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   ABSTRACT 
Yield and culinary quality of tuberous cassava roots can be influenced by several factors such as 
genotype, soil fertility, cultural management, climatic conditions, harvest, handling and storage after 
harvest as well as cooking methods. For consumers, the most important characteristics for sweet cassava 
roots are how fast they are cooked and its taste. Thus, the objective of this research was to study the 
evolution of different methods to evaluate tuberous cassava roots cooking time that can be used by 
breeders. It is essential that statistical analyses are realized, in order to arrive to confident results. Other 
important observations are the cost and ease of application of the methodology and whether more 
sophisticated equipment is available. That is why we suggest the objective method using a cheap modified 

Matson’s device, and equal weight sticks of tuber cassava central parts to be analyzed with three 

repetitions. Certainly, it is desirable an increase in carotenes, proteins, as well as yield, once for millions, 
sweet cassava is the main source of energy.  

 
Keywords: Manihot esculenta Crantz, yuca, manioc, carbohydrates, culinary, sensory qualities, tuberous 
roots. 

 

INTRODUCTION 

Cassava (Manihot esculenta Crantz) is a perennial and shrub plant, belonging to Euphorbiaceae family. 
The genus Manihot, originated in Brazil (was the world-leading producer, 25 million t (Mt), in 1999) (Food 
and Agriculture Organization of the United Nations [FAO], 2000; Miranda, Spinosa, Destro, Souza-Junior, 
Nascimento, & 2019). It was introduced in West Africa by Portuguese sailors in the sixteenth century. Then 
it expanded throughout the tropics, between latitudes 30o N and 30o S, from sea level to above 2000 m 
altitude. Cassava is the main source of carbohydrates for more than 800 million people, especially in 
developing countries (FAO, 2013), where it is the most widely cultivated crop, contributing to food security. 
It is chosen mainly because: a= it has vegetative propagation; b= it needs limited input, so can be cultivated 
in areas with low fertility or problematic soils (high phosphorous fixation, erosion or high aluminum 
content); c= its matured edible roots can be stored in ground for about three years; d= is high pest and 
disease tolerant, and e= it is drought-tolerant, so can be grown in areas with low and erratic precipitation of 
less than 600 mm annually, coupled with dry air and high temperatures (Alves & Setter, 2000; Iyer, 
Mattinson, & Fellman, 2010; Okogbenin et al., 2013; Guira et al., 2017). 

The world cassava production was 278 million tonnes (Mt) in 2012 and, in 5 years, increased to 292 Mt, as 
fresh root equivalent. It is grown in over 90 countries. Sub-Saharan Africa (around 40 countries) contributes 
with 61%, followed by Asia (29.5%) and Americas (9.5%). Nigeria was the largest producer with 59.5 Mt, 
followed by Congo (31.6 Mt), Thailand (31 Mt), Indonesia (19 Mt), Brazil (18.9 Mt) and Ghana (18.5 Mt). 
Cassava, also known as yuca or manioc, is crucial to food security in parts of Africa, Asia and South America. 
But the level of edible starch varies with cultivar, geography and climate, as does the presence of a blight 
known as cassava mosaic disease (Figure 1). Thailand was the highest cassava exporter (US$ 1.19 billion), 
with 54% share of the world’s total value (Ferguson, Shah, Kulakow, & Ceballos, 2019; Maxmen, 2019; 
Otekunrin & Sawika, 2019). 

The mean annual production of cassava worldwide is 10 t.ha-1. But they are lower in Africa (8.8) 
compared to both South America (12.8) and Asia (21.9). This is due to many reasons, including limited 
adoption of improved varieties, suboptimal agronomic practices, viral diseases, and other biotic and abiotic 
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stress conditions (Ferguson et al., 2019). 
Minimizing tillage to protect soil health, optimizing timing and methods of planting, using biological 

control agents to counter pests and diseases, well-balanced applications of mineral fertilizer, in 
combination with intercropping, crop rotation, cultivars adapted to the place, mulching, manure and 
compost, can make a cassava-based farming system more productive, profitable, and more sustainable 
(FAO, 2013). The Next Generation Cassava Breeding project aims to accelerate the creation of more 
resilient cassava cultivars, and improve yields, by using genetic sequencing to identify advantageous 
hybrids. They will screen the resulting offspring for genetic markers used to predict a plant’s resistance to 
mosaic viruses, along with 12 other traits, such as the amount of edible starch (Maxmen, 2019). The global 
cassava market is projected to register an increasing compound annual growth rate (CAGR), that may 
achieve a growth rate of 3.2% from 2019 to 2024, reaching a market value of US$ 4.5 billion by the end of 
2024 (Market Research Future, 2020). 

 

                     
Figure 1. Area grown with cassava (ha) per country and its yield (tons per ha) (Maxmen, 2019). 

The majority of Africa’s population, as well as Latin America and Asia depends on cassava for sustenance 
as it is consumed directly as food for farmers and their animals, or it is processed at the farms, or by 
industries. Cassava roots consumption depends on the country, season and world trade: raw (Kenia), 
fermented, cooked, fried, processed products (chips, flour, starch, sweeteners, glue, etc.), animal feed, 
edible substitute for plastic packaging, paper, textile, pharmaceutical industries or ethanol (Githunguri, 
1995; Balagopalan, 2002; Favaro, Beléia, Fonseca-Junior, & Waldron, 2008; FAO, 2018; Otekunrin & 
Sawicka, 2019). 

 

  CASSAVA AS FOOD 
 

Approximately 500 million people depend on cassava tuberous roots as a major energy source and more 
than 70 million people obtain about 500 kcal daily from it. Cassava is grown predominantly by small-scale 
farmers with limited resources, in part because it yields more energy per hectare than other major crops. 
Cassava produces 1,045 kJ/ha, maize 836, rice 652, wheat 460, and banana 334. So, it is fundamental as 
food security for rural communities (Chávez et al., 2005; Montagnac, Davis, & Tanumihardjo, 2009.). That’s 
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why their nutritional factors are particularly important, like higher protein, carotene and mineral contents, 
as well as lower level of cyanogens (less than 100 mg.kg-1). Other desirable properties are high yields, 
pleasant sensory qualities (softness and plasticity after cooking, non-sticky mass, aroma and pleasant 
appearance); good culinary properties (low fiber content, short cooking time and homogeneous mass after 
cooking); desirable architecture for cultivation (fewer and higher branches); resistance to pests and 
diseases; among other characteristics (Vieira et al., 2018). 

Cassava leaves are a significant source of protein for both humans and animals. They are rich in proteins  
(good profile of essential amino acids, such as methionine, cysteine, and cystine), as well as carotenes, 
vitamins, minerals and fibers. Leaves from twelve cultivars of cassava were collected and total protein 
percentage ranged from 11.81 to 22.75 (Popoola et al., 2019). However, it has high levels of anti-nutritional 
and toxic substances, such as cyanogenic glycosides, tannin and phytin. Toxicity problems can be reduced 
by traditional preparation methods such as drying (Sun-drying is considered inexpensive), pounding and 
long periods of boiling (Reyes, Snow, & Rodd, 2018; Oresegun, Fagbenro, Ilona, & Bernard, 2016). 

Tuberous cassava roots (Figure 2) are formed by periderm, a thin layer of cells which comprises 
approximately 3% of the total weight of the root; cortex, with three different layers: cortical parenchyma, 
sclerenchyma and phloem cells, 11 – 20% of the root weight and parenchyma, the edible portion (77-86%), 
with xylem vessels, radially distributed in a matrix of starch containing cells (Odoemelam et al., 2020). Roots 
from different cultivars, showed moisture content (33.14-45.86%), protein (1.17–3.48%), ash (1.71–2.34%), 
fat (0.74-1.49%) and carbohydrate (83.42-87.35%) (Table 1). The carbohydrate starch content, ranges from 
64 to 72% (amylose and amylopectin) which is structurally different from that found in cereals; 17% of 
sucrose (predominantly in sweet varieties); small quantities of fructose and dextrose; and crude fiber (1.38-
8.31%). Mineral contents were 0.60-1.60, 1.35-1.58, 1.06-2.13, 0.16-0.24, 0.021-0.030, 0.04-0.13, 0.25-0.36 
and 0.25-0.37 mg.100g-1 for Ca, Mg, P, Fe, Mn, Zn, K and Na, respectively (Afoakwa, Asiedu, Budu, Chiwona-
Karltun, & Nyirendah, 2012; Chávez et al., 2005). Roots have levels of 0.1-1.04 mg.100g-1 and 0-37.5 
mg.100g-1 for carotene and ascorbic acid, respectively (Morante et al., 2010) plus vitamin C, thiamine, 
folate, riboflavin, and niacin (Market Research Future, 2020). 

 

   
  Figure 2. Crosssections from raw cassava roots (Adapted from Pedri et al., 2018). 

Jarvis, Ramirez-Villegas, Campo and Navarro-Racines (2012) examining the impacts that climate change 
will likely have on cassava and on other important staple food crops for Africa, including maize, millets, 
sorghum, banana, and beans, based on projections to 2030, concluded that cassava is potentially highly 
resilient to future climatic changes. 

 

CONSTRAINTS 
 

Commercial production of sweet cassava faces some constraints, such as short shelf life, low protein 
content, the presence of potentially toxic levels of cyanogenic glycosides and susceptibility to the African 
Cassava Mosaic Virus (ACMV) (Salcedo & Siritunga, 2011; Andrade & Laranjeira, 2019). 

 

Short shelf life 
 

Short shelf life severely limits the marketing options by increasing losses and the overall marketing costs. 
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Post-harvest losses due to postharvest physiological deterioration (PPD), are estimated to be as high as 30% 
in sub-Saharan Africa (Djabou, Carvalho, Li, Niemenak, & Chen, 2017; Mtunguja, Beckles, Laswai, Ndunguru, 
& Sinha, 2019). It is a consequence of physiological actions, that usually starts 24 hours after harvest, 
increasing the concentration of phenolic compounds, causing vascular streaking, which is a blue-black 
discoloration of the xylem parenchyma, followed by general discoloration of the storage parenchyma 
(Figure 3).  

 
Table 1. Approximate composition of cassava roots and leaves (Montagnac, Davis, & Tanumihardjo, 2009; 
Morante et al., 2010; Market Research Future, 2020).  

 

PROXIMATE COMPOSITION (100 g)             ROOTS        LEAVES 

Food energy (kcal) 110 - 149 91 

Food energy (kJ) 526 - 611 209 – 251 

Moisture (g) 33.1 - 85.3 64.8-86.6 

Dry weight 29.8 - 39.3 19 - 28.3 

Protein(g) 0.3 - 8.5 1.0 - 10.0 

Lipid (g) 0.03 - 0.5 0.2 - 2.9 

Carbohydrate, total (g) 25.3 - 35.7 7 - 18.3 

Dietary fiber (g) 0.1 - 3.7 0.5 - 10.0 

Ash(g) 0.4 - 2.3 0.7 - 4.5 

VITAMINS   

Thiamin (mg) 0.03 - 0.28 0.06 - 0.31 

Riboflavin (mg) 0.03 - 0.06 0.21 - 0.74 

Niacin (mg) 0.6 - 1.09 1.3 - 2.8 

Ascorbic acid (mg) 14.9 - 50 60 – 370 

Vit A (g) 5.0 - 35.0 8300 - 11800 

MINERALS   

Calcium (mg) 19 - 176 34 - 708 

Phosphorous, total (mg) 6 - 152 27 - 211 

Ca/P 1.6 - 5.48 2.5 

Iron (mg) 0.3 - 14.0 0.0 - 8.3 

Potassium (g) 0.25 0.35 

Magnesium (g) 0.03 0.12 

Copper (ppm) 6.0 12.0 

Sodium (ppm) 213.0 177.0 

Manganese (ppm) 10.0 252.0 

 
That resembles typical changes associated with the plant’s response to wounding, and triggers a cascade 

of biochemical reactions, associated to reactive oxygen. The burst of reactive oxygen species (ROS) results 
in serious cell oxidative damage and is regulated by an antioxidant system including enzymatic and non-
enzymatic scavenging mechanisms (Liu et al., 2019). These reactions release substances that favor the 
development of microorganisms, which start microbiological deterioration of the roots (Henrique, Prati, & 
Sarmento, 2010; Morante et al., 2010). 

Postharvest losses in cassava production in Latin America, Caribe and Asia reached about 9% , whereas in 
Africa they reached 29% (FAO, 2000). At the market chain, the economic losses due to price discount can 
reach up to 90% (Salcedo & Siritunga, 2011). 

The roots with high carotene content tend to suffer less from PPD (Sánchez et al., 2006; Morante et al., 
2010; Pedri et al., 2018). Roots with amylose-free starch, showed less PPD. Dry matter content and PPD 
were positively correlated (Morante et al., 2010). Cassava slices sprayed with water and methyl jasmonate 
(MeJA), or melatonin or CaCl2 delayed deterioration rate. Keeping the cassava at 10 oC and 80% relative 
humidity could also delay PPD for 14 days (Liu et al., 2019). 
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  Figure 3. Postharvest physiological deterioration in cassava storage root slices (Liu et al., 2019). 

The bioaccessibility of beta-carotene (BC) of boiled cassava is highly correlated with its content on 
different cultivars (Thakkar, Huo, Maziya-Dixon, & Failla, 2009). But other processing methods affect both 
BC retention and bioaccessibility. Oven-drying, shadow drying and boiling retained the highest levels of BC 
(71.9, 59.2 and 55.7%, respectively) and gari the lowest (about 34.1%) (Chávez et al., 2007). Boiled roots 
retain 90 % BC, but to prepare gari, for example, roasting fermented cassava at 195 oC for 20 min, 
decreased BC content by 90%. Retention was increased to 63% when temperature was decreased to 165 oC 
and roasting was limited to 10 min (Thakkar et al., 2009). Eyinla, Maziya-Dixon, Alamu and Sanusi (2019) 
produced gari by fermentation for one and three days. The concentration of BC in fresh cassava tuberous 
roots ranged from 5.32 to 7.81 µg/g. Final products showed retentions that ranged from 14.4 to 29.3% and 
10 to 21.7% respectively. Some cultivars presented retention advantage over others, irrespective of the 
initial concentration in their fresh roots. 
 

Low protein content 
 

Chávez et al. (2005) studied 2,457 genotypes and observed that mean protein content was 3.56 with an 
mean standard deviation of 0.282 and a low coefficient of variation (8.72%). There were 33 clones classified 
as high protein, showed 5.94 to 8.31 mg per 100g of crude protein. Araújo, Moura, Cunha, Farias-Neto and 
Silva (2019) studied Brazilian sweet and biter cassava cultivars and their protein content were 0.18-1.10 and 
0.46-2.27, respectively. Yeoh and Truong (1996) studied how to determine protein contents of 15 cassava 
cultivars and concluded that three conversion factors could be used: kA, kAA and kP. kP is based on Kjeldahl 
nitrogen and ranged from 2.49 to 3.67. Therefore, a mean k, value of 3.24 should provide a better estimate 
of the protein content in cassava roots. 

There is a broad class of Carotenoid-Associated Proteins (CAP) that are related to several cell functions, 
such as pro-plastid and plastid differentiation, chromoplast formation, chromoplast differentiation and 
carotenoid sequestration, especially in non-green tissue such as roots. Total buffer extractable protein 
(TBEP, mg per g, DWt) content variation in cassava storage root (CSR) was correlated with total carotenoid 
contents (μg.g-1 DWt) and was differentially distributed in the storage root tissue compartments due to 
tissue age as the secondary growth proceeded (Carvalho, Anderson, Silva, Chen, & Souza, 2019). 

 

Cyanogenic glycosides (HCN) 
 
As many as 12,000 plant species, including many important crops such as cassava, sorghum, almonds, 

lima beans and white clover contain cyanogenic glucosides (Narayanan, Ihemere, Ellery, & Sayre, 2011). 
Roots and leaves of cassava contain three different forms of cyanogens: linamarin, lotaustralin and cyanide. 
Linamarin is stored in the vacuoles while the enzyme linamarase is found in the cell wall and laticifers 
(McMahon, White, & Sayre, 1995). This compartmentalization means cyanogenesis occurs only during 
tissue disruption when the enzyme and substrate mix to yield cyanide and acetone. Cyanogenic glycosides 
are effective defense agents against generalist herbivores (Gleadow & Woodrow, 2002), including humans, 
who may have headache, dizziness, confusion, tachypnea, tachycardia, mydriasis - seizures and coma can 
develop as it progresses-, apnea, hypotension, bradycardia and cardiac arrhythmia, that can lead to death, 
depending on the amount ingested and the individual's health status (Graham & Traylor, 2019). 

Popularly, cassava cultivars are classified into two variety groups: a) sweet, for table use: also known as 
aipim, macaxeira, tapioca (Brazil), yucca (Spanish), singkong (Thailand), mogo (Africa) manioc; and b) bitter, 
for industry: called wild cassava or mandioca brava. Bitter varieties tend to show as much as 1000 mg of 
linamarin per kg of fresh roots. Sweet varieties show less than 100 mg.kg-1 (Vieira et al., 2018). Sets of DNA 
or morphological markers can distinguish between these two groups. 
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Principal component (PC) analysis was used to evaluate the most important descriptors to discriminate 
between ‘sweet’ and ‘bitter’ cassava. Sweet cultivars were located in the first 2 PCs, where sucrose and 
fructose showed the highest association (eigenvectors of 0.38 and -0.51, respectively). Free and total 
cyanide were significantly associated with the first component (both eigenvectors 0.36). Ashes and total 
titratable acidity (TTA) were highly correlated with the third component, -0.53 and -0.52, respectively, and 
total carotenoids (TC) was highly correlated with the fourth component (0.81) (Araújo et al., 2019). 

Hydroxy Nitrile Lyase (HNL) in roots leads to: 1) reduced steady-state linamarin levels, 2) elevation of HNL 
protein levels and 3) a substantial reduction in cyanogen levels in processed cassava roots. Since HNL is 
localized in the apoplast, it presumably is not subject to proteolytic turnover in intact tissues. Thus, 
targeting a root storage protein to the apoplast is proposed to be an effective strategy to hyper-accumulate 
proteins in cassava roots. In addition, HNL has a well-balanced amino acid composition for human nutrition. 
Narayanan et al. (2011) immobilized a plasmid carrying cassava HNL cDNA into an Agrobacterium 
tumefaciens strain, by electroporation and used to transform cassava cultivar, through a friable 
embryogenic callus system. The resultant roots not only showed accelerated root cyanogenesis resulting in 
safer food products, but increased root protein concentrations by three-fold. 

 

Cooking Time 
 

Sweet cassava roots are usually eaten at home cooked, fried, as an ingredient of different dishes and in 
food industries (ready meals like croquettes, fried chips or snacks). Thus, appearance, shelf life, taste and 
cooking time are the most desirable characteristics. To make it safe for consumption, roots must be 
harvested, peeled, processed, and stocked properly. Differences in cooked cassava root textures were 
supposed to be influenced by several factors, such as: quantity and quality (chemical composition, 
physicochemical properties, morphology and molecular structure of starch, quantity and quality of other 
root components, the arrangement of starch granules in cells, the organization of cells, the arrangement of 
tissue in cassava root, etc.) (Charoenkul, Uttapap, Pathipanawat, & Takeda, 2006). 

The starch granule is a biopolymer consisting of chains of -(1-4) linked D-glucose interlinked with -(1-6) 
glycosidic linkages, creating branches. Amylose presents linear longer chains and amylopectin, short 
branched chains, that form double-helices, which are responsible for the crystallinity (Bertoft, 2017; Yu et al 
2019). The amylose content classifies cassava starches into waxy (0–15%), normal (20–35%) and high-
amylose types (> 40%) (Chisenga, Workneh, Bultosa, & Alimi, 2019).  

The minor non-starch compounds in the starch granule include protein, lipid, fiber and phosphorus. These 
compounds allied with variations in starch granule (size, shape and distribution), degree of polymerization, 
amylose/amylopectin ratio and amylopectin’s chain lengths, can affect the composition, gelatinization, 
paste properties, enzymatic susceptibility, crystallinity, swelling, and solubility (Charoenkul et al., 2006; 
Vasconcelos, Brito, Carmo, Oliveira, & Oliveira, 2017; Yu et al. 2019). Lower amylopectin molecules have 
high solubility, what is associated with good cooking and eating qualities (Mufumbo et al., 2011, Yu et al., 
2019). The amylopectins molecular size from easy cooking cultivars were much smaller than those of the 
other cultivars (Table 2). Crosssections from different kinds of cassava cooked roots are shown in Figure 4.  

Heating starch in water results in disruption of hydrogen bonds and exposition of hydroxyl groups, 
consequently disruption of crystalline structure, what causes cell wall separation, thus generating an 
increase in cell volume. This process is called gelatinization. That results in solubility of starch, viscosity 
development and swelling (Chisenga et al., 2019). Cohesiveness of the tissue is affected by middle lamella 
pectin solubilization and cell separation as well as a gradual first order softening during cooking (Beléia, 
Prudencio-ferreira, Yamashita, Sakamoto, & Ito, 2005). The extent of gelatinization of cassava roots was 
determined using an iodine colorimetric method and a generalized model for starch gelatinization was used 
to model the cooking process (Beleia, Butarelo, & Silva, 2006). 

Since cassava starch granule contain less lipids and proteins – which means less competition for water 
molecules - than corn, wheat and potato starches, these could explain its highest swelling power and 
solubility (Chisenga et al., 2019). It also shows too, enhanced resistance to acid treatments, permitting its 
use in the composition of unique pastes (Taylor, Fauquet, & Tohme, 2012). Mtunguja et al. (2016) reported 
an inverse relationship between swelling power and amylose content in cassava starch. Enthalpy of 
gelatinization correlates positively with crystallinity, and negatively with long chain amylopectin starches. 
High short amylopectin chain length exhibited lower gelatinization temperature than long chain (Singh, 
Singh, Isono, & Noda, 2010). It is also important to study the influence of non-starch components on starch 
functionality (Chisenga et al., 2019). 
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Table 2. Molecular size and number of unit chains of cassava amylopectins and amyloses (Charoenkul et al., 
2006). 
 

SAMPLE AMYLOPECTINS1 AMYLOSES2 

 NCamp NC unit chain DP of 

amylopectin 

    Chain     

Lengh 

     Linear                  

(%mol/mol) 

     Branched  

   (% mol/mol)  

  A B1 B2 + B3     

M 300 189 78 33   6000 450 58 42 

F 855 530 231 94 17100 550 48 52 

MF 760 479 198 84 15200 540 47 53 

1All values are the means of duplicate measurements.  2All values are the means of triplicate measurements.  
NCamp = total number of chains per one molecule. NC unit-chain = total number of each unit chain (A, B and B2+B3) per molecule.      
Samples: M= mealy, F= firm, MF= mealy and firm. DP = Degrees of Polymerization. 

 

   
Figure 4. Cross sections from cooked cassava roots. M= mealy, F= firm, MF= mealy and firm (Charoenkul et 
al., 2006) 
 

One of the first reports on cassava breeding was published in Brazil, in 1899. Breeders focus used was in 
root yield, that is correlated with several plant traits: root weight, number of roots per plant and harvest 
index (HI), as well as resistance to biotic or abiotic situations (Fukuda, Silva, & Iglesias, 2002). Farmers use 
to select cassava cultivars based in other quality traits (taste, appearance, fiber content, and cooking time), 
too. So, breeders should involve them in the selection process at the early stage of breeding. This is termed 
participatory plant breeding (PPB) (Fialho & Vieira, 2011; Kamau et al., 2011; Vieira et al., 2018). 

The cooking time is a decisive feature in the selection of new cultivars for the purpose of cooking, 
because shorter cooking time spends less energy and usually generates a better pattern of mass. This 
review focus in methods that were used to determine cassava roots cooking time (CT). 

 

METHODS TO DETERMINE CASSAVA ROOTS COOKING TIME 
 

The methods to assess the texture of food can be divided into two classes: the sensory evaluation 
(subjective) and the instrumental (objective). The sensory one involves one person or sensory analysis 
panels that should be trained. Instrumental methods may be done by attaching a sample to a universal 
testing machine, in order to measure the amount of force required to complete a test of the mechanical 
properties of the tested material as well as other parameters (Blahovec, Esmir, & Vacek, 2000).  

The conception of sensory science could be considered in the 1940s, with the development of consumer 
or hedonic food acceptance methodologies by the US Army Corps (Peryam & Pilgrim, 1957). However, we 
can trace it earlier, back to the 1800s, with the development of psychological theories to measure and 
predict human responses to external stimuli (Lawless & Heymann, 1999). The panel can be trained on a few 
or a large number of attributes (sometimes for several hundred hours) so they will operate in unison as an 
instrument. Panel and panelist performance should be monitored throughout training to identify problem 
areas. 

https://www.sciencedirect.com/science/article/pii/S0022030207719604#bib55
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Sensory evaluation (Subjective) 
 
Among the simplest subjective methods, we mention the one used to evaluate the degree of softening by 

pressing between fingers. Cassava roots were cleaned, peeled and manually sliced with stainless steel 
knives into cubes of about 3 cm (500 g for each repetition) and subjected to three cooking methods 
(boiling, steaming and microwave) for 25 minutes. The CT was evaluated subjectively through the pressure 
of cooked cassava within fingers (Lima et al., 2017; Ramírez-Cárdenas, Leonel, & Costa, 2008). 

Pedri et al. (2018) put the peeled roots in a pan, with a liter of boiling water (98 °C). Cooking was checked 
with a fork and the root was considered cooked when it no longer offered resistance to penetration. They 
followed a scale with four classes: optimal cooking (0 to 10 minutes); good (11 to 20 minutes); regular (21 
to 30 minutes) and poor (> 30 minutes), according to Pereira, Lorenzi and Valle, (1985). Lorenzi (1994) 
harvested cassava roots, cut in cylinders, with about 70 g, peeled, placed in sieves and immersed in a pan 
with about 20 L of boiling water. Each sieve represented a plant and the CT was measured at each root, 
using a fork to determine the ideal cooking point. Root tips showed lower CT (which can vary up to 10 min). 
There was a wide variation in CT between roots of the same plant and roots of different plants of the same 
variety. Minimally processed cassava roots were subjected to cooking (50 g per 1000 mL of water) for 
approximately 20 minutes, in a stainless-steel container, until the material did not show resistance to 
perforation by a stainless-steel fork (Alves, Cansian, Stuart, & Valduga, 2005). 

Pieces of 5 cm of cassava peeled roots were placed in boiling water and, periodically, they were pricked 
with a fork to check the degree of cooking and to determine the CT. Correlation between starch and dry 
matter contents was positive (r = 0.9826) and correlation between starch content and cooking was negative 
(r = -0.0570) (Borges, Fukuda, & Rossetti, 2002). 

Cassava roots, were peeled and washed, then put in separate polythene bags and placed in pots with 
water over a fire and allowed to boil for 10 min (Kamau et al., 2011). Water was drained, and roots were 
placed on labelled plates which were evaluated for palatability, one genotype at a time by 5 groups of 13 
farmers, rated as follows:  

 
(i) Appearance (1= very acceptable; 2= acceptable; 3= not acceptable). 
(ii) Taste/ texture (1= sweet/mealy, 2=medium, 3= bitter/waxy). 
(iii) Fiber (1= few fibers; 2=medium fibrous; 3= very fibrous).  
(iv) Size (1= large/marketable; 2= medium; 3= not marketable) (rated for raw roots)  
 
Overall acceptability of each genotype was based on the aggregate sum of raw and cooked tubers, scores 

as indicated below:  
(i)    Aggregate score of 7 = very acceptable).  
(ii)   Aggregate score of 8 to 15 = fairly acceptable). 
(iii)  Aggregate score of 16 to 21 = not acceptable). 
 
After boiling cassava roots for 40 minutes, cooking quality was done by a trained sensory evaluation 

panel, using a scale of 1 to 4 (1=very poundable, 2= poundable, 3= fairly poundable and 4=not poundable) 
(Adjei-Nsiah & Issaka, 2013). They concluded that with the application of organic manure, before planting, 
the mealiness was improved. 

   

Subjective & Objective 
 
After selecting the roots, they were cleaned, cut into 3 cm long pieces, placed in a mass ratio of 1:10 

(cassava: water) boiling water (98°C). The CT was determined, in three repetitions, when they offered little 
resistance to penetration by a fork perpendicularly in relation to the length, being always verified by the 
same researcher. Cut resistance (CR) was determined in 5 to 9 repetitions, using the TA.XT Plus Texture 
Analyzer texturometer, operating with force measurement in compression and Warner-Bratzler Blade HDP 
/ BSW probe, pre-test speeds of 0.2 cm.seg-1, post-test and test of 0.5 cm. seg-1, and distance of 5 cm. 
Comparing the variability for CT and CR, lower coefficients of variation were observed for cooking time than 
for cut resistance (Talma, Almeida, Lima, Vieira, & Bebert, 2013). 

Cassava roots were cut in twenty pieces (3.5 cm along the longer root axis and 2 cm diameter), that were 
weighed and then cooked in 2.5 L of distilled water. Final CT was defined as the minutes needed to 
completely soften the tissue, as determined by a trained judge (till reached score 4). The cooked samples 
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were weighed and maintained at 55-60oC, in thermal boxes, until sensory or texture analysis. Sensorial 
analysis was performed by 8 trained people, using a category scale with seven points (1 = raw/hard texture, 
4 = optimum flavor/optimum texture, 7 = flavor of overcooked/texture pulpy) The Texture Profile Analysis 
(TPA) was determined in a Stable Micro System, model TA.-XT2 (Stable Micro System, Texture Technologies 
Corp.). TPA samples were compressed to 30% of initial height using two compression cycles with constant 
crosshead velocity of 2 mm.seg-1 using the P25 cylinder. The conclusion was that weight gain during cooking 
can be an indicator of cooking quality (roots considered well-cooked absorbed more than 20 g H2O per 100 
g), varying from 5.4 to 33.7. Parameters of TPA that had linear variation were hardness and chewiness 
(Beléia et al., 2005).  

   
Instrumental (Objective) 

 
Destro et al. (2003, 2013) working with food-type soybean lines measured CT with a simple apparatus, a 

modified Mattson machine (Mattson, 1946). It was previously heated in a water bath, without the seeds. 
Then, 25 seeds were placed in individual capsules and on top of each, a rod with a needle on its tip was 
placed (weight 90g). The machine was then taken to a recipient containing boiling distilled water. After the 
fall of the 13th rod the sample was considered cooked. Coefficients of variation were 6.94 and 4.25. 
Cooking time had significant negative phenotypic correlation (-0.40) with imbibition percentage in 
experiment 1, indicating that imbibition percentage is one of the main variables that influences cooking 
time. 

Miranda, Beleia and Fonseca-Junior (2008) planted 6 cultivars in a randomized block design with four 
replications. There were seven bimonthly harvests in 2 consecutive years, starting 8 months after planting. 
At each time 3 competitive plants of each block were harvested. Five healthy roots were selected from each 
harvested plant, peeled and cut in sections in their central part. The pieces were washed, drained, weighed 
(80 g), conditioned in polyethylene bags, identified, and placed in cold chamber at 5°C, prior to their 
cooking in the following day. Since 3 plants per plot were harvested, 15 root pieces were used. To evaluate 
CT, an adaptation of the device of Mattson used by Destro et al. (2003), was developed (Figure 5). Rods 
weighing 90 g were used. In a pan, with the separator screen, 7 L of de-ionized water were warmed until 
boiling. The pieces to be cooked were organized inside the pan, with utmost care to support the tip of the 
needle of each rod on of the central part of each piece of the cassava root. The cooking time was recorded 
after total penetration of eight needles of the rods in the roots. The coefficients of variation were extremely 
low (2 and 6.1 %, for each year), which indicated that the methodology used was appropriate for assessing 
cooking time of roots among cassava cultivars. 

Rimoldi et al. (2006) employed the method used by Miranda et al. (2008), to classify 14 cassava cultivars, 
in 2 planting years, for CT. It was observed a variation coefficient of 4.92 and 8.56 for each year. Cultivars 
showed the similar CT in both years. 

Oliveira, Leonel, Cabello, Cereda and Janes (2005) evaluated 26 cassava cultivars. The CT was determined 
with the aid of a modified Mattson device, with 24 pins of 40 g. The roots were harvested, peeled, and cut 
into sticks with 10x10x30 mm. They were placed in the equipment, in a pan with 7 L of boiling water. When 
13 pins penetrated the sticks, it was considered as the CT. The water absorption % after cooking was 
determined. Only 1 cultivar showed a CT less than 30 min, with water absorption of 16.7%. The other 
cultivars that had high absorption % / low cooking %: 37.1 / 37.7, 30.9 / 20, 29.9 / 23.3, 20.7 / 36.7, 19.3 / 0. 
These results are at odds with those obtained by Destro et al. (2003), Beléia et al. (2005), Miranda et al. 
(2008) and Kouadio, Nindjin, Bonfoh, N’dri and Amani (2011). Probably because the sticks are smaller than 
necessary, or the weight of the pins is lower, or because the sticks have been cut from random parts of the 
roots, instead of using the middle parts, as suggested by Lorenzi (1994) and Miranda et al. (2008). 

Thirty g of the central section of cassava roots were weighed and cooked in 500 mL of boiling water for 20 
minutes. Then, were immersed in cold water for 2 minutes. Cooked and fresh pieces were dried at 70°C for 
15 hours and then at 103°C for 3 hours in a vacuum oven. The cooking quality parameters (dry matter, 
water absorbed during cooking, soluble dry matter during cooking and water absorption capacity) were 
calculated per 100 g of raw matter. Water absorbed by mealy cooking cassava (27.6 ± 8.8 %) is significantly 
(p < 0.05) higher compared to water absorbed by hard cooking cassava (12.4 ± 1.9 %). Water absorbed 
during cooking is the main parameter in determining the quality of cassava cultivars (Kouadio et al., 2011), 
reinforcing what was observed by Beléia et al. (2005) and Destro et al. (2003), for cassava roots and 
soybean, respectively. 
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To measure the textural characteristics of cassava dough samples, Rodríguez-Sandoval, Fernández-
Quintero, Sandoval-Aldana and Quicazán (2008) used TPA and stress–relaxation tests, because of the 
simplicity of operation and the requirement of a rather simple texture-measuring instrument and they were 
sufficiently sensitive to detect changes related to different processing conditions. 

 

                     

            A                 B           C              D 

Figure 5. Mattson apparatus adapted to measure sweet cassava cooking time. A= Cassava roots separated 
inside the panel, B= support for the rods, C= Rod, D= Rod after penetration in a cooked root (Miranda et al., 
2008). 
  

FINAL COMMENTS 

 
It is important to identify each genotype, as well as the appropriate use of each one. Differences in CT, 

type of starch and its swelling power, solubility, syneresis, nutritional content and digestibility, indicates the 
different food and non-food uses that are possible for each cultivar. Good management practices, such as 
weeding, proper spacing, application of suitable fertilizers, adjust soil pH, optimal harvesting period and 
adequate post-harvest procedures can enhance profitability. 

Several studies have found variations in sweet cassava CT in relation to the genotype, planting region, use 
of fertilizers, pruning the aerial part a few days before harvest, disease or pest attack, time of harvest, post-
harvest procedures, etc. However, only a few studies reported statistical analyses, such as the observed 
variation coefficient or standard deviation. And this is essential to define the best method to be employed. 
Other important observations are the cost and ease of application of the methodology. That is why we 
suggest the method applied by Rimoldi et al. (2006) and Miranda et al. (2008) and weight gain during 
cooking (Destro et al., 2003; Beléia et al., 2005; Kouadio et al., 2011). If the laboratory has more 
sophisticated devices to evaluate the texture and other parameters of the cooked root, they are certainly of 
great value. 

Policy makers must understand the importance of cassava as a food security crop, that has the potential 
to double the profitability of smallholder farmers, as well as generate jobs and attract youth to participate 
in agriculture, reducing their migration to urban areas. So, they should construct and maintain good roads, 
incentive industries that use cassava as raw material, train producers with appropriate techniques and 
encourage family agribusiness. 
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