AN INVESTIGATION OF THE OPTIMAL PACKAGING AND STORAGE PROPERTIES OF PACKAGED GARRI

ABSTRACT
This study was on the determination of optimum packaging and storage properties of packaged garri. Samples of white and yellow garri were collected at a week interval. From umunya in oyi local government Area, Anambra state. The purchased garri with initial moisture of 9.3% for white garri and 8.65 yellow garri. The samples of white and yellow garri was aseptically weighted (2kg) into polythene bags, plastic bucket and sack bag. The packs were labeled and kept at ambient temperature of (30.0=2c) for 14day. The change in the sample moisture content, change in PH biochemist. The result revealed that the avenged moisture content of yellow garri package in he yellow garri packaged in polynthene bag (9.3%) and sack bag (8.2%) and also the white garri package in plastic bucket has lower moisture content (8.6%) polythene the moisture content and mould content were observed to increase with the period of storage. While the nutritional content and PH were reduced. Changes in the various sensory quality attributes such as colour, aroma texture and moldiness at the end o the storages four fungi species (Aspergillus Niger, Aspergillus flavus, Aspergillus fumigated and the Rlizopus  stolonifer) were isolated during the storage period in all the packaging materials the total viable fungal count was in the oder sack bags > polythene  bags> plastic buckets. On the whole aim tight plastic buckets were observed and recommendation to be the best packing material for garri for a long period of time in this study

CHAPTER ONE

1.0 INTRODUCTION

Garri: (yellow or white) a roasted gramular hydroscopic starchy food product, produced from cassava (manihot esculent a Grantz) is the most popular from in which cassava is consumed in the West Africa sub region. It is consumed by several million of people regardless of ethnicity and socio economic class, making it the commonest meal amongst the rich and poor. Garri available in the market can be consumed directly without further processing in the dry form with peanut, coconut, smoked fish soaked  in water (some times with milk and beverage) of processed minimally using boiled water to form stiff paste popularly called “eba” and eaten with various types of African soups.

Cassava for garri production is harvested manually in the farm with the aid of a cutlass, hoe and flat iron sheet (digger) which occasionally inflicts various degrees of injuries on the root tubers. After harvesting, the root tubers are halved to the market where they are heaped in 20s40s, 50s or for sales under humid and warm topical conditions. These practices predispose the root tubers to contamination and infestation by various groups of microorganisms (especially moulds) mites and insects which potentiate biodeteraration.

Following processing, garri is spread on the bare floor or on a mat to allow cooling before final sieving and packaging for marketing in the open market; garri is displayed in open basins, bowls, bags and mats. These practices potentiate contamination by various group of micro organism and may predispose public health harzard. Various groups of moulds have reports to be associated with garri during storage and distribution. Moulds if present can grow and affect the nutritional and sensory properties of garri and species of oxygenic may produce my cotoscias Aflatoscia B,B2 G1 G2 are the they are produced by ubiqution fungal general and neurological association of these toxurs reinforce the need for continuo’s and regular search for their presence in foods

Numerous processing methods have been devised including gaited roots, fermenting peeled followed by roasting to reduce the toxicity and at the sine time convent the highly perishes fresh root of cassava into stable products. Garri is processed by fermenting peel and grated roots followed by dewatering sieving and frying. Frying the garri at high temperature which would have killed all micro- organisms but after preparation how eve other fungal spoilage. Garri is the most popular for in when of cyanogens (a colourless, poisons’, flammable, water- soluble gars (2N2having an almandine) odour used chiefly in Organ synthesis)

In the cassava variety used for processing garri in Nigeria. When not properly processed makes the products unsafe for consumption the processing of cassava into garri is one of the major cottage industries in umunya.

Garri, which is the a by- product of cassava is rich in carbohydrate, manly starch and is a major source of energy. With the exception of sugar cane garri is the highest source of carbohydrate.

The approximate and physical properties of garri is a function of the cassavas variety, age of cassava time, of harvesting, processing methods, packaging method, storage conditional and duration of storage (oduroetal, 2000, chuzel and zakhua 1991).

Adejumo and Rayi (2010) carried out an appraisal of garri packaging method in Ogbomosho, Nigeria. The objectives of the work were to appraise the various packaging material used for garri and to suggest, safe, and affordable packaging material for garri packaging. This is with a view of reducing losses during storage and for proper planning of marketing strategies in terms of appropriated product packaging the result should that the packaging material used for garri packaging. The result showed that the packaging material used for garri packaging are all improvised material not specifically made for garri packaging. The loss of garri during storage was assessed or the type of storage material used. Storage condition, star age duration and the were based on change in colour, odour and taste which was a result of poor keeping quality due to the moisture uptake during merchandising. The effect of moisture content and storage conditions on the storability of garri was investigated by Amadi and Adebola (2008) yellow & white garri sample were obtained and storage under the same conditions using polythene bags, sack bags and plastic buckets

1.2 OBJECTIVE

The main of aim the study

1. Investigating the effects of storage conditions and duration on physicochemical properties and microbial quality of the flour of two cassava cultivars (cvs. ‘TME 419’ and ‘UMUCASS 36’

2. Evaluating the impact of selected packaging materials on the quality attributes and microbial stability of garri

3. Characterising the functional, pasting properties and mineral content of garri under different storage conditions.

1.3 JUSTIFICATION FOR THE STORAGE WHY IS THE STUDY NESSESARY

After this research, the best packing material will be noted so as to avoid or retard the actions of micro- organisms in the packaging of garri.

CHAPTER TWO

LITERATURE REVIEW

Cassava (Manihot esculenta Crantz), also referred to as yucca in Spanish, mandioca in Portuguese and tapioca in French, belongs to the Euphorbiaceae family (Opara,1999; Burrell, 2003). It has been reported that the crop originated from South America and was domesticated between 5,000 and 7,000 years B.C. (Olsen & Schaal, 2001). The first import of cassava to Africa was by the Portuguese from Brazil in the 18th century, but now cassava is cultivated and consumed in many countries across Africa, Asia and South America (Nhassico et al., 2008; FAOSTAT, 2013). The crop has drought resistant root which offers low cost vegetative propagation with flexibility in harvesting time and seasons (Haggblade et al., 2012). Cassava can be cultivated throughout the year between latitude 30º N and 30º S, in different soil types except hydromorphic soil with excess water (Iyer et al., 2010). The stem grows to about 5 m long with each plant producing between 5 to 8 long tubers with firm, homogenous fibrous flesh covered with rough and brownish outer layer of about 1 mm thick (Fig. 1). The root can be stored in the ground for over 2 years, and this serves as a means of food security to the farmer in West African countries such as Nigeria (Nhassico et al., 2008; Falade & Akingbala, 2010).

Cassava is a subsistence crop in Africa, and supplies about 200 - 500 calories per day (836.8 – 2092J) for households in the developing countries (Sánchez et al., 2006; Omodamiro et al., 2007). In the early years, cassava was neglected as food crops because of its low protein content (< 2%) and high cyanide content (120-1945 mg HCN equivalent/ kg) (Iglesias et al., 2002; Charles et al., 2005), but it is considered the fourth most energy rich food source due to the high (>70 %) carbohydrate content (Falade & Akingbala, 2010). The leaf of cassava plant is higher in protein (3 - 5%) and some macro nutrients, and therefore consumed as vegetable in some countries (Salcedo et al., 2010; Burns et al., 2012). However, the tuberous root is the major edible part of the crop. The root serves as a source of food security against famine because of its long storage ability in the ground prior to harvest (El-Sharkawy, 2004). The root can be processed into different food forms for human consumption, animal feed and as industrial raw material for paper, textiles and alcoholic drinks (Falade & Akingbala, 2010; Haggblade et al., 2012). In Thailand, cassava dry chips and pellets are the major export commodity (Falade & Akingbala, 2010), while in Nigeria, it is processed mainly into gari and fufu.

Utilisation of cassava root in food is numerous, however, the potential in food and other industrial applications is limited by the rapid postharvest physiological deterioration, which reduces the shelf-life and degrades quality attributes (Sánchez et al., 2006). This physiological deterioration is attributed to its high moisture level (60 to 75%), and respiration rate which continues even after harvest (Salcedo et al., 2010), resulting in softening and decay of the root and thus rendering it unwholesome for human consumption. Other factors that can cause deterioration of cassava root include pests, disease, and mechanical damage such as cuts and bruises which occur during postharvest handling and processing (Falade & Akingbala, 2010; Iyer et al., 2010). The cut area exposes the root to vascular streaking and microbial attack, thereby accelerating deterioration and decay (Opara, 1999; Opara, 2009; Buschmann et al., 2000). Studies have shown that physiological changes start within 24 h after harvest with a blue black discolouration commonly appearing on the root after 72 h (Iyer et al., 2010; Zidenga et al., 2012). The colour change of the root is accompanied by fermentation and thereafter an offensive odour indicating complete rotting (Reilly et al., 2004). This rapid degradation of quality in fresh cassava roots is a major reason for the poor utilisation, poor market quality, short root storage life and low processing yield (Reilly et al., 2004; Sánchez et al., 2006).

Converting cassava root to other food forms creates products with longer shelf-life, adds value to the root, and reduce postharvest loses (Falade & Akingbala, 2010). Furthermore, the

application of novel postharvest handling, processing, packaging and storage techniques is of critical importance for successful large scale production and utilisation of cassava roots and products. Successful application of these postharvest technologies will contribute towards maintaining product quality and safety as well as reducing incidence of postharvest losses, and thereby, improve food security (Opara, 2013). An overview of some key peer review articles on aspects of postharvest handling, processing and utilisation of cassava root is presented in (Table 1). However, information on the postharvest handling, processing and storage of cassava roots and products are limited in comparison with other globally important food crops such as wheat (Butt et al., 2004; Kolmanič et al., 2010) and rice (Falade et al., 2014). Therefore, this study reviews the postharvest handling and spoilage mechanisms of cassava root, and the role of packaging and storage on quality of fresh cassava root and products.

Economic importance of cassava

Annual global production of cassava is estimated to be over 238,000 tonnes, with Africa contributing about 54 %, followed by Asia and South America (Table 2). Cassava root produces excellent flour quality and therefore has been promoted as composite flour for use in the food industries (Shittu et al., 2008). Garri is also highly recommended in the diet of celiac patients with strict adherence to gluten-free food products (Briani et al., 2008; Niewinski, 2008). Celiac disease is an autoimmune complex that affects the bowel after the ingestion of gluten-containing grains or cereals such as wheat and rye (Briani et al., 2008).

Table 2 World leading cassava producers (tonnes)

In view of enhancing cassava productivity to promote economic development, the global mandate on cassava research was given to the International Centre for Tropical Agriculture (CIAT) in Colombia while the International Institute for Tropical Agriculture (IITA) in Nigeria obtained the regional mandate on cassava research (El-Sharkawy, 2007). However, due to widespread consumer preference for maize, cassava cultivation in South Africa is low compared to other African countries like Nigeria, Ghana, Angola,Tanzania, Uganda and Malawi. Cassava production in South Africa is limited to small scale farmers close to Mozambican border, with annual production between 8 and 15 t/ha (Mabasa, 2007) compared to 54,000 tonnes productions in Nigeria (FAO,2013).

Cassava is one of the major tropical staple foods alongside yam, plantain, and sweet potato, and is considered as a good source of carbohydrate and the fourth most energy-giving diet (Mudombi, 2010). Some cultivars are produced for human consumption while some are for animal feed (Falade & Akingbala, 2010), however, studies have shown that cultivars such as TMS 94/0330, 91/02324, 92/0035, 001/0355, TME 1, UMUCASS 36, and 92/0057 are suitable for food as well as feed (Aryee et al., 2006; Eleazu et al., 2011). The starch obtained from the root of most cultivars is used for making traditional desserts, salad dressing, soup thickener, binding agent in sausages, high fructose syrup, and in textile industries (Montagnac et al., 2009). In countries such as Brazil, cassava is basically cultivated for local industrial purposes, while in Thailand it is an export commodity. In parts of sub-Saharan Africa it is grown mainly by subsistence farmers for consumption as staple food and as a source of income (Falade & Akingbala, 2010). Cassava is being explored as a potential bio-fuel crop in countries like China and Thailand (Zidenga et al., 2012). In Brazil, the bio-fuel from cassava is used by flex-fuel light vehicles while in the United States it is used as gasoline (Adelekan, 2010; Adelekan, 2012).

Demand for cassava has increased most especially in developing countries where low supplies of cereals are experienced. This is because of its significant uses in food and beverage industries as composite flour (Eddy et al., 2012). Over the years, there have been cases of geographical scarcity and low supply of wheat thus leading to high demand for wheat, high cost of wheat flour, and wheat based food products (Olaoye et al., 2006; Olaoye et al., 2011). This situation led to the production of different flour products such as plantain flour, cocoyam flour, taro flour as well as garri . These are substitutes to wheat flour in varying proportions ranging from 5 to 30% (Giami et al., 2004; Eddy et al., 2007). Based on sensory evaluation studies, 20% wheat/cassava composite flour was recommended for bread recipe because the product quality attributes showed no distinct variation when compared with 100% wheat flour (Eddy et al., 2007; Sanful & Darko, 2010). In addition to the food uses of cassava root, it can also be used in the production of paper, textiles, plywood, glue and alcohol (Raemakers et al., 2005; Adelekan, 2012). Cassava leaves are rich in protein (3 - 5%) and some essential minerals such as calcium, nitrogen and potassium; as a result of this, leaves serve as vegetable in soups to supplement the low protein content of the root (Odii, 2012). The root, which is the major source of food, can be boiled or roasted and eaten as fresh root with sauce or soup especially the low cyanide or sweet type of cassava roots (Lebot et al., 2009). Cassava roots could also be minimally processed into various primary and secondary products (Fig. 2) (Falade & Akingbala, 2010).

Classification of cassava root

Cassava roots may be classified into sweet and bitter based on the level of cyanogenic glucoside in the tissue. The major cyanogenic glucosides found in cassava are linamarin and lotaustralin (Fig. 3), which can be hydrolysed into hydrogen cyanide (HCN) (Iglesias et al.,

2002). Hydrogen cyanide is a toxic compound harmful to human health and could lead to death if consumed in excess (Nhassico et al., 2008; Burns et al., 2012). Bitter cultivars of cassava root have higher level of cyanide content (28 mg HCN/ kg) than the sweet type (8 mg HCN/ kg) dry weight bases (Chiwona‐Karltun et al., 2004; Charles et al., 2005). Sweet cassava root cultivars with lower cyanide content can be eaten fresh or boiled (Nhassico et al., 2008) while the bitter type with higher cyanide concentration require further processing to eliminate the toxins before consumption (McKey et al., 2010).

Symptoms of cyanide consumption include fast breathing, restlessness, dizziness, headache, nausea and vomiting. In chronic cases, symptoms could result in convulsion, low blood pressure, and loss of consciousness, lung injury and respiratory failure which could lead to death (Burns et al., 2012). It has also been reported that consumption of these cyanogens causes irreversible paralysis of the legs and stunted growth in children (Ernesto et al., 2002; Nhassico et al., 2008). Greater quantity of these glucosides are biosynthesised in the leaves and are absorbed in the root but predominantly on the peels (Siritunga & Sayre, 2004; Cumbana et al., 2007). Total cyanide found in the fresh unpeeled root and the leaves range from 900 – 2000 ppm and 20 – 1860 ppm, respectively, depending on cultivar (Cardoso et al., 2005). However, during processing about 90% of the HCN is lost due to the linamarin breakdown and the residual cyanogen levels should be below the safe limit (10 ppm) recommended by the World Health Organisation (WHO) for garri (FAO/WHO, 1995; FAO/WHO, 2005). Removal of cyanogenic compound from the root during processing for production of cassava-based foods is one major approach to promoting safety in cassava consumption (Iglesias et al., 2002). Processing techniques such as peeling, soaking/wetting, grating, dewatering, and sun drying are employed as they enhance the detoxification of cassava roots for safe consumption and prevent the occurrence of diseases (Chiwona‐Karltun et al., 2004; Cumbana et al., 2007). Furthermore, the application of innovative/technologies such as modified processing techniques and the use of breeding of cultivars with low cyanogenic compound have been recommended for the reduction of the cyanide level in cassava root (Iglesias et al., 2002; Nhassico et al., 2008). The level of hydrogen cyanide is also influenced by root age, varietal and environmental factors (Charles et al., 2005). Another significant factor that influences cyanogenic level in the root is seasonal variation as cyanide content in garri was observed to be high when roots were harvested during the period of low rainfall, which was attributed to root dehydration during dry seasons (Cumbana et al., 2007).

Various cultivars of cassava are grown worldwide most of which have been bred by the Centro International Agricultural Tropical (CIAT) in Colombia, International Institute for Tropical Agriculture (IITA) and National Root Crops Research Institute, Umudike, Nigeria (NRCRI) (Eleazu et al., 2011; Sayre et al., 2011). Presently, improved cultivars with desirable character traits such as high carotenoid content have been released by researchers from these institutes (Eleazu et al., 2012). Carotenoids are among the most valuable food constituents because of the health benefit they offer in fighting against diseases such as cancer and cardiovascular diseases and these health-promoting properties have been attributed to their antioxidant activity (Rodriguez-Amaya et al., 2011). As vitamin A precursor, they also prevent cataracts (Krinsky & Johnson, 2005). In addition, cassava with high beta carotene shows longer shelf-life of the flour and can also reduce the onset of postharvest physiological deterioration of root (Sánchez et al., 2006; Eleazu et al., 2011).

Cassava cultivars with novel starch content, also known as waxy cassava (Sanchez et al., 2010), with amylose-free or low amylose starch, have been developed using genetic mutation techniques (Zhao et al., 2011). High amylose starch is associated with paste retrogradation, which is undesirable for many applications of starch paste as well as composite flour for baking purposes (Koehorst-van Putten et al., 2012). In addition, paste from high amylose starch shows low viscosity and low gel clarity unlike the waxy starch (Raemakers et al., 2005). The gels from waxy cassava cultivar show little or no syneresis (liquid separation in gel) during storage even as low as -20 °C and this justifies the use of flour from waxy cassava cultivars in the formulation of refrigerated or frozen foods (Sanchez et al., 2010). Similarly, waxy cultivars need no modification with chemicals such as alkenyl succinic anhydride and phenyl isocyanate because they form stable gels (Shimelis et al., 2006). The chemicals could contribute in degrading the essential nutrients in the starch, they are unfavourable to the environment and are expensive to use (Raemakers et al., 2005; Sánchez et al., 2010).

Nutritional composition of cassava root and products

Cassava root (and products) is a major staple food in many African countries, especially in West Africa. Nutritional composition could be influenced by the type of cultivar as well as the geographical location, age of the plant, environmental conditions, processing and cooking methods (Tewe & Lutaladio, 2004). In comparison with other staple foods, cassava root proved to be the third highest energy and carbohydrate source (Table 3).

Macro- and micro-nutrient contents

Cassava is a starchy fibrous root crop, with low contents of protein, fat and fibre. However, it is rich in carbohydrate contents, ranging from 32 to 35% in fresh weight and about 80 to 90% in dry matter making it a good source of energy (Montagnac et al., 2009). Carbohydrate content of the fresh root is more than that of potatoes but less when compared with rice and wheat from the table above (Montagnac et al., 2009). The starch formed has about 80% amylopectin and 17 to 20% as amylose and this ratio gives cassava a functional quality for use in making confectioneries (Rawel & Kroll, 2003). It contains monosaccharide level of about 17% sucrose and little amount of fructose and dextrose and therefore could serve as a valuable raw material in high fructose syrup, beverages and pastries (Charles et al., 2005). Fibre content ranges from

1.5% to 4% in processed products such as flour; however the content varies in different cultivars (Gil & Buitrago, 2002). The lipid content is relatively low (0.3) when compared with other staple foods with the exception of potato and rice.

Protein content in cassava root is very low (1 to 2%), therefore, excessive consumption of cassava for a prolonged period of time could lead to protein energy malnutrition. About 50% of the protein in cassava is whole protein while the remaining 50% is of the amino acids such as glutamic and aspartic acids and some non-proteins component (Montagnac et al., 2009). Most of the macronutrients such as fat, protein and carbohydrates are higher in the un-peeled root than in peeled as shown in Table 4.

Micronutrients are required by the body in smaller quantities. Most of these micronutrients are found in the cassava leaves and they include iron, zinc, manganese, magnesium, and calcium while the root contains minimal amount of the following micronutrients: iron, potassium, magnesium; copper; zinc; and manganese (Charles et al., 2005). However, the calcium content is relatively high (16 mg/ 100 g) compared to maize (2 mg/ 100 g) (Montagnac et al., 2009). The lipid content of cassava roots in fresh wet bases have been reported lower compared to maize and rice but higher than yam and potato, it ranges from 0.1% to 0.3% and the glycolipids are mainly galactose-diglyceride (Gil & Buitrago, 2002). The high water content of the root (> 65%) spurs the early postharvest physiological deterioration and thus limiting its utilisation and production yield. Therefore further processing will help to expand the utilisation of the root, improve the yield, stabilise shelf-life and increase palatability.

Anti-nutrients in cassava root

Cassava contains some anti-nutrients and toxic substances which inhibit the digestibility and intake of major nutrients, although these compounds can still be healthy to human health depending on the amount consumed (Montagnac et al., 2009). For example, HCN is the most toxic compound found in higher level in the bitter type which makes the consumption of fresh cassava root to be restricted. It is obtained from the hydrolysis of a nitrogenous plant metabolite from amino acid known as cyanogenic glucoside (Falade & Akingbala, 2010). This compound is predominant both in the roots and the leaves although more abundant in the leaves, with contents above the FAO/WHO (1995) recommendation of < 10 ppm (Siritunga & Sayre, 2004). Studies have shown that consumption of cassava products with cyanide level within the recommended is not harmful to health but prolonged intake could lead to glucose intolerance, spastic paralysis of the legs (kenzo) (Ernesto et al., 2002). Furthermore, cyanide intake, in combination with iodine deficiency, could cause goitre, cretinism and stunted growth in children (Nhassico et al., 2008). Monotonous consumption of cassava diet has been associated with a chronic disease known as tropical ataxic neuropathy observed mainly in adults (Oluwole et al., 2002), which results in weakness of the joints, hardness to hearing, poor vision and even blindness. In addition, cassava leaves contain higher content of cyanide and nitrate, making consumers prone to stomach cancer (Wobeto et al., 2007).

Another anti-nutrient is the phytate which is a non-toxic nutrient (Fig. 4). Phytate provides storage for phosphate and insitol and is normally contained in the seed of plant (Kumar et al., 2010). Phytate is formed during plant maturation and represents between 60 to 90% of the total phosphate found in the whole plant (Loewus, 2002). Irrespective of the action of this anti-nutrient against different terminal diseases like cancer, the negative effect of phytate in the body includes formation of insoluble phytate-mineral complexes leading to a decrease in mineral availability and deficiency of iron, zinc, calcium and magnesium in the body (Konietzny

Greiner, 2004). It also forms non-phytate protein complex and inhibit amlyase activities thereby degrading carbohydrate utilisation (Selle et al., 2000). Processing techniques such as soaking, malting and fermentation have been observed to reduce phytate content by increasing activity of naturally occurring phytate properties (Hambidge et al., 2008).

Deterioration and spoilage of cassava root

Rapid deterioration is a major challenge limiting commercial production of cassava. As soon as the root is uprooted from the ground, it begins a process of postharvest physiological deterioration within the next 24 h. This situation proposes that fresh root cannot be stored longer than 4 days because of its high moisture content. The effective utilisation of cassava root is greatly constrained not only by low protein level and the high cyanide content but also by the rapid rate of deterioration normally characterised by a blue black discolouration of the root and the streaking of the xylem tissue (Iyer et al., 2010). Therefore, the shelf-life of the root is shortened leading to wastage, poor products yield, economic losses, reduction in market quality and poor commercialisation (Van Oirschot et al., 2000). However, the early signs leading to this postharvest deterioration are not fully understood, but it has been attributed to the increase in cellular respiration and the biochemical changes observed from 3 to 4 h after harvest (Iyer et al., 2010). The accumulation of secondary metabolite from the phenyl-propanoid pathway (Bayoumi et al., 2010) as well as the increase in enzyme activities such as phenylalanine ammonia lyase (PAL) glucanase, proteinase, peroxidase and polyphenol oxidase have also been seen as factors contributing to the rate of this deterioration (Iyer et al., 2010). The onset of the enzyme PAL begins within 2 - 3 min of cuts or wounds on the root and follows the progress of postharvest physiological deterioration (PPD) on the root on the second day (Akingbala et al., 2005). Additionally, the point of cuts, wounds or abrasion have been observed to be the breeding place for the microorganism thus enhancing the postharvest physiological deterioration (Reilly et al., 2004).

Over the years, postharvest deterioration was not a problem but with the increasing rate of urbanisation, distance between fields and processing site coupled with the unstable transport scheme in the developing countries, deterioration of root has become a serious problem.

Similarly, because of the rapid deterioration rate of the root, storage of the root becomes like an impossible task. The marketing of 2 to 3 day harvested cassava root becomes challenging as the roots are regarded unwholesome for consumption and have poor processing quality. Production of reactive oxygen species (ROS) is another early sign leading to the onset of PPD. This process is an unavoidable situation caused by the aerobic respiration, damage during harvest under stress, or when attacked by pathogens (Zidenga et al., 2012). However, this early sign was induced by the level of cyanogenesis in the root, therefore to prevent the rapid case of PPD, reduction in cyanide-induced accumulation of ROS is recommended (Bayoumi et al., 2010).

The postharvest deterioration which generally causes spoilage of the root can be classified into 3 different factors namely: physiological, microbial and mechanical. Spoilage of cassava root under storage has been observed to be instigated from the activities of polyphenol oxidases as they were observed in the discoloured root (Buschmann et al., 2000).

Physiological deterioration

The postharvest physiological deterioration (PPD) often known as primary deterioration has been assumed to be triggered by the breaks and cuts created on the roots during harvest or processing leading to the colour change on the roots. Often there are cuts and bruises when the roots are pulled out of the ground and such areas form the onset of deterioration (Reilly et al., 2003). This type of deterioration is not caused by microorganisms, but as a result of the mechanical damage and stress induced by water loss from wounds, which therefore encourages the growth of microbes (Iyer et al., 2010). PPD is associated with colour change and the streaking of the xylem parenchyma tissue. These signs begin from the second day of harvest and have been likened to the normal biochemical and oxidative changes that occur as plants respond to wounds. Increased respiration of about 20 to 30 ºC and low relative humidity between 65 to 80% encourages deterioration (Sánchez et al., 2006). This implies that cassava root will still undergo deterioration and spoil even without any mechanical damage because of the aerobic respiration process which continues in the root even after harvest. In addition, oxidation is observed within 15 min from the part of the injured root leading to alteration in the genes and accumulation of the secondary metabolite (Reilly et al., 2004). Various techniques to reduce this postharvest deterioration have been investigated such as use of paraffin wax to coat each root but this method could only extend and maintain quality of root for few weeks (Reilly et al., 2004). The exclusion of oxygen or submerging roots in water or storing in an anaerobic environment can inhibit the streaking of the xylem tissue. In addition, Van Oirschot et al. (2000) observed that pruning cassava plant 2 weeks before harvesting is another technique that reduces the susceptibility of this physiological deteriorative response of the root. Similarly, Sánchez et al. (2006) in their study on the effect of the total carotenoid content in cassava root on the reduction and delay of postharvest deterioration concluded that roots kept at 10 ºC and 80% relative humidity can remain fresh till after two weeks. Also, total amount of carotenoids in the roots is proportional to the rate of postharvest physiological deterioration in the root; this means that higher carotenoid can reduce or delay the onsets of PPD and extend the shelf-life of the root thereby broadening the industrial uses of cassava (Chávez et al., 2007).

Microbial deterioration

Physical damage such as wounds, cuts and bruises (especially during harvesting, handling operations and transportation) can serve as focal points for microorganisms and lead to the second stage of cassava root spoilage known as the microbial deterioration or the secondary deterioration (Falade & Akingbala, 2010). Microbial deterioration is induced by microorganisms that cause rotting, and two types of rot have been identified. These include: Aspergillus niger, A. flavus, A. furngatus, Penicillium citrinum and Rhizopus spp. (Onyimonyi, 2002). Under aerobic conditions, these organisms cause a dry rot, which results in discoloration and a slight increase in acidity of the cassava root. Also fungi attack on cassava product like chips has an influence on colour change, off flavor and taste attributes (Gnonlonfin et al., 2008). Also under anaerobic conditions, deterioration is initiated by the activities of bacteria such as the Bacillus spp., this result in rapid development of acid in the root (Onyimonyi, 2002). The microbial deterioration of cassava root is characterised by fermentation and softening of the root tissue, this ccommences 4 - 5 days shortly after the primary deterioration from the wounded point (Buschmann et al., 2000; Reilly et al., 2004). Therefore this highlights on the importance of optimum postharvest handling practices, in order to minimise mechanical damage of the cassava root.

Mechanical damage

Mechanical damage occurs as a result of careless handling when harvesting and transporting from the field to the processing site and during processing and peeling of the root (Iyer et al., 2010). Unfortunately, the effects of the injuries on the root are overlooked but it has been attributed as the major factor constituting the physiological deterioration of the root (Fadeyibi, 2012). In most cases damages occur during harvest with the use of farm tools and machinery or in pulling of the root from the ground. The damage on the root during transportation could be caused by the vibration or compression in the packaging materials used.

However, mechanical damage can be avoided through careful handling of root after harvest. Therefore, to minimize the effect of mechanical damage, once the root is harvested with cuts, the fresh root with cuts are subjected to a curing process for about four days under storage temperature between 30 – 40 ºC and 90 - 100% relative humidity (RH) (Fadeyibi, 2012). The time for complete curing cannot be estimated with certainty because it is determined by factors such as extent of wound, season, condition of the crop at harvest and the cultivars. The process has been seen as a means of reducing the onset of microorganism and disease as well as PPD and extending the shelf-life of the fresh root.

Postharvest handling and storage of fresh root

The quality, sustainability and the safety of the plant lies not just on the pre-harvest factors but most importantly on the postharvest management especially for crop like cassava with rapid deterioration rate (Iyer et al., 2010). Reduction of postharvest losses can help to improve the quality of fresh cassava root. Some proven measures to prevent loss include: the use of improved cultivars with longer shelf-life; application of proper agricultural practices during cultivation; proper handling during and after harvest; and the use of the appropriate processing techniques (Kader & Rolle, 2004).

Postharvest handling of cassava roots include: storage of the fresh root, processing, packaging and storage of the processed product (Opara & Mditshwa, 2013). In addition packaging and storage are the most major factors in postharvest handling that ensures food security and safety of the final product (Daramola et al., 2010). Packaging guarantees the quality of the root by protecting it from bruises and injuries and also prevents excessive moisture loss. Also the stored root influences the quality of the product formed as well as its yield (Akingbala et al., 2005).

2.6.1
Storage of fresh cassava root

Storage of agricultural raw materials is a vital aspect in postharvest handling. It guarantees that produce remains available and adequate even when they are out of season. Root and tuber are crops with high moisture content and they are usually bulky to carry, therefore storing and transportation is often challenging. During storage, most tropical root crops such as yam and cassava transpire and lose moisture; this leads to reduction in acidity level of the crops and thereby degrading the cooking quality as well as the market value. In the rural areas, storage of cassava root was not an issue because the farmers harvest and process root immediately for consumption and this practice reduces the epidemic of deterioration (Reilly et al., 2004). However, with the quest of future need of cassava, several methods were developed to extend the shelf-life of fresh cassava root (Westby, 2002; Akingbala et al., 2005; Fadeyibi, 2012).

Traditional methods

In-ground storage is the simplest and easiest traditional way of extending the shelf-life of cassava root and to improve food security. Cassava root has an optimum harvesting age and flexibility of harvest which offers the advantage of longer in-ground storage. However, the stored root can be lignified due to long storage and some characteristic features are degraded in the process (Westby, 2002). Also, root could be infested by some pathogens (Fusarium solani, Phaeolus manihotis) or even by rodents. Some methods such as burying the root in the soil and piling the root in heaps with constant watering were also exploited (Westby, 2002). The methods were not reliable as deterioration could set in from the root kept under. Another traditional method is the coating of root with loamy soil. Nevertheless, the traditional methods were only successful in extending the shelf-life of the root for few days. It has been shown that during storage the cyanide, moisture and starch contents in the root decrease while the ash, sugar, crude fibre as well as the acidic contents increase with the length of storage (Table 6) (Akingbala et al., 2005).

Improved method

Several improved methods to prevent deterioration and extend the shelf-life of root were introduced such as breeding cassava cultivars with resistance or tolerance to physiological deterioration (Morante et al., 2010). Pruning of cassava plants before harvest (Iyer et al., 2010), and advanced processing technology, which is the most reliable means of preventing the occurrence of PPD (Buschmann et al., 2000). These technologies are encouraging as they further improve the market situation of the crop and guarantee the quality of the fresh root for longer days, but that notwithstanding, very few of the technology is being harnessed in the developing countries. The methods include:

Field clamp

This method has been considered as a traditional method of storage of cassava roots and roots can be stored for up to 8 weeks as it was also confirmed with the storage of potato. Clamps are constructed by laying straws on the floor and arranging the roots followed by another layer of straws and then with soil making a heap. There is always an opening for ventilation but this method is usually affected by the wet season as the ground should be kept dry during the storage period (Fadeyibi, 2012). It is also labour intensive and requires skilled labourers (Westby, 2002).

Storage in a box with moist sawdust

In this method sawdust and cassava root are placed alternatively in the box with the sawdust being on the top and at the bottom. The sawdust is kept moist as deterioration could occur if the sawdust becomes dry and if too damp it would favour the growth of spoilage microorganism causing root decay, so the box should always be monitored and water applied when necessary (Fadeyibi, 2012). Olaleye et al. (2013) investigated the effectiveness of trench and sawdust storage in maintaining moisture content of cassava root. They observed that the root stored at ambient temperature using both methods showed high level of water retention up to the 6th week of storage. This is a clear indication of the good keeping quality of and postharvest of freshly harvested roots (Karim et al., 2009). However, the limitation of these techniques is that the high relative humidity in the storage environment could inhibit the growth of microorganisms (Olaleye et al., 2013).

Storage in plastic bags

The use of plastics like polyethylene and low density or high density polyethylene bags are the most useful means of transportation to the urban sectors (Fadeyibi, 2012). Studies have proven storage of cassava root up to three weeks in plastic airtight films. Also treating the root with fungicides like thiabendazole for few seconds before packaging in the polymeric film could extend the shelf-life of the root. Hence the technology could favour commercial exportation of cassava root. However, due to limited mechanical protection of the plastic bags, the root could be damaged during transportation (Fadeyibi, 2012). Akingbala et al. (2005) investigated the effect of packaging cassava root in polyethylene bags and trench for 21 days. Their study showed low water retention in polyethylene bag after the period of storage indicating deterioration of root and poor keeping quality. Another improved method is digging pit with soil of 15% moisture content. This method was observed to extend the root to about 8 weeks but nutrient loss in the root was observed after the storage period.

Advanced technology

Some advanced methods have been developed by the Centro Internacional de Agricultura Tropical (CIAT) in conjunction with National Resources Institute (NRI) for the storage of cassava (Fadeyibi, 2012). These methods include: refrigeration at lower temperature range of values 0 - 5 ºC; freeze drying; and waxing with paraffin wax (Reilly et al., 2004). These methods are used for export purposes but it is expensive to maintain the equipment used for the purpose, and also handling requires skilled personnel (Fadeyibi, 2012). It can improve storage of fresh cassava root up to 2 weeks but refrigeration is not a most practised method in the developing countries (Reilly et al., 2004). The use of paraffin wax also creates the possibility to market the crop and further increase the margin of holding stock of fresh root only for few weeks. Storage conditions of high temperature and low RH favours the curing process, but prior to storage it requires proper handling and selection of root. However, none of these methods can extend the shelf-life of root while maintaining the quality attributes. Therefore, processing into different food forms is a better option for extending the shelf-life, eliminate some toxic compounds like cyanide and also retain the quality of the product for a longer period of time (Cardoso et al., 2005; Kolawole et al., 2009).

Processing of cassava roots

Processing cassava roots into different food forms helps to stabilise shelf-life, improve quality and detoxify the roots (Inyang et al., 2006; Kolawole et al., 2009). Additionally, processing can also increase or decrease the quality attributes of the processed products. Studies have shown that during traditional processing over 40% of the produce is lost on drying. This is because the products are usually dried on bare floor where they are exposed to various contaminants such as dust and birds (Inyang et al., 2006). However, these contaminations can be avoided by modifying the production and drying process, adherence to food sanitary and hygienic practices (Tsav-Wua et al., 2004).

The products from cassava root are either processed into unfermented or fermented foods and drinks, but their processing methods such as boiling, steaming, roasting as well as the form (solid, semi-solid or liquid) in which they are consumed differ (Falade & Akingbala, 2010). The processed products from the root can be used for industrial purposes or for consumer foods (Table 7). Some of the unfermented products are common in some African countries while others are available in several regions of the world and they include the following.

Unfermented cassava products

Tapioca

Tapioca grit is a partially gelatinised flake commonly consumed in many countries in West Africa as a convenience food (Adebowale et al., 2007). Tapioca processing is varietal sensitive and can be processed using rotary dryer or traditionally by roasting method but the former is widely used as it is applicable for all varieties (Adebowale et al., 2007). Moreover, with the rotary drying method, it has been found that the time of drying, the changes in moisture content, as well as shelf-life stability of tapioca and other products can be predicted (Falade & Akingbala, 2010).

Cassava starch

Cassava starch is a very good raw material in the food industry. It can be processed by peeling and washing of the roots, grating, and sieving to remove the fibre (Inyang et al., 2006). The mash is allowed to sediment then followed by decanting to collect the starch (Raji et al., 2008). The starch has a low gelatinisation temperature, high water binding capacity (thus a good stabiliser of food) and it has high viscosity and does not retrograde easily. The lipid, protein ash and phosphorus contents are generally low, but its carbohydrate content ranges between 73.5 to 84.9 %. However, the quality of cassava starch can be altered during drying and therefore renders it unacceptable (Jekayinfa & Olajide, 2007). Both the modified and unmodified starch are used as raw materials in food industries, either directly as starch food in form of custard, or as a thickener in baby foods and gravies and as a binder for products during cooking to prevent drying out (Taiwo, 2006).

Fermented cassava products

Fermentation is one method of processing cassava into another food form which not only improve the flavour and taste of the product but extends the shelf-life (Falade & Akingbala, 2010). Fermentation is one major method employed during processing, which enhances the reduction of the cyanide level and detoxification of the root (Kostinek et al., 2005). Some notable products from fermented cassava include:

Cassava bread

Cassava bread is a fermented product prepared from the combination of wheat flour and garri in the ratio of 5:1 (Shittu et al., 2008). This proportion has been observed to give acceptable fresh loaf. Garri is processed into dry flour by drying at temperature of about 50 ºC to ensure that flour retains its creamy colour after drying. This process has the ability of improving the use of garri as composite flour in baking industries.

Fermented cassava starch

This is a modified starch from fermentation of cassava root. It can be used for frying and baking of cheese bread in some countries such as Brazil (Srinivas, 2007). The process involves steeping already peeled and grated cassava roots in a tank of water for a period of 20 to 70 days to allow fermentation. This steeping process in adequate water helps in separating the starch granules from the fibre and other soluble compound. After fermentation, the obtained starch is dried to produce a powdered product. Although, soaking process is essential, it could cause deterioration of starch and thus reduce its usefulness in the food and pharmaceutical industries (Taiwo, 2006). The quality and the physicochemical properties of the fermented starch obtained are greatly affected by the varietal and environmental factors such as the temperature during fermentation.

Cassava fufu

Fufu is an acid-fermented cassava product that is processed through the submerged fermentation of peeled roots in water. Fufu is a common traditional food for the West African countries (Oyewole & Sanni, 1995). The softened root is then pounded into wet fufu and the following processes are adopted: steeping the root in water for 2 – 3 days to soften the pulp and there after it is screened, allowed to sediment, dewatered with cloth bags, cooked and finally pounded into fufu. The quality of fufu is determined by the texture, aroma and colour (creamy-white or yellowish) depending on the variety used. The quality of fufu is greatly affected by season, the processors and also most especially the variety (Obadina et al., 2009). Deterioration rate is high because it is processed as a wet paste with moisture content of about 50%, therefore the shelf-life is short and will not be useful or be suitable for large-scale and commercial purposes. However, a modern technology has been developed to extend the shelf-life and market quality of fufu. This is obtained by drying in high temperature for about 60 ºC to produce flour which can be further reconstituted with hot water (Dipeolu et al., 2001).

Garri 

Garri  is the most commercial and useful product from cassava processing. It is creamy-white, pregelatinised granular and high calorie food with a slightly sour taste (Falade & Akingbala, 2010). It is processed from fresh cassava roots following very tedious operation of peeling and grating into mash (Fadeyibi, 2012). The grated pulp is put in sacks (Jute or polypropylene) and the sacks are placed under heavy stones or pressed with a hydraulic lack between wooden platforms for 3 - 4 days to dewater the pulp and allow fermentation to take place (Falade & Akingbala, 2010). This traditional way of processing cassava root into garri  is monotonous, time-consuming, requires more labour and hazardous to health because processors are usually exposed to smoke and heat during frying (Taiwo, 2006).

Thereafter the pulp is sieved with traditional woven splinters of cane and finally fried over a heated metallic surface (garri fication) to dextrinise and dry the grits (Akingbala et al., 2005). During this time constant stirring with a wooden paddle is required until low moisture content usually between 8 - 10% is achieved (Falade & Akingbala, 2010). Garri  is regarded as pre-cooked convenient food which can be eaten as a snack and the long period of frying contributes greatly to its longer shelf-life (Fadeyibi, 2012).

Lafun and Agbelima

Lafun, is fermented garri common in southwest Nigeria, it is prepared like porridge and eaten with soup (Falade & Akingbala, 2010). The process involves manual peeling and chipping to enhance fermentation and detoxification of the root, the tubers are soaked in large quantity of water for 2 to 3 days for fermentation to take place and the mash is dewatered and dried for maximum of 3 days before packaging for house hold consumption or marketing (Falade & Akingbala, 2010). Agbelima is a traditional food of the West African especially in Ghana, Togo and Benin. It involves grating and fermentation of the cassava tuber with inocula, although these inocula enhance the fermentation to about 2 days, it also degrades the taste and texture. Fermentation process in agbelima promotes detoxification of cassava root and gives a peculiar organoleptic quality such as a souring taste and a softened texture (Obilie et al., 2003).

Akyeke or Attieké

Akyeke or attieké is an indigenous food product from cassava popular in Cote d’Iviore and Ghana. It is a steamed sour granulated product, fermented to modify the rubbery texture of the peeled cassava roots. Peeled cassava roots are washed and grated together with traditional inocula (peeled cassava chunks soaked in water for 3 days). The mash is packed into polyethene sacks and allowed to ferment for 5 - 7 days depending on the amount of inoculum added. The mash is further dewatered with screw press and the granules are then sundried and steamed to obtain the akyeke. The inoculum is prepared by soaking peeled cassava chunks in water for about 3 days to soften and ferment (Obilie et al., 2003).

Bioenergy

Ethanol from cassava

Another significant use of cassava which has become of scientific interest globally is its use as a renewable energy source (Adelekan, 2010). This was necessitated because of the rate of deforestation in the developing countries to produce firewood for domestic as well as industrial purposes (Fadeyibi, 2012). Cassava being an energy crop offers a cheaper alternative to conventional energy sources and provides favourable impression for the utilisation of natural resources (Ubalua, 2007). Similarly, development of ethanol from cassava will further enhance value addition and reduce postharvest losses since cassava waste could be used for the production (Ubalua, 2007). Also this technology will propel agricultural productivity especially in the developing countries and reduce the reliance on fossil fuel for source of energy (Adelekan, 2012; Fadeyibi, 2012). Ethanol fuel (ethyl alcohol) is similar to the alcohol found in alcoholic beverages and can be used for biofuel, an alternative to gasoline, and as oxygenate to gasoline in the United States (Adelekan, 2010).

CHAPTER THREE

MATERIAL AND METHODS

Plant materials

Two cassava cultivars ‘TME 419’ a white cultivar and ‘UMUCASS 36’ newly released yellow root cultivar (Fig. 1), were used for this study. Both cultivars were harvested at 12 months after planting (commercial maturity) from National Root Crops Research Institute (NRCRI) Umudike (5º28′33"N 7º32′56"E), Abia state, Nigeria. The cultivars used in this study were selected based on their flour yield and desirable functional properties for food industries (Nwabueze & Anoruoh, 2009; Eleazu & Eleazu, 2012).

Cassava processing, packaging and storage

The freshly harvested cassava root were sorted, washed, peeled and re-washed with clean, running tap water. The cassava roots were then sliced into chips with an electric stainless steel chips making machines (YS QS400, Shandong, China). Chips were sun-dried for three days to approximately 13% final moisture content (MC). The dried cassava chips obtained from the two cultivars were then packaged separately in sterile polyethylene bags and transported to Department of Food Science, Stellenbosch University, South Africa. The chips were stored at room temperature prior to milling and further analysis. The chips were milled into flour using Cyclone Laboratory milling machine (Model 3100. Perten Instruments, Hagersten, Sweden) fitted with a sieve of 0.5 mm size. The milled garri from both cultivars was analysed for functional, pasting properties and mineral contents before and during 12 weeks storage period at 4 weeks interval.

Garri (200 g) freshly processed from both cultivars was packaged in the following packaging materials: Plastics bucket; low density polyethylene bag (LDPE) 50 micron; and brown paper bag and stored under ambient condition (23 ± 2 °C; 60% RH), and higher condition (38 ± 2 °C; 60% RH) for 12 weeks using environmental test chamber (MLR-351H, Sanyo, Japan). Samples were taken for analysis at 4 weeks interval. Functional, pasting properties and mineral contents were performed in triplicate samples on every sampling days.

Functional properties

Swelling power and solubility pattern
The swelling power and solubility of all the treatments of garri were determined according to the method described by Crosbie (1991) with modifications. Swelling power is used to determine the hydration capacity of flour samples under specific temperature (Shimelis et al., 2006). This was measured by calculating the weight of centrifuge swollen granules and dividing by the initial weight of flour used to make the paste. Garri (1 g) was measured into a 50 mL graduated centrifuge tube and 40 mL distilled water was added to form a paste. The whole set up was stirred and incubated in a water bath (TMK 14R20, FMH instruments, India) at 95 °C. The suspension was stirred at interval of 30 min to keep the flour granules suspended. The tubes were then rapidly cooled to room temperature and centrifuges for 15 min at 2200 rpm to separate the gel and supernatant.

The aqueous supernatant was poured into a tarred dish and kept in force draft oven at 100 °C for 4 h to evaporate. Water solubility index was determined from the amount of dried solids recovered after evaporating the supernatant, and was expressed as grammes dried-solids per gramme of sample. The solubility and swelling power (SP) on dry basis were calculated with the following equations:

Swelling power (%) =
weight of swollen matter × 100


                    (weight of sample)×(100−solubility)

Water binding capacity (WBC)

The water binding capacity of the different flour treatments were determined with little modifications following the method by Aryee et al. (2006). Approximately, 2 g of cassava cultivar flour from each treatment was suspended in 40 mL of distilled water in a 50 mL graduated centrifuge tube. The suspension was agitated for 1 h, centrifuged at 2200 rpm for 10 min and the free water was drained from the paste while the wet flour in the tube was weighed. The % WBC was calculated using the equation 3:

WBC (%) =
Weight of paste after drain × 100..........(3)









              weight of sample



Starch determination

Total starch was determined enzymatically using the total starch assay kit (Megazyme International, Ireland) following the manufacturers manual. About 100 mg of garri samples, wheat and corn (control starches) were weighed and washed with 80% ethanol. The samples were digested with thermo-stable α-amylase and amyloglucosidase and incubated at 50 °C for 30 min. The glucose released was determined using an enzymatic glucose assay reagent (GOPOD method), and the absorbance was measured with a UV-Vis spectrophotometer at 540 nm (Helios Omega UV-Vis Thermo Scientific, USA).

Determination of pasting properties

The pasting properties of garri subjected to different storage conditions were determined using a Rapid Visco Analyzer (RVA) (Newport Scientific Pty. Ltd., Australia) according to Noda et al. (2004) method with minor modification. Garri (2.8 g) from each package was weighed into a dry empty canister and 25 mL distilled water was added to make an 8% suspension. The solutions were mixed and the canister carefully fixed on the RVA instrument. The whole profile took 13.13 min, each flour was kept at 50 °C for 1 min before heating up to 95 °C at the rate of 12.2 °C per min and held for 2.5 min at 95 °C. The paste formed was then cooled to 50 °C at 11.8 °C per min and kept for 2 min at 50 °C. Peak viscosity, trough, breakdown, final viscosity, setback, peak time and pasting temperature were obtained from the pasting profile using thermocline software (Newport Scientific 1998), and the results were expressed in rapid visco unit (RVU). 

Minerals determination

The minerals compositions of the garri across the different treatments were analysed by Bemlab, Somerset West, South Africa. The following mineral contents were investigated: Nitrogen (N); phosphorus; (P); potassium (K); calcium (Ca); magnesium (Mg); sodium (Na); manganese (Mn); iron (Fe); copper (Cu); zinc (Zn); boron (B); and Nickel (Ni).

Statistical analysis

All experiments for garri treatments were done in triplicates. Analysis of variance (ANOVA) was conducted on all data using Statistica software, (Version 12.0, Statistica, Statsoft, USA) to determine the effects of package types, storage conditions and duration. Significant differences were established at p ≤ 0.05 according to Fisher LSD test and data obtained were reported as mean and ± standard deviations for each treatment.

CHAPTER FOUR

RESULTS AND DISCUSSION
Functional properties

Swelling power and solubility pattern

Swelling power of flour is described as the ability of flour to absorb water and enlarge/expand under a particular temperature at a given time (Falade et al., 2014). The hydration capacity of the flour enables measurement of the intermolecular force of starch granules. For instance, high swelling power implies that the starch granules have weak binding forces and high amylose content, while lower swelling power indicates a strong binding force (Shimelis et al., 2006). In this study, the swelling power of both garri cultivars ranged from 8.48 ± 0.55 to 12.11 ± 0.13% (Table 1). The ‘TME 419’ flour cultivar had significantly higher (12.11 ± 0.13%) swelling power (SP) than the ‘UMUCASS 36’ (10.07 ± 0.22%) after processing. The range of SP from this study agrees with the data obtained from other cassava cultivars (Aryee et al., 2006). The authors also observed the influence of cultivar difference amongst 31 different garri cultivars including TME 1, 91/0055, Tek Bankye, 92/0035, 94/0050 on the garri SP. The higher SP in the ‘TME 419’ suggests a weaker associative binding force, while starch granules in the ‘UMUCASS 36’ flour had a more orderly and compact arrangement hence stronger force. Sanni et al. (2006) reported a higher swelling power for dried fufu flour resulting to a corresponding lesser binding force.

During the 12 weeks storage period a decrease in swelling power was observed and this was consistent across all the treatments. The lowest swelling power in both cultivars was observed in garri packed in plastic bucket (8.48 ± 0.55%) for ‘TME 419’ and (8.2 ± 0.46%) for ‘UMUCASS 36’, followed by LDPE (9.10 ± 0.13% and 8.64 ± 0.10%) and paper bag had the highest SP (9.10 ± 0.13% and 8.64 ± 0.10%) for ‘TME 419’ and ‘UMUCASS 36’, respectively. The higher SP observed in flour packed in paper bag could be attributed to the increase in the dehydration capability of the flour as a result of the effect of storage duration. Sánchez et al. (2013) also reported a decline in swelling power in their study on the changes in extended shelf-life of cassava roots during storage in ambient temperature. The authors concluded that a decline in swelling power is consistent with low amylose or amylose-free cassava cultivars. In addition the reduced swelling power at the end of storage could be as a result of the formation of protein amylose complexes in the flour (Shimelis et al., 2006; Sánchez et al., 2013). The authors reported a lower swelling as well as solubility due to the formation of these complexes in beans flour. These protein complexes are stimulated during gelatinisation and they have been reported to cause a decline or restriction in swelling capacity (Shimelis et al., 2006).

Storage temperature also had significant influence on the swelling power of the garri cultivars. The highest values SP (8.72 ± 0.20 and 9.57 ± 0.20%) were recorded in ‘UMUCASS 36’ and ‘TME 419’ flour stored at 38 °C, respectively. However, the interaction of temperature and packaging had no significant effect (p > 0.05) on the swelling power. The low values of swelling power recorded for both garri cultivars are attributes for highly restricted swelling which is commended for use in the food industries where stable gels are essential. This is because the paste shows shear resistance during cooking while high swelling power (≥ 30%) are indications of fragile and less stable starch which tend to breakdown upon cooking in water (Shimelis et al., 2006).

Similarly, the solubility of garri declined over time (Table 1). Solubility pattern is the ability of solid substances to dissolve in aqueous solution usually water (Falade & Okafor, 2013). Solubility could be influenced by the granular size. Singh et al. (2003) reported lower solubility in smaller granules of starch from botanical sources. The solubility ranged from 6.7 ± 0.27 to 9.5 ± 1.59% in ‘TME 419’ flour and from 6.1 ± 0.11 to 9.2 ± 0.24% in ‘UMUCASS 36’.

The lowest value of solubility 6.14 ± 0.11% was noticed in ‘UMUCASS 36’ flour packed in plastic bucket and stored under ambient condition, while the highest 7.0 ± 0.11% was recorded in ‘TME 419’ flour cultivar stored under higher condition in paper bag. The obtained values were within the range (6.2 - 13.6%) reported for cassava, sweet potato and cocoyam starches (Ikegwu et al., 2009; Abegunde et al., 2013; Falade & Okafor, 2013). The low solubility observed could indicate smaller starch granules. A study on potato starch affirmed that low solubility is a function of granular size (Kaur et al., 2002). Swelling power and solubility showed a positive correlation (r = 0.64) in this study, such that decrease in swelling power led to a decrease in solubility pattern. This corroborates the observation in the study of the physicochemical properties of cocoyam starch (Falade & Okafor, 2013).

Water binding capacity (WBC)

The water binding (WBC) of the two garri cultivars after processing ranged from 128 ± 0.14 in ‘TME 419’ to 132.82 ± 1.42 in ‘UMUCASS 36’(Table 1). The higher water binding value in ‘UMUCASS 36’ could be ascribed to the nature of the starch. Higher water binding is an essential quality in product development as it allows easy handling of dough during baking processes. During the 12 weeks storage, the WBC of the flour from both cassava cultivars was observed to increase with about 4.2% in ‘TME 419’ and 4.1% in ‘UMUCASS 36’. The highest values at the end of 12 weeks storage were noted in the flour packed in LDPE bags for ‘TME 419’ and in flour packed in paper bag for ‘UMUCASS 36’. However, package types, cultivars and temperature effects did not show significant difference but cultivars and storage duration were significant. This observation therefore explains that cultivar differences are major factors influencing the water binding capacity of garri . The values obtained fall within the range (128.7 ± 0.40 - 201.9 ± 0.20) reported for other garri cultivars (Aryee et al., 2006).

The WBC values obtained from this study across all treatments were higher than the value (110 ± 2.1) reported by Doporto et al. (2010), but relatively lower than that of water yam-garri (Babajide & Olowe, 2012). Babajide and Olowe (2012), evaluated the water binding capacity of yam-garri at different ratios, the range (278.51 ± 12.85-421 ± 28.63) was higher than the observation from this study. The reason for the variations in WBC could be attributed to some factors such as cultivars, starch granular size, shape and binding force of granules (Aryee et al., 2006; Babajide & Olowe, 2012).

Table 1 Effects of storage conditions and packaging types on the functional properties of two garri cultivars
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	23 °C
	
	38
	°C
	23 °C
	38
	°C
	23 °C
	38 °C

	Swelling power
	TME 419
	0
	12.11
	± 0.13a
	12.11 ±
	0.13a
	12.11
	± 0.13a
	12.11
	± 0.13a
	12.11
	± 0.13a
	12.11
	± 0.13a

	
	
	4
	11.07
	± 0.29b
	11.49 ±
	0.25b
	11.17
	± 0.61b
	11.59
	± 1.07b
	11.46
	± 0.03b
	11.80
	± 0.79b

	
	
	8
	10.05
	± 0.61c
	10.62 ±
	0.47c
	10.00
	± 0.11c
	10.68
	± 0.35c
	10.31± 0.41d
	10.81
	± 0.23c

	
	
	12
	8.48 ±
	0.55f
	9.36
	± 0.40e
	9.10
	± 0.13e
	9.47
	± 0.64e
	9.32 ±
	0.41e
	9.57
	± 0.20f

	
	
	4
	9.64 ±
	0.08d
	9.73
	± 0.47e
	9.52
	± 0.25d
	9.71
	± 0.39e
	9.64± 0.43e
	9.81
	± 0.28e

	
	
	8
	9.49 ±
	0.14e
	9.61
	± 0.25e
	9.15
	± 0.22e
	9.50
	± 0.15e
	9.53± 0.08 e
	9.87
	± 0.13e

	
	
	12
	8.21 ±
	0.46f
	8.32
	± 0.11f
	8.64
	± 0.10f
	8.66
	± 0.30f
	8.68 ±
	0.26f
	8.72
	± 0.20g

	Solubility
	TME 419
	0
	9.51 ±
	1.59a
	9.51
	± 1.59a
	9.51
	± 1.59a
	9.51
	± 1.59a
	9.51 ±
	1.59a
	9.51
	± 1.59a

	
	
	4
	8.57 ±
	0.18dc
	8.65
	± 0.10d
	8.65
	± 0.40c
	8.77
	± 0.13c
	8.64 ±
	0.18c
	8.83
	± 0.37c

	
	
	8
	8.05 ±
	0.57d
	8.15
	± 0.24d
	7.93
	± 0.26d
	8.11
	± 0.10d
	8.10 ±
	0.19d
	8.17
	± 0.14d

	
	
	12
	6.77 ±
	0.40e
	6.85±0.10f
	6.66
	± 0.27e
	6.80
	± 0.13e
	7.04 ±
	0.11e
	7.09
	± 0.12fe

	
	UMUCASS 36
	0
	9.15 ±
	0.24b
	9.15
	± 0.24b
	9.15
	± 0.24b
	9.15
	± 0.24b
	9.15 ±
	0.24b
	9.15
	± 0.24b

	
	
	4
	8.75 ±
	0.09c
	8.93
	± 0.33c
	8.43
	± 1.20c
	8.82
	± 0.70c
	8.77 ±
	0.15c
	8.84
	± 0.50c

	
	
	8
	8.71 ±
	0.40c
	8.00
	± 0.02e
	8.07
	± 1.28c
	8.13
	± 0.33d
	7.95 ±
	0.31d
	8.20
	± 0.26d

	
	
	12
	6.14 ±
	0.11f
	6.25
	± 0.19gf
	6.37
	± 0.24e
	6.95
	± 0.10e
	6.83 ±
	0.10f
	7.27
	± 0.07e

	WBC
	TME 419
	0
	128.81 ± 0.14f
	128.81
	± 0.14g
	128.81
	± 0.14g
	128.81 ± 0.14f
	128.81 ± 0.14f
	128.81± 0.14f

	
	
	4
	128.86 ± 1.97f
	130.13
	± 2.01ef
	129.46
	± 0.94f
	130.37 ± 1.66ef
	129.25 ± 0.83e
	130.84 ± 0.76e

	
	
	8
	130.88 ± 0.87e
	131.30
	± 0.29e
	131.18
	± 0.47e
	131.82 ± 0.24e
	132.01 ±0.71d
	132.87 ± 0.29d

	
	
	12
	133.81 ± 0.50c
	134.32
	± 0.51c
	133.90
	± 0.44c
	134.34 ± 0.56cd
	134.01± 0.16c
	134.12 ± 0.35c

	
	UMUCASS 36
	0
	132.82± 1.42d
	132.82
	± 1.42d
	132.82
	± 1.42d
	132.82 ± 1.42d
	132.82 ± 1.42d
	132.82 ± 1.42

	
	
	4
	133.03 ± 2.43cb
	134.02
	± 0.28c
	133.51
	± 0.55c
	134.00± 0.21d
	134.13± 0.28c
	134.15 ± 0.12c

	
	
	8
	135.00 ± 0.32b
	135.18
	± 0.37b
	135.13
	± 0.22b
	135.17b ± 0.17
	135.04 ± 0.25b
	135.29 ± 0.59b

	
	
	12
	136.08 ± 0.34a
	136.28
	± 0.28a
	136.58
	± 0.32a
	136.65 ± 0.32a
	136.95 ± 0.63a
	137.46 ± 0.51a

	Starch
	TME 419
	0
	89.82± 0.53a
	89.82± 0.53a
	89.82± 0.53a
	89.82± 0.53a
	89.82± 0.53a
	89.82± 0.53a


Values are given as means of triplicate determinations ± standard deviation. Different letters in a column are significantly different (p ≤ 0.05).
Starch content

Starch as a major component in garri is useful for two vital purposes: as raw material for food processing and as a food additive in food (Aina et al., 2012). During the storage of food, starch could be functional in maintaining food quality, stabilising moisture content and regulating water mobility (Abegunde et al., 2013). The starch content of the flour of the cassava cultivars ranged from 87.36 ± 0.92% in ‘UMUCASS 36’ to 89.82 ± 0.53% in ‘TME 419’ (Table 1). Both cultivars gave reasonably high starch content, although ‘TME 419’ was higher than the ‘UMUCASS 36’. This is probably because of the inherent genetic differences such as granules size and the molecular structure (Tsakama et al., 2010). Therefore, the differences in starch content due to variation in granular sizes which consequently had influence on the swelling capacity and paste viscosity were reported by Tsakama et al. (2010).

The high starch values obtained in both cultivars suggest that starches from these cultivars will be useful in the food industries as a thickener, stabiliser and emulsifier or in the production of pasta and confectionery (Aina et al., 2012). This observation corroborates with the range (83.6 ± 0.01 - 86.0 ± 0.33%) reported for twelve cultivars of garri with low cyanide content (Charoenkul et al., 2011). During the 12 weeks storage period, the starch contents decreased slightly over time with the lowest values (82.35 ± 0.20% and 85.93 ± 0.42%) observed in flour packed in LDPE bags for ‘UMUCASS 36’ and ‘TME 419’, respectively. The variations observed in the starch content during storage could be attributed to the differences in the flour inherent properties such as carbohydrate. The interaction effect of storage temperature, duration and package had no significant effect (p > 0.05) on starch content in both garri cultivars during storage (Fig. 2), whereas, cultivar and storage duration effects with package and duration effects had a significant impact on the starch content (p < 0.05).

Mineral compositions of garri cultivar under storage at different conditions
The mineral contents of both cultivars were generally low (Table 2) compared to flour from other root crops such as sweet potato, and this confirms the deficiency of mineral in cassava (Charles et al., 2005). There was significant difference in the mineral contents between both cultivars ‘TME 419’ and ‘UMUCASS 36’. The cv. ‘TME 419’ had higher content in most of the measured minerals such as K, Na, Cu, Fe, and Zn. This implies that some cultivars have more mineral content than others. The summary of the mineral compositions shows that none of the treatments in this study had significant influence on the mineral content of the flour of both cassava cultivars. However, increase in storage duration observed resulted in significant loss of the essential minerals (Na, Mn, Fe, Zn, and B) (p < 0.05). Similarly, Charles et al. (2005) observed significant differences in cultivars in their study on the mineral compositions of five different cassava cultivars (Rayong 5, Kaesetsart 50 (KU50), Rayong 2, Hanatee, and KMUL 36-YOO2 (YOO2).

Table 2 Statistical summary of treatment effects on mineral contents of garri .

	Effect
	p values

	
	

	Cultivars
	0.000000

	Package
	0.009506

	Temperature
	0.001536

	Duration
	0.000000

	Cultivars*Package
	0.985040

	Cultivars*Temperature
	0.183371

	Package*Temperature
	0.862583

	Cultivars*Duration
	0.002567

	Package*Duration
	0.986491

	Temperature*Duration
	0.259098

	Cultivars*Package*Temperature
	0.914218

	Cultivars*Package*Duration
	0.180865

	Cultivars*Temperature*Duration
	0.629357

	Package*Temperature*Duration
	0.980652

	Cultivars*Package*Temperature*Duration
	0.844847


Table 3 presents the summary of the influence of storage conditions and package on the mineral compositions of garri during storage. A slight increase was observed at the end of storage in (N, P, Mg and Ca) while the other measured minerals showed a slight decrease after storage. Sodium declined from 680 - 525 mg/ kg in ‘TME 419’ and from 556 - 523 mg/ kg in ‘UMUCASS 36’. This observation was noted in flour packed in paper bag under higher condition (38 °C, 60% RH). Similarly the lowest values in iron (19 mg/ kg and 14mg/ kg), manganese (6 mg/kg and 5 mg/ kg) and calcium (0.03% and 0.03%) were also noticed in flour packed in paper bag under higher condition for both cultivars. Storage conditions and package effects as well as temperature and storage duration were insignificant on the measured minerals (Table 2). Nitrogen content ranged from 0.22% in ‘TME 419’ to 0.45% in ‘UMUCASS 36’. All the treatments showed little variations in nitrogen content of the flour during storage but were not significantly different (p > 0.05). Potassium content of ‘TME 419’ flour cultivar was significantly higher (0.30%) than the ‘UMUCASS 36’ flour cultivars (0.17%).

A slight decline in percentage potassium (0.26%) in ‘TME 419’ flour and (0.12%) in ‘UMUCASS 36’ was observed at the end of 12 weeks storage period. This drop was consistent in all the packages as well as storage temperature but the lowest was noted in flour packed in paper bag (0.03%). However, no significant effect was observed on the interactions between all treatments (package, duration, temperature and cultivars) after the 12 weeks storage period in the present study. Most of the reported minerals were lower than the observation by Charles et al. (2005) who evaluated the proximate and mineral compositions of five different garri cultivars. This could possibly be because of the low ash content (1.2 ± 0.02-1.6 ± 0.03%) found in the garri cultivars used for this study compared with the range (1.4 ± 0.52-2.4 ± 0.35%) reported by Eleazu and Eleazu (2012) since ash content gives an indication of the amount of mineral contents in the flour.

Table 3 Effects of storage conditions (ambient and higher conditions) and package on the minerals compositions of garri after storage (dry weight base)

	Cultivars
	Duration
	Package
	Temp
	N
	P
	K
	Ca
	Mg
	Na
	Mn
	Fe
	Cu
	Zn
	B
	Ni

	
	(Weeks)
	type
	(°C)
	(%)
	(%)
	(%)
	(%)
	(%)
	(mg/kg)
	(mg/kg)
	(mg/kg)
	(mg/kg)
	(mg/kg)
	(mg/kg)
	(mg/kg)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	TME 419
	0
	
	
	0.22e
	0.05b
	0.30b
	0.03a
	0.05a
	680a
	40a
	93.5a
	15a
	23a
	62a
	2.02a

	
	12
	Bucket
	23 °C
	0.23e
	0.05b
	0.31ab
	0.04a
	0.06a
	583ab
	19b
	83b
	10c
	11b
	40b
	2.25a

	
	
	Bucket
	38 °C
	0.26d
	0.05b
	0.29b
	0.04a
	0.06a
	554c
	12c
	66c
	14ab
	7c
	24c
	0.71d

	
	
	LDPE
	23 °C
	0.25de
	0.04b
	0.28b
	0.03a
	0.04b
	533d
	8d
	43e
	13bc
	2d
	14d
	0.58e

	
	
	LDPE
	38 °C
	0.28d
	0.06ab
	0.34a
	0.05a
	0.07a
	534d
	8d
	51d
	16a
	3d
	13de
	0.72d

	
	
	Paper
	23 °C
	0.27d
	0.04b
	0.26bc
	0.04a
	0.05ab
	526e
	6e
	29gh
	14a
	2d
	13de
	0.81b

	
	
	Paper
	38 °C
	0.25e
	0.04b
	0.28b
	0.03a
	0.05ab
	525e
	6e
	19i
	14a
	6c
	6f
	0.62de

	UMUCASS 36
	0
	
	
	0.45ab
	0.04b
	0.17d
	0.04a
	0.04b
	556c
	7de
	34f
	6e
	3d
	7f
	0.53e

	
	12
	Bucket
	23 °C
	0.40c
	0.04bc
	0.17d
	0.04a
	0.04bc
	536d
	7de
	26h
	11c
	0
	5f
	0.55e

	
	
	Bucket
	38 °C
	0.43b
	0.03c
	0.14ef
	0.04a
	0.04bc
	532d
	7de
	26h
	13b
	1e
	4f
	0.75d

	
	
	LDPE
	23 °C
	0.48a
	0.06a
	0.17d
	0.05a
	0.04bc
	545cd
	8d
	22h
	17a
	5c
	6f
	0.78d

	
	
	LDPE
	38 °C
	0.45b
	0.04bc
	0.16de
	0.04a
	0.04bc
	531d
	8d
	25h
	16a
	4d
	11e
	0.83b

	
	
	Paper
	23 °C
	0.41bc
	0.04b
	0.15e
	0.03a
	0.04bc
	534d
	6e
	30g
	8d
	2d
	5f
	0.64d

	
	
	Paper
	38 °C
	0.44b
	0.03c
	0.12f
	0.03a
	0.03c
	523e
	5f
	14j
	7de
	0
	10e
	0.55e


Values are given as means of triplicate determinations. Similar letters in columns are not significantly different (p > 0.05)

Changes in pasting properties of garri during storage
The determination of pasting behaviour of flour or starch extract is important because it helps in the characterisation of flour and estimating its suitable applications in the food industries (Shimelis et al., 2006; Aviara et al., 2010). In product development, gelatinisation and pasting processes contribute to influence the stability as well as the texture of the products (Iwe & Agiriga, 2014).

Peak viscosity of both garri cultivars at the initial week before storage was 238.57 ± 4.35 RVU and 266.20 ± 4.35 RVU for ‘UMUCASS 36’ and ‘TME 419’, respectively. Flour from ‘TME 419’ had the higher peak viscosity compared to ‘UMUCASS 36’ (Fig. 3). Variations in viscosity have been reported to be influenced by variety and time of harvest (Iwe & Agiriga, 2014). In the present study both cultivars were harvested 12 months after planting, hence, the observed variation could only be associated with varietal differences and/or the inherent properties of the flour such as amylose contents (22.9 - 24.3%) (Adebowale et al., 2008). For instance, Ikegwu et al. (2009) made similar observation of cultivar differences with 13 different cultivars of garri . Also the degree of starch damage and the binding force between the flour particles can contribute to influence the peak viscosity (Zaidul et al., 2007; Kaur et al., 2013). The high viscosity in flour are associated with weak starch molecules, this is because starch molecules penetrate easily into their granules leading to high viscosities and reduced resistant to shear. The weak force makes the paste from such flour more susceptible to breakdown during cooking (Etudaiye et al., 2009). Similarly, Liu et al. (2006) in the study of pasting properties of cocoyam affirmed that high peak viscosity is an evidence of the maximum swelling power of the starch granules before disintegrating Therefore, this suggests that flour from ‘TME 419’ with higher peak viscosity (Fig. 3) will be best for making jelly, thickener or binders and products that cannot withstand higher temperature during processing, while ‘UMUCASS 36’ flour with lower peak viscosity would be recommended in making weaning food (Tsakama et al., 2010).

Trough or hot paste viscosity is referred to as the viscosity at the end of the holding period at 95 °C and this gives an indication of the ability of the paste to withstand shear during gelatinisation processing at high temperature (Jimoh et al., 2010). Trough of flour can be influenced by the nature of starch leaching, and the rapid leaching of flour amylose component to the aqueous phase during pasting causes a quick granular realignment resulting to higher trough (Singh et al., 2006; Iwe & Agiriga, 2014).

The viscosity of hot paste of ‘TME 419’ flour (123.67 ± 1.06 RVU) was significantly higher (p < 0.05) for ‘UMUCASS 36’ (107.47 ± 2.01 RVU) as shown in Fig. 3. Similar significant varietal differences in hot paste were observed in five different varieties of cocoyam flour (Falade & Okafor, 2013). The values obtained for both cassava cultivars in this present study were within the range (108 - 157 RVU) reported for blend of water yam and cassava (Babajide

&Olowe, 2012). Higher trough observed in ‘TME 419’ flour could also be attributed to the higher swelling power which allowed the granules to reach its highest peak faster. A study on the pasting behaviour of blends of resistant starch and wheat flour supports this observation of high trough viscosity being a function of the swelling power (Fu et al., 2008); hence, could lead to decrease in shear resistance force at high temperature.

After the 12 weeks storage period, the peak viscosity and the trough increased significantly in all the packaging materials and storage conditions. The values ranged from (266.2 ± 0.51 to 302 ± 9.5 RVU) in ‘TME 419’ flour and from (228.5 ± 1.36 to 246.3 ± 2.91 RVU)

in ‘UMUCASS 36’ for peak viscosity. Trough ranged from (129.8 ± 1.19 to 145.3 ± 2.23 RVU) in ‘TME 419’ while ‘UMUCASS 36’ ranged from (115.1 ± 1.52 to 127.3 ± 1.78 RVU) (Table 4). The lowest viscosities were observed in the flour stored in plastic bucket under ambient condition for both cultivars. This could be as a result of the fat content reported in this package type. Fat content in flour as well as protein have been reported to form complexes with amylose during heating and prevent the swelling of the starch thereby reducing the viscosity of the flour (Shimelis et al., 2006). Similar observation was reported for wheat flour as flour with the highest fat gave the lowest peak viscosity, while the reverse was the case of flour samples with reduced fat content (Salman & Copeland, 2007). In addition, viscosity can be influenced by other factors such as phosphorus content of flour, and some added ingredients like salt, pH modifier and sugar. This was proven in the study of pasting profile of wheat flour in combination with root and tuber flour blends (Zaidul et al., 2007). The authors observed that potato flour with the highest phosphorus content showed the highest viscosity compared to the other root and tuber crops as well as those mixed with wheat flour. Furthermore, the authors reported that potato flour with the highest peak viscosity showed higher resistance to retrogradation and could permit substitute with wheat flour up to 50%. This information therefore implies that flour kept in paper bag which showed the highest viscosity will best substitute with wheat flour as composite flour in the food industries. The effect of the interaction of package and storage condition had significant impact on the viscosity of garri (p < 0.05).

After gelatinisation when the highest peak is reached, the swollen starch granules begin to disintegrate and this causes the amylose molecules to leach into the aqueous solution (water) and viscosity begins to decrease. This phenomenon is known as breakdown viscosity (Tsakama et al., 2010). This can be determined from the difference between the peak viscosity and the trough. The mean breakdown viscosity of flour was significantly higher for ‘TME 419’ (142.53 ± 3.35 RVU) than ‘UMUCASS 36’ (121.10 ± 1.57 RVU). Low breakdown viscosity has been reported to show better resistance to shear during heating and the formed paste will be stable under hot or heating condition (Adebowale et al., 2005; Abiodun et al., 2009). Falade and Okoafor (2013) added that low breakdown indicates a low peak viscosity. Therefore, it could be expected that flour obtained from ‘UMUCASS 36’ cassava cultivar will show greater resistance to shear during heating compared to flour from ‘TME 419’ cultivar because of the lower viscosity.

Table 4 Pasting profile of two cultivars of garri after storage

	Package
	Temp
	Duration
	Peak viscosity
	Trough
	Breakdown
	Final viscosity
	Setback viscosity
	Peak time
	Peak temp
	

	Cultivar
	(°C)
	(weeks)
	(RVU)
	(RVU)
	(RVU)
	(RVU)
	(RVU)
	(min)
	(°C)
	

	type
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	TME 419
	
	0
	266.20 ± 4.35b
	123.67 ± 1.06h
	142.53 ± 3.35b
	181.00 ± 1.92de
	51.00 ± 0.95a
	4.00 ± 0.00c
	85.43 ± 0.15f
	

	Bucket
	23
	12
	260.23± 0.51d
	130.80 ± 2.46e
	129.43 ± 1.96e
	179.20 ± 1.71f
	48.40 ± 0.75b
	4.07 ± 0.06b
	86.10 ± 0.00e
	

	
	38
	
	264.43 ± 0.50c
	138.50 ± 0.75c
	125.93 ± 0.29f
	184.60 ± 0.75c
	46.10 ± 0.01c
	3.97 ± 0.12c
	86.30 ± 0.10e
	

	LDPE
	23
	
	263.67 ± 4.04cd
	129.77 ± 1.19ef
	133.90 ± 2.86c
	180.23 ± 2.61de
	50.47 ± 3.30ab
	4.03± 0.06b
	85.77 ± 0.31f
	

	
	38
	
	292.30 ± 2.82a
	148.80 ± 2.69a
	143.50 ± 5.28b
	190.30 ± 0.82b
	41.50 ± 3.15 f
	3.97 ± 0.08c
	86.25 ± 0.57e
	

	Paper
	23
	
	265.93 ± 0.50b
	133.33 ± 0.40d
	132.60 ± 0.56d
	182.00 ± 1.87d
	48.67 ± 2.10b
	4.03 ± 0.06b
	85.07 ± 0.12g
	

	
	38
	
	302.13 ± 9.52a
	145.30 ± 2.23b
	156.83 ± 7.45a
	193.07 ± 5.46a
	47.77 ± 3.23bce
	3.87 ± 0.08d
	84.90 ±0.36g
	

	UMUCASS 36
	
	0
	228.57± 0.46f
	107.47 ± 2.01k
	121.10 ± 1.57g
	160.35 ± 4.10k
	47.80 ± 2.19bc
	4.20 ± 0.00a
	88.60 ± 0.35a
	

	Bucket
	23
	12
	228.47 ± 1.36h
	115.03± 1.52j
	117.17 ± 3.09h
	162.30 ± 3.05ij
	46.27 ± 1.58c
	4.00 ± 0.06bc
	88.80 ± 0.26a
	

	
	38
	
	229.30 ± 1.13h
	120.83 ± 1.63i
	108.4 ± 2.50k
	170.20 ± 0.85g
	49.37 ± 2.29ab
	4.03± 0.06b
	88.37 ± 0.15b
	

	LDPE
	23
	
	230.57 ± 2.40g
	115.27 ± 0.85j
	113.20 ± 0.53j
	160.90 ± 2.59jk
	45.63 ± 2.95e
	4.00 ± 0.00c
	88.57± 0.15a
	

	
	38
	
	232.20± 4.53g
	120.70 ± 2.04i
	109.87 ± 0.50k
	161.93± 2.70j
	41.23 ± 0.71f
	4.00 ± 0.10c
	88.10 ± 0.10bc
	

	Paper
	23
	
	239.10 ± 1.47f
	124.07 ± 1.77g
	115.03 ± 1.4i
	164.90 ± 2.95i
	40.83 ± 1.59fg
	3.93 ± 0.06c
	87.93 ± 0.15c
	

	
	38
	
	246.30 ± 2.91e
	127.30 ± 1.78f
	119.00 ± 3.44hg
	167.57 ± 0.58h
	40.27 ± 1.16fg
	3.87 ± 0.06d
	87.50 ± 0.16d
	


Values are given as means of triplicate determinations ± standard deviation. Similar letters in a column are not significantly different (p > 0.05)

This observation closely agrees with the study on 13 cultivars of cassava starches, where the authors also reported lower breakdown viscosities in cultivars with lower peak viscosities (Ikegwu et al., 2009). Correlation analysis revealed a strong positive and significant correlation (r = 0.94, p ≤ 0.05) between peak viscosity and breakdown (Fig. 4). The shear resistance of the flour under heat could be predicted using this relationship, as flour with high peak will exhibit high breakdown and low resistance (Tsakama et al., 2010). This implies that weaker gel will be formed from such flour samples with higher viscosities.

Another viscosity parameter measured was the setback viscosity. This parameter describes the stability of flour paste after cooking, which is the cooling phase in the pasting profile (Sanni et al., 2006). The initial values before storage of the garri for the setback viscosity were 51.00 ± 0.95 RVU and 47.80 ± 2.19 RVU for ‘TME 419’ and ‘UMUCASS 36’, respectively. These values closely correspond to the values reported by Etudaiye et al. (2009) who evaluated the pasting properties of 43 cultivars of cassava fufu (fermented) flour and reported a range of setback viscosity from 70.42-28.17 RVU. Low setback values imply the flour would have high paste stability and resistance to retrogradation on cooling (Sanni et al., 2006; Etudaiye et al., 2009). A decrease was observed in both flour cultivars after storage across all the packaging materials from 40.27 ± 1.16 RVU in ‘UMUCASS 36’ to 51.00 ± 0.95 RVU in ‘TME 419’ flour. However, LSD results explained that the interaction of package, temperature and duration had no significant impact on setback viscosity of the flour cultivars, whereas, cultivar and package effects had significant effect on setback p ≤ 0.05.

Final viscosities of both cultivars were between 181.00 ± 1.92 RVU for ‘TME 419’ and 160.35 ± 4.10 RVU for ‘UMUCASS 36’. Final viscosity has been reported as the ability of flour to form gel after cooking and cooling, giving an indication of flour paste stability (Shimelis et al., 2006). Both cultivars used for this study differed significantly in their final viscosities (p < 0.05). Iwe and Agiriga (2014) also reported significant difference in the final viscosity of garri cultivars. These variations amongst cultivars were supported by Ikegwu et al. (2009) and the authors attributed the differences to be the kinetic effect of cooling and the reorganisation of the starch molecules. Furthermore, the lower final viscosity in the ‘UMUCASS 36’ could be attributed to the amylose content in the flour. Higher amylose starches are known to reorganise more rapidly because the linear chain allows the molecules to tightly arrange and held together by hydrogen bond (Shimelis et al., 2006; Fu et al., 2008). Flour samples with higher final viscosities are known for better paste or gel stabilities. The notion was affirmed by Iwe and Agiriga (2014) who reported a more stable gel in garri cultivar with high final viscosity. Hence, the ‘TME 419’ flour with higher final viscosity could be more preferred in the food industries for the production of salad dressings, confectionery and in other products where high viscosity is required (Shimelis et al., 2006).

The final viscosity increased significantly after 12 weeks storage with values ranging from 160.90 ± 2.59.to 193.07 ± 5.46 RVU. Temperature and package effects were significant in both cultivars at the end of 12 weeks of storage. Garri cultivars stored under higher condition had the highest final viscosities at the end of the storage period and was consistent in all the package type. The observed values ranged from 161.93 ± 2.70 RVU in LDPE to 193.07 ± 5.46 RVU in paper bag. This effect of increase in temperature was also reported by Salman and Copeland (2007) who evaluated wheat flour samples at 30 °C and 4 °C and the highest final viscosity was seen in flour stored at 30 °C compared to the samples at the lower temperature However, the results (Table 5) did not report significant difference on the effects of cultivar, package and duration (p > 0.05).

Table 5 Statistical summary of the treatment effects on final viscosities of garri 

	Effects
	SS
	MS
	F
	P

	
	
	
	
	

	Duration
	26
	26
	4.0
	0.052359

	Cultivar*package
	38
	19
	2.9
	0.064730

	Cultivar*temperature
	5
	5
	0.7
	0.403402

	Package*temperature
	64
	32
	4.8
	0.012147

	Cultivar*duration
	20
	20
	3.0
	0.088054

	Package*duration
	4
	2
	0.3
	0.749691

	Temperature*duration
	35
	35
	5.3
	0.026271

	Cultivar*package*temperature
	92
	46
	7.0
	0.002113

	Cultivar*package*duration
	21
	10
	1.6
	0.217120

	Cultivar*temperature*duration
	39
	39
	6.0
	0.018013

	Package*temperature*duration
	41
	20
	3.1
	0.054223

	Cultivar*package*temperature*duration
	14
	7
	1.1
	0.354408

	Error
	315
	7
	
	

	
	
	
	
	


The pasting time is the set time when the paste reaches its peak viscosity and forms gel at a particular temperature (Etudaiye et al., 2009). It can be used to estimate the actual cooking time for flour based food product (Adebowale et al., 2005). The pasting time for the garri in this study ranged from 3.87 ± 0.06 min - 4.20 ± 0.001 min. The lowest pasting time (3.87 ± 0.06 min) for the garri after storage was recorded in the flour packed in paper bag under higher condition for both cultivars. No significant difference was noticed in the pasting time for all treatments (cultivars, temperature, package and duration). However, garri with shorter pasting time could be expected to use lesser energy during processing thus reducing the production time and cost. The ‘TME 419’ flour had shorter pasting time (4.0 ± 0.001) than ‘UMUCASS 36’ flour (4.02 ± 0.001), however, after storage the pasting time decreased. Although cultivars difference was significant at the initial week, no significant effect was noticed at the end of 12 weeks storage. Similar observation was reported by Iwe and Agiriga (2014), who concluded that sample with short peak time, would show low resistance to shear. In addition, Tsakama et al. (2010) reported that samples with short peak time would swell quickly which will lead to fast disassociation of the granules. Therefore, this agrees with the result from this present study as flour treatments with the shortest peak time gave the highest viscosities and swelling power.

The peak temperature ranged from 85.07 ± 0.12 °C to 88.80 ± 0.26 °C after the storage. Peak temperature indicates the minimum temperature required to cook a product as well as the energy cost involved (Ikegwu et al., 2009) The ‘UMUCASS 36’ was higher (88.60 ± 0.35 °C) than the TME (85.43 ± 0.15). Therefore, it clearly shows that flour from ‘TME 419’ would require less energy during cooking. Etudaiye et al. (2009) reported pasting temperature from 77.55-81.60 °C in fufu flour while Babajide and Olowe (2013) reported a range from 68.40-82.35 °C for water yam-cassava composite flour. The lowest temperature (84.90 ± 0.36 °C) after storage was observed in the garri sample packed in paper bag at 38 °C for both cultivars. Also, the effects of all the interactions (cultivar, temperature, package and duration) gave no significant difference (p > 0.05) in the pasting temperature. However, flour under such treatments of low temperature could be expected to use lesser energy during processing thus reducing cost of production.

CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

Conclusion
Results from this study showed the influence of selected package types and storage conditions on the mineral contents, functional and pasting properties of garri . The variations noticed in swelling power and solubility was influenced by the amylose content in both cultivars. The swelling power of both cultivars was within the highly restricted starch level (≤ 16) and would exhibit shear resistance during cooking. The highly restricted flour is desirable for substitution with cereals and in the production of noodle, bread and other confectionery, thus highlighting the potential of both cassava cultivars as sources of flour in the food processing industry because of the strong force of attraction between the molecules. However, ‘UMUCASS 36’ flour samples packed in plastic bucket and stored under ambient condition with lower swelling power would form more stable paste which is a desirable attribute in the industries for the production of weaning foods and noodles. Furthermore, higher water binding capacity indicates easy handling of dough during product development.

Higher viscosities observed in ‘TME 419’ flour packed in paper bag and stored under higher conditions (38 °C, 60% RH) show a weaker binding force, low resistance to shear during heating and less paste stabilities, making potential useful raw materials in the production of thickeners, jelly or in other products where high viscosities are recommended. However, for the lower viscous garri samples, use in the production of weaning food and in the paper and textile industries will be ideal. Also lower breakdown in ‘UMUCASS 36’ shows better paste stability against paper package with higher breakdown after storage. Shorter peak time indicates reduction in energy and invariably low production cost for the produce. The strong positive and significant correlation (r = 0.94, p ≤ 0.05) observed between peak viscosity and breakdown could be useful in assessing paste stability. The differences in the functional and pasting properties allows garri to be used for various industrial purposes such as baking, production of noodles, weaning food, thickeners, sugar syrup and many others.

RECOMMENDATIONS
Therefore, based on the information from this study, garri packed in paper bag and stored in typical higher condition found in many tropical and sub-tropical climates (38 °C, 60% RH) would be more suitable for garri storage. This finding is particularly useful for storage of garri as composite flour for baking given the relevant functional properties and other quality attributes.

Lower functional attributes could favour the food industries in the production of baby food and noodles because they exhibit strong binding force and easy digestibility than flour with higher viscosity and swelling capacity. Conversely, flour with higher viscosity and swelling capacity are known with weaker binding force, low resistance to shear during heating and less paste stabilities. Previous studies supported this and recommended that high viscous flours would be appropriate for the production of thickeners, binding agent and jelly since the paste is less stable to heat (Liu et al., 2006; Etudaiye et al., 2009; Tsakama et al., 2010). In addition, flour with low peak viscosities showed lower breakdown. This correlates with the literature observation for 13 cultivars of cassava starches, where the authors also reported lower breakdown viscosities in cultivars with lower peak viscosities (Ikegwu et al., 2009) Therefore, this implies a positive correlation between peak viscosities and breakdown. With this observation it would be expected that such flour would show greater resistance to shear during heating and form stable paste. Tsakama et al. (2010) also observed similar trend in sweet potato and supported better shear resistance of the flour under heat.

This study showed the importance of packaging, storage conditions (temperature and relative humidity) on the proximate, physicochemical, functional and microbial stability of garri over time. Results indicated that longer shelf-life of garri. Therefore to maintain good quality attribute for industrial use could be achieved through optimum packaging and storage conditions. Storage of garri with plastic bucket at ambient conditions (23 - 25 °C, 60% RH) is suitable for maintaining nutritional quality, while hot storage condition (38 °C, 60% RH) with paper bag would be appropriate for better shelf-life stability.

Furthermore, the differences observed in the functional properties clearly indicate that garri could be utilised for different purposes in the food and pharmaceutical industries other than for baking purposes. However, additional research should be done to evaluate the interaction of garri with wheat flour at different proportions and assessing the texture and stability of paste from stored flour. Thus sensory studies would be required to evaluate the general acceptability of the product formed by baking with the garri stored for a period of time.
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