and Akingbala, 2010). Cassava 

starches are produced from fresh cassava roots (Inyang et al., 2006; Uchechukwu-Agua et al., 

2015). The cassava starches are applied as thickening and gelling agents in the food industry 

(Banerjee and Bhattacharya, 2012; Uchechukwu-Agua et al., 2015). High-quality cassava 

flour (HQCF) is unfermented flour useful in bakery products and in the production of starch 

and glucose syrup (Ofori et al., 2016). Cassava flours are added to wheat to make composite 

flour for bread making as a sustainable alternative to wheat bread (Abass et al., 2016; 

Serventi et al., 2016), and alcohol beverage production (Taiwo, 2006; Freire et al., 2015). 

The introduction of HQCF has promoted the use of cassava (Uchechukwu-Agua et al., 2015).  
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2.4.2 Cassava based foods in Zambia  

 

The common uses of cassava in Zambia include flour, which is used for domestic purposes.  

The Zambian fermented cassava flour is produced through various operational stages 

involving peeling of fresh cassava and soaking in stagnant water for 3-5 days. During this 

period peeled cassava tubers undergo spontaneous fermentation and become softened. The 

softened fermented tubers are collected and cleaned, followed by open air-drying in the sun. 

The dried tubers are milled into flour. The dried tubers can be stored in sacks for period of up 

to two years. However, household storages can result in fungal and mould growth. The 

fermented cassava flour is used for preparation of cassava nshima, a thickened gelatinized 

porridge serving as main meal and source of dietary calories. The cassava nshima is 

consumed daily by the households in the cassava belt of northern, central, and western 

provinces of Zambia. Furthermore, the flour is used in preparation of porridges for children 

and serve as weaning food. The other products are roasted fermented cassava tubers 

consumed as a snack, and are commonly vended in the urban streets and markets. The roasted 

cassava is derived from fermented cassava tubers. The dried fermented cassava tubers are 

soaked and sliced into longitudinal pieces of chips which are salted and roasted on firewood 

or charcoal.  The low cyanide cassava, usually selections from local indigenous cultivars are 

consumed raw after peeling, or can be boiled. The raw and boiled peeled cassava are 

commonly vended in large cities. Literature regarding Zambian cassava products are limited. 

Hence, the chemical composition and nutritional quality of fermented cassava flours and 

dried tubers consumed commonly in Zambia deserves to be studied.  

 

2.5 Cassava Starch 

 

2.5.1 Starch extraction and yield  

 

The common practice and primary method of extracting starch from fresh cassava is wet 

milling (Osunsami et al., 1989; Nand et al., 2008; Fakir et al., 2013; Ogunbayo et al., 2016). 

Starch is extracted after wet milling through filtration, sedimentation, and decantation. The wet 

starch is dried through sun drying (Ogunbayo et al., 2016), and oven drying at 65 oC for 12 h 

(Benesi et al., 2004). A similar method has been reported by Nand et al. (2008). Peeling is a 

critical step. Cassava starch prepared from unpeeled or not properly peeled roots develops a 
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grey colour during wet storage (Jyothi et al., 2007) and develop a purple color during drying 

(personal observations). The retained color lowers the quality and thus affecting its value. 

The methods are not standardized, the search in literature found that several researchers 

applied a different amount of water for extraction. For example a ratio of water to cassava 

slurry 2:1 was used where 700 mL of water was mixed with 333 g of grated cassava (Abera 

and Rakshit, 2003), ratio water to cassava slurry 10:1 (Nand et al., 2008). Information is 

limited regarding the effect of extraction ratio on the end product. In some methods as 

reported in the literature, grating is conducted with sulphur-containing water and also storing 

of fresh starch in sodium meta-bisulphite solution to inhibit the microbial growth (Jyothi et 

al., 2007; Zhu, 2015a). Where centrifugation is used (Moorthy et al., 1996), a step of 

sedimentation is eliminated. Starch is the main constituent of cassava and a wide range of 

starch yields have been reported based on wet weight, 24% (Osunsami et al., 1989), and 20.7-

27.8% (Abera and Rakshit, 2003). On dry weight, the starch yield from cassava root was 

estimated at 80% (Olomo and Ajibola, 2003). Various factors affecting starch yield have 

been reported. Genotype was reported to have a huge influence on starch yield (Benesi et al., 

2004; Zhu, 2015a). Pérez et al. (2011), reported that starch yield is dry matter dependent as 

high starch yields were associated with high dry matter content cultivars.  

 

2.5.2 Composition of starch  

 

The cassava starch is composed of amylose which is essentially linear molecule (Morante et 

al., 2016b), and amylopectin a highly branched molecule (Zhu, 2015a). The cassava starch 

functionalities as stabilizers are associated with polysaccharide fractions amylose (17 - 24%) 

and amylopectin (76 - 83%) (Bahnassey and Breene, 1994; Charles et al., 2005a; Suriyakul 

Na Ayudhaya et al., 2016). Amylose consists of α-(1-4) linked D-glucose units which are 

characteristic of degree of polymerization (DP) in the range of between 500 and 6000 glucose 

units. Amylopectin is a highly branched molecule structure with a DP ranging between 3x105 

and 3x106 glucose units (Zobel, 1988; Jacobs and Delcour, 1998; Gu et al., 2013), and consist 

of α-(1-4) glucan chains linked with α-(1-6) at branch points (Jacobs and Delcour, 1998; 

Laohaphatanaleart et al., 2010). Several authors have reported amylose content for cassava 

starches in the range of 16-20% (Asaoka et al., 1991), 17.9-23.6% (Defloor et al., 1998), 

15.9-25.31% (Sriroth et al., 1999; Charles et al., 2004). Sánchez et al. (2009), reported 

amylose content in the range 15.2-26.5%.   



11 

 

2.5.3 Quantifying amylose 

 

Amylose content in starches can be determined by iodine-binding (Kaufman et al., 2015; 

Morante et al., 2016b), differential scanning calorimetry (Biliaderis et al., 1980; Mestres et 

al., 1996; Moorthy et al., 2006; Ceballos et al., 2007; Beninca et al., 2013b), enzymatic 

method using Megazyme amylose-amylopectin assay kit (Gibson et al. 1997) and size 

exclusion chromatography. The iodine binding method is widely used. However, the iodine 

method has been reported to be not consistent due to complex formation of iodine-

amylopectin polymers light absorbance wavelength identical to that of amylose-iodine 

complex leading to slight overestimation (Zhu et al., 2008; Zhu, 2015a). Other methods 

include potentiometric (Soto et al., 2014; Castaño et al., 2016), amperometric (Jansen et al., 

2012), and paper-based microfluidic chip (Hu et al., 2015). Megazyme International’s 

amylose/amylopectin assay kit is reported as an efficient and rapid measurement of amylose 

content (Hu et al., 2010). This kit is applicable to all pure starch sample analyses (Zhu et al., 

2008). Table 2.2 shows various methods of quantifying amylose contents in starch and range 

of results on amylose with corresponding proximate composition from different cassava 

varieties. 
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Table 2-2 Composition of cassava starches 

Source of cassava starch Country/region Method Amylose (%) Ash (%) Protein (%) Lipid (%) Phosphorus (%) Fiber (%) Author 

IITA varieties Nigeria Starch assay procedure 21.0-22.5 0.36-0.37 0.13-0.17 0.37 - 0.20-0.23 (Abioye et al., 2017) 

Varieties Tanzania K-AMYL 11.9-19.4 - - - - - (Mtunguja et al., 2016b) 

Varieties  India Iodine-S 18.66 - - - - - (Remya et al., 2017) 

Variety Malaysia Enzymatic  16.6 0.31 0.55 0.24 - - (Edhirej et al., 2017) 

Variety Cameroon Iodine-S 23.81 - - - - Mbougueng et al. (2012a) 

Producer Brazil - 32.5 - - - - - (Santana et al., 2017) 

Producer  India - 20.7 - 0.34 0.23 - - (Nair et al., 2017) 

Varieties Mexico 

Iodine-S 19.25-32.12 - - - - - 

(Hernández‐Fernández et al., 

2016b) 

Varieties Nigeria Iodine-S  26.73 0.26 0.10 0.79 - 1.50 (Eke-Ejiofor, 2015) 

Varieties Uganda K-AMYL 17.9-19.7 0.12-0.23 0.27 0.22 - (Nuwamanya et al., 2010) 

Producer Nigeria Iodine-S 22 0.2 0.1 0.1 0.007 - (Abiola, 2014) 

Producer China Iodine-S 28.6 0.13 0.08 - - - (Ren et al., 2015) 

 

Producer 

 

Thailand Iodine-S 26.85 - - - - - 

(Suriyakul Na Ayudhaya et al., 

2016) 

Varieties Brazil 

K-AMYL 14.8-24.38 - - - 0.0034-0.0093 - 

(Justamante Händel Schmitz et 

al., 2017) 

IITA varieties Nigeria K-AMYL 19.2 0.1 0.8 1.0 - - (Oladunmoye et al., 2014) 

- - DSC and Iodine-A 0-30.3 - - - - - Rolland-Sabaté et al. (2012) 

Farm roots Brazil Potentiometric 22.81-25.52 - - - - - (Moraes et al., 2013) 

Producer Brazil Iodine-S 21.0 0.10 0.26 0.12 0.014 - (Gutiérrez et al., 2014) 

Varieties Côte d’Ivoire Iodine-S 14.20-25.31 - - - - - (Doué et al., 2014) 

CIAT varieties Colombia Iodine 19.5-20.3 - - - - - (Morante et al., 2016b) 

Greenhouse varieties Netherland Con A 6.0-18.4 - - - - - Gomand et al. (2010a) 

Where: DSC = differential scanning calorimetry based method for amylose measurement; K-AMYL= starch assay procedure of Megazyme; Iodine-S = iodine-spectrophotometry/colorimetry 

based method; Iodine-A = iodine-amperometry based method; Con A = concanavalin A based precipitation method. Producer’s starch (native starch produced by commercial companies).  
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2.5.4 Granular shape and size 

 

Cassava starches granule size ranges between 9 and 20 µm (Niba et al., 2002; Hoover et al., 

2010). Several other studies have reported a wide variation of granular sizes; 2.4-31.1 µm 

(Asaoka et al., 1991); 12.5-23.8 µm (Onitilo et al., 2007); and 9-20 µm (Niba et al., 2002). 

Granule sizes influence water absorption (Hedayati et al., 2016). Small granules have high 

surface area and hence enhanced water absorption capacity (Lindeboom et al., 2004). 

Cassava starch granules are mostly rounded, truncated or oval (Niba et al., 2002). Enzymatic 

susceptibility of starches were associated with granule shape (Oates, 1997). Techniques for 

studying granular size and shape are scanning electron microscopy (Colivet and Carvalho, 

2017; Pineros-Hernandez et al., 2017) and light microscopy (Fan et al., 2017). The granular 

surface were investigated using atomic force microscopy (Lindeboom et al., 2004; Zhu, 

2015a). The granule size and shape of cassava starches of the Zambian cultivars deserves to 

be studied.  

 

2.5.5 Crystallinity of cassava starches  

 

The cassava starch granules consisting of amorphous and semi-crystalline shells with a 

thickness in the range of between 100 and 400 nm were observed using small-angle X-ray 

scattering analysis (SAXS) (Jenkins and Donald, 1995; Oates, 1997; Pérez and Bertoft, 

2010). The crystallinity is strongly associated with the amylopectin molecule (Jenkins and 

Donald, 1995; Gallant et al., 1997). Regions of amylose fall in amorphous lamellae (Jenkins 

and Donald, 1995; Waterschoot et al., 2015b). Amylopectin forms crystalline lamellae 

(Jenkins et al., 1993; Tester et al., 2004; Bie et al., 2016). The structural crystallinity were 

identified as type  A, B and C  using X-ray diffraction analysis (Pérez and Bertoft, 2010). The 

A-type crystallinity are short chains, and B-type crystallinity associated with long chains, 

while C-type crystallinity exhibited intermediate chains (Jenkins and Donald, 1995; Zhu, 

2015a).  Cassava starches exhibited either A- or C-type (Zhu, 2015a; Garcia et al., 2016). 

Other studies reported type B or C cassava starch crystallinity (Vamadevan and Bertoft, 

2015; Dries et al., 2016). Conflicting results on cassava starch polymorph type require careful 

examination. The effect of the polymorphic composition of cassava starch on functional 

properties remains under-researched on cassava starches of the Zambian cultivars.  
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2.5.6 Minor components of starch 

 

Proteins, lipids, fiber, and phosphorus are present in small amounts within the starch 

granules. Several authors have reported lipid content in cassava starches in the range of 0.04-

0.51 % (Asaoka et al., 1991; Moorthy et al., 1996; Charles et al., 2004; Freitas et al., 2004; 

Mishra and Rai, 2006; Mbougueng et al., 2012b). The reported protein content on cassava 

starches are in the range of 0.03-0.70% (Asaoka et al., 1991; Padmanabhan and Lonsane, 

1992; Abera and Rakshit, 2003; Charles et al., 2004; Freitas et al., 2004; Mishra and Rai, 

2006; Eke et al., 2007; Onitilo et al., 2007; Mbougueng et al., 2012b). The phosphorus 

content in cassava starches range between 0.0029-0.0095% (Asaoka et al., 1991; 

Padmanabhan and Lonsane, 1992; Raemakers et al., 2005; Mishra and Rai, 2006; 

Mbougueng et al., 2012b). Minor components such as phosphorus may affect functional 

properties of starch (Biliaderis, 1991). Phosphate monoester in root and tubers promote its 

hydrophilic nature and thus increases paste transmittance and swelling power (Swinkels, 

1985). The reported fibre content ranges between 0.11-0.90% (Moorthy et al., 1996; Charles 

et al., 2004). Few studies have reported on the formation of starch-fatty acids systems (Kawai 

et al., 2012; Maphalla and Emmambux, 2016). The formation of amylose-lipid complexes are 

reported to increase the viscosities during starches pasting (Peroni et al., 2006; Nwokocha et 

al., 2009). The influence of non-starch components on cassava starch pasting characteristics 

of cassava starches of the Zambian cultivars deserves to be studied. 

 

2.6 Physical Properties 

The physical properties of starch are swelling, gelatinization, pasting, and retrogradation.  

2.6.1 Swelling and gelatinization  

 

Most past works reported swelling and solubility properties of cassava flours and starches in 

the temperatures ranges of 50–95 oC (Gomand et al., 2010b; Mtunguja et al., 2016b) (Table 

2.3). The degree of granular swelling can be quantified as swelling power (SP) and 

solubilization of starch molecules (Hermansson and Svegmark, 1996; Waterschoot et al., 

2015a). Hydration and swelling capacity of flours/starches are influenced by flour particle 

size and granulation (Mutungi et al., 2009). However, most part of the authored work were 

not conducted based on particle/granule size. There is limited information on solubility and 

swelling properties of cassava flours. The swelling power of cassava flour was 13.80 g.g-1 
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(Gomes et al., 2005). Van Hung et al. (2017), generalized that swelling power, solubility 

volume, and water-binding capacity of cassava flours were higher than wheat flour.  

 

Gelatinization is an irreversible change manifested by swelling, disruption of hydrogen 

bonds, crystallite melting, disappearance of maltese cross, viscosity development, and starch 

molecules solubilization when heated in water (Zhu, 2015a; Charles et al., 2016; Garcia et 

al., 2016). The transformation results in changes in viscosities and formation of a paste are 

influenced by starches granule shape, swelling power, and amylopectin/amylose ratio 

(Tabilo-Munizaga and Barbosa-Cánovas, 2005; Ai and Jane, 2015). Gelatinization processes 

are characterized by the temperatures and enthalpies of gelatinization. The gelatinization 

temperatures of cassava starches have been reported as shown in Table 2.4. The onset 

temperatures in the range of 54 – 72 oC (Ren et al., 2010; Charoenkul et al., 2011; Rolland-

Sabaté et al., 2013), peak temperatures in the range of 62.0 – 77.6 oC (Mbougueng et al., 

2012b; Beninca et al., 2013a), and conclusion temperatures in the range of 65.0 – 85.5 oC 

(Charoenkul et al., 2011; Mbougueng et al., 2012a). The enthalpies are reported in the range 

of 5.0 – 50.2 J.g-1 (Ren et al., 2010; Herceg et al., 2013; Mweta et al., 2015). Water acts as a 

plasticiser (Perdomo et al., 2009). Other reported plasticisers are glycerol, ethylene glycol, 

and 1, 4-butanediol (Perry and Donald, 2000; Nashed et al., 2003; Ai and Jane, 2015). 

Gelatinization properties are determined using several techniques, differential scanning 

calorimetry (Nakayoshi et al., 2015; Xia et al., 2015; Morante et al., 2016b), polarized light 

microscopy equipped with a hot stage (Muñoz et al., 2015; Ortolan et al., 2015), amylograph 

(Chantaro et al., 2013; Wongsagonsup et al., 2014).  

.
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Table 2-3 Swelling power (SP, g/g) and Solubility (S, %) of cassava flours and starches 
 

   

Temperature (oC) 

  

Author 

Starch/Flour 

Source of starch Country SP/S 50 60 70 75 80 85 90 95 

 

Starch Varieties Tanzania SP - - 8.9 - 12.3 - - - 

13.5 - 

16.3 - Mtunguja et al. (2016b) 

Flour Purchased on local market Indonesia SP - 13.8 - - - - - - Kusumayanti et al. (2015) 

Flour Purchased on local market Indonesia S - 3.02 - - - - - - Kusumayanti et al. (2015) 

Starch Varieties Ugandan SP 5.62 - 7.97 7.53 - 10.77 10.18-13.61 - 18.05 - 20.79 - - - Nuwamanya et al. (2010) 

Starch Variety Cameroon SP - 15 18 - 20 - 27 - Mbougueng et al. (2012a) 

Starch Purchased on local market Brazil SP - - - - - - 29.11 - Klein et al. (2013b) 

Starch Purchased on local market Brazil S - - - - - - 25.66 - Klein et al. (2013a) 

Starch CIAT variety Colombia SP - - - 49.7 - - 51 - Sánchez et al. (2010) 

Starch Variety Nigeria SP - - - - - - - 1.23 - 7.41 Akpa and Dagde (2012) 

Starch - 

 

SP - 30 - 35 37 -40 - 41 - 41 - 50 - 59 - Gomand et al. (2010a) 

Starch Food grade starches  

 

SP 0.4 - 13.9 0.4 - 21.4 0.5 - 31.4 - 0.3 - 40.3 - 0.4 - 47.6 - 
Demiate and Kotovicz 

(2011) 

Starch Food grade starches  Brazil S 1.1 - 90.9 1.2 - 90.7 2.1 - 90.7 - 2.4 - 96.4 - 3.4 - 95.9 - 

(Demiate and Kotovicz, 

2011) 

Starch Variety Nigeria SP - 3.3 7.2 - 10.8 - 18.0 - Chinma et al. (2013) 

Starch Varierty Nigeria SP 17.01 13.27 - - - - - - Aviara et al. (2010) 

Starch Variety Nigeria SP - - - - - 29.6 - - 

Osundahunsi and Mueller 

(2011) 

Starch - Nigeria S - - - - - 22.09 - - 
Osundahunsi and Mueller 

(2011) 

Flour  Variety India SP - - 16.11 - - - - - Bala et al. (2015) 

Flour - India S - - 14.0 - - - - - Bala et al. (2015) 

Flour Varieties Ghana SP - - - - - 10.5 – 12.0 - - Eriksson (2013) 

Flour Varieties Ghana S - - - - - 11.0 - 20.8 - - Eriksson (2013) 
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Table 2-4 Gelatinization temperatures and enthalpies 

Source of 

cassava 

starch Country Method 

Starch: 

water 

ratio 

Heating 

rate 

(oC/min) 

Scanning 

temp range 

(oC) To (oC) Tp (oC) Tc (oC) ΔTR (oC) ΔH (J/kg) Author 

Variety Thailand DSC 1:2.3 10 - 42.64 54.88 65.65 23.01 7.41 

(Suriyakul Na Ayudhaya et 

al., 2016) 

Producer Brazil DSC - 10 - 63.79 77.57 70 - 8.37 Beninca et al. (2013a) 

Producer China DSC - 10 - 57.59 65.34 72.91 - 5.53 Ren et al. (2010) 

Producer Brazil DSC - - - 55.8 62.8 70 - 11.5 Cavallini and Franco (2010)  

Varieties Thailand DSC 1:2 5 - 63.49 - 71.33 66.78 - 77.22 78.40 - 85.49 - 15.08 - 16.36 Charoenkul et al. (2011) 

Variety - DSC - 5 25 - 110 59 64.7 71.2 12.2 12.8 Campanha and Franco (2011) 

Producer China DSC - 10 20 - 130 57.8 67.08 77.29 - 10.53 Mei et al. (2015) 

Producer Brazil DSC - 5 20 - 90 55.95 63.11 68.96 - 10.73 Leite et al. (2012) 

Variety Cameroon DSC - 20 - 55.22 62.54 65.01 - 11.49 Mbougueng et al. (2012b) 

- - DSC - 10 25 - 100 64.3 68.3 74.4 10.1 14.7 Ai and Jane (2015) 

- - DSC 1:3 
 

- 55 - 64 61 - 68 71 - 74 10 - 16 15 - 19 Waterschoot et al. (2015a) 

Producer Thailand DSC 1:3 10 25 - 100 64.1 69.9 79.5 - 14.9 Wongsagonsup et al. (2014) 

Producer Thailand DSC 1:2.3 10 -40 - 120 64.1 - - 16.79 16.97 Chatakanonda et al. (2011) 

Variety - DSC 2:1 10 25 - 100 64.9 68.3 79.4 14.5 11.6 Sajeev et al. (2010) 

Producer Argentina DSC - 5 25 - 125 57.47 - - 9.71 9.34 Colombo et al. (2011) 

Producer Venezuela DSC 1:3 10 30 - 130 63.65 68.5 79.19 - 14.93 Yussof et al. (2013) 

Producer China DSC 1:3 10 20 - 100 65.8 71.9 82.5 - 18.1 Hong et al. (2016b) 

CIAT varieties Colombia DSC - 10 20 -  130 54.0 - 61.2 63.3 - 69.4 72.7 - 78.3 18.7 12.9 Rolland-Sabaté et al. (2013) 

Local variety Malawi DSC 1:3 10 20 - 95 58.2 - 62.1 65.4 - 68.6 76.2 - 77.5 14.1- 19.3 13.1-15.1 Mweta et al. (2015) 

Producer - DSC - 10 25 - 95 65.93 70.48 81.55 15.62 50.62 Herceg et al. (2013) 

To = Onset temperature, Tp =Peak temperature, Tc = Conclusion temperature and ΔH is change in enthalpy of gelatinization ΔTR= (Tc – Tc). Producer’s starch (native starch 

produced by commercial companies). DSC = Differential Scanning Calorimeter 
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2.6.2 Pasting  

 

Pasting occurs after gelatinization leading to the formation of amylose-amylopectin paste and 

gel network (Atwell et al., 1988; Ai and Jane, 2015). At higher gelatinization temperatures, 

cassava starches formed a clear paste with high viscosity (Chantaro et al., 2013; 

Wongsagonsup et al., 2014; Waterschoot et al., 2015a). Pasting properties are characterized 

by rapid visco-analyser (Oladunmoye et al., 2014; Wongsagonsup et al., 2014) or Brabender 

visco-amylograph (Afoakwa et al., 2012b; Cappa et al., 2016). Factors affecting pasting 

behavior are composition and proportion of ingredients in the food system (Ketjarut and 

Pongsawatmanit, 2015; Zhu, 2015b). The pasting properties are investigated in terms of 

pasting temperatures, and viscosities, which are characterized as peak, breakdown, and 

setback viscosities. Cassava starches have lower pasting temperatures than cereal starches 

due to high levels of negatively charged phosphate groups in cassava starch, and viscosity 

development starts at lower temperatures (Srichuwong et al., 2005; Ketjarut and 

Pongsawatmanit, 2015). During cooling, the paste transforms into a gel. The cold paste of 

cassava has low peak viscosities due to significant starch granule breakdown (Jane et al., 

1999; Gomand et al., 2010a). The pasting properties have been reported as indicated in Table 

2.5. The pasting temperatures varied in the range 64.5–78.7 oC (Adeniji et al., 2010; Klein et 

al., 2013b). Cassava starches with low peak viscosities  (1.6x103–2.3x103 cP) exhibited better 

culinary properties than starches with higher peak viscosity (2.3x103-2.8x103 cP)    

(Nuwamanya et al., 2010). Waxy cassava starches exhibited a narrow range of viscosities 

(544–746 cP) (Morante et al., 2016b). Paste clarity was negatively related to amylose content 

(Craig et al., 1989; Hernández‐Fernández et al., 2016a). Amylose content has a huge 

influence on the pasting characteristics of cassava starches. The effect of the 

amylose/amylopectin ratio on pasting properties of the Zambian cultivars deserves to be 

studied. 

 

2.6.3 Retrogradation, syneresis and freeze-thaw properties  

 

On cooling, the gelatinized starch undergo re-association of starch chains resulting in re-

ordering of the system and a partial recrystallization of molecules (Ai and Jane, 2015; 

Charles et al., 2016; Pornsuksomboon et al., 2016; Wang et al., 2016b). Amylose re-

association is largely responsible for initial hardening of gel. The long term gelling and 
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retrogradation are mostly determined by amylopectin re-crystallization (Waterschoot et al., 

2015a; Lara and Salcedo, 2016). Syneresis is the physical phenomenon in which the water is 

expelled and released from the pasted gel (Karim et al., 2000). Syneresis is the method to 

study retrogradation and has been used in the understanding of the freeze-thaw stability of 

food systems (Karim et al., 2000; Zhu, 2015a; Hernández‐Fernández et al., 2016a). Low 

syneresis during storage or freeze-thaw cycle is required for stability and shelf life of some 

frozen food. Cassava starch paste was unstable and had poor gelling properties compared to 

maize and wheat (Zhu, 2015a). A comparative study showed that waxy cassava starch gel had 

no syneresis after five weeks of storage at -20oC and thus possessed the superior potential for 

formulating frozen or refrigerated foods (Sánchez et al., 2010). The low syneresis of waxy 

starch is attributed to low or zero amylose content and amylopectin structure (Dhillon and 

Seetharaman, 2011). Low viscosities attributed to low amylose content in cassava starches 

and significant loss of starch granule structure during gelatinization (Karam et al., 2005). 

Freeze-thaw stability is an important quality parameter of starch gels. When a starch gel 

undergoes repeated freezing and thawing cycles, it releases water. The extent of syneresis is a 

measure of its freeze-thaw stability (Waterschoot et al., 2015a). Starch extracted from fresh 

roots had lower syneresis than from the dried roots (Abera and Rakshit, 2003). A comparison 

of reported data on pasting properties is deficient as genotypic traits were not reported. For 

the Zambian cultivar, the retrogradation of cassava starches and cassava flour products 

deserve to be studied.  

 



20 

 

Table 2-5 Pasting properties of cassava starches 

Starch source Country Method 

Starch (%) 

Starch: water (w/v) T range 

Rate of 

heating 

(oC/min) PV (RVU) BD (RVU) SB (RVU) PT(oC) Author 

Varieties Nigeria RVA 3g/25mL 50 - 95 12 308.50 - 466.63 194.83 - 320.25 34.71 - 42.71 63.10 - 64.13 Adegunwa et al. (2011) 

Producers Austria BVA 10 30 - 95 7.5 1363 1083 831 64.7 Saeleaw and Schleining (2010) 

Varieties  Brazil RVA - 30 - 95 6 172-286 - 26.8-81.7 62-68 

(Justamante Händel Schmitz et 

al., 2017) 

Varieties Nigeria RVA 10 - - 308.4 - 324.5 120.3 - 161.8 50.9 - 78.6 3.7 - 4.7 Adeniji et al. (2010) 

Varieties Nigeria RVA 10 50 - 95 12 160 74.8 55 71 Chinma et al. (2013) 

Variety Thailand RVA 8 50 - 95 12.2 134.9 59 46.6 72.7 Zaidul et al. (2007) 

Producers India RVA - - - 2880.5 mPa s - 981 mPa s 69.1 Jyothi et al. (2006) 

Varieties Uganda RVA 8.9 50 - 95 5.7 170.79 - 344.96 76.26 - 264.42 57.99 - 89.17 64.75 - 70.4 Nuwamanya et al. (2010) 

Producers Brazil RVA 9 50 - 95 - 364.3 215.8 69.6 64.5 Klein et al. (2013b) 

Producers Thailand RVA 5 50 - 95 6 397.55 249.14 101.65 72.8 Aviara et al. (2010) 

Producers China RVA 6 50 - 95 7.5 1252 mPa s 487 mPa s 326 mPa s 73.3 Zhang et al. (2013a) 

Producers Brazil RVA 3g/25mL 50 - 95 - 301.7 164.2 63.3 67.1 Klein et al. (2014) 

Producers China BVA 6 45 - 95 2 735 483 240 65.6 Zhang et al. (2013b) 

Variety 

 

RVA 5 50 - 95 6 1119 cP 631 cP 595 cP 67.4 Sánchez et al. (2010) 

Varieties Nigeria RVA 3g/25mL 50 - 95 - 243.75 - 289.08 126.25 - 162.83 39,92 - 44.42 71.9 - 73.6 Uzomah and Ibe (2011) 

 
Brazil RVA 2.5g/28mL 50- 95 6 2118 cP 1335 cP 696 cP 67.2 Beninca et al. (2013a) 

Producers Thailand RVA 5.7 - - 165.5 80.7 64.5 68.8 Wongsagonsup et al. (2014) 

Producers Brazil RVA - 50 - 95 6 247.7 165.3 70.7 65 Leite et al. (2012) 

Variety Nigeria RVA - - - 364.3 210.8 62.5 50.3 Oladunmoye et al. (2014) 

Variety Nigeria RVA - - - 7015.5 3558 668 70.2 Eke-Ejiofor (2015) 

Producers Thailand     RVA 
 

50 - 95 6 793 mPa s 329 mPa s 419 mPa s 68.9 Chantaro et al. (2013) 

Brabender viscograph=BVA, Rapid Visco-Analyzer=RVA, PV=Peak viscosity, BD=Breakdown viscosity, SB=Setback viscosity, Tr=Temperature range of the scanning 

program, RVU as viscosity unit, 1 RVU = 12 centipoise. Producer’s starch (native starch produced by commercial companies). 
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2.7 Nutritional Properties  

 

The in vitro enzyme susceptibility of starch to α-amylases have been an area of several 

investigations (Dreher et al., 1984; Biliaderis, 1991; Charles et al., 2005a; Sorndech et al., 

2015; Horianski et al., 2016; Mtunguja et al., 2016b; Qi and Tester, 2016). Amylose was 

inversely proportional to starch digestibility (Mtunguja et al., 2016b). The resistance of a 

starch material to digestion is associated to the extent of starch availability to enzymatic 

hydrolysis in the human digestive system (Alimi et al., 2017). The resistant starch (RS) and 

inclusion in human diets have elicited interest (Sajilata et al., 2006; Raigond et al., 2015). RS 

is a dietary fibre that does not get digested in the small intestine (Saura‐Calixto et al., 1993) 

and has potential health benefits (Sajilata et al., 2006; Raigond et al., 2015). RS is influenced 

by the degree of gelatinization (Goñi et al., 1996), and amylopectin branch chain length 

distribution (Jane and Chen, 1992). Other factors affecting food RS content are 

amylose/amylopectin ratio, the degree of milling, heat applied under moist conditions and 

cooling (Sajilata et al., 2006). Enzymatic susceptibility of cassava starches was due to the 

amylose/amylopectin ratio, crystalline structure, and granular structure (Van Hung et al., 

2017). Factors that will influence the digestibility of cassava starches from Zambian cassava 

varieties and cassava-based Zambian foods deserve to be studied. The RS concept could be 

utilized as the basis of describing nutrition quality of cassava. However, cassava of the 

Zambian cultivars remains under-researched in the area of resistant starches. There is a need 

to characterize and profile RS in flour and starch derived from cassava varieties.  

 

2.8 Blending of Flours and Starches 

Blending of starches from different botanical sources is the physical way to impact starch 

properties.  

2.8.1 Blending with other starches  

 

Inclusions of cassava flour and starch with other starches in food formulation can give rise to 

a wide range of properties to the finished product such as bread (Shittu et al., 2007b; 

Oladunmoye et al., 2014; Abass et al., 2016) and noodles (Charles et al., 2007; Qazi et al., 

2014). Starches and flours in the blend can influence each other’s gelatinization and pasting 

properties (Tharise et al., 2014; Waterschoot et al., 2015b; Waterschoot et al., 2016). 

Commercial starches are derived from cereals, legumes, roots and tubers. The derived 
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starches are usually limited in certain desired properties and exhibit variation in pasting 

properties (Zaidul et al., 2007; Hong et al., 2016a). For example, wheat starch has higher 

phospholipids and produces pastes with lower transmittance than potato whose starch has a 

lower content of phospholipids (Das et al., 2010; Hong et al., 2016a). The potato starch 

exhibits the highest swelling power and produces the highest viscosities of pasting properties 

compared to cereal starches (Zaidul et al., 2007). The phosphate content is higher in potato 

starches than in cassava starches (Vamadevan and Bertoft, 2015). The cereal starches exhibit 

higher final viscosities than cassava starch (Ai and Jane, 2015). The water-binding and 

absorption capacities increased with increased proportion inclusion of cassava starch into 

wheat starches (Oladunmoye et al., 2014). There is a search for alternative natural ways to 

alter starch properties. The alternative procedure is mixing of different starches to produce 

desired physical properties. Commercial starches are available but have unique properties as 

tabulated in Table 2.6 (Zhu and Corke, 2011; Vamadevan and Bertoft, 2015). Microscopic 

investigations concluded that swelling of the starch with largest granules is reduced in a 

mixture of smallest granules (Puncha-arnon et al., 2008; Lin et al., 2013). Nevertheless, 

factors leading to reduced swelling are not clear. Amylose content and granule size of starch 

are important parameters in the behavior of starch blends (Wu et al., 2016). Native cassava 

flour and starch cannot be used in chilled and frozen food system due to high retrogradation 

and syneresis (Seetapan et al., 2015). The blending effect on retrogradation and syneresis of 

cassava flour and starch under chilling and freezing conditions deserve to be investigated.  
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Table 2-6 Properties: structural, and composition of starch granules from common starches 

Starch source Maizea,b,d,e,f Wheata,b,e,f Barleya,d Cassavac,h,i,j Potatoa,b,c,e,f 

Shape Round, polygonal Round, lenticular Round, lenticular Oval, truncated Round, oval 

Diameter (µm) 2-30 1-40 2-40 4-45 5-100 

Crystallinity type A A A B or C B 

Amylose (%) 23-32 23-29 22-27 17-33 18-29 

Lipids (%) 0.6-0.8 0.3-0.8 0.6-0.9 0.03-0.1 0.02-0.2 

Proteins (%) 0.3-0.4 0.3 0.1 0.2 0.1-0.4 

Phosphorus (%) 0.03 0.06 0.05-0.06 0.01 0.04-0.09 

DPn 5100-15900 4800-9400 8700-12000 6000-17000 11200 

CLn 18-22 17-21 18-20 19-21 22-24 

ECL 11.9 11.9 11.2 12.4 14.1 

ICL 5.1 4.4 5.3 5.3 8.0 

TICL 12.0 12.0 12.3 14.6 19.9 

Ratio of S:L 13.5 17.9 19.4 11.0 6.3 

Ratio of A:B 0.9 1.3 1.0 1.3 1.2 

NC of AP 240-330 250-450 460-600 300-860 490 

NC of clusters 11.6 14.2 8.4-12.3 9.4-11.1 5.1-7.5 

Authors: aTakeda et al. (2003); aBahrani et al. (2017)  bGérard et al. (2001); bSalerno et al. (2014); bLi et al. (2016a);  

cHoover et al. (2010); cHuang et al. (2017);  d Morrison et al. (1984); bLi et al. (2014); eTester et al. (2004); eGoldstein et al. 

(2017); fWang et al. (2016a); hBertoft et al. (2010); iLaohaphatanaleart et al. (2010); jBertoft et al. (2008). DPn, number 

average degree of polymerization; CLn, number average chain length; ECL, external CL; ICL, internal CL; S:L, short:long 

chains; A:B, A:B chains; NC, average number of chains; IB-CL, average interblock chain length.  

 

2.8.2 Cassava-wheat composite flour for bread making 

 

The inclusion of cassava flour into wheat in bread making is an important area towards the 

sustainable utilization of cassava. Wheat based bread is widely consumed in Zambia and 

ranks third after maize and cassava in terms of supplying daily caloric intake (Chapoto, 

2010). With increased wheat prices there are challenges on the economic concern about vast 

importation of wheat grains. Thus, there is growing interest to promote the use of local 

sources of flour for partial substitution of wheat flour bakery applications (Shittu et al., 2009; 

Abass et al., 2016; Oladunmoye et al., 2017). The unfermented cassava flour has been 

identified as an alternative to replace a portion of wheat flour in composite flours, and 

substitution levels of 10-30% cassava flour into wheat flour were investigated (Shittu et al., 

2008b; Eriksson, 2013). The cassava inclusion into wheat-based dough for bread making has 

been the subject of recent but limited investigations in various areas pertaining to rheological 

properties and quality issues (Gunaratne and Hoover, 2002; Hoover, 2010; Klein et al., 

2013a; Oladunmoye et al., 2014; Abass et al., 2016). The previous research efforts have 
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concluded significant genotypic influence on physical, chemical and functional 

characteristics of cassava-wheat composite flour and bread quality (Shittu et al., 2007a; 

Shittu et al., 2008a). The bread loaf quality varies according to cassava variety and 

percentage cassava flour inclusion into wheat flour (Almazan, 1990; Shittu et al., 2007a). The 

leavening ability (Aboaba and Obakpolor, 2010), and cassava flour concentration (Eduardo et 

al., 2013) were some of the quality parameters of investigating the dough made from cassava-

wheat composite flours. However, optimization of functional characteristics, pasting and 

rheological properties of composite flours and starches from various cultivars were not 

investigated. Eggleston et al. (1993), documented that wheat blends containing cassava starch 

produced better baking response compared to those containing cassava flour. The impact of 

cassava starch incorporation into composite flour and bread quality deserves to be 

investigated. In most part of literature, attention is given to associating flour concentration to 

baking quality. There is limited information on associating physical parameters such as bulk 

density, water absorption capacity, and swelling power to pasting and rheological properties, 

and consequently to dough development and baking characteristics.  

 

2.8.3 Frozen dough for bread making  

 

Common fresh bread has a short shelf life due to stalling (Demiate and Kotovicz, 2011). To 

overcome stalling and associated problems such as loss of freshness and taste, Ribotta et al. 

(2001) suggested the use of technologies to produce long-enduring dough. Freezing is a 

suitable technology for preserving dough quality (Adams et al., 2017; Wang et al., 2017). 

The use of frozen doughs has been the area of huge interest in bakery industry and traditional 

chain stores (Buddhi and Sahoo, 1997; Demiate and Kotovicz, 2011; Klein et al., 2013a). 

Relative to freshly baked bread, frozen doughs have been reported to produce bread 

characterized with long proof time, hard texture, and low specific volume (Kusumayanti et 

al., 2015). However, the addition of glycerol as a plasticiser improved the leavening capacity 

and reduced proof time (Sharma et al., 2005; Yadav et al., 2008). Waxy cassava starch gel 

had no syneresis after five weeks of storage at -20oC and thus possessed the superior potential 

for formulating frozen or refrigerated foods (Sánchez et al., 2010). While cassava flour has 

been used in the formulation of cassava-wheat composite flours, the impact of freezing and 

frozen storage on cassava-wheat based bread dough is yet to be investigated.  
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2.9 Discussion  

 

The breeding objectives of cassava have led to increased cassava varieties with the focus on 

increased yields and disease tolerance (Uchechukwu-Agua et al., 2015; Chikoti et al., 2016; 

Chipeta et al., 2016). Variety has a huge role in the production of diversified food products 

due to inherent properties which vary from one cassava to the other, and such properties 

include amylose and starch contents. The level of amylose content affect physicochemical 

properties, and amylose content can vary with the variety. However, information on the end 

use properties of the Zambian cassava varieties is limited. The introduction and the official 

release of improved varieties in Zambia would require screening for suitability of processing 

and culinary usage. Since the development of such starch properties is mainly determined by 

genetic factors, it would be beneficial to identify cassava roots suitable for processing on the 

variety basis. The physicochemical and structural properties of cassava flour and starch are 

major quality criteria for selection of raw cassava flours and starches for use in food 

formulations and product development. These physicochemical properties are swelling, 

solubility, gelatinization, retrogradation, enzymatic susceptibility and pasting. The 

physicochemical and functional properties are affected by chemical composition and 

structural characteristics of granular starch (Mtunguja et al., 2016b). The composition include 

amylose, lipids, protein, ash, fibre, phosphorus (Eleazu and Eleazu, 2012; Mbougueng et al., 

2012b; Somendrika et al., 2016) while structural properties include starch granule shape, 

granule size distribution, degree of polymerization, degree of crystallinity and molecular 

weight, chain length of amylopectin and amylose (Rolland-Sabaté et al., 2013; Zhu, 2015a). 

Several authors have reported wide variation in starch granule size (Niba et al., 2002; Onitilo 

et al., 2007; Hoover et al., 2010; Rolland-Sabaté et al., 2013) and their physical properties 

such swelling varied accordingly. However, the variety effect on starch granule size of 

cassava starches of the Zambian cultivars is yet to be studied.   

 

The amylose and amylopectin ratio effect on swelling, solubility, gelatinization, 

retrogradation, enzymatic susceptibility and pasting (Mtunguja et al., 2016b; Suriyakul Na 

Ayudhaya et al., 2016) were not well investigated on cassava starch as the study approach 

were limited to native starch. There is a need to analyze the amylose and amylopectin ratio of 

the cassava varieties and consequently investigating the effect of amylose and amylopectin 

ratio on the physicochemical properties of starches and cassava utilization end products. 
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The search in literature shows that limited studies have been reported on non-starchy contents 

such as phosphorus, lipids and proteins (Asaoka et al., 1991; Mishra and Rai, 2006; 

Mbougueng et al., 2012a). The non-starchy components such as proteins, ash, and 

phosphorus were reported to influence starch properties (Nwokocha et al., 2009; Kawai et al., 

2012; Maphalla and Emmambux, 2016). The gap is that the non-starchy components were 

not analyzed in most of the reported cassava cultivars. Consequently, the influence of these 

components on swelling, solubility, gelatinization, retrogradation, enzymatic susceptibility 

and pasting properties cannot be properly ascertained. The non-starchy contents of the 

Zambian cultivars deserve to be studied.  

 

The composite flours of cassava-wheat for bread making have been investigated on 

rheological properties and baking characteristics (Abass et al., 2016), and were cultivar 

dependent (Shittu et al., 2008a). The inclusion of cassava flour into wheat flour were 

according to varieties. However, from the market side, cassava flours are usually a 

composition of flours of various cassava cultivars. There is a need to optimize rheological 

and pasting properties of different cassava flours and starches to obtain a blend of cassava 

flours/starches that can be added to wheat. Furthermore, there is a need to incorporate starch 

into blends and to investigate the effect it has on pasting properties and bread quality. The 

inclusion of starches in gel forms require being tested. These forms could impact different 

rheological properties of the dough and subsequently on the baking characteristics. The waxy 

cassava starch gel had no syneresis after five weeks of storage at -20 oC (Sánchez et al., 

2010) and thus possessed the superior potential for formulating frozen or refrigerated foods. 

One such food formulation is the incorporation of cassava flour in the frozen wheat dough for 

bread making. The performance of selected cassava flours/starches from different cultivars 

deserves to be investigated in frozen wheat dough for bread making. 

 

2.10 Conclusions  

 

The physicochemical and structural properties are principal selection criteria of cassava flour 

and starch for use in the food industry. The properties such as swelling, solubility, 

gelatinization, pasting, retrogradation, enzymatic susceptibility are genetic factor dependent. 

The cassava flour and starches of the Zambian cultivars remain under-researched on value-

added research. Besides genetic factors, the amylose and amylopectin ratio, granular size and 
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shape are some of the factors for investigation of swelling, solubility, gelatinization, pasting, 

enzymatic susceptibility and retrogradation properties of cassava flours and starches. The 

information, particularly on cassava varieties grown in Zambia are limited on the genetic 

factor effect on the performance of cassava flours and starches in freezing conditions and 

frozen doughs for bread making.  
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3. RESEARCH PROPOSAL  

 

The proposed research focuses on characterization of common cassava flours and starches of 

the Zambian cultivars for swelling, solubility, gelatinization, retrogradation, enzymatic 

digestibility and pasting properties. The application focuses on the behaviour of cassava flour 

and starch inclusion in the wheat-based frozen doughs for bread making.  

 

3.1 Rationale  

 

The cassava flour and starch consumption have increased in Zambia, eliciting interest in 

brewing and composite flour (cassava-wheat) bakery industry. The increased breeding 

objectives on cassava (Chikoti et al., 2016; Chipeta et al., 2016) have generated several 

varieties for increased yields, disease resistant, early bulking, and improved nutrition 

(Nduwumuremyi et al., 2016b). However, information on composition, structural, functional 

and physicochemical properties of flour and starch derived from cassava varieties grown in 

Zambia are limited. There is a need to characterize the common cassava varieties for end use 

properties and suitability for food product development and formulations. Documentation and 

cataloguing on properties of technological importance will form a baseline of information to 

enhance the selection of the most appropriate cassava flours and starches to meet the needs of 

cassava end-users (Chiwona-Karltun et al., 2015). The characterization work will feed back 

into breeding programs to generate suitable varieties for increased farmer-adoption. The 

nutritional value of cassava flour and starches in terms of resistant starches is vital for the 

formulation of special diet products. In the previous works, water has been the major 

component of inclusion in the study of gelatinization and pasting properties. However, in 

practical situations, other ingredients apart from water are added in starch food systems. 

There is a need to investigate the influence of other non-starchy constituents on the phase 

transition of cassava starches.  

 

The inclusion of cassava flour into wheat in bread making is an important area towards the 

sustainable utilization of cassava. Wheat-based bread is widely consumed in Zambia and 

ranks third after maize and cassava in terms of supplying daily caloric intake. The behavior 

and interactions of cassava flour and starches in blends with wheat starches in freezing and 

frozen conditions have not been investigated on the cassava-derived products of the Zambian 
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cultivars. While cassava flour has been used in the formulation of cassava-wheat composite 

flours, the impact of freezing and frozen storage on cassava-wheat based bread dough are 

limited. 

 

3.2 Research Questions 

 

The research work on characterization of cassava flours and starches of the Zambian cultivars 

and application in frozen wheat-based dough is based on the following research questions:  

1. What is the variety effect on the chemical composition, nutritional value and 

digestibility of cassava flours from Zambian cultivars? 

2. What is the variety effect on composition, structural, and physicochemical properties 

of starch isolates from cassava of the Zambian cultivars? 

3. What is the effect of non-starchy components on the phase transition temperatures?  

4. What is the variety effect on the performance of cassava flour and starch inclusions in 

the frozen wheat dough and its baked products? 

 

3.3 Research Hypothesis  

 

There is no significant difference in the chemical composition and α-amylase susceptibility of 

starches extracted from common cassava varieties consumed in Zambia. There is no 

significant varietal variation on composition, structural, physicochemical properties and 

starches end-use properties on cassava starches. The addition of cassava flours and starches 

for processing of frozen wheat dough has no significant impact on bread qualities. Treatment 

of native starches with lipids will not shift glass transition temperatures.  

 

3.4 Research Objectives  

 

The main objective of this research work is to conduct study on composition, 

physicochemical, structural and pasting properties of starch isolates and flours from cassava 

cultivars grown in Zambia.  
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The specific objectives are to: 

1. Determine the chemical composition, total cyanide and total carotenoid contents of 

different varieties of cassava tuber flours. 

2. Determine the morphology, starch granule size distributions and crystallinity for 

starches extracted from different cassava varieties grown in Zambia. 

3. Characterize the composition (amylose/amylopectin ratio and minor constituents: 

proteins, lipid, ash and phosphorus) of starches extracted from different cassava 

varieties grown in Zambia. 

4. Characterize the physicochemical properties (swelling, gelatinization, pasting, gel 

retrogradation-freeze-thaw stabilities) of starches extracted from cassava varieties 

grown in Zambia. 

5. Conduct in vitro enzymatic digestibility of cassava flours, starches and gel forms of 

the cassava varieties grown in Zambia.  

6. Investigate and profile interaction behavior of cassava flour and starch inclusion in 

frozen wheat dough food system for bread making. 

 

3.5 Materials and Methods 

The materials and methods section include study approaches, sampling sites and experiments 

on the objectives.  

3.5.1 Study methodology approach 

 

The investigations in the current study will be based on seven common cassava varieties 

cultivated in Zambia. The cassava flour and starch will be derived from fresh cassava roots. 

The root will be harvested from root and tuber research station located in Luapula Province 

of Zambia. At harvest four to five marketable roots will be purposefully collected from 9 

healthy plants of each variety and will be brought to the laboratory for analysis, extraction of 

starch and production of flour. The parameters such as dry matter content and starch yield 

will be analyzed immediately after harvest to avoid root deterioration. The dried cassava 

flours and starches will be packed and transported to the laboratory of University of 

KwaZulu-Natal, South Africa. The samples will be stored at 4 oC until the analysis is 

conducted. The investigations will be based on native cassava flours and starches. In 

Objective 1, dry matter, starch yields, chemical composition (proteins, lipids, ash, and fiber), 

total cyanogens and total carotenoids levels will be determined. The starch granule shape, 
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size, and crystallinity will be examined in Objective 2. The biopolymer of native flours and 

starches will be investigated for their amylose contents including lipids, ash, proteins, and 

fiber in Objective 3. The physicochemical properties (swelling, gelatinization, pasting, gel 

retrogradation-freeze thaw stabilities) will be investigated in objective 4. The property 

optimization of different starches will be conducted in Objective 4. Characterization of 

resistant starches will be investigated in Objective 5. In Objective 6, investigations will be 

based on blends of native starches with cassava flour with wheat flour in formulations of 

frozen dough for bread making. Simple regression models will be used to develop structure 

(granule shape, size, and crystallinity)-functional property relationships between Objectives 

2, 3, and 4. All measurements will be replicated three times.  

 

3.5.2 Location and description of cassava sampling site  

 

Cassava will be sourced from Mansa Root and Tuber Research Station, which is part of the 

Zambia Agriculture Research Station (ZARI), Mansa District in Zambia. The research centre 

is located in Luapula province of the northern part of Zambia. The station is located 29o 00’ E, 

11o 30’E, and elevation of about 1200 m. The region receives rainfall in the range between 

1000 and 1500 mm per year. The mean annual minimum temperature is 10˚C and maximum 

temperature is 31˚C. The soils are acidic and have been classified as sandy loam, well drained 

to imperfectly drained (Arslan et al., 2014; Chikoti et al., 2016).  

 

3.5.3 Cassava collection 

 

The cassava harvesting period after planting for local selection and improved varieties are in 

the range of 16 to 24 months (Alene et al., 2013). In the current study 18 months after 

planting will be targeted. The varieties will be sourced from Mansa Research Station (Table 

3.1) where all on-station cassava trials are researcher-managed fields. The seven varieties will 

be drawn from various genotypes such as most cultivated local landrace (2), disease resistant 

(1), high yielding (1), yellow fleshed bio-fortified (2) and early bulking varieties (1).  
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Table 3-1 Cassava varieties 

Entry Cultivar Code Local landrace/Improved Source 

1 Mweru MW Improved Bred at Mansa 

2 Chila CH Improved Bred at Mansa 

3 Tanganyika TA Improved Bred at Mansa 

4 Kampolombo KAM Improved Bred at Mansa 

5 Kariba KA Local Bred at Mansa 

6 MM96/1757 MM967 Yellow Introduced from IITA 

7 MM96/1759 MM969 Yellow Introduced from IITA 

8 99/0395 995 Yellow Introduced from IITA 

9 00/0093 93 Yellow Introduced from IITA 

10 00/1093 1093 Yellow Introduced from IITA 

11 Kasweshi KAS Local Collection from farmers 

12 Nakapai NAK Local Collection from farmers 

13 Namumba NA Local Collection from farmers 

14 Katobamputa KAT Local Collection from farmers 

15 Namunyongo NAM Local Collection from farmers 

      

3.5.4 Sample preparation  

 

The fresh cassava roots will be obtained from Mansa Research Station in Zambia. To produce 

cassava flour, fresh cassava roots will be peeled, washed, grated, dewatered and then oven 

dried at less than 50 oC for 12 h. The dried grits will be milled and sieved. The flour will be 

packaged in a zip-lock polyethylene bag and stored at 4o C until use.  

 

3.5.5 Native starch extraction yield and dry matter content   

 

Extraction of starch will be conducted using the method of Numfor and Walter Jr (1996). The 

extracted starch will be washed six times and oven-dried at less than 50 oC for 12 h. Starch 

yield will be determined based on 400 g of peeled and blended cassava. The dry matter 

content will be studied as described Benesi et al. (2004).  

 

Sampling of cassava products and ingredients 

The commonly consumed Zambian cassava products will be sampled as described in 

(Orjiekwe et al., 2013). Commercial wheat flour and ingredients such as baker’s yeast, salt, 

sugar, and baking fat will be sourced from commercial market of South Africa. Ingredients 

such as will be purchased from the market. The commercial cassava flour and starch will be 

purchased to serve as control in the experiments.  
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3.6 Experiments 

The experimental analyses on the objectives including the analyses of variance to test 

significance differences among the varieties.  

3.6.1 Chemical composition and nutritional quality analysis 

 

3.6.1.1 Proximate composition and phosphorus contents 

 

The moisture, crude protein (N x 6.25), fat, ash and crude fiber contents will be determined 

using the Association of Official Analytical Chemists’ Approved methods 925.10, 920.87, 

920.85, 923.03 and 963.09 respectively (AOAC, 2012). The total phosphorus contents of 

starch will be determined as described in Morrison (1964). A one factor experimental design 

will be used. 

 

3.6.1.2 Determination of total cyanides, total starch content and total carotenoids 

 

The total cyanogens content in cassava roots and cassava-derived products will be analysed 

using rapid picrate paper test as described in Bradbury et al. (1999). After extraction, the 

absorbance of the solution will be measured. A one factor experimental design will be used. 

The total starch content of cassava tuber varieties will be determined by Megazyme total 

starch assay kit (Megazyme, Ireland) as described in Dostálová et al. (2009). A one factor 

experimental design will be used. Spectrometric procedure will be used to analyse the total 

carotenoids contents of the cassava tuber varieties as described Rodriguez-Amaya and 

Kimura (2004). The quantification will be conducted using a visible absorption 

spectrophotometry. A one factor experimental design will be used. 

 

3.6.1.3 Data analysis 

 

The experiment will be run on the completely randomized design (one factor) in triplicate. 

Data obtained from each variety completely randomized design (CRD) and subjected to 

analysis of variance (ANOVA). Mean separation will be done using the Duncan’s Multiple 

Range Test to determine the statistical differences among the varieties.  
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3.6.2 Determine the morphology, starch granule size and crystallinity 

 

3.6.2.1 Starch morphology and crystallinity 

 

The morphology of starch granules will be studied using scanning electron microscope 

(SEM) as described in (Fannon et al., 1992). The starch granule size distribution will be 

determined using a particle size analyser as described in Morante et al. (2016a). The X-ray 

diffraction of starch samples will be studied using analytical X-diffractometer equipped with 

photon counter as described in Huang et al. (2007).  

 

3.6.3 Characterize the composition of starches  

 

3.6.3.1 Amylose and minor components determination 

 

Minor components: lipids, proteins, fiber, ash, and total phosphorus will be studied as 

described in the methods of Objective 1. The amylose content in starch samples will be 

studied using a Megazyme amylose/amylopectin assay kit (K-AMYL 12/16 Megazyme 

International, Ireland) as described in Pongjaruvat et al. (2014). Starch sample. A one factor 

experimental design will be used.  

 

3.6.4 Characterize the physicochemical properties of starches  

 

3.6.4.1 Solubility, swelling power, and dispersed volume fraction measurements  

 

Swelling power (SWE) and solubility (SOL) patterns will be determined using the starch 

dispersions method as described in Kusumayanti et al. (2015) at different temperatures using 

water bath heating followed by centrifugation. A completely randomized design comprising 

of two factors will be used. Factor A is cassava variety while factor B is a temperature.  
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3.6.4.2 Paste clarity  

 

The past clarity will be determined as described in Craig et al. (1989). The percent 

transmittance at 650 nm will be determined against water blank in a spectrophotometer. One 

factor experimental design. A one factor experimental design will be used. 

 

3.6.4.3 Starch gelatinization properties  

 

The starch gelatinization properties (initial, peak and conclusion gelatinization temperature 

and enthalpy of gelatinization) will be determined by using differential scanning calorimetry 

(DSC) as described in Huang et al. (2007). Parameters to be analysed from the thermogram 

are onset temperature (To), peak temperature (Tp), conclusion temperature (Tc) and enthalpy 

of gelatinization (∆Hgel). A one factor experimental design will be used. 

 

3.6.4.4 Starch pasting properties  

The starch pasting properties will be determined by the use of Rapid Visco Analyser or 

Micro-Visco-Amylograph as described in Colman et al. (2014). Parameters to be measured 

are pasting temperature (PT), peak viscosity (PV), hot paste viscosity at the end of the plateau 

(HPV), cooled paste viscosity (CPV), and final viscosity (FV), breakdown viscosity (BD) to 

be estimated as PV-HPV, setback viscosity (SB) to be estimated as CPV-HPV. A one factor 

experimental design will be used. 

 

3.6.4.5 Starch freeze-thaw stability (cold storage behaviour) 

 

Starch freeze–thaw stability will be determined by measuring the syneresis after storage of 

starch paste at refrigeration (4 oC) and freeze storage (-20 oC) for seven days as described in 

Morante et al. (2016b). A completely randomized experimental design comprising of two 

factors will be used. Factor A is cassava variety, while factor B is a freeze-thaw temperature; 

4 oC and -20 oC. Syneresis after refrigeration at 4 oC will be determined after every seven 

weeks and the study will last for five weeks. Syneresis after freezing at -20 oC will be 

determined every seven days for five weeks.  
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3.6.4.6 Syneresis after consecutive freeze-thaw cycles  

 

The syneresis after consecutive freeze-thaw cycles will be studied as described above in  

Morante et al. (2016b). Fifteen (15) centrifuge tubes of starch gel per cassava variety will be 

stored at -20o C. Every seven days, the whole set of tubes will be removed from the freezer 

and will be held at room temperature for 1 h in a water bath. Three random tubes will be 

taken out and will be centrifuged. The remaining tubes will be frozen again for another 

freeze-thaw cycle. The last three tubes to be analysed will make five freeze-thaw cycles. A 

completely randomized experimental design comprising of two factors will be used. Factor A 

is cassava variety, factor B storage period at temperature -20 oC. 

 

3.6.4.7 Retrogradation during one-week refrigeration storage at 4o C  

 

Three (3) tubes of starch gel per starch sample of each variety will be prepared and stored at 

4o C. Retrogradation will be quantified after 7 days. Retrogradation enthalpy change (ΔH) 

and the To, Tp and Tc temperatures will be determined as described in Jane et al. (1999). A 

one factor experimental design will be used.  

 

3.6.4.8 Retrogradation after five freeze/thaw cycles at -20 oC 

 

Fifteen (15) starch gel in moulds per starch sample of each variety will be prepared and three 

moulds will be scanned with DSC immediately at room temperature and will be tagged as 

native starch gel as a control. Other starch gel moulds will be frozen at -20 oC for 24 h, and 

will be followed by thawing in a water bath for 1 h. After thawing three moulds will be taken 

out for scanning, and the remaining moulds will be refrozen for the further 24 h followed by 

thawing and scanning. The last three moulds to be analysed will make five freeze/thaw 

cycles. The enthalpy value (ΔH) required to melt the retrograded starch will be expressed as a 

percentage of (ΔH0) required to gelatinize the starch sample. The To, Tp, and Tc will be 

recorded. Two factor experimental design. Factor A is variety while factor B is freeze storage 

time (freeze/thaw cycles).  
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Data analysis 

 

All analyses will be replicated three times. For each measured, characteristic, mean, 

minimum and maximum values will be calculated across the samples. Linear regression 

analysis will be performed and Pearson correlation coefficients (r) for relationships between 

various starch properties will be calculated. A principle component analysis (PCA) carried 

out to provide a ready means of visualizing the differences and similarities among starches 

from different varieties. 

 

3.6.5 In vitro enzymatic digestibility of flours and starches 

 

The in vitro digestibility of cassava flours, starches, and cassava products (commonly 

consumed fermented flours) and baked bread from frozen cassava wheat flour dough will be 

studied as described in Ogbo and Okafor (2015). Resistant starch will be determined using a 

kit assay (K-RSTAR, Megazyme, Ireland). Experimental design for in vitro digestibility of 

cassava flours and starches is two factor completely randomized design. The factor A is 

cassava variety while factor B is digestibility time. The experimental design for in vitro 

digestibility of baked bread will be a three factor completely randomized design. Factor A is 

cassava variety, factor B is the percentage inclusion of cassava into wheat flour (0%, 10%, 

20% and 30%) while factor C is digestibility time.  

 

3.6.6 Behaviour of cassava flour and starch in food systems  

 

3.6.6.1 Leavening profile of the dough 

 

The composite dough to be used in this experiment will be prepared following the ratios as 

described in Aboaba and Obakpolor (2010) at room temperature (25 ºC). A completely 

randomized design comprising of three factors will be used. Factor A is cassava variety, 

while factor B is a level of substitution; 10%, 20% and 30% level of substitution, and factor 

C is leavening temperature. The effect of increased temperature will be determined at 37 ºC 

using the incubator. The volume changes will be recorded at 10 mins intervals until a 

constant volume.  
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3.6.6.2 Preparation of bread from composite flour 

 

The bread dough baking method (AACCI method 10 to 10.03) will be used as described in 

AACCI (2000). The composite flour sample doughs will be prepared as described in Yi et al. 

(2009). The dough pieces will be subjected to the following five frozen storage treatments. A 

completely randomized design comprising of three factors will be used. Factor A is cassava 

variety, while factor B is a level of substitution; 10%, 20% and 30% level of substitution, 

while factor C is frozen dough temperature. 100% Wheat flour bread will be used as control. 

 

3.6.6.3 Physicochemical analyses of composite flours/dough and bread 

 

Physicochemical analyses of control and composite flour samples will be will be tested for 

falling number values using AACCI Approved Method 56-81B as described in AACCI 

(2000) using the Brabender Farinograph. Parameters to be recorded will be water absorption 

of flour (%), dough development time (min.), dough stability time (min.), mixing tolerance 

index (FU), time to break down (min.), and Farinographic number (FU). The flour swelling 

volume of composite flour samples will be studied as described in Bhattacharya et al. (2003). 

The pasting behavior of the composite flour samples will be studied using a Rapid Visco-

Analyser (RVA) as described in Bhattacharya et al. (2003). Parameters to be measured are as 

described in section 3.6.4.4. The loaf volume and weight will be determined as described in 

Yi et al. (2009). The color of the crust and crumb of each bread loaves will be analyzed using 

Colorimeter as described in (Carrillo-Navas et al., 2016). The morphology of bread crumb 

structure (cell size, cell size distribution, number of cells per unit area, cell wall thickness, 

void fraction and shape factor) will be evaluated using a scanning electron microscope as 

described in (Carrillo-Navas et al., 2016).  

 

Data analysis 

 

All analyses will be replicated three times. For each measured, characteristic, mean, 

minimum and maximum values will be calculated across the samples. Linear regression 

analysis will be performed and Pearson’s correlation coefficients will be calculated for the 

relationship between properties.  
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3.7 Materials and Equipment Requirements 

 The cost of materials and requirements are as indicated in 3.2.  

Table 3-2 Material requirements 

Materials/equipment Quantity Acquisition Cost (Rands) 

Differential Scanning Calorimetry (DSC) 1 Procurement  60,000 

Scanning electron microscope 1 Available - UKZN - 

Colorimeter 1 Available-UKZN  

Baking oven (Electric) 1 procurement 15,000 

K-RSTARCH Kit (Megazyme, Ireland) 9 Procurement 30,000 

K-AMYL Kit (Megazyme, Ireland) 2 Procurement 7,000 

X-ray diffractometer 1 Available - UKZN - 

Rapid Visco Analyzer (RVA) 1 Available - UKZN 30,000 

Desiccators 7 Available - UKZN - 

Centrifuge 1 Available - UKZN - 

Spectrophotometer 1 Available - UKZN - 

Particle size analyzer 1 Available – UKZN  

Reagents and consumables  Procurement 40,000.00 

Enzymes  Procurement 5,000.00 

Filter cloth  Procurement 300.00 

Total   R187,300 

 

3.8 Research Outputs  

 

The objectives will reflect in form of thesis chapters characterized by introduction, review, 

discussion and conclusion. The following are possible publications: 

 

1. The structural, thermal and physicochemical properties of cassava starches of 

different cassava varieties-a review   

2. Composition of seven cassava flours and starches from cassava varieties grown in 

Zambia 

3. Physicochemical properties of flours and starches isolated from cassava varieties 

grown in Zambia 

4. The in vitro digestibility of cassava flour, starches and cassava foods from varieties 

grown in Zambia 

5. The effects of cassava flours and starches inclusion in wheat-based frozen dough for 

bread making 



40 

 

3.9 Project plan 

 

The schedule of activities for this research work is indicated in the table 3.3.  

 

Table 3-3 Schedule of target activities 

Year Activity 
  

Time (month) 
      

  

J F M A M J J A S O N D 

2016 Literature reviewed 
      

        
  

 

Proposal developed 
         

      

2017 
Collection of cassava samples/ parameters 
DM, starch yield analysed 

            

2017 

Chemical composition and nutritional 
quality analysed       

         

2017 

Morphology, crystallinity, granule size and 
functional group characterised 

  

        
      

2017 

Amylose/amylopectin ratio and minor 
components of starches determined 

            2017 Physicochemical properties characterized 
      

        
  2017 Blends of starches characterized 

         

    
 

2018 
Performance of cassava flour/starch in 
wheat frozen dough characterized 

            

 

In vitro enzymatic digestibility of frozen 
doughs and bread determined and 
characterized 

 
      

        

 

Thesis write up 
          

    

2018 Thesis completion     
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