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Chapter 1 

GENERAL INTRODUCTION 

 

Expectations are that the world population will increase to as high as 7.7 billion people by 2020 

(United Nations, 2007). This will increase the burden on food production systems and 

emphasizes the need for relevant research. Research investments made today will, over the next 

15-20 years, strongly affect the following: 1) the role of root crops in the global food system; and 

2) the potential of these crops to help improve food security and eradication of poverty (Scott et 

al., 2000).  

 

Sweet potato is one of the seven major staples produced globally (Kays, 2005) with an annual 

production of 121.5 million tons (FAO, 2005), of which only 12 million tons are produced in 

Africa. In South Africa 50 000 to 60 000 tons are produced annually (NDA, 2008). However, 

this excludes production by the informal sector. Most of the fresh produce is used in the boiled 

form for human consumption (Laurie, 2004a). This root crop is largely underutilized in South 

Africa.  

 

Amongst local resource-poor farmers in South Africa, sweet potato is a popular crop. A  survey 

on the production and use of sweet potato, conducted during 1996 - 1998 in South Africa, found 

that some of the main factors hindering sweet potato production by resource-poor farmers were 

low yield and yield instability resulting from the use of old landraces (Van der Mescht et al., 

1997). Improved, adapted varieties would therefore boost local production.  

 

Sweet potato also has a number of agronomic advantages, which gives it an exciting potential in 

combating food shortages and malnutrition (Bovell-Benjamin, 2007; Woolfe, 1992). These 

include high yield and productivity across a range of environments, and it being a rich source of 

nutrition (high carbohydrate content and high β-carotene content found in orange-fleshed types). 

It is a hardy crop that requires less labor than other crops, as soon as the vines cover the soil, 

weed growth is reduced and input requirements are low because of relatively few diseases and 

pest problems (Lebot, 2009). The storage roots have good storage ability (in-field or in-house) 

and it is a multi-purpose crop (roots are edible, boiled or processed, and young tips are used as 



 2

green vegetables; roots and tops are used for animal feed) (Woolfe, 1992). Considering that 

nationally only 20% of South African households appeared to be food secure (Gericke and 

Labadarios, 2007), realization of the agricultural advantages of sweet potato through suitable 

varieties would contribute considerably towards improving food security. 

 

Sweet potato is not only a food security crop, as orange-fleshed sweet potato varieties have the 

additional benefit of containing high quantities of β-carotene, a major provitamin A carotenoid. 

Globally vitamin A deficiency is among the leading causes of disease burden and mortality 

(Ezzati et al., 2002). Vitamin A deficiency is a major public health problem in the developing 

world, including South Africa. A recent national survey showed that 64% of 1 to 9 year old 

children suffer from vitamin A deficiency (Labadarios et al., 2007). Vitamin A deficiency causes 

health problems related to vision and infection thus has far-reaching consequences on the 

growth, development and health of the population (E-Siong, 1995).  

 

Production and consumption of foods rich in provitamin A is considered a sustainable long-term 

strategy to address vitamin A deficiency and is used in many parts of the developing world 

(Johns and Sthapit, 2004; Underwood, 2000). Closely linked to this strategy is crop 

biofortification. This entails the development of micronutrient-dense food crops (Nestel et al., 

2006) and holds great promise in improving dietary quality (Ruel and Levin, 2002). Orange-

fleshed sweet potato offers one of the best sources of naturally occurring β-carotene (Van 

Jaarsveld et al., 2005). It is currently promoted in South Africa in crop-based projects targeting 

low-income households for controlling vitamin A deficiency (Faber et al., 2002; Laurie and 

Faber, 2008). Adapted, suitable varieties of orange-fleshed sweet potato would improve the 

efficiency of such programs. 

 

The typical requirements for successful crop varieties are high performance for yield and other 

essential agronomic traits, and their superiority in these traits over a wide range of environments 

(Ramagosa and Fox, 1993). For sweet potato, breeding yield and adaptability are also considered 

as prominent objectives (Hall and Phatak, 1993). Differences between genotypes in their yield 

stability are fundamentally caused by a wide occurrence of genotype by environment (G x E) 

interactions, or differential genotypic expression across environments. Little information is 
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available on G x E variation in sweet potato as compared to other major staples (Grüneberg et al., 

2005). A common strategy in cultivar assessment programs is to test genotypes over a 

representative range of environments, thereby covering a representative sample of spatial and 

temporal variation (Ramagosa and Fox, 1993). This type of information was lacking for new 

sweet potato varieties in South Africa. 

 

In sweet potato breeding programs taste should also be considered. Taste is considered as the 

most important trait, after yield, in cultivar choice of sweet potato (Domola, 2003). Consequently 

taste is very important to improve chances of adoption of the new varieties, especially for 

orange-fleshed sweet potato (Pfeiffer and McClafferty, 2007). Consumer acceptability and 

sensory evaluation on new sweet potato varieties in South Africa are limited to a single study on 

some orange-fleshed sweet potato varieties (Leighton, 2007), and more comprehensive studies 

are needed.  

 

Another key trait is nutrient content and the influence of the growing environment on 

micronutrient expression (Pfeiffer and McClafferty, 2007). This information is important for 

making cultivar recommendations to promoting the production and consumption of orange-

fleshed sweet potatoes to alleviate vitamin A deficiency.  Few data is available on nutrient 

content of sweet potato in South Africa. Since nutrient analysis is time consuming and 

expensive,  the identification of a quick assessment method which correlates sufficiently with β-

carotene content, would be helpful in breeding and selection of orange-fleshed sweet potato 

varieties (Pfeiffer and McClafferty, 2007). 

 

The overall objective of this study was to evaluate the agronomic performance, consumer 

acceptability and content of selected nutrients of the new sweet potato varieties. The specific 

objectives were as follows: 

 

1. To determine the G x E interaction on agronomic performance of new sweet potato 

varieties in multi-environment trials (MET) with farmer-participation; 

 

2. To determine the content of selected nutrients in selected new varieties; 
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3. To determine the correlation between color measurement of sweet potato flesh and actual 

β-carotene content; 

 

4. To determine the acceptability of new sweet potato varieties through a single location 

consumer acceptability trial;  

 

5. To assess the sensory attributes of new varieties through sensory profiling; and 

 

6. To make informed varietal recommendations based on all traits. 

 

The present study was conducted within the framework of the following limitations: 1) 

agronomic traits of major importance namely yield and adaptability were considered, as 

evaluated at targeted areas in South Africa aimed at the needs of resource-poor farmers, 

excluding e.g. disease resistance, effect of various harvesting dates and storage ability; 2) due to 

cost implications, the present study only measured selected important nutrients in the raw sweet 

potato excluding the effect of storage and processing on nutrient content; and 3) a consumer 

study was conducted only at one location. The results therefore are applicable to the areas under 

consideration and are not fully representative on a national scale, though representative 

environments for the different climatic zones of South Africa were chosen.  
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Chapter 2  

LITERATURE REVIEW 

 

2.1. Origin and significance of sweet potato 

2.1.1. Origin, botanical description and domestication 

The sweet potato (Ipomoea batatas) belongs to the Convolvulaceae or morning glory family. 

Amongst the 50 genera and more than 1000 species of this family, only I. batatas is of major 

economic importance (Hall and Phatak, 1993; Woolfe, 1992). In the family of an estimated 400+ 

wild Ipomoea species, it is the only known naturally occurring hexaploid (2n = 6x = 90) (Jones, 

1986). Since no wild form of I. batatas has been found, it is assumed that I. batatas developed 

from an interspecific cross between a diploid and a tetraploid Ipomoea species in the I. trifida 

complex. In natural state the sweet potato plant is a perennial, but it is being cultivated as an 

annual crop (Janssens, 2001). It is a dicotyledonous, herbaceous plant with trailing stems.  

 

Mendelian genetic studies are very complex in this plant due to hexaploidy. Inheritance of most 

traits has been found to be quantitative (Martin and Jones, 1986), but segregation in many traits 

can be explained on the basis of multiple factor disomic models and thus quantitative genetic 

theories formulated for diploids, can be applied to sweet potato (Jones, 1969). Hexaploidy in 

sweet potato most likely evolved by genome mutation and hybridization, since the set of six 

chromosomes consists of two closely related sets of chromosomes of which one set is duplicated 

(e.g. B1 B1 B1 B1 B2 B2) (Austin and Huamán, 1996). 

 

Recent results of molecular marker studies suggest Central America as center of origin of the 

sweet potato (Gichuki et al., 2003). Common names in Latin America are ‘batata’, ‘camote’ and 

‘boniato’ (Spanish), ‘batata doce’ (Portuguese), ‘apichu’ and kumara’. Indigenous South 

Americans probably already cultivated sweet potatoes for 3000 years BC from where the crop 

was spread to other parts of the world, including the tropical areas of Africa by the Spanish in the 

16th century. The crop was introduced to South Africa shortly after the Dutch colonized the Cape 

in 1652 (Bester and Louw, 1992).   
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2.1.2. Agricultural importance 

As a world crop, it ranks seventh after wheat, rice, maize, potato, barley and cassava from the 

viewpoint of total production, and in monetary terms it ranks thirteenth globally in the 

production value of commodities (Scott et al., 2000; Ewell and Mutuura, 1994; Woolfe, 1992). 

Over 95% of the global sweet potato crop is produced in developing countries, where it is the 

fifth  most important food crop in terms of fresh weight (CGIAR, 2004). The recent annual world 

production was 121.5 million ton on 9.2 million hectare with an estimated average yield of 13.2 t 

ha-1 (FAO, 2005). Of this, 88% was produced in Asia, 9.6% in Africa, 0.8% in Central/North 

America and 1% in South America. China is by far the largest producer, accounting for 83 % of 

the world supply at 100.2 million ton produced annually on 5.1 million hectare.  

 

In Africa, 11.6 million ton are produced and the average yield is only 3.9 t/ha (FAO, 2005). The 

largest producers are Nigeria, Uganda and Tanzania. Following cassava and yam, sweet potato is 

the third most important root and tuber crop in sub-Saharan Africa (Ewell and Mutuura, 1994). 

Here sweet potato is generally grown on small scale, primarily for food security. The 

consumption pattern is either part of starchy staple foods, or as supplementary food (Minde et al., 

1999).  

 

In South Africa, sweet potato is part of both low and high technology agricultural systems. 

Commercial farmers use mechanized production, while low technology is utilized for home 

production (Van der Mescht et al., 1997). Sweet potato is grown as mono crop or mixed with 

maize or legumes by resource-poor farmers. In 2007, 50 000 ton was produced of which 20 900 

ton were sold on the national fresh markets at an average price of R2 104 per ton (NDA, 2008). 

This is a marked increase in price compared to e.g. potato, surpassing the price of potato in 2006. 

The major production areas are in the subtropical areas of Limpopo, Mpumalanga and KwaZulu-

Natal, also in the Western Cape Province (Laurie, 2004a). 

 

2.2. Genetic diversity and breeding of sweet potato 

2.2.1. Genetic variation, breeding goals and breeding procedure 

There is large genetic variation within the sweet potato gene pool (Martin and Jones, 1986). An 

excellent example is the β-carotene content which ranges between 0 - 20 000 µg/100 g in raw 
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roots (Woolfe, 1992). Likewise, large genetic variation is found for starch and sugars. Moderate 

variation is found for protein and minerals such as iron and zinc. 

The major goals of current research and development programs focusing on the improvement of 

sweet potato include: 

• Improved root yield, dry matter yield, foliage yield, and maturity period (Lebot, 2009); 

• Disease and pest resistance, e.g. resistance to sweet potato feathery mottle virus 

(SPFMV) disease, resistance to the sweet potato weevil (Cylas formicarius), and 

tolerance to sweet potato virus disease (SPVD) (Manrique, 1998); 

• Increased nutritional value focusing on the improvement of the β-carotene content of 

sweet potato as part of the HarvestPlus Crop Biofortification Program (HarvestPlus, 

2004). Some programs focus on varieties with purple flesh with high levels of 

anthocyanins (Steed and Truong, 2008); 

• Taste attributes, which differ among different regions (Martin and Jones, 1986); 

• Processing attributes such as starch quality (Komaki and Yamakawa, 2005; Woolfe, 

1992); and  

• Tolerance to abiotic stress including salinity, drought and acid soils. 

 

The principal followed in breeding clonally propagated crops is to break the normal clonal 

propagation process with sexual seed production and thereby creating genetic variation. Crossing 

is done fairly easily in sweet potato due to the fact that when different genotypes are planted 

together and flower, they naturally cross-fertilize (due to insects, mainly bees) and set seed 

(Martin and Jones, 1986). Sweet potato is self-incompatible, except for a very few exceptions, 

and this is the principle on which the polycross system is based (Lebot, 2009). Desirable traits 

are combined through the polycross method (Hall and Phatak, 1993; Lebot, 2009), using 20-25 

parents selected for their specific traits, planted in a randomized block in the field with 

replications. Flowering can be enhanced by grafting on Ipomoea setosa (Lam et al., 1959). The 

seeds are scarified with concentrated sulfuric acid, sand paper or chipping of the seed coat to 

allow germination (Wilson et al., 1989). The seedlings are raised in a seedling nursery and each 

seedling is a different genotype (no further genetic change will occur). Selection is conducted in 
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subsequent evaluation phases based on the desired breeding traits (Wilson et al., 1989; Laurie et 

al., 2004). After starting recombining of parents, it takes on average 7-8 years until variety 

release. 

 

Published information on inheritance of quality traits are few for Africa compared to a wealth of 

information for the USA (Jones, 1986). Kanju (2000) contributed by publishing broad-sense 

heritability and correlations for a sweet potato population in South Africa. Heritability estimates 

ranged from 0.19 to 0.67 for yield characteristics and from 0.7 to 1.0 for quality traits. Highly 

significant positive correlations were observed between root number and root weight, between 

total soluble solutes (TSS) and dry matter content and between taste and TSS. Highly significant 

negative correlation was found between root weight and dry matter content and between root 

flesh color and dry matter content. The data indicated that heritability estimates allowed for rapid 

genetic advancement for most traits. Likewise Tsegaye et al. (2007) recorded high genetic 

coefficients of variation, and high heritability for number of roots, root weight and root yield per 

plant. However, most yield and quality-related traits were distributed continuously in a study by 

Lin et al. (2007), which is indicative of quantitatively inherited traits and therefore improvement 

for a combination of these traits is complex and a prolonged process. 

 

2.2.2. Participatory varietal selection  

It is widely recognized that formal breeding has made a limited contribution to improved 

production by resource-poor farmers in marginal and variable environments (Ceccarelli and 

Grando, 2006). Globally breeders have mainly focused on cereals and cash crops produced under 

favorable high input agricultural systems (Almekinders and Elings, 2001; Bänzinger and Cooper, 

2001). The spill-over effect of this material to low input environments has been very limited and, 

thus, during the 1980’s farmer participation was initiated in order to encourage the adoption of 

higher yielding varieties by resource-poor farmers. This applies strategy especially to areas 

dominated by landraces (Virk and Witcombe, 2006) where selection was based on released 

varieties or varieties that were close to release (Witcombe, 1996), which has been termed 

Participatory Varietal Selection (PVS).  
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PVS is a logical step before Participatory Plant Breeding (PPB). PPB, and the more recent 

technique called Decentralized Participatory Plant Breeding (DPPB), is considered the most 

appropriate method to develop varieties for marginal, high stress environments, together with 

low input agricultural systems (Almekinders and Elings, 2001; Ceccarelli and Grando, 2006; 

Dawson et al., 2007). PVS can rapidly provide farmers with improved germplasm, while the 

selected germplasm can flow into PPB programs. Farmer participation in the advanced stages of 

sweet potato varietal selection has been used e.g. in Ethiopia (Shamebo and Belehu, 2000), 

Kenya (Ndolo et al., 2001), Tanzania (Chirimi et al., 2000) and Uganda (Abidin, 2004). A very 

good example of the use of DPPB was the on-farm selection from seedling stage from which 

new sweet potato varieties were developed in Uganda (Gibson et al., 2008). 

 

Broadly two types of plant breeding programs can be distinguished, namely, consultative and 

collaborative, which are similar to formally led (by a researcher) and farmer led (Witcombe, 

1996; Almekinders and Elings, 2001; Sperling et al., 2001). In the South African sweet potato 

breeding studies described here, PVS was employed in which the consultative and collaborative 

methods were combined (Laurie and Magoro, 2008). In the MET, farmers were not only 

consulted to indicate their preference, but were involved in the cultivation. This presented the 

opportunity for selection in low input and reduced management conditions, resulting in a more 

effective selection for the needs of resource-poor farmers in South Africa. However, it left the 

researcher with very little control over the trials and in some cases no results were obtained. 

 

2.2.3. Breeding of sweet potato in South Africa  

Formal sweet potato breeding in South Africa was initiated in 1952 (Bester and Louw, 1992). 

Sixteen varieties were released until 1996, mostly aimed at commercial producers. The most 

successful of these was Blesbok, a purple-skinned high yielding cultivar with low dry matter 

content (Bester et al., 1991). 

 

The local sweet potato breeding program from 1995 to 2002 aimed at the development of 

varieties with good yield and good root quality in combination with a sweet and dry taste as 

required by resource-poor farmers (Laurie and Van den Berg, 2002; Laurie et al., 2002; 2004). A 

survey was conducted in 1996/97 and 1997/98 on the production and use of sweet potato 
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(Thompson et al., 1999) in South Africa and indicated that resource-poor farmers were limited 

by low yields and yield instability as a result of using old landraces.  

 

Since 1996, breeding orange-fleshed sweet potato to address vitamin A deficiency was included 

as a goal of the program, using imported varieties from the USA as basis for breeding. The 

breeding efforts are part of the sub-Saharan African (Kapinga et al., 2007b) participation in 

HarvestPlus, a crop biofortification program for staple crops (HarvestPlus, 2004).  

  

A number of new cream-fleshed as well as orange-fleshed varieties and lines have since been 

developed, and a number of promising introduced orange-fleshed varieties have been identified. 

These need to be tested for facets such as adaptability, sensory traits, consumer acceptability and 

nutrient content as these are the critical traits for sweet potato varieties to be used for food 

security and alleviation of malnutrition.  

 

2.3. G x E interaction assessment 

2.3.1 Importance  

Differing concepts and definitions of cultivar stability have been adopted in the evaluation of 

yield (Lin et al., 1986; Becker and Leon 1988; DeLacy et al., 1996). Examples are: unchanged or 

constant performance regardless of any variation of the environmental conditions (static); 

predictable response to environments (dynamic); or withstanding fluctuations of environments 

(Annicchiarico, 2002). Stable and sustainable yields under varying environmental conditions 

have been gaining importance over increased yields. Farmers are basically interested in 

consistently superior performance of cultivars on their own farms, and cultivars that are 

specifically adapted to their conditions and needs, with a high degree of stability over time 

(Ceccareli, 1989). However, there are specific advantages with varieties which are input 

responsive as these may be able to respond to changes in the environment in contrast to 

stable/non-responsive varieties.  

 

Differences between genotypes in their yield stability are the result of a wide occurrence of G x 

E interactions. Genotype refers to the genetic composition while environment includes 

biophysical factors (water, soil fertility, temperature, disease) that influence the growth and 
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development of a genotype (Basford and Cooper, 1998). The study of G x E interaction is 

particularly relevant to countries that have diverse agro-ecologies, as is the case in South Africa. 

The results from G x E interaction can help to reduce cost of expensive genotype evaluation by 

identifying unnecessary testing sites and assisting with decision-making to fine tune breeding 

programs (Kang and Magari, 1996).  

 

Many statistical methods have been developed for the analysis of G x E interactions (DeLacy et 

al., 1996). Each analytical method has some merit thus using a combination appears to be a 

sound approach and aids interpretation (Ngeve and Bouwkamp, 1993). Phenotypic performance 

of genotypes in combination with environments can be analyzed to quantify the amount of 

variation attributable to the effects of environment, genotype, and G x E interactions.  

 

2.3.2. Univariate stability statistics 

One of the earliest stability concepts, ‘ecovalence’ (W i), was proposed by Wricke (1962). This 

concept measures the contribution of a genotype to the G x E sum of squares (0.0 ecovalence 

was regarded as stable). 

 

Several other methods of assessing stability involve regression analysis. Simple linear regression 

provides a conceptual model for genotypic stability. It was observed by Perkins and Jinks (1968) 

that the magnitude of G x E interactions is a linear function of environment effects. Responses 

by individual cultivars to a wide range of environments were measured as differences between 

coefficients of linear regression of individual cultivar response on the mean response of all 

cultivars in the environment (Ngeve, 1993).  

 

Finlay and Wilkinson (1963) used joint regression of mean individual yield on a logarithmic 

scale to obtain linearity on the mean yield of all cultivars for each environment (if b=0, stable 

genotype). Progressing from here, Eberhart and Russell (1966) proposed regressions of mean 

yield on an environmental index calculated as the difference between the environmental mean 

and the mean of all environments (stable when bi=1). Becker and Leon (1988) suggested a 

dynamic concept of stability combining the stability parameter deviation mean square (S2di) and 

the response parameter bi (stable when bi=1 and S2di=0).  
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Shukla (1972) developed the stability variance statistic to estimate a component of the G x E 

interaction corresponding to each genotype (stable variance = 1). Francis and Kannenberg (1978) 

proposed the genotype grouping technique to surpass the statistical limitations of the Eberhart 

and Russell regression method and the cumbersome intermediate calculations required for 

Shukla’s model. This technique classifies genotypes on the basis of mean yields and coefficients 

of variation across environments. 

 

Since Shukla’s stability variance statistic did not consider mean performance and stability, the 

cultivar superiority measure (CSM) (Pi) was developed. It involved calculations across 

environments of the mean square difference between the performance of a cultivar and the best 

cultivar within a given environment, measuring mean performance and stability simultaneously 

(Lin and Binns, 1988). 

 

Other helpful univariate parametric stability statistics include environmental variance (variance 

of genotypes across environments (mean square of observed values, s2
xi), coefficient of variation 

(CV) of each genotype, and variance components for G x E (Lin et al., 1986). A useful non-

parametric univariate statistic is mean rank difference (S1) (Becker and Leon, 1988).  

 

2.3.3. Multivariate approaches 

The Tai stability test (Tai, 1971) calculates α and λ (α = the deviation from the grand mean; λ = 

singular value for interaction principal component axis (IPCA)). The criteria set for Tai stability 

was: α=0 and λ=1. 

 

A more recent development is the application of a multiplicative interaction model: Additive 

Main Effects and Multiplicative Interaction (AMMI) (Gauch and Zobel, 1996). AMMI is used to 

predict genotypic yields in specific environments for which yield results are available. It extracts 

genotype and environment main effects and then uses Principal Component Analysis (PCA) to 

explain the pattern in the G x E and residual matrix (Gauch and Zobel, 1988). AMMI presents 

the results graphically in an easily interpretable biplot and can identify high yielding, widely 

adapted genotypes that are superior over sites of interest and, if this is not possible, specific 
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varieties for specific areas. Genotypes with PCA1 scores close to zero, have general adaptation. 

A large genotypic PCA1 score indicates more specific adaptation to environments with PCA1 

scores with the same sign. AMMI proved to provide a more adequate biological explanation of G 

x E than the regression models and is useful in across year analyses which have a high element 

of unpredictability (Gauch and Zobel, 1996). 

 

Purchase et al. (2000) developed a quantitative stability value to rank genotypes through the 

AMMI model, namely the AMMI Stability Value (ASV). In analysis of cultivar stability they 

found significant correlation between the stability measures ASV, Shukla, Wricke (Wi) and 

Eberhart and Russel (S2d), but Finlay and Wilkenson (b) and Linn and Binns (Pi) showed limited 

correspondence with any of the other methods. The developed ASV was considered to be the 

most appropriate single method of describing stability of genotypes. 

 

The most recent method, GGE (genotype main effect (G) plus G x E interaction) biplot model, 

provides breeders a more complete and visual evaluation of all aspects of the data by creating a 

biplot that simultaneously represents both mean performance and stability and it identifies mega-

environments (Ding et al., 2007; Kang, 1993; Yan, 2001; Yan and Kang, 2003). Stability is 

measured from Kang’s yield stability statistic (YSi) which involves cultivar rankings based on 

Shukla’s stability value (σi
2). The GGE biplot jointly uses (Ding et al., 2007) some of the 

functions of joint regression (Finlay and Wilkinson, 1963; Eberhart and Russell, 1966; Perkins 

and Jinks, 1968), AMMI (Gauch, 1992) and type B genetic correlation (Yamada, 1962). 

 

The difference from AMMI is that GGE biplot analysis is based on environment-centered PCA, 

whereas AMMI analysis is referred to double centered PCA. The GGE model allows more 

functions and visualization than AMMI and removes the impact of the environment main effect 

(E), allowing the breeder to focus on G and G x E, as only G and G x E interaction are relevant 

to cultivar evaluation (Ding et al., 2007). The two sources of variation in the Sites Regression 

model (SREG) analysis of GGE are G and G x E. 

 

Samonte et al. (2005), considered the AMMI model best to: 1) estimate the magnitude and 

significance of the effects of G x E interaction and its principal components relative to G and E; 
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2) estimate the stability and adaptability of specific genotypes by plotting yield versus 

environment; 3) identify mega-environments (environments with overlapping highest yielding 

genotypes); and 4) identify appropriate check genotypes for all locations as well as for specific 

locations. On the other hand the GGE biplot SREG (sites regression analysis) were best to: 1) 

illustrate the relative yield performance of genotypes at a specific environment; 2) compare 

performance of a genotype at different environments; 3) identify the highest yielding genotypes 

at the different mega-environments; and 4) identify ideal genotypes and test locations (Samonte 

et al., 2005). 

 

Blanche et al. (2007) compared the GGE biplot with commonly used stability measures and 

found correlation coefficients of 0.95 with CSM, -0.33 with AMMI and 0.6 with Eberhart-

Russell for mean performance and stability evaluation. Correlation coefficients for stability 

evaluation, were 0.54 with CSM, 0.91 with Shukla, 0.86 with Eberhart-Russell, 0.63 with Kang’s 

yield stability statistic (Kang, 1993), and 0.55 with AMMI. In the International Center for 

Tropical Agriculture (CIAT) bean research, the GGE biplot was useful to identify cultivars 

whose stability or instability was influenced by the linear effect of environmental index (Kang, 

2006). 

 

Partial Least Squares (PLS) regression analysis is especially useful where a number of 

descriptors (independent variables, X) is comparable to a number of attributes (dependent 

variables, Y) and there exist other factors leading to correlations between variables (SAS 

Institute, 1999). Unlike in the PCA, latent variables are chosen to provide maximum correlation 

with the dependent variable. The PLS model therefore contains the smallest necessary number of 

factors (Höskuldsson, 1988). PLS discriminant analysis can therefore be used to understand 

which variables had the most important influence on other variables. 

 

2.3.4. Genotype by environment (G x E) variation in sweet potato 

As compared to other major staple crops such as maize and wheat, little information is available 

on G x E variation in sweet potato (Grüneberg et al., 2005). Methods that were used include 

regression analysis (Janssens 1985; Kanua and Floyd, 1988; Naskar and Singh, 1992; Ngeve, 

1993), environment variances (Bacusmo et al., 1988), variance components (Collins et al., 1987; 
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Grüneberg et al., 2004; Abidin et al., 2005); Shukla’s stability variance and the GGE Biplot 

(Abidin, 2004), Tai stability test (Manrique and Hermann, 2002; Mwanga et al., 2006) and 

AMMI (Caliskan et al., 2007; Grüneberg et al., 2005; Manrique and Hermann, 2002).  

 

In these studies, significant effects of G x E interactions were found on yield and yield 

components and on quality traits of sweet potato. The effects were more pronounced on yield 

than on quality traits such as protein content, and dry matter content (Collins et al, 1987). 

Manrique and Hermann (2002) detected three clones which were considered to be stable in β-

carotene over 14 environments, and significant effects were detected for both total yield and β-

carotene content. In contrast, Grüneberg et al. (2004) did not detect significant genotype by 

season interaction for dry matter content. Small interactions were found by Grüneberg et al. 

(2005) in quality traits namely starch, dry matter content and β-carotene content. This indicated 

that selection can be conducted centrally at one or two locations, even in cases where the 

breeders are developing varieties for several agro-geographical areas. In addition, since 

genotypes often exhibit high values only for one nutritional trait, index selection was clearly 

better than selection in successive stages (Grüneberg et al., 2005). This can be done in early 

selection phases. 

 

Some of the above researchers were able to identify high yielding, stable genotypes (Abidin et 

al., 2005; Grüneberg et al., 2005; Ngeve, 1993) and others not (Manrique and Hermann, 2002; 

Mwanga et al., 2006). Bacusmo et al. (1988) emphasized that selection for stressed environments 

should be conducted at stressed environments that is, those simulating end-users farming 

conditions. In this area, Grüneberg et al. (2005) recommended selection primarily for high 

yielding, widely adapted genotypes. But to ensure that marginal environments are not neglected, 

a range of environments (low and high potential) should be used for MET to make provision for 

selection of varieties for specific adaption. Early stage selection sites should include one 

favorable and one unfavorable site. 

 

High values for broad-sense heritability were obtained for quality traits and most components of 

yield (Bacusmo et al., 1988; Collins et al., 1987; Grüneberg et al., 2005) which indicates good 

potential for genetic advancement through breeding. 
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Grüneberg et al. (2005) showed that AMMI, the multivariate tool, was very effective for analysis 

of MET. In recent years, this method has often been used by international agricultural 

development agencies. On the other hand they consider the use of regression analysis 

questionable for MET. In comparing Tai’s stability, AMMI and regression analysis, Manrique 

and Hermann (2002) concluded that regression analysis did not effectively identify stable clones, 

but did provide information on clone performance under improving environments. Strong 

agreement was found between AMMI and Tai’s stability analysis to classify clones on stability 

of root yield and β-carotene content. 

 

According to Grüneberg et al. (2005), a better understanding of G x E interaction in sweet potato 

is required: 1) to develop widely adapted or specifically adapted varieties; 2) to allocate 

resources between tests for yield and nutritional traits; and 3) to decide which locations and input 

system to be used in breeding efforts. These will culminate in more efficient use of available 

resources, more accurate use of breeding methods and more gain over time through selection 

(Collins et al., 1987). For instance, with efficient selection of trial locations, international 

agencies could breed for a broad region (Abidin et al., 2005).  

 

Assessing the reaction of new South African varieties to different environments would facilitate 

cultivar recommendations. Thus the present study embarked on extensive testing of new varieties 

in MET. 

 

2.4. Malnutrition and biofortification  

2.4.1. Magnitude of micronutrient malnutrition and alleviation strategies 

Micronutrient malnutrition, the so-called hidden hunger, affects more than one-half of the world's 

population, especially women and preschool children in developing countries (UN SCN, 2004). 

Iron deficiency anaemia, iodine deficiency disorders and vitamin A deficiency are commonly 

occurring micronutrient deficiencies, largely due to a habitually low dietary intake of 

micronutrients in relation to requirements (Tontisirin et al., 2002).  
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Globally, 33.3%, or 190 million children younger than 5 years are vitamin A deficient (WHO, 

2009). In sub-Saharan Africa an estimated 42.4% of children aged 0-59 months were considered 

to be at risk of vitamin A deficiency (Aguayo and Baker, 2005). Vitamin A is required for 

normal functioning of the immune system and for eye health and vision (E-Siong, 1995; Gibson, 

1990).  

 

Some recent findings on the severity of micronutrient deficiency in South Africa are (Kruger et 

al., 2007; Labadarios et al., 2000; 2007): 

 

• 9% of children 1 to 9 years old are underweight, and 4.5% wasted (indicating acute 

malnutrition); 

• 18% of children 1 to 9 years old are stunted due to chronic malnutrition; 

• 64% of children 1 to 9 years old are vitamin A deficient [a level which is considered as a 

serious public health problem (UNICEF-WHO, 1994)]; 

• 27% of women in reproductive age are vitamin A deficient; and 

• 50% of children 1 to 9 years old have less than 50% of the required intake of energy, 

vitamin A, vitamin C, riboflavin, niacin, vitamin B6, folic acid, iron and zinc. 

 

Strategies to increase intake of micronutrients in order to combat micronutrient deficiencies is 

focused on: 1) supplements; and 2) food-based approaches which include fortification of foods 

and dietary modification. Crop-based approaches (as part of dietary modification) is based on 

increase in food production, food availability, food access and consumption of foods rich in 

micronutrients (De Pee and Bloem, 2007), and comprises a wide range of facets such as home 

gardening, national food production programs, animal husbandry, behavorial change through 

social marketing or nutrition education programs, improved food preparation methods (De Pee 

and Bloem, 2007; Faber and Van Jaarsveld, 2007; Tontisirin et al., 2002). In general the more 

sustainable long-term strategy is dietary modification based on crop-based approaches.  

 

2.4.2. Biofortification as a strategy to address micronutrient malnutrition 

New approaches to improve nutritional status will be required to reach Millennium Development 

Goals (MDG’s) on nutrition. An exciting, relatively new strategy to address micronutrient 
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malnutrition is biofortification. Biofortification has been defined as the process of increasing the 

bio-available concentrations of essential elements in edible parts of crop plants through genetic 

selection (conventional breeding or molecular biology) and agronomic intervention (White and 

Broadley, 2005). 

 

There are three breeding strategies which may be followed in biofortification, they are: 1) to 

increase the content of minerals and vitamins; 2) to reduce the level of anti-nutrients in food 

staples that inhibit the bioavailability of minerals and vitamins; and 3) to increase the levels of 

compounds that promote the bioavailability of minerals and vitamins (Bouis 2002; Welch 2002). 

Biofortification includes adaption of production practices to enhance nutrient content, i.e. 

through mineral fertilization.  

 

Transgenic approaches are often employed in biofortification, and mostly center on modification 

of the biosynthetic pathway. The best known example is with golden rice. Initially no rice variety 

contained any β-carotene in the endosperm. To obtain a functioning β-carotene biosynthetic 

pathway single, combined transformation efforts were conducted of cDNA coding for photogene 

synthase (psy) and lycopene-β-cyclase (β-lcy) both from Narcissus pseudonarcissus and both 

under control of the endosperm-specific glutelin promoter with a bacterial phytoene desaturase 

(ctrl, from Erwinia uredovora) (Beyer et al., 2006). A new version of golden rice, using a psy 

from maize instead in combination with the Erwinia uredovora carotene desaturase (ctrl), is 

available containing 3700 µg β-carotene per 100 g (Paine et al., 2005; ILSI, 2008a).  

 

An example of reducing anti-nutrients that inhibit the bioavailability, is reduction of phytate in 

grains and legumes. When consumed, phytic acid will bind to nutritionally important mineral 

cations in the intestinal tract, e.g. calcium, iron and zinc and thereby inhibit uptake by humans. 

Cereal and legume low-phytic acid mutations were isolated and have been used in breeding low-

phytate (<50-95%) genotypes of maize, barley, soy bean and rice (Raboy, 2002).   

 

Before embarking on biofortification, the prevalence of three factors pertaining to the feasibility 

has to be considered beforehand (Graham et al., 2001; Pfeiffer and McClafferty, 2007). Firstly, 

genetic variation that allows substantial increase. This was shown to exist for levels of iron, zinc 
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and β-carotene in the staple crop sweet potato. Secondly, availability of suitable 

selection/screening methods for the traits and values for heritability. Heritability values for β-

carotene in sweet potato were found to be high h2 = 0.84 (Grüneberg et al., 2005). Thirdly, a high 

benefit/cost ratio. In this regard high ex-ante estimates of benefit/costs ratio for investments in 

biofortication of major staples were obtained by Bouis (1999).   

 

Orange-fleshed sweet potato is considered an excellent novel source of natural health-promoting 

compounds such as β-carotene (Bovell-Benjamin, 2007). Sweet potato is one of six staple crops 

which are currently part of the HarvestPlus Crop Biofortification Program (the others being rice, 

maize, wheat, beans and cassava)  addressing deficiencies of vitamin A, iron and zinc 

(HarvestPlus, 2004; Nestel et al., 2006; Pfeiffer and McClafferty, 2007). Biofortification has the 

following advantages:  

 

1) very large potential to improve dietary quality of populations relying on staple crops (Bouis, 

2002; Ruel and Levin, 2002);  

2) sustainable agricultural approach for high-risk groups such as resource-poor women, infants 

and children on global scale (Welch, 2002); 

3) feasible means of reaching undernourished populations in relatively remote areas (Nestel et 

al., 2006); 

4) cost effective as after the one time investment to develop the crop, recurrent costs are low and 

germplasm can be shared internationally; and 

5) sustainable approach as growing of the crops and year after year consumption will continue 

after government attention has faded (Bouis, 2002).  

 

Biofortification requires direct linkages of agricultural research with human health and nutrition 

sectors. Support is needed from nutritionists to evaluate bioavailability (fraction of ingested 

nutrients that is utilized for physiological function) and to conduct efficacy trials (to determine 

actual capacity for correcting nutritional deficits in a target population). Farmer adoption of 

biofortified crops depends on whether crop- and environment-specific traits, and end-product 

quality and profitability had been addressed (Nestel et al., 2006; Pfeiffer and McClafferty, 2007). 

Nutrition education programs (e.g. with color changes due to high β-carotene content), farmer 
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participatory methods in identification of locally adapted biofortified genotypes, access to 

planting material and market development, are important factors to address. 

 

2.4.3. Biofortification of sweet potato  

Orange-fleshed sweet potato is rich in β-carotene, which is converted to vitamin A by the human 

body, and is one of the best sources of naturally bio-available β-carotene (Van Jaarsveld et al., 

2005). A study by Van Jaarsveld and co-workers (2006) showed that nearly all the carotenoids in 

orange-fleshed sweet potato variety Resisto is β-carotene in trans form, which has double the 

provitamin A activity than the cis isomers. In addition, in sweet potato β-carotene in the storage 

roots is located in the cell protoplasts where it is found in lipid droplets or bound to a protein that 

is released during cooking, thereby enhancing bioavailability. The efficacy of orange-fleshed 

sweet potato to improve vitamin A status was shown through a randomised controlled study done 

in South Africa. Here primary school children were fed for 53 school days with 125 g (1/2 cup) 

of β-carotene-rich variety Resisto, containing 830 µg Retinol Activity Equivalent (RAE)/100g 

boiled and mashed root. This resulted in improved vitamin A status in terms of liver stores 

compared to the control group that consumed white-fleshed variety Bosbok (Van Jaarsveld et al., 

2005). The effectiveness of orange-fleshed sweet potato to improve vitamin A status was 

confirmed in Mozambique. An agriculture-nutrition-integrated intervention introducing orange-

fleshed sweet potato, resulted in improved dietary vitamin A intake and serum retinol 

concentrations in young children (Low et al., 2007a). 

 

The target level for β-carotene within HarvestPlus was set at 7500 µg/100 g β-carotene where 

sweet potato is the sole source of β-carotene and in the case of mixed diets, e.g. as in South 

Africa where other sources of β-carotene are consumed, 3700 µg/100 g β-carotene (Nestel et al., 

2006). The HarvestPlus Program of sub-Saharan Africa has through introduction and evaluation 

of existing varieties made available more than 30 orange-fleshed varieties (Kapinga et al., 2007b; 

ILSI, 2008b). Some limitations in the existing orange-fleshed varieties are: too low dry matter 

content (for adult Africans), average yielding potential, sensitivity to SPVD, and low drought 

tolerance causing problems with survival (Tumwegamire et al., 2004; ILSI, 2008b). In South 

Africa there is a shortage of varieties with good stable yield, good β-carotene content and good 

taste. Introduced germplasm, especially from the USA, mostly have low dry matter content. 
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2.4.4. Use of biofortified sweet potato in crop-based programs 

The use of orange-fleshed sweet potato to combat vitamin A deficiency is already an 

international trend. An ex-ante impact assessment indicated that orange-fleshed sweet potato can 

make a major contribution to alleviating vitamin A malnutrition in sub-Saharan Africa (Low et 

al., 2001). Orange-fleshed sweet potato is used in several sub-Saharan African countries, 

including a very large program in Mozambique (Low et al., 2007a). The program followed an 

integrated approach with a market development component and improved multiplication systems 

to assure sustainability (Low et al., 2007b). 

 

Under the Vitamin A for Africa (VITAA) umbrella, 40 partner agencies from health, nutrition 

and agricultural sectors have been cooperating since 2001 to extend the impact of orange-fleshed 

sweet potato in Ethiopia, Mozambique, Ghana, Kenya, South Africa, Uganda and Tanzania 

(Kapinga et al., 2007a). There has been a steady increase in both acreage and consumption of 

orange-fleshed sweet potato, and they now occupy an estimated 1 - 2% in the lake zone of 

Tanzania, 5 - 10% in Central Uganda, 10 - 15% in western Kenya and 15 - 20% in southern 

Mozambique (Tumwegamire et al., 2004). Orange-fleshed sweet potato is also being promoted 

in south and west Asia (Mukherjee and Ilangantileke, 2002). 

 

In South Africa, the crop-based program to address vitamin A deficiency is run by the ARC, 

MRC, government departments and non-govermental organizations (NGO’s) (Faber et al., 2002; 

Laurie and Faber, 2008; Magasana et al., 2004). Acceptable orange-fleshed sweet potato 

varieties released from the South African breeding program based on the present study, will 

contribute to the crop-based program of the Agricultural Research Council (ARC) and will link 

to the Integrated Nutrition Program of Department of Health and Food Security Program of the 

Department of Agriculture.  

 

2.5. Nutrient content and nutrient analysis of sweet potato  

2.5.1. Nutrient content of sweet potato 

Sweet potato is an excellent source of energy, having the advantage of producing a high yield of 

carbohydrates per unit area per unit time (Woolfe, 1992). Approximately 80-90% of the sweet 

potato dry matter is made up of carbohydrates, which mainly contains starch and sugars, with 
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lesser amounts of pectins, hemicelluloses and cellulose (Bovell-Benjamin, 2007; Woolfe, 1992). 

Sweet potato has a low glycemic index indicating low digestibility of starch despite the high 

carbohydrate content (ILSI, 2008b). The protein content of sweet potato is low (~2%) as in most 

tropical root and tuber crops, but sweet potato contains more protein than cassava and plantain 

(Woolfe, 1992).  

 

In addition to carbohydrates, sweet potato contains several other nutrients. Table 2.1 presents the 

macronutrient, mineral and vitamin content for raw and cooked sweet potato from several 

published sources, including the South Pacific (Woolfe, 1992), USA (USDA, 2009), South 

Africa (Kruger et al., 1998; Leighton, 2007) and Japan (STA, 2005). Orange-fleshed types 

contain very high quantities of β-carotene, a precursor of vitamin A. Based for example on the 

nutrient composition as reported by Kruger et al. (1998) and the Recommended Dietary 

Allowance (RDA) of 1 to 8 year old children (Trumbo et al., 2001), a 100 g portion of boiled 

sweet potato provides substantial quantities of vitamin C (28-47% of RDA), moderate quantities 

of pyridoxine (12-14% of RDA), and some quantities of thiamin (8-10% of RDA) and niacin (6-

8% of RDA).  Both β-carotene and vitamin C function as anti-oxidants helping to eliminate free 

radicals (Kirschmann and Kirschmann, 1996). Purple-fleshed types contain anthocyanins, which 

possess antioxidant activity (Philpott et al., 2003; Teow et al., 2007).  

 

Considering minerals, potassium is the major mineral in sweet potato with the highest content, 

followed by phosphorus, calcium and magnesium (Table 2.1). Small quantities of essential 

micronutrients such as zinc and iron are present in sweet potato. Based again on the nutrient 

composition published by Kruger et al. (1998) according to the dietary requirements of 1 to 8 

year old children (Trumbo et al., 2001), a 100 g portion of boiled sweet potato provides moderate 

quantities of copper (18 - 23% of RDA) and magnesium (10 - 16% of RDA).  

 

There is a significant variation in nutrient composition of different sweet potato varieties. The 

content of ash, dry matter, moisture, protein, β-carotene, calcium, magnesium, phosphorus and
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Table 2.1 Nutrient content (per 100 g) of sweet potato storage roots from various sources 

Source  South Pacific (Woolfe, 1992) USA (USDA, 2009) RSA (Kruger et al., 1998) RSA (Leighton, 2007) Japan (STA, 2005) 

Nutrient Units Raw (mean) Raw (range) Raw Boiled Raw Boiled OFSP 1 Raw OFSP 1 Boiled Raw Baked 

Water g 71.1 61.2 - 89.0 77.3 80.1 80.4 81.8 78.9 79.0 66.1 58.1 

Energy kJ 438 125 - 635 359 320 232 311 343 341 552 682 

Protein g 1.4 0.5 - 2.9 1.6 1.4 1.1 1.0 1.3 1.3 1.2 1.4 

Total fat g 0.17 0.06 - 0.48 0.05 0.14 0.1 0.1 0.24 0.22 0.20 0.20 

Ash g 0.74 0.31 - 1.06 0.99 0.63 0.8 0.4 0.97 0.97 1.0 1.3 

Carbohydrate g - - 20.1 17.7 15.6 15.1 18.6 18.5 31.5 39.0 

Dietary fibre g 1.6 0.5 - 4.7 3 2.5 2.1 2.0 - - 2.3 3.5 

Sugars total g 2.4 0.4 - 5.6 4.3 5.7 4.4 8.8 - - - - 

Starch g 20.1 5.3 - 28.4 12.6 5.2 11.2 6.3 - - - - 

Calcium, Ca mg 29 8 - 75 30 27  12 9 101 103 40 34 

Iron, Fe mg 0.49 0.16 - 0.94 0.61 0.72  0.3 0.3 0.62 0.71 0.70 0.70 

Magnesium, Mg mg 26 18 - 36 25 18  13 13 19.3 19.6 25 23 

Phosphorus, P mg 51 41 - 70 47 32  34 22 58 55 46 55 

Potassium, K mg 260 129 - 382 337 230 285 189 324 297 470 540 

Sodium, Na mg 52 14 - 84 55 27 12 11 - - 4 13 

Zinc, Zn mg 0.59 0.27 - 1.89 0.30 0.20  0.18 0.12 0.37 2 0.38 2 0.20 0.20 

Manganese, Mn µg 0.11 0.05 - 0.26 0.15 0.09 0.1 0.06 0.38 0.18 0.44 0.32 

Copper, Cu mg 0.17 0.08 - 0.28 0.26 0.27 0.11 0.08 0.12 0.09 0.18 0.2 

Vitamin C mg 24   2 13  22 7 7 7 29 23 

Thiamin mg 0.09 0.07 - 0.01 0.08 0.06  0.07 0.05 - - 0.11 0.12 

Riboflavin mg 0.03 0.03 - 0.04 0.06 0.05  0.01 0.01 - - 0.03 0.06 

Niacin mg 0.6 0.4 - 0.8 0.6 0.5  0.6 0.5 - - 0.8 1.0 

Pyridoxine mg - - 0.21 0.17  0.08 0.07 - - 0.28 0.33 

Folate, total µg - - 11 6 8 6 - - 49 47 

Folic acid µg 14 - 0 0   - - - - 

β-carotene  µg 7820 0 – 20000 9444 8509 20 20 7128 6528 - - 

  1 OFSP = Orange-fleshed sweet potato    2 Pers. Com. C. Leighton, 13 Nov 2009 
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potassium was reported to vary significantly among the varieties (Woolfe, 1992). Ravindran et al. 

(1995) determined for 16 sweet potato varieties the macronutrients, starch content, total sugar 

content and mineral profile, as well as trypsin inhibitor activity and total oxylate content. These 

authors found that the varieties differed significantly with regard to all these parameters. 

 

Information on the nutrient content of orange-fleshed varieties used in South Africa is limited. 

Macronutrients, vitamin C content and the content of a number of minerals were reported by 

Leighton (2007) for a combined sample of four varieties (Table 2.1). 

 

In comparing the vitamin A contribution of orange-fleshed sweet potato with other β-carotene 

rich vegetables, the highest contribution of dark orange-fleshed sweet potato equaled the 

maximum contribution in carrot varieties (Takahata et al., 1993b) and is much higher than Swiss 

chard, pumpkin and butternut (Kruger et al., 1998). This confirms the valuable contribution 

which orange-fleshed sweet potato can make in dietary modification programs to address vitamin 

A deficiency. Sweet potato also provides more energy and contains more phosphorous, potassium 

and more of the B vitamins compared to the above-mentioned β-carotene rich vegetables (Kruger 

et al., 1998).  

 

Based on useful quantities of vitamins and minerals available in sweet potato as well as on 

importance in terms of human micronutrient deficiencies, the present study will focus on the 

content of β-carotene, vitamin C, iron, zinc, potassium, magnesium, phosphorous and calcium of 

sweet potato varieties in South Africa. Globally vitamin A deficiency, iron deficiency and zinc 

deficiency are among the leading causes of disease burden and mortality (Ezzati et al., 2002). 

 

β-Carotene is converted to vitamin A by the human body. Vitamin A is required for normal 

functioning of the immune system and for eye health and vision (De Pee et al., 1998; Gibson, 

1990). Vitamin A also plays a role in growth, reproduction, cellular differentiation, glycoprotein 

synthesis and membrane stabilization (Gibson, 1990). Vitamin C is an anti-oxidant which helps 

to eliminate free radicals, plays a role in wound healing, allergic reactions and immune response 

(Gibson, 1990; Kirschmann and Kirschmann, 1996). Vitamin C acts predominantly as a co-

substrate in oxygen-requiring hydroxylation reactions.  
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The major importance of the selected minerals towards human health according to Gibson (1990) 

Kirschmann and Kirschmann (1996) is the following: 

 

• Iron is the most abundant mineral in blood. It is an essential component in hemoglobin, 

the oxygen-carrying pigment in the red blood cells. Its major function is in formation of 

hemoglobin, and it is used by the immune system in energy production. It is important for 

growth in children;  

• Zinc is essential for growth, development, reproduction, immune and sensory function 

and anti-oxidant protection and therefore useful in energy production, to fight disease and 

to protect the immune system. It is a constituent of >200 enzymes which participate in 

carbohydrate, protein and lipid metabolism; 

• Calcium is the most abundant mineral in the human body, stored primarily in the bones. 

Calcium is important in the development and maintenance of the bone structure, and 

deficiencies leads to osteoporosis. Calcium has a function in enzymatic activation, blood 

coagulation, nerve transmission, muscle contractibility, hormone function and membrane 

transport; 

• Magnesium has a function in many enzyme reactions, in energy metabolism, protein 

synthesis, vascular tone, muscle impulse transmission, and in neurotransmission and 

activity. Nutrient deficiency is rare, but sometimes occurs during pregnancy and lactation; 

• Phosphorous has an essential function in energy-producing reactions in the cells. It is 

important in the utilization of carbohydrates, fats and protein for growth and in 

maintenance, repair and mediation, and for production of energy. Nutrient deficiency is 

rare; and 

• Potassium is an essential mineral found mainly in intracellular fluid, where it is the 

primary ion force. This mineral regulates water balance, transfer of nutrients to cells, and 

is necessary for normal growth and enzymatic reactions.  

 

2.5.2. β-carotene content of sweet potato 

Carotenoids are lipid-soluble pigments found in vegetables and fruits (Rodriguez-Amaya, 1997). 

Their main function is as essential components of the photosynthetic machinery of the plant 
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(Howitt and Pogson, 2006). β-carotene is the predominant carotenoid found in orange-fleshed 

sweet potato (Faber and Van Jaarsveld, 2007; Takahata et al., 1993b; Van Jaarsveld et al., 2006). 

This is in contrast with e.g. carrot where β-carotene accounts for 44-79% of the total carotenoids 

(Heinonen, 1990). Other carotenoids in minor quantities found in orange-fleshed sweet potato 

include alpha-, gamma- and zeta-carotene, phytoene, phytofluene, beta-carotene-epoxide, 

hydroxyl-zeta-carotene, and beta-carotene furanoxide (Bechoff et al., 2009; Purcell and Walter, 

1968). The percentage of β-carotene to total carotenoid is higher in orange-fleshed varieties 

compared to white-fleshed varieties (Almeida-Muradian and Penteado 1992; K’osambo et al., 

1998).  

 

Trans-β-carotene dominates the prevalence of cis-β-carotene in sweet potato (K’osambo et al., 

1998; Van Jaarsveld et al., 2006). Trans-β-carotene exhibits the highest provitamin A activity 

among the carotenoids (Gibson, 1990). In sweet potato storage roots β-carotene is located in cell 

protoplasts in lipid droplets or bound to a protein that is released during cooking, thereby 

enhancing bioavailability (Kopsell and Kopsell, 2006).  

 

In sweet potato there is very large genetic diversity in β-carotene content. β-carotene content in 

sweet potato from a number of publications ranged from <100 to 26600 µg/100 g (Table 2.2). 

White and cream-fleshed types contain virtually no β-carotene e.g. the South African variety 

Bosbok (Van Jaarsveld et al., 2005), while dark orange-fleshed sweet potato Resisto, contains 

16900 µg/100 g β-carotene (Van Jaarsveld et al., 2006). Laurie (2001) reported β-carotene 

content for eight varieties and selections. Of these, the local variety Mafutha, a cream-orange 

flesh local variety, contained 1870 µg/100 g β-carotene. Varieties with orange flesh color had a 

higher β-carotene e.g. 8240 µg/100 g for W-119 and 8940 µg/100 g for Tainung 64 (both 

imported varieties) and 7360 µg/100 g  for the local line A15 (Laurie, 2001). Resisto with deep 

orange flesh, also from the same report, measured 11900 µg/100 g. Other β-carotene 

determinations in South Africa were for the imported USA varieties Excel, 7780 µg/100 g, and 

Jewel, 9840 µg/100 g (Faber and Van Jaarsveld, 2007). Leighton (2007) reported 4323 µg/100g 

for W-119, 6853 µg/100 g for Jewel, 9230 µg/100 g for Resisto and 6880 µg/100 g for A15. 

Some purple-fleshed varieties also contain β-carotene (Huang et al., 1999; Teow et al., 2007).  
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Table 2.2 β-Carotene content of sweet potato from various sources 

Published report 
 

Nr  
Clones 
 

Minimum 
µg/100g 
 

Maximum 
µg/100g 
 

Variety with 
highest content 
 

Cited for varieties 
in use in South 
Africa 

Almeida-Muradian and  
Penteado (1992) - Brazil 

10 <100 21800 Acadian - 

Takahata et al. (1993b) - Japan 22 1100 26600 SPV-61 
Resisto: 20300 
µg/100 g 

K’osambo et al. (1998) - Kenya 17 <100 8000 TIB 11 - 

Huang et al. (1999) - Hawaii 18 <100 13100 Regal 
Excel: 12800 
µg/100 g 

Hagenimana et al. (1999) - Uganda 25 200 6300 
Camote 
Amarillo 

- 

Chattopadhyay et al. (2006) - India 10 1200 4360 
Kamala 
Sundari 

- 

Teow et al. (2007) - USA 19 200 22600 11-20 
Beauregard: 9230 
µg/100 g; 

ILSI (2008b)  11 153 17530 Resisto 
Resisto: 17530 
µg/100 g 

 

 

2.5.3. Factors that influence nutrient content  

Environmental conditions, genetic factors and cultural management strategies can significantly 

influence the β-carotene content of varieties (K’osambo et al., 1998; Kopsell and Kopsell, 2006). 

The specific factors reported to influence β-carotene content are air and soil temperature, 

radiation, location, variety, soil moisture, fertilization, and maturity of roots (Bartoli et al., 1999; 

Kopsell and Kopsell 2006; K’osambo et al., 1998).  It was found, for instance, in wheat leaves 

that a 2.6 fold increase in β-carotene content was detected after drought stress (Bartoli et al., 

1999).  In sweet potato, high irrigation level was found to decrease β-carotene content 

(Constantin et al., 1974). Crop age has a large influence on carotenoid and β-carotene content 

(Chattopadhyay et al., 2006; K’osambo et al., 1998). However, the major factor influencing 

carotenoid content, is the cultivar (Woolfe, 1992). 

 

Not all carotenoids in the harvested product are retained for consumption. Carotenoids are 

susceptible to degradation upon exposure to heat, light, oxygen, metal ions and acids. Cooking 

and processing have a degrading effect on β-carotene content. In general, retention of β-carotene 

decreases with longer processing time, higher processing temperatures, cutting and maceration of 

foods (Rodriguez-Amaya, 1997). In orange-fleshed sweet potato, retention of β-carotene in 

medium-sized storage roots of the variety Resisto was found to be 88-92%, and when roots of 

different sizes were boiled together the retention was 70-81% (Van Jaarsveld et al., 2006). In 
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another study (Bengtsson et al., 2008), retention was 78% when orange-fleshed sweet potato 

were boiled in water for 20 minutes and 77% when steamed for 30 minutes.  

 

Another way of processing, namely drying, influences β-carotene content. Drying slices of 

orange-fleshed sweet potato roots at 57 ºC in a forced-air oven for 10 hours reduced the β-

carotene content by 12% (Bengtsson et al., 2008). Also traditional sun-drying caused provitamin 

A reduction of 16-34% (Bechoff et al., 2009; Hagenimana et al., 1999). Storing dried chips for 11 

months in opague bags under ambient air conditions reduced total carotenoid content between 59 

and 70% (Hagenimana et al., 1999). 

 

Like β-carotene the vitamin C content of fruits and vegetables can be influenced by various 

factors such as genotypic differences, preharvest climatic conditions and cultural practices, 

maturity, harvesting methods, and postharvest handling procedures. Vitamin C content is 

elevated by high light intensity during the growing season, and by less frequent irrigation, and 

decreased by high rates of nitrogen fertilization. The vitamin C content of produce is also subject 

to degradation during storage, processing and cooking. (Lee and Kader, 2000). 

 

The mineral content in edible foods is also influenced by soil properties, environmental 

conditions, cultivation practices, nutrient interactions, plant genotype and plant parts (Moraghan 

and Mascagni, 1991). Mineral content in plants vary with the concentration of the elements in the 

soil, and can be augmented from fertilizer application and leaf sprays. Different varieties of sweet 

potato have been reported to have varying contents of minerals and peeling can also influence 

mineral content (Woolfe, 1992). Considering environmental conditions, for instance the content 

of magnesium in the plant is influenced by the amount of magnesium in the soil, and high iron 

content in the soil can lead to elevated magnesium. The availability of magnesium in the soil is 

dependant on the content of magnesium relative to soluble and exchangeable amounts of 

potassium, calcium, sodium, aluminium and manganese (Mayland and Wilkinson, 1989). 

 

2.5.4. Analytical methods of selected nutrients 

Accurate determination of mineral content is possible by Inductively coupled plasma optical 

emission spectrophotometer (ICP-OES), Atomic absorption spectrophotometer (AAS) and X-ray 
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fluorescence spectrophotometer (XRF). These methods are used for determination of the mineral 

content of advanced genotypes or varieties. Using near-infrared spectroscopy (NIRS) iron and 

zinc can be determined accurately while for other minerals NIRS can separate out high and low 

content genotypes; calibration is required. NIRS provides a high-throughput screening method 

which at relatively low cost is best suitable for screening in early populations. In assaying 

mineral content, caution should be taken to avoid contamination, especially by iron from the soil, 

during sampling sample preparation, digestion procedures, and from the equipment used (Pfeiffer 

and McClafferty, 2007).  

 

Vitamin C in plant foods is the sum of ascorbic acid (AA) and dehydroascorbic acid (DHAA). 

Due to the labile nature of vitamin C (readily oxidized when exposed to elevated temperatures, 

alkaline pH, light, exposure to divalent cations e.g. copper and iron or degradative enzymes) 

determination of vitamin C content needs to be approached with care. Vitamin C can be 

determined by determining DHAA. This method entails extraction of vitamin C from the food 

matrix using acetic acid and meta-phosphoric acid, oxidation of AA to DHAA, derivitization of 

DHAA and determination with High-performance liquid chromatography (HPLC) and 

fluorescence detection (Bognar, 1988; Dodson et al., 1992). The vitamin C is then calculated with 

regression analysis from a standard solution with known concentration. Another approach, 

according to Odriozola-Serrano et al. (2007), uses dithiotreitol (DTT) for reducing DHAA to AA 

and is considered more effective in measurement of vitamin C content in fruits. 

 

HPLC is the method of choice for determination of β-carotene content due to its sensitivity and 

selectivity. It allows individual quantification of all provitamin A carotenoids, though it is 

elaborate, time-consuming and costly (Rodriguez-Amaya and Kimura, 2004). The use of NIRS 

for β-carotene assay could potentially allow inexpensive screening of large numbers of genotypes 

in early generations, but more research is required in this field (Pfeiffer and McClafferty, 2007).  

 

β-carotene quantification entails extraction of β-carotene with tetrahydrofuran:methanol (1:1, 

v/v), partitioning to petroleum ether, saponification (alkaline hydrolysis) and washing, 

evaporation of solvent, followed by chromatographic separation by HPLC using a monomeric 

C18 column (Waters Spherisorb ODS 2, 3µm, 4.6 x 150mm). A β-carotene standard is purified by 
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HPLC, and an aliquot of the purified standard solution with a known concentration is used for 

quantification of β-carotene in the sample extracts (Van Jaarsveld et al., 2006; Low and Van 

Jaarsveld, 2008; Rodriguez-Amaya and Kimura, 2004).  

  

Carotenoid analysis should be done very cautiously because of their instability. Oxygen, 

especially in combination with light and heat, is highly destructive. The presence of even traces 

of oxygen in stored samples and of peroxides in solvents can rapidly lead to bleaching and the 

formation of artifacts, such as epoxy carotenoids and apocarotenals (Britton, 1991). Oxygen can 

be excluded at several steps with the use of vacuum or the addition of antioxidants. Exposure to 

light, specially direct sunlight or ultraviolet light, induces trans-cis photoisomerization and 

photodestruction of carotenoids. Thus, carotenoid work is done under subdued light and open 

columns and flasks containing carotenoids should be wrapped with aluminum foil. Because of the 

thermolability of carotenoids, heating should be limited to below 40°C. Carotenoids may 

decompose, dehydrate, or isomerize in the presence of acids (Rodriguez-Amaya, 1997; 2001).  

 

2.6. Color measurement and its correlation with carotenoid content 

The application of colorimetric systems based on uniform color spaces, such as CIE 

(Commission Internationale l’Eclairage), is of great value in the quantification and 

characterization of color properties of pigments and foods (Montes et al., 2005). Color measured 

by CIE classifies color in three dimensions, namely, L* (lightness), a* (red to green color) and b* 

(yellow to blue color).  

 

β-Carotene is the predominant carotenoid in sweet potato and its content can be determined by 

HPLC or by spectrophotometric measurements for total carotenoid content (K’osambo et al., 

1998; Rodriquez-Amaya, 2001; Van Jaarsveld et al., 2006). The selection of varieties and lines 

with high concentrations of carotenoids is important for use as a basis for further increasing the 

content through breeding. This requires time-consuming and relatively expensive biochemical 

analyses to determine the carotenoid content. Both the mentioned methods require extraction of 

carotenoids from the food matrix and are therefore labour intensive. This limits the scope for 

large-scale identification of parental lines and selections with high carotenoid content 
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(Humphries et al., 2004). Thus, a faster, but accurate and reliable method will be advantageous to 

screen large numbers of genotypes in the breeding program for carotenoid content.  

 

Since color is indicative of the presence of carotenoids, e.g. a bright or deep orange flesh color is 

indicative of high β-carotene content (Whitney and Rolfes, 2002), flesh color measurement can 

be used in sweet potato as a relative measure of β-carotene content for breeding line selection 

purposes. Zhang and Xie (1988) investigated the inheritance of color in sweet potato and found 

that the different shades of flesh color were highly correlated with carotenoid content. In general 

the mean content of total carotenoids in F1 seedling strains increased with the increase in parental 

mean carotenoid content; correlation coefficient of 0.86 (P < 0.01). The inheritance of flesh color 

is considered to be controlled by several genes, probably six that are additive (Lebot, 2009). The 

use of color measurements in horticultural research are abundant, for example in fruit research 

such as anthocyanin measurement in apple skin during storage (Marais et al., 2001), color of 

orange juice (Montes et al., 2005) and in potato to measure fried chip color (Kim and Lee, 1993).  

 

Reflectance spectrophotometry to determine the flour color of wheat is widely used, as well as 

the relationship between CIE b* (yellow to blue color) and the extractable yellow pigments from 

the flour. The color of wheat flour is influenced by inherent genotypic characteristics, 

environmental conditions and stresses during grain production, the milling procedure and by the 

size of the flour particles. Variation in L*  (lightness) affects the measurement of b* (yellow to 

blue color) and therefore could potentially cause errors in estimating carotenoid content (Mares 

and Campbell, 2001). In wheat flour, Humphries et al. (2004) found a good correlation of CIE b* 

(yellow to blue color) values with the concentrations of β-carotene (r = 0.96) and α-carotene (r = 

0.87) as measured by HPLC. 

 

Color measurement has also been used in sweet potato research programs. In assessment of sweet 

potato flour color, using a Minolta Chroma meter, the best correlation (r = 0.77) was between 

total carotenoid content and b* (yellow to blue color) values of the flour of cream and orange-

fleshed varieties (Hagenimana et al., 1999). A good correlation (r = 0.74) was found with a* (red 

to green color) values. Bhattiprolu (2004) used the CIE L*a*b*  system to measure the color in 

drying and rehydration of sweet potato cubes. The content of the anthocyanin pigment, 
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responsible for the purple color in sweet potato, measured with the L* (luminosity), C* (chroma) 

and H* (hue) system, has also been shown to correlate significantly with L* (luminosity) (r = 

 Marti (2004) used the same colometric system to measure the effect of .(Fan et al., 2007) (0.96־

storage time on skin color of two sweet potato cultivars, and Ahmed et al. (2010) determined the 

CIE L*a*b*  system in different treatments of preparing sweet potato flour. 

 

Only two studies considered the correlation between the color of raw sweet potato roots and β-

carotene content. Takahata et al. (1993a) studied the relationship between β-carotene content and 

color values for roots of sweet potatoes cultivars. The correlation between color values by 

Minolta Chroma meter for L* (lightness), a* (red to green color) and b* (yellow to blue color) 

were -0.85, 0.89 and 0.72, respectively. The color value a* (red to green color) therefore had the 

closest relationship to β-carotene content, indicating possible use for approximating expected β-

carotene content. Ameny and Wilson (1997) used a Hunter Color Lab Meter to determine color in 

cream-fleshed sweet potatoes. The best correlation with β-carotene content was with b* (yellow 

to blue color) (r = 0.74) and a negative correlation with L* (lightness) (r = -0.74). The a* (red to 

green color) value had a much lower correlation (r = 0.39) as well as b*/a* (r = 0.24). In addition, 

the hue angle, H* = tan-1 (b*/a*), was obtained but also showed a low negative correlation (r = -

0.38). These studies indicated that the use of b* (yellow to blue color) was more effective with 

white fleshed sweet potato roots, and L*  (lightness) and a* (red to green color) in the case of 

orange-fleshed sweet potato roots. 

 

These findings suggest the possibility of approximating the expected β-carotene content from the 

color values of raw root flesh. A faster, reliable measurement for assessing β-carotene content 

than by HPLC or spectrophotometry is required by sweet potato breeders as large numbers of 

breeding lines need to be screened (Humphries et al., 2004). 

 

2.7. Consumer acceptability and sensory profiling 

2.7.1. Importance of taste assessment in sweet potato 

Generally in breeding food crops, and more so in biofortication of staple crops where changes in 

eating habits will be needed, taste preference is critical in outlining breeding goals. The success 

of any new sweet potato variety will depend not only on production traits but also on sensory and 
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utilization acceptability (Tomlins et al., 2007b). Taste is a very complex trait. When a food is 

consumed, a variety of sensory stimuli is received (Martin and Rodriguez-Sosa, 1985). Food 

acceptability therefore depends on a complex set of attributes which are mostly difficult to 

quantify. 

 

In South Africa, one of the most important traits used by farmers to select sweet potato varieties, 

except for yield and yield stability, is taste (Domola, 2003; Van der Mescht et al., 1997). 

Similarly in Tanzania, good taste was indicated as the second most important criterion after yield, 

followed by good root shape and storage ability (Tomlins et al., 2004). Taste acceptability can 

also be affected by the location where the sweet potatoes are grown (Tomlins et al., 2007b). 

 

Unlike other staple crops, the sweet potato has a dominant taste which greatly minimizes the 

variation achievable in the final flavor of the cooked product (Kays et al., 2005). The sweet taste 

modulates the overall flavor through direct impact on taste as well as through the role of 

monosaccharides as precursors in the synthesis of key aromatic compounds (Wang and Kays, 

2003). Taste preference in sweet potato is mostly for sweet types, though it varies with ethnic 

background and geographical location (Kays and Horvat, 1983). In certain circumstances the 

need may arise for non-sweet types to expand consumption, e.g in Ghana (Opare-Obisaw et al., 

2000). Most African consumers prefer sweet potato with a dry texture (Tumwegamire et al., 

2004). Dry matter content is mainly influenced by variety and by environmental factors, e.g. 

location, climate, day length, soil type and cultivation practices (Bradhury and Holloway, 1988). 

 

In most breeding programs in sub-Saharan Africa, information on taste acceptability of new 

sweet potato varieties was collected through farmer participatory evaluation as part of MET, e.g. 

Tanzania (Masumba et al., 2007), Uganda (Tumwegamire et al., 2007) and South Africa (Laurie 

et al., 2002; Laurie and Magoro, 2008). However, there is a need for specific acceptability trials 

and quantitative descriptive analysis. Studies on consumer acceptability and sensory analysis on 

sweet potato varieties in South Africa, are very limited.  
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2.7.2. Quantification of attributes and preference in sweet potato 

Consumer acceptability generally refers to liking, preference and selection of a food by 

consumers. A range of methods have been developed in order to translate qualitative perceptions 

into numerical values which allow statistical analysis (Holland and Campbell, 2005). Aiming at 

answering “Which is liked?”, hedonic methods are considered appropriate (Kroll, 1990) using a 

panel representative of the users or target group to consume the product. Sensory testing with 

children has become an important tool in the food industry (Kimmel et al., 1994) as hedonic 

scales with facial expressions have been used successfully with children of 5-13 years of age 

(Kroll, 1990).  

 

Sensory profiling (also called sensory analysis or sensory evaluation) aims at producing a 

description of the appearance, flavor and textural characteristics of a food and to quantify the 

intensity of each (Holland and Campbell, 2005). A relatively small panel is trained to measure 

this intensity with a certain level of accuracy and reliability using scales previously defined by 

the experimenter.  

 

In consumer acceptability studies the number of samples that can be tasted reliably by a 

consumer is limited. For samples with a strong flavor the limit is five to six samples (Helgesen et 

al., 1997). The use of the balanced incomplete block design (BIBD) (Cochran and Cox, 1957; 

Wiley et al., 1984) assists greatly in increasing the number of samples that can be tested in a 

consumer experiment. In the BIBD experiment layout a consumer will evaluate a subset of the 

samples.  

 

Since the 1980’s, consumer preference trials and determination of sensory characteristics were 

performed in sweet potato. A summary of some studies, attributes used and the main finding are 

summarized in Table 2.3. In general, the studies indicated that a set of descriptors which includes 

appearance/color, taste, texture and flavor were able to distinguish the sets of varieties evaluated. 

The studies contributed considerably to terminology in defining attributes of sweet potato 

varieties. Some of the most distinctive attributes were starch, stickiness, sweetness, color, 
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Table 2.3 Summary of some publications on consumer acceptability and sensory profiling in sweet potato 

Authors Country Nr of 

varieties 

Descriptors Main findings 

Martin and Rodriguez-

Sosa (1985) 

 

Puerto Rico 6 Color (white to yellow or orange), color defects 

(khaki green, gray, blotchy appearance), 

sweetness, flavor (blandness, delicious), mouthfeel 

(moist, dry, choking, watery), and softness 

Preference ranking for flavor was related to sweetness, and for 

appearance to orange color; Preference differed according to 

gender and cultural affiliation.  

Two types of preference: OFSP1, sweet, moist varieties; CFSP2 

less sweet, dry  

Lyon et al. (1985) USA 5 Taste intensity and aftertaste Consumer acceptance determined by factors other than taste 

intensity and aftertaste  

Opare-Obisaw et al. 

(2000) 

Ghana 5 Appearance/color, taste, texture, flavor, overall 

acceptability 

Significant differences in the varieties in all five traits. All less 

sweet varieties were accepted as staple food, some more than 

others. 

Tomlins et al. (2004) Tanzania 10 Appearance, external color, internal color, taste, 

sweetness, starch, texture, stickiness, chewiness, 

odor, acceptability and fiber 

Some varieties were consistently preferred over a 2-year period 

and others not. The location where the cultivars were grown 

influenced consumer preference. 

Optimum attributes to distinguish varieties were starch and 

stickiness 

Van Oirschot et al. (2003) Kenya 5 Floury, smooth, soft, chestnutty, sweet, fibrous, 

grainy, moist and discoloration 

Significant differences in sensory profiles of all varieties; mainly 

related to the flavor components sweet and chestnutty 

Tomlins et al. (2007b) East Africa 4  

(2 OFSP,  

2 CFSP) 

Orange color, creamy color, pumpkin flavor, watery 

texture, starchiness, hard texture, coarse texture, 

yellow color, fibrous texture and sweet taste 

The two OFSP and 2 CFSP varieties differed significantly in all 

traits.  Consumer acceptance of mothers and children differed 

significantly  

Leighton (2007) South 

Africa 

5 

(4 OFSP,  

1 CFSP) 

Aroma (earthy, sweet potato, butternut), texture 

(moistness, firmness, grainy, adhesiveness), flavor 

(vegetable sweet, sweet potato, yellow vegetables) 

and aftertaste (vegetable sweet) 

Varieties showed diversity in flavor and texture. Characterized 

best through sweet potato aroma, sweet potato flavor, moist 

texture on appearance, moist texture on first bite. OFSP were 

generally more moist, dense and adhesive compared to CFSP, 

which was more fibrous and less firm. 

1 OFSP = Orange-fleshed sweet potato; 2 CFSP = Cream-fleshed sweet potato 
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and chestnut flavor. Factors such as gender, cultural affiliation and age (mothers; children) were 

found to influence consumer preference of sweet potato varieties, while production environment 

could also influence preference of a specific variety. 

 

Two studies compared preference for orange-fleshed sweet potato with cream-fleshed sweet 

potato. A consumer acceptability study in the Lake Zone in Tanzania compared two orange-

fleshed varieties with two traditional white-fleshed varieties (Tomlins et al. 2007b). The mean 

consumer response for mothers and children indicated that orange-fleshed sweet potato was more 

acceptable than white-fleshed sweet potato.   

 

Another was in South Africa aiming to determine the sensory attributes and the consumer 

preference for orange-fleshed varieties Khano, Jewel, W-119 and Resisto as compared to popular 

cream-fleshed variety Blesbok, (Leighton, 2007). It was seen that not only the color of orange-

fleshed sweet potato and white-fleshed sweet potato differed, but also the texture and flavor. The 

results indicated that 85% of respondents preferred the taste of orange-fleshed sweet potato to 

white-fleshed sweet potato, and 53% had a definite liking for the color.  

 

2.7.3. Instrumental and chemical analysis 

Hunter color measurements and Instron texture profile analysis (TPA) are sometimes conducted 

to quantitatively explain some of the taste and color attributes (Saleh and Ahmed, 1998; Truong 

et al., 1997). Instrumental measurement of the texture of cooked sweet potato by uniaxial 

compression and TPA conducted by Truong et al. (1997), indicated that regression equations 

based on shear stress significantly explained (R2 = 0.71 – 0.91) eight of the sensory scores on 

texture by a trained panel. In the approach of Smith et al. (2009), chemical analysis (dry matter 

content and starch content) was used in addition to instrumental measurement with the objective 

of determining chemical measurements that explains the sensory profiles and possibly consumer 

preference. 

 

2.7.4. Statistical analysis of consumer and sensory data 

Various methods of statistical analysis that have been used to study the relation between 

consumer preference and sensory attributes (and instrumental data) include:  Pearson Correlation 



 37

analysis, PCA, internal preference mapping, external preference mapping and PLS regression 

analysis (Baxter et al., 2005; Helgesen and Næs, 1995; Helgesen et al., 1997; Tomlins et al., 

2007a and b; Young et al., 2005). External preference mapping and internal preference mapping 

are both viewed as principal component regression methods. These multivariate principal 

component regression analyses regresses each single Y-variable onto the principal components 

obtained from the X-matrix. Both methods are applied on the two data sets (sensory data and 

consumer data) but with opposite order, namely External mapping: consumer data on the Y-

matrix and sensory data on the X-matrix; Internal mapping: sensory data on the Y-matrix and 

consumer data on the X-matrix (Helgesen et al., 1997). 

 

The PLS regression analysis extracts a few linear combinations (called PLS components or latent 

variables) of the sensory attributes (and instrumental data if available) as the X-matrix (X-axis) 

which is used to predict the systematic variation in consumer data as the Y-matrix (Y-axis) 

(Helgesen et al., 1997). PLS was recommended by several authors (Helgesen and Næs, 1995; 

Helgesen et al., 1997; Smith et al., 2009) as the best option for relating sensory attributes and 

instrumental data with consumer acceptability. PLS is considered to be more precise as this 

method maximizes the covariance between a linear combination of X-variables and linear 

combination of Y-variables. In this way PLS can potentially provide more consumer relevant 

components than the preference mapping (Helgesen et al., 1997).  

 

Smith et al. (2009), in South Africa, developed a function on GenStat® (Payne et al., 2007) for 

PLS regression analysis and employed this to relate sensory attributes in boiled potatoes of five 

cultivars to chemical and physical tests. The potato cultivars were distinguished into three groups 

(which agreed with the culinary uses of the cultivars) and the most important chemical and 

physical measurement that influence sensory profiles in potato was identified. This method can 

potentially be useful in sweet potato. 

 

In addition to the methods mentioned above, stepwise discriminant analysis can be used to 

identify optimum attributes to distinguish varieties (Tomlins et al., 2004), and Hierarchical 

Cluster Analysis (dendrogram) is used to group varieties (Tomlins et al., 2007a) and for 

segmentation of consumers with respect to acceptability of varieties (Tomlins et al., 2007b).  
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2.7.5. Sugar content of sweet potato in relation to taste 

The carbohydrates in sweet potato play an important part not only in the degree of sweetness of 

cooked roots, but also their mouthfeel described as moistness or dryness and texture (Woolfe, 

1992). Freshly harvested sweet potatoes are relatively high in starch and non-starch 

polysaccharides (alcohol-insoluble solids) and relatively low in sugars. In raw roots the 

concentration of sucrose exceeds the concentration of any other sugar. Maltose was found in raw 

roots by some authors (Truong et al., 1986), but was found to be absent by others (Picha, 1985). 

When sweet potato is cooked, activity of the amylase enzymes is initiated causing hydrolyses of 

starch to maltose and dextrins (Horvat et al., 1991; Woolfe, 1992). 

 

There is substantial variation in flavor and sweetness of sweet potato varieties because of the 

presence of sugars (sucrose, glucose and fructose) and the formation of maltose during cooking 

(Kays and Wang, 2000). The sweet flavor of the sweet potato depends mainly on the maltose 

content (Picha, 1985, Truong et al., 1986; Sun et al., 1994). In examining the sugar content and 

flavor of sweet potato, Koehler and Kays (1991) suggested that starch hydrolysis and maltose 

generation were important factors for the characteristic sweet potato flavor. Maltose was later 

found to be a primary precursor for many of the volatile compounds emanating from baking (Sun 

et al., 1994). 

 

In baked roots of 272 clones from 34 countries, the free sugars fructose, glucose, sucrose and 

maltose were predominant while galactose and inositol were present in very low concentrations 

(Kays et al., 2005). Free sugar composition in steamed roots as assessed by Takahata et al. (1992) 

in 54 clones, showed a relatively small amount of fructose and glucose, moderate amount of 

sucrose and large amounts of maltose. The maltose content was fairly stable over years while 

sucrose content was affected by environmental conditions.  

 

The free sugar content (% on fresh weight basis), as reviewed by Woolfe (1992), ranged from 

0.24 to 1.5%  for glucose, 0.3 to 1.15% fructose, 1.3 to 4.1% sucrose, 0 to 0.64% maltose in raw 

sweet potato. In baked sweet potato the content ranged from 0.27 to 2.73% for glucose, 0.26 to 

1.99% for fructose, 1.59 to 5.17% for sucrose and 4.02 to 14.12% for maltose. 
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The amount of starch remaining after cooking in sweet potato has been indicated as a way to 

predict moistness since it correlates with sensory panel scores (S-101 Technical Committee, 

1980). 

 

The content of starch and free sugars in cooked sweet potato will therefore provide additional 

data which can be considered in conjunction with sensory profiling. 

 

Picha (1985) developed reliable HPLC procedures for quantitative determination of sugars in raw 

and cooked sweet potatoes. Another method that has been used was refractive index (Walter, 

1992), while Katayama et al. (1996) used near infrared transmittance. NIRS required multiyear 

calibrations as calibration from a single year could not account for variances introduced by 

samples from other years.  

  

2.8. Index values for multivariate selection 

Selection indices are very often used in selection for high-yielding genotypes under drought-

stressed and irrigated conditions (Cattivelli et al., 2008), e.g. the drought sensitivity index of 

Fischer and Mauer (1978). Jafaria et al. (2009) tested eight different index values in maize and 

found that Stress Tolerance Index, Geometric Mean Productivity, and Harmonic Mean indices 

(which showed the highest correlation with grain yield under both optimal and stress conditions), 

could be used as the best indices for maize breeding programs to introduce drought tolerant 

hybrids.  

 

Selection of high yielding genotypes for subsequent selection in a breeding program, can 

sometimes be accomplished using a suitable index for secondary traits that may be relatively less 

sensitive to G x E interactions than yield. They used the concept of correlated response to 

selection to measure the relative efficiency of nine selection indices. The results showed that the 

selection index, based on median and semi inter-quartile range, a modification of the Elston 

index, was most effective in identifying high yielding groundnut genotypes (Chandra et al., 

2003). 
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Index values are also useful in cases where the breeder is aiming to improve several important 

traits at a time. Grüneberg et al. (2004) used the Elston index for the following four traits: storage 

root yield, biomass production, harvest index and storage root dry matter, in sweet potato 

evaluated under East African conditions. The Elston index (Elston, 1963) was appropriate both 

for selecting for storage root yield and for simultaneously selecting for storage root yield, 

biomass production, harvest index and storage root dry matter content. The South African 

cultivar Blesbok, in trials at 12 environments, had the second highest root yield of 30.3 t/ha, 

average biomass, above average harvest index but very low dry matter content. The Elston index 

for Blesbok was 0.00. In contrast the highest Elston index (44.0) was achieved by Cemsa-74-228, 

with the highest root yield and above average biomass, harvest index and dry matter content 

leading to the best all-round performance (Grüneberg et al., 2004). 

 

The Elston index can be a useful selection index for multivariate selection in sweet potato for the 

various important traits considered e.g. yield, taste and nutrient content. 
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Chapter 3 

AGRONOMIC PERFORMANCE OF NEW CREAM TO YELLOW-ORANGE SWEET 

POTATO VARIETIES OVER ENVIRONMENTS 

 

3.1. Abstract 

In South Africa, a recent survey showed that 30% of households were at risk for hunger. Sweet 

potato is a good source of energy, easy-to-grow, hardy and useful as food security crop. There 

was a shortage of improved varieties with desirable traits for resource-poor farmers. Varietal 

development was thus aimed at varieties with good yield, good storage quality combined with 

sweet taste and high dry matter content. In the present study new cream to yellow-orange 

varieties were evaluated in MET with farmer participation to assess their adaptability and 

performance. Ten varieties were evaluated for two seasons per site during 2002/3 to 2007/8 at six 

sites in six provinces of South Africa. Data collection comprised of marketable root yield and 

unmarketable root yield classes, vine vigor, dry matter content and taste. Analysis of variance 

(ANOVA), AMMI and GGE Biplot were performed. Large differences in genotypic expression 

were detected in agronomic traits amongst the new cream to yellow-orange varieties. The new 

varieties Ndou and Lethlabula produced mean marketable yields of 46 to 45 t/ha, similar to the 

commercial control variety Blesbok at 48 t/ha. Ndou had specific adaption, high number of roots, 

vigorous vine growth, high dry matter content (27.7%) and good taste (results from tasting 

sessions with small groups of adults in the different environments). Lethlabula had specific 

adaption, the taste was average to bad and the dry matter content (22.7%) significantly lower than 

the control variety Mafutha (27.3%). Mokone and Monate produced stable, average marketable 

root yields of 40 to 38 t/ha. Mokone had an average to bad taste. Monate was early maturing, had 

a good taste and the vine growth was very vigorous. Amasi had a cream-orange flesh color, good 

taste, and produced moderately stable average yield (37 t/ha). Mamphenyane, Phala and Serolane 

produced low marketable yield (31 to 29 t/ha), however significantly higher than control variety 

Mafutha (24 t/ha); the dry matter content was high and the vine growth showed average vigor. 

Mamphenyane and Phala had average to poor taste. Serolane, an orange-yellow-fleshed variety, 

produced some undesirable long sweet potatoes which were easily damaged during harvesting. 

Recommendation of new varieties such as Ndou, Lethlabula, Monate, Mokone and Amasi would 

have a considerable yield advantage above the control variety Mafutha. The results represent the 
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first G x E analysis with South African cream to yellow-orange sweet potato varieties and are of 

significance for future promotion of the new varieties to improve food security. 

 

3.2. Introduction  

It is estimated that the world population will increase to as high as 7.7 billion people by 2020 

(United Nations, 2007). This will increase the burden on food production systems and 

emphasizes the need for relevant research. Sweet potato is the seventh major staple crop 

produced globally (FAO, 2005). In South Africa it is a popular crop amongst resource-poor 

farmers (Laurie, 2004a). Locally 30% of households were at risk for hunger by 2005 (Labadarios, 

2007). Realization of the agricultural advantages of sweet potato (Woolfe, 1992), through 

suitable varieties for South Africa can contribute considerably towards improving food security.  

 

The genetics of sweet potato is complex due to it being a hexaploid (2n = 6x = 90) (Martin and 

Jones, 1986). Large variation is thus seen in all traits, and because of this autoploidy, potential 

large jumps can be obtained in yield improvement. Sweet potato breeding in South Africa from 

1995 to 2002 focused on varieties with good yield, good storage root quality combined with 

sweet taste and high dry matter content based on the needs of resource-poor farmers in order to 

address food security problems (Laurie and Van den Berg, 2002; Laurie et al., 2002; 2004; Laurie 

and Magoro, 2008). A survey during 1996/97 and 1997/98 on the production and use of sweet 

potato (Thompson et al., 1999) showed that resource-poor farmers were limited by low yields and 

yield instability as a result of using old landraces. Taste should be considered besides yield in 

sweet potato breeding since, after yield, taste is considered as the most important trait in varietal 

choice of sweet potato (Domola, 2003). 

 

Yield and adaptability are considered as prominent objectives of sweet potato breeding (Hall and 

Phatak, 1993). Differences between genotypes in their yield stability are fundamentally caused by 

a wide occurrence of G x E interactions. A common strategy in varietal assessment programs is to 

test genotypes in a representative range of environments, thereby covering a representative 

sample of spatial and temporal variation (Ramagosa and Fox, 1993). Little information is 

available on G x E variation in sweet potato as compared to other major staples (Grüneberg et al., 

2005). This was also the case in South Africa.  
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Significant advances have been made in recent years in the measurement and understanding of G 

x E interactions. Multivariate approaches have been developed which incorporate a number of the 

mentioned methods. The AMMI model (Gauch and Zobel, 1996) is often used to predict 

genotypic yields in specific environments. It extracts G and E, then uses PCA to explain the 

pattern in the G x E and residual matrix (Gauch and Zobel, 1988). Purchase et al. (2000) 

developed a quantitative stability value to rank genotypes through the AMMI model, namely 

ASV. In analysis of cultivar stability with Shukla’s procedure (1972), Lin and Binns (1988), 

Finlay and Wilkinson (1963), Eberhart and Russell (1966) and the ASV, they found ASV to be 

the most appropriate. 

 

The most recent method, GGE (Genotype main effect plus Genotype by Environment interaction) 

biplot model, offers breeders a more complete and visual evaluation of all aspects of the data by 

creating a biplot that simultaneously represents both mean performance and stability (from 

Kang’s yield stability statistic, YSi, which involves cultivar rankings based on Shukla’s σi
2), and 

identifies mega-environments (Ding et al., 2007; Kang, 1993; Yan, 2001; Yan and Kang, 2003). 

It allows more functions than AMMI and removes the impact of E, allowing the breeder to focus 

on G and GE, as only G and GxE interaction are relevant to varietal evaluation (Ding et al., 

2007). The GGE biplot also jointly uses (Ding et al., 2007) some of the functions of joint 

regression and type B genetic correlation (Yamada, 1962). 

 

G x E interaction studies on sweet potato were based on regression analysis (Janssens 1985; 

Kanua and Floyd, 1988; Naskar and Singh, 1992; Ngeve, 1993), environment variances 

(Bacusmo et al., 1988), variance components (Abidin et al., 2005; Collins et al., 1987; Grüneberg 

et al., 2004); Shukla’s stability variance and GGE Biplot (Abidin, 2004), Tai stability test 

(Manrique and Hermann, 2002; Mwanga et al., 2006) and AMMI (Grüneberg et al., 2005; 

Manrique and Hermann, 2002). In these studies, significant G x E interactions were found on 

yield, yield components and quality traits of sweet potato.  

 

Farmer participation is increasingly being incorporated in African sweet potato varietal programs 

(Abidin, 2004; Gichuki et al., 2003; Kapinga et al., 2007b; Shamebo and Belehu, 2000). Formal 
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breeding has been limited in improving production by resource-poor farmers in agro-ecological 

and socio-economically marginal environments (Ceccarelli and Grando, 2006). Farmer 

participation to encourage adoption of higher yielding varieties is firstly based on released 

varieties or those close to release (Witcombe, 1996), thus, PVS, and secondly, PPB or DPPB into 

which the products of PVS flows. These approaches are considered the most appropriate to 

develop varieties for marginal agricultural systems (Almekinders and Elings, 2001; Ceccarelli 

and Grando, 2006; Dawson et al., 2007). Broadly two types of programs can be distinguished, 

namely, consultative (formally led) and collaborative (farmer led) (Witcombe, 1996; 

Almekinders and Elings, 2001; Sperling et al., 2001). In the South African sweet potato breeding 

program, PVS was employed in which these were combined (Laurie and Magoro, 2008).  

 

Though good commercial varieties such as Blesbok, a high yielding variety with low dry matter 

content (Bester et al., 1991) were available in South Africa earlier, however there was a shortage 

of improved varieties with desirable traits for resource-poor farmers. A number of new varieties 

with cream to yellow-orange root flesh color were developed for this purpose. The present study 

was conducted to test these new varieties in MET with farmer participation to assess their 

adaptability and agronomic performance aimed at addressing food security. The hypothesis was 

that large differences in genotypic expression of agronomically important traits will be shown by 

new South African sweet potato varieties.  

 

3.3. Materials and Methods 

3.3.1. Varieties and experimental sites  

The trials consisted of new varieties released based on the first set of off-station trials during 

2000/1 – 2002/3 (Laurie and Magoro, 2008). Two control varieties, namely Mafutha (variety 

preferred by resource-poor farmers, with a sweet and dry taste but poor yield and quality) and 

Blesbok (popular commercial variety) were included as controls in the trials. The new varieties, 

all with cream to yellow-orange flesh color were: Amasi, Letlhabula, Mamphenyane, Mokone, 

Monate, Ndou, Phala and Serolane. 

 

MET were conducted for two seasons per area during 2002/3 to 2007/8 seasons in environments 

representing some sweet potato growing areas in different agro-geographic zones (Table 3.1). 
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The types of sites used were: 1) communal gardens (Nhlazatshe near Badplaas; Nongoma); 2) an 

experimental farm (Syferkuil near Polokwane), and farm of extension officer (between 

Petrusburg and Bloemfontein); 3) agricultural colleges (Glen near Bloemfontein; Elsenburg near 

Stellenbosch); and 4) the main research institution at Roodeplaat near Pretoria. To ease 

interpretation the two sites near Bloemfontein will be called “Free State”. The sites presented the 

opportunity for selection at well-managed to low input/reduced management conditions, resulting 

in a more effective selection for resource-poor farmer conditions.  

 

The planting material was multiplied from a virus-indexed source. Seedlings were established in 

a field multiplication block at the main research institution. Apical stem cuttings of five nodes 

were obtained from the field multiplication block for establishment of trials during November-

December at the various sites.  

 

3.3.2. Trial design, establishment and maintenance  

The trial layout was three replicates of 30 plants in a randomized complete block design (RCBD). 

The plant distances were 1-1.5 m between centers of the ridges (depending on implement 

available) and 0.3 m between plants within rows. A plot consisted of one row of 9 m. 

Fertilization applied was 500 kg/ha fertilizer mix broadcasted and incorporated before planting 

and, where possible, 1-2 top dressings of 150 kg/ha limestone ammonium nitrate (LAN) applied 

within six weeks after planting. Cultivation was either done by tractor or hand implements. Weed 

control was done manually by hand or by hoe. No chemical control was applied, except 

Roodeplaat where herbicides were used due to labor shortage. Supplementary irrigation was 

applied as per system available per site. This was mostly by sprinkler irrigation, except in 

Nongoma through buckets and hoses and furrow irrigation in Nhlazatshe. The growing period 

was 4.5 – 5.5 months, depending on the climatic region. 
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Table 3.1 Site description for MET with cream to yellow-orange sweet potato varieties  

Site Temperature 1 Rainfall1 Altitude1 General Agro-  Planting Harvest 

 Highest  Annual Lowest            ecological dates dates 

(Province) Recorded Mean  Mean  recorded Monthly mean mean  soil zone   

  Max Min  Nov Dec Jan Feb Mar Apr May annual  type    

  °C °C °C °C °C °C °C °C °C °C °C mm m         

Roodeplaat 37.5 25.8 10.5 -6.7 21.3 22.2 22.9 22.6 21.2 18.1 14.3 686 1164 Clay loam Warm  2002/12/19 2003/05/24 

(Gauteng)               temperate 2003/12/20 2004/06/02 

                  

Nlhazatshe 2 39.2 26.6 12.9 -2.7 21.5 23.2 23.9 23.7 22.6 20.2 16.9 738 772 Sandy  Cool  2003/12/09 2004/06/01 

 (Mpumalanga)              loam subtropical 2004/12/13 2005/05/30 

                     

Polokwane 37 25 12 -4 21 21.5 22.5 22.5 21 18 10 478 1230 Loam Warm  2004/11/29 2005/05/18 

(Limpopo)               temperate 2005/11/21 2006/05/17 

                  
Nongoma 3 
(KwaZulu-Natal)  31.8 25.6 13.5 2.4 21.8 23.2 24 23.4 22.5 18.6 16.1 857 ±750 Sandy  Cool  2003/12/02 2004/05/18 

 - station: Newcastle 32.2 24.7 10.2 1.6 20.3 21.9 22.8 21.6 20.2 16.2 13.3 858 1235 loam subtropical 2004/12/09 2005/05/30 

- station: Mandeni 31.5 26.5 16.9 3.2 23.3 24.6 25.2 25.2 24.8 21.1 18.9 856 109     
                  

Elsenburg 41.7 22.7 10.6 0.2 18.3 20 21 21.4 20.1 17.7 14.7 595 162 Sandy Mediterranean 2005/12/13 2006/05/24 

(Western Cape)                2007/11/26 2008/04/05 

                  

Bloemfontein                39 24 8 -10 20 22 23 22 19.5 15.5 8.5 559 1351 Clay loam 
Warm 

temperate   2003/11/25 2004/05/11 
(Free State) 
               

with heavy 
frost  2004/11/21 2005/05/08 

                              in winter     
1 Database of South African Weather Bureau www.weathersa.co.za 
2 The nearest station was Baberton 
3 The nearest weather stations were Newcastle (to the west) and Mandeni (to the east). The mean between the two stations was used as an estimate of conditions in Nongoma 
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3.3.3. Farmer participation  

In most of the trials PVS was employed in a consultative way as the trials were conducted at 

experimental stations, while others were collaborative as the trials were planted on-farm and 

farmers were involved in the cultivation and maintenance of the trials. The data were collected 

and analyzed and feedback provided to the farmers. Farmers completed an evaluation sheet on 

the cooked taste, and in some cases on the color, shape and yield of the entries.  

 

3.3.4. Harvesting and data collection  

Data was collected at harvesting on vine vigor (according to a 5-point scale, where 1 = very 

sparse, 2 = sparse, 3 = average, 4 = vigorous, 5 = very vigorous), root flesh and skin color 

(visually describing the colors), root shape (according to Huaman, 1992), and mass and number 

of marketable and unmarketable roots. Marketable roots were considered as good quality between 

100 and 1200g. Unmarketable classes were unmarketable small (<100g) (XXS), unmarketable 

large (>1200g) (XXL), cracked, rotten, insect infested, rat damged, mechanically damaged, long 

crooked and sprouted roots. The dry matter content of two medium to large roots was determined 

(sliced roots oven-dried at 70°C for 2 days). The taste of cooked roots of the various varieties 

were rated by farmers and extension personnel according to a 5-point scale, where 1=excellent, 

2=good, 3=average, 4=poor or 5=very poor. Attendance varied per site (2 - 159 people; mean 32) 

and a total of 389 adults took part in the evaluation. Each respondent evaluated the taste of all the 

varieties that were cooked in a convenient order in groups; no specific randomization was used.  

 

3.3.5. Data processing and analysis  

Data from all 30 plants per plot were used in calculating marketable yield (t/ha), number of 

marketable roots, unmarketable yield classes (%) and total yield (t/ha). Correlation coefficients 

between selected traits were calculated on Microsoft Excel 2003. Data was analyzed using 

GenStat® (Payne et al., 2007).  The mean values were first screened for normality and outliers 

examined. An ANOVA was performed using data points derived from three replicates for total 

root yield (t/ha), marketable root yield (t/ha), number of marketable roots (number per plot), and 

from one replicate for dry matter content, taste score and vine vigor score. The Student’s 

protected t-LSD was determined if the F-probability from the ANOVA was significant at 5 %, 

except for scores of unmarketable classes where a 1% level was used.  Statistical significance 
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was set at the 5% to compare means of sites and varieties. Data of unmarketable classes, except 

for XXS, was very skew in distribution and had high variety variances and could not be analyzed. 

The data was therefore transformed into scores based on the following scale: 1 = no apparent 

damage; 2 = very little damage (0.1 - 4%); 3 = moderate damage (5-19%); 4 = considerable 

damage (20-39%); 5 = severe damage (40-75%). An ANOVA was performed to assess the 

variability. 

 

Methods used for G x E analysis in this study were: 1) AMMI model (Gauch and Zobel, 1996) 

performed on GenStat 2007; and 2) SREG model of the GGE Biplot (Yan and Kang, 2003) 

performed with SAS/STAT Version 9.2. Missing values were estimated using the EM algorithm 

in the ANOVA procedure on GenStat based on a combined analysis of 12 environments. This led 

to differences in mean values between the individual ANOVA’s and the AMMI analysis. 

 

3.4. Results  

3.4.1. Root shape and root color 

The root characteristics of the 10 varieties are indicated in Table 3.2 and Fig. 3.1.  

 

Table 3.2 Origin, root color and shape of 10 cream to yellow-orange sweet potato varieties 

 Variety Origin Skin color Flesh color Root shape 

Amasi Rose Centennial (USA) Brownish yellow  
Cream orange - Pale 
orange 

Round elliptic - Long elliptic - Ovate 

Blesbok ARC 1981-27-1204 
Purple - Purple-
red 

White – Cream Long oblong - Long elliptic  

Letlhabula ARC 1987-17-3 Cream – White White – Cream 
Long oblong - Round elliptic - Long 
elliptic 

Mafutha ARC Sel. No 4-95 
Cream pink - Pale 
pink 

Cream, orange spots – 
Cream 

Heavy obovate - Round elliptic - 
long elliptic 

Mamphenyane ARC 1981-27-167 
Yellow - Brownish 
orange 

Cream, orange spots - 
Pale yellow 

Obovate - Long oblong - Round 
elliptic 

Mokone ARC Ribbok Cream Cream - Dark cream Round elliptic - Long oblong - Ovate 

Monate ARC 1985-6-3 
Cream - cream 
brown pink 

Cream Round elliptic - Long elliptic 

Ndou ARC 1992-7-2 
Cream - slight light 
orange 

Cream - Cream, pale 
orange  

Round elliptic - Obovate - Long 
elliptic 

Phala ARC 1981-26-1114 Purple-red 
Cream - Cream, slight 
pale orange 

Oblong Round elliptic - Long elliptic 

Serolane 
Wit Blesbok (landrace) 
x Mafutha 

Pink - Brownish 
orange 

Orange, yellow ring - 
Pale orange 

Long elliptic - Long oblong - Long 
irregular 
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Fig. 3.1 Eight new cream to yellow-orange sweet potato varieties and commercial control variety Blesbok  
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All the sweet potato varieties in the present study originated from local genetic resources, except 

Amasi (with one foreign parent) (Table 3.2). The varieties varied in skin color from cream to 

brown to purple (Fig. 3.1). Six of the varieties had some degree of orange pigmentation in the 

root flesh. Most varieties had acceptable root shape, except for Serolane with long irregular roots. 

 

3.4.2. Taste and dry matter content 

The highest mean taste scores (for boiled roots) were achieved by Mafutha, followed by Amasi, 

Ndou and Monate (Table 3.3). Blesbok, Mokone, Serolane and Lethlabula had average scores. 

Low scores were reported for Mamphenyane and Phala. Mamphenyane had a very high SD for 

taste score.  

 

Table 3.3 Mean and SD for taste score (n=389), dry matter content and vine vigor score of 10 

cream to yellow-orange sweet potato varieties in 12 environments sorted in descending order 

Variety 
 

Taste 1 

   
Variety 
 

Dry matter 
content (%)   

Variety 
 

Vine vigor 2 

  

Mafutha 1.87 (0.39) a Serolane 28.0 (2.3) a Monate 4.23 (0.57) a 

Amasi 2.21 (0.51) ab Ndou 27.7 (5.0) a Amasi 4.03 (0.64) ab 

Ndou 2.29 (0.59) ab Mafutha 27.3 (2.8) a Mokone 3.93 (0.75) ab 

Monate 2.53 (0.69) abc Amasi 27.1 (3.1) a Blesbok 3.72 (0.71) abc 

Blesbok 2.76 (0.97)  bcd Mokone 26.7 (3.7) a Ndou 3.64 (0.68) abc 

Mokone 2.86 (0.69)  bcde Monate 26.6 (6.1) a Letlhabula 3.59 (0.78) abc 

Serolane 3.14 (0.92)   cde Phala 26.2 (3.1) a Phala 3.41 (0.69)  bcd 

Letlhabula 3.20 (0.95)   cde Mamphenyane 25.9 (3.5) a Serolane 3.08 (0.18)    cde 

Mamphenyane 3.30 (1.28)     de Letlhabula 22.7 (3.9)  b Mafutha 2.93 (0.95)     de 

Phala 3.52 (0.67)       e Blesbok 20.6 (4.0)  b Mamphenyane 2.68 (1.00)       e 

Mean 2.77     26.02     3.52   

P-value (variety) <0.001   <0.001   <0.001  

LSD (variety) 0.74   2.21   0.66  

Root MSE 0.78   2.34   0.74  

CV% 28.3     9.0     20.9   

MSE = Mean square error     
Means in the same column followed by the same letter are not significantly different at P ≤ 0.05 
1 Taste score: 1 = excellent, 2 = good, 3 = average, 4 = poor, 5 = very poor (Note: opposite to scale of section 7.4.5) 
2 Vine vigor score: 1 = very sparse, 2 = sparse, 3 = average, 4 = vigorous, 5 = very vigorous 

 

Large variation was present in dry matter content of Ndou and Monate as seen from the standard 

deviation (SD). The dry-matter content differentiated the varieties into two groups of which 

Blesbok and Lethlabula formed the low dry matter group (significantly lower at 20.6 to 22.7%) 

and all other varieties were in the high dry matter group (ranging from 28.0% to 25.6%) with 

Mafutha, the control variety for the needs of resource-poor farmers. The correlation between taste 
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score and dry matter content was r = -0.28 and thus other factors contribute in determining the 

taste. Total root yield and dry matter content were negatively correlated (r = -0.61).  

 

3.4.3. Vine vigor 

The vine vigor score for Monate was the highest and significantly higher than Phala, Serolane, 

Mafutha and Mamphenyane (Table 3.3) with lower vine vigor. Amasi, Mokone, Blesbok, Ndou 

and Lethlabula had vigor scores in the same range as Monate. This trait is important in 

establishment and survival, and finally in yield as was seen in the correlation between vine vigor 

and total root yield (r = 0.655). The relation of above-ground growth to root production is 

determined by source-sink relations (Nakatani and Komeichi, 1992). 

 

3.4.4. Unmarketable root yield classes 

The most important unmarketable root yield classes (Table 3.4), were XXS, and insect and rat 

infested.  

 

Table 3.4 Mean scores for unmarketable root yield classes for 10 cream to yellow-orange sweet 

potato varieties from trials in 12 environments 

Variety XXL XXS Crack Rotten Insect Rat Damaged Long Sprout 

  score score score score score score score score score 

Amasi 1.44 c 2.92 abc 1.31 bcd 1.14 bc 1.86 1.75 abc 1.50 d 1.17 1.44 a 

Blesbok 2.08 a 2.67 bc 1.19 cd 1.31 b 2.08 1.75 abc 1.67 abc 1.36 1.03 b 

Letlhabula 1.83 ab 2.64 c 1.39 abcd 1.11 bc 2.08 1.5 bcd 1.56 cd 1.19 1.00 b 

Mafutha 1.69 bc 2.83  abc 1.59 abc 1.06 bc 1.78 1.78 ab 1.83 ab 1.25 1.08 b 

Mamphenyane 1.37 c 2.93 ab 1.63 ab 1.33 b 1.93 1.67bc 1.70 abc 1.17 1.07 b 

Mokone 1.44 c 3.03 a 1.14 d 1.25 bc 1.81 1.42 cd 1.56 cd 1.25 1.03 b 

Monate 1.86 ab 2.51 c 1.69 ab 1.29 b 2.23 2.09 a 1.49 d 1.20 1.51 a 

Ndou 1.53 bc 2.59 c 1.39 abcd 1.00 c 2.22 1.92 a 1.56 cd 1.19 1.06 b 

Phala 1.33 c 2.97 a 1.73 a 1.07 bc 2.13 1.30 cd 1.57 bcd 1.37 1.10 b 

Serolane 1.40 c 3.06 a 1.66 ab 1.66 a 1.91 1.74 abc 1.86 a 1.46 1.03 b 

Mean 1.62 2.81 1.46 1.22 1.99 1.70 1.64 1.27 1.14 

P-value (var) <0.001 <0.001 0.047 <0.001 0.107 0.005 0.026 0.318 <0.001 

LSD (var) 0.35  0.28  0.40  0.26  ns  0.34  0.27 ns 0.31  

Root MSE 0.44 0.34 0.50 0.33 0.45 0.42 0.34 0.31 0.38 
CV% 27.06 11.86 34.07 26.67 22.29 25.68 20.46 23.8 33.63 

MSE = Mean square error  XXL = Unmarketable large (>1200g)  XXS = Unmarketable small (<100 g) 
ns = not significant 
Means in the same column followed by the same letter are not significantly different at P ≤ 0.01 
Scale: 1 = no apparent damage; 2 = very little damage (0.1 - 4%); 3 = moderate damage (5-19%); 4 = considerable damage 
(20-39%); 5 = severe damage (40-75%) 
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The highest mean scores (2.08 to 1.83) for XXL for Blesbok, Monate and Lethlabula indicated 

that these were early maturing varieties. In contrast, large mean scores for XXS were found for 

Serolane, Mokone and Phala, ranging from 3.06 to 2.97. Insect infestation was detected in a 

higher degree in Monate and Ndou (scores between 2.22 and 2.23), while Mokone and Mafutha 

were somewhat tolerant to it. Rat damage was often seen in Monate and Ndou (scores between 

2.09 and 1.92), in contrast to Lethlabula, Mokone and Phala which had low scores (1.5 to 1.3) for 

rat damage. In terms of cracked roots, the largest problem was with Phala. Serolane had poorer 

storage root quality due to higher scores for long, damaged and rotten roots. Sprouting was seen 

in Monate and Amasi when conditions were favoring sprouting.  

 

3.4.5. Marketable root yield  

High marketable root yields of 61.0 and 61.4 t/ha was observed in Roodeplaat in two seasons (R1 

and R2) (Table 3.5). Other environments with high mean yields were Nhlazatshe 2003/4 (Nh2) at 

51.5 t/ha and Polokwane 2005/6 (P2) at 41.5 t/ha. The lowest yield was 15 t/ha in Nhlazatshe 

2004/5 (Nh1). Significant effects for marketable yield at environments were observed at all 

environments except in Nongoma (No1 and No2). Blesbok produced the highest mean 

marketable yield, followed by Ndou and Lethlabula. The lowest production of marketable yield 

was by Mafutha, Phala and Mamphenyane. 

 

3.4.6. Number of marketable roots 

High means for number of marketable roots (Table 3.6) were found for Roodeplaat 2003/4 (R2), 

Roodeplaat 2002/3 (R1), Elsenburg 2005/6 (E1) and Free State 2005/6 (F2) varying from 164.6 

to 106.1 marketable roots per plot. A low number of roots, 25.3 per plot, was observed for 

Nongoma 2003/4 (No1) Only in Polokwane 2004/5 (P1), Nhlazatshe 2003/4 (Nh1), Nhlazatshe 

2004/5 (Nh2), Nongoma 2003/4 (No1) and Nongoma 2004/5 (No2), the number of marketable 

roots were not statistically different among varieties.  

 

Blesbok and Ndou had the highest mean number of marketable roots (Table 3.6), while Phala, 

Mamphenyane and Mafutha had low mean marketable number of roots. A strong positive 

correlation was found between marketable root yield and number of marketable roots (r = 0.883). 
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Table 3.5 Means for marketable root yield (t/ha) for 10 cream to yellow-orange sweet potato 

varieties in 12 environments  

Variety R1 R2 P1 P2 E1 E2 F1 F2 Nh1 Nh2 No1 No2 Mean 

Amasi 58.0 56.1 28.8 44.7 48.5 24.4 40.2 20.7 59.0 15.8 21.8 20.8 36.6  

Blesbok 76.7 91.4 20.1 48.9 60.4 47.0 58.3 39.8 76.1 21.9 17.9 22.2 48.4  

Letlhabula 83.1 72.1 44.5 52.9 35.8 58.4 34.8 46.7 62.4 13.9 19.1 14.3 44.8  

Mafutha 52.6 43.6 21.5 18.7 19.2 14.8 22.1 18.0 30.6 3.0 14.1 27.5 23.8  
Mamphen- 
yane 55.4 56.9 25.1 - 40.5 25.0 16.8 - 43.3 10.5 12.3 13.1 31.4  

Mokone 64.1 65.8 44.7 42.6 45.4 32.9 36.9 37.6 44.8 21.2 19.7 23.0 39.9  

Monate 53.7 55.1 38.6 49.3 38.2 33.0 37.5 42.8 58.6 12.3 19.8 14.9 37.8  

Ndou 67.5 64.5 66.8 49.1 29.3 54.3 44.8 50.1 63.2 19.6 21.0 19.2 45.8  

Phala 44.7 49.0 50.1 38.3 34.0 39.3 18.7 - 33.1 - 14.9 15.6 32.4  

Serolane 54.4 59.0 18.1 29.3 18.6 27.7 21.9 32.2 43.7 16.7 11.3 15.5 29.0  

Mean 61.0 61.4 35.8 41.5 37.0 35.7 33.19 36.0 51.5 15.0 17.2 18.6 37.3 

P-value (var) <0.001 <0.001 0.015 <0.001 0.002 <0.001 <0.001 <0.001 0.003 0.05 0.63 0.1  

LSD (var) 12.9 9.2 25.8 13.2 17.3 10.5 8.9 10.7 20.5 11.1 ns ns  

Root MSE 7.5 5.4 15.0 7.6 10.1 6.1 5.2 6.1 12.0 6.4 7.3 6.1  

CV%  12.3 8.7 42.0 18.4 27.3 17.2 15.7 17.0 23.2 42.5 42.6 32.6  

“-“ = missing values  ns = not significant   var = variety   MSE = Mean square error     
R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5 

 

Table 3.6 Means for number of marketable roots (per plot) for 10 cream to yellow-orange sweet 

potato varieties in 12 environments  

Variety R1 R2 P1 P2 E1 E2 F1 F2 Nh1 Nh2 No1 No2 Mean 

Amasi 159.7 185.7 45.7 115.7 154.7 105.3 91.0 74.6 90.3 47.7 24.7 50.0 95.4 

Blesbok 175.0 196.0 33.3 121.7 115.0 145.3 132.7 102.0 97.0 51.3 24.7 54.7 104.1 

Letlhabula 186.3 151.0 78.0 107.7 80.3 170.0 93.3 119.3 66.7 33.3 25.7 28.0 95.0 

Mafutha 124.7 101.7 48.0 42.7 31.3 51.7 49.3 76.0 40.3 10.7 23.3 68.3 55.7 
Mamphen- 
yane 132.0 154.0 53.0 - 90.7 97.0 55.3 - 54.0 32.0 23.7 36.3 72.8 

Mokone 167.0 207.3 86.3 113.3 127.0 119.0 83.3 139.0 78.3 61.0 33.0 67.0 106.8 

Monate 119.7 153.7 59.0 121.7 93.7 103.3 89.0 84.7 78.3 35.7 29.9 40.0 84.1 

Ndou 148.0 177.0 99.0 91.0 61.3 143.3 109.0 161.0 85.0 53.0 33.7 43.0 100.4 

Phala 122.0 136.7 74.3 105.7 70.0 111.0 70.7 - 58.0 - 17.3 36.7 80.2 

Serolane 149.7 183.3 36.0 70.0 41.7 102.3 90.0 92.0 81.3 56.6 17.3 47.0 80.6 

Mean 148.2 164.6 61.3 98.8 86.6 114.8 86.4 106.1 72.9 42.4 25.3 47.1 88.2 
P-value 
(var) 0.019 0.001 0.070 <0.001 0.002 <0.001 <0.001 <0.001 0.194 0.082 0.816 0.070  

LSD (var) 39.5 40.0 ns 32.0 50.9 33.2 17.9 35.6 ns ns ns ns  

Root MSE 23.0 23.3 25.6 18.4 29.7 19.4 10.4 20.3 24.5 18.2 13.1 15.3  

CV% 15.5 14.2 41.9 18.7 34.3 16.9 12.1 19.2 33.5 43.1 51.6 32.5  

“-“ = missing values ns = not significant   var = variety   MSE = Mean square error  
R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5 
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3.4.7. Total root yield 

The mean total root yield in 12 environments, indicated in Table 3.7, varied between 82.0 t/ha in 

Roodeplaat 2002/3 (R1) and 35.8 t/ha in Nhlazatshe 2004/5 (Nh2). Significant differences were 

found for all environments, except Nhlazatshe 2004/5 (Nh2), Nongoma 2004/5 (No2) and 

Elsenburg 2005/6 (E1). High total yield was produced by Blesbok, Ndou and Monate, and the 

lowest by Mafutha.  

 

Table 3.7 Means for total root yield (t/ha) for 10 cream to yellow-orange sweet potato varieties in 

12 environments  

Variety R1 R2 P1 P2 E1 E2 F1 F2 Nh1 Nh2 No1 No2 Mean 

Amasi 77.9 70.4 38.2 59.9 80.9 38.7 44.5 34.7 68.0 35.8 53.2 47.2 54.1 

Blesbok 105.5 110.6 47.6 73.0 109.7 65.1 61.6 69.3 90.1 45.6 46.3 41.3 72.1 

Letlhabula 103.1 84.9 79.6 66.5 75.1 66.8 39.5 63.4 68.3 34.4 44.4 32.1 63.2 

Mafutha 69.3 61.2 49.1 39.0 47.6 28.0 24.9 35.7 35.7 26.5 29.0 43.5 40.8 
Mamphen-
yane 70.1 68.8 40.2 - 88.4 30.7 24.0 - 49.3 27.8 34.2 34.1 46.7 

Mokone 70.5 74.9 64.0 49.4 96.6 42.7 41.8 50.4 49.8 43.8 42.2 40.1 55.5 

Monate 94.3 81.8 86.1 70.4 71.3 66.3 47.5 73.5 68.6 32.8 46.3 36.8 64.6 

Ndou 86.9 77.6 100.7 69.0 65.4 63.4 47.1 62.1 71.2 40.9 42.0 47.5 64.5 

Phala 69.9 54.5 68.1 50.8 70.9 53.6 23.8 - 40.6 - 30.0 33.2 49.5 

Serolane 71.9 68.7 51.5 52.9 75.4 47.4 23.9 48.7 51.8 34.7 32.8 38.9 49.9 

Mean 82.0 75.4 62.5 59.0 78.1 50.3 37.9 54.7 59.3 35.8 40.0 39.5 56.5 
P-value 
(var) <0.001 <0.001 0.005 <0.001 0.086 <0.001 <0.001 <0.001 <0.001 0.123 0.004 0.498  

LSD (var) 13.45 11.99 30.66 13.61 ns 13.39 8.45 15.52 19.61 ns 11.29 ns  

Root MSE 3.1 3.0 5.3 3.6 5.1 3.9 3.6 4.0 4.4 4.8 4.0 5.0  

CV% 9.6 9.3 28.6 13.3 26.3 15.5 13.0 16.2 19.3 22.8 16.4 24.6  

“-“ = missing values ns = not significant  var = variety  MSE = Mean square error  
R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5 

 

3.4.8. AMMI 

The ANOVA tables for the AMMI model of the combined analysis in 12 environments are 

presented in Table 3.8. Highly significant effects (P ≤ 0.001) were obtained for E and G, as well 

as G x E interaction in all three variables. In this analysis, only 3.3% missing values were present. 

The noise (removed from interaction in the PCA to obtain reliable estimates) was only 5.6% (cf. 

residual in Table 3.8). For all three variables the E contributed more (56%, 65% and 48%, 

respectively) to the total variability than the G and the G x E interaction. The interaction main 

effect explained 16%, 13% and 16%, respectively, of the variability in marketable yield, number 
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of marketable roots and total yield, which was similar to the variability attributable to the 

genotype main effect. The contribution of IPCA1 and 2 was 69%, 62% and 76%, respectively, of 

the total sum of squares attributed to G x E interaction. For marketable yield, though IPCA1 

(43%) was more important in describing the G x E interaction, IPCA2 (26%) should also be 

considered. For number of marketable roots, IPCA1 accounted for 38% and IPCA2 24% of the G 

x E interaction and thus the latter will become more important in interpretation of G x E 

interaction. IPCA1 for total yield explained 53% while IPCA2 a relative small contribution 

(23%) and may be discarded in the interpretation if not shown to have specific importance.  

 

Table 3.8 Analysis of variance of AMMI model for yield components in sweet potato trials in 12 

environments 

Source df Marketable yield (t/ha) Number marketable roots Total yield (t/ha) 

  
Sum of 

Squares 
Mean 

Squares 
P-value  

 
Sum of 

Squares 
Mean 

Squares 
P-value 

 
Sum of 

Squares 
Mean  

Squares 
P-value 

 

E 
 

11 
 

79815 
 (56%) 

7256  
 

<0.001  578901 
(65%) 

52627 <0.001 88325  
(48%) 

8030 <0.001 

Block 1 24 5070 211 <0.001 20172 840 0.0045 8297 346 <0.001 
G 
 

9 
 

21424 
 (15%) 

2380 
 

<0.001 81231 
(9%) 

9026 <0.001 32356 
(18%) 

3595 <0.001 

G X E 
 

99 
 

22373 
 (16%) 

226 
 

<0.001 117258 
(13%) 

1184 <0.001 30262 
(16%) 

306 <0.001 

       IPCA1 
 

19 
 

9585 
 (43%) 

504 
 

<0.001 45020 
(38%) 

2369 <0.001 15903 
(53%) 

837 <0.001 

       IPCA2 
 

17 
 

5853 
 (26%) 

344 
 

<0.001 28572 
(24%) 

1681 <0.001 7102 
(23%) 

418 <0.001 

       IPCA3 
 

15 
 

2815 
(13%) 

188 
 

<0.001 19120 
(16%) 

1274 <0.001 3512 
(12%) 

234 <0.001 

       Residual 
 

63 
 

6935 
 (31%) 

110 
 

0.0069 
 

43666 
(37%) 

693 0.0038 7257  
(24%) 

115 0.4572 

Error 216 14834 69  89839 416  24757 115  

Total 359 143516 400  887400 2472  183996 513  
1 Blocks within environments 

 

The mean varietal marketable root yield varied widely between 48.40 t/ha for Blesbok and 

23.81 t/ha for Mafutha (Table 3.9). The new varieties Ndou and Lethlabula produced yields of 

45.79 to 44.83 t/ha, which were not significantly lower than the commercial control Blesbok. 

Average yields were achieved by Mokone, Monate and Amasi ranging from 39.90 to 36.85 t/ha. 

The low yielding new varieties were Phala, Mamphenyane and Serolane (31.31 to 29.04 t/ha). All 

new varieties had significantly higher yield than Mafutha, the control variety for resource-poor 

farmer needs. In terms of the AMMI selections per environment, Blesbok was the best in six 
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environments. Ndou was the best in four environments; and also achieved second place in one 

environment. Lethlabula had the second best marketable yield in seven of the environments. 

 

The environment means showed that the highest yields of 61 t/ha to 51 t/ha were obtained in 

Roodeplaat (both years) and Nhlazatshe 2003/4. The lowest yielding environments were 

Nongoma (both years) and Nhlazatshe 2004/5 (14.38 t/ha). Blesbok was the highest yielder at the 

highest yielding (Roodeplaat) as well as the lowest yielding environment (Nhlazatshe 2004/5). 

For the second lowest yielding site (Nongoma), Mokone was the highest yielder. Ndou retained 

the same ranking for high yielding (Roodeplaat) and low yielding environments (Nhlazatshe 

2004/5; Nongoma 2003/4). Amasi yielded well at low-yielding environment Nongoma 2004/5. 

 

The AMMI biplot involving the first two principal component axes (IPCA1 and 2) for marketable 

yield (Fig. 3.2), showed that all the environments and varieties were dispersed around the center 

of the biplot, thus this trait showed a large amount of variability. Serolane, Monate and 

Mamphenyane were the most stable varieties as they were clustered around the center of the 

biplot (Manrique and Hermann, 2002). Similarly environment Polokwane 2005/6 (P2) was stable. 

Both years in sites Roodeplaat (R1 and R2), Free State (F1 and F2) and Nhlazatshe (Nh1 and 

Nh2) were relatively stable.  

 

The biplot with IPCA1 scores versus mean marketable for both varieties and environments are 

presented in Fig 3.3. Using the genotype IPCA1 scores and the ASV for mean marketable yield 

(Table 3.9; Fig. 3.2 and 3.3), the varieties could be categorized as follows: 

Unstable, specific adaption, high yielding:  Ndou, Blesbok, Lethlabula 

Stable, wide adaption, average yields:  Mokone and Monate 

Unstable, specific adaption, average yield: Amasi (moderately unstable) 

Stable, wide adaption, low yielding: Mamphenyane, Serolane 

Unstable, specific adaption, low yielding: Phala, Mafutha 
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Table 3.9 Ranked means from the AMMI analyses for marketable root yield (t/ha) of 10 cream to yellow-orange sweet potato varieties 

in 12 environments during 2002/3 – 2007/8 in descending order 

  Variety                   Environment   

  Blesbok Ndou Lethlabula Mokone Monate Amasi Phala Mamphenyane Serolane Mafutha Means IPCA1 IPCA2 

Ranked mean 48.40 a 45.79 a 44.83 a 39.90 b 37.81 b 36.58 b 31.31 c 30.07 c 29.04 c 23.81 d      

IPCA1 Score -5.291 3.345 0.68 0.428 0.431 -2.029 3.407 -0.687 -0.512 0.228    

IPCA2 Score 2.082 2.479 3.784 -1.223 0.382 -1.887 -0.962 -0.958 -0.193 -3.505    
AMMI stability  
value 1 8.912 6.013 3.945 1.410 0.802 3.822 5.662 1.478 0.861 3.524    

Environments  2:                           

Roodeplaat 2002/3 (R1) 80.28 (1) 69.58 (3) 72.75 (2) 62.36 (4) 62.10 (5) 60.72 (6) 51.12 (9) 53.93 (7) 53.60 (8) 43.87 (10) 61.03 -0.99 1.139 

Roodeplaat 2003/4 (R2) 88.59 (1) 65.64 (3) 72.88 (2) 61.82 (6) 61.89 (5) 63.55 (4) 46.38 (9) 55.04 (7) 54.62 (8) 43.15 (10) 61.36 -2.418 1.344 

Polokwane 2003/4 (P1) 18.33 (10) 63.09 (1) 47.44 (3) 41.39 (4) 39.23 (5) 24.62 (8) 49.13 (2) 25.43 (6) 25.31 (7) 24.33 (9) 35.83 5.488 -0.054 

Polokwane 2004/5 (P2) 51.81 (3) 53.06 (1) 51.98 (2) 43.20 (4) 42.31 (5) 38.37 (6) 36.03 (7) 33.11 (8) 32.72 (9) 25.32 (10) 40.79 0.412 0.747 

Elsenburg 2005/6 (E1) 58.27 (1) 33.64 (6) 37.09 (4) 41.14 (3) 36.37 (5) 45.00 (2) 24.74 (10) 33.62 (7) 30.88 (8) 29.35 (9) 37.01 -2.473 -1.668 

Elsenburg 2007/8 (E2) 44.57 (3) 57.49 (1) 55.89 (2) 35.99 (5) 38.57 (4) 26.65 (7) 33.11 (6) 25.07 (9) 26.56 (8) 12.93 (10) 35.68 1.665 2.906 

Free State 2003/4 (F1) 54.82 (1) 36.72 (3) 40.84 (2) 35.31 (5) 33.55 (6) 36.28 (4) 21.40 (9) 27.54 (7) 26.36 (8) 19.09 (10) 33.19 -1.804 0.211 

Free State 2005/6 (F2) 40.89 (3) 51.86 (1) 48.62 (2) 36.63 (5) 36.69 (4) 28.71 (7) 32.89 (6) 25.47 (9) 25.72 (8) 17.19 (10) 34.47 1.512 1.333 

Nhlazatshe 2003/4 (Nh1) 78.41 (1) 58.27 (3) 65.50 (2) 51.36 (6) 52.39 (4) 51.96 (5) 36.96 (9) 44.41 (8) 44.50 (7) 31.25 (10) 51.50 -2.12 1.945 

Nhlazatshe 2004/5 (Nh2) 23.36 (1) 19.16 (3) 16.46 (5) 19.39 (2) 14.79 (6) 17.38 (4) 10.05 (7) 9.27 (8) 7.02 (9) 6.89 (10) 14.38 -0.113 -1.565 

Nongoma 2003/4 (No1) 20.28 (3) 22.47 (2) 16.58 (6) 23.57 (1) 17.61 (5) 20.21 (4) 16.32 (7) 12.35 (9) 9.59 (10) 12.85 (8) 17.18 0.666 -2.413 

Nongoma 2004/5 (No2) 21.19 (3) 18.52 (5) 11.98 (9) 26.65 (1) 18.27 (6) 25.51 (2) 17.55 (7) 15.59 (8) 11.59 (10) 19.48 (4) 18.63 0.173 -3.925 

Overall mean  36.75             

P-value (var)  <0.001             

P-value (var*env)  <0.001             

LSD (var)  3.94             

LSD (var*env)  13.66             

CV%  23.1             

Means in the same column followed by the same letter are not significantly different at P ≤ 0.01 
1 Developed by Purchase et al. (2000) 
2 Ranking of varieties per environment in brackets  
var = variety;  env = environment 
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Fig. 3.2 Biplot of IPCA1 scores versus IPCA2 scores for marketable root yield (t/ha) for 10 sweet 

potato varieties grown in 12 environments 

(R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Let=Lethlabula, Maf=Mafutha; 
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 

 

According to the environment IPCA1 scores for mean marketable yield (Table 3.9 and Fig. 3.3), 

most environments did not have extreme absolute values and were thus stable, except for 

Polokwane 2005/6 (P2) (IPCA1 score of 5.488). Environments Free State (both years) (F1 and 

F2), Elsenburg (both years), Nhlazatshe 2003/4 (Nh1) and Roodeplaat 2003/4 (R2) had average 

stability. High year to year variability in environment IPCA1 scores were seen for Polokwane 

therefore relative rankings of varieties were less stable, making it more difficult to recommend a 

specific variety for Polokwane. This was also to some extent the case for Elsenburg and the Free 

State.  
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Fig. 3.3 Biplot of IPCA1 scores versus marketable root yield (t/ha) for 10 cream to yellow-orange 

sweet potato varieties grown in 12 environments 

(R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Let=Lethlabula, Maf=Mafutha; 
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 

 

 

Where varieties are positioned in close proximity of environments (thus having similar IPCA1 

loadings) it indicates environments where those varieties yield especially well (Fig. 3.3). Based 

on this, Mokone yielded specifically well in Polokwane 2005/6 (P2); Monate in Free State 2005/6 

(F2) and Elsenburg 2007/8 (E2); Amasi in Elsenburg 2005/6 (E1); Phala in Polokwane 2004/5 

(P1); Mamphenyane in Free State 2003/4 (F1); and Mafutha in Nongoma 2004/5 (No2). 

 

The genotypic variation in mean number of marketable roots varied between 106.81 per plot 

(roughly 2.6 roots per plant) for Mokone and 55.67 per plot (roughly 1.9 roots per plant) for 

Mafutha (Table 3.10). Mokone, Blesbok (104.06 per plot) and Ndou (100.36 per plot) formed a 

group with the highest number of marketable roots. Also Amasi and Lethlabula had a number of 

marketable roots (ranging from 95.41 to 94.97) not significantly lower than Blesbok. The next 

group was Monate, Serolane, Phala and Mamphenyane with 84.04 to 75.39 marketable roots per 

plot (roughly 2.8 to 2.5 roots per plant). Mafutha produced a significantly lower and much 
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smaller number of marketable roots than all other varieties. Mokone and Blesbok each was the 

best at four environments. Ndou was the best in two environments and second best in two 

environments. Amasi and Lethlabula each was the best in one environment. 

 

The environment means (Table 3.10) showed the highest values for Roodeplaat (148.40 and 

164.63, respectively), Elsenburg 2007/8 (114.83) and Free State 2003/4 (103.29), and lowest in 

Nongoma (both years) (25.32 and 47.10) and Nhlazatshe 2004/5 (41.22). For these three low 

yielding environments, Mokone had the highest number of marketable roots. The AMMI biplot 

of IPCA1 versus IPCA2 for number of marketable roots Fig. 3.4, again shows the 12 

environments and 10 varieties dispersed around the center and thus indicated large variability in 

terms of genotypes and environments. Serolane, Mokone, Phala, Monate and Mamphenyane were 

the most stable varieties clustered around the center of the biplot, while environments Free State 

2003/4 (F1) as well as both years in sites Roodeplaat (R1 and R2) and Nhlazatshe (Nh1 and Nh2) 

were fairly stable.  

 

The biplot with IPCA1 scores versus mean number of marketable roots for both varieties and 

environments, were presented in Fig. 3.5. When considering genotype IPCA1 scores and ASV 

(Table 3.10; Fig. 3.4 and 3.5), the varieties could be categorized as follows for number of 

marketable roots: 

Stable, wide adaption, high number of roots:  Mokone 

Unstable, specific adaption, high number of roots:  Ndou, Blesbok, Amasi, Lethlabula 

Stable, wide adaption, average number of roots:      Phala, Mamphenyane, Serolane, Monate  

Unstable, specific adaption, low number of roots:    Mafutha 
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Table 3.10 Ranked means from the AMMI analyses for number of marketable roots (per plot) of cream to yellow-orange varieties in 

12 environments during 2002/3 – 2007/8 in descending order 

  Variety                   Environment     

  Mokone Blesbok Ndou Amasi Lethlabula Monate Serolane Phala Mamphenyane Mafutha Mean IPCA1 IPCA2 

Ranked mean 106.81 a 104.06 ab 100.36 ab 95.41 b 94.97 b 84.04 c 80.61 c 77.19 c 75.39 c 55.67 d    

IPCA1 Score -0.964 -3.951 5.41 -6.932 2.128 -1.767 1.205 1.382 -0.657 4.147    

IPCA2 Score 0.99 -3.254 -2.793 1.37 -5.523 1.018 -0.092 0.249 1.519 6.514    

AMMI stability value 1 1.814 7.025 8.969 11.008 6.461 2.964 1.901 2.192 1.838 9.227    

Environments 2:              

Roodeplaat 2002/3 (R1) 166.3 (2) 169.8 (1) 165.4 (3) 154.4 (5) 164.1 (4) 143.5 (6) 141.7 (7) 137.8 (8) 134.1 (9) 107.0 (10) 148.40 -0.004 -1.478 

Roodeplaat 2003/4 (R2) 185.5 (3) 195.4 (1) 165.9 (5) 189.8 (2) 172.3 (4) 164.9 (6) 154.6 (7) 150.4 (9) 152.7 (8) 114.7 (10) 164.63 -2.694 -1.066 

Polokwane 2003/4 (P1) 77.5 (2) 55.1 (7) 95.5 (1) 38.8 (10) 71.2 (3) 51.0 (8) 59.9 (4) 57.8 (5) 48.2 (9) 57.7 (6) 61.27 4.653 1.364 

Polokwane 2004/5 (P2) 118.6 (3) 128.1 (1) 97.9 (6) 123.4 (2) 104.2 (4) 98.0 (5) 87.4 (7) 83.2 (9) 85.8 (8) 48.2 (10) 97.47 -2.778 -0.924 

Elsenburg 2005/6 (E1) 114.4 (3) 127.8 (2) 55.9 (9) 147.3 (1) 71.0 (6) 97.5 (4) 70.7 (7) 66.5 (8) 81.4 (5) 33.1 (10) 86.57 -7.351 1.349 

Elsenburg 2007/8 (E2) 126.8 (4) 146.7 (3) 152.1 (2) 105.4 (6) 159.6 (1) 102.8 (8) 110.1 (5) 104.8 (7) 92.4 (9) 47.6 (10) 114.83 1.278 -6.252 

Free State 2003/4 (F1) 103.9 (3) 111.0 (1) 103.6 (4) 93.5 (5) 105.0 (2) 81.3 (6) 79.4 (7) 75.2 (8) 71.3 (9) 39.6 (10) 86.37 -0.295 -2.117 

Free State 2005/6 (F2) 116.5 (3) 104.7 (4) 146.9 (1) 74.9 (10) 129.0 (2) 89.7 (7) 102.6 (5) 99.6 (6) 85.9 (8) 83.2 (9) 103.29 4.976 -1.371 

Nhlazatshe 2003/4 (Nh1) 93.7 (1) 91.8 (2) 79.4 (4) 88.2 (3) 75.9 (5) 71.7 (6) 64.9 (7) 61.5 (9) 62.2 (8) 40.1 (10) 72.93 -0.962 0.451 

Nhlazatshe 2004/5 (Nh2) 61.5 (1) 53.0 (2) 52.2 (3) 49.1 (4) 42.7 (5) 38.6 (6) 34.6 (7) 31.6 (8) 30.8 (9) 18.2 (10) 41.22 0.250 1.187 

Nongoma 2003/4 (No1) 46.2 (1) 25.2 (4) 38.5 (2) 26.0 (3) 19.2 (8) 22.2 (5) 20.2 (7) 18.1 (9) 16.9 (10) 20.7 (6) 25.32 1.663 3.114 

Nongoma 2004/5 (No2) 70.9 (1) 40.0 (9) 50.8 (4) 54.2 (3) 25.6 (10) 47.3 (5) 41.3 (7) 40.0 (8) 42.9 (6) 58.0 (2) 47.10 1.266 5.743 

Grand mean  87.45             

P-value (var)  <0.001             

P-value (env*var)  <0.001             

LSD (var)  9.70             

LSD (env*var)  33.62             

CV%   23.9                         

Means in the same column followed by the same letter are not significantly different at P ≤ 0.01 
1 Developed by Purchase et al. (2000) 
2 Ranking of varieties per environment in brackets  
var = variety;  env = environment  



 62 

Ser

Ama Mok
Mam

Ph

Ndou

Mon

Maf

Bles

Let

E2

No2

No1

E1
Nh2

P1

F2P2

F1
R1R2

Nh1

-7

-5

-3

-1

1

3

5

7

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8

IPCA1 scores

IP
C

A
2 

sc
or

es

 

Fig. 3.4 Biplot of IPCA 1 scores versus IPCA 2 scores for number of marketable roots (t/ha) for 

10 sweet potato varieties grown in 12 environments 

(R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Let=Lethlabula, Maf=Mafutha; 
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 

 

 

When considering environment IPCA1 scores for number of marketable roots, extreme absolute 

values were seen for Polokwane 2004/5 (P1), Free State 2005/6 (F2) and Elsenburg 2005/6 (E1). 

Environments Nhlazatshe (both years) (Nh1 and Nh2) and Roodeplaat (both years) (R1 and R2) 

were stable (Table 3.10 and Fig 3.5). 

 

Specific good performance was seen for Monate in Polokwane 2005/6 (P2); Lethlabula for 

Elsenburg 2007/8 (E2); Mafutha in Nongoma 2004/5 (No2) and Polokwane 2004/5 (P1); Amasi 

in Elsenburg 2005/6 (E1); and Ndou in Free State 2005/6 (F2). 
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Fig. 3.5 Biplot of interaction IPCA 1 scores versus number of marketable roots (t/ha) for 10 

sweet potato varieties grown in 12 environments  

(R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Let=Lethlabula, Maf=Mafutha; 
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 

 

 

Mean total yield varied between 72.14 for Blesbok and 40.79 for Mafutha (Table 3.11). All new 

varieties had significantly lower total yield than the commercial control variety Blesbok and 

significantly higher yield than control variety Mafutha. Of the new varieties Monate, Ndou and 

Lethlabula produced the highest total yields (ranging from 64.88 to 63.19 t/ha), and Mokone and 

Amasi average total yields of 55.51 and 54.13 t/ha, respectively. The low yielding new varieties 

were Serolane, Phala and Mamphenyane (49.88 to 46.62 t/ha). Blesbok was the best of the 

AMMI selections in nine environments. Monate was the best in one environment and second best 

in five environments, while Ndou had the best yield in one environment and second best in three 

environments. Mokone was the best in one environment. 
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Table 3.11 Ranked means from the AMMI analyses for total root yield (t/ha) of cream to yellow-orange varieties in 12 environments 

during 2002/3 – 2007/8 in descending order 

  Variety                   Environment     

  Blesbok Monate Ndou Lethlabula Mokone Amasi Serolane Phala Mamphenyane Mafutha Mean IPCA1 IPCA2 

Ranked means 72.14 a 64.66 b 64.49 b 63.19 b 55.51 c 54.13 cd 49.88 d 47.1 de 46.62 de 40.79 f    

IPCA1 Score 4.156 -2.975 -4.213 -2.081 1.362 3.259 0.466 -2.013 2.719 -0.68    

IPCA2 Score -4.343 -2.157 0.159 -2.866 2.167 1.563 0.753 1.264 0.835 2.626    

AMMI stability value 1 10.27 7.003 9.436 5.472 3.741 7.464 1.287 4.68 6.146 3.036    

Environments 2:              

Roodeplaat 2002/3 (R1) 107.0 (1) 96.5 (2) 91.4 (4) 96.4 (3) 76.3 (5) 75.8 (6) 74.1 (7) 70.9 (8) 70.1 (9) 61.1 (10) 81.95 -0.277 -2.269 

Roodeplaat 2003/4 (R2) 108.0 (1) 83.4 (3) 76.3 (4) 85.0 (2) 72.9 (6) 76.1 (5) 68.6 (8) 60.4 (9) 69.2 (7) 53.6 (10) 75.35 1.76 -2.08 

Polokwane 2003/4 (P1) 47.6 (8) 87.5 (2) 97.8 (1) 79.6 (3) 56.1 (5) 42.1 (9) 54.5 (7) 67.9 (4) 37.1 (10) 54.8 (6) 62.5 -6.289 1.166 

Polokwane 2004/5 (P2) 74.9 (1) 69.0 (2) 68.2 (3) 67.6 (4) 56.0 (5) 54.2 (6) 51.5 (7) 49.4 (8) 47.3 (9) 41.8 (10) 57.98 -0.383 -0.513 

Elsenburg 2005/6 (E1) 111.0 (1) 72.8 (7) 68.1 (8) 75.0 (5) 84.8 (3) 91.6 (2) 74.6 (6) 61.0 (10) 81.4 (4) 61.2 (9) 78.13 4.452 0.436 

Elsenburg 2007/8 (E2) 64.5 (4) 68.7 (1) 67.6 (2) 66.5 (3) 43.7 (6) 39.2 (8) 42.1 (7) 43.8 (5) 34.0 (9) 32.5 (10) 50.26 -2.116 -1.561 

Free State 2003/4 (F1) 58.4 (1) 44.4 (2) 42.8 (4) 43.8 (3) 38.4 (6) 38.8 (5) 32.2 (7) 27.2 (9) 30.9 (8) 21.9 (10) 37.86 0.879 -0.132 

Free State 2005/6 (F2) 69.4 (1) 68.5 (2) 66.6 (4) 66.8 (3) 47.2 (5) 44.1 (8) 44.8 (6) 44.6 (7) 38.4 (9) 34.5 (10) 52.49 -1.356 -1.45 

Nhlazatshe 2003/4 (Nh1) 90.2 (1) 69.4 (3) 62.7 (4) 70.6 (2) 55.8 (6) 58.0 (5) 52.2 (7) 45.4 (9) 51.4 (8) 37.6 (10) 59.33 1.178 -2.234 

Nhlazatshe 2004/5 (Nh2) 44.2 (1) 35.9 (5) 40.3 (3) 33.5 (6) 40.9 (2) 39.7 (4) 31.1 (7) 27.5 (9) 29.9 (8) 25.6 (10) 34.84 0.845 2.418 

Nongoma 2003/4 (No1) 51.3 (1) 42.1 (5) 45.5 (2) 40.0 (6) 45.1 (3) 44.1 (4) 35.9 (7) 32.1 (9) 34.7 (8) 29.6 (10) 40.04 0.831 1.965 

Nongoma 2004/5 (No2) 39.3 (4) 37.7 (5) 46.8 (2) 33.6 (10) 49.0 (1) 46.0 (3) 36.9 (6) 35.2 (8) 35.1 (9) 35.3 (7) 39.48 0.477 4.255 

Grand mean  55.85             

P-value (var)  <0.001             

P-value (env*var)  <0.001             

LSD (var)  5.09             

LSD (env*var)  17.65             

CV%  19.6                         

Means in the same column followed by the same letter are not significantly different at P ≤ 0.01 
1 Developed by Purchase et al. (2000) 
2 Ranking of varieties per environment in brackets  
var = variety;  env = environment  
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The highest mean total yields were produced in Roodeplaat (81.95 and 75.35, respectively) and 

Elsenburg 2005/6 (78.13) (Table 3.11). Low environment means were observed for Nhlazatshe 

2004/5 (34.84) and Free State 2003/4 (37.86). Blesbok had the highest total yields in both the 

high yielding and low yielding environments.  

 

The AMMI biplot of IPCA1 versus IPCA2 for total yield (Fig. 3.6), had the 12 environments and 

10 varieties dispersed around the center, as seen for the other yield components, indicating large 

variability for genotypes and environments. Serolane was the most stable variety being closest to 

the center of the biplot. Similarly environments Free State 2003/4 (F1) and Polokwane 2005/6 

(P2) were most stable. 
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Fig. 3.6 Biplot of IPCA 1 scores versus IPCA 2 scores for total root yield (t/ha) for 10 varieties 

grown in 12 environments  

(R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Let=Lethlabula, Maf=Mafutha; 
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 
 

The biplot for genotype and environment IPCA1 scores versus mean total yield were given in 
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Fig. 3.7. By using the genotype IPCA1 scores and ASV (Table 3.11; Fig. 3.7), for total yield the 

varieties could be categorized as follows: 

Unstable, specific adaption, very high total yield:  Blesbok 

Stable, wide adaption, high total yield:  Lethlabula (moderately stable) 

Unstable, specific adaption, high total yield:   Ndou and Monate 

Stable, wide adaption, average total yield:      Serolane, Mokone, Phala (moderately stable) 

Unstable, specific adaption, average total yield:  Mamphenyane, Amasi  

Stable, wide adaption, low total yield:     Mafutha 

 

The environment IPCA1 scores were extreme for Polokwane 2004/5 (P1), Nongoma 2004/5 

(No2) and Elsenburg 2005/6 (E1). Environments Nhlazatshe (Nh1 and Nh2) and Roodeplaat 

(both years) (R1 and R2) were stable in both years (Table 3.11 and Fig 3.7). 
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Fig. 3.7 Biplot of IPCA 1 scores versus total root yield (t/ha) for 10 varieties grown in 12 

environments 

(R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Let=Lethlabula, Maf=Mafutha; 
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 
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Varieties performing particularly well in certain environments (these were in close proximity on 

the biplot), were Mafutha in Nongoma 2004/5 (No2); Phala in Elsenburg 2005/6 (E2); Serolane 

in Free State 2005/6 (F2); Ndou in Polokwane 2004/5 (P1); Blesbok in Elsenburg 2005/6 (E1). 

 

3.4.9. GGE BIPLOT 

The results of the SREG model for marketable root yield are presented in Table 3.12 and Fig. 

3.8. The principal component (PC) scores for the varieties and environments are also indicated in 

Table 3.12. The ANOVA for the combined analysis can be followed in Table 3.8 for the main 

effects. However, the contribution from PC1 (60%) and PC2 (21%) for the SREG model differs 

from that of the AMMI model. The SREG model accounted for 81% of GGE variation, while the 

AMMI model accounted for 69% (for the first three axes). This led to some differences in the 

stability rankings of the varieties.   

 

Table 3.12 Mean marketable root yield (t/ha) values for the first two principal axes (PC1 and 2) 

of 10 cream to yellow-orange varieties and 12 environments from the SREG model  

Variety Marketable yield (t/ha) PC1 PC2 

Blesbok 48.40 4.975 -4.418 

Ndou 45.79 3.247 4.057 

Letlhabula 44.83 3.450 1.572 

Mokone 39.90 0.670 0.334 

Monate 37.81 0.484 0.564 

Amasi 36.58 -0.181 -2.270 

Phala 31.31 -2.355 3.016 

Mamphenyane 30.07 -2.368 -1.089 

Serolane 29.04 -2.670 -0.883 

Mafutha 23.81 -5.253 -0.883 

Grand mean 36.75   

Environment    

Roodeplaat 2003/4  61.36 3.594 -1.934 

Roodeplaat 2002/3 61.03 3.065 -0.624 

Nhlazatshe 2003/4 51.50 4.146 -1.443 

Polokwane 2005/6 40.79 3.011 0.769 

Elsenburg 2005/6  37.01 2.480 -2.500 

Polokwane 2004/5 35.83 1.867 5.584 

Elsenburg 2007/8 35.68 3.646 2.372 

Free State 2005/6 34.47 2.658 1.854 

Free State 2003/4 33.19 3.553 -1.426 

Nongoma 2004/5 18.63 -0.136 -0.609 

Nongoma 2003/4 17.18 0.784 0.240 

Nhlazatshe 2004/5 14.37 1.405 -0.339 
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Fig 3.8 GGE Biplot (SREG model) of marketable root yield of eight cream to yellow-orange 

sweet potato varieties and 12 environments  

(Factor 1 = PC1; Factor 2 = PC2)   
(R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Leth=Lethlabula, Maf=Mafutha; 
Mam=Mamphanyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 

 

The biplot in Fig. 3.8 can be explained as described by Burgueno et al. (2001) and Yan et al. 

(2000). The varieties lying at the extreme ends of the polygon were the most responsive varieties 

(negative or positive). These were the best (Ndou, Blesbok) or poorest (Mafutha) varieties at 

some or a number of locations. Varieties Mokone and Monate lying close to the center were least 

responsive and since lying in close proximity to each other, showed similar reaction. The 

genotypes and environments on the biplot were divided into four sectors by the red lines. One 

sector included Ndou, Monate, Mokone and Lethlabula with the environments Polokwane 2004/5 
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(P1), Free State 2005/6 (F2), Elsenburg 2007/8 (E2), Polokwane 2005/6 (P2) and Nongoma 

2003/4 (No1). The second sector included Blesbok and Amasi with Elsenburg 2005/6 (E1), 

Roodeplaat 2003/4 (R2), Nhlazatshe 2003/4 (Nh1), Free State 2003/4 (F1), Roodeplaat 2002/3 

(R1), Nhlazatshe 2004/5 (Nh2), and Nongoma 2004/5 (No2). The third sector included Mafutha, 

Mamphenyane and Serolane and sector four included Phala. Vertex varieties (on the extreme end 

of the polygon), e.g. Mafutha without any environment in the sector, was not the highest yielding 

at any site, moreover it was the poorest variety at some sites.  

 

A high coefficient of correlation (r = 0.986) existed between marketable yield of varieties and 

their PC1 scores. Ideal varieties have high PC1 scores (high yield) and small absolute PC2 scores 

(high stability), e.g. Lethlabula, and Mokone and Monate with average-good yields). The 

varieties were grouped as follows: 

Stable, wide adaption, high yielding:    Lethlabula  

Unstable, specific adaption, high yielding:    Ndou, Blesbok 

Stable, wide adaption, average yields:    Mokone and Monate 

Moderately unstable, specific adaption, average yield: Amasi  

Unstable, specific adaption, low yielding:   Phala 

Stable, wide adaption, low yielding:  Mamphenyane, Serolane,  

Stable, wide adaption, very low yielding:  Mafutha  

 

These groupings are similar, but not the same as the groupings identified with the AMMI. This 

was due to the difference in GGE variation accounted for by the two models. 

 

Environments with high PC1 and low absolute PC2 were considered as ideal environments e.g. 

Roodeplaat and Free State.  

 

The GGE results for number of marketable roots were presented in Table 3.13 and Fig. 3.9. 

The SREG model accounted for 75% of GGE variation. The contribution from PC1 was 54% and 

from PC2 21%. In comparison, the AMMI model accounted for 62% (for the first two axes). The 

most responsive varieties were Ndou, Blesbok and Amasi (positive response) and Mafutha 

(negative response: very low number of marketable roots). The biplot was divided into four 
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sectors: 1) Ndou and Lethlabula with the environments Nongoma 2003/4 (No1), Polokwane 

2004/5 (P1), Elsenburg 2007/8 (E2) and Free State 2005/6 (F2); 2) Blesbok and Mokone with 

Roodeplaat 2003/4 (R2), Nhlazatshe 2003/4 (Nh1), Free State 2003/4 (F1), Roodeplaat 2002/3 

(R1), Nhlazatshe 2004/5 (Nh2) and Polokwane 2005/6 (P2); 3) Amasi and Monate with 

Elsenburg 2005/6 (E1) and Nongoma 2004/5 (No2); and 4) Mamphenyane, Phala, Mafutha and 

Serolane.  

 

Table 3.13 Number of marketable roots (per plot) for the first two principal axes (PC1 and 2) of 

10 cream to yellow-orange varieties and 12 environments from the SREG model 

Variety Marketable roots (nr) PC1 PC2 

Mokone 106.81 4.597 -0.053 

Blesbok 104.06 5.363 -1.814 

Ndou 100.36 2.435 6.759 

Amasi 95.41 3.125 -6.514 

Letlhabula 94.97 2.396 4.146 

Monate 84.05 -0.709 -2.248 

Serolane 80.61 -1.764 0.830 

Phala 77.19 -2.746 0.644 

Mamphenyane 75.39 -2.784 -1.651 

Mafutha 55.67 -9.913 -0.100 

Grand mean 87.45   

Environment    

Roodeplaat 2003/4 164.63 6.011 -1.048 

Roodeplaat 2002/3 148.40 3.845 0.936 

Elsenburg 2007/8                                                                                                114.83 5.682 4.055 

Free State 2005/6 103.29 3.247 5.893 

Polokwane 2005/6 97.47 4.530 -1.798 

Elsenburg 2005/6 86.57 5.998 -6.459 

Free State 2003/4 86.37 4.292 0.934 

Nhlazatshe 2003/4 72.93 3.294 -0.698 

Polokwane 2004/5 61.27 1.132 4.110 

Nongoma 2004/5 47.10 -0.325 -0.985 

Nhlazatshe 2004/5 41.22 2.698 0.191 

Nongoma 2003/4 25.32 0.573 0.373 

 

Considering varieties with high PC1 scores (high number of roots) and small absolute PC2 scores 

(high stability), ideal varieties were identified as Blesbok and Mokone. The varieties were 

grouped as follows: 

High number of roots, stable, wide adaption:   Blesbok, Mokone 

High number of roots, unstable, specific adaption:  Ndou, Lethlabula, Amasi 
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Mean number of roots, moderately stable, wide adaption: Monate 

Low number of roots, stable, wide adaption:   Serolane, Phala, Mamphenyane 

Very low number of roots, stable, wide adaption:  Mafutha 

 

Similarly environments with high PC1 and low absolute PC2 were considered as ideal 

environments namely Roodeplaat and Nhlazatshe.  

 

 
Fig. 3.9 GGE Biplot (SREG model) for number of marketable roots for eight varieties in 12 

environments  

(Factor 1 = PC1; Factor 2 = PC2)   
 (R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Leth=Lethlabula, Maf=Mafutha; 
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 
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Table 3.14 and Fig. 3.10 indicate the values for total root yield as well as the PC scores. The 

SREG model accounted for 86% of GGE variation. The contribution from PC1 was 61% and 

from PC2 25%. In comparison, the AMMI model accounted for 76% (for the first two axes). 

Blesbok and Ndou (positive response) and Mafutha and Mamphenyane (negative response), lying 

at the extreme ends of the polygon, were the most responsive varieties. Varieties Ndou, 

Letlhabula and Monate showed similar reaction as they were in close proximity. Six sectors were 

identified. One sector included Ndou, Monate and Lethlabula with the environments Elsenburg 

2007/8 (E2) and Polokwane 2004/5 (P1). The second sector included Blesbok and all the other 

environments. The third sector consisted of Amasi, and the fourth sector of Mokone and 

Mamphenyane. The fifth sector consisted of Phala, Serolane and Mafutha. No varieties or 

environments fell into sector six. The more ideal environment (high PC1 and low absolute PC2) 

was Roodeplaat and Free State. 

 

Table 3.14 Total root yield (t/ha) of 10 varieties and 12 environments as estimated by GGE as 

well as values for the first two principal axes (PC 1 and 2) 

Variety Total yield t/ha PC1 PC2 

Blesbok 72.14 5.792 4.626 

Monate 64.66 3.335 -2.722 

Ndou 64.49 2.838 -4.062 

Letlhabula 63.19 2.984 -1.826 

Mokone 55.51 -0.657 1.257 

Amasi 54.13 -1.013 3.158 

Serolane 49.88 -2.059 0.324 

Phala 47.10 -2.879 -2.217 

Mamphenyane 46.62 -3.145 2.519 

Mafutha 40.79 -5.195 -1.058 

Grand mean 55.85   

Environment    

Roodeplaat 2002/3 81.95 3.778 -0.047 

Elsenburg 2005/6 78.13 2.250 4.506 

Roodeplaat 2003/4 75.35 3.859 1.999 

Polokwane 2004/5 62.50 2.861 -6.230 

Nhlazatshe 2003/4 59.33 4.363 1.464 

Polokwane 2005/6 57.98 3.088 -0.250 

Free State 2005/6 52.49 3.520 -1.169 

Elsenburg 2007/8                                                                                                50.26 3.703 -1.913 

Nongoma 2003/4 40.04 1.608 0.786 

Nongoma 2004/5 39.48 0.084 0.248 

Free State 2003/4 37.86 3.302 1.026 

Nhlazatshe 2004/5 34.84 1.384 0.770 



 73

 

Fig. 3.10 GGE Biplot for total root yield for eight cream to yellow-orange sweet potato varieties 

in 12 environments  

(Factor 1 = PC1; Factor 2 = PC2)   
(R1=Roodeplaat 2002/3; R2=Roodeplaat 2003/4; P1=Polokwane 2004/5; P2=Polokwane 2005/6; E1=Elsenburg 2005/6; 
E2=Elsenburg 2007/8; F1=Free State 2003/4; F2=Free State 2005/6; Nh1=Nhlazatshe 2003/4; Nh2=Nhlazatshe 2004/5; 
No1=Nongoma 2003/4; No2=Nongoma 2004/5) (Ama=Amasi, Bles=Blesbok, Leth=Lethlabula, Maf=Mafutha; 
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane) 

 

The correlation between total yield of varieties and their PC1 scored were very poor. Ideal 

varieties have high PC1 scores (high yield) and small absolute PC2 scores (high stability), e.g. 

such as Monate. The varieties were grouped as follows: 

Unstable, specific adaption, very high total yield:  Blesbok 

Stable, wide adaption, high total yield:  Lethlabula and Monate 

Unstable, specific adaption, high total yield:   Ndou  

Stable, wide adaption, average total yield:      Phala, Serolane, Mokone  

Unstable, specific adaption, average total yield:  Amasi, Mamphenyane (moderately unstable) 

Stable, wide adaption, low total yield:     Mafutha 
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3.5. Discussion 

The present study constitutes the first G x E analysis with South African cream to yellow-orange 

sweet potato varieties and was of significance for future promotion of new varieties to improve 

food security. The results indicated large differences in genotypic expression of important 

agronomic traits, including yield components, amongst the new South African sweet potato 

varieties. The environment main effect had the largest contribution to variance of yield 

components. Other authors reported the same finding for yield in wheat trials (Purchase et al., 

2000) and maize trials (Alberts, 2004; Ma’ali, 2008) in South Africa. This indicated the large 

influence which environment has on agronomic performance compared to the genotype main 

effects. 

 

Based on MET, the new varieties were characterized in terms of agronomic performance. 

Mamphenyane and Serolane with wide adaption and Phala with specific adaption, all produced 

low marketable yields, and had a high dry matter content and vine growth with lower vigor; 

Mamphenyane and Phala also had average to poor taste based on tasting sessions with small 

groups of adults in the different environments; Serolane, an orange-yellow-fleshed variety, had a 

percentage of undesirable long sweet potatoes which were easily damaged during harvesting. All 

these varieties produced average total yields significantly higher than the control variety Mafutha. 

 

Amasi had a cream-orange-flesh, round elliptic shape, high dry matter content, good taste, 

vigorous vine growth and produced moderately unstable average marketable, unstable average 

total yield and a high number of marketable roots, but in some instances sprouting occurred. 

Mokone had cream flesh color, round elliptic shape, high dry matter content, average to bad taste, 

vigorous vine growth and produced stable average marketable and total yield, and high number of 

marketable roots. Monate was early maturing, with high unstable total yield and round elliptic 

shape. Due to losses in marketability such as insect damage, rat damage and sprouting (note most 

of these roots are still consumable), the variety had average stable marketable yield. Monate had 

very vigorous vine growth, high dry matter content and good taste. 

 

A high moderately stable total yield and high unstable marketable yield, with high number of 

roots were produced by Lethlabula. The vine growth was medium vigorous, the storage roots 
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long oblong with cream flesh and was early maturing. Lethlabula had lower dry matter content 

with average to bad taste. Ndou was characterized by unstable high marketable as well as total 

yield and high number of roots combined with high dry matter content, good taste, cream flesh 

and round elliptic shape. The vine growth was medium vigorous. The sweet potatoes of this 

variety may in some cases show insect damage. The marketable yield of Ndou and Lethlabula 

was similar to the commercial control variety Blesbok. 

 

Recommendation of new varieties such as Ndou, Lethlabula, Monate, Mokone and Amasi would 

have a considerable yield advantage above the control variety Mafutha. The new varieties, with 

exception of Lethlabula, provided improved yield while maintaining dry matter content as 

compared to Mafutha. Achieving this was complicated by the negative correlation between root 

yield and dry matter content. Only the dry matter content of the new variety Letlhabula, was 

significantly lower than that of Mafutha. Lower taste scores were obtained by Mokone and 

Lethlabula in the tasting sessions with small groups of adults in the different environments. Note 

that more detailed information on consumer acceptability testing will follow in Chapter 7. Finally 

in Chapter 9, all the data will be considered to make specific varietal recommendations. 

 

Grüneberg et al. (2005) stressed the importance of using at least one environment from each 

environmental group targeted in the test environments. This was followed in this study as the 

marketable yield of environments varied from 61 t/ha to 14 t/ha. Varieties such as Ndou, Mokone 

and Amasi were able to produce relatively higher yields in low-yielding environments. 

Environments with high IPCA1 and low absolute IPCA2 which could be considered as ideal 

environments were Polokwane and Roodeplaat. However, the dilemma of the use of low-yielding 

environments was low discrimination ability (yield differences were not always significant re 

LSD Tables 3.5 to 3.7 as outliers are frequent due to more heterogeneous experimental 

conditions). This complicated identification of best performers. In this regard, recommendations 

were to use e.g. larger plot sizes and more replicates, to reduce experimental error/noise and 

improve discrimination ability. 

 

It was emphasized by Bacusmo et al. (1988), that selection for stressed environments should be 

conducted at stressed environments that is, those simulating end-user farming conditions. The 
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farmer participatory method utilized in this study and the use of conditions close to those of what 

are found on resource-poor farmers’ plots, made it possible to obtain useful and relevant results 

for those farmers. The advantages of PVS are: 1) farmer participation builds confidence in the 

research (Shamebo and Belehu, 2000) and brings about a feeling of ownership (Weltzein et al., 

2003); 2) it addresses the needs of more marginalized farmers (Weltzein et al., 2003; Dawson et 

al., 2007); and 3) is a demand-driven, rapid and cost effective way to select varieties (Shamebo 

and Belehu, 2000; Dorward et al., 2007).  

 

Previous studies on sweet potato cited at the beginning of this chapter, indicated significant 

effects of G x E interactions on yield and yield components and on quality traits of sweet potato. 

The effects were more pronounced on yield than on quality traits such as protein content, and dry 

matter content (Collins et al, 1987). Some of the researchers were able to identify high yielding, 

stable genotypes (Abidin et al., 2005; Grüneberg et al., 2005; Ngeve, 1993) and others not 

(Manrique and Hermann, 2002; Mwanga et al., 2006). In this regard, Lethlabula had moderately 

stable high total yield, while Ndou and Monate were found to have unstable high total yields. 

However, there are specific advantages with varieties which are input responsive as these may be 

able to respond to changes in the environment in contrast to stable/non-responsive varieties. Else 

it could be recommended to farmers to grow a number of varieties to minimize risk. 

 

In the present study the GGE biplot of the SREG analysis visualized the results well and was 

easy to interpret. Another advantage of the SREG analysis was that more of the variance was 

explained by the first two principal components which are included in the biplot. According to 

Ding et al. (2007) and Samonte et al. (2005), the strength of GGE Biplot lies in the visualization 

of the relative yield performance of varieties and the identification of winning genotypes, mega-

environment as well as ideal test locations. The biplot is useful to gain the following information: 

1) the relative yield performance of genotypes at a specific environment; 2) comparative 

performance of a genotype at different environments, 3) identification of the highest yielding 

genotypes at the different mega-environments, and 4) identification of ideal genotypes and test 

locations (Samonte et al., 2005). This analysis will be exploited further in the present study.  
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On the other hand Samonte et al. (2005), considered the AMMI model best to: 1) estimate the 

magnitude and significance of the effects of G x E interaction and its principal components 

relative to G and E; 2) estimate the stability and adaptability of specific genotypes by plotting 

yield versus environment; 3) identify mega-environments (environments with overlapping 

highest yielding genotypes); and 4) identify appropriate check genotypes for all environments as 

well as for specific environments.  

 

3.6. Conclusions 

A better understanding was achieved on G x E interaction in new sweet potato varieties 

developed in South Africa. Varieties Ndou, Letlhabula, Mokone, Monate and Amasi produced 

high to average mean marketable root yield. The new varieties, with exception of Lethlabula, 

provide improved yield while maintaining dry matter content as compared to Mafutha. The 

improved sweet potato varieties are of significance for future promotion to improve food 

security. Varietal recommendations will be made through multivariate selection in Chapter 9 

using, in addition to the current results, detailed results on sensory profiling and consumer 

preference. The AMMI and GGE biplots were effective models to measure G x E effects.    
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Chapter 4 

AGRONOMIC PERFORMANCE OF NEW ORANGE-FLESHED SWEET POTATO 

VARIETIES OVER ENVIRONMENTS 

 

4.1. Abstract 

Micro-nutrient deficiency, specifically vitamin A deficiency, is a serious public health problem in 

South Africa. An exciting, relatively new strategy to address micronutrient malnutrition is 

biofortification. One of the crops of importance is orange-fleshed sweet potato, naturally rich in 

bio-available β-carotene. A shortfall in the available orange-fleshed genotypes in South Africa 

was a combination of high dry matter content, good yield, considerable β-carotene content and 

good taste. The present study was conducted to determine the agronomic performance and 

stability of new orange-fleshed varieties in MET. Twelve sweet potato varieties, nine with orange 

flesh color, were evaluated for two seasons per site at four sites during 2005/6 to 2008/9. Data 

was collected on marketable root yield and unmarketable root yield classes, vine vigor, dry 

matter content and taste. Data analysis included ANOVA and GGE (G main effect plus G x E 

interaction) SREG analysis. Considerable differences were found in genotypic expression of 

agronomic characteristics by the 12 sweet potato varieties. The cream-fleshed varieties Blesbok 

(40.2 t/ha), Ndou (35.6 t/ha) and Monate (35.0 t/ha) had significantly higher marketable yield 

than the orange-fleshed varieties. Impilo produced the highest marketable root yield of the 

orange-fleshed varieties at 31.1 t/ha and it was stable and widely adapted with average dry matter 

content. The flesh color was light orange. Beauregard, a commercial USA variety used for 

export, also produced stable, high marketable root yield (30.3 t/ha), was early maturing but had 

low dry matter content. Line 2001-5-2 had unstable, high yield (27.0 t/ha) as well as average dry 

matter content and dark orange flesh color. Line 1999-1-7 produced high unstable yield (27.9 

t/ha) and had specific adaptability but produced a high percentage unmarketable roots and the 

taste score was lower. Khano, though producing stable average yield (24.5 t/ha) and having dark 

orange-flesh, had a low taste score, low dry matter content and root cracks. Serolane produced 

low yields (20.0 t/ha) whilst the dry matter content was high. Impilo and 2001-5-2 provided a 

considerable yield advantage above USA imports W-119, Resisto and Excel (yields of 20.7 to 

19.5 t/ha), previously recommended for production to address vitamin A deficiency. The use of 

the GGE SREG biplot to identify superior sweet potato varieties in terms of yield potential and 
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stability, provided easy interpretable visualization and comprehensive results. The present study 

constitutes one of the first studies utilizing the GGE SREG analysis in orange-fleshed sweet 

potato. 

 

4.2. Introduction  

Globally 33.3% or 190 million, and in Africa 42% of children younger than 5 years, are vitamin 

A deficient (WHO, 2009). Vitamin A is required for normal functioning of the immune system 

and for eye health and vision (E-Siong, 1995). Vitamin A deficiency is a serious health problem 

in South Africa. A recent survey indicated that 64% of children 1 to 9 years of age and 27% of 

reproductive age women are vitamin A deficient (serum retinol level <20µg/dL) (Labadarios et 

al., 2007). Combating micronutrient deficiencies by increasing micronutrient intake can be 

divided in two broad strategies: 1) supplementation; and 2) food-based approaches, which 

include fortification of foods and dietary modification. Crop-based approaches, which is part of 

dietary modification, is based on an increase in production, availability, access and consumption 

of crops rich in micronutrients, and comprises an integrated approach including home gardening, 

national food production programs, social marketing, nutrition education programs and improved 

food preparation methods (De Pee and Bloem, 2007; Faber and Van Jaarsveld, 2007; Tontisirin et 

al., 2002).  

 

New approaches to improve nutritional status will be required to reach the MDG’s on nutrition. 

An exciting, relatively new strategy to address micronutrient malnutrition is biofortification, 

defined as the development of micronutrient dense staple plant foods, and is linked to dietary 

modification (Nestel et al., 2006; Pfeiffer and McClafferty, 2007; Welch, 2002). Biofortified can 

be developed through conventional breeding or through molecular biological methods, or a 

combination of the two. Two examples of the use molecular biology are iron-biofortified rice and 

golden rice, with induced β-carotene biosynthesis (Goto et al., 1999; ILSI, 2008a; Paine et al., 

2005).  

 

Biofortification of sweet potato to contain high levels of provitamin A carotenoids is feasible 

(Nestel et al., 2006) due to the high genetic variation in this trait allowing for substantial 

increases. The visibility of the trait for screening and high heritability (as high as h2=0.84) 
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(Grüneberg et al., 2005) facilitate rapid progress and have yielded high ex-ante estimates of 

benefit/costs ratio for investments (Bouis, 1999; Low et al., 2001).  

 

Biofortification requires direct linkages of agricultural research with human health and nutrition 

sectors. In adoption of biofortified produce nutrition education is critical, especially in cases 

where there is a change of color, such as orange-fleshed sweet potato. Farmer participatory 

methods will also contribute in this regard and will support identification of locally adapted 

biofortified genotypes (Nestel et al., 2006; Pfeiffer and McClafferty, 2007). 

 

Orange-fleshed sweet potato provides one of the best sources of naturally bio-available β-

carotene, which is converted to vitamin A by the human body. The efficacy of orange-fleshed 

sweet potato to improve vitamin A status was shown through a randomised controlled study done 

in South Africa (Van Jaarsveld et al., 2005). In this study, for 53 school days primary school 

children consumed 125 g (1/2 cup) of β-carotene-rich variety Resisto, containing 830 µg 

RAE/100g boiled and mashed root. This resulted in improved vitamin A status in terms of liver 

stores compared to the control group that consumed the white-fleshed variety Bosbok. 

 

Some limitations in the current orange-fleshed varieties in sub-Saharan Africa include: low dry 

matter content (whereas most adult Africans prefer high dry matter content in sweet potato; 

acceptance by children is good); average yielding potential; sensitivity to SPVD; and low drought 

tolerance causing problems with survival of materials in multiplication blocks (ILSI, 2008b; 

Tumwegamire et al., 2004). In South Africa, there was a need for varieties with high dry matter 

content, good stable yield, considerable β-carotene content and good taste. Introduced germplasm 

sources, especially the dark orange-fleshed varieties available from the USA, mostly have low 

dry matter content. 

 

Breeding of orange-fleshed sweet potato in South Africa, led to the identification of a number of 

promising varieties, imports and advanced breeding lines (Laurie et al., 2004; 2009). Farmers 

need varieties which are adapted to their conditions and needs, and which are responsive to 

inputs. Through MET and relevant statistical stability analysis breeders can compare different 
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improved varieties to identify superior ones (Crossa, 1990). As sweet potato growing areas in 

South Africa vary considerably in agro-geographical conditions, this is very relevant. 

 

Relative to other major staple crops such as maize and wheat, little information is available on G 

x E variation in sweet potato (Grüneberg et al., 2005). Previous studies (Abidin et al., 2005; 

Caliskan et al., 2007; Grüneberg et al., 2005; Manrique and Hermann, 2002; Mwanga et al., 

2006; Ngeve, 1993) indicated significant effects of (G x E) interaction on yield and yield 

components and on quality traits of sweet potato. 

 

Blanche et al. (2007) compared a recently developed multivariate tool, the GGE biplot (Yan and 

Kang, 2003), with other commonly used stability measures and found correlation coefficients of 

0.95 with the CSM (Lin and Binns, 1988), -0.33 with AMMI (Gauch and Zobel, 1996) and 0.6 

with Eberhart-Russell regression coefficient (Eberhart and Russell, 1966) for mean performance 

and stability evaluation. Correlation coefficients for stability evaluation, were 0.54 with the CSM, 

0.91 with the Shukla’s stability variance statistic (Shukla, 1972), 0.86 with Eberhart-Russell, 0.63 

with Kang’s yield stability statistic (Kang, 1993) and 0.55 with AMMI. The GGE biplot is 

considered a valuable and useful tool for interpretation of data from MET by a number of 

researchers (Mohammadi et al., 2007; Otoo and Asiedu, 2009; Samonte et al., 2005; Yan et al., 

2000).  

 

Orange-fleshed sweet potato varieties with good performance to be released from the South 

African breeding program based on this study, will contribute towards the strengthening of a 

crop-based approach to address vitamin A deficiency in South Africa (Faber et al., 2002; 2006; 

Laurie and Faber, 2008). A good example of the promotion of orange-fleshed sweet potato is the 

program in Mozambique (Low et al., 2007a). Assessment of the program showed that the 

introduction of orange-fleshed sweet potatoes in the Zambezia Province increased dietary vitamin 

A intake and serum retinol concentrations in young children. Under the VITAA umbrella, there 

has been an increase in both acreage of orange-fleshed sweet potato, occupying an estimated 1 to 

2% in the lake zone of Tanzania, 5 to 10% in Central Uganda, 10-15% in western Kenya and 15 

to 20% in Southern Mozambique (Tumwegamire et al., 2004).  
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In South Africa there was a shortage of orange-fleshed varieties with considerable β-carotene 

content, good, stable yield and good taste. The present study was conducted to determine the 

agronomic performance and stability of new orange-fleshed varieties, introductions and advanced 

breeding lines in MET by using the GGE biplot model. Results of the study will enable 

researchers and farmers to select superior genotypes for specific regions as well as widely 

adapted genotypes; and will improve understanding of the interaction of environments and 

varieties. These results will be used in Chapter 9 in conjunction with nutrient content (refer to 

Chapter 5) and consumer acceptability tests (refer to Chapter 8), to make reliable varietal 

recommendations for use in the crop-based approach to address vitamin A deficiency.   

 

4.3. Materials and Methods 

4.3.1. Experimental sites    

During the period 2005/6 to 2008/9, MET were conducted for two seasons per site in four 

environments representing sweet potato production regions in different agro-geographic zones in 

South Africa. The trial sites included an on-farm site with resource-poor farmers (communal 

garden near Cookhouse) and then Fort Cox College of Agriculture in the second season (Eastern 

Cape Province) (for the results interpretation these were indicated as Eastern Cape 2006/7 and 

Eastern Cape 2008/9); agricultural colleges in Elsenburg near Stellenbosch (Western Cape 

Province) and Owen Sithole near Empangeni (KwaZulu-Natal Province); and the main research 

institute in Roodeplaat near Pretoria (Gauteng Province). This was in accordance with the 

recommendation of Grüneberg et al. (2005) and Bacusmo et al. (1988) to evaluate varieties in a 

range of environments of input (low and high potential) to ensure that marginal environments are 

not neglected and selection for stressed environments are done at those similar to end-users 

farming conditions.  

 

The experimental sites included three climatic areas typical of sweet potato production areas, 

with varying altitude (Table 4.1). The climatic data indicated higher mean temperatures for Owen 

Sithole, a subtropical area with high rainfall. Roodeplaat had intermediate temperatures and 

experiences light frost during winter. Cookhouse/Fort Cox was slightly warmer than Roodeplaat 

and with a lighter soil. The trials in Elsenburg were planted during the warm, dry season of this 
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area with Mediterranean climate. All trials were established between November and March and 

the growing periods are shown in Table 4.1. 

 

4.3.2. Genotypes 

The trials included 12 advanced genotypes (Laurie et al., 2004; 2009):  

1) New orange-fleshed varieties Khano (1999-6-1), Serolane (1998-12-3) and Impilo (1998-21-

1);  

2) Advanced breeding lines 1999-1-7 and 2001-5-2; 

3) Introduced varieties Excel, W-119 and Resisto from USA, the first orange-fleshed sweet 

potato varieties recommended for use in the crop-based program to address vitamin A deficiency;  

4) Beauregard (USA variety), an orange-fleshed variety used commercially mostly for export; 

5) Blesbok, the major local commercial variety; and  

6) Monate and Ndou, two of the new cream-fleshed varieties developed for the needs of resource-

poor farmers as reference. 

 

All planting materials originated from the virus-indexed glasshouse collection and subsequent 

field multiplication at the main research station.  

 

4.3.3. Cultivation  

The experimental plots consisted of one row of 30 plants; 9 m in length. The centers of ridges 

were 1 - 1.5 m apart as determined by the implements available at the site. Thirty apical vine 

cuttings of at least five nodes in length were hand-planted 0.3 m apart on the ridges. At all sites, a 

RCBD with three replicates was used.  

 

Soil samples were taken and the results on soil status for the sites were generally acceptable for 

vegetable production (Table 4.2). For all sites, except Cookhouse, the pH level was fine. The soil 

in Cookhouse was salty and the sodium content high. In Roodeplaat and Fort Cox the 

phosphorous content was relatively high, while in Owen Sithole 2008/9 the phosphorous content 
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Table 4.1 Site information for trials with various orange-fleshed sweet potato genotypes  

Site Temperature1 Rainfall1 Altitude1 General Agro-  Planting Harvest 

(Province) Highest  Annual Lowest        mean  soil type ecological dates dates 

 record Mean Mean record Dec Jan Feb Mar Apr May Jun Jul annual   zone   

  °C max °C min °C °C °C °C °C °C °C °C °C °C mm M         

Roodeplaat 37.5 25.8 10.5 -6.7 15.8 16.6 16.4 14.6 10.9 5.9 2.6 2.4 686 1164 Clay  Warm  14/12/2005 16/5/2006 

(Gauteng)     28.6 29.2 28.8 27.8 25.1 22.6 20.1 20.6   loam temperate 12/12/2006 17/5/2007 

Elsenburg 41.7 22.7 10.6 1.5 13.2 14.1 14.3 13.1 11.4 9.5 7.9 6.8 595 162 Sandy Mediter- 27/11/2007 7/4/2008 

(Western Cape)     26.7 27.9 28.5 27.1 24 19.9 17.6 16.8    ranean 25/11/2008 30/3/2009 

Cookhouse / Fort 43 23.8 12.3 -1.6 15.6 16.8 17.5 16.0 13.1 9.9 7.3 7.3 606 400 Loam Warm  08/12/2006 29/5/2007 

Cox 2 (Eastern Cape)     26.4 27.4 27.5 26.3 24.5 22.1 20.7 20.5    temperate 20/11/2008 13/5/2009 

Owen Sithole. 3 43 26 27 4 20 21 21 20 18 15 12 12 1228 47 Clay  Humid  22/01/2008 2/6/2008 

(KwaZulu-Natal)         29 29 29 29 27 25 23 23     loam subtropical  23/03/2009 6/8/2009 
1 Database of South African Weather Bureau  2 The nearest weather stations were King Williams Town  3 The nearest weather stations were Richards Bay  
 

Table 4.2 Soil results for trial site with various orange-fleshed sweet potato genotypes 

 Site P-Bray 1 K Ca Mg  Na Ca:Mg  Cation balances pH  Clay  

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) ratio Ca Mg K (water) % 

Roodeplaat 2005/6 (R1) 25 250 1250 300 30 4.2 : 1 66 26 7 6 29 

Roodeplaat 2006/7 (R2) 92 147 1413 548 62 2.5 : 1 57 37 3 6.9 28 

Elsenburg 2007/8 (E1) - 209 2966 484 28 6.1 : 1 76 21 3 6.5 ±15 

Elsenburg 2008/9 (E2) 15.1 107 569 106 33 5.3 : 1 69 21 7 6.8 22 

Cookhouse 2006/7 (EC1) 15.8 193 1166 278 165 4.2 : 1 62 25 5 8.3 22 

Fort Cox 2008/9 (EC2) 101.6 214 1384 346 30 4:1 72 21 6 6.2 22 

Owen Sithole 2007/8 (OS1) 15.6 119 1084 251 31 4.3 : 1 68 26 4 5.6 30 

Owen Sithole 2008/9 (OS2) 3.8 107 943 237 31 4:1 66 28 4 5.7 28 

Indication for:            

low values 1  <15 <40 <200 <50 <50     <5.5  

high values 1  >60 >250 >3000 >300 >250     >7.3  

Optimum values for vegetables 1 40-90 120-240 400-2500 2 100-400 2  4:1 60-70 25-30 6-15 5.0 – 7.0 <35 
1 Buys (1988) 2 Less critical 
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was low. In Roodeplaat 2006/7 the magnesium content of the soil was high causing a low Ca:Mg 

ratio; the Ca cation balance was low. In Elsenburg 2007/8 the opposite was seen with very high 

calcium content coupled with high Ca:Mg ratio. Fertilization was applied at approximately 50% 

of the general fertilization recommendation for sweet potato: 500 kg/ha 2:3:4 (6.7% N, 10% P, 

13.3% K) broadcasted before planting and a topdressing of 150 kg/ha Limestone LAN (28% N) 

(Allemann, 2004); or in the case of Roodeplaat 200 kg/ha 1:0:1 (18.5% N, 18.5% K) and a top 

dressing of Ammonium Sulphate (21% N).  

 

Depending on availability, soil preparation was either done by tractor or hand equipment. Weed 

control was done manually by hand or by hoe, except in Roodeplaat where herbicides were used. 

Supplementary irrigation was provided by sprinkler. 

 

4.3.4. Farmer participation  

Where possible, farmer/consumer participation was encouraged, as involving farmers in selection 

and assessment of acceptability improve adoption of new varieties (Shamebo and Belehu, 2000; 

Abidin, 2004; Dorward et al., 2007). Farmers, students, and laborers from the site were invited to 

take part in harvesting and assessment of the acceptability of the cooked roots of the different 

genotypes. The purpose of these taste tests was to give an indication of taste acceptability in more 

sites, while comprehensive sensory and consumer testing will be presented in Chapter 8. 

 

4.3.5. Data collection and analysis 

Data was collected at harvesting on vine vigor (according to a 5-point scale, where 1 = very 

sparse, 2 = sparse, 3 = average, 4 = vigorous, 5 = very vigorous), root flesh and skin color 

(visually describing the colors), root shape (according to Huaman, 1992), and mass and number 

of marketable and unmarketable roots. Marketable roots were considered as good quality between 

100 and 1200g. Unmarketable classes were XXS (<100 g), XXL (>1200 g), cracked, rotten, 

insect infested, rat damged, mechanically damaged, long crooked and sprouted roots. The dry 

matter content of two medium to large roots was determined (sliced roots oven-dried at 70°C for 

2 days). Selected roots of genotypes were cooked, and evaluated by farmers and extension 

personnel by using a simple 5-point scale: 1 = excellent, 2 = good, 3 = average, 4 = poor and 5 = 

very poor. Attendance varied per site (7 - 34 people; mean 11) and a total of 88 adults took part in 
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the evaluation. Each respondent evaluated the taste of all the varieties that were cooked in a 

convenient order; no specific randomization was used.  

 

Data from all 30 plants per plot were used for statistical analysis. Data were first screened for 

normality and outliers examined. Dry matter content, taste score and vine vigor score derived 

from one replicate in eight localities was subjected to ANOVA using Genstat® (Payne et al., 

2007). Data of unmarketable classes, derived from three replicates, was very skewed in 

distribution and had high variety variances and could not be analyzed. The data on unmarketable 

classes was transformed into scores based on the following scale: 1 = no apparent damage; 2 = 

very little damage (0.1-4%); 3 = moderate damage (5-19%); 4 = considerable damage (20-39%); 

5 = severe damage (40-75%). An ANOVA was performed on Genstat® to assess the variability. 

 

An ANOVA was performed using the General Linear Model (GLM) Procedure of SAS/STAT 

Version 9.2 on data points derived from three replicates for total root yield (t/ha), marketable root 

yield (t/ha), number of marketable roots (nr per plot) for each of the eight environments and then 

a combined analysis was performed. Treatment means were separated using the Student’s 

protected t-LSD at the 5% significance level, except for unmarketable classes where the 1% level 

was used. The total root yield (t/ha), marketable root yield (t/ha) and number of marketable roots 

(nr per plot) were further analyzed by the sites regression (SREG) function of the GGE Biplot 

(Yan and Kang, 2003) using SAS/STAT Version 9.2. 

 

4.4. Results  

4.4.1. Root shape and root color  

The skin color of the varieties varied from pale brown orange to pink purple to red (Fig 4.1; 

Table 4.3). Some varieties had dark orange flesh color e.g. Resisto, Khano and 2001-5-2, while 

1999-1-7 and W-119 had varying color (from dark orange to light orange). The flesh color of 

Excel and Serolane indicated yellow pigmentation, which was apparent from β-carotene analysis 

(refer to Chapter 5). A number of varieties showed some long irregular roots. This was a less 

desirable trait as long irregular roots were more difficult to harvest and prone to breaking. 
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Fig. 4.1 Nine orange-fleshed sweet potato varieties included in the present study
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Table 4.3 Flesh color, skin color and shape of 12 sweet potato varieties  

Variety Origin Color Color Root shape 

    Skin Flesh   

1999-1-7 ARC 1989-17-4 Light orange brown Dark orange - Orange - 
Pale orange 

Elliptic - Long irregular - 
Long elliptic 

2001-5-2 ARC 1992-4-1 Dark purple Dark orange Elliptic - Long elliptic  
 

Beauregard USA  Pink purple – Purple-
orange 

Orange  Long elliptic - Long 
oblong - Long irregular 

Blesbok 1 ARC 1981-27-1204 Purple – Dark Purple Cream - White Long oblong – Elliptic 
 

Excel USA  Pale orange – Orange Pale orange, cream ring Long oblong - Elliptic - 
Long irregular 

Impilo ARC Amasi Cream orange - Pale 
orange 

Orange - Pale orange Round elliptic - Elliptic 

Khano ARC Phala Pale red purple Dark orange Long elliptic - Obovate - 
Long irregular 

Monate 1 ARC Amasi Cream brown, purple tips 
– Cream 

Cream Round elliptic - Elliptic - 
Long elliptic 

Ndou 1 ARC 1992-7-2 Cream Cream Round elliptic - Long 
elliptic 

Resisto USA  Red - Red purple Dark orange Round elliptic - Elliptic - 
Round 

Serolane Wit Blesbok (land 
race) x ARC Mafutha 

Light orange brown – 
Pink 

Orange yellow - Pale 
orange 

Long elliptic - Long 
irregular - Long oblong 

W-119 USA  Pink purple – Pink Dark orange - Orange - 
Light orange 

Long elliptic - elliptic - 
Long irregular 

1 Cream-fleshed varieties as reference 

 

4.4.2. Taste and dry matter content 

Significant differences were detected between the dry matter content of the different varieties 

(Table 4.4). The highest dry matter content was detected in Serolane (27.1%), followed by Ndou 

and W-119 at 25.6% and 25.4%, respectively. Excel, Resisto and Monate had similar dry matter 

content ranging from 24.6% to 23.7%. 2001-5-2, Impilo and 1999-1-7 were significantly lower 

than the mentioned varieties at 21.9% to 20.8%. Low dry matter content was found in 

Beauregard, Khano and Blesbok (19.0% to 17.4%). Orange-fleshed varieties with acceptable dry 

matter content are those in the range of the cream varieties Ndou and Monate.  More results on 

dry matter content will be provided in Section 5.4.2. 

 

The taste scores followed a similar trend as the dry matter content for the 12 varieties (r=0.93). 

The taste scores were not statistically different between varieties (Table 4.4). However, the trend 

was that Excel had the highest score, followed by 2001-5-2, Monate, Serolane, Resisto and W-
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119. Average scores were seen for Beauregard, Ndou, Impilo and Blesbok, and low scores for 

1999-1-7 and Khano. See Section 8.4.4 for more detailed results.  

 

Table 4.4 Mean and SD for dry matter content, taste score (n=88) and vine vigor score of 12 

sweet potato varieties in eight environments sorted in descending order 

Variety Dry matter 
content (%)   

Variety  Taste  
  score 1 

Variety Vine  
vigor 2 

Serolane 27.1 (3.2) a Excel 2.04 (1.12) Monate 3.83 (1.00) 

Ndou 25.6 (4.0) b 2001-5-2 2.49 (1.21) Khano 3.64 (1.03) 

W-119 25.4 (2.5) bc Monate 2.51 (0.83) Ndou 3.56 (0.43) 

Excel 24.6 (3.6) bcd Serolane 2.57 (1.39) Impilo 3.32 (0.88) 

Resisto 24.2 (4.8) cd Resisto 2.69 (1.40) W-119 3.29 (0.83) 

Monate 23.7 (2.9) d W-119 2.70 (0.86) Blesbok 3.26 (0.57) 

2001-5-2 21.9 (2.4) e Beauregard 2.81 (0.98) Excel 3.22 (0.77) 

Impilo 21.2 (2.2) e Ndou 2.81 (1.50) 2001-5-2 3.13 (1.12) 

1999-1-7 20.8 (7.7) e Impilo 2.84 (0.66) Serolane 3.03 (0.50) 

Beauregard 19.0 (1.9) f Blesbok 2.88 (0.91) Beauregard 2.89 (0.97) 

Khano 18.9 (7.5) f 1999-1-7 3.07 (0.85) Resisto 2.84 (0.76) 

Blesbok 17.4 (6.2) g Khano 3.35 (1.27) 1999-1-7 2.69 (0.80) 

Mean 22.62   2.78  3.22 

P-value (var) <0.001   0.379  0.162 

LSD (var) 1.35   ns  ns 

root MSE 1.34   0.85  0.78 

CV% 5.9    30.50  24.2 

ns = not significant  MSE = Mean square error    var = variety 
Means in the same column followed by the same letter are not significantly different at P ≤ 0.05 
1 Taste score: 1 = excellent, 2 = good, 3 = average, 4 = poor, 5 = very poor (Note: opposite to scale of section 8.4.4) 
2 Vine vigor score: 1 = very sparse, 2 = sparse, 3 = average, 4 = vigorous, 5 = very vigorous 

 

4.4.3. Vine vigor 

Although not statistically different, the vine vigor scores (Table 4.4) indicated that Monate had 

more vigorous growth, which was quite characteristic of the variety. Khano and Ndou were also 

fairly vigorous. Impilo, W-119, Blesbok, Excel and 2001-5-2 had intermediate vine vigor. Sparse 

to average vine vigor was seen for Serolane, Beauregard, Resisto and 1999-1-7. Vine vigor is of 

importance for propagation of planting materials, survival and in general indicates tolerance to 

stress conditions. The clone 1999-1-7 often had a problem with plants that did not survive. 

Because conditions at resource-poor farms are often not ideal, low vine vigor is an especially 

undesirable trait. Tumwegamire et al. (2004) reported that, in general, orange-fleshed sweet 

potatoes are less drought tolerant causing difficulty with vine survival in the dry season. Vine 

vigor is also important for future bulking of planting material for production of new varieties. 
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4.4.4. Unmarketable root yield classes 

Several undesirable varietal traits for sweet potato production such as rotting, long tails, small 

size, slender curved roots, and surface defects were indicated by Laurie (2004b). XXS were the 

most abundant unmarketable yield class in the present study (Table 4.5). The second most 

prevalent was insect damage and the third long curved roots. Rotten roots occurred relatively 

seldom (though more in Serolane). Significant varietal effects were detected for all classes except 

insect damage.  

 

XXL roots are also an indication of early maturing varieties. Blesbok and Monate (cream 

varieties) and Beauregard and 2001-5-2 (orange-fleshed varieties) had the largest mean score for 

XXL. It was noted that different harvesting dates could have influenced these results, but due to 

cost implications this was not explored. The highest score for XXS was recorded for Serolane, 

Impilo, 1999-1-7 and Khano. Root cracks occurred more in Excel, Impilo and Khano. The trend 

was that Beauregard, Ndou and Impilo had the most insect damaged roots. Mechanical damage 

usually was more of a problem with long roots and in this instance W-119 and Blesbok had the 

highest occurrence. Long curved (slender) roots were detected most in Blesbok and 1999-1-7. 

Sprouting of roots was mostly problematic in Monate and to some extent in Impilo. 

 

4.4.5. Mean root weight 

The correlation coefficient (r = 0.637) between marketable yield and number of marketable roots 

were much lower for these 12 varieties than the 10 varieties in section 3.4.6. The average root 

size was thus calculated for the different varieties (Table 4.6). Production of large numbers of 

small roots was an undesirable varietal trait, as the demand was mostly for medium to medium-

large roots. The mean root size was 264.3 g and varied significantly between the varieties. 

Blesbok produced the highest average root weigh (345.1 g) of all varieties. The other two cream 

varieties also had larger roots, namely Ndou and Monate. The orange-fleshed varieties with the 

largest root size were Beauregard and W-119 (299.2 and 289.9 g, respectively), an indication of 

early maturity. Serolane, Excel, Impilo and 2001-5-2 formed a group with intermediate root size 

(260.8 to 251.2 g). Smaller roots were produced by 1999-1-7, Khano and Resisto (219.3 to 205.5 

g).  
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Table 4.5 Mean scores for unmarketable yield classes from sweet potato trials in eight environments 

Variety XXL   XXS   Crack   Rotten   Insect  Rat   Damaged   Long 
curved 

  Sprout   

1999-1-7 1.12 cd 2.46 ab 1.24 abcd 1.08 bc 1.85 ab 1.32 c 1.50 bcd 1.85 ab 1.13 cde 

2001-5-2 1.25 bcd 2.08 de 1.00 d 1.08 bc 1.79 ab 1.29 c 1.71 abc 1.79 abc 1.04 de 

Beauregard 1.42 bc 2.13 cde 1.00 d 1.21 abc 2.04 a 1.46 bc 1.71 abc 1.67 abcd 1.17 cde 

Blesbok 1.75 a 2.08 de 1.13 d 1.04 c 1.75 ab 1.67 b 1.75 ab 1.92 a 1.42 bc 

Excel 1.01 d 2.26 bcd 1.55 a 1.00 c 1.75 ab 1.42 bc 1.43 cd 1.69 abcd 1.06 de 

Impilo 1.17 cd 2.46 ab 1.48 ab 1.07 bc 1.91 a 1.44 bc 1.39 d 1.34 de 1.55 b 

Khano 1.08 d 2.33 abc 1.50 ab 1.08 bc 1.67 b 1.21 c 1.63 abcd 1.75 abc 1.33 bcd 

Monate 1.50 ab 2.08 de 1.25 abcd 1.29 ab 1.79 ab 2.08 a 1.58 abcd 1.54 bcde 2.08 a 

Ndou 1.17 cd 2.08 de 1.17 cd 1.13 bc 1.96 a 1.50 bc 1.54 abcd 1.29 e 1.17 cde 

Resisto 1.04 d 2.25 bcd 1.21 bcd 1.04 c 1.54 b 1.25 c 1.50 bcd 1.46 cde 1.08 de 

Serolane 1.13 cd 2.50 a 1.46 abc 1.42 a 1.71 ab 1.42 bc 1.54 abcd 1.75 abc 1.04 de 

W-119 1.17 cd 1.96 e 1.04 d 1.08 bc 1.67 b 1.29 c 1.79 a 1.67 abcd 1.00 e 

Mean 1.23  2.22  1.25  1.13  1.79  1.45  1.59  1.64  1.26  

P-value (var) <0.001  <0.001  <0.001  <0.001  0.023  <0.001  0.002  <0.001  <0.001  

LSD (var) 0.31  0.24  0.31  0.25  0.35  0.31  0.29  0.35  0.30  

root MSE 0.41  0.32  0.59  0.33  0.47  0.46  0.38  0.47  0.40  

CV% 33.3   14.3   32.8   29.1   26.4  28.1   23.9   28.4   31.5   

XXL = Unmarketable large (>1200g) XXS = Unmarketable small (<100 g) 
MSE = Mean square error  var = variety 
Means in the same column followed by the same letter are not significantly different at P ≤ 0.01 
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Table 4.6 Mean and SD for root weigh (g per root) of 12 sweet potato varieties in eight 

environments in descending order 

Variety 
 

Average root weight  
              (g) 

Blesbok 345.1 (123.9) a 

Beauregard 299.2 (122.5) b 

Ndou 296.0 (101.4) bc 

W-119 289.8 (108.7) bcd 

Monate 277.0 (70.3) bcd 

Serolane 260.8 (93.4) bcd 

Excel 257.9 (130.2) cde 

Impilo 251.4 (102.4) de 

2001-5-2 251.2 (81.6) de 

1999-1-7 219.3 (79.0) ef 

Khano 218.5 (72.0) ef 

Resisto 205.5 (76.8) f 

Mean 264.3 

P-value (var) <0.001 

LSD (var) 41.14 

Root MSE 54.71 

CV% 20.7 

MSE = Mean square error    var = variety 
Means in the same column followed by the same letter are not significantly different at P ≤ 0.01 

 

4.4.6. Root yield per locality 

The combined ANOVA of 12 varieties in eight localities showed highly significant (P<0.0001) 

effects for variety, for environment, and for the interaction of environment and variety for all 

three yield components.  

 

The highest mean marketable root yield (Table 4.7) was achieved in Roodeplaat 2005/6 (59.4 

t/ha), followed by Roodeplaat 2006/7 (57.4 t/ha) and Elsenburg 2007/8 (29.3 t/ha). The trials in 

Owen Sithole 2008/9 and Eastern Cape 2008/9 had the lowest mean marketable yield (8.8 and 

9.6 t/ha). Significant differences were found among varieties in all environments. The trial 

variance (root MSE) in relation to the trial mean was relatively higher for Elsenburg 2008/9, 

Eastern Cape 2008/9 and Owen Sithole 2007/8 (thus the higher CV%), but still within an 

acceptable range. 
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Table 4.7 Means for marketable root yield (t/ha) of 12 sweet potato varieties in eight environments during 2005/6 – 2008/9, rank of 

orange-fleshed varieties by environment and mean in eight environments  

Variety  
 

Roodeplaat 
2005/6 (R1) 

Roodeplaat 
2006/7 (R2) 

Elsenburg 
2007/8 (E1) 

Elsenburg 
2008/9 (E2) 

Eastern Cape 
2006/7 (EC1) 

Eastern Cape 
2008/9 (EC2) 

Owen Sithole 
 2007/8 (OS1) 

Owen Sithole  
2008/9 (OS2) 

Mean 
(var) 

% of Total 
yield 

Blesbok 81.5 a 86.3 a 47.0 ab 24.0 ab 27.7 a 17.4 a 19.1  abcd 18.8 a 40.2 a 71 

Monate 68.8 b 66.0 b 33.0 cde 30.7 a 28.0 a 14.7 ab 22.4 ab 21.4 a 35.6 b 65 

Ndou 71.9 b 57.7 bcd 54.3 a 27.6 a 27.9 a 9.3 bcde 21.1 abc 10.0 bc 35.0 b 76 

Impilo 62.8 (3) b 61.2 (2) bc 39.9 (1) bc 16.0 (4) bcde 26.5 (3) ab 9.2 (5) bcde 15.0 (5) bcdef 13.0 (1) b 31.1 c 69 

Beauregard 70.5 (1) b 66.8 (1) b 31.9 (3) cde 20.7 (2) abcd 17.5 (6) cd 7.8 (4) cdef 16.8 (2) abcde 10.2 (3) bc 30.3 cd 71 

1999-1-7 65.4 (2) b 57.0 (5) bcd 35.8 (2) bcd 16.3 (3) bcde 27.8 (1) a 12.6 (2) abcd 6.7 (9) f 1.9 (8) e 27.9 cd 71 

2001-5-2 44.4 (9) c 60.4 (3) bc 21.7 (5) efg 22.1 (1) abc 17.1 (7) cd 13.2 (1) abc 25.6 (1) a 11.8 (2) b 27.0 de 73 

Khano 51.5 (6) c 58.1 (4) bcd 18.5 (7) fg 7.3 (9) e 27.1 (2) ab 10.7 (3) bcde 15.7 (3) bcdef 7.2 (4) cd 24.5 e 65 

Resisto 52.2 (5) c 51.6 (6) bcd 19.4 (6) fg 10.1 (7) de 16.4 (8) cd 2.5 (9) f 9.6 (8) ef 3.8 (5) de 20.7 f 77 

Serolane 46.6 (7) c 33.6 (9) e 27.7 (4) def 12.1 (6) cde 20.7 (5) bc 4.8 (8) ef 11.3 (7) def 3.1 (6) de 20.0 f 55 

Excel 52.6 (4) c 47.6 (7) cde 2.1 (9) h 13.2 (5) bcde 13.2 (9) d 6.7 (6) def 12.9 (6) cdef 3.1 (7) de 19.6 f 63 

W-119 45.0 (8) c 42.3 (8) de 11.2 (8) gh 8.2 (8) e 25.4 (4) ab 6.4 (7) ef 15.6 (4) bcdef 1.5 (9) e 19.5 f 72 

Mean (env) 59.43  57.39 29.30 17.40  22.80 9.61  16.02  8.81    

Overall mean         27.6  

P-value (var) <0.001 <0.001 <0.001 0.002 <0.001 0.001 0.014 <0.001 <0.001  

LSD (var)  9.54 16.16 11.52 10.9 6.84 5.87 9.43 4.4 3.35  

LSD (env)         6.31  

LSD (env*var)          9.49  

root MSE 5.63 9.54 6.65 6.4 3.94 3.47 5.44 2.6 5.84  

CV% 9.48 16.63 22.7 37.1 17.3 36.1 33.98 29.44 21.13  

MSE = Mean square error     env = environment var = variety 
Means in the same column followed by the same letter are not significantly different at P ≤ 0.05 
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The orange-fleshed varieties had significantly lower yield than the cream-fleshed varieties 

Blesbok, Monate and Ndou, which had marketable yields above 35 t/ha. The highest yielding 

orange-fleshed varieties were Impilo (31.1 t/ha), Beauregard (30.3 t/ha) and 1999-1-7 (27.9 t/ha) 

followed by 2001-5-2 (27.0 t/ha) and Khano (24.5 t/ha). These were significantly higher than 

Resisto, Serolane, Excel and W-119, which had yields ranging from 20.7 to 19.5 t/ha. The new 

varieties Impilo, 2001-5-2 and 1999-1-7 thus did not differ significantly from the commercial 

control Beauregard. The percentage of marketable yield was high (76-77%) for Resisto and 

Ndou, medium low (63-65%) for Khano, Monate and Excel but low for Serolane (55%).    

 

Of all 12 varieties in the trial, 2001-5-2 performed best in Owen Sithole 2007/8. When 

considering only the orange-fleshed varieties, 2001-5-2 yielded best in three environments 

(adding Elsenburg 2008/9 and Eastern Cape 2008/9) and had the second highest yield in Owen 

Sithole 2008/9. The USA variety Beauregard, was the best in Roodeplaat 2005/6 and 2006/7 and 

second best in Elsenburg 2008/9 and Owen Sithole 2007/8. 1999-1-7 had the highest yield in 

Eastern Cape 2006/7 and second highest yield in Eastern Cape 2008/9 and Elsenburg 2007/8. 

Impilo yielded best in Elsenburg 2007/8 and Owen Sithole 2008/9, and second best in 

Roodeplaat 2006/7. 

 

Significant effects were detected between varieties for number of marketable roots for all 

environments (Table 4.8). The mean number of marketable roots varied between 187.8 and 150.9 

per plot in Roodeplaat 2005/6 and Roodeplaat 2006/7, respectively, and 34.4 per plot in Eastern 

Cape 2008/9 and 39.2 per plot in Owen Sithole 2007/8. The trial variance (root MSE) in relation 

to the trial mean was high for Eastern Cape 2008/9. This was due to poor weeding practices, 

leaving replicate one and two unweeded while replicate three was weeded on time. The lack of 

weeding seems to have impacted most on number of marketable roots. 

 

The number of marketable roots did not distinguish the orange-fleshed varieties from the cream-

fleshed varieties as in the case of marketable yield. The highest number of marketable roots was 

produced by Monate (114.8 per plot) and 1999-1-7 (112.9 per plot). The second group was 

Blesbok and Impilo, with 105.7 and 102.9 roots per plot, respectively. The third group was Ndou, 

Khano and 2001-5-2 (varying between 99.8 and 94.3 roots per plot), and was not significantly
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Table 4.8 Means for number of marketable roots (per plot) of 12 sweet potato varieties in eight environments during 2005/6 – 2008/9, 

rank of orange-fleshed varieties by environment and mean in eight environments  

Variety 
 

Roodeplaat 
2005/6 (R1) 

Roodeplaat 
2006/7 (R2) 

Elsenburg 
2007/8 (E1) 

Elsenburg 
2008/9 (E2) 

Eastern Cape 
2006/7 (EC1) 

Eastern Cape 
2008/9 (EC2) 

Owen Sithole 
 2007/8 (OS1) 

Owen Sithole  
2008/9 (OS2) Mean (var) 

Monate 215.7 bc 167.0 abc 103.3 b 113.3 a 104.7 a 46.7 ab 53.0 a 114.7 a 114.8 a 

1999-1-7 282.0 (1) a 191.3 (1) a 151.0 (1) a 66.7 (7) bcd 81.0 (3) cd 53.7 (2) ab 51.3 (1) ab 15.3 (8) e 112.9 a 

Blesbok 195.7 bcd 172.7 ab 145.3 a 79.0 abc 76.0 cde 37.0 abcd 30.3 abd 109.7 ab 105.7 ab 

Impilo 168.7 (6) cd 161.0 (5) abc 140.7 (2) a 72.0 (2) bcd 93.7 (2) abc 42.3 (3) abcd 41.0 (5) abc 83.3 (1) bc 102.9 ab 

Ndou 187.0 cd 146.7 bcd 143.3 a 87.3 abc 81.7 bc 41.3 abcd 51.7 ab 59.3 cd 99.8 b 

Khano 250.7 (2) ab 181.0 (2) ab 71.3 (7) b 39.0 (8) de 101.0 (1) ab 28.0 (4) bcd 47.0 (3) ab 61.7 (3) cd 97.5 b 

2001-5-2 181.7 (3) cd 161.7 (4) abc 81.3 (6) b 90.7 (1) ab 50.7 (8) f 59.7 (1) a 49.0 (2) ab 79.7 (2) c 94.3 b 

Beauregard 163.0 (7) cde 139.0 (6) bcd 84.0 (5) b 67.7 (3) bcd 54.7 (7) f 27.0 (5) bcd 44.7 (4) ab 57.3 (4) cd 79.7 c 

Resisto 176.0 (4) cd 165.7 (3) abc 88.0 (4) b 51.0 (7) cde 61.3 (5) def 18.3 (8) cd 28.7 (7) bc 35.3 (5) de 78.0 cd 

Serolane 175.7 (5) cd 92.3 (9) e 102.3 (3) b 51.3 (6) cde 58.7 (6) ef 12.3 (9) d 17.3 (9) c 20.0 (7) e 66.3 de 

Excel 152.3 (8) de 125.7 (7) cde 13.5 (9) c 53.0 (5) cde 25.0 (9) g 24.0 (6) bcd 19.3 (8) c 25.3 (6) e 56.6 ef 

W-119 105.0 (9) e 107.0 (8) de 35.7 (8) c 28.0 (9) e 75.3 (4) cde 22.7 (7) cd 37.3 (6) abc 13.6 (9) e 53.1 f 

Mean (env) 187.78 150.92 99.03 66.60 71.71 34.42 39.17 56.28  

Overall mean         88.42 

P-value (var) <0.001 0.0019 <0.001 0.0053 <0.001 <0.001 0.0315 <0.001 <0.001 

LSD (var)  60.9 42.7 34.5 37.1 19.9 30.3 23.7 28.0 12.40 

LSD (env)         20.33 

LSD (env*var)          35.16 

Root MSE 36.0 25.2 19.9 21.9 11.5 17.9 13.7 16.5 21.65 

CV% 19.2 16.7 20.1 32.9 16.0 52.0 34.9 29.4 24.48 

MSE = Mean square error     env = environment var = variety 
Means in the same column followed by the same letter are not significantly different at P ≤ 0.05 
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lower than the second group. The smallest number of marketable roots was recorded for 

Beauregard, Resisto, Serolane, Excel and W-119 (varying from 79.7 to 53.1 per plot).  

 

1999-1-7 recorded the largest number of marketable roots in all four environments, and had the 

second largest number in Eastern Cape 2008/9. 1999-1-7 generally produced a large number of 

small roots and XXS (refer to Table 4.5 and 4.6), an undesirable trait. Beauregard, the 

commercial control variety, produced a large number of larger roots and was also early maturing 

(Table 4.5, 4.6, 4.8). 2001-5-2 produced the largest number of marketable roots in Eastern Cape 

2008/9 and Elsenburg 2008/9, and second largest in Owen Sithole (both years). Generally 2001-

5-2 produced an acceptable number of medium-sized roots, and was somewhat early maturing, 

and will thus be useful in the commercial sweet potato industry in addition to use by resource-

poor farmers. Impilo produced an acceptable number of roots with medium size. 

 

The mean total root yield in the eight environments (Table 4.9), was the highest in Roodeplaat 

2006/7 (78.0 t/ha) and Roodeplaat 2005/6 (76.0 t/ha). In contrast the lowest total root yield was 

measured in Eastern Cape 2008/9 (14.8 t/ha). The trial variance (root MSE) was at acceptable 

level and significant effects for variety were observed in all environments. 

 

The total root yield of orange-fleshed varieties was significantly lower than for the cream-fleshed 

varieties Blesbok and Monate. The highest yielding orange-fleshed varieties were Impilo (44.8 

t/ha), not significantly lower than Ndou (46.2 t/ha), followed by Beauregard (42.4 t/ha) and 1999-

1-7 (39.1 t/ha).  Khano (37.7 t/ha), 2001-5-2 (37.2 t/ha) and Serolane (36.5 t/ha) had significantly 

lower total yield than Beauregard, but were significantly higher than Excel, W-119 and Resisto 

with total yield varying between 31.0 and 27.0 t/ha. Serolane had a better ranking for total yield 

than marketable yield, but a large portion of the yield was unmarketable (rotten, damaged, 

cracked, long irregular).  

 

Of the nine orange-fleshed varieties Impilo was the best in three environments; namely in 

Roodeplaat 2005/6, Elsenburg 2007/8 and 2008/9, and second best in Owen Sithole 2008/9. 

Beauregard had the highest total yield in two environments (Roodeplaat 2006/7 and Owen 

Sithole 2008/9), and second highest in Roodeplaat 2005/6 and Elsenburg 2007/8. 1999-1-7 was 
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Table 4.9 Means for total root yield (t/ha) of 12 sweet potato varieties in eight environments during 2005/6 – 2008/9, the rank of 

orange-fleshed varieties by environment, and mean in eight environments  

 Variety 
 

Roodeplaat 
2005/6 (R1) 

Roodeplaat 
2006/7 (R2) 

Elsenburg 
2007/8 (E1) 

Elsenburg 
2008/9 (E2) 

Eastern Cape 
2006/7 (EC1) 

Eastern Cape 
2008/9 (EC2) 

Owen Sithole 
 2007/8 (OS1) 

Owen Sithole  
2008/9 (OS2) Mean (var) 

Blesbok 103.1 a 112.5 a 65.1 ab 34.9 ab 32.6 a 26.3 a 41.5 ab 36.8 ab 56.6 a 

Monate 92.9 b 95.2 b 66.3 a 41.9 a 31.1 ab 25.9 a 46.9 a 39.7 a 55.0 a 

Ndou 84.9 c 81.5 cd 63.4 abc 34.3 abc 30.3 ab 12.4 bcd 34.8 bc 27.5 c 46.2 b 

Impilo 86.8 (1) bc 76.5 (5) d 55.1 (1) abcd 36.4 (1) ab  28.5 (5) abc 13.3 (4) bc 26.9 (5) cde 28.5 (2) c 44.8 bc 

Beauregard 83.6 (2) c 89.9 (1) bc 49.4 (2) bcde 27.4 (3) bcd 22.9 (7) bcd 10.4 (8) cd 25.9 (6) cde 29.8 (1) bc 42.4 cd 

1999-1-7 80.5 (3) c 77.1 (4) d 44.9 (4) de 23.7 (4) bcde 29.9 (2) ab 18.6 (1) ab 24.0 (7 cde 10.8 (7) fg 39.1 de 

Khano 71.3 (4) d 78.7 (2) d 34.7 (6) ef 20.7 (6) de 29.7 (3) ab 16.7 (2) bc 33.0 (2) bcd 16.6 (5) def 37.7 e  

2001-5-2 57.0 (9) f 78.0 (3) d 33.3 (3) ef 27.5 (2) bcd 25.2 (6) abcd 16.4 (3) bc 40.1 (1) ab 20.1 (3) d 37.2 e 

Serolane 63.6 (6) def 66.2 (6) e 47.4 (9) cde 21.2 (5) cde  32.0 (1) ab 10.5 (7) cd 32.8 (3) bcd 18.6 (4) de 36.5 e 

Excel 68.3 (5) de 62.8 (7) ef 18.6 (9) f 19.8 (7) de 20.1 (8) dc 11.2 (5) bcd 31.5 (4) bcd 11.6 (6) efg 31.0 f 

W-119 57.5 (8) f 57.2 (9) f 19.6 (8) f 13.6 (9) e 29.6 (4) ab 10.8 (6) bcd 22.2 (8) de 5.5 (9) g 27.0 g 

Resisto 62.4 (9) ef 59.6 (8) ef 25.7 (7) f 18.2 (8) de 18.4 (9) d 5.1 (9) d 16.3 (9) e 10.4 (8) fg 27.0 g 

Mean (env) 76.00 77.95 44.34 26.6 27.4 14.81 31.45 21.32  

Overall mean         40.05 

P-value (var) <0.001 <0.001 <0.001 0.006 0.0477 <0.001 <0.001 <0.001 <0.001 

LSD (var)  7.80 8.75 16.83 13.50 9.36 8.03 11.45 7.12 3.60 

LSD (env)         7.89 

LSD (env*var)          10.21 

root MSE 4.60 5.17 9.71 8.00 5.40 4.74 6.60 4.21 6.28 

CV% 6.00 6.63 21.90 29.90 19.70 32.02 21.00 19.72 15.69 

MSE = Mean square error    env = environment  var = variety 
Means in the same column followed by the same letter are not significantly different at P ≤ 0.05 
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the best in Eastern Cape 2008/9 and second best in Eastern Cape 2006/7. Khano had the 

second highest total yield in Roodeplaat 2006/7, Eastern Cape 2008/9 and Owen Sithole 

2007/8. 2001-5-2 performed the best in Owen Sithole 2007/8 (and third best in Owen Sithole 

2008/9) and second best in Elsenburg 2008/9. Serolane performed specifically well in Eastern 

Cape 2006/7, where it produced the best total root yield.  

 

4.4.7. Genotype by environment analysis of root yield   

In order to focus on the stability of the orange-fleshed varieties, the GGE SREG analysis was 

performed only with the nine orange-fleshed varieties. The ANOVA showed highly 

significant effects (P < 0.001) in all three yield variables for main effects E and G, as well as 

for the G x E (Table 4.10). The relative magnitude of the variance terms indicated for all three 

variables that the environment main effect had a major contribution (86.1%, 75.3% and 

86.9%, respectively) to the variability. The large contribution of environment justifies 

selection of SREG as an appropriate model for analyzing multi-environment data 

(Mohammadi et al., 2007; Yan et al., 2000). The G x E variance term explained 8.5%, 13.9% 

and 6.7% respectively, of the variability in marketable yield, number of marketable roots, and 

total yield (Table 4.10). The contribution of the first two principal components (PC 1 and 2) 

was 77.7%, 76.6% and 81.3%, respectively, of the total sum of squares attributed to G x E. 

The biplot explained 77.8% of the GGE (G + GE) variance term for marketable yield and 

76.6% and 81.3%, respectively, for number of marketable roots and total yield (Table 4.10). 

 

Table 4.10 ANOVA of GGE biplot SREG model for yield components from sweet potato 

trials in eight environments 

Source df Marketable yield (t/ha) Number marketable roots Total yield (t/ha) 

  SS 
%  

 explained P-value  SS 
% 

explained P-value SS 
% 

explained P-value 

E 
 

7 68880 86.1 <0.001 578905 75.3 <0.001 99425 86.9 <0.001 

G 
 

8 4277 5.3 <0.001 82678 10.8 <0.001 7411 6.5 <0.001 

G x E 
 

56 6819 8.5 <0.001 107164 13.9 <0.001 7621 6.7 <0.001 

       PC1 14 6385 57.5 <0.001 116643 61.4 <0.001 10220 68.0 <0.001 
       PC2 12 2243 20.2 <0.001 28835 15.2 <0.001 2002 13.3 <0.001 
       PC3 10 1278 11.5 <0.001 22306 11.7 <0.001 1187 7.9 <0.001 
GGE   11096 13.8  189842 24.7  15032 13.2  

E = Environment G = Genotype SS = Sum of squares 

The results of the SREG model for marketable root yield of the orange-fleshed varieties 

(Table 4.11 and Fig. 4.2), indicated a high correlation (r = 0.966) between PC1 scores and 



 

 99

marketable yield. However, 2001-5-2 was an exception as the yield was similar to that 

produced by 1999-1-7 (PC1 score 2.37) but the PC1 score placed 2001-5-2 at 0.093. In the 

GGE SREG biplot (Fig. 4.2), the vertex varieties (on the extreme end of the polygon) 

Beauregard, Impilo, 1999-1-7 and 2001-5-2 (positive response), and Serolane and W-119, 

Excel (negative response and the poorest performers in a number of environments), were the 

most responsive. Khano and Resisto, lying close to the center, were least responsive.  

 

Table 4.11 Ranked means for marketable yield (t/ha) and the first two principal components 

(PC 1 and 2) for nine orange-fleshed varieties and eight environments  

Varieties:   Mean PCA1 PCA2 

Impilo  30.4 3.101 -0.712 

Beauregard  30.3 3.230 1.256 

1999-1-7  27.9 2.370 -1.979 

2001-5-2  27.0 0.093 2.972 

Khano  24.5 -0.319 0.685 

Resisto  20.7 -0.986 -0.274 

Serolane  20.0 -1.819 -3.031 

W-119  19.5 -2.871 -0.506 

Excel  18.9 -2.799 1.590 

Environments:         

Roodeplaat 2005/6 (R1) 54.5 3.308 -0.481 

Roodeplaat 2006/7 (R2) 53.2 3.485 3.106 

Elsenburg 2007/8 (E1) 23.1 4.334 -2.688 

Elsenburg 2008/9 (E2) 14.0 1.352 1.106 

Eastern Cape 2006/7 (EC1) 21.3 0.736 -1.525 

Eastern Cape 2008/9 (EC2) 8.2 0.716 0.624 

Owen Sithole 2007/8 (OS2) 14.4 0.073 2.189 

Owen Sithole 2008/9 (OS1) 6.2 1.171 1.229 

 

The biplot was divided into seven sectors (by the red lines). Sector 1 consisted of Beauregard 

with Owen Sithole 2008/9 (OS2), Elsenburg 2008/9 (E2), Roodeplaat 2006/7 (R2) and 

Eastern Cape 2008/9 (EC2) – this variety thus performed well in those four environments. 

Sector 2 consisted of 2001-5-2 and Khano with Owen Sithole 2007/8 (OS1) where the 

varieties performed well. Sector 3 included Excel; Sector 4 W-119 and Resisto; Sector 5 

Serolane - varieties which did not perform well in any environments. Sector 6 included 1999-

1-7 as well as Eastern Cape 2006/7 (EC1) and Elsenburg 2007/8 (E1), where this variety 

performed well. Sector 7 included Impilo and Roodeplaat 2005/6 (R1). Impilo lied in close 

proximately of other environments such as Roodeplaat 2006/7 (R2), where the variety 

performed well. 
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Ideal varieties have high PC1 scores (high yield) and small absolute PC2 scores (high 

stability), e.g. Impilo and Beauregard). The varieties were grouped as follows based on 

marketable yield (Table 4.11 and Fig. 4.2): 

Stable, wide adaption, high yielding:    Beauregard, Impilo  

Unstable, specific adaption, high yielding:    2001-5-2, 1999-1-7 

Stable, wide adaption, average to below average yields:  Khano 

Unstable, specific adaption, low yielding:   Excel, Serolane 

Stable, wide adaption, low yielding:  Resisto, W-119 

 

 

Fig. 4.2 Polygon of GGE SREG for marketable root yield (t/ha) for nine varieties in eight 

environments   

(Factor 1 = PC1; Factor 2 = PC2)   (Beaurega = Beauregard) 
R1=Roodeplaat 2005/6; R2=Roodeplaat 2006/7; E1=Elsenburg 2007/8; E2=Elsenburg 2008/9; EC1=Eastern Cape 2006/7; 
EC2=Eastern Cape 2008/9; OS1=Owen Sithole 2007/8; OS2=Owen Sithole 2008/9 

 

In terms of number of marketable roots the PC scores are presented in Table 4.12. In Fig. 

4.3 on the extreme edges were 1999-1-7, Impilo, Khano with a positive response; and W-119 

and Excel with a negative response. It should be noted that 1999-1-7, Khano and Resisto also 

had low average root weight (Table 4.6), and therefore were prone to producing large 
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numbers of small roots, a less desirable trait. Varieties Beauregard, Serolane and Resisto 

which lies towards the center, were the least responsive. The biplot was divided into four 

sectors: 1) Khano and 1999-1-7 with Owen Sithole 2007/8 (OS1), Eastern Cape 2006/7 

(EC1), Roodeplaat 2005/6 (R1) and 2006/7 (R2) and Elsenburg 2007/8 (E1); 1999-1-7 had 

the highest root number in those environments, and Khano in some environments such as 

Roodeplaat (R1 and R2) and Owen Sithole 2007/8 (OS1); 2) Impilo, 2001-5-2 and 

Beauregard with Eastern Cape 2008/9 (EC2), Elsenburg 2008/9 (E2), and Owen Sithole 

2008/9 (OS2) where the three varieties performed well; 3) Serolane and W-119; and 4) Excel 

and Resisto.  

 

As mentioned in Section 4.4.5, Beauregard, 2001-5-2 and Impilo had the most acceptable 

combination of root number and size.  

 

Table 4.12 Ranked means for number of marketable roots (per plot) and the first two principal 

components (PC1 and 2) for varieties and environments in eight environments 

Varieties:   Mean PCA1 PCA2 

1999-1-7  111.5 8.863 -3.121 

Impilo  100.3 2.599 6.636 

Khano  97.5 4.282 -3.814 

2001-5-2  94.3 0.877 3.489 

Beauregard  79.7 -1.279 2.127 

Resisto  78.0 -0.163 -0.459 

Serolane  66.3 -2.098 -0.750 

Excel  54.8 -5.773 -3.434 

W-119  53.1 -7.307 -0.675 

Environments:         

Roodeplaat 2005/6 (R1) 183.9 9.726 -5.535 

Roodeplaat 2006/7 (R2) 147.2 5.706 -0.085 

Elsenburg 2007/8 (E1) 85.3 7.128 4.744 

Elsenburg 2008/9 (E2) 57.7 1.579 3.248 

Eastern Cape 2006/7 (EC1) 66.8 2.741 0.692 

Eastern Cape 2008/9 (EC2) 32.0 1.979 1.600 

Owen Sithole 2007/8 (OS2) 37.3 1.639 0.825 

Owen Sithole 2008/9 (OS1) 43.5 1.619 5.533 

 

The varieties were grouped as follows for number of marketable roots (Table 4.12 and Fig. 

4.3): 

Moderately unstable, specific adaption, high nr of roots:   1999-1-7, Khano, 2001-5-2 

Unstable, specific adaption, high nr of roots:    Impilo 

Stable, wide adaption, average nr of roots:     Resisto, Beauregard 

Stable, wide adaption, low nr of roots:      Serolane 



 

 102

Moderately unstable, specific adaption, very low nr of roots: Excel  

Stable, wide adaption, very low nr of roots:    W-119 

 

Fig. 4.3 Polygon of GGE SREG for number marketable roots (nine varieties, eight 

environments) 

(Factor 1 = PC1; Factor 2 = PC2)   (Beaurega = Beauregard) 
R1=Roodeplaat 2005/6; R2=Roodeplaat 2006/7; E1=Elsenburg 2007/8; E2=Elsenburg 2008/9; EC1=Eastern Cape 2006/7; 
EC2=Eastern Cape 2008/9; OS1=Owen Sithole 2007/8; OS2=Owen Sithole 2008/9       
 

Table 4.13 and Fig. 4.4 indicate the values for total root yield as well as the PC scores. A 

high coefficient of correlation (r = 0.988) existed between total yield of varieties and their 

PC1 scores. However, 2001-5-2 was again an exception as the yield was similar to that of 

Khano (PC1 score 0.336) but the PC1 score placed 2001-5-2 at -0.227.  

 

The most responsive varieties were Impilo, Beauregard (positive response), 2001-5-2, and 

then Resisto and W-119 (negative response; poor performers in most environments). The least 

responsive varieties were Khano and Serolane, lying close to the center of the biplot. The 

biplot was divided into five sectors. Sector 1 consisted of Impilo, Beauregard and 1999-1-7 

with Elsenburg 2007/8 (E1) and 2008/9 (E2) and Roodeplaat 2005/6 (R1), environments 

where Impilo performed best and the other two varieties performed well. Sector 2 included 

Owen Sithole 2007/8 (OS1) and Roodeplaat 2006/7 (R2). Sector 3 had Serolane, Khano and 
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2001-5-2 with the other three environments where these varieties performed well (Eastern 

Cape 2006/7 (EC1) and 2008/9 (EC2), and Owen Sithole 2007/8 (OS1)). Sector 4 included 

Excel and W-119, and sector 5 contained Resisto. These varieties performed poor in most 

environments. The most ideal environment (high PC1 and low absolute PC2) was Elsenburg. 

 

Table 4.13 Ranked means for total yield (t/ha) and the first two principal components (PC1 

and 2) for nine orange-fleshed varieties and eight environments  

Varieties:   Mean PCA1 PCA2 

Impilo  44.0 3.790 -1.295 

Beauregard  42.4 3.591 -0.449 

1999-1-7  38.7 1.400 -1.342 

Khano  37.7 0.361 1.237 

2001-5-2  37.2 -0.227 3.823 

Serolane  36.5 0.219 0.876 

Excel  30.5 -2.478 -0.006 

W-119  27.0 -3.883 -0.648 

Resisto  27.0 -2.775 -2.196 

Environments:     

Roodeplaat 2005/6 (R1) 70.1 3.482 -2.731 

Roodeplaat 2006/7 (R2) 71.8 3.479 1.651 

Elsenburg 2007/8 (E1) 36.5 4.651 -0.432 

Elsenburg 2008/9 (E2) 23.2 2.105 0.362 

Eastern Cape 2006/7 (EC1) 26.2 0.494 0.544 

Eastern Cape 2008/9 (EC2) 12.6 0.592 1.068 

Owen Sithole 2007/8 (OS2) 28.1 0.494 3.626 

Owen Sithole 2008/9 (OS1) 16.9 2.689 0.863 

 

Considering a high PC1 and low absolute PC2 score, Beauregard was an ideal variety. The 

varieties were grouped as follows in terms of total yield (Table 4.13 and Fig. 4.3): 

Stable, wide adaption, high total yield:   Beauregard 

Moderately stable, wide adaption, high total yield:    Impilo  

Stable, wide adaption, average total yield:        Khano, Serolane  

Moderately stable, wide adaption, average total yield: 1999-1-7 

Unstable, specific adaption, average total yield:   2001-5-2 

Stable, wide adaption, very low total yield:      Excel and W-119 

Unstable, specific adaption, very low total yield:     Resisto 
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Fig. 4.4 Polygon of GGE SREG for total root yield for nine varieties in eight environments
 (Factor 1 = PC1; Factor 2 = PC2)   (Beaurega = Beauregard) 
R1=Roodeplaat 2005/6; R2=Roodeplaat 2006/7; E1=Elsenburg 2007/8; E2=Elsenburg 2008/9; EC1=Eastern Cape 2006/7; 
EC2=Eastern Cape 2008/9; OS1=Owen Sithole 2007/8; OS2=Owen Sithole 2008/9       
 
4.5. Discussion 

The present study constitutes the first report, to the best knowledge of the author, of the use of 

the GGE SREG analysis in orange-fleshed sweet potato. The only other use of GGE in sweet 

potato was by Abidin et al. (2005). Considering the advantages of the GGE biplot listed 

below, the use in other biofortication programs of sweet potato is strongly recommended. The 

advantages previously included the fact that: 1) it is well documented (Otoo and Asiedu, 

2009); 2) that it includes multiple options (Blanche et al., 2007; 3) its ease of visual 

interpretation (Blanche et al., 2007); and 4) that it allows many important questions to be 

addressed effectively and graphically (Yan et al., 2001). 

 

The GGE biplot can also have value with single year data (Mohammadi et al., 2007) as it will 

start to form suggestions of performance and interaction, though it is understood that 

recommendations will be made from multi-year data. According to Yan et al. (2001) the 

drawn-to-scale, two-dimensional GGE biplot readily visualizes: 1) the similarities and 

differences among environments in their discrimination of varieties; 2) the similarities and 



 

 105

differences among varieties in their response to environments; and 3) the magnitude and type 

of interaction between varieties and environments.  

 

In the present study, the GGE SREG biplots were used to identify superior varieties, to 

determine the stability of these varieties, and to identify environments where the varieties 

performed well and could be recommended for production.  

 

The GGE biplot has been used in yam, another vegetative-propagated crop, by Otto and 

Asiedu (2009) using the various functions of the GGE software itself; such as yield relative to 

environment maximum (YREM), relationships among environments, discriminativeness of 

test environments, representativeness of the test environments, ideal test environments for 

selecting high mean performance genotypes, similarity of genotypes, mean performance and 

stability of the genotypes, and which-won-where analysis. Each of which has its own type of 

biplot. Other publications describing the use of the various functions include: Samonte et al. 

(2005); Yan et al. (2000); Yan and Kang (2003).  

 

Similar to the finding on G x E analysis of cream to yellow-orange varieties (Chapter 3), large 

differences in genotypic expression of important agronomic traits exists in orange-fleshed 

sweet potato varieties evaluated in South Africa. The considerable variation in sweet potato 

production areas stressed the identification of and use of diverse environments for MET. 

Based on trial results during the period 2005/6 to 2008/9, the new varieties were described. 

 

Impilo was a stable, high yielding variety with wide adaptability, with average dry matter 

content and good taste (in the limited testing in MET), good vine vigor and vine thickness, 

and produces good numbers of medium-sized, round elliptic roots. The variety does, in certain 

circumstances, loose some marketability (however, this was still consumable) due to cracks, 

the production of XXS, insect damage and sprouting. Despite these problems Impilo produced 

the highest marketable yield of the orange-fleshed variety. The flesh color was orange to light 

orange and will reflect lower β-carotene content than the dark orange-fleshed varieties (refer 

to section 5.4.1). Impilo can be recommended for production in the Roodeplaat, Elsenburg, 

Eastern Cape and Owen Sithole areas. 

 

Beauregard was an early maturing, widely adapted variety that produced high stable yields of 

relatively large, long elliptic to long oblong roots and some roots with insect damage. The 
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taste was average due to its low dry matter content. The vines were slender and trailing. 

Beauregard could be recommended for production in the Roodeplaat, Elsenburg and Owen 

Sithole areas, and was more suitable for the commercial industry. 

 

Line 2001-5-2 was characterized by unstable high marketable yield and an average number of 

roots usually of medium size, combined with average dry matter content, good taste (in the 

limited testing in MET), dark orange flesh and elliptic root shape. The vine growth had 

average vigor and the vines were thin. 2001-5-2 had a high percentage of marketable roots, 

average total yield, and was recommended for production in Owen Sithole area, and to some 

extent in Eastern Cape and Elsenburg areas. A line, such as 2001-5-2, which was unstable / 

responsive has the specific advantage that it may be able to respond to changes in the 

environment in contrast to stable/non-responsive varieties.  

 

1999-1-7 produced high unstable yield and had specific adaptability but yielded a high 

number of roots, mostly with low root weight and a high percentage unmarketable roots. 

Some roots of this line might be long irregular. The taste was found to be poor in the limited 

testing in MET and the dry matter content average. The vine growth was not vigorous. 1999-

1-7 performed better in Eastern Cape and Elsenburg areas. 

 

Khano, with vigorous vine growth, had stable average yield, long elliptic root shape and dark 

orange flesh color. Generally the roots were smaller and might exhibit a larger percentage 

cracked roots. The taste was poor (in the limited testing in MET) and dry matter content low. 

Another serious disadvantage of Khano was severe skin damage observed during harvesting. 

The skin damage and low dry matter content limits the possible use of Khano to areas where 

dry texture is less important and only for home consumption directly after harvest. Khano 

performed better in Eastern Cape and Owen Sithole. 

 

Serolane, Excel, W-119 and Resisto produced low yields whilst the taste and dry matter 

content was good. Resisto had an attractive dark orange flesh color expected to be coupled 

with high β-carotene content (refer to section 5.4.1). Resisto had potential for home 

production in the Roodeplaat and Elsenburg areas. Growing of Resisto should be managed 

well as the variety performs poorly in low input conditions. W-119 performed better in the 

Eastern Cape area.  
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The South African biofortification program had so far achieved improvements in yield (as 

compared to Beauregard) coupled with good taste and dry matter content. The new varieties 

have considerable root yield advantage over the USA imports Resisto, Excel and W-119 

previously recommended for use in the crop-based programs. Impilo and 2001-5-2 were 

found to be promising (due to good performance in terms of yield, dry matter content, taste, 

root shape, vine vigor).  

 

The results reported here will be used in Chapter 9 in conjunction with nutrient content (refer 

to Chapter 5) and consumer acceptability tests (refer to Chapter 8), to make reliable varietal 

recommendations for use in the crop-based approach to address vitamin A deficiency. 

Grüneberg et al. (2005) found small G x E interaction in MET across sites for nutritional 

traits, including total carotenoid content (closely correlated with β-carotene content). The 

present study where β-carotene content was not included as selection criteria in all sites, and 

was not included in the G x E analysis, was thereby justified. This selection scheme will not 

lead to loss of efficiency even though the program was aiming at the development of 

genotypes for the various agro-geographic regions in South Africa. 

 

Previous studies on G x E in sweet potato, indicated that some researchers found high 

yielding, stable genotypes (Abidin et al., 2005; Grüneberg et al., 2005; Ngeve, 1993) and 

others not (Caliskan et al., 2007; Manrique and Hermann, 2002; Mwanga et al., 2006). In the 

present study two high yielding, stable varieties were identified, namely Beauregard and 

Impilo for both total root yield and marketable root yield. 

 

4.6. Conclusions 

In the present study, the GGE SREG analysis was employed to identify superior orange-

fleshed sweet potato varieties in terms of yield potential and stability, as well as environments 

where the varieties performed well. The GGE biplots offer easy visual interpretation. Large 

differences in expression of agronomic traits were seen in the nine orange-fleshed sweet 

potato varieties evaluated. Impilo and 2001-5-2 were found to have a combination of a 

number of desired traits. These new varieties have considerable root yield advantage over the 

USA imports Resisto, Excel and W-119. The results will be used further in multivariate index 

selection considering other important traits such as nutrient content. 
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Chapter 5 

CONTENT OF SELECTED MICRONUTRIENTS IN NEW SWEET POTATO 

VARIETIES 

 

5.1. Abstract 

Sweet potato is a rich source of energy and other nutrients. Orange-fleshed types contain 

naturally high quantities of bio-available β-carotene and are therefore used locally and 

internationally in crop-based programs to address vitamin A deficiency. Sweet potato also 

contains various minerals. Since little information was available on nutrient content of sweet 

potato varieties in South Africa, the present study was conducted to determine the content of 

β-carotene and selected minerals in 12 local sweet potato varieties. Sweet potato was 

produced in MET in four agro-geographical production sites, namely, Roodeplaat, 

Empangeni, Giyani and Hazyview. Extraction of β-carotene was done with 

tetrahydrofuran:methanol (1:1, v/v) and β-carotene content analysed by HPLC. Dry matter 

content was determined, and the minerals zinc, iron, potassium, magnesium, phosphorous and 

calcium measured through ICP-OES determination. The overall mean trans-β-carotene 

content of the nine orange-fleshed varieties was 9706 µg/100 g raw root (varying between 

5091 and 16456 µg/100 g). Varieties with β-carotene content above the target level for use in 

the crop-based programs (5500 µg/100 g) were Resisto, Khano, 2001-5-2, W-119, Beauregard 

and 1999-1-7. Impilo, Excel, Serolane (5109 to 5220 µg/100 g trans-β-carotene) are useful to 

populations with mixed dietary sources of vitamin A. β-carotene content varied significantly 

in the different environments, mainly influenced by rainfall/water application/water stress. 

The three cream-fleshed varieties only contained 4 to 134 µg/100 g trans-β-carotene in raw 

roots. The overall mean mineral content in the 12 varieties was as follows: 50 mg/100 g 

calcium, 26 mg/100 g magnesium, 40 mg/100 g phosphorous, 278 mg/100 g potassium, 0.93 

mg/100 g iron, and 0.60 mg/100 g zinc. Mineral content was influenced by environment and 

this was generally due to soil pH, soil mineral content and the interaction between minerals. 

The overall mean dry matter content was 24.8% and is of importance in taste acceptance. 

Varieties with high dry matter were Serolane, W-119, Resisto and Ndou. In context of human 

nutrition in South Africa, all the orange-fleshed varieties, when boiling a raw portion of 100 

g, have a potential contribution of ≥100% of the recommended intake for vitamin A, e.g. for 4 

to 8 year old children, and 21% to magnesium, 12% to zinc and 9% to iron requirements. The 

information obtained from the present study was important for selection of varieties for use in 
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crop-based programs should be considered in conjunction with yield and taste attributes in 

varietal recommendations.  

 

5.2. Introduction  

Carotenoids are important to human health for their properties to reduce cancer, boost the 

immune system and to maintain eye health and vision (E-Siong, 1995; Hughes, 1999; Olson, 

1999; Seifried, 2003). Carotenoids are lipid-soluble pigments found in vegetables and fruits. 

One of these is β-carotene, the major precursor of vitamin A, which is the predominant 

carotenoid found in orange-fleshed sweet potato (Takahata et al., 1993b). Orange-fleshed 

sweet potato provides one of the best sources of naturally bio-available β-carotene (Van 

Jaarsveld et al., 2005). Sweet potato also contains substantial quantities of vitamin C and 

other essential nutrients. Using the nutrient composition of sweet potato reported by Kruger et 

al. (1998) and the RDA of 1 to 8 year old children (Trumbo et al., 2001), a 100 g portion of 

boiled sweet potato provides substantial quantities of vitamin C (28-47% of RDA), moderate 

quantities of pyridoxine (12-14% of RDA), copper (18-23% of RDA) and magnesium (10-

16% of RDA), and some quantities of thiamin (8-10% of RDA) and niacin (6-8% of RDA) 

and several minerals. In addition to being an excellent source of vitamins and minerals, sweet 

potatoes are also a good source of energy (438 kJ/100 g edible portion) and consequently they 

have become one of the major staple crops of the world (Bovell-Benjamin, 2007; Woolfe, 

1992). Orange-fleshed sweet potato has thus become one of the crops used in crop-based 

programs to address vitamin A deficiency (Faber et al., 2002; Laurie, 2008; Low et al., 2007a; 

Mukherjee and Ilangantileke, 2002). Worldwide 33.3%, or 190 million, children younger than 

5 years were vitamin A deficient (WHO, 2009). For South Africa, 64% of 1 to 9 year old 

children was reported to be vitamin A deficient in 2005 (Labadarios et al., 2007), thus orange-

fleshed sweet potato can make a great impact.  

 

A study by Van Jaarsveld and co-workers (2006) showed that nearly all the carotenoid in the 

orange-fleshed sweet potato variety Resisto, is β-carotene in the trans form, which has double 

the pro-vitamin A activity than the cis isomers (Gibson, 1990). In addition, β-carotene in the 

storage roots of sweet potato is located in the cell protoplasts where it is found in lipid 

droplets or bound to a protein that is released during cooking, thereby enhancing bio-

availability (Kopsell and Kopsell, 2006).  
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The efficacy of orange-fleshed sweet potato to improve vitamin A status has been confirmed 

(Van Jaarsveld et al., 2005). In a randomised controlled study conducted in South Africa, it 

was shown that feeding 125 g (1/2 cup) of Resisto, containing 830 µg Retinol Activity 

Equivalents (RAE)/100 g boiled and mashed root, to primary school children for 53 school 

days improved vitamin A status in terms of liver stores compared to the control group that 

consumed the white-fleshed variety Bosbok (Van Jaarsveld et al., 2005). In addition, the 

effectiveness of orange-fleshed sweet potato to improve vitamin A status has been confirmed. 

A agriculture-nutrition-integrated intervention in Mozambique, which introduced orange-

fleshed sweet potato together with nutrition education messages, resulted in improved dietary 

vitamin A intake and serum retinol concentrations in young children (Low et al., 2007a). 

 

In sweet potato there is very large genetic diversity in β-carotene content. White and cream-

fleshed types are devoid of, or contain very little β-carotene. The β-carotene content in sweet 

potato reported internationally ranges from <100 µg/100 g to 26600 µg/100 g in raw roots 

(Almeida-Muradian and Penteado, 1992; Hagenimana et al., 1999; K’osambo et al., 1998; 

Takahata et al., 1993; Teow et al., 2007).  

 

In South Africa, information on β-carotene and micronutrient content in orange-fleshed sweet 

potato was limited. Laurie (2001) indicated the content for eight varieties/selections varying 

between 1870 µg/100 g and 11900 µg/100 g. Van Jaarsveld et al. (2006) measured 13200 to 

19400 µg/100 g β-carotene in raw roots of Resisto in their study. Leighton (2007) reported β-

carotene content for five orange-fleshed varieties (varying between 4212 and 10112 µg/100 g) 

from three different sites. The latter report also included analysis of some minerals and 

vitamins: 7.07 mg/100 g vitamin C, 101 mg/100 g calcium, 19 mg/100 g magnesium, 58 

mg/100 g phosphorous, 324 mg/100 g potassium, 0.62 mg/100 g iron, 0.38 mg/100 g 

manganese and 0.12 mg/100g copper in raw roots. The zinc content measured was 0.368 

mg/100 g (Pers. com. C. Leighton, 13 Nov 2009). The present study included a number of 

micronutrients in samples systematically collected from 12 varieties in four sites. 

 

Analysis of β-carotene is used to calculate vitamin A value as µg RAE and the potential 

contribution plant foods can make to the vitamin A dietary requirement of humans. This is 

important for making recommendations for promoting the production and consumption of 

orange-fleshed sweet potatoes to alleviate vitamin A deficiency. Orange-fleshed sweet potato 

is one of six staple crops in the HarvestPlus Crop Biofortification Program (Nestel et al., 
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2006; Pfeiffer and McClafferty, 2007). The target breeding level for orange-fleshed sweet 

potato in HarvestPlus was 7500 µg/100 g β-carotene, where sweet potato is the sole source of 

pro-vitamin A, and 3750 µg/100 g β-carotene in mixed diets (Nestel et al., 2006). Since mixed 

diets are consumed in South Africa, with emphasis on introduction of orange-fleshed sweet 

potato, the target level for the local breeding program was set at > 5500 µg/100 g β-carotene. 

This was in agreement with the HarvestPlus breeding target for orange-fleshed sweet potato 

varieties to be promoted in crop-based programs in sub-Saharan Africa (Kapinga, 2006).  

 

The β-carotene content in sweet potato has to be measured over a range of environments to 

obtain reliable estimates as several factors can significantly influence the content of β-

carotene in the varieties. The specific factors reported to influence β-carotene content are air 

and soil temperature, radiation, fertilization, location and maturity of roots (Kopsell and 

Kopsell, 2006; K’osambo et al., 1998). In addition, an important trait for varietal selection is 

the stability of β-carotene content within a variety. Significant effects of G x E interactions 

were found in quality traits of sweet potato, though the effects were more pronounced on 

yield than on quality traits (Collins et al., 1987). Manrique and Hermann (2002) reported 

significant differences for G x E main effects, as well as G x E interaction for β-carotene 

content over 14 different environments. Grüneberg et al. (2005) found small interactions in 

quality traits including starch, dry matter content and β-carotene content over seven 

environments. 

 

In addition to β-carotene, other micronutrients were also selected for analysis in the present 

study, based on quantities available in sweet potato or the importance thereof in terms of 

human nutrition. Vitamin C was selected due to substantial quantities (24 to 29 mg/100 g) in 

raw storage roots, reported by other authors (STA, 2005; Woolfe, 1992). Both vitamin C and 

β-carotene function as anti-oxidants which help to eliminate free radicals (Gibson, 1990). Iron 

and zinc were selected as these deficiencies are among the leading causes of disease burden 

and mortality globally (Ezzati et al., 2002). A significantly positive correlation was found in 

sweet potato between iron and zinc content, and a moderate correlation between zinc and β-

carotene content (Grüneberg, 2006). These results indicate good prospects to breed 

simultaneously for these three micronutrients in sweet potato. 

 

Other minerals included in the present study for analysis were calcium, which is important for 

bone structure and the prevention of osteoporosis (Gibson, 1990; Nieves et al., 2008), and 
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potassium, magnesium and phosphorus. Potassium is the major mineral present in sweet 

potato, followed by phosphorus, calcium and magnesium (Woolfe, 1992). Magnesium and 

phosphorous likewise occur in high quantities in the human body and though human 

deficiency is rare, these minerals are essential in energy metabolism (Gibson, 1990). The 

content in sweet potato reported for these micronutrients were as follows (per 100 g raw 

roots): 129 to 470 mg potassium, 0.16 to 0.94 mg iron, 0.27 to 1.89 mg zinc, 8 to 101 mg 

calcium, 18 to 35 mg magnesium, 41 to 70 mg phosphorous and 2.4 to 35 mg vitamin C 

(Kruger et al., 1998; Leighton, 2007; STA, 2005; USDA, 2009; Woolfe, 1992). Dry matter 

content was also determined as it has an important influence on the acceptability of the taste 

of sweet potato varieties (Laurie, 2001; Tumwegamire et al., 2004). 

 

The present study was based on the fact that little information was available on nutrient 

content of sweet potato varieties in South Africa, and a systematic assessment over 

environments had not been conducted previously. Several promising varieties, introductions 

and advanced breeding lines were identified by the local breeding program, for which the 

nutrient content was unknown (Laurie et al., 2002; 2004; 2009). The aims therefore was:  1) 

to determine the content of β-carotene, vitamin C and selected minerals in new sweet potato 

varieties, introductions and advanced breeding lines in South Africa over agro-geographical 

production sites; and 2) to calculate the potential contribution of sweet potato in context of 

human nutrition in South Africa. Nutrient content and the influence of the environment during 

growth on micronutrient expression, is considered a key trait in biofortification (Pfeiffer and 

McClafferty, 2007). This information was valuable for selecting varieties for use in crop-

based programs and will provide key information on nutritional value of South African 

varieties.   

 

5.3. Materials and methods 

5.3.1. Choice of sweet potato genotypes 

A total of 12 varieties/selections with varying flesh color were investigated. The nine orange-

fleshed genotypes included three new local varieties Khano, Serolane and Impilo; two 

promising local advanced breeding lines 1999-1-7 and 2001-5-2; three USA varieties W-119, 

Resisto and Excel which have been recommended in the crop-based home-gardening 

programs since 1999; and Beauregard, bred in the USA and grown commercially in South 

Africa. The three cream-fleshed genotypes were Blesbok (commercial variety), and Ndou and 

Monate (two promising new local varieties). 
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5.3.2. Sweet potato cultivation and sampling 

Samples were collected from MET over four agro-geographical production sites, namely, 

Roodeplaat (Gauteng), Owen Sithole near Empangeni (KwaZulu-Natal), Giyani (Limpopo) 

and Hazyview (Mpumalanga). The agricultural, soil and environmental (climate) 

characteristics of the four sites are presented in Tables 5.1 – 5.3. The sites included four 

climatic areas typical of sweet potato production areas, and ranged from low to medium 

altitude (Table 5.1). The climatic data of the areas in Table 5.2 indicated higher mean 

temperature, minimum temperature and humidity in Empangeni than the other three areas. 

Roodeplaat had intermediate temperature and the highest radiation. The winter season in 

Hazyview had the lowest temperature, as expected.  

 

The management ranged from very good in Roodeplaat and Empangeni, where trained full-

time technicians were based, to practices typical of production in communities for the trials in 

Giyani and Hazyview. The latter two sites experienced water stress at some stages due to 

unavailability of irrigation water. The length of the growing season varied according to 

climatic zone (Table 5.1). 

 

Soil samples were taken and the soil analysis (Table 5.3) showed the soils were generally 

acceptable for vegetable production. For all sites the pH level was within acceptable range. In 

Empangeni the phosphorous content was low, while for Giyani and Hazyview the sodium 

content was low. In Roodeplaat the Ca:Mg ratio and Ca cation balance was low. In 

Empangeni the magnesium and calcium content of the soil was high, but this is less critical 

for vegetable production. The amount of fertilizer that was applied is indicated in Table 5.3.  

 

Vine cuttings from the multiplication block in Roodeplaat were used to establish the trials 

with the 12 varieties in each of the four sites. Planting per genotype consisted of 60 plants. 

 

At each of the four sites, sweet potatoes from the whole plot were harvested and a 

representative random sample of 25 roots for each variety was taken. Each laboratory sample 

was obtained by randomly selecting eight sweet potatoes (approximately 3 kg). The intact 

unprocessed roots were transported to the laboratory of the Nutritional Intervention Research 

Unit (NIRU) of the MRC in Cape Town for sample preparation for the nutrient analysis. The 

samples were stored and transported in paper bags to limit degradation of the carotenoids. 
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Table 5.1 Agricultural characteristics of the four sweet potato production sites where samples were produced for nutrient analysis of 12 sweet potato varieties 

Site  

(Province) 

Type of site Climatic area Altitude (m) Irrigation type Weeding Spacing Plant date Harvest date Growing period 

Roodeplaat 

(Gauteng) 

ARC institute Warm temperate 1164 Sprinkler 

400 mm 

Chemical 1 m x 0.3 m 09/12/2006 05/05/2007 5 months 

Giyani 

(Limpopo) 

Zava Community Garden Dry subtropical 716 Furrow Mechanical 1 m x 0.3 m 23/01/2007 25/05/2007 5 months 

Hazyview 

(Mpumalanga) 

Farmers plot Humid subtropical 

(winter) 

564 Furrow Mechanical 1 m x 0.3 m 07/03/2007 18/09/2007 6 months  

(winter season) 

Empangeni 

(KwaZulu-Natal) 

Owen Sithole College of 

Agriculture 

Humid subtropical 100 Sprinkler Mechanical 1.2 m x 0.3 m 29/11/2006 18/04/2007 4.5 months 
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Table 5.2 Climate conditions (at the time of production) of the four sweet potato production sites where samples 

were produced for nutrient analysis of 12 sweet potato varieties 

Month Temperature 1 Rainfall Humidity 2 Radiation 

 Average Minimum  Maximum   Mean Max Min  

  °C °C °C mm % % % MJ/m2/day  

Roodeplaat - Database of ARC-Institute for Soil Climate and Water 

December 24.8 17.6 31.9 79.0 55.3 82.7 27.9 25.0 

January 23.4 15.9 31.7 60.7 55.5 85.9 25.0 27.0 

February 24.7 15.8 33.8 27.9 49.7 81.0 18.3 27.3 

March 23.2 14.8 32.1 7.2 49.7 78.3 21.0 23.1 

April 19.3 11.5 28.5 12.5 54.5 85.8 23.1 18.8 

May 14.0 4.4 24.9 0.3 45.7 76.5 14.8 18.4 

Mean 21.6 13.3 30.5 31.3 51.7 81.7 21.7 22.2 

Total    218.9     

Middle Letaba - Database of ARC-Institute for Soil Climate and Water (closest site to Giyani) 

January 26.6 20.4 32.7 44.9 61.1 87.7 34.5 21.7 

February 28.4 21.6 35.1 14.1 56.7 83.6 29.8 21.8 

March 26.4 19.1 33.6 68.9 56.0 81.3 30.7 18.2 

April 23.1 16.6 29.5 69.9 65.5 92.1 38.8 15.9 

May 18.4 8.3 28.4 0.0 56.0 89.4 22.6 14.9 

Mean 24.5 17.2 31.9 39.6 59.1 86.8 31.3 18.5 

Total       197.8         

Empangeni, SASRI - Database of ARC-Institute for Soil Climate and Water  

November 23.4 18.4 28.3 94.1 74.0 93.6 54.3 15.4 

December 24.4 19.0 29.7 74.3 70.8 91.9 49.7 23.5 

January 26.3 20.9 31.7 67.3 71.1 93.0 49.2 22.7 

February 26.7 21.2 32.1 58.2 71.4 94.1 48.7 23.6 

March 25.1 19.7 30.4 47.8 69.5 92.7 46.3 17.6 

April 22.7 17.3 28.0 222.7 73.5 95.1 51.8 13.5 

Mean 24.8 19.4 30.0 94.1 71.7 93.4 50.0 19.4 

Total       564.4         

Hazyview - Database of ARC-Institute for Soil Climate and Water  

March 24.6 17.7 31.5 48.3 62.2 89.9 34.4 14.6 

April 21.8 15.6 28.0 64.5 68.7 93.3 44.0 12.5 

May 18.0 8.7 27.3 1.6 57.6 89.1 26.0 12.4 

June 16.4 8.0 24.8 15.7 61.3 89.9 32.6 12.5 

July 15.8 6.7 24.8 3.5 56.0 86.8 25.1 12.9 

August 17.8 8.7 26.9 1.5 52.7 80.4 24.9 14.8 

September 21.9 14.2 29.5 54.1 57.6 83.9 31.3 15.4 

Mean 19.5 11.4 27.5 27.0 59.4 87.6 31.2 13.6 

Total       189.2       
 1 Means of daily average, minimum and maximum temperatures per month 
 2 Means of daily mean, minimum and maximum relative humidity per month 
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Table 5.3 Soil characteristics of the four production sites where samples of 12 sweet potato varieties were produced for nutrient analysis  

  P-Bray 1 K Ca Mg Na Fe Zn Ca:Mg Cation Balances pH Clay Comments  Fertilization 

mg/kg mg/kg mg/kg mg/kg mg/kg µg/kg µg/kg ratio Ca Mg K (H2O) % 

Roodeplaat 92 147 1413 548 62 - - 2.5 : 1 57 37 3 6.9 28 K, Ca and pH 
acceptable. 

Pre-plant 200 kg/ha 1:0:1 (18.5% 
N, 0% P, 18.5% K). 

P and Mg high. Zero 
P-fertilizer required.   
Ca:Mg ratio low. 

Topdressing 150 kg/ha Limestone 
ammonium nitrate (LAN; 28% N). 
Applied: N=79; P=0, K=37 kg/ha. 

Giyani 19 116 959 252 16 64.8 1.27 3.8 : 1 66 29 4 7 34 K and Na low. Pre-plant 500 kg/ha 2:3:2 (8.5% 
N, 13% P, 8.5% K). 

Fe, Mn, Zn may be 
less accessible. 

Top dressing 150 kg/ha LAN 
(28% N). Applied: N=84, P=64, 
K=42 kg/ha. 

Hazyview 23.9 168 2991 611 42 - - 4.8 : 1 72 25 2 6.8 26 Most acceptable of 
the four sites; Mg was 
low  

Pre-plant 150 kg/ha 2:3:4 (6.7% 
N, 10% P, 13.3% K).  
Top dressing 268 kg/ha LAN 
(28% N), 

 170 kg/ha Potassium chloride 
(KCL; 50% K).  

  Applied: N=85, P=15, K=105 
kg/ha. 

Empangeni 8.4 193 1126 321 74 155.7 3.89 3.5 : 1 62 29 5 6.1 32 Poor accessibility of 
P. 

Pre-plant 500 kg/ha 2:3:2 (8.5% 
N, 13% P, 8.5% K). 

Mg was relatively  Top dressing 150 kg/ha LAN 
(28% N). 

high. Applied: N=84, P=64, K=42 
kg/ha. 

Indication for:             
 

na 

 
 

na  

                

low content1 <15 <40 <200 <50 <50         <5.5   

high content1 >60 >250 >3000 >300 >250         >7.3   

Optimum 
content for 
vegetables1 

40-90 120-
240 

400 - 
25002 

100-
4002 

  4:1 60-70 25-30 6-15 5.5 – 
6.5 

<35 

1 Buys(1988) 2 Less critical 
“-“ = Fe and Zn not analyzed,  na = not available (micronutrient) 
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5.3.3. Analytical procedures 

Five sweet potatoes were peeled, washed and then two opposite quarters from longitudinally 

quartered roots were combined, homogenized, aliquots weighed and stored at -20°C until 

analysis. The β-carotene content was determined in duplicate by HPLC as previously 

described (Van Jaarsveld et al., 2006; Low and Van Jaarsveld, 2008; Rodriguez-Amaya and 

Kimura, 2004). Extraction of β-carotene was done with tetrahydrofuran:methanol (1:1, v/v).  

Chromatographic separation was by HPLC using a monomeric C18 column (Waters 

Spherisorb ODS 2, 3µm, 4.6 x 150mm). A β-carotene standard was purified by HPLC, and an 

aliquot of the purified standard solution with a known concentration was used for 

quantification of β-carotene in the sample extracts. During sample preparation and analysis 

precautions were taken to mitigate degradation and oxidation e.g. working under subdued 

light and wrapping of flasks with aluminum foil. 

 

Sub-samples of the same homogenized sweet potato samples used for β-carotene analysis 

were sent to the analytical laboratories of the ARC for analysis of vitamin C and dry matter 

content, and the minerals zinc, iron, potassium, magnesium, phosphorous and calcium. 

Aliquots were dried at 105°C for 16 hours for determination of dry matter content (AOAC, 

2007).  

 

Vitamin C was assessed by determination of DHAA. This method entails extraction using 

acetic acid and meta-phosphoric acid, oxidation of AA to DHAA, derivitization of DHAA and 

determination with HPLC and fluorescence detection (Bognar, 1988; Dodson et al., 1992).  

 

The mineral content was measured through ICP-OES determination according to Huang and 

Schulte (1985). The following wavelenghts were used: calcium 422.673 and 317.933 nm, 

magnesium 383.826 nm, phosphorous 213.618 nm, potassium 769.896 nm, iron 259.940 nm 

and zinc 213.856 nm. The calibration curves were found to be very good for all six elements, 

with a correlation coefficient of 0.9995 for K and greater than 0.9999 for the other five 

elements.  

 

5.3.4. Statistical analysis 

The data was analyzed with GenStat® (Payne et al., 2007). In case of the minerals, the 

triplicate determinations were first screened for normality, and outliers examined and 

eliminated. The determinations were rejected as outliers when identified as outliers through at 
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least two of the following three criteria: a) The difference between the maximum or minimum 

determination and the median determination was larger than an appropriate constant for that 

element; b) The ratio of the difference between the maximum and minimum determination to 

the difference between the two determinations closest to each other was larger than an 

appropriate constant for that element; and c) The maximum determination was much larger 

than the maximum determination for all the other samples or the minimum determination was 

much smaller than the minimum determination for all the other samples. The number of 

outliers removed was 10 for iron, five for zinc, and one each for magnesium, phosphorous and 

calcium. Per variety the mean of duplicate/triplicate determinations was calculated. To assess 

the variability of nutrient content among sites and varieties, an ANOVA was performed. The 

Student’s protected t-LSD test was calculated at the 1% significance level for β-carotene 

content and 5% significance level for mineral content to compare varietal means and site 

means. 

 

5.4. Results and discussion 

5.4.1. β-carotene content in raw sweet potato roots of 12 varieties 

The trans-β-carotene content, determined over four sites, for nine orange-fleshed varieties 

varied between 5091 and 16456 µg/100 g raw root (Table 5.4). The cream-fleshed varieties 

had negligible content of trans-β-carotene: Blesbok and Monate contained less than 50 

µg/100 g; Ndou with slightly darker cream flesh color contained 134 µg/100 g. The nine 

orange-fleshed sweet potato varieties had a mean trans-β-carotene content of 9706 µg/100 g 

and could be separated into three groups. The first group of varieties with high trans-β-

carotene content was Resisto (16456 µg/100 g), Khano (14036 µg/100 g) and 2001-5-2 

(11800 µg/100 g). Line 2001-5-2 showed stable high trans-β-carotene content over the four 

sites (low standard deviation), Khano was less stable and Resisto the least stable. The second 

group of varieties that showed an intermediate trans-β-carotene content included 1999-1-7, 

Beauregard and W-119 (9558 to 10464 µg/100 g). The third group comprised of Excel, 

Serolane and Impilo varying between 5091 and 5200 µg/100 g. The trans-β-carotene content 

was just below the breeding target (>5500 µg/100 g) of HarvestPlus for orange-fleshed sweet 

potato varieties to be promoted in crop-based programs (Kapinga, 2006). Impilo showed low 

stability in trans-β-carotene content as the SD was high over the four sites. When considering 

the trans-β-carotene content, all varieties in the first and second β-carotene groups can be 

promoted in crop-based programs addressing vitamin A nutrition. The mean vitamin A value 

of the variety with the highest β-carotene content, Resisto, was 1371 µg RAE. 
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The trans-β-carotene content of sweet potato was influenced by the agro-geographical area. 

Of the four sites, the highest mean β-carotene content was detected in Giyani; significantly 

higher than in Roodeplaat and Empangeni. The second highest mean β-carotene content was 

detected in sweet potatoes from Hazyview. The major factor that could be related to the 

differences was water application (rainfall plus irrigation). Low rainfall (~200 mm) was 

experienced in Roodeplaat, Giyani and Hazyview (Table 5.2). In Roodeplaat 400 mm water 

was applied with sprinkler irrigation in addition to the rainfall. In Giyani and Hazyview only 

small quantities of water were applied with irrigation as the crop management was less 

effective. Resisto contained 20525 µg/100 g trans-β-carotene as measured in Giyani versus 

12234 µg/100 g in Empangeni. Constantin et al. (1974) found that high irrigation levels 

decreased β-carotene content in sweet potato. 

 

Table 5.4 Means of duplicate determinations for trans-β-carotene content (µg/100 g raw root) 

for 12 sweet potato varieties in four sites, mean and SD of four sites and the calculated 

vitamin A value (µg RAE)   

Variety Site Variety mean  Vitamin A value 

 Hazyview Giyani Hazyview Giyani (SD)  µg RAE   

Resisto 18372 20525 12234 14939 16456 (3490) a 1371 

Khano 15565 14439 11987 13906 14036 (1293) ab 1170 

2001-5-2 12372 12470 11716 10640 11800  (799)  bc 983 

W-119 10236 12978 8806 9836 10464 (1649)   c 872 

Beauregard 9922 11609 8453 8599 9646 (1362)   c 804 

1999-1-7 9453 11869 8384 8524 9558 (1495)   c 797 

Excel 5500 4255 4766 5903 5200  (622)    d 433 

Serolane 4434 5945 5534 4889 5106  (687)    d 426 

Impilo 2978 6125 4227 7034 5091 (1697)    d 424 

Ndou 1 110 212 21 177 134 (77)     e 11 

Monate 1 16 21 62 25 31 (0)     e 3 

Blesbok 1 23 10 9 12 14 (0)     e 1 

Mean (site)   7415 ab 8372 a 6350 b 7040 b      

Overall mean     7294   

P-value (variety)      <0.001   

P-value (site)      0.009   

LSD (variety)      2640   

LSD (site)      1525   

CV%          18.7    

Means for site in a row followed by the same letter and means for variety in a column followed by the same letter, are 
not significantly different at P ≤ 0.01 
RAE = Retinol Activity Equivalents: 12 µg trans-β-carotene = 1 µg retinol = 1 µg RAE (Trumbo et al., 2001) 
1 Cream-fleshed varieties 
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The β-carotene content reported in sweet potato varieties in the present study corresponds 

well with the range of β-carotene content reported in previous studies (Almeida-Muradian and 

Penteado, 1992; Hagenimana et al., 1999; K’osambo et al., 1998; Laurie, 2001; Leighton, 

2007; Takahata et al., 1993b; Teow et al., 2007). The highest reported β-carotene content was 

26600 µg/100 g raw root for variety SPV-61 in a study in Japan (Takahata et al., 1993) and 

22600 for line 11-20 reported by Teow et al. (2007) in the USA. Resisto, analyzed by 

Takahata et al. (1993b) in Japan, was found to have a β-carotene content of 20300 µg/100 g 

raw root, as compared to 16465 µg/100 g reported in the present study. Other South African 

data reported for Resisto was by Van Jaarsveld et al. (2006) reporting a β-carotene content of 

13200 to 19400 µg/100 g raw roots, 11900 µg/100 g by Laurie (2001) and 9230 µg/100 g by 

Leighton (2007).  

 

Teow et al. (2007) reported a β-carotene content of 9230 µg/100 g for the main USA variety 

Beauregard, as compared to 9646 µg/100 g in the present study. Also the USDA National 

Nutrient Database (USDA, 2009) indicated a β-carotene content of 9444 µg/100 g for raw 

sweet potato. Orange-fleshed types are dominating the sweet potato industry in the USA and 

were introduced to other parts of the world as sources of high β-carotene. Another USA 

variety promoted in South Africa was W-119. In the present study, W-119 contained 10464 

µg/100 g of β-carotene, which was higher than the 8240 µg/100 g reported by Laurie et al. 

(2001) and 4323 µg/100 g by Leighton (2007).  

 

The variation in β-carotene content between the same sweet potato varieties reported in the 

present study and those in the literature indicated above, was acceptable as β-carotene content 

is influenced by several factors e.g. soil, irrigation regime, fertilization, location, season and 

growing period (Chattopadhyay et al., 2006; Constantin et al., 1974, K’osambo et al., 1998). 

Small differences in the β-carotene content in the same sweet potato variety could also be the 

result of methodological differences among studies, such as, for example using different 

extraction solvents e.g. tetrahydrofuran:methanol (Van Jaarsveld et al., 2006), acetone-hexane 

(Takahata et al., 1993b) or acetone (Teow et al., 2007), as the efficiency of solvents to extract 

β-carotene differ (Van Jaarsveld et al., 2006). 

 

The β-carotene content of the variety Excel contrasted with a previous publication by Huang 

et al. (1999) where Excel measured 12800 µg β-carotene/100 g. The β-carotene content was 
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much lower in the present study at 5200 µg/100 g and 7780 µg/100 g reported by Faber and 

Van Jaarsveld (2007). Varietal genetic purity could be the underlying factor in the large 

difference. 

 

Other studies on cream-fleshed varieties also indicated virtually no β-carotene, e.g. the South 

African variety Bosbok (Van Jaarsveld et al., 2005). Studies on cream to yellow varieties 

reported a β-carotene content ranging from 200 to 4369 µg/100 g (Chattopadhyay et al., 

2006), 6300 µg/100 g (Hagenimana et al., 1999) and 1870 µg/100 g β-carotene for the cream-

yellow fleshed South African variety Mafutha (Laurie, 2001). 

 

A very high percentage (96.2%,varying between 96.8 and 97.6%), of total β-carotene was in 

the trans configuration in the orange-fleshed varieties analyzed (Fig. 5.1).  
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 Fig. 5.1 Mean total β-carotene and mean trans-β-carotene content (µg/100 g raw root) in 12 

sweet potato varieties over four sites.  

 

The predominance of trans-β-carotene in dark orange-fleshed sweet potato agrees with 

previous reports (Takahata et al., 1993; Van Jaarsveld et al., 2006). Other carotenoids found 



 

 
 

122

in much lower amounts in orange-fleshed sweet potato include alpha-, gamma- and zeta-

carotene, phytoene, phytofluene, hydroxyl-zeta-carotene, and β-carotene furanoxide (Bechoff 

et al., 2009; Purcell and Walter, 1968). The predominance of the trans isomer, with double 

the provitamin A activity than the cis isomers, is an additional positive characteristic of 

orange-fleshed sweet potato in addressing vitamin A deficiency. 

 

In the present study the β-carotene content was determined by HPLC. An alternative method 

to assist in selection, is NIRS. Very recently Bonierbale et al. (2009) developed calibration 

equations to estimate total as well as individual carotenoid concentrations by NIRS. This 

method allows high throughput of a large number of samples and can be applied in the 

selection of parents/lines in a breeding program oriented to nutritional enhancement.  

 

5.4.2. Dry matter content in raw sweet potato roots of 12 varieties 

The overall mean for dry matter content was 24.8% in raw roots (Table 5.5), varying 

significantly among the varieties (ranging from 18.7 to 30.5%). Dry matter content reported 

by Teow and co-workers (2007) varied between 33.5 and 26.8%. Huang et al. (1999) reported 

dry matter content from 38.2 to 21.8%, with Excel at 22.2%. Another report was by 

Bengtsson et al. (2008), with dry matter content varying between 30.3 and 35.0% in seven 

African varieties. Results from selected countries in the sub-Saharan Africa region, indicated 

variation in dry matter content between 21% and 34.9% (Kapinga et al., 2007).  

 

Variation in dry matter content of varieties over environments can be explained by differences 

in climate, day length, soil type and cultivation practices (Bradhury and Holloway, 1988). The 

dry matter content in South African varieties was lower than for sweet potato from other 

countries.  Blesbok is one of the most watery sweet potato varieties grown on commercial 

scale in the world. 

 

In the present study the highest dry matter content (significantly higher than the other sites) 

was obtained for Giyani at 26.9% (varying between 21.1% and 34.9%) and the second highest 

in Empangeni with a mean of 25.4% (ranging from 20.1% to 30.6%). Significantly lower dry 

matter content was recorded for Hazyview (23.0%) and Roodeplaat (23.9%). Roodeplaat 

showed the widest range of dry matter content (16.1% to 30.5%).  
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Table 5.5 Means of duplicate determinations for dry matter content (%) for 12 sweet potato 

varieties in four sites and mean and SD of four sites 

Variety Site Variety mean  

 Hazyview Giyani Empangeni Roodeplaat (SD) 

Serolane 25.8 34.9 30.6 30.5 30.5 (3.7) a 

W-119 25.1 31.8 30.4 27.8 28.7 (2.9) ab 

Resisto 24.3 28.9 28.5 27.5 27.3 (2.1) bc 

Ndou 27.2 28.8 23.6 28.0 27.0 (2.3) bc 

Excel 27.9 28.8 26.1 23.5 26.7 (2.4) bc 

1999-1-7 24.1 27.9 23.7 24.7 25.1 (1.9) cd 

Monate 24.8 23.9 27.1 23.8 24.9 (1.5) cde 

2001-5-2 21.3 25.7 25.5 23.0 23.9 (2.1) de 

Impilo 23.1 24.8 22.9 21.9 23.1 (1.0) de 

Khano 19.4 24.2 24.9 21.2 22.4 (2.6) e 

Beauregard 17.3 21.1 21.5 18.8 19.8 (2.0) f 

Blesbok 15.5 22.6 20.1 16.1 18.7 (3.4) f 

Mean (site) 23.0 c 26.9 a 25.4 b 23.9 c   

Overall mean     24.8 

P-value (variety)      <0.001 

P-value (site)      <0.001 

LSD (variety)      1.49 

LSD (site)      2.58 

CV%         7.2 

Means for site in a row followed by the same letter and means for variety in a column followed by the same letter, are 
not significantly different at P ≤ 0.05 

 

The 12 varieties followed similar trends over the four sites for dry matter content (Fig. 5.2). In 

Hazyview, varieties with high dry matter content were Ndou (27.2%) and Excel (27.9%). 

Resisto, W-119 and Serolane had the highest dry matter content in Empangeni (varying 

between 28.5% and 30.6%), and Giyani (varying between 28.4% and 34.9%), and in 

Roodeplaat (ranging from 27.5% to 30.5%). In Giyani and Roodeplaat, Ndou had high dry 

matter content. 

 

As shown by the mean dry matter content over the four sites (Table 5.5 and Fig. 5.2), 

Beauregard and Blesbok had significantly lower dry matter content than all other varieties and 

can be considered as watery and therefore less desirable. The middle group, with medium dry 

matter content, was 1999-1-7, Monate, 2001-5-2, Impilo and Khano. Varieties with fairly 

high dry matter content were Resisto, Ndou and Excel. Serolane and W-119 had the highest 

dry matter content. In general, sweet potato varieties with dry matter varying between 22% 

and 26% are acceptable to the taste of both adults and children, in the target population 

(Africans) in South Africa, while adults may prefer even higher dry matter content. The dry 

matter content measured in the present study, followed a similar trend as in Section 4.4.2. 
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However, the texture of roots will be evaluated in more detail in Chapters 8 by a sensory 

panel.   
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Fig. 5.2. Dry matter content (%) of 12 sweet potato varieties in four sites. Each value 

represents the mean of a duplicate determination 

 

5.4.3. Mineral content in raw sweet potato roots of 12 varieties 

Calcium 

The overall mean for calcium content was 50 mg/100 g raw root (ranging between varieties 

from 34 to 63 mg/100 g) (Table 5.6). Significant differences were found in calcium content 

between the 12 varieties. The mean calcium content of W-119 and Resisto were the highest of 

the 12 varieties, while the calcium content of the three cream-fleshed varieties were the 

lowest. The general trend observed was that calcium content was higher in orange varieties 

than in the cream varieties (Fig. 5.3 A). Orange-fleshed varieties 1999-1-7 and Resisto as well 

as the three cream-fleshed varieties, Blesbok, Ndou and Monate, had the highest SD and 

seemed to be more variable with regards to calcium content.  

 

The highest mean calcium content was found in the sweet potato varieties from Hazyview (56 

mg/100 g), and was significantly higher than in Empangeni (40 mg/100 g) and Giyani (48 

mg/100 g). The mean for Roodeplaat (55 mg/100 g) was also significantly higher than for 

Empangeni.  
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Table 5.6 Means of triplicate determinations for calcium, magnesium and phosphorous content (mg/100 g raw roots) for 12 sweet potato varieties 

in four sites and mean and SD over the four sites  

Calcium (Ca)  Site   Variety  Magnesium (Mg)  Site  Variety  Phosphorous (P) Site  Variety 

Variety Hazy Giy Emp Rood   mean 
(SD) 

  Variety Hazy Giy Emp Rood mean 
(SD)  

  Variety Hazy Giy Emp Rood mean 
(SD) 

  

W-119 60 55 65 72 63 (7)  a Khano 39 31 35 38 37 (3) a Serolane 54 60 37 52 51 (10) a 

Resisto 79 68 43 61 63 (15)  a Serolane 35 31 37 30 33 (3) ab Khano 49 47 33 54 46 (9) ab 

Khano 60 43 52 65 55 (10) ab W-119 24 29 34 37 31 (6) abc Impilo 47 47 42 45 45 (3) b 

Serolane 64 48 58 46 54 (8) ab Resisto 33 31 27 28 30 (3) bc Resisto 50 48 34 47 45 (7) b 

2001-5-2 53 45 55 56 53 (5) ab 1999-1-7 28 36 23 30 29 (6) bc 1999-1-7 46 48 32 46 43 (7) b 

Excel 56 49 47 56 52 (5) abc Excel 30 30 27 29 29 (1) bc Excel 44 46 35 46 43 (5) bc 

Impilo 56 51 49 47 51 (4) abc Impilo 30 25 28 25 27 (3) c W-119 37 54 34 45 42 (9) bc 

Beauregard 50 47 48 49 49 (2) bcd 2001-5-2 24 25 31 24 26 (3) c Ndou 43 49 31 45 42 (8) bc 

1999-1-7 53 55 23 61 48 (17)  bcd Beauregard 17 23 23 22 21 (3) d Monate 41 44 26 39 38 (8) cd 

Blesbok 43 46 16 51 39 (16) cde Monate 20 19 18 22 20 (2) de 2001-5-2 35 33 31 32 33 (1) de 

Ndou 47 37 15 47 37 (15) de Ndou 20 20 18 20 20 (1) de Beauregard 31 33 26 31 30 (3) e 

Monate 46 30 16 45 34 (14) e Blesbok 13 17 13 16 15 (2) e Blesbok 30 30 24 28 28 (3) e 

Mean (site)  
 

56  
a 

48  
bc 

40  
c 

55  
ab     

Mean (site)  

 
26 
 

27 
 

26 
 

27 
     

Mean (site) 
 

42  
a 

45  
a 

32  
b 

42  
a     

Overall mean     50  Overall mean     26  Overall mean     40  

P-value (var)     <0.001  P-value (var)     <0.001  P-value (var)     <0.001  

P-value (site)     <0.001  P-value (site)     0.932  P-value (site)     <0.001  

LSD (var)     12.9  LSD (var)     5.0  LSD (var)     5.3  

LSD (site)     7.5  LSD (site)     ns  LSD (site)     3.1  

CV%          18.1   CV%          13.1   CV%          9.1   

ns = not significant  
Means for site in a row followed by the same letter and means for variety in a column followed by the same letter, are not significantly different at P ≤ 0.05 

var = variety;   
Hazy = Hazyview;    Giy = Giyani;     Emp = Empangeni;     Rood = Roodeplaat  
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Table 5.7 Means of triplicate determinations for potassium, iron and zinc content (mg/100 g raw roots) for 12 sweet potato varieties in four sites 

and mean and SD over the four sites  

Potassium (K) Site  Variety   Iron (Fe) Site   Variety   Zinc (Zn)   Site      Variety 

Variety Hazy Giy Emp Rood 
mean  
(SD)   Variety Hazy Giy Emp Rood 

  mean  
(SD) Variety Hazy Giy Emp Rood 

mean  
(SD) 

Serolane 309 414 268 345 334 (62) a W-119 1.60 1.12 1.77 0.54 1.26 (0.55) Beauregard 0.90 0.68 0.82 0.38 0.69 (0.23) 

Khano 295 334 237 391 314 (65) ab Impilo 1.57 0.75 1.54 0.82 1.17 (0.45) 2001-5-2 0.69 0.57 0.85 0.59 0.67 (0.13) 

Ndou 312 359 239 328 309 (51) abc 1999-1-7 0.96 1.04 1.67 0.92 1.15 (0.35) Excel 0.85 0.71 0.61 0.39 0.64 (0.19) 

1999-1-7 255 335 277 320 297 (37) abcd Serolane 1.00 1.18 1.38 0.41 0.99 (0.42) Khano 0.80 0.63 0.63 0.51 0.64 (0.12) 

Excel 259 301 253 350 291 (45) bcd Resisto 0.36 0.96 0.92 0.88 0.91 (0.33) Serolane 0.85 0.68 0.64 0.32 0.62 (0.22) 

Monate 279 313 274 297 291 (18) bcd Monate 0.71 0.70 1.39 0.84 0.84 (0.44) Resisto 0.71 0.70 0.55 0.45 0.60 (0.13) 

Impilo 252 324 261 307 286 (35) bcde Khano 0.42 1.17 1.28 0.51 0.81 (0.23) W-119 0.64 0.77 0.62 0.37 0.60 (0.17) 

Resisto 257 324 218 286 272 (45) cdef Excel 0.85 0.62 1.12 0.66 0.81 (0.33) Ndou 0.65 0.73 0.65 0.32 0.60 (0.18) 

W-119 246 333 215 259 263 (50) def 2001-5-2 0.80 0.95 1.13 0.37 0.80 (0.37) Impilo 0.70 0.60 0.67 0.37 0.60 (0.15) 

Beauregard 235 283 224 253 249 (26) ef Blesbok 0.72 0.60 1.33 0.53 0.78 (0.28) 1999-1-7 0.74 0.51 0.57 0.40 0.56 (0.14) 

2001-5-2 247 195 235 259 234 (28) f Beauregard 0.60 0.84 1.34 0.24 0.76 (0.46) Monate 0.58 0.47 0.57 0.51 0.53 (0.05) 

Blesbok 193 200 181 190 191 (8)  g Ndou 0.32 1.11 1.14 0.36 0.73 (0.45) Blesbok 0.63 0.50 0.49 0.37 0.51 (0.10) 

Mean (site) 
 

262  
b 

310 
 a 

240 
 b 

299 
 a     

Mean (site) 
 

0.83 
bc 

0.98 
b 

1.34 
a 

0.59 
c   

Mean (site) 
 

0.73 
a 

0.63 
b 

0.64 
b 

0.42  
c   

Overall 
mean     278  

Overall 
mean     0.93 

Overall 
mean     0.60 

P-value 
(var)     <0.001  

P-value 
(var)     0.191 

P-value 
(var)     <0.149 

P-value 
(site)     <0.001  

P-value 
(site)     <0.001 

P-value 
(site)     <0.001 

LSD (var)     41.36  LSD (var)     ns LSD (var)     ns 

LSD (site)     23.88  LSD (site)     0.24 LSD (site)     0.0755 

CV%          10.4   CV%          31.1 CV%          15.1 

ns = not significant  
Means for site in a row followed by the same letter and means for variety in a column followed by the same letter, are not significantly different at P ≤ 0.05 
var = variety;   
Hazy = Hazyview;     Giy = Giyani;     Emp = Empangeni;     Rood = Roodeplaat 
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Fig. 5.3 Mean content (mg/100 g raw root) of selected minerals in 12 sweet potato varieties in 

four sites (Each value represents the mean of triplicate determinations, except where outliers 

were removed) 

 

At Hazyview, the highest calcium content of the 12 varieties was achieved by Resisto (79 

mg/100 g). The sweet potato calcium content in Empangeni had a wide range from 15 to 65 

mg/100 g, whereas sweet potatoes in the other sites had a content varying between 30 and 79 

mg/100 g.  

 

The major factor that could be related to the differences in the mean calcium content among 

sites, was the soil calcium content. Hazyview had the highest soil calcium content, followed 

by Roodeplaat and Empangeni; Giyani had the lowest soil calcium content (Table 5.3). A 

similar trend was seen in the calcium content of the sweet potato samples. In Table 5.3 it can 

also be seen that soil calcium content followed the same trend as magnesium content and pH 

of the soil over the four sites.  

 

The present study found calcium content between 34 and 63 mg/100 g in raw roots of sweet 

potato. Ravindran et al. (1995) in assaying the calcium content of 16 varieties, similar to the 

present study, found significant variation among varieties, ranging from 30 to 87 mg/100 g. 

Other authors reported calcium content in sweet potato within the same range: 7 to 75 mg/100 

g (Woolfe, 1992), 30 mg/100 g (USDA, 2009), 40 mg/100 g (STA, 2005) and 12 mg/100 g 

(Kruger et al., 1998) in raw roots of sweet potato. The mean value of 101 mg/100 g reported 

by Leighton (2007) for calcium content in five varieties was somewhat higher than the present 

study as well as the other reports. 

 

Magnesium 

The overall mean content for magnesium for the 12 varieties was 26 mg/100 g (varying 

between 15 and 37 mg/100 g) and was very similar to other reports for raw roots: 18 to 36 

mg/100 g in a review by Woolfe (1992), 25 mg/100 g (USDA, 2009), 25 mg/100 g (STA, 

2005), 13 mg/100 g (Kruger et al., 1998) and 19 mg/100 g by Leighton (2007). In determining 

the magnesium content of 16 varieties, Ravindran et al. (1995) found a mean magnesium 

content of 29 mg/100 g (ranging from 22 to 44 mg/100 g). The orange-fleshed variety Jewel, 

for example, also a USA variety, was included in the latter study and had a magnesium 

content of 33 mg/100 g. 
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Significant differences were detected in magnesium content between the 12 varieties. The 

highest magnesium content was found in Khano (37 mg/100 g), Serolane (33 mg/100 g) and 

W-119 (31 mg/100 g) over four sites (Table 5.6). Resisto, 1999-1-7, Excel, Impilo and 2001-

5-2 had a mean magnesium content varying between 31 mg/100 g and 26 mg/100 g.  Lower 

magnesium content was seen for cream-fleshed varieties Monate, Ndou and Blesbok (varying 

between 20 mg/100 g and 15 mg/100 g). Higher variability in magnesium content was seen 

for W-119 and 1999-1-7 as shown by the large SD (Table 5.6). Khano had the highest content 

in Hazyview and Roodeplaat, while Serolane was the highest in Empangeni and 1999-1-7 in 

Giyani. The mean magnesium content over four sites for Khano, Serolane and W-119 was 

significantly higher than Beauregard, Monate, Ndou and Blesbok. 

 

The pattern for magnesium content among the 12 varieties was very similar over the four sites 

(Fig. 5.3 B). The range of magnesium content was similar among the sites, the maximum 

varying between 35 and 39 mg/100 g and the minimum varying between 13 and 17 mg/100 g. 

The magnesium content was not significantly different over the sites.  

 

The soil magnesium content (Table 5.3), varied considerably among sites and would have 

been expected to influence mean magnesium content in sweet potatoes over sites. However, 

the availability of magnesium is complex. Mayland and Wilkinson (1989) reported that 

magnesium content in the plant is influenced by the amount of magnesium in the soil but high 

iron content in the soil can also lead to elevated magnesium. The availability of magnesium in 

the soil depends on the content of magnesium relative to soluble and exchangeable amounts 

of potassium, calcium, sodium, aluminum and manganese (Mayland and Wilkinson, 1989). 

Soil magnesium content showed the opposite trends than potassium and calcium in the soil 

(Table 5.3). 

 

Phosphorous  

The overall mean content of phosphorous in 12 sweet potato varieties in the present study was 

40 mg/100 g (28 to 51 mg/100 g). This compared well with previous reports on phosphorous 

content in raw sweet potato of 47 mg/100 g (USDA, 2009), 46 mg/100 g (STA, 2005), 34 

mg/100 g (Kruger et al., 1998) and 58 mg/100 g (Leighton, 2007). The phosphorous content 

of 41 to 70 mg/100 g by Woolfe (1992) and 63 mg/100 g (varying between 53 and 76 mg/100 

g) by Ravindran et al. (1995), was somewhat higher than found in the present study. The latter 
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authors determined phosphorous colorimetrically using the ammonium vanadate reaction of 

Chapman and Pratt (1961) as opposed to the method used in the present study. The different 

methods used, in addition to other factors e.g. soil and fertilizers, could also be a reason for 

the differences in phosphorus content found between the studies. 

 

Significant variation was found in the phosphorous content of the 12 sweet potato varieties 

(Table 5.6). Serolane had the highest phosphorous content in Hazyview and Giyani, and the 

mean of Serolane over the four sites was significantly higher than all other varieties except 

Khano. On the other hand, the lowest mean content was detected for the cream-fleshed variety 

Blesbok and for two orange-fleshed varieties Beauregard and 2001-5-2. When considering the 

standard deviations, more variability in phosphorous content was observed over sites for 

Serolane, Khano and W-119. 

 

Although similar trends were seen for varieties over sites (Fig. 5.3 C), the mean phosphorous 

content for Empangeni was significantly lower (varying between 24 and 42 mg/100 g) than 

for Hazyview, Giyani and Roodeplaat. The sweet potato phosphorous content in the latter 

three sites varied between 28 and 60 mg/100 g. Soil phosphorous content was the lowest for 

Empangeni (Table 5.3) and was considered to be poorly accessible to the plants as the soil pH 

was low. The soil phosphorous content was fairly high in Roodeplaat (Table 5.3). 

 

Potassium 

The most abundant nutrient found in the sweet potato samples was potassium, occurring in 

much higher quantities than the other nutrients (Table 5.7). The overall mean content was 278 

mg/100 g varying between 191 and 334 mg/100 g in the raw roots. This was in agreement 

with the potassium content varying between 129 and 382 mg/100 g reported by Woolfe 

(1992), 337 mg/100 g by the USDA National Nutrient Database (USDA, 2009), 285 mg/100 

g  by Kruger et al. (1998) and 324 mg/100 g by Leighton (2007). The mean content was lower 

than 470 mg/100 g reported in the Standard Tables of Food Composition in Japan (STA, 

2005) and 347 mg/100 g (varying between 303 and 470 mg/100 g) reported by Ravindrin et 

al. (1995). 

 

Significant differences were found among the 12 sweet potato varieties for potassium content. 

Serolane had the highest potassium content followed by Khano, Ndou and 1999-1-7 (varying 

between 334 mg/100 g and 297 mg/100 g). In comparison with the orange-fleshed varieties, 
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the cream-fleshed varieties performed slightly better in terms of potassium content, than e.g. 

magnesium and calcium where all orange-fleshed varieties had higher contents for both 

elements. The potassium content in Blesbok was stable over the sites (low SD) and was 

significantly lower (191 mg/100 g) compared to all the other varieties. Lower potassium 

content was also seen for 2001-5-2 and Beauregard varying between 234 mg/100 g and 249 

mg/100 g. 

 

Similar patterns were observed in the potassium content of varieties over the four sites (Fig. 

5.3 D), except in Roodeplaat where varieties Khano and Excel had higher potassium content. 

The variation of potassium content found in Empangeni was between 181 and 277 mg/100 g 

and from 190 to 414 mg/100 g for Roodeplaat and Giyani combined.  

 

Significant differences were found in the mean potassium content among the sites. A 

significantly lower mean potassium content was found in sweet potatoes in Empangeni (240 

mg/100 g) and in Hazyview (262 mg/100 g) compared to Giyani (310 mg/100 g) and 

Roodeplaat (299 mg/100 g).  

 

When considering the soil potassium content (Table 5.3), Giyani had the lowest value of the 

four sites. However, the soil sample that was taken for analysis reflects the soil condition 

before fertilizer application. The low potassium status of the soil was corrected through 

potassium application as it is one of the macro-nutrients in plant nutrition. Potassium is an 

important element in the initiation of storage roots by the sweet potato plant (Hahn and 

Hozyo, 1984).  

 

Iron 

The overall mean iron content of 12 varieties over four sites was 0.93 mg/100 g raw root 

(varying between 0.24 and 1.77 mg/100 g) (Table 5.7).  Of the four sites the highest iron 

content was measured in sweet potatoes from Empangeni (1.34 mg/100 g), which was 

significantly higher than the iron content in sweet potatoes from Giyani, Hazyview and 

Roodeplaat. The iron content found in Hazyview did not differ significantly from Giyani and 

in Roodeplaat. The soil iron content in Empangeni was 2.4-fold higher than that in Giyani. 

Soil iron content seems to be following soil pH negatively (Table 5.3). 
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Although there were no statistically significant differences between the mean iron content of 

varieties over the four sites, W-119, Impilo and 1999-1-7 were relatively high in iron content 

among the 12 varieties with Ndou and Beauregard showing the lowest iron content (Table 5.7 

and Fig. 5.3 E). Cream-fleshed varieties had relatively lower iron content than orange-fleshed 

varieties, except for Monate. 

 

The data for iron content were characterized by a high variability seen in the high CV 

(31.1%). All samples were digested and analysed in triplicate and showed fairly large 

differences between the triplicate determinations (large standard deviation) for iron content. 

The probable outliers (10) for iron that were removed were all very high, indicating therefore 

that the determination of iron could be considered of lower accuracy than for the other 

minerals. The outliers were from W-119 in Hazyview; Excel, Resisto, Ndou, Monate and 

Blesbok in Giyani; Resisto in Empangeni; and Blesbok, Monate, Impilo in Roodeplaat. One 

possible explanation for the large standard deviations could be the lack of sample 

homogeneity. Due to the high moisture content (75% on average) of the sweet potato samples, 

it was difficult to weigh out homogenous aliquots for nutrient analysis. In this regard it was 

important to weigh out large enough aliquots for analysis. Another possibility was 

contamination. In assaying mineral content, possible sources of contamination are from soil, 

dust, threshing equipment, sample preparation or digestion procedures (Pfeiffer and 

McClafferty, 2007). In the present study, every precaution was made to avoid contamination 

but it cannot be excluded as a possibly. References that could guide researchers in this regard 

are limited as past research has rarely considered contamination (Pfeiffer and McClafferty, 

2007). Examination of wavelength scans in the present study revealed that the zero controls 

were too high for iron, indicating slight contamination. 

 

Nevertheless, the iron content of the 12 South African varieties showed an overall mean of 

0.93 mg/100 g raw root with the content of varieties varying between 0.24 and 1.77 mg/100 g. 

Previous studies reported: 0.49 mg/100 g varying between 0.16 and 0.94 mg/100 g (Woolfe, 

1992), 0.61 mg/100 g (USDA, 2009), 0.7 mg/100 g (STA, 2005), 0.3 mg/100 g (Kruger et al., 

1998) and 0.62 mg/100 g (Leighton, 2007). The iron content found in the present study was 

somewhat higher than reported by the latter studies. However, the range indicated by 

Ravindran et al. (1995), namely 1.93 to 2.11 (mean 1.24 mg/100 g) was higher. In their assay, 

iron content was determined using an AAS. A possible explanation for the very high iron 

content found by Ravindran et al. (1995) could be contamination as Pfeiffer and McClafferty 
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(2007) in their review of analytical methods for micronutrients, had pointed out that no 

contamination indicators are available for the AAS assay. 

  

Zinc 

As for iron, no statistically significant differences were found between the mean zinc content 

of the 12 varieties, but it did differ significantly between the sites (Table 5.7). The CV was 

reasonably acceptable. Hazyview (0.73 mg/100 g; varieties varying between 0.58 and 0.90 

mg/100 g) had the highest zinc content followed by Empangeni (0.64 mg/100 g) and Giyani 

(0.63 mg/100 g); Roodeplaat had significantly lower mean zinc content at 0.42 mg/100 g 

(varying between 0.32 and 0.59 mg/100 g) than all other sites. The mean zinc content for 

Giyani and Empangeni was similar.  

 

Varieties Beauregard, Excel, Serolane and Khano had relatively high zinc content in 

Hazyview while 1999-1-7, Monate and Blesbok had lower values. The four varieties which 

had the highest zinc content in Giyani were W-119, Excel, Resisto and Ndou, all above 0.7 

mg/100 g. Monate had relatively lower zinc content, below 0.47 mg/100 g. In Empangeni, 

2001-5-2 and Beauregard (0.85 and 0.82 mg/100 g, respectively) had relatively high zinc 

content and Blesbok the lowest zinc content (0.49 mg/100 g). In Roodeplaat, 2001-5-2 had 

relatively high, and Serolane and Ndou the lowest zinc content (0.32 mg/100 g).  

 

There was a diverse pattern, more than for the other five minerals, amongst the zinc content of 

the different varieties over the four sites (Fig. 5.3 F). Although the means of varieties over 

sites were not significantly different, varieties Beauregard and 2001-5-2 had the highest zinc 

content, and Blesbok, Monate and 1999-1-7 the lowest. Monate and Blesbok, especially, had 

low zinc content in most sites. The zinc content of cream-fleshed varieties was relatively 

lower than for orange-fleshed varieties, except for Ndou.   

 

Like iron, but to a lesser extent, variation was seen in the triplicate zinc determinations and 

some outliers were removed. The outliers were from Serolane and 1999-1-7 in Giyani; Impilo 

in Roodeplaat; and Resisto in Empangeni. Zinc determination should therefore be considered 

of slightly lower accuracy than most minerals. As in the case of iron, mentioned in the 

previous section, possible explanations could be lack of sample homogeneity and 

contamination. Zinc assaying is less subject to contamination than iron (Pfeiffer and 
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McClafferty, 2007). However, examination of wavelength scans revealed that the zero control 

was too high for zinc, indicating slight contamination. 

 

The overall mean for the zinc content of the 12 varieties over the four sites was 0.60 mg/100 

g. The mean content of varieties varied between 0.51 and 0.69 mg/100 g.  Previously reported 

zinc contents for raw sweet potatoes that were lower include: 0.3 mg/100 g (USDA, 2009), 

0.2 mg/100 g (STA, 2005), 0.18 mg/100 g (Kruger et al., 1998) and 0.37 (Pers. com. C. 

Leighton, 13 Nov 2009). Higher zinc content was reported in the review of Woolfe (1992) for 

the South Pacific: 0.59 mg/100 g with a range from 0.27 to 1.89; and Ravindran et al. (1995) 

for Sri Lanka: 1.47 mg/100 g (ranging from 0.52 to 1.86 mg/100 g). The large differences in 

previous studies of zinc content in sweet potato, might be related to the accuracy of the 

methodology used. As mentioned under the section on iron, no contamination indicators are 

available for the AAS assay used by Ravindrin et al. (1995)  

 

The zinc content found in the present study was within the range of zinc content reported for 

sweet potato and root and tuber crops in the literature. Scherz and Kirchhoff (2006), in 

reviewing literature on zinc content, divided fruits and vegetables into three groups according 

to zinc content as follows: 1) 0.1 – 0.2 mg/100 g as was found in several fruits; 2) 0.2 – 0.5 

mg/100 g as was found in root and tuber crops, cabbage and berries; and 3) 0.5 – 1.0 mg/100 

g for green vegetables. Other raw roots and tuberous vegetables such as carrots contain 0.15 – 

0.4 mg zinc/100 g and potato 0.27 – 0.5 mg zinc/100 g raw root.  

 

5.4.4. Vitamin C content in raw sweet potato roots of 12 varieties 

No results are presented for the present study on vitamin C content of the sweet potato 

samples, as the results were considered unreliable. The reasons are as follows: 1) vitamin C 

(DHAA) was not detected in 40% of the samples (which was contrary to what could be 

expected); 2) in the samples where vitamin C (DHAA) was detected the content was 

extremely variable between the samples (varying between 0.5 and 13 mg/100 g) and lower 

than in previous reports; and 3) in many of the samples where vitamin C was not detected, 

another peak was observed on the absorbance graph instead. A possible explanation for the 

absence of vitamin C in these samples was that vitamin C could have been hydrolyzed to 

diketogulonic acid. While the oxidation of AA to DHAA is reversible, DHAA can undergo 

irreversible hydrolysis to diketogulonic acid, which is not as biologically active as vitamin C 

(Russell, 2004).  
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Odriozola-Serrano et al. (2007) applied an alternative method for assaying vitamin C using 

DTT as reducing agent of AA in fruits such as strawberry. The use of this method for 

assaying vitamin C content in homogenized sweet potato should be investigated to verify if it 

was more successful than the method (Bognar, 1988; Dodson et al., 1992) used in the present 

study.  

 

Previous reports on vitamin C content of raw sweet potato indicated 24 mg/100 g (Woolfe, 

1992), 12.8 mg/100 g (USDA, 2009), 29 mg/100 g (STA, 2005), 22 mg/100 g (Kruger et al., 

1998) and 7.1 mg/100 g (Leighton, 2007). 

5.4.5. Potential dietary contribution  

In order to recommend crops for nutritional value, the content of nutrients in cooked foods 

needs to be considered. The nutrient content of raw roots obtained in the present study was 

used to calculate the potential contribution of nutrients when boiled. Calculations were based 

on retention of nutrients when boiled. Previous reports on retention of β-carotene indicated 

retention of 70-81 % (Van Jaarsveld et al., 2006), 78% (Bengtsson et al., 2008) and 85% 

(USDA, 2007). For the purpose of the present study, retention of 85% β-carotene during 

cooking was used in calculations. Retention of minerals is very high during cooking. When 

boiling sweet potatoes in the skin, retention of calcium, iron, magnesium, phosphorous, zinc 

and potassium have been reported as 95% (USDA, 2007). The assumption was therefore that 

most of the nutrients measured in the raw sweet potatoes will be retained during cooking. 

 

The potential contribution of the sweet potato micronutrients were calculated according to the 

requirements of 4 to 8 year old age groups for all nutrients and for 1 to 3 year old children for 

vitamin A only, in order to demonstrate the potential contribution of sweet potato to human 

nutrition. The nutrient requirements were based on the RDA or adequate intake (AI) per life 

stage group (Trumbo et al., 2001). The potential contribution when 100 g raw sweet potato is 

boiled, is indicated in Table 5.8. 

 

The calculated results showed that orange-fleshed sweet potato can contribute very effectively 

to dietary requirements for vitamin A. The calculated contribution when 100 g of raw root of 

varieties Impilo, Serolane and Excel are boiled was ≥100% of the vitamin A requirement for 

both the 1 to 3 year old and 4 to 8 year old age groups. Resisto, Khano, 2001-5-2, W-119, 

Beauregard and 1999-1-7 could supply much higher percentages of vitamin A requirements. 
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These two age groups will be able to comfortably consume a 100 g portion size. It is 

important to mention that addition of a small quantity of fat is required to increase absorption 

of β-carotene (Ribaya-Mercado, 2002). The potential contribution of cream-fleshed varieties 

was negligible in comparison with orange-fleshed varieties and is not a source of vitamin A. 

 

From a nutritional point of view, the biggest advantage of orange-fleshed sweet potato lies in 

the contribution of vitamin A.  According to Takahata et al. (1993a), the highest vitamin A 

content found in dark orange-fleshed sweet potato (2200 µg RAE/100 g raw root) was equal 

to the maximum content of carrot varieties. According to the Food Composition Tables of 

South Africa (Kruger et al., 1998), carrot provides 1440 µg RAE/100 g boiled portion, while 

the highest contribution from orange-fleshed sweet potato in the present study was calculated 

at 1165 µg RAE/100 g boiled root (81% of the contribution from carrot). As compared to 

other vegetables promoted for vitamin A contribution, orange-fleshed sweet potato provides 

6.8 times more than Swiss chard (containing 171 µg RAE/100 g boiled), 5.8 times more than 

pumpkin (containing 200 µg RAE/100 g boiled) and 7 times more than butternut (containing 

166 µg RAE boiled). Sweet potato is also a better source of energy (446 kJ/100 g edible 

portion) and contains more potassium than the mentioned crops.  

 

The potential contribution in terms of mineral requirements when 100 g of raw sweet potato is 

boiled was fairly low but could still make a contribution to dietary intake. The potential 

contribution to the requirements for magnesium and zinc was better than for the other 

minerals. Of the 12 varieties, Khano, W-119 and Serolane have the best potential to supply 

magnesium. Orange-fleshed sweet potato varieties have a higher potential contribution to 

magnesium, calcium and iron requirements than cream-fleshed varieties. The potential supply, 

e.g. for 4 to 8 year old children was 6 to 7% for calcium as compared to 4 to 5% for cream-

fleshed varieties; 15 to 27% for magnesium as compared to 11 to 15% for cream-fleshed 

varieties; and for iron 7 to 12% for orange-fleshed varieties and 7 to 8% for cream-fleshed 

varieties. The potential contribution of cream- and orange-fleshed varieties are similar for 

phosphorous (varying between 5 and 10%), potassium (varying between 5 and 9%), and zinc 

(varying between 10 and 14%) for 4 to 8 year olds.  

 

Iron and zinc are essential minerals for functioning of the human body. Deficiencies of iron 

and zinc are, together with vitamin A and iodine deficiency, globally the leading causes of 

malnutrition (Ezzati et al., 2002). The National Food Consumption Survey of 1999 
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(Labadarios, 2000), indicated that 50% of 1 to 9 year old children has an intake of less than 

50% of the required intake of zinc and iron, amongst several other micronutrients. The sweet 

potato does not contain particularly high quantities of iron and zinc, but can make a 

contribution towards its intake. 

 

In addition to the above nutrients, based on the vitamin C content of sweet potato from 

Kruger et al. (1998) of 22 mg/100 g, the potential contribution of vitamin C was calculated 

using 75% retention when boiled (USDA, 2007). The potential contribution when 100 g of 

sweet potato was boiled, was 150% for the dietary requirements of 1 to 3 year olds
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Table 5.8 Estimated nutrients supplied by 100 g raw sweet potato of 12 varieties when boiled, using the USDA retention factors, and the 

potential contribution (percentage) to nutrient requirements of 1 to 3 year old and 4 to 8 year old children 

Nutrient   Orange-fleshed varieties (OFSP)   Cream-fleshed varieties (CFSP) 

(RDA/AI - 
mg/day) Unit Resisto Khano 2001-5-2 W-119 Beauregard 1999-1-7 Excel Serolane Impilo M

ea
n 

O
F

S
P

 

Ndou Monate Blesbok M
ea

n 

C
F

S
P

 

Vitamin A µg RAE/100 g  1371 1170 983 872 804 797 433 426 424  11 3 1  

 
µg RAE when 
boiled  1165 995 836 741 683 677 368 362 360  9 3 1  

300 x 10-3 % RDA 1-3 yr olds  388 371 311 276 255 252 137 135 134 251 3 1 0 1 

400 x 10-3 % RDA 4-8 yr olds  291 278 233 207 191 189 103 101 101 188 3 1 0 1 

Calcium mg/100 g raw root 63 55 53 63 49 48 52 54 51  37 34 39  
 mg when boiled  60 52 50 60 47 46 49 51 48  35 32 37  

800 % AI 4-8 yr olds  7 6 6 7 6 6 6 6 6 6 4 4 5 4 

Magnesium mg/100 g raw root 30 37 26 31 21 29 29 33 27  20 20 15  
 mg when boiled  29 35 25 29 20 28 28 31 26  19 19 14  

130 % RDA 4-8 yr olds  22 27 19 23 15 21 21 24 20 21 15 15 11 13 

Phosphorous mg/100 g raw root 45 46 33 42 30 43 43 51 45  38 42 28  
 mg when boiled  43 44 31 40 29 41 41 48 43  36 40 27  

500 % RDA 4-8 yr olds  8 9 6 8 6 8 8 10 9 8 8 7 5 7 

Potassium mg/100 g raw root 272 314 234 263 249 297 291 334 286  309 291 190  
 mg when boiled  258 298 222 250 237 282 276 317 272  294 276 181  

3800 % AI 4-8 yr olds  7 8 6 7 7 8 8 9 8 7 8 8 5 7 

Iron mg/100 g raw root 0.91 0.81 0.8 1.26 0.76 1.15 0.81 0.99 1.17  0.73 0.84 0.78  
 mg when boiled  0.86 0.77 0.76 1.2 0.72 1.09 0.77 0.94 1.11  0.69 0.8 0.74  

10 % RDA 4-8 yr olds  9 8 8 12 7 11 8 9 11 9 7 8 7 7 

Zinc mg/100 g raw root 0.6 0.64 0.67 0.6 0.69 0.57 0.64 0.62 0.59  0.59 0.53 0.5  
 mg when boiled  0.57 0.61 0.64 0.57 0.66 0.54 0.61 0.59 0.56  0.56 0.5 0.48  

5 % RDA 4-8 yr olds  12 13 13 12 14 11 13 12 12 12 12 11 10 11 

RAE = Retinol Activity Equivalents: 12 µg all-trans-β-carotene = 1 µg retinol = 1 µg RAE (Trumbo et al., 2001)  

Nutrient content in boiled roots calculated from the raw content obtained in the present study using USDA retention factors (USDA, 2007): 95% for minerals and 85% for β-carotene  

RDA = Recommended Dietary Allowance (daily dietary intake that is considered sufficient to meet the nutrient requirement of nearly all (97-98%) healthy individuals in a particular life stage 
and gender group) (Trumbo et al., 2001) 
AI = Adequate Intake (recommended intake assumed to be adequate; No RDA available for calcium and potassium  
Nutrient requirements (mg/day) based on Trumbo et al. (2001), National Academy of Sciences (2004) 
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and 88% of 4 to 8 year olds. Between 68 g and 113 g of sweet potato when boiled would 

contribute 100% of the vitamin C RDA for children between the ages of 1 and 8 years old. Sweet 

potato can therefore be considered a good source of vitamin C although vitamin C deficiency per 

se is uncommon.  

 

5.5. Conclusions  

The present study showed that the sweet potato varieties have very large genetic diversity in 

terms of β-carotene content. The orange-fleshed varieties were high in β-carotene content, while 

the three cream-fleshed varieties contained negligible amounts of β-carotene. Varieties Resisto, 

Khano, 2001-5-2, W-119, Beauregard and 1999-1-7 were identified with β-carotene content 

above the breeding target level (>5500 µg/100 g) for use in the crop-based programs in South 

Africa. These varieties will provide very high amounts of β-carotene in human consumption. As a 

precursor of vitamin A, the β-carotene in a 22 g to 29 g boiled portion of the variety Resisto 

would contribute 100% of the vitamin A RDA for children between the ages of 1 and 8 years.  

 

The dry matter content of most orange-fleshed sweet potato varieties was high (on average 

25.9%) and is of importance in taste acceptance and consequently in adoption of this new crop. 

The overall mean percentage contribution when 100 g of sweet potato was boiled to the 

recommended dietary allowance of minerals for 4 to 8 year old children was: 6% of calcium, 

19% of magnesium, 8% of phosphorous, 7% of potassium, 9% of iron and 12% of zinc. 

 

As little information was available on the nutrient content of South African sweet potato 

varieties, the results of the present study contributes considerably to much needed information on 

the nutrient content of 12 sweet potato varieties in South Africa. This was the first comprehensive 

and systematic analysis of a large number of sweet potato varieties over four environments in 

South Africa. Sweet potato varieties should not be recommended based solely on nutrient content 

for promotion in crop-based programs addressing micronutrient malnutrition. Other traits, such as 

culinary, consumer acceptability and production, should also be assessed and evaluated in order 

to make the best informed varietal recommendation. 
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Chapter 6 

 COLOR MEASUREMENT OF SWEET POTATO FLESH AND CORRELATION WITH 

ACTUAL β-CAROTENE CONTENT 

 

6.1. Abstract 

Sweet potato flesh color is indicative of the presence of carotenoids; a bright or deep orange color 

indicating high β-carotene content. Color measurement of the sweet potato flesh can thus 

possibly be used as a measure of β-carotene content. The aims of this study were therefore: 1) to 

determine the relationship between flesh color measurements and β-carotene content for a range 

of orange-fleshed varieties; and 2) to establish if flesh color measurements can be used to predict 

β-carotene content within an acceptable range of accuracy. Sweet potatoes of varieties ranging 

from dark orange to yellow-orange flesh color were sampled in MET at four agro-geographical 

sites for flesh color measurement and determination of total β-carotene and total carotenoid 

content. CIE L*a*b*  color measurement was done on the root flesh color by a SP64 X-Rite 

portable sphere spectrophotometer. Regression analysis was performed to determine the best 

regression model for total β-carotene content measured by HPLC and color CIE L*, CIE a* and 

CIE b* of the flesh in order to predict total β-carotene content from flesh color values. The total 

β-carotene and total carotenoid content of the varieties varied between 53 and 170 µg/g (or 5300 

to 17000 µg/100 g). Significant positive correlations were detected for both the a* (r = 0.854) 

and b* (r = 0.763) values with total β-carotene content by HPLC and total carotenoid content by 

spectrophotometry, as well as a significant negative correlation with L* (r = -0.883). The 

variances of the linear model were, however, not homogeneous and therefore the natural 

logarithm (ln) transformation was used in regression models. This was in contrast with previous 

studies which used a normal linear relationship. The total β-carotene content predicted from color 

L*  were superior to the prediction by color a* in most accuracy indicators evaluated. A very high 

percentage (91%) of the total β-carotene content predicted from L* were >75% accurate in 

relation to the total β-carotene content. The derived mathematical function can possibly be used 

to predict total β-carotene content from root color L*. This faster, accurate method could greatly 

increase the number of sweet potato samples with yellow-orange to dark orange flesh color that 

can be screened for carotenoid content per day during selection of varieties in a breeding 

program. 
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6.2. Introduction 

The sweet potato (Ipomoea batatas) belongs to the Convolvulaceae or morning glory family. 

Amongst the 50 genera and more than 1000 species of this family, only I. batatas is of major 

agricultural and economic importance (Lebot, 2009). This crop ranks seventh in total production 

of crop commodities (Scott et al., 2000). However, cream-fleshed types dominate production. 

Orange-fleshed sweet potato containing considerable amounts of β-carotene, a provitamin A 

carotenoid, has become more important recently as it is promoted in food-based approaches to 

combat vitamin A deficiency (Kapinga et al., 2007a). β-Carotene is converted to vitamin A in the 

human body and it has been shown to improve liver vitamin A stores (Van Jaarsveld et al., 2005). 

 

Worldwide 33.3%, or 190 million, children younger than 5 years are vitamin A deficient (WHO, 

2009). In sub-Saharan Africa an estimated 42.4% of children in this age group are at risk of 

vitamin A deficiency (Aguayo and Baker, 2005) and in South Africa, 64% of children 1-9 years 

old are vitamin A deficient and this was considered as a serious public health problem 

(Labadarios, 2007). 

 

In terms of sweet potato production, there has been a steady increase in both acreage and 

consumption of orange-fleshed sweet potato, occupying an estimated 1 to 2% in the lake zone of 

Tanzania, 5 to 10% in central Uganda, 10 to 15% in western Kenya and 15 to 20% in southern 

Mozambique (Tumwegamire et al., 2004). Orange-fleshed sweet potato was also promoted for 

production and consumption in south and west Asia (Mukherjee and Ilangantileke, 2002). In 

South Africa, initiatives promoting orange-fleshed sweet potato are coordinated by the ARC, 

MRC, provincial government departments and NGO’s (Laurie, 2008; Laurie and Faber, 2008).  

 

Several sweet potato breeding programs have focused on the development of orange-fleshed 

sweet potato varieties (HarvestPlus, 2004), including the program in South Africa (Laurie et al., 

2009). The aim of the breeding program was to develop varieties with good stable yield, 

considerable β-carotene content and good taste. Though breeding materials can fairly easily be 

categorized using a subjective scale for orange color (e.g. 1-5 point scale), approximate 

quantification in early selection phases could be useful in breeding. Since color is indicative of 

the presence of carotenoids, e.g. a bright or deep orange color is indicative of high β-carotene 
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content (Whitney and Rolfes, 2002), color measurement of the sweet potato flesh can possibly be 

used as a measure of β-carotene content. Zhang and Xie (1988) found that the flesh color-shades 

in sweet potato roots of ten varieties were highly correlated with carotenoid content. The general 

mean content of carotenoids in F1 seedling strains in their study increased with the increase in 

parental mean carotenoid content, having a correlation coefficient of 0.864 (P < 0.01). The 

inheritance of flesh color in sweet potato was considered to be controlled by polygenes  

 

Finding of a significant correlation between a fast and accurate sweet potato flesh color 

measurement and carotenoid concentration as measured by HPLC or spectrophotometer, could 

greatly increase the number of samples that can be screened for carotenoid content per day 

(Humphries et al., 2004). Measurement by HPLC or spectrophotometer both require sample 

preparation, extraction of carotenoids with organic solvents and are therefore time consuming, 

costly and labor intensive (Mercandante, 1999).  

 

The application of colorimetric systems based on uniform color spaces such as CIE LAB, is of 

great value in the quantification and characterization of color properties of pigments and foods 

(Montes et al., 2005). Color measured by CIE LAB classifies color in three dimensions namely 

L* (lightness), a* (red to green color) and b* (yellow to blue color) (McGuire, 1992). Examples 

of the use of color measurements in agricultural research are abundant. It was used in fruit 

research, e.g. to measure cochineal pigment or orange juice (Montes et al., 2005); in potato to 

measure fried chip color (Kim and Lee, 1993); and to correlate color with yellow pigments in 

wheat flour (Mares and Campbell, 2001). Humphries et al. (2004) assessed the relationship 

between carotenoid content determined by HPLC with color measurement using reflectance 

spectrophotometry (Minolta Chroma Meter) in wheat flour and found that the b* (yellow to blue 

color) value correlated well with the concentration of β-carotene, varying between r = 0.96 and r 

= 0.84 in different groups of varieties. CIE color is influenced by inherent genotypic 

characteristics, environmental conditions and stresses, and the variation in L*  (lightness) affects 

the measurements of b* (yellow to blue color) and therefore could potentially cause errors in 

estimating carotenoid content (Mares and Campbell, 2001).  
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This technology has also been used in sweet potato research programs. The color of sweet potato 

flour, prepared from a range of varieties containing β-carotene contents from 2 to 63 µg/g, was 

measured with Hunter L*a*b*  value determination on a Minolta Chroma meter in order to 

determine flour color and color differences (Hagenimana et al., 1999). The best correlation (r = 

0.77) was between b* (yellow to blue color) of the flour of cream and orange-fleshed varieties 

and total carotenoid content, while a good correlation (r = 0.74) was found for a* (red to green 

color) values. In sweet potato flour varying from yellow to deep orange color, Bengtsson et al. 

(2008) found a correlation coefficient of r = 0.96 between all trans-β-carotene and the a* 

parameter measured with a Minolta Chroma Meter. The content of the anthocyanin pigment, 

responsible for the purple color in sweet potato, measured with the L* (luminosity), C* (chroma) 

and H* (hue) system, has also been shown to correlate significantly with L* (luminosity) (r = 

 The same colorimetric system was used to measure the effect of storage .(Fan et al., 2007) (0.96־

time on skin color of two sweet potato varieties (Marti, 2004). 

 

Few research results have been reported on the correlation of color with β-carotene content of 

raw sweet potato roots. Takahata et al. (1993a) studied the relationship between β-carotene 

content and color values for sweet potato roots of varieties containing 50 to 266 µg/g β-carotene. 

The correlation coefficient between color value by Minolta Chroma meter for L* (lightness), a* 

(red to green color) and b* (yellow to blue color) were -0.85, 0.89 and 0.72, respectively. The 

color value a* (red to green color) therefore, had the closest relationship to β-carotene content. In 

another study a Hunter Color Lab Meter was used to determine color in raw white-fleshed sweet 

potato varieties containing β-carotene content ranging from 0.01 to 0.126 µg/g (Ameny and 

Wilson, 1997). The best correlation with β-carotene content was found for b* (yellow to blue 

color) (r = 0.74) and a negative correlation with L* (lightness) (r = -0.74). The a* (red to green 

color) value had a much lower correlation (r = 0.39) as well as b*/a* (r = 0.24). In addition the 

hue angle, H* = tan-1 (b*/a*), was obtained but also showed a low negative correlation (r = -

0.38). It was therefore noted that the use of b* (yellow to blue color) was more effective with 

white fleshed sweet potato roots, and L*  (lightness) and a* (red to green color) in the case of 

orange-fleshed sweet potato roots. 
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It was clear that these findings suggest the possible practical use of approximating the expected 

β-carotene content from the color values of raw root flesh. A faster, more reliable measurement 

for assessing β-carotene content than by HPLC or spectrophotometer was required by sweet 

potato breeders as large numbers of breeding lines need to be screened. The aims of the present 

study were therefore: 1) to determine through regression analysis the relationship between flesh 

color measurements, and total carotenoid and total β-carotene content for a range of orange-

fleshed varieties cultivated at four sites, and 2) to establish if flesh color measurements can be 

used to predict β-carotene content within an acceptable range of accuracy. A quick quantitative 

selection method, i.e. flesh color measurement, will be very valuable in early phase screening for 

high β-carotene lines in sweet potato biofortification programs. 

 

6.3. Materials and methods 

Nine sweet potato varieties ranging from dark orange to yellow orange flesh color were selected 

for flesh color measurement. These were: Resisto, Khano and 2001-5-2 (dark orange color); 

1999-1-7, Beauregard and W-119 (intermediate orange color); and Serolane, Excel and Impilo 

(light orange to yellow orange color). Storage roots of each variety were sampled at each of four 

agro-geographical sites namely, Roodeplaat (Gauteng), Empangeni (KwaZulu-Natal), Giyani 

(Limpopo) and Hazyview (Mpumalanga). 

 

From the harvested sweet potatoes, five medium-sized roots were randomly selected for flesh 

color measurement and determination of total β-carotene (also discussed in Chapter 5) and total 

carotenoid content. The samples were sent to the laboratory of NIRU at MRC. The sweet 

potatoes were longitudinally quartered and two opposite quarters were taken for β-carotene 

analysis. The contents of β-carotene and total carotenoids were determined by HPLC and 

spectrophotometry, respectively, as described in Section 5.3.3. The other two quarters were sent 

back to the main research institution in Roodeplaat to be used for flesh color measurement.   

 

Flesh color measurement was done by a hand held SP64 X-Rite portable sphere 

spectrophotometer (X-rite, 2005). The lens aperture was set on a 13 mm target area and an 8 mm 

measurement area. Flesh color measurements were done with the CIE L*a*b*  color measurement 
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system in a room with the instrument set on illuminant type A for incandescent light; spectral 

interval was 10 nm.  

 

Because of the uneven distribution of color, and therefore of carotenoids, in the flesh of some 

sweet potato varieties, color measurements should be conducted in a way that captures the color 

as effectively as possible, i.e. by performing several measurements per root and use of a 

representative number of roots. Takahata et al. (1993), for instance, measured two different areas 

on each of two roots and calculated the mean of the measurements. In the present study the one 

opposite quarter of five roots were used per variety. The five quarters were transversely cut in 

half and both surfaces used for flesh color measurement (10 data points per variety). Each data 

point consisted of the mean of three measurements at different positions on the cut surface of the 

storage root.  

 

GenStat Release 11.1 was used for all statistical analysis. To assess the variability of the flesh 

color values, total carotenoids and β-carotene content among varieties, an ANOVA was 

performed. The Student’s protected t-LSD test was used to estimate differences in mean values 

for flesh color across the four sites. Pearson Product Moment Correlation was performed to test 

(n = 35; 1 missing value from 9 varieties x 4 sites) for significant linear correlation (P > 0.05) 

between CIE L*a*b* , total β-carotene content by HPLC and total carotenoids by 

spectrophotometry, respectively. Regression analysis was performed to determine the best 

regression model for total β-carotene content measured by HPLC and color CIE L*, CIE a* and 

CIE b* of the flesh in order to predict total β-carotene content from flesh color values.  

 

6.4. Results and discussion 

6.4.1. Mean root flesh color values and total β-carotene content 

Flesh color measurements showed values for a* (red to green color) ranging from 27 to 41, and 

for b* (yellow to blue color) ranging from 41 to 51, for light to dark orange-fleshed varieties. The 

L* (lightness) value was the opposite with dark-orange varieties having the lowest values 

between 73 and 75 and the light orange varieties having values around 79. The total β-carotene 

and total carotenoid content of the varieties varied between 53 and 170 µg/g (Table. 6.1). 
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The repeatability of the determination of β-carotene content by HPLC was found to be 5% (Van 

Jaarsveld et al., 2006). Models to be derived from HPLC measurements will be subjected to this 

accuracy level. 

 

Table 6.1 Mean and SD for X-Rite color measurements, total β-carotene content by HPLC and 

total carotenoids by spectrophotometry for nine sweet potato varieties over four sites 

  Root CIE 1   µg/g µg/g 

 Variety 
flesh color 

a* b* L* Total β-carotene Total  carotenoids  

Resisto Dark orange 40.73 (2.0) a 50.80 (2.7) a 73.13 (1.6) f 169.85 (35.7) a 169.91 (33.5) 

Khano Dark orange 38.10 (2.0) b 49.02 (2.4) bc 73.20 (1.2)  ef 144.42 (12.9) ab 141.05 (11.6) 

2001-5-2 Dark orange 37.67 (0.5) b 48.18 (1.1) bc 74.00 (0.4) de 122.41 (8.9) bc 119.96 (10.0) 

W-119 Orange 35.17 (2.4) c 44.52 (2.9) e 75.23 (1.7) bc 108.16 (16.8) c 111.26 (15.2) 

Beauregard Orange 38.07 (1.3) b 49.58 (1.9) b 74.47 (0.5) cd 100.70 (14.8) c 100.59 (14.4) 

1999-1-7 Orange 35.43 (1.8) c 47.36 (2.0) d 75.43 (1.0) b 98.65 (15.4) c 96.65 (13.6) 

Excel 
Pale orange 
- Pale yellow 27.60 (3.6) e 42.95 (1.3) f 79.82 (1.9) a 54.27 (6.3) d 55.10 (6.0) a 

Impilo Pale orange 28.22 (1.0) e 41.02 (0.8) g 79.15 (0.5) a  53.88 (16.5) d 50.11 (13.7) a 

Serolane 
Pale orange 
- Pale yellow 29.93 (3.2) d 43.77 (3.0) ef 79.67 (2.1) a 52.89 (6.9) d 53.78 (7.9)  

Mean 
 

34.54 46.41 76.00 97.06 99.81 

P-value 
 

<0.001 <0.001 <0.001 <0.001 <0.001 

LSD 
 

1.167 1.02 0.83 1.98 2.06 

CV% 
 

5.8 3.8 1.9 1.6 1.5 
1 CIE (Commission Internationale l’Eclairage); L* (lightness); a* (red to green color); b* (yellow to blue color)  
Means in a column followed by the same letter are not significantly different at P ≤ 0.01 

 

 

6.4.2. Correlation coefficients 

Significant positive correlations were detected for both the a* (red to green color) and b* (yellow 

to blue color) values with total β-carotene content by HPLC and total carotenoid content by 

spectrophotometry as well as a significant negative correlation with L* (lightness) (Table 6.2). 

Due to the very strong, significant correlation between total carotenoid content and total β-

carotene content, further calculations was focused on total β-carotene content by HPLC. 
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Table 6.2 Correlation coefficients for X-Rite color measurements with total β-carotene content by 

HPLC and total carotenoid content by spectrophotometry (n = 35) 

 CIE1 L* CIE a* CIE b* Total β-carotene 
(µg/g)  

Total carotenoids 
(µg/g) 

CIE L*  0.963*** 0.845*** -0.883*** -0.8777*** 
CIE a*   0.888*** 0.854*** 0.854*** 
CIE b*    0.763*** 0.761*** 
Total-β-carotene (µg/g)      0.996*** 
1 CIE (Commission Internationale l’Eclairage); L* (lightness); a* (red to green color); b* (yellow to blue color)  
*** Significant at P < 0.001 

 

6.4.3. Regression model predictions of total β-carotene content from flesh color 

measurement as compared to HPLC measurements  

Regression analyses were performed to determine the best regression models for total β-carotene 

content measured by HPLC and color CIE L*, CIE a* and CIE b*, respectively. The analysis 

with total β-carotene content measured by HPLC and color CIE L*(lightness) indicated that the 

variances of the linear model were not homogeneous and therefore the natural logarithm (ln) 

transformation was used.  The scatter plot of ln(HPLC) versus ln(L*) is given in Fig. 6.1 A. The 

derived linear model had homogeneous variances, the data showed normal distribution and a 

correlation coefficient of r = 0.934 (P < 0.001) was obtained. An ANOVA to test whether the 

model was significant indicated significance at P < 0.001. The derived mathematical function 

was: 

 

ln(HPLC) = 50.796  - 10.684[ln(L)]   or   HPLC = e (50.796  - 10.684.ln(L) 

where 

ln(HPLC) is the natural logarithm of total β-carotene content measured by HPLC 

ln(L) is the natural logarithm of flesh color value L* (lightness) 

 

After fitting some regression models with total β-carotene content measured by HPLC and color 

flesh color a* (red to green color), the best models were again of ln(HPLC) with ln(a). Four 

models were obtained, all with acceptable homogeneous variances, high level of significance, and 

the data showed normal distribution (Fig. 6.1 B). Of the four regression models, the exponential 

model was chosen (for ease of calculation) with r = 0.895 (P < 0.001).  
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Fig. 6.1 Scatter plots of the natural logarithm of total β-carotene content measured by HPLC 

(ln(HPLC)) versus the natural logarithm of flesh color value A) ln(L*), B) ln(a*), and C) (ln(b*). 

A 

B

C
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The derived mathematical function with ln(a) was: 

ln(HPLC) = (0.597).exp(0.572.ln(a))  or HPLC = e (0.597).exp(0.572.ln(a))   

where 

ln(HPLC) is the natural logarithm of total β-carotene content measured by HPLC 

ln(a) is the natural logarithm of flesh color value a* (red to green color) 

 

Lastly, the natural logarithm for both total β-carotene content measured by HPLC and color flesh 

b* (yellow to blue color) was used.  The best regression model for these variables was a straight 

line (Fig. 6.1 C). The data showed normal distribution, the model had homogeneous variances 

and a correlation coefficient of r = 0.776 (P < 0.001). The following derived mathematical 

function was obtained: 

 

ln(HPLC) = -11.462 + 4.172(ln(b)) 

where 

ln(HPLC) is the natural logarithm of total β-carotene content measured by HPLC 

ln(b) is the natural logarithm of flesh color value b* (yellow to blue color) 

 

The use of the natural logarithm transformation was in contrast with both Takahata et al. (1993a) 

and Bengtsson et al. (2008), who used normal linear models. Takahata et al. found the 

relationship between total β-carotene content and color as follows: L* : y = -1.57 x + 127.9 (r =    

-0.885) (where y = total β-carotene content; x = L*  color value) or color a*: y = 0.864 x – 8.68 (r 

= 0.897) (where y = total β-carotene content; x = a* color value). Bengtsson obtained the 

following function for sweet potato flour: y = 25.4 x – 55.6 (r = 0.96) (where y = all trans-β-

carotene content; x = a* color value). In both cases the high actual β-carotene concentrations 

were underestimated by the derived mathematical functions. 

 

The regression models with flesh color value L*  (lightness) and a* (red to green color) in the 

present study were the best models to predict the total β-carotene content of the nine sweet potato 

varieties. To test the accuracy of the derived mathematical functions, the β-carotene content was 

calculated with the same 35 measurements, L* values and a* values, respectively, that were used 

to develop the model.  
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Graphical presentation of total β-carotene content measured by HPLC and the predicted total β-

carotene content from the regression models (Fig. 6.2 and Fig. 6.3), generally shows a better fit 

for the predicted total β-carotene content from the L* (lightness) values than for the a* (red to 

green color) flesh color values.  
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Fig. 6.2 Content of total β-carotene measured by HPLC and total β-carotene predicted from 35 

flesh color CIE L*  (lightness) values. 
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Fig. 6.3 Content of total β-carotene by HPLC and total β-carotene predicted from 35 flesh color 

CIE a* (red to green color) values. 
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While the actual total β-carotene content by HPLC ranged from 44 to 211 µg/g, the total β-

carotene content predicted from color L*  (lightness) values ranged from 38 to 168 µg/g and those 

predicted from color a* (red to green) values varied between 34 and 159 µg/g. The overall mean 

for 35 data points of the measured total β-carotene content was 102.47 µg/g by HPLC, 101.20 

µg/g predicted from color L*  (lightness) and 98.81 µg/g from color a* (red to green). Prediction 

of the β-carotene content from color a* (red to green) underestimated the total β-carotene content 

more than the prediction from color L*  (lightness). 

 

A more detailed assessment of the predicted total β-carotene content is presented in Table 6.3. 

The total β-carotene content predicted from color L*  (lightness) was superior to the prediction 

from color a* (red to green color) in most of the set accuracy indications. A very high percentage 

(91%) of the total β-carotene content predicted from L* (lightness) were >75% accurate in 

relation to the actual total β-carotene content by HPLC.  

 

Table 6.3 Parameters indicating accuracy of predicted total β-carotene content in relation to total 

β-carotene content measured by HPLC 

Indicator Predicted from L* Predicted from a* 

Correlation coefficient between predicted and measured total β-carotene 
content 0.922 0.882 

Deviation from the mean measured β-carotene content (µg/g) -1.27 -3.66 

Absolute mean deviation from measured β-carotene content (µg/g) 12.6 15.6 

Percentages of values falling in set accuracy classes:    

      > 95% accuracy 26% 23% 

      > 90% accuracy 46% 46% 

      > 85% accuracy 66% 49% 

      > 80% accuracy 80% 57% 

      > 75% accuracy 91% 80% 

Range in % deviation from individually measured β-carotene content 0.2 - 36% 0 - 47% 

Absolute mean % deviation from measured β-carotene content 13% 16% 

 

 

6.5. Conclusions 

Two derived mathematical functions described the natural logarithmic relationship between the 

flesh color a* (red to green color) and L* (lightness) measurements with SP64 X-Rite portable 

sphere spectrophotometer and the actual total-β-carotene content measured by HPLC. The results 

showed that the total-β-carotene content in the sweet potato varieties of the present study could 
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be predicted with a 75% accuracy in 91% of the cases from the flesh L* (lightness) values and in 

80% of the cases with color a* (red to green color) by using the respective equations.  

 

Color measurement of raw sweet potato flesh using the SP64 X-Rite portable sphere 

spectrophotometer provides a faster screening method to obtain predictions of β-carotene content 

than by the organic solvent extraction methods of carotenoids needed for accurate determination 

by HPLC or spectrophotometry. The use of color measurement, with for instance the SP64 X-

Rite spectrophotometer, will assist breeders in screening of large numbers of sweet potato lines 

for high β-carotene varieties in biofortification programs, especially during the early selection 

phases. In later selection phases more specific determination of β-carotene content can be 

conducted by HPLC or spectrophotometry methods on those varieties selected for release or 

advanced production trials. 
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Chapter 7 

CONSUMER ACCEPTABILITY AND SENSORY PROFILING OF NEW CREAM TO 

YELLOW-ORANGE SWEET POTATO VARIETIES 

 

7.1. Abstract  

The sweet potato, unlike other staple crops, has a dominant and distinct flavor. Taste is an 

important consideration in varietal choice in sweet potato. New cream to yellow-orange varieties 

were developed by the local sweet potato breeding program. The present study was aimed at 

sensory profiling of the new sweet potato varieties, and assessing the consumer acceptability of 

the same varieties in a single location consumer test. Sweet potatoes of 10 varieties were 

evaluated by a trained panel of nine members according to sensory attributes set by the panel. 

Instrumental measurements conducted included color and texture analysis. A consumer 

acceptability study was conducted in Dassenhoek, KwaZulu-Natal, amongst 140 primary school 

children and 50 adults in a BIBD. ANOVA, Pearson correlation analysis, and PLS regression 

analysis was performed. The trained panel indicated the largest differences in scores of sensory 

attributes sweet potato-like flavor, yellow-green color and sweet flavor. The sensory profiling 

showed that Serolane had higher pumpkin-like flavor, orange color, color a*  value and firmness; 

Lethlabula and Blesbok were associated mostly with wateriness, low firmness and yellow-green 

color; Ndou, Monate and Amasi were most characterized by sweet potato-like flavor and medium 

wateriness; and Phala, Mafutha, Mokone and Mamphenyane were associated with firmness, some 

graininess and low wateriness. The consumer panel color evaluation indicated a trend, however 

not statistically significant, towards higher acceptability of predominantly cream-fleshed 

varieties. According to the consumer panel taste and color acceptability results for the cream to 

yellow-orange varieties, Mafutha, Lethlabula and Phala were acceptable to both children and 

adults. Serolane and Amasi had acceptable taste but the color had lower acceptability. Blesbok 

and Monate had average acceptability; and Ndou had lower acceptability but better with adults 

than children. Mamphenyane (more in terms of color) and Mokone (more so for taste) had lower 

acceptability. According to the correlation analysis and PLS, the consumer panel color scores 

were contrasting strongly with orange color and color b*, and had a weak association with 

discoloration. These associations were reflecting the low consumer panel color scores of Serolane 

and Mamphenyane. Consumer taste scores were associated moderately with gumminess, 
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instronforce, firmness, graininess and were contrasting moderately with wateriness. The present 

study was the first which focused on consumer acceptability and sensory quality of cream to 

yellow-orange flesh sweet potato varieties in South Africa and was of great importance in 

recommendation of the new varieties to improve food security. 

 

7.2. Introduction   

As a world crop, sweet potato ranks seventh in total production, and thirteenth in monetary terms 

(Scott et al., 2000; Ewell and Mutuura, 1994). Over 95% of the world’s sweet potato crop is 

produced in developing countries, where it is the fifth most important food crop in terms of fresh 

weight (CGIAR, 2004). Africa produces 9.6% of the global production and more specifically in 

sub-Saharan Africa, sweet potato is the third most important root and tuber crop (Ewell and 

Mutuura, 1994). The production by resource-poor farmers is largely aimed at food security and is 

consumed either as starchy staple food, or as a supplementary food (Minde et al., 1999). In South 

Africa, 30% of households are at risk for hunger (Gericke and Labadarios, 2007), thus the 

realization of the various agronomic advantages of sweet potato through suitable varieties would 

contribute considerably towards improving food security. 

 

The most important traits used by resource-poor farmers in South Africa to select sweet potato 

varieties, are yield and yield stability, followed by taste (Domola, 2003; Van der Mescht et al., 

1997). Similarly in Tanzania, good taste was mentioned as a second criteria after yield, followed 

by good root shape and storability (Tomlins et al., 2004). Unlike other staple crops, the sweet 

potato has a dominant, distinct flavor which minimizes the variation that can be achieved in the 

final flavor of the cooked product (Kays et al., 2005). The sweet taste modulates the overall 

flavor through direct impact on taste as well as through the role of monosaccharides as precursors 

in the synthesis of key aromatic compounds (Wang and Kays, 2003). The taste of cooked storage 

roots was therefore one of the selection criteria used in the local sweet potato breeding program 

during development of improved varieties aimed at resource-poor farmers. Some information on 

taste acceptability of new sweet potato varieties was collected through farmer participatory 

evaluation as part of MET (Laurie et al., 2002; Laurie and Magoro, 2008). But, detailed 

consumer acceptability trials and sensory profiling are required in assessment of new varieties, 
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especially when the new varieties represent a totally new market type such as orange-fleshed 

sweet potato. 

 

Food acceptability generally refers to liking, preference and selection of a food. A range of 

methods have been developed in order to translate qualitative perceptions into numerical values 

which allow statistical analysis. Sensory profiling (also called sensory analysis or descriptive 

analysis) aims at producing a description of the appearance, flavor and textural characteristics of 

a food and to quantify the intensity of each (Holland and Campbell, 2005). A panel is trained to 

measure this intensity with a certain level of accuracy and reliability.  

 

Since the 1980’s, consumer acceptability trials and determination of sensory characteristics were 

performed in sweet potato in various parts of the world such as Puerto Rico (Martin and 

Rodriguez-Sosa, 1985), the USA (Lyon et al., 1985) and Africa (Leighton, 2007; Opare-Obisaw 

et al., 2000; Tomlins et al. 2004; 2007b; Van Oirschot et al., 2003). In general, previous studies 

indicated that a set of descriptors including appearance/color, taste, texture and flavor were able 

to distinguish the sets of varieties evaluated. These studies contributed considerably to 

terminology in defining attributes of sweet potato varieties. Some of the most distinctive 

attributes were starch, stickiness, sweetness, color and chestnut flavor. Factors which differentiate 

consumer preference of sweet potato varieties include gender, age (adults or children) and 

cultural affiliation. Consumer preference of varieties can differ for sweet potatoes produced at 

different environments.  

 

In addition to evaluation of sensory attributes, Hunter color measurements and Instron TPA has 

proved to be useful in explaining some of these attributes quantitatively (Saleh and Ahmed, 

1998). Instrumental measurement of the texture of cooked sweet potato by uniaxial compression 

and TPA conducted by Truong et al. (1997), indicated that regression equations based on shear 

stress significantly (R2 = 0.71 – 0.91) explained eight of the sensory texture scores. 

 

In consumer acceptability studies, the number of samples that can be tasted reliably by a 

consumer is limited. For samples with a strong flavor the limit was indicated as five to six 

samples (Helgesen et al., 1997). The use of the BIBD (Wiley et al., 1984) assists greatly in 
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increasing the number of samples that can be tested in a consumer experiment. In the BIBD 

experiment layout a consumer will evaluate a subset of the samples.  

 

In South Africa, the only research on sensory profiling and consumer acceptability testing of 

sweet potato varieties was conducted by Leighton (2007). The study included four orange-fleshed 

varieties and the most popular cream-fleshed commercial variety Blesbok. There was a need for 

studies on consumer acceptability of more of the new orange-fleshed sweet potato varieties aimed 

at larger scale promotion in South Africa. The present study was aimed at sensory profiling of 

new sweet potato varieties with cream to yellow-orange flesh color and assessing the consumer 

acceptability of the same varieties in a single location consumer test. The results will form part of 

varietal recommendations made through multivariate index selection in Chapter 9. 

 

7.3. Methodology 

7.3.1. Sweet potato samples 

Roots of eight new sweet potato varieties with cream to orange-yellow flesh color, namely 

Amasi, Lethlabula, Mamphenyane, Mokone, Monate, Ndou, Phala and Serolane, as well as 

existing varieties Mafutha (preferred by resource-poor farmers and black consumers) and 

Blesbok (popular commercial variety) were sampled from the Elsenburg 2007/8 advanced yield 

trial. Production information was provided in Section 4.3.1 and 4.3.3.  

 

7.3.2. Sensory profiling  

During a number of sessions two to four days after harvesting, samples of each variety were 

cooked (covered with water and cooked till done as tested with a metal skewer) for descriptive 

sensory analysis. After cooking, the samples were allowed to cool to room temperature, cut in 

slices of 1.5 cm thick and placed on Petri dishes. 

 

Panelists were selected and trained in accordance with the generic descriptive analysis technique 

(Lawless and Heymann, 1998). In three pre-tasting sessions of one hour each, the nine selected 

panelists were trained extensively in analyzing different sensory characteristics of the sweet 

potato samples. On each day, each panel member evaluated the ten samples in randomized order. 

Descriptors for appearance, flavor and texture of cooked sweet potato were generated by the 
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panelists, the traits were defined and an unstructured 100-mm line scale for scoring each trait was 

developed during these training sessions (Table 7.1).  

 

Table 7.1 Definitions of sensory descriptors generated for cream to yellow-orange sweet potatoes 

Characteristics Score Description 

A
P

P
E

A
R

A
N

C
E

 

Yellow-green 
color 

0 Light View the samples and analyze the intensity of the yellow-
green color 100 Dark / Intense 

Orange color 0 Light View the sample and analyze the intensity of the burnt 
orange color 100 Dark 

Natural darker 
edges on 
periphery 

0 None View the sample and analyze the extent to which the 
periphery of the outer edges are naturally darker than the 
interior of the sample 

100 Extreme / Prominent 

Discoloration 0 None 
 

Cut the sample in half horizontally and compare the inside of 
the sample to the exposed surface. Analyze the intensity of 
discoloration on the exposed surface after 15 minutes 100         Extremely 

Uneven color 1 None 
 

View the sample and analyze the extent to which the color is 
uneven / where yellow, orange and light green spots are 
clearly visible in the background color. A sample with an 
extreme uneven color will be scored 100.  

100 Extremely 

F
LA

V
O

R
 

Sweetness 0 Bland Remove the skin and taste a piece of the sample. Analyze 
the intensity of the sweet taste where sweetness is the taste 
associated with a sucrose solution 

100 Very sweet 

Sweet potato-
like flavor 

0 Low Taste the sample and analyze the intensity of the typical 
flavor associated with sweet potatoes 100 High 

Pumpkin-like 
flavor 

0 Low Taste the sample and analyze the intensity of the flavor 
associated with cooked butternut 100 High 

T
E

X
T

U
R

E
 

Wateriness  0 Dry Taste the sample and analyze the wateriness as opposed to 
dryness of the sample 100 Moist 

Graininess  0 Smooth Taste the sample and analyze the smoothness as opposed 
to graininess of the sample 100 Grainy 

Firmness  0 Extremely soft Taste the sample and analyze the softness as opposed to 
firmness of the sample  100 Firm 

 

Data were collected during three tasting sessions (three replicates) over two days. Panelists tasted 

the coded samples in a randomized order seated in individual booths under light- and temperature 

controlled conditions. Distilled water and water biscuits were provided to the panelists between 

samples to cleanse their palates.  

 

7.3.3. Instrumental texture and color 

Objective data on the color and texture of the same cooked sweet potatoes used for the sensory 

profiling by the trained panel were obtained to correlate with the sensory data. The color values 

L*(lightness), a* (red to green) and b* (yellow to blue) were measured with a Colorguide 45°/0° 
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colorimeter (Catalogue no: 6805, BYKGardner, USA). Two slices of 1.5 cm thick were cut from 

each variety for measurements. The procedure was repeated during three sessions; therefore six 

measurements per variety were taken. 

 

TPA was conducted with an Instron Universal Testing Machine (Model 3344). Two slices (each 

2 cm thick) were cut from each cooked sweet potato variety and stored at room temperature 

(22°C) in closed containers for 24 h. A sub-sample (2 cm in diameter) was taken from each slice 

to measure the softness/firmness and gumminess (Instron_Force en Instron_Gummy). Each 

sample was compressed to 50% of its original height in two cycles at a cross head speed of 200 

mm/min. The procedure was repeated during three sessions; therefore six measurements per 

variety were taken. 

 

7.3.4. Consumer acceptability 

A consumer acceptability study was conducted in April 2008 in Dassenhoek, a semi-urban area in 

KwaZulu-Natal, as part of a collaborative school-garden project with the MRC. Ethical approval 

for the main study was granted by the Ethics Committee of the MRC, South Africa. Sweet potato 

is grown and consumed regularly in KwaZulu-Natal Province (Laurie, 2004a). The consumer 

panel consisted of 140 primary school children (70 boys and 70 girls) from grades 1 to 7 (10 boys 

and 10 girls per grade). Parents of participating learners gave written informed consent for 

participation in the study. The second group was a convenient sample of 50 adults (25 males and 

25 females) from the local community. The sample size were comparable to previous studies 

(Helgesen et al., 1997; Leighton, 2007; Sivakumar et al., 2008; Tomlins et al., 2004; 2007b; 

Young et al., 2005). Sensory evaluation procedure previously standardized for children by Dalton 

(2006) were used.  

 

Two weeks after harvesting, four to five roots of each variety were cooked intact covered with 

water in individual sauce pans until just tender. The cooking time differed between varieties. 

Sweet potato samples were cooked in three sessions during the day of tasting. The cooked 

samples were stored intact in coded plastic containers. Luke warm slices of approximately 30 

gram each per variety (cut just before serving to lessen oxidation with resultant discoloration) 

with the skin were presented in random order and coded with three-digit random numbers. The 
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cooked samples were placed on a tray together with an empty cup for unwanted pieces and the 

skin, an apple and the score sheet. The apple was provided for cleansing of the palate between 

tasting in order to reduce the overlap of flavors. 

 

A local community hall adjacent to the school was used as venue for the consumer acceptability 

trial. Seated at a table and assisted in the local language (IsiZulu) by a field worker, each panel 

member evaluated five of the 10 sweet potato varieties according to a BIBD. The sweet potato 

samples were first evaluated for color, and thereafter for taste. The panel members scored the 

samples using a Smiley-face five point hedonic scale. The following verbal anchors were used: 

‘very bad’, ‘bad’, ‘uncertain’, ‘nice’ and ‘very nice’, respectively, and the scores were allocated 

afterwards according to degree of liking (1=very bad; 2=bad; 3=uncertain; 4=nice; 5=very nice). 

Kimmel et al. (1994) found that children of age 4 years and older are able to use 7-point hedonic 

scales with facial expressions and verbal anchors to express degree of like and dislike. 

 

7.3.5. Statistical analysis 

Data of the sensory attributes from the trained panel were subjected to a test-retest multi-way 

ANOVA (including session*panellist and variety*panellist) to test the reliability of the panel 

members (Gregory, 2000). The sensory attributes (on data points derived from three sessions) 

and instrumental data (on data points derived from two roots per three sessions) were subjected to 

a one-way ANOVA with the effects variety, experimental error and sample error using the GLM 

Procedure of SAS/STAT Version 9.2 to determine whether significant differences existed among 

the means of the 10 varieties. The student’s protected t-LSD was calculated at a 5% significance 

level to compare means of significant effects. 

 

The consumer survey interval data was subjected to a BIBD ANOVA using the SAS package. To 

explore further, ANOVA was performed sub-groups gender, group (adult, children). The 

Student’s protected t-LSD was determined when the F-probability from the ANOVA was 

significant. Statistical significance was set at 5%. Row by column tables were developed for the 

frequency of interval data and significance tested using the Chi-Square test.  
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Two multivariate analyses were performed using XLSTAT 2007 software (Anon, 2008). Firstly, 

the Pearson Product Moment Correlation was performed to find possible correlation between 

means of instrumental data, means of sensory panel data, and the means of consumer panel data. 

A p-value of <0.05 was regarded as significant. Secondly, PLS regression analysis was 

performed. PLS was recommended by Helgesen and Næs (1995), Helgesen et al. (1997) and 

Smith et al. (2009) as the best option for relating sensory attributes and instrumental data with 

consumer acceptability as compared to principal component regression analyses. The PLS2 

model on XLSTAT was performed to investigate the association among sensory attributes, 

consumer panel and varieties (X-matrix: sensory attributes and instrumental data; Y-matrix: 

consumer acceptability). 

 

7.4. Results  

7.4.1. Sensory attributes of varieties 

The results from the test-retest procedure to test the reliability of the panellists, showed 

significant differences for session*panellist interactions for sweetness, uneven color, sweet 

potato-like flavor, wateriness and graininess (Table 7.2); which indicated slightly lower 

reliability of data for these attributes. For variety*panellist, only orange color, darker edges, 

sweet flavor and softness did not differ statistically, suggesting higher reliability for these 

attributes. 

 

The mean values for sensory attributes of the 10 cream to yellow-orange sweet potato varieties as 

assessed by the trained panel, are presented in Table 7.2. The 10 cultivars differed significantly in 

all sensory traits. The scores for dark edges, discoloration, pumpkin-like flavor and wateriness 

were low (between 0 and 10 on a scale of 0 to 100). The reason for this was that the same scale 

was used for orange-fleshed varieties (Chapter 8), which had higher scores for these attributes. 

The sensory profiles of the 10 varieties are illustrated visually in the spider webs in Fig. 7.1. 

 

Appearance  

Serolane scored the lowest (3.2) for yellow-green color (Table 7.2), significantly lower than all 

other varieties, with the exception of Lethlabula (12.1). Ndou scored the highest for yellow-green 

color (62.4), significantly higher than all other varieties. The highest score (51.8) for visible 
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orange color was given to Serolane, as was expected, due to the highest occurrence of orange 

pigmentation of the 10 cream to yellow-orange varieties. The score of 51.8 can be considered as a 

medium score in terms of orange color as compared to orange-fleshed varieties (section 8.4.1). 

Scores ranging from 28.9 to 13.6 were given to Mafutha, Mamphenyane and Amasi. These four 

varieties scored significantly higher for orange color than all other varieties, which had scores 

varying between 3.4 and 0.3. Low scores for darker edges in the periphery and discoloration are 

desirable. Of the ten varieties tested, Phala, Mokone and Amasi scored the highest for darker 

edges, while Phala and Ndou, and to a lesser extent Blesbok and Monate scored the highest for 

discoloration. The scores for darker edges and discoloration ranged from 3.4 to 9.4, on a scale of 

100. Thus, even those varieties with the highest scores for these traits showed low levels of 

darker edges and discoloration. Low scores for uneven color are preferable. Uneven color scores 

divided the varieties in four sub-groups: 1) Mafutha (27.6) and Serolane (21.2), both significantly 

more uneven than all other varieties; 2) Amasi and Monate (varying between 13.1 and 10.6); 3) 

Phala, Ndou, Mokone and Mamphenyane; and 4) Blesbok and Lethlabula (varying between 7.0 

and 3.3) (the lowest in uneven color).  

 

Flavor  

In terms of the flavor traits, high scores for sweet and sweet potato-like, and low scores for 

pumpkin-like are desirable for sweet potato (Table 7.2). Amasi, Mokone, Mafutha and Ndou 

(ranging from 59.3 to 55.3) scored the highest for the flavor trait “sweet”, followed by Blesbok, 

Serolane, Mamphenyane and Lethlabula (with scores that ranged from 48.3 to 42.9). The scores 

for sweet potato-like flavor divided the varieties into three sub-groups. Amasi, Ndou and Mokone 

scored the highest for sweet potato-like flavor (ranging from 67.3 to 63.2), followed by Monate, 

Mafutha, Lethlabula, Blesbok, Mamphenyane and Phala (ranging from 60.2 to 51.6). The sweet 

potato-like flavor for Serolane (35.7) was significantly lower than all other varieties. On a scale 

of 0 to 100, the score for Serolane can be considered as a medium score for sweet potato-like 

flavor. The scores for pumpkin-like flavor were low for the ten varieties. Serolane scored 

significantly higher (10.9) in pumpkin-like flavor than all the varieties. Mafutha and 

Mamphenyane had a small degree of pumpkin-like flavor. The rest of the varieties had a very low 

pumpkin-like flavor and the scores ranged from 1.8 to 0.  



 

 161

Table 7.2 Means for sensory attributes of boiled roots of 10 cream to yellow-orange sweet potato varieties as scored by a trained panel  
 Appearance:  
Yellow-green color   Orange color   Darker edges   Discoloration   

 

Uneven color     

Ndou 62.4 a Serolane 51.8 a Phala 9.4 a Phala 8.7 a Mafutha 27.6 a   

Blesbok 46.7 b Mafutha 28.9 b Mokone 7.3 ab Ndou 8.0 ab Serolane 21.2 b   

Phala 43.6 bc Amasi 23.2 c Amasi 6.7 abc Blesbok 7.0 abc Amasi 13.1 c   

Mafutha 38.1 bcd Mamphenyane 13.6 d Mafutha 5.3 bc Monate 5.7 abcd Monate 10.6 cd   

Mamphenyane 37.7 bcd Phala 3.4 e Mamphenyane 5.3 bc Mafutha 5.2 bcd Phala 8.4 d   

Amasi 32.5 cde Ndou 3.3 e Monate 5.2 bc Mamphenyane 4.9 bcd Ndou 7.7 d   

Monate 32.3 de Lethlabula 2.1 e Blesbok 4.6 bc Amasi 4.2 cde Mokone 7.6 d   

Mokone 22.6 ef Mokone 0.7 e Ndou 4.5 bc Lethlabula 3.2 de Mamphenyane 7.6 d   

Lethlabula 12.1 fg Blesbok 0.4 e Serolane 4.3 bc Mokone 2.8 de Blesbok 7.0 de   

Serolane  3.2 g Monate 0.3 e Lethlabula 3.4 c Serolane 1.2 e Lethlabula 3.3 e   

Mean   33.0  12.8  1.2  5.1  11.4   

P-value (variety) <0.001  <0.001  0.0420  <0.001  <0.001   

P-value (session*panelist) 0.1652  0.1902  0.7629  0.8495  0.0017   

P-value (variety*panelist) 0.0078  0.0872  07866  0.0190  <0.001   

LSD 11.08   4.56   3.47   3.35   3.9   

Flavor:  
Sweet   Sweet potato   Pumpkin   

Texture:  
Wateriness 

 

Graininess   Firmness   

Amasi 59.3 a Amasi 67.3 a Serolane 10.9 a Monate 23.8 a Mokone 7.4 a Phala 21.30 a 

Mokone 55.7 ab Ndou 63.4 ab Mafutha 2.1 b Blesbok 22.3 ab Phala 7.0 a Mafutha 16.85 b 

Mafutha 55.6 ab Mokone 63.2 ab Mamphenyane 1.8 bc Lethlabula 21.2 b Serolane 5.8 ab Serolane 16.78 b 

Ndou 55.3 ab Monate 60.2 bc Amasi 0.8 cd Amasi 21.0 b Mafutha 5.2 abc Mokone 12.78 c 

Monate 54.6 abc Mafutha 57.6 bcd Mokone 0.5 d Ndou 16.0 c Blesbok 3.3 bcd Mamphenyane 12.37 c 

Phala 49.7 bcd Lethlabula 54.3 cd Ndou 0.4 d Mokone 15.6 c Mamphenyane 3.0 cd Ndou 8.78 d 

Blesbok 48.3 cde Blesbok 54.1 cd Blesbok 0.3 d Mamphenyane 14.9 cd Ndou 2.4 d Blesbok 8.04 d 

Serolane 48.2 cde Mamphenyane 53.9 cd Phala 0.2 d Phala 13.6 cde Amasi 1.9 d Amasi 3.81 e 

Mamphenyane 46.7 de Phala 51.6 d Lethlabula 0.1 d Mafutha 12.6 de Lethlabula 1.3 d Lethlabula 3.67 e 

Lethlabula 42.9 e Serolane 35.7 e Monate 0.0 d Serolane 12.0 e Monate 1.1 d Monate 1.96 e 

Mean 51.7  56.1  1.7  17.3  3.8  10.67 

P-value (variety) <0.001  <0.001  <0.001  <0.001  <0.001  <0.001 

P-value (session*panelist) <0.001  <0.001  0.6415  <0.001  0.0081  0.3415 

P-value (variety*panelist) 0.2151  <0.001  <0.001  0.0156  0.0296  0.7986 

LSD 6.67   6.69   1.19   2.56   2.64   3.34 

Means for varieties in a column followed by the same letter are not significantly different at P ≤ 0.05 
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Texture 

Low scores for wateriness and graininess are desirable. Monate, Blesbok, Lethlabula and Amasi 

had the highest scores for wateriness (significantly higher than all other varieties; ranging from 

23.8 to 21.0). Phala Mafutha and Serolane scored the lowest for wateriness (varying between 

13.6 and 12.0). The scores for graininess were low for the ten varieties. Mokone, Phala, Serolane 

and Mafutha (ranging from 7.4 to 5.2) scored significantly higher than Ndou, Amasi, Lethlabula 

and Monate (ranging from 2.4 to 1.1) for graininess. The scores for firmness segregated the 

varieties into five sub-groups: 1) Phala with a score of 21.30; 2) Mafutha and Serolane; 3) 

Mokone and Mamphenyane; 4) Ndou and Blesbok; and 5) Amasi, Lethlabula and Monate 

(ranging from 3.8 to 2.0).   
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 Fig. 7.1 A-D Spider graphs illustrating the sensory characteristics of cream to yellow-orange 

sweet potato varieties Serolane, Mafutha, Mamphenyane and Phala  
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Fig. 7.1 E-J Spider graphs illustrating the sensory characteristics of cream to yellow-orange sweet 

potato varieties Mokone, Ndou, Amasi, Monate, Blesbok and Lethlabula 

 

7.4.2. Instrumental assessment 

The instrumental measurement differed significantly in the 10 cream to yellow-orange sweet 

potato varieties for all variables measured. The data is presented in Table 7.3.  
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Table 7.3 Means for instrumental measurements of 10 cream- to yellow-orange sweet potato 

varieties 

  Color L*     Color a*      Color b*    Instronforce 
(N) 

  Gumminess 
(N) 

  

Mokone 67.45 a Serolane 22.57 a Amasi 47.46 a Mafutha 13.50 a Phala 1.37a 
 

Monate 57.40 b Mafutha 7.01 b Serolane 47.19 a Mamphen-
yane 

11.92 ab Mafutha 0.38a 

Mamphen-
yane 

56.15 bc Blesbok 5.70 bc Mamphen-
yane 

44.33 ab Phala 11.45 ab Serolane -0.28 abc 

Phala 56.11 bc Lethlabula 5.21 bc Mafutha 41.94 ab Mokone 9.01 abc Mamphen-  
yane 

-0.57 abc 

Amasi 55.82 bc Mokone 4.89 bc Ndou 36.39 bc Blesbok 7.28 bc Mokone -1.06 abc 
 

Lethlabula 55.62 bc Amasi 4.75 bc Mokone 32.85 c Ndou 6.63 bc Monate -1.42 bc 
 

Serolane 54.96 bc Monate 4.25 bcd Phala 30.87 c Serolane 6.39 bc Blesbok -1.88 bc 
 

Mafutha 52.35 bc Mamphen- 
yane 

3.67 cde Monate 29.34 cd Lethlabula 4.11 c Lethlabula -2.15 bc 

Ndou 51.01 bc Ndou 1.50 ed Blesbok 21.72 de Amasi 3.63 c Ndou -2.16 bc 
 

Blesbok 49.23 c Phala 0.86 e Lethlabula 14.89 e Monate 3.32 c Amasi -2.72 c 
 

Mean 55.61  6.04  34.7  7.72  -1.05 

P-value 
(variety) 

<0.001  <0.001    <0.001  <0.001  <0.001 

LSD 7.47   2.91   8.09   6.12   2.71 

Means for varieties in a column followed by the same letter are not significantly different at P ≤ 0.05 
N = Newton 

 

Mokone had a significantly higher color L*  (lightness) value (67.45) than the other varieties 

which ranged from 57.40 to 49.23. In terms of color a* (red to green), Serolane had a 

significantly higher value (22.57) than the other cream to yellow-orange varieties. However, this 

can be considered as a medium color a* value as compared to orange-fleshed varieties (Section 

8.4.2). Very low color a* values were measured for Ndou (1.50) and Phala (0.86). The color b* 

(yellow to blue) segregated the varieties into three sub-groups. Amasi, Serolane, Mamphenyane 

and Mafutha had the highest values for color b* (ranging from 47.46 to 41.94). The intermediate 

group was Mokone, Phala and Monate. The color b* values of Blesbok and Lethlabula were the 

lowest (ranging from 21.72 to 14.89).  

 

The measurements by the Instron UTM, indicated significantly higher firmness for Mafutha, 

Mamphenyane and Phala ranging from 13.50 N to 11.45 N (requiring the highest force to 
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compress the samples) than for Lethlabula, Amasi and Monate (ranging from 4.11 N to 3.32 N). 

Instrumental gumminess illustrates the resistance of a product to disintegrate on mastication. The 

gumminess values of Phala (1.37 N) and Mafutha (0.38 N) were high compared to Amasi (-2.72 

N). 

 

7.4.3. Consumer acceptability of sweet potato varieties 

Consumer color acceptability 

The BIBD ANOVA for consumer acceptability with regards to color scores did not indicate 

statistical significance among varieties. The additional explorative analyses were also not 

statistically significant for gender, group (children, adult); gender*variety, group*variety and 

gender*group*variety. Though not statistically different, trends in mean color scores (Table 7.4) 

indicated that Lethlabula, Blesbok, Phala and Ndou (with scores ranging from 3.53 to 3.37) had 

higher mean scores than Mamphenyane and Serolane (with scores ranging from 3.06 to 3.05). 

The latter are yellow-orange varieties. Ndou, Mokone, Mafutha, Monate and Amasi had 

intermediate mean color scores ranging from 3.37 to 3.25. However, there was large variation in 

individual color scores of varieties as reflected by the large SD (Table 7.4). 

 

Table 7.4 Mean and SD scores for consumer acceptability (n=190) for color and taste of ten 

cream to yellow-orange sweet potato varieties 

Variety Mean color score1 Variety Mean taste score1 

Lethlabula 3.53 (1.1)  Mafutha 3.65 (1.0)  

Blesbok 3.40 (1.0)  Serolane 3.52 (1.1)   

Phala 3.38 (1.2)  Phala 3.46 (1.2)  

Ndou 3.37 (0.9)  Mamphenyane 3.41 (1.2)  

Mokone 3.32 (1.1)  Amasi 3.40 (1.3)  

Mafutha 3.31 (1.0)  Lethlabula 3.38 (1.3)  

Monate 3.28 (1.1)  Blesbok 3.30 (1.3)  

Amasi 3.25 (1.0)  Mokone 3.29 (1.2)  

Mamphenyane 3.06 (1.2)  Monate 3.20 (1.4)  

Serolane 3.05 (1.3)  Ndou 3.08 (1.3)  

Mean 3.29  3.36 

P-value (variety) 0.0731  0.1013 

LSD  ns  ns 

CV% 32.95  36.32 
1Scale for scores: 1=very bad; 2=bad; 3=indifferent; 4=nice; 5=very nice 
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Different trends were observed in mean color scores for specific varieties between adults and 

children (Fig. 7.2). Higher color scores were given by adults for Blesbok, Ndou and Mokone. 

Children gave higher color scores for Phala and Lethlabula. Adults gave a lower color score for 

Monate than children, whilst children gave a lower color score for Mamphenyane than adults.    
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Fig. 7.2 Mean color scores for the consumer groups adults (n=50) and children (n=140) for 10 

cream to yellow-orange sweet potato varieties 

 

The Chi-Square test indicated no statistically significant effects with regards to gender or group 

(adults, children) for the color interval data. Significant differences in frequency of intervals 

were found among varieties. The frequency distribution is presented in Table 7.5. Lethlabula and 

Phala were scored in the interval “very nice” by 14-16% of the consumer panel, while 47-48% 

considered Lethlabula, Mafutha and Blesbok to be ‘nice’. The interval “very bad” was most 

frequently indicated for Mamphenyane and Serolane (11-12%). The children panel members 

scored higher percentage ‘very nice’ for Monate and Mafutha as compared to adults; and higher 

percentage “nice” for Lethlabula and Phala. Adults scored Ndou and Mamphenyane in higher 

percentage as ‘very nice’, and Serolane in higher percentage as ‘nice”. The percentages for “bad” 

and “very bad” per variety were similar between adults and children. 
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Table 7.5 Frequency distribution (%) of consumer panel color scores for 10 cream to yellow-

orange sweet potato varieties in five intervals 

Group 
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Overall (P=0.0140) 190                     

Very nice  16 14 13 12 10 10 10 10 7 7 

Nice  48 46 29 36 47 44 44 38 47 44 

Indifferent  14 14 21 9 17 15 18 21 17 27 

Bad  20 18 25 33 24 29 24 29 25 20 

Very bad  3 9 12 11 2 3 4 2 3 1 

Children (P=0.0343) 140                     

Very nice  16 14 10 11 9 13 10 10 10 4 

Nice  50 49 30 33 49 41 43 37 47 46 

Indifferent  11 13 21 11 14 14 16 23 13 27 

Bad  21 17 27 36 26 30 26 30 26 23 

Very bad  1 7 11 9 3 1 6 0 4 0 

Adults (P=0.7758) 50                     

Very nice  15 13 20 12 15 0 12 8 0 16 

Nice  42 38 28 44 42 50 46 42 48 40 

Indifferent  19 17 20 4 23 17 23 17 28 28 

Bad  15 21 20 24 19 25 19 25 24 12 

Very bad   8 13 12 16 0 8 0 8 0 4 

 

Consumer taste acceptability 

The BIBD ANOVA for the mean consumer taste scores was not statistically significant for 

variety. The additional explorative analyses were also not statistically significant for gender, 

group (children, adult); gender*variety, group*variety and gender*group*variety. There was 

large variation in individual taste scores of the varieties as reflected in the large SD (Table 7.4). 

Trends observed in the mean varietal taste scores was that Mafutha, Serolane and Phala had 

higher mean scores ranging from 3.65 to 3.46, while Monate (3.20) and Ndou (3.08) had lower 

mean taste scores.  

 

Different trends were observed in mean taste scores for specific varieties between adults and 

children (Fig. 7.3). Higher taste scores were noted for adults for Mafutha and Mokone.  Children 

gave higher taste scores for Phala and Mamphenyane as compared to adults; and lower mean 

taste score for Ndou. 
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Fig. 7.3 Mean taste scores for the consumer groups adults (n=50) and children (n=140) for 10 

cream to yellow-orange sweet potato varieties 

 

The Chi-Square test of the taste interval data indicated no statistically significant effects with 

regards to taste for the five intervals. Thus the intervals “very nice” and “nice” were grouped 

together and intervals “very bad” and “bad” were grouped together. Chi-Square test analysis 

using these three intervals showed significant effects for varieties for the overall group (Table 

7.6). The highest percentage in the combined interval “nice to very nice” was seen for Mafutha 

(65%) and Serolane (62%). Monate, Ndou and Mokone had lower percentages in this interval 

ranging from 50% to 47%. Adults on the consumer panel indicated the interval “nice to very 

nice” in higher percentage for Mafutha than children (72% vs 63%) and to some extent for Ndou 

(52% vs 48%). High percentages in the combined interval “bad to very bad” were noted for 

Monate and Ndou (37% and 35%, respectively). Children indicated a higher percentage “bad to 

very bad” for Blesbok (33% vs 23%), Serolane (22% vs 16%) and Mafutha (14% vs 8%). Adults 

indicated higher percentage in the interval “very bad to bad” for Mamphenyane (28% vs 22%). 

 

Thus, when considering consumer taste and color acceptability of the cream to yellow-orange 

varieties, Mafutha, Lethlabula and Phala were acceptable to both children and adults. Serolane 

and Amasi had acceptable taste but the color had lower acceptability. Blesbok and Monate had 
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average acceptability. Ndou had lower acceptability but better in terms of adults than children. 

Mamphenyane (more in terms of color) and Mokone (more so for taste) had lower acceptability.  

 

Table 7.6 Frequency distribution (%) of consumer panel taste scores for 10 cream to yellow-

orange sweet potato varieties in three intervals  
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Overall (P=0.0115) 190                     

Nice - Very nice  65 62 57 57 56 56 52 50 49 47 

Indifferent  22 18 14 20 17 26 18 13 16 27 

Bad - Very bad  13 20 29 23 27 18 30 37 35 26 

                        

Children  (P=0.1065) 140                     

Nice - Very nice  63 61 57 57 57 57 51 50 48 47 

Indifferent  23 17 13 21 17 26 16 13 16 26 

Bad - Very bad  14 22 30 22 26 17 33 37 36 27 

                        

Adults (P=0.8484) 50                     

Nice - Very nice  72 64 58 56 54 54 54 50 52 46 

Indifferent  20 20 15 16 17 25 23 12 16 31 

Bad - Very bad  8 16 27 28 29 21 23 38 32 23 

                        

 

 

7.4.4. Correlation between sensory attributes, instrumental analysis and consumer 

acceptability 

Table 7.7 presents the results from the Pearson Product Moment Correlation Matrix indicating 

the linear correlation between variables. The instrumental color analysis was a useful tool in 

measuring color attributes as these correlated strongly with some of the sensory attributes 

evaluated by the trained panel. Color a* (red to green color) had a positive correlation with 

orange color (r = 0.837) and negative correlation with yellow-green (r = -0.703); while color b* 

(yellow to blue color) had a positive correlation with orange color (r = 0.728).  

 

Instrumental texture measurement correlated well with the trained panel assessment of texture. 

Instron UTM firmness as well as gumminess, as expected, had positive correlation with 
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Table 7.7 Pearson correlation matrix  for sensory attributes, instrumental measurements and consumer acceptability 
Variables L* a* b* I Force Gummy Yellow Orange Discolor Edges Uneven Sweet Sweetpot Pumpkin Wateri Graini Firm CPColor CPTaste 

L* 1.000                  

a* -0.044 1.000                 

b* 0.037 0.365 1.000                

I Force 0.003 -0.130 0.268 1.000               

Gummy 0.099 0.134 0.211 0.770 1.000              

Yellow -0.444 -0.703 -0.016 0.281 -0.038 1.000             

Orange -0.162 0.837 0.728 0.108 0.255 -0.482 1.000            

Discolor -0.460 -0.708 -0.241 0.247 0.158 0.902 -0.560 1.000           

Edges 0.440 -0.380 0.186 0.385 0.512 0.222 -0.181 0.345 1.000          

Uneven -0.192 0.566 0.629 0.330 0.417 -0.191 0.802 -0.272 -0.042 1.000         

Sweet 0.197 -0.212 0.476 -0.063 -0.165 0.348 0.044 0.135 0.375 0.351 1.000        

Sweetpot 0.199 -0.763 -0.077 -0.159 -0.495 0.518 -0.573 0.327 0.225 -0.287 0.667 1.000       

Pumpkin -0.071 0.957 0.527 0.020 0.275 -0.586 0.889 -0.599 -0.269 0.585 -0.202 -0.802 1.000      

Wateri -0.094 -0.339 -0.555 -0.736 -0.729 0.065 -0.541 0.111 -0.274 -0.515 0.020 0.443 -0.532 1.000     

Graini 0.422 0.246 0.229 0.640 0.735 -0.156 0.241 -0.099 0.597 0.309 0.058 -0.339 0.326 -0.752 1.000    

Firm 0.054 0.239 0.348 0.811 0.893 0.012 0.377 0.097 0.487 0.426 -0.109 -0.507 0.406 -0.901 0.873 1.000   

CPColor -0.100 -0.544 -0.827 -0.191 -0.238 0.240 -0.678 0.393 0.013 -0.447 -0.088 0.391 -0.672 0.422 -0.163 -0.276 1.000  

CPTaste -0.060 0.431 0.361 0.525 0.604 -0.416 0.661 -0.340 0.156 0.687 -0.159 -0.461 0.448 -0.526 0.433 0.574 -0.289 1.000 

Values in bold are significantly different from 0 with a significance level p<0.05 
Significance levels: P<0.001 for r >0.901; P<0.01 for r>0.770; P<0.05 for r>0.640 

L* Color L*   Uneven Uneven color   

a* Color a*   Sweet Sweetness   

b* Color b*   Sweetpot Sweet potato-like flavor  

I Force Instron firmness   Pumpkin Pumpkin-like flavor   

Gummy Instron gumminess  Wateri Wateriness   

Yellow Yellow-green color   Graini Graininess   

Orange Orange color   Firm Firmness   

Discolor Discoloration   CPColor Consumer acceptability (children + adults) for color 

Edges Darker edges   CPTaste Consumer acceptability (children + adults) for taste 
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graininess (r = 0.640 and r = 0.735, respectively) and firmness (r = 0.811 and r = 0.893, 

respectively) and negative correlation with wateriness (r = -0.736 and r = -0.729, respectively). 

As expected strong negative correlations were found of graininess and firmness with wateriness 

(r = -0.752 and r = -0.901, respectively), and graininess had a strong positive correlation with 

firmness (r = 0.873).  

 

Orange color and pumpkin-like flavor had a strong positive correlation (r = 0.889), confirming 

that yellow-orange varieties had higher pumpkin-like flavor. Consequently there was a positive 

correlation between pumpkin-like flavor and color a* (r = 0.957). Correlation of consumer panel 

results with sensory attributes and instrumental measurements, showed that color b* (r = -0.827), 

pumpkin-like flavor (r = -0.672) and orange color (r = -0.678) had fairly strong negative 

correlation with consumer color acceptability (Table 7.7). The negative correlation of pumpkin-

like flavor with consumer color scores can most likely be ascribed to the strong correlation 

between orange color and pumpkin-like flavor. Overall, the pumpkin-like flavor and orange color 

scores were low (as previously shown in Table 7.2). Consumer color acceptability had moderate 

correlations, though not statistically significant, with color a* (r = -0.544), discolor (r = 0.393) 

and weak correlation with yellow-green color (r = 0.240). 

 

Consumer taste scores had positive correlations with uneven color (r = 0.687) and orange color (r 

= 0.661). These correlations reflect the high taste acceptability for Mafutha and Serolane which 

scored the highest for both uneven and orange color. Consumer taste acceptability had moderate 

correlations, though not statistically significant, with gumminess (r = 0.604), instronforce (r = 

0.525), wateriness (r = -0.526) and sweet potato-like flavor (r = -0.461). 

 

7.4.5. Association among varieties, attributes and consumer panel results 

The association among varieties, sensory attributes, instrumental data and the consumer panel 

data was investigated through a PLS regression analysis. The percentage of the variance in the 

PLS model that was explained by the different variables as indicated by the Variable importance 

for projection (VIP’s) on PLS component 1 and 2, are shown in Table 7.8. Sensory attributes 

orange color, pumpkin-like taste, wateriness and uneven color on the first PLS component, and 

firmness and discoloration on the second PLS component explained most of the variance. With 
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regards to instrumental measurements, color a* on PLS1 and to a larger extent gumminess and 

instronforce were the most explanatory variables. Explanatory variables color L* , sweet flavor 

and dark edges contributed least to the model. This agrees with the position of these attributes 

nearer to the center of the biplot (Fig. 7.4), indicating that these explained least of the variance.  

 

Table 7.8 Variable importance for projection (VIPs) in the PLS regression analysis as performed 

with sensory attributes, instrumental data and consumer panel data  

Variable PLS component 1 PLS component 2 

Wateriness 0.327 -0.227 

Sweet potato-like flavor 0.283 -0.129 

Discoloration 0.195 0.345 

Yellow-green color 0.191 0.169 

Sweet flavor 0.029 -0.272 

Color L* -0.024 0.019 

Dark edges -0.028 0.322 

Instronforce -0.181 0.472 

Gumminess -0.254 0.494 

Graininess -0.255 0.385 

Color b* -0.260 -0.332 

Firmness -0.296 0.432 

Uneven color -0.305 -0.123 

Color a* -0.314 -0.260 

Pumpkin-like -0.352 -0.223 

Orange color -0.355 -0.290 

 

On the PLS biplot (Fig.7.4), consumer color scores were contrasting orange color, color a*, color 

b* and uneven color in the opposite quadrant, and was associated with discolor and yellow-green 

color. However, the discoloration values were relatively low and, thus, this association did not 

imply that discoloration was desirable. Consumer taste scores were associated with pumpkin-like 

flavor, graininess, gumminess, instronforce, firmness and graininess and were contrasting 

wateriness and sweet potato-like flavor. As values for pumpkin-like flavor were relatively low, 

this association did not necessarily imply that pumpkin-like flavor was desirable. The proximity 

of varieties in relation to attributes on the PLS biplot (Fig. 7.4), was an indication of their most 

distinctive attributes. In general the 10 varieties were divided into two groups on the first PLS 

component (horizontal axis) based on firmness versus wateriness.  The most distinctive variety 

was Serolane, lying alone in the bottom left quadrant. This was expected as Serolane had the 

most orange pigmentation in the root flesh of the 10 varieties. The positioning of varieties in the 
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four quadrants of the biplot divided the varieties into four groups. These are indicated in Table 

7.9. 
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Fig. 7.4 PLS regression of sensory attributes and instrumental measurements (X-matrix) and 

consumer acceptability (Y-matrix)   

(CPColor = Consumer acceptability (children + adults) for color; CPTaste = Consumer acceptability (children + adults) for taste)  

 

Table 7.9 Grouping and major attributes of 10 cream to yellow-orange sweet potato varieties 

Group and variety Major attributes 

Group 1 Higher in orange color and pumpkin-like flavor; firm texture 
Serolane 
 

Higher in orange color, color a* and b*, high in uneven color; the flavor was not sweet, relatively 
high in pumpkin-like flavor; the texture was firm (similar to Mafutha),  

Group 2 Firm texture and exhibiting some graininess  
Mafutha 
 

Medium in orange and uneven color; the flavor was sweet, medium sweet potato-like and slight 
pumpkin-like; the texture was firm with some graininess.  

Mamphenyane 
 

Similar to Mafutha but more sweet potato-like in flavor, not sweet and medium in uneven color, 
medium in firmness.   

Phala 
 

Medium yellow-green color and higher in discoloration and darker edges; the flavor was medium 
sweet and less sweet potato-like; the texture was very firm, relatively grainy and low in 
wateriness. 

Mokone 
 
 

Low in yellow-green color, discoloration and in orange color but higher in darker edges; the 
flavor was sweet and sweet potato-like; the texture medium in wateriness, higher in graininess 
and medium firm. 
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Group and variety Major attributes 

Group 3 Sweet potato-like flavor, higher in watery texture 
Ndou 

 
High in yellow-green color and higher in discoloration; the flavor was sweet potato-like and 
sweet; the texture was medium firm and medium in wateriness.  

Amasi 
 

Low in yellow-green color, medium orange color, darker edges and uneven color; the flavor was 
very sweet and sweet potato-like; the texture was high in wateriness and not firm. 

Monate 
 

Medium yellow-green and low uneven color, the flavor was medium sweet and medium sweet 
potato-like; the texture was very low in firmness, low in graininess and wateriness.  

Group 4 Yellow-green color, high in watery texture 
Blesbok 
 
 

High in yellow-green color and higher in discoloration, medium darker edges, low in uneven 
color; the flavor was not sweet and medium sweet potato-like; the texture high in wateriness and 
medium in firmness. 

Lethlabula 
 

Similar to Blesbok but lower in yellow-green color and discoloration, and the texture was low in 
firmness. 

 

7.5. Discussion   

As accentuated by Van Oirschot et al. (2003), consumer preference impacts upon the acceptance 

of new varieties released by breeding programs. The present study was the first which focused on 

consumer acceptability and sensory quality of cream to yellow-orange flesh sweet potato 

varieties in South Africa. Varietal recommendations based on the consumer acceptability and 

sensory attributes in conjunction with agronomic performance (see Chapter 9) will be of great 

importance in recommendation of the new varieties to improve food security. 

 

Previous consumer studies on sweet potato mostly involved processed products such as, for 

example, sweet potato yoghurt (Sivakumar et al., 2008) and breakfast cereal (Dansby and Bovell-

Benjamin, 2003). This was one of only a few studies on sweet potato which included children in 

consumer testing of cooked sweet potatoes. Tomlins et al. (2007b) also used children, mostly 

between the ages 10 to 15 years. The use of children in consumer acceptability testing is an 

important tool in the food industry. A study conducted by Kimmel et al. (1994) evaluated the 

performance of children in several types of sensory experiments. Concerning hedonic scaling, as 

used in the present study, they found that children at age 4 years and older was able to use a 7-

point hedonic scale with facial expressions and verbal anchors to express degree of like and 

dislike. In the present study, children of 6-12 years of age took part in the evaluation. The results 

of children vs adults were similar in terms of overall mean scores (however, differences were 

seen for specific varieties), as the Chi-Square test indicated no statistically significant effects with 

regards to group (adults, children) for the interval data.  
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Clear differences were observed in the sensory traits of the 10 cream to yellow-orange sweet 

potato varieties studied. The only other South African study to which the attributes could be 

related, was by Leighton et al. (2010) who found that Blesbok was mostly associated with the 

typical sweet potato aroma and flavor (which in general agrees with the sweet potato-like flavor 

in the present study; Blesbok had a medium score for sweet potato-like flavor as compared to the 

10 cream to yellow-orange varieties), moist texture attributes (agreeing with the high score for 

wateriness for Blesbok of the present study), and higher fiber content. Due to the soft texture, 

Blesbok also had the lowest shear force measurement (Leighton et al., 2010). Textural 

measurement in the present study indicated Blesbok as medium with regards to instronforce and 

gumminess.  

 

Van Oirschot et al. (2003) grouped sweet potato varieties into two groups, firstly smooth and soft 

(e.g. Yan Shu 1 and Zapallo), and secondly, firm and grainy (e.g. Kemb 10). The authors reported 

strong correlations among moist, smooth and soft. Similarly in the present study, the 10 varieties 

were generally divided into two groups on the first PLS component based on firmness versus 

wateriness. Firmness had a strong positive correlation with graininess.  

 

An attribute which can be considered for inclusion in future sensory assessment, is fibrousness. It 

was possible, that the varieties did not exhibit this trait at this specific location therefore the 

trained panel in the present study did not identify fibrousness as a descriptor for sweet potato. 

Fibrousness is related to the size/age/maturity of sweet potatoes and is an undesirable varietal 

trait (Woolfe, 1992). In some previous studies the fibrous attribute was evaluated and did not 

explain a significant percentage of the total variation in taste among the varieties that were 

evaluated (Tomlins et al., 2004; Van Oirschot et al., 2003). Only in the study of Tomlins et al. 

(2007b), fibrousness did influence the acceptability of sweet potato varieties as evaluated by 

children.  

 

The correlation analysis as well as the PLS regression analysis identified the most distinctive 

attributes as orange color, color b*, yellow-green color, gumminess, instronforce, firmness and 

wateriness. These attributes related fairly well with those indicated by Leighton et al. (2010), 

namely sweet potato aroma and sweet potato flavor (which can relate to sweet potato-like flavor) 
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and moist texture (similar to wateriness). Some other distinctive attributes reported in the 

literature are starch, stickiness, and chestnut flavor (Martin and Rodriguez-Sosa, 1985; Tomlins 

et al., 2004; Van Oirschot et al., 2003).  

 

The distinctive attributes mentioned above were also best correlated with consumer scores for 

color and taste. The consumer color scores were contrasting fairly strong with orange color and 

color b*, and were associated moderately with yellow-green color. Consumer taste scores were 

associated moderately with gumminess, instronforce, graininess and firmness and were 

contrasting moderately with wateriness.  

 

Of the ten varieties tested, Mafutha had the highest consumer score for taste. This re-affirms the 

use of Mafutha as the benchmark for taste acceptability for black consumers in South Africa 

based on its popularity amongst resource-poor farmers (Laurie, 2004b). Acceptance of Ndou was 

lower in the consumer panel testing than with MET taste evaluation (Section 3.4.2). Adult panel 

members scored Ndou higher than children. More results on sensory attributes of Ndou, and also 

Blesbok and Monate, will be presented in Chapter 8. 

 

The significant correlation of instrumental measurements and sensory attributes will be 

advantageous in future selection for color and texture. These measurements can be used in 

intermediate selection phases to give an indication of acceptability. In this regard instrumental 

color determination (color a* and b*) can be useful in assessment of color attributes due to strong 

correlation with yellow-green and orange color. Similarly instrumental texture measurements 

such as Instron UTM firmness and gumminess correlate strongly with graininess, firmness and 

wateriness. The usefulness of Hunter color measurements and Instron TPA was noted previously 

by Saleh and Ahmed (1998) and Truong et al. (1997). 

 

Further studies could explore in more detail the differences in preference of adults and children, 

and possibly gender (male vs female) and age. Martin and Rodriguez-Sosa (1985) observed 

differences in preference due to gender. Studies should also be conducted in other geographical 

areas, since indications of differences in taste acceptability over different regions in South Africa 

was seen in MET taste evaluation (Laurie et al., 2002). Factors such as cultural affiliation and 
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production environment (Martin and Rodriguez-Sosa, 1985; Tomlins et al., 2004) can cause 

differences in preference of a sweet potato variety over regions.  

 

7.6. Conclusions  

The combination of sensory panel evaluation, instrumental measurements and consumer 

acceptability assessment provided information on the distinctive attributes of 10 new cream to 

yellow-orange sweet potato varieties. Consumer color acceptability indicated a higher 

acceptability for cream-fleshed varieties than varieties with yellow-orange flesh color, and vice 

versa for the taste. Based on a combination of taste and color, Mafutha and Lethlabula had the 

highest acceptance, followed by Phala, Blesbok and then Monate. Serolane and Amasi showed 

high acceptance for taste but the color acceptance was relatively lower for children. Ndou was 

accepted mostly by adult panel members. Sensory evaluation divided the varieties into four 

groups, mainly based on wateriness, firmness, orange color, yellow-green color, pumpkin-like 

flavor and sweet potato-like taste. Strong correlation was observed between instrumental 

measurements and texture, and color attributes scored by the trained sensory panel, and these can 

be used to quantify color and texture of cooked samples, without conducting sensory analysis. 

Since consumer preference impacts on the acceptance of new varieties released by breeding 

programs, varietal recommendations can now be made based not only on the advantages of e.g. 

superior yield. The present study made a considerable contribution to characterization of new 

South African sweet potato varieties. 
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Chapter 8 

SENSORY PROFILES, SUGAR CONTENT AND CONSUMER ACCEPTABILITY OF 

NEW ORANGE-FLESHED SWEET POTATO VARIETIES 

 

8.1. Abstract 

Orange-fleshed sweet potato is considered as an excellent novel source of β-carotene and is used 

in crop-based programs to address vitamin A deficiency. However, taste acceptability is critical 

for adoption of new varieties. The present study was undertaken to investigate the sensory 

attributes and consumer acceptability of new orange-fleshed sweet potato varieties in South 

Africa. Cooked samples of 12 sweet potato varieties were evaluated by a trained panel for 

appearance, flavor and texture attributes. Instrumental color and texture, and content of selected 

free sugars and starch were determined. Consumer acceptability was tested by a panel comprising 

168 primary school children and 48 adults in Dassenhoek, KwaZulu-Natal, using a BIBD. 

ANOVA, correlation analysis, and PLS regression analysis were performed. The trained panel 

found large differences in the sensory attributes orange color, pumpkin-like flavor, Instronforce, 

color L*, a* and b*, followed by dark edges, sweet flavor and sweet potato-like flavor. High 

maltose and starch content were found in Ndou, Serolane, Resisto and Monate; while Blesbok, 

Impilo and 2001-5-2 had high fructose and glucose content. Blesbok was mostly associated with 

wateriness and sweet potato-like flavor. Beauregard and Khano low sweet flavor with low dry 

matter content; and 1999-1-7 was low in firmness and medium in sweet flavor. Ndou was 

associated with high sweet potato-like flavor, high starch content and high dry matter content, 

while Impilo, Monate and 2001-5-2 had sweet flavor and medium dry matter content. Excel and 

Resisto were associated with low wateriness and medium sweet flavor. W-119 and Serolane were 

high in starch content, high Instronforce and medium sweet flavor. Serolane was lower in 

pumpkin-like flavor than the other orange-fleshed varieties. The consumer panel taste and color 

acceptability results indicated that orange-fleshed varieties Impilo, Excel, Resisto, 2001-5-2, 

Serolane and W-119, and cream-fleshed varieties Monate and Ndou were acceptable to both 

adults and children. Adults scored Resisto and Monate higher for taste than children; while 

children scored Blesbok higher. Beauregard, Khano and 1999-1-7 had lower taste acceptability. 

The correlation analysis and PLS indicated that consumer panel taste scores were associated most 

with sweet flavor, dry matter content and maltose content, and the consumer panel color scores 
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negative association with discoloration. Determination of dry matter and starch content, and 

sucrose equivalents (SE) in cooked roots can possibly be used in intermediate selection phases in 

the breeding program as indication of acceptable taste. Orange-fleshed varieties were in general 

as acceptable as cream-fleshed varieties, indicating good prospects of using the crop in South 

Africa for addressing vitamin A deficiency. The study has high significance, as it represents the 

first consumer and sensory assessment of a considerable number of new orange-fleshed sweet 

potato varieties promoted in South Africa. 

 

8.2. Introduction 

Micronutrient malnutrition, the so-called hidden hunger, affects more than one-half of the world's 

population, especially women and preschool children in developing countries (UN SCN, 2004). 

Vitamin A deficiency is a commonly occurring micronutrient deficiency, largely due to a 

habitually low dietary intake of micronutrients in relation to requirements (Tontisirin et al., 

2002). In Africa, 42% of children aged younger than five years are vitamin A deficient (WHO, 

2009), while in South Africa a recent national survey showed that 64% of children 1 to 9 years of 

age are vitamin A deficient (Labadarios et al., 2007). The effects of vitamin A deficiency include 

a higher risk of child and maternal mortality, reduced resistance to infections, delayed recovery 

from infections and eye damage (E-Siong, 1995; Gibson, 1990). 

 

The sweet potato (Ipomoea batatas (L.) Lam.), belonging to the Convolvulaceae or morning 

glory family (Hall and Phatak, 1993), has major economic importance as one of the world’s 

seven major staple crops (Scott et al., 2000). More specifically orange-fleshed sweet potato is 

considered as an excellent novel source of natural health-promoting compounds such as β-

carotene (Bovell-Benjamin, 2007). An ex-ante impact assessment by Low et al. (2001) indicated 

that orange-fleshed sweet potato can make a major contribution towards alleviating vitamin A 

deficiency in sub-Saharan Africa since 50 million children under the age of six could benefit 

from replacing the current cream-fleshed sweet potato varieties with new orange-fleshed varieties 

(Low et al., 2001). 

 

In sub-Saharan Africa, through introductions as well as evaluation of existing varieties, more than 

thirty orange-fleshed varieties have been made available (ILSI, 2008b; Kapinga et al., 2007a). 
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South Africa was no exception and had also released a number of orange-fleshed sweet potato 

varieties (Laurie et al., 2009). Some limitations are experienced with the existing orange-fleshed 

varieties, such as too low dry matter content (in contrast African adults prefer high dry matter 

content) (ILSI, 2008b; Laurie et al., 2009; Tumwegamire et al., 2004). Introduced germplasm 

sources, especially from the USA, mostly have low dry matter content.  

 

Generally in breeding food crops, and more so in biofortication of staple crops where changes in 

eating habits will be needed, taste acceptability is critical for adoption of new varieties. Hence the 

success of any new sweet potato variety will depend not only on production traits but also on 

sensory and utilization acceptability (Tomlins et al., 2007b). Leighton (2007) reported from focus 

group discussions with consumers (n=38, mostly female) from the Pretoria area in South Africa, 

that Black participants (n=26) were more likely to consume sweet potato 1-2 times per week 

when in season; and all family members consume it though men did not enjoy it as often as 

women. Women like to grow their own sweet potato when garden space was available. Sweet 

potato was bought at the local market/supermarket. Family members in rural areas grow sweet 

potato and sell or give away some of the produce. Sweet potato was sometimes boiled in the skin 

or cooked in hot coals. Mashed sweet potato was mostly eaten cold, or eaten the following day 

with tea or milk, while some respondents ate mashed sweet potato warm. These findings agreed 

broadly with results of a previous survey by Van der Mescht et al. (1997) in seven areas on which 

the breeding of sweet potato in South Africa was based. In addition, Leighton (2007) found that 

the majority of respondents had no prior exposure to orange-fleshed sweet potato. When 

informed of the nutritional value they were positive to buy the food when available.  

 

Two previous studies compared acceptability for orange-fleshed sweet potato with cream-fleshed 

sweet potato. In the first study, a consumer acceptability study in the Lake Zone in Tanzania 

compared two orange-fleshed varieties with two traditional cream-fleshed varieties (Tomlins et 

al., 2007b). The mean consumer response for mothers and children indicated that orange-fleshed 

sweet potato was more acceptable than cream-fleshed sweet potato. In the second study in South 

Africa, the aim was to determine the sensory attributes and the consumer acceptability for 

orange-fleshed varieties Khano, Jewel, W-119 and Resisto as compared to popular cream-fleshed 

variety Blesbok (Leighton, 2007). It was seen that except for color, orange-fleshed sweet potato 
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and cream-fleshed sweet potato differed in texture and flavor. The results indicated that 85% of 

respondents preferred the taste of orange-fleshed sweet potato to cream-fleshed sweet potato, and 

53% had a definite liking for the color. All respondents liked the sweet flavor, smooth texture and 

attractive color. 

 

Taste acceptability in sweet potato has been determined through consumer acceptability trials and 

was related to sensory profiling by trained panels (Tomlins et al., 2004; 2007b). Furthermore 

chemical analysis can be used as indication of sensory attributes. It has been shown, for instance, 

that the starch content after cooking was related to moistness scores from a sensory panel, and 

can thus be used to predict moistness (S-101 Technical Committee, 1980). The carbohydrates in 

sweet potato play an important part not only in the degree of sweetness of cooked roots, but also 

their mouthfeel described as moistness or dryness and texture (Woolfe, 1992). Freshly harvested 

sweet potatoes are relatively high in starch and non-starch polysaccharides (alcohol-insoluble 

solids) and relatively low in sugars, of which the predominant one is sucrose. When sweet 

potatoes are cooked, activity of the amylase enzymes is initiated causing hydrolyses of starch to 

maltose and dextrins (Horvat et al., 1991; Woolfe, 1992). Cooked sweet potato thus contains 

mostly maltose. 

 

There is substantial variation in flavor and sweetness of sweet potato varieties because of the 

presence of sugars (sucrose, glucose and fructose) and the formation of maltose during cooking 

(Kays and Wang, 2000). The sweet flavor of the sweet potato depends mainly on the maltose 

content (Picha, 1985, Sun et al., 1994; Truong et al., 1986). In examining the sugar content and 

flavor of sweet potato, Koehler and Kays (1991) suggested that starch hydrolysis and maltose 

generation were important factors in the characteristic sweet potato flavor. Maltose was later 

found to be a primary precursor for many of the volatile compounds emanating from baking (Sun 

et al., 1994). 

 

Formal sweet potato breeding in South Africa was initiated in 1952 (Bester and Louw, 1992), and 

in 1996, breeding of orange-fleshed sweet potatoes commenced as part of a strategy to address 

vitamin A deficiency (Laurie et al., 2009). A number of new orange-fleshed sweet potato 

varieties have been identified in South Africa. Since taste is very important in adoption of new 
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varieties, research was needed on sensory profiling and consumer acceptability of new varieties. 

The aims of the present study were: 1) to describe the sensory variation in new orange-fleshed 

sweet potato varieties in terms of sensory characteristics, sugar content and instrumental texture 

and color; and 2) to evaluate the consumer acceptability of the same varieties at a single location.  

 

8.3. Methodology 

8.3.1. Samples 

The same varieties that were tested for agronomic performance of orange-fleshed varieties 

(Section 4.3.2) were used in the present study, namely Beauregard, Resisto, W-119 and Excel 

(imports from the USA); Khano, 1999-1-7, 2001-5-2, Impilo, and Serolane (new South African 

varieties) and, for comparison, three cream-fleshed varieties Blesbok, Ndou and Monate. The 

sweet potatoes were produced at the main research institution at Roodeplaat in an advanced yield 

trial during the 2006/7 season (the growing conditions were indicated in Table 4.1 to 4.2). The 

samples were harvested and transported to the sensory laboratory, the venue for consumer testing 

and to the laboratory for sugar analysis.  

 

8.3.2. Sensory profiling 

A trained taste panel consisting of eight members evaluated the samples following the same 

methods as in Section 7.3.2. In the present study, data was collected during two tasting sessions 

(two replicates) over two days (as compared to three sessions in Chapter 7). The descriptive 

terms defined for the present 12 varieties are given in Table 8.1.  

 

8.3.3. Instrumental texture and color 

Color and texture analysis were conducted as described in Section 7.3.3. The only difference was 

that eight color measurements were done per sample (2 slices x 2 readings x 2 sessions), and 

texture analysis was repeated twice; therefore four measurements per variety were taken.  
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Table 8.1 Characteristics used in the sensory analysis of 12 sweet potato varieties 

Characteristics Score Description 

A
P

P
E

A
R

A
N

C
E

 

Yellow-green 
color 

0 None View the samples and analyze the intensity of the yellow-green 
color 100 Intense 

Orange color 0 None View the sample and analyze the intensity of the burnt orange 
color 100 Burnt orange 

Natural darker 
edges on 
periphery 

0 None View the sample and analyze the extent to which the periphery 
of the outer edges are naturally darker than the interior of the 
sample 

100 Extremely 

Discoloration 0 None Cut the sample in half horizontally and compare the inside of 
the sample to the exposed surface. Analyze the intensity of 
discoloration on the exposed surface after 15 minutes 100 Extremely 

F
LA

V
O

R
 

Sweetness 0 Bland Remove the skin and taste a piece of the sample. Analyze the 
intensity of the sweet taste where sweetness is the taste 
associated with a sucrose solution 

100 Very sweet 

Sweet potato-like 
flavor 

0 Low Taste the sample and analyze the intensity of the typical flavor 
associated with sweet potatoes 

100 High 

Pumpkin-like 
flavor 

0 Low Taste the sample and analyze the intensity of the flavor 
associated with cooked butternut 100 High 

T
E

X
T

U
R

E
 

Wateriness 0 Dry Taste the sample and analyze the wateriness as opposed to 
dryness of the sample 100 Moist 

Graininess  0 Smooth Taste the sample and analyze the smoothness as opposed to 
graininess of the sample 100 Grainy 

Firmness 0 Extremely soft Taste the sample and analyze the softness as opposed to 
firmness of the sample  100 Firm 

 

8.3.4. Determination of free sugar and starch content 

The sampling procedure for sweet potatoes for sugar analysis was similar as described in Section 

5.3.2. The contents of individual sugars (glucose, fructose, sucrose, maltose) and of starch were 

determined (AOAC, 2007; MacRae and Armstrong, 1968) in both fresh and cooked roots of the 

12 varieties. The ratio of total free sugars to starch and the sucrose equivalents (SE) were 

calculated per 100 g cooked mass and dry mass were calculated (Kays et al., 2005; Shallenberger, 

1993). The dry matter content of fresh and cooked roots was determined (AOAC, 2007). All 

analysis was done on a single sample per variety. These analyses in cooked roots were done to 

possibly identify strongly association between chemical analyses and sensory attributes, towards 

future use in preliminary screening for acceptable taste. Analyses of fresh roots were done to 

possibly identify variables which correlate strongly between fresh roots and cooked roots. These 

could then be evaluated directly on fresh roots, especially in early breeding generations, in order 

to save the time of cooking the roots. 
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8.3.5. Consumer acceptability 

The consumer acceptability study was conducted in April 2007 in Dassenhoek, a semi-urban area 

in KwaZulu-Natal, as part of a collaborative school-garden project which was approved by the 

Ethics Committee of the MRC. The same procedures were followed as described in Section 7.3.4. 

The consumer panel at this time consisted of 168 primary school children (84 boys and 84 girls) 

from grades 1 to 7 (12 boys and 12 girls per grades 1 to 7) and a convenient sample of 48 adults 

(24 males and 24 females) from the area surrounding the school. According to a BIBD randomly 

each consumer evaluated four samples.  

 

8.3.6. Statistical analysis 

Data of the sensory attributes from the trained panel were subjected to a test-retest multi-way 

ANOVA (including the interactions session*panellist and variety*panellist) to test the reliability 

of the panel members (Gregory, 2000). The sensory attributes (on data points derived from three 

sessions) and instrumental data (on data points derived from two roots x three sessions) was 

subjected to a one-way ANOVA with the effects variety, experimental error and sample error 

using the GLM Procedure of SAS/STAT Version 9.2 to determine whether statistically 

significant differences existed among the means of the twelve varieties. The Student’s protected 

t-LSD was calculated when the F-probability from the ANOVA was significant, in order to 

compare means at the 5% significance level. 

 

The consumer survey interval data was subjected to a BIBD ANOVA using the SAS package. To 

explore further, the consumers were subdivided according to gender, group (adult, children), and 

interactions with variety (n=208) in an ANOVA. The Student’s protected t-LSD was calculated at 

the 5% significance level to compare means of significant effects. Various row by column tables 

of frequencies were performed to test association (patterns) using the Chi-Square test.  

 

Two multivariate analyzes were performed using GenStat Release 11.1. Correlation analysis was 

performed to determine the association between means of instrumental data, sugar content, 

sensory attributes, and the means of consumer panel data. A p-value of <0.05 was regarded as 

significant. A PLS regression analysis was performed as used by Smith et al. (2009), to 
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investigate the association among sensory attributes, consumer panel and varieties (X-matrix: 

sensory attributes, sugar content and instrumental data; Y-matrix: consumer panel data). 

 

8.4. Results  

8.4.1. Sensory characteristics 

The test-retest procedure showed significant differences for the interaction of session by 

panellist for attributes yellow-green, orange color and sweet potato-like flavor (Tables 8.2.1 – 

8.2.2); which indicated slightly lower reliability of data in terms of these attributes. The 

interaction variety by panellist was mostly statistically insignificant, suggesting high reliability. 

The exceptions were sweet potato-like flavor and firmness. The mean values for the different 

sensory characteristics for the 12 varieties of sweet potato are summarized in Tables 8.2.1 - 

8.2.2 and are also illustrated visually in the spider webs in Fig. 8.1. The 12 varieties differed 

significantly in all sensory traits, except firmness. Variables with comparably lower scores were 

discoloration, and the texture attributes wateriness, graininess and firmness. 

 

Appearance 

Yellow-green color was mostly observed in cream-fleshed varieties (Table 8.2.1). Ndou (75. 6) 

was scored significantly higher than Blesbok and Monate at 58.6 and 58.4, respectively. These 

two varieties were scored significantly higher than the other nine varieties, which had a 

prominent orange color, and were therefore scored lower on the yellow-green color scale: varying 

from 0.3 and 0.0, indicating almost no yellow-green color. Four of the sweet potato varieties, 

Khano, 2001-5-2, Resisto and W-119, were scored significantly higher for visible orange color 

(ranging from 82.9 to 79.9), followed by a second group consisting only of Beauregard (74.3), 

and a third group consisting of Impilo, Excel and Serolane (ranging from 58.9 to 55.7). Blesbok, 

Ndou and Monate had scores of 0.0 for visible orange color.  

 

Low scores for darker edges are desirable. Three sub-groups could be distinguished with regards 

to darker edges. Excel, Khano, Ndou and 1999-1-7 scored the highest (ranging from 37.3 to 

31.2). The intermediate group was Serolane, Resisto, Beauregard and W-119 (ranging from 25.6 

to 19.3). The group with the lowest degree of darker edges were Impilo, Blesbok, 2001-5-2 and 

Monate (ranging from 11.0 to 6.6), indicating a low degree of darkening. The mean values for 
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discoloration were low relative to other attributes. Impilo was scored the highest for discoloration 

with a mean value of 19.6, followed by Khano (16.7) and Serolane (13.8). These varieties scored 

significantly higher than Blesbok which scored the lowest with a mean value of 4.9.  

 

Flavor 

High scores for sweet and sweet potato-like flavor, and low scores for pumpkin-like flavor are 

desirable (Table 8.2.2). Only small differences in sweet flavor were detected between the 

varieties. Impilo had the highest mean score for sweetness (53.1), followed by Monate, Ndou, 

1999-1-7 and 2001-5-2 which had scores varying from 52.2 to 47.1. These varieties had 

significantly higher scores than Khano, Blesbok and Beauregard, that scored lowest for sweet 

flavor (36.2 to 30.0). The varieties that scored highest for sweet potato-like flavor, significantly 

higher than all other varieties, were Ndou and Monate with mean values of 76.4 and 72.0, 

respectively. The lowest score for sweet potato-like flavor was seen in W-119 and Excel, with 

mean values of 27.9 and 25.8, respectively.  

 

Table 8.2.1 Means of sensory characteristics for appearance of 12 sweet potato varieties  

Appearance 

Yellow-Green  Orange color Darker edges  Discoloration 

Ndou 1 75.6 a Khano 82.9 a Excel 37.3 a Impilo 19.6 a 

Blesbok 1 58.6 b 2001-5-2 82.8 a Khano 35.7 a Khano 16.7 ab 

Monate 1 58.4 b Resisto 81.6 a Ndou 1 31.8 ab Serolane 13.8 abc 

Impilo 0.3 c W-119 79.9 a 1999-1-7 31.2 ab Ndou 1 11.5 bcd 

Serolane 0.2 c Beauregard 74.3 b Serolane 25.6 bc 1999-1-7 11.1 bcd 

1999-1-7 0.0 c 1999-1-7 66.3 c Resisto 24.1 bc Excel 10.8 bcd 

2001-5-2 0.0 c Impilo 58.9 d Beauregard 20.4 c W-119 10.5 bcd 

Beauregard 0.0 c Excel 58.9 d W-119 19.3 dc Resisto 8.9 cd 

Excel 0.0 c Serolane 55.7 d Impilo 11.0 de Beauregard 8.2 cd 

Khano 0.0 c Blesbok 1 0.0 e Blesbok 1 9.1 e Monate 1 7.4 cd 

Resisto 0.0 c Monate 1 0.0 e 2001-5-2 8.4 e 2001-5-2 6.5 cd 

W-119 0.0 c Ndou 1 0.0 e Monate 1 6.6 e Blesbok 1 4.9 d 

Mean 16.1  53.4  21.7  10.8 

P-value (variety) <0.001  <0.001  <0.001  0.0085 

P-value (session*panelist) <0.001  <0.001  0.6788  0.9939 

P-value (variety*panelist) 0.2649  0.718  0.8513  0.9809 
LSD 3.7   4.5   9.2   7.7 

Means for varieties in a column followed by the same letter are not significantly different at P ≤ 0.05 
1 Cream-fleshed varieties 
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Table 8.2.2 Means of sensory characteristics for flavor and texture of 12 sweet potato varieties  

Flavor Texture 

Sweet Sweet potato-like  Pumpkin-like  Wateriness Graininess Firmness 

Impilo 53.1 a Ndou 1 76.4 a Excel 43.1 a Blesbok 1 23.3 a W-119 23.9 a W-119 21.9  

Monate 1 52.2 ab Monate 1 72.0 a W-119 29.9 b Impilo 19.8 a Excel 22.9 ab 2001-5-2 21.8 

Ndou 1 50.4 abc Blesbok 1 51.0 b Impilo 27.9 b Beauregard 18.9 a 2001-5-2 16.5 bc Beauregard 19.8  

1999-1-7 49.1 abc Serolane 48.6 bc Khano 25.6 bc Monate 1 18.5 a Blesbok 1 15.7 c Excel 17.8  

2001-5-2 47.1 abc 1999-1-7 43.4 bcd Resisto 24.7 bc Ndou 1 18.4 a Beauregard 15.1 c Resisto 16.3 

Resisto 44.8 abcd Impilo 41.2 bcd Beauregard 23.8 bc Khano 18.2 a Serolane 13.4 cd Serolane 15.0  

Excel 42.9 bcde 2001-5-2 39.0 cd 2001-5-2 23.3 bc 2001-5-2 17.6 ab Impilo 13.4 cd Ndou 1 14.2  

Serolane 42.3 bcde Beauregard 35.4 de 1999-1-7 22.4 bc 1999-1-7 11.8 bc Khano 11.8 cd Blesbok 1 13.2  

W-119 40.7 cde Resisto 35.3 de Serolane 16.5 c Excel 10.1 c 1999-1-7 10.0 cd Khano 12.1  

Khano 36.3 def Khano 35.2 de Blesbok 1 0.2 d Resisto 9.6 c  Resisto 7.6 de Impilo 11.8 

Blesbok 1 34.4 ef W-119 27.9 e Monate 1 0.2 d Serolane 7.7 c Ndou 1 3.1 e Monate 1 11.6  

Beauregard 30.0 f Excel 25.8 e Ndou 1 0.1 d W-119 7.2 c Monate 1 1.9 e 1999-1-7 10.1  

Mean 43.6  44.3  19.8  12.9  15.4  15.2 

P-value (variety) <0.001  <0.001  <0.001  <0.001  <0.001  0.0865 

P-value (session*panelist) 0.5201  0.0132  0.266  0.3334  0.1383  0.5564 

P-value (variety*panelist) 0.8888  0.0022  0.1197  0.0916  0.181  0.0391 
LSD 9.9   10.6   10.1   6.1   6.7   8.5 

Means for varieties in a column followed by the same letter are not significantly different at P ≤ 0.05 
1 Cream-fleshed varieties 
 



 

 188

The varieties can again be divided into three groups regarding pumpkin-like flavor (refer to 

Table 8.2.2 and Fig. 8.1). Excel scored the highest for this attribute, significantly higher than 

all other varieties with a mean score of 43.1. The second group with intermediate scores 

consisted of W-119, Impilo, Khano, Resisto, Beauregard, 2001-5-2 and 1999-1-7 (ranging 

between 29.9 and 22.4). The group scoring lowest for pumpkin-like flavor was Serolane and 

then Blesbok, Monate and Ndou which were significantly lower (varying from 0.2 to 0.1) 

than all the orange-fleshed varieties.  

 

Texture 

The scores for the three texture attributes were relatively low. The 12 varieties were divided 

into two main groups when comparing watery texture (refer to Table 8.2.2 and Fig. 8.1). The 

following varieties fall into the group that was scored the highest for wateriness: Blesbok, 

Impilo, Beauregard, Monate, Ndou, Khano and 2001-5-2. The mean scores for this group 

ranged from 23.3 for Blesbok to 17.6 for 2001-5-2. The varieties that scored lower for 

wateriness were 1999-1-7, Excel, Resisto, Serolane and W-119. The first group differed 

significantly from the second group except for 2001-5-2 and 1999-1-7.  

 

According to Table 8.2.2 and Fig. 8.1, W-119 and Excel were scored significantly (P≤0.05) 

higher in graininess than the rest of the varieties (except for Excel not being significantly 

higher than 2001-5-2) with values of 23.9 and 22.9, respectively. The mean values indicate 

that these varieties were not perceived as being very grainy. The second group of varieties had 

values of between 16.5 and 10.0 for graininess, and included 2001-5-2, Blesbok, Beauregard, 

Serolane, Impilo, Khano and 1999-1-7. The group that scored lowest for graininess consisted 

of Resisto, Ndou and Monate (mean values 7.6 to 1.9). 

 

No statistically significant differences were found in firmness between the 12 varieties of 

sweet potatoes. The trend in the scores for firmness showed that W-119 and 2001-5-2 were 

relatively higher in firmness than Monate and 1999-1-7.  For all the varieties the mean values 

for firmness ranged from the lowest value of 10.1 for 1999-1-7 (indicating a high degree of 

softness) to a mean value of 21.0 for W-119 (indicating a relatively low degree of firmness). 
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Fig. 8.1  Spider graphs illustrating the sensory characteristics of the sweet potato varieties: 

Blesbok, Beauregard, Khano, 1999-1-7, Ndou, Impilo, Monate and 2001-5-2 
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Fig. 8.1 (continue) Spider graphs illustrating the sensory characteristics of sweet potato 

varieties: Excel, Resisto, W-119 and Serolane 

 

8.4.2. Instrumental color and texture 

The results in Table 8.3 show that the color L*  (lightness) value of Monate was significantly 

higher (higher in lightness at 31.12) than that of Serolane (lowest in lightness at 55.55) and 

Ndou (54.90). There was a tendency for the other varieties to differ in degree of lightness, 

however, these differences were not statistically significant. Reasonable differences were 

found in color a* values (red to green) of the varieties. Khano, Resisto had high color a* (red 

to green color) values (30.55 and 29.79, respectively), illustrating a distinct redness. 2001-5-2, 

1999-1-7, Beauregard and W-119 had intermediate color a* values (slightly less red) of 

between 27.78 and 25.16, whereas Serolane, Impilo and Excel had slightly lower a* values 

(varying between 21.70 and 18.07). Ndou, Monate and Blesbok, on the other hand had 

negative a* values (slight green color), all three significantly different from the rest of the 

varieties (varying between -1.29 to -6.90). High color b* values indicate a prominent yellow 

color. The high color b* value of Serolane was significantly higher (53.88) than that of the 

other varieties. The next group was Khano, Impilo, Resisto, Excel, 1999-1-7, Beauregard and 

2001-5-2 with color b* values ranging from 47.58 to 42.85, illustrating the presence of an 
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intermediate amount of yellow. The third group was W-119 and Ndou with low color b* 

values (between 37.12 and 34.71) and the last group was Monate and Blesbok with the lowest 

b* values (24.10 and 17.06 respectively), both indicating a low degree of yellowness.  

 

Instrumental firmness (refer to instronforce in Table 8.3) indicated that W-119 required the 

highest force to compress the sample (30.13 N).  This was significantly higher than Blesbok, 

Resisto, 2001-5-2, Ndou, Excel, Impilo, Monate and 1999-1-7 (ranging from 12.55 to 6.23 

N).  Serolane, Khano and Beauregard scored intermediate mean instronforce values ranging 

from 26.83 to 14.87 N. These results support that of the sensory analysis of firmness where 

W-119 had the highest value for firmness and 1999-1-7 had the lowest value for firmness 

(Table 8.2.2). Instrumental gumminess illustrates the resistance of a product to disintegrate on 

mastication. The mean values for gumminess showed almost the same pattern as that of the 

instronforce. W-119 had a significantly higher value for gumminess (5.97 N) than Ndou, 

2001-5-2, Monate, Excel, Resisto, Impilo, Blesbok and 1999-1-7 (ranging from 1.58 N to 

0.83 N). The latter varieties were all similar in degree of gumminess.  

 

Table 8.3 Mean values for instrumental color and textural characteristics of 12 sweet potato 

varieties  

Color Texture 
Color L* 
   

Color a* 
    

Color b* 
    

Instronforce 
(N)   

Gumminess  
(N)   

Serolane 55.55 ab Khano 30.55 a Serolane 53.88 a W-119 30.13 a W-119 5.97 a 

Ndou 1 54.90 ab Resisto 29.79 a Khano 47.58 b Serolane 26.83 ab Serolane 4.51 ab 

Blesbok 1 53.17 bc 2001-5-2 27.78 b Impilo 47.34 b Khano 18.76 abc Khano 3.55 ab 

Resisto 52.97 bc 1999-1-7 26.36 bc Resisto 46.44 b Beauregard 14.87 bc Beauregard 3.05 ab 

Impilo 52.54 bc Beaure-
gard 

26.33 bc Excel 45.96 b Blesbok 1 12.55 c Ndou 1 1.58 b 

2001-5-2 51.07 bc W-119 25.16 c 1999-1-7 45.74 bc Resisto 11.97 c 2001-5-2 1.45 b 

1999-1-7 50.85 bc Serolane 21.70 d Beaure- 
gard 

43.46 cd 2001-5-2 11.91 c Monate 1 1.36 b 

Beaure-
gard 

50.18 bc Impilo 20.52 d 2001-5-2 42.85 d Ndou 1 11.54 c Excel 1.33 b 

Khano 49.99 bc Excel 18.07 e W-119 37.12 e Excel 10.43 c Resisto 1.17 b 

Excel 49.33 bc Ndou 1 -1.29 f Ndou 1 34.71 e Impilo 7.60 c  Impilo 1.15 b 

W-119 47.99 c Monate 1 -4.29 g Monate 1 24.10 f Monate 1 7.38 c Blesbok 1 1.14 b 

Monate 1 31.12 d Blesbok 1 -6.90 h Blesbok 1 17.06 g 1999-1-7 6.23 c 1999-1-7 0.83 b 

Mean 52.47   17.81   40.52   14.22   2.25 

P-value 
(variety) 

<0.001  <0.001  <0.001  <0.001  <0.001 

LSD 6.63   1.99   2.43   12.47   3.97 

Means for varieties in a column followed by the same letter are not significantly different at P ≤ 0.05 
1 Cream-fleshed varieties 
N = Newton 
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8.4.3. Free sugar and starch content 

According to Woolfe (1992) the free sugar content (% on fresh weight basis) of sweet potato 

vary between 0.24 and 1.50% for glucose, 0.30 and 1.15% for fructose, 1.30 and 4.10% for 

sucrose, and 0 and 0.64% for maltose. The free sugar content in fresh roots (from a single 

data point) determined for the 12 varieties in the present study are given in Table 8.4. Glucose 

content in fresh roots varied between 0.57% and 1.99% (mean, 1.22%); fructose between 

0.52% and 2.56% (mean, 1.32%); sucrose between 0.23% and 4.34% (mean, 2.76%); and 

maltose between 0.26% and 0.52% (mean, 0.40%).  The glucose and fructose content of the 

12 varieties were somewhat higher than reported for sweet potato by Woolfe (1992). The 

maltose content was highest in Excel and Impilo and the lowest in Khano and Monate, while 

maltose was not detected in Serolane and Beauregard. The content of the four free sugars 

measured differed considerably among the sweet potato varieties. The total free sugar content 

varied between 2.02% and 6.70% (Table 8.4).  

 

The relative sweetness of the different individual sugars varies (Shallenberger, 1993) and was 

expressed as total SE in Table 8.5. The total sucrose equivalent of the varieties was mostly 

very high (≥38 g/100 g dry mass) to high (29-37 g/100 g dry mass), except W-119 which was 

moderate (21-28 g/100 g dry mass) as classified according to Kays et al. (2005). Starch 

content in fresh roots of sweet potato varieties can vary greatly ranging from 5.3 to 28.4%, 

with a mean of 20.1% (Woolfe, 1992). In the present study, the starch content of fresh roots of 

the 12 varieties ranged from 18.44% (Ndou) and 18.11% (Serolane) to 8.80% in Beauregard 

(Table 8.5), with a mean of 13.43%. The results agreed with reports that freshly harvested 

sweet potatoes are relatively high in starch and non-starch polysaccharides and relatively low 

in sugars, of which the predominant one is sucrose (Horvat et al., 1991; Woolfe, 1992). 

 

The ratio of total free sugars to starch was calculated (Table 8.4). The ratio in fresh roots was 

high in Beauregard, Blesbok and 2001-5-2 (0.60 to 0.57) and low in Ndou and Serolane (0.16 

and 0.11). Serolane, Ndou, W-119 and Resisto had the highest dry matter content on fresh 

root basis (varying from 30.5 to 27.5%). In contrast low dry matter content was measured for 

Blesbok and Beauregard (18.8 to 16.1%). The dry matter content of the fresh roots was 

following the same trend as the starch content. Starch content and dry matter content has been 

found to be correlated since starch constitutes 60-70% of the dry matter content (Woolfe, 

1992).  
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Table 8.4 Content of free sugars (%), starch (%) and dry matter (%) in fresh and cooked roots of 12 sweet potato varieties  

FRESH 
Glucose %   Fructose %   Sucrose %   Maltose %   Total Free sugars %   Starch %   Total Free sugar:Starch Dry matter %   

Blesbok 1 1.99 Impilo 2.56 Resisto 4.34 Excel 0.52 2001-5-2 6.70 Ndou 1 18.44 Beauregard 0.60 Serolane 30.5 

W-119 1.79 Serolane 2.02 Khano 4.01 Impilo 0.51 Resisto 6.40 Serolane 18.11 Blesbok 1 0.57 Ndou 1 28.0 

Beauregard 1.67 Ndou 1 1.82 1999-1-7 3.66 Ndou 1 0.45 W-119 6.03 W-119 16.63 2001-5-2 0.57 W-119 27.7 

2001-5-2 1.63 Blesbok 1 1.65 Excel 3.59 Blesbok 1 0.42 Excel 5.94 Resisto 15.97 Excel 0.50 Resisto 27.5 

Impilo 1.41 W-119 1.40 2001-5-2 3.33 Resisto 0.42 1999-1-7 5.73 Monate 1 15.13 Khano 0.48 1999-1-7 24.7 

Excel 1.00 2001-5-2 1.40 W-119 2.49 1999-1-7 0.41 Khano 5.39 1999-1-7 13.19 Impilo 0.45 Monate 1 23.8 

Monate 1 0.98 Beauregard 1.28 Beauregard 2.37 W-119 0.35 Blesbok 1 5.36 Excel 11.97 1999-1-7 0.43 Excel 23.5 

1999-1-7 0.9 Monate 1 0.86 Monate 1 2.30 2001-5-2 0.34 Beauregard 5.32 2001-5-2 11.81 Resisto 0.40 2001-5-2 23.0 

Resisto 0.89 Excel 0.83 Blesbok 1 1.30 Khano 0.29 Impilo 4.71 Khano 11.23 W-119 0.36 Impilo 21.9 

Ndou 1 0.63 1999-1-7 0.76 Impilo 0.23 Monate 1 0.26 Monate 1 4.40 Impilo 10.43 Monate 1 0.29 Khano 21.2 

Khano 0.57 Resisto 0.75 Serolane ND  Serolane ND Ndou 1 2.90 Blesbok 1 9.42 Ndou 1 0.16 Beauregard 18.8 

Serolane ND  Khano 0.52 Ndou 1 ND  Beauregard ND  Serolane 2.02 Beauregard 8.80 Serolane 0.11 Blesbok 1 16.1 

Mean 1.22  1.32  2.76  0.40  5.08  13.43  0.41  23.9 

COOKED 

Glucose %   Fructose %   Sucrose %   Maltose %   Total Free sugars %   Starch %   Total Free sugar:Starch Dry matter %   
Impilo 1.60 Impilo 1.40 1999-1-7 4.09 Serolane 11.53 Serolane 15.32 Ndou 1 9.84 Impilo 2.96 Ndou 1 24.6 

Blesbok 1 1.42 Blesbok 1 1.39 Khano 3.34 Ndou 1 10.11 Impilo 13.62 W-119 8.82 2001-5-2 2.88 W-119 23.1 

2001-5-2 1.25 2001-5-2 1.17 Serolane 3.33 Monate 1 8.05 Ndou 1 13.18 Serolane 8.60 Excel 2.22 Resisto 22.6 

Beauregard 1.24 Beauregard 1.09 Resisto 3.22 Impilo 7.65 2001-5-2 12.59 Resisto 8.07 Khano 2.14 Serolane 22.4 

W-119 0.92 W-119 0.81 Impilo 2.97 Resisto 7.3 Resisto 11.58 Monate 1 7.18 Beauregard 2.05 Excel 20.3 

Excel 0.73 Ndou 1 0.77 2001-5-2 2.91 2001-5-2 7.26 1999-1-7 11.49 1999-1-7 6.67 Blesbok 1 1.82 Monate 1 20.2 

Ndou 1 0.57 Excel 0.67 Excel 2.89 Excel 7.18 Excel 11.47 Excel 5.16 Serolane 1.78 2001-5-2 19.7 

Monate 1 0.56 Resisto 0.61 Beauregard 1.98 W-119 6.72 Monate 1 10.80 Khano 5.03 1999-1-7 1.72 Impilo 19.4 

1999-1-7 0.49 Monate 1 0.55 Ndou 1 1.73 1999-1-7 6.5 Khano 10.74 Blesbok 1 4.80 Monate 1 1.50 1999-1-7 19.3 

Khano 0.48 Khano 0.49 Monate 1 1.64 Khano 6.43 W-119 10.01 Beauregard 4.62 Resisto 1.43 Beauregard 18.7 

Resisto 0.45 Serolane 0.46 W-119 1.56 Blesbok 1 5.16 Beauregard 9.45 Impilo 4.60 Ndou 1 1.34 Khano 16.8 

Serolane ND  1999-1-7 0.41 Blesbok 1 0.77 Beauregard 5.14 Blesbok 1 8.74 2001-5-2 4.37 W-119 1.13 Blesbok 1 15.9 

Mean 0.88  0.82  2.54  7.42  11.58  6.48  1.92  20.3 

CHANGE -0.34   -0.50   -0.23   7.02   6.51   -6.95   1.50   -3.6 

r   0.82  0.60  0.55  0.13  0.53  0.96  -0.59  0.89 
1 Cream-fleshed varieties   NA = Not detected  r = Correlation between fresh and cooked 
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Table 8.5 Total SE (g/100 g dry mass and g/100 g cooked mass) and SE categories of 12 

sweet potato varieties 

Variety Total SE 2 Category 3 Variety Total SE  

  g/100 g dry mass     g/100 g cooked mass 

Impilo 46.25 very high Impilo 8.96 

2001-5-2 41.81 very high Serolane 8.84 

Khano 41.74 very high 2001-5-2 8.24 

1999-1-7 39.77 very high 1999-1-7 7.69 

Serolane 39.55 very high Resisto 7.38 

Excel 35.69 high Ndou 1 7.37 

Blesbok 1 34.94 high Excel 7.25 

Beauregard 33.74 high Khano 7.00 

Resisto 32.62 high Beauregard 6.29 

Monate 1 30.25 high Monate 1 6.12 

Ndou 1 29.92 high Blesbok 1 5.57 

W-119 23.44 mod W-119 5.42 

Mean 35.81   Mean 7.18 
1 Cream-fleshed varieties 
2 Total SE = (1.2 x fructose) + (1 x sucrose) + (0.64 x glucose) + (0.43 x maltose) (Shallenberger, 1993)  
3 Categories based on Kays et al. (2005)  

 

The free sugar and starch content of the cooked roots are given in Table 8.4. The glucose 

content in cooked roots ranged from 0.45 to 1.60% (mean, 0.88%), fructose ranged from 0.41 

to 1.40% (mean, 0.82%), sucrose ranged from 0.77 to 4.09% (mean, 2.54%), and the maltose 

content was much higher ranging from 5.14 to 11.53% (mean, 7.42%). Previous studies on 

free sugar content in baked sweet potato indicated that the glucose content ranged from 0.27 

to 2.73%, the fructose content from 0.26 to 1.99%, the sucrose content from 1.59 to 5.17% 

and the maltose content from 4.02 to 14.12% (Woolfe, 1992). The maltose content was 

highest in Serolane and Ndou and lowest in Blesbok and Beauregard. Similarity was seen in 

the content of glucose and fructose. These followed the same trend among varieties in the 

cooked roots, but not in the fresh roots. Free sugar content of cooked roots of Beauregard, as 

measured by Truong et al. (1997), contained 1.28% glucose, 0.73% fructose, 1.29% sucrose 

and 4.61 % maltose. 

 

The changes observed between the mean free sugar content of fresh roots of 12 varieties and 

the mean free sugar content of cooked roots, are indicated at the bottom of Table 8.4. Glucose 

was reduced on average by 0.34%, fructose by 0.50% and sucrose by 0.23%; maltose 

increased on average by 7.02% and the total free sugars by 6.51% in the cooked roots. The 

increase in the maltose content agrees with previous study indicating that cooking causes 

hydrolyses of starch to maltose and dextrins (Horvat et al., 1991; Woolfe, 1992). 

Consequently, the starch content of cooked roots was reduced on average by 6.95% as 
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compared to fresh roots with an increase in the free sugar to starch ratio. The dry matter 

content reduced on average by 3.6% when the roots were cooked.  

 

The correlations between the free sugar content in fresh roots of the 12 varieties and cooked 

roots for the 12 varieties were calculated (refer to the last row of Table 8.4). Moderate to 

strong correlations were found between the cooked and fresh root sugar and starch content of 

the 12 varieties, with the exception of maltose. For starch (r = 0.96) and dry matter content (r 

= 0.89) there were strong correlations between fresh and cooked values. Determination of the 

correlation in the total SE between cooked and raw roots of the 12 varieties in Table 8.5, 

indicated a strong correlation (r = 0.82). The dry matter content in fresh roots showed strong 

correlation with starch content of cooked roots (r = 0.84) and with the maltose content in 

cooked roots (r = 0.79).  The latter findings imply that determination of dry matter content in 

fresh roots can be a good indication of starch and maltose content in cooked roots. 

 

8.4.4. Consumer acceptability 

Consumer panel color acceptability 

According to the BIBD ANOVA for the consumer panel, mean color scores were not 

statistically significant for variety (Table 8.6). Explorative analyses of color scores indicated 

significant effects for the interaction gender*variety (P=0.0030), but not statistically 

significant for gender; group (children, adult); group*variety and gender*group*variety. 

 

The mean color scores were in a narrow band ranging from 3.56 to 3.00 (though large 

variation was present in individual scores of varieties as seen from the standard deviation). 

The trends in the mean color score (Table 8.6) indicated that Monate (3.56) had the highest 

mean score followed by Excel, Beauregard and Blesbok (ranging from 3.46 to 3.43), while 

W-119 and Khano had the lowest mean color scores (3.04 and 3.00).  

 

The different trends in the consumer panel groups for male and female with regards to color 

scores for specific varieties, are presented in Fig. 8.2. Higher color scores were given by 

males to Impilo, Blesbok, Khano, while females gave higher scores to Ndou and Serolane.  
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Table 8.6 Mean and SD for consumer panel taste and color scores (n = 216) of 12 sweet 

potato varieties 

Variety  Mean color score 2 Variety  Mean taste score 2 

Monate 1 3.56 (1.19)  Monate 1 3.82 (1.19) a 

Excel 3.46 (1.32)  Impilo 3.79 (1.38) a 

Beauregard 3.43 (1.35) 2001-5-2 3.72 (1.25) ab 

Blesbok 1 3.43 (1.20) Serolane 3.71 (1.21) ab 

1999-1-7 3.39 (1.34) Excel 3.69 (1.36) ab 

Serolane 3.36 (1.32) Resisto 3.68 (1.31) ab 

2001-5-2 3.33 (1.35) W-119 3.67 (1.29) ab 

Impilo 3.31 (1.25)  Ndou 1 3.65 (1.21) ab 

Resisto 3.26 (1.41) Blesbok 1 3.40 (1.30) abc 

Ndou 1 3.17 (1.42)  1999-1-7 3.33 (1.34) bc 

W-119 3.04 (1.33)  Khano 3.14 (1.44) c 

Khano 3.00 (1.38) Beauregard 3.11 (1.42) c 

Mean 3.31  3.56 

P-value (variety) 0.2932  0.0032 

LSD  0.43  0.43 

CV% 39.6  36.8 

Means for varieties in a column followed by the same letter are not significantly  
different at P ≤ 0.05 
1 Cream-fleshed varieties  
2 Scale for scores: 1=very bad; 2=bad; 3=indifferent; 4=nice; 5=very nice 
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Fig. 8.2 Mean color scores for the consumer gender groups female (n=108) and male (n=108) 

for 12 sweet potato varieties 

 

The Chi-Square test indicated no statistically significant effects with regards to the color 

interval data. The following trends were noticed from the results. Both Beauregard and Excel 

were indicated as ‘very nice’ by 28% of the consumer panel (Table 8.7), while 37% and 32% 
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respectively of the consumer panel considered Impilo and Blesbok to be ‘nice’. Children had 

higher percentage ‘very nice’ for Serolane (30%) than adults (6%) and higher percentage 

“nice” for Ndou (38% vs 12% for adults) and 1999-1-7 (36% vs 19% for adults). Adults gave 

a higher percentage “very nice” to Resisto (56% vs 16% for children) and 2001-5-2 (38% vs 

20% for children), and higher percentage “nice” for Excel (44% vs 21% for children). The 

attraction of the root flesh in Resisto to adults was accentuated by 87% of adults rated this 

variety as “very nice” or “nice”. The interval “very bad” was mostly indicated for Ndou, 

Khano and W-119 in 20%, 18%, and 17% of cases, respectively. Children used the intervals 

“very bad” and “bad” in higher frequency than adults; while adults used the interval ‘very 

nice’ more than children did.  

 

Table 8.7 Frequency distribution (%) of consumer panel color scores for 12 sweet potato 

varieties  

Group 
Interval n B
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All (P=0.7420) 216                         

Very nice  28 28 25 25 25 23 23 21 20 18 17 17 
Nice  28 26 31 26 26 32 28 32 32 22 37 22 

Indifferent  14 19 27 13 18 17 21 23 14 20 15 26 
Bad  21 17 11 22 21 15 14 17 15 22 21 18 

Very bad  9 10 7 14 10 12 14 7 20 18 10 17 

Children (P=0.3735) 168                         

Very nice  29 27 23 16 30 23 20 20 18 18 16 12 

Nice  27 21 34 25 23 36 27 32 38 23 37 23 

Indifferent  12 23 27 14 18 9 21 23 12 20 16 29 

Bad  25 18 9 29 18 18 16 16 12 23 20 20 

Very bad  7 11 7 16 11 14 16 9 20 16 11 16 

Adults (P=0.454) 48                         

Very nice  25 31 31 56 6 25 38 25 25 19 19 31 

Nice  31 44 19 31 38 19 31 31 12 19 38 19 

Indifferent  19 6 25 6 19 44 19 25 19 18 12 19 

Bad  6 12 19 0 31 6 6 19 25 19 25 12 

Very bad   19 6 6 6 6 6 6 0 19 25 6 19 

1 Cream-fleshed varieties 

 

Consumer panel taste acceptability 

The BIBD ANOVA for the consumer panel with respect to taste scores was significant for 

variety (Table 8.6). Explorative analyses of other effects and interactions for taste scores were 

significant for group (children, adult) (P=0.0020) and not statistically significant for gender, 

gender*variety, group*variety, gender*group*variety. The mean varietal taste scores (Table 
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8.6) were in a narrow band ranging from 3.83 to 3.11 (though individual scores differed 

considerably as seen from the standard deviation). The LSD’s distinguished Monate and 

Impilo with high scores of 3.82 and 3.79, respectively, from 1999-1-7, Khano and Beauregard 

with significantly lower taste scores varying between 3.33 and 3.11. A large number of 

varieties fell into an intermediate group with scores varying from 3.72 to 3.65, consisting of 

2001-5-2, Serolane, Excel, Resisto, W-119 and Ndou. The cream-fleshed variety Blesbok 

with a taste score of 3.40 was not distinguished from the latter group or the varieties with the 

lowest scores. With regards to taste scores, the different trends in scores given by adults and 

children are illustrated in Fig. 8.3. Higher taste scores were given by adults to 2001-5-2, 

Excel, Khano, Resisto, Serolane and W-119. Children gave higher taste scores for Blesbok as 

compared to adults.  

 

2.8

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

4.6

20
01

_5
_2

Im
pi

lo

19
99

_1
_7

Bea
ure

ga
rd

Bles
bok

Exc
el

Kha
no

M
on

ate
Ndo

u

Res
ist

o

Ser
ola

ne

W
_11

9

Variety

T
as

te
 s

co
re

Adults Children

 

Fig. 8.3 Mean taste scores for the consumer groups adults (N=192) and children (N=672) for 

12 sweet potato varieties 

 

The Chi-Square test indicated significant effects in interval data for all consumers, children 

and adults for taste. The interval ‘very nice’ was indicated by 40% of the consumer panel for 

the taste of Impilo and Excel, and 34-36% for Resisto, 2001-5-2, and Monate (Table 8.8). In 

addition, 35% and 32% respectively, of the consumer panel considered Ndou and W-119 as 

‘nice’. The interval ‘very bad’ was indicated in highest percentage for Khano and Beauregard, 

19% and 17% respectively. Blesbok and 1999-1-7 had high percentages in the interval “bad” 

(19% and 25%, respectively). The taste scores specifically for children and adults are also 
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given in Table 8.8. Adults used the interval ‘very nice’ in higher frequency than children; 

while children used the interval ‘very bad’ in higher frequency. Adults indicated higher 

percentage "very nice" to Resisto (75% vs 25%), and the interval 'nice' to Monate (69% vs 

27%). Children indicated a higher percentage nice to Blesbok (41% vs 12%), and also 

indicated higher percentage 'very bad' to Khano (23% vs 6%). 

 

Thus when considering both taste and color consumer panel results, the orange-fleshed 

varieties Impilo, Excel, Resisto, 2001-5-2, Serolane and W-119, and cream-fleshed varieties 

Monate and Ndou were acceptable to both adults and children. Adults scored Resisto and 

Monate higher for taste than children; while children scored Blesbok higher than adults. 

Monate had the highest scores for taste as well as color of the 12 varieties. The consumer 

panel rated Beauregard, Khano and 1999-1-7 the lowest for taste. 

 

Table 8.8 Frequency distribution (%) of consumer panel taste scores for 12 sweet potato 

varieties 

Group 
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All (P=0.0136) 216                         

Very nice  40 40 36 36 34 32 32 28 24 22 22 21 
Nice  31 21 25 24 36 32 30 35 30 35 22 28 

Indifferent  11 15 19 22 18 16 21 21 11 14 17 15 
Bad  4 15 14 8 4 10 10 8 25 19 22 17 

Very bad  14 9 6 10 8 10 7 8 10 10 17 19 

Children (P=0.0400) 168                         

Very nice  41 36 32 25 36 29 29 28 21 21 23 18 

Nice  29 21 22 27 27 32 30 34 34 41 22 28 

Indifferent  13 14 23 28 23 18 21 20 9 13 16 11 

Bad  5 18 18 11 5 10 11 9 25 18 23 20 

Very bad  12 11 5 9 9 11 9 9 11 7 16 23 

Adults (P=0.0216) 48                         

Very nice  38 56 50 75 25 44 44 25 31 25 19 31 

Nice  37 19 38 13 69 31 31 38 19 12 25 25 

Indifferent  6 19 6 0 0 13 19 25 19 19 18 32 

Bad  0 6 0 0 0 6 6 6 25 25 19 6 

Very bad   19 0 6 12 6 6 0 6 6 19 19 6 

1 Cream-fleshed varieties  

 

 

8.4.5. Correlation between sensory attributes, instrumental measurements, sugar 

content and consumer panel data  
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The results of the Pearson correlation analysis, are indicated in Table 8.9 to 8.11). A few 

significant correlations were found among the sensory attributes (Table 8.9). A strong 

negative correlation (r = -0.987) was seen between orange and yellow-green color, confirming 

that orange-fleshed varieties showed less yellow-green color than cream-fleshed varieties. 

Sweet potato-like flavor had a positive correlation (r = 0.871) with yellow-green color and 

negative correlation to orange color (r = -0.849). Pumpkin-like flavor had strong negative 

correlations with yellow-green color (r = -0.877) and sweet potato-like flavor (r = -0.900), and 

positive correlation to orange color (r = 0.829). Hence orange-fleshed varieties were lower in 

sweet potato-like flavor and higher in pumpkin-like flavor. There was a negative correlation 

between texture attribute graininess and yellow-green color (r = -0.563) and sweet potato-like 

flavor (r = -0.801); and a positive correlation between graininess and pumpkin-like flavor 

(0.685). These again related to the differences between orange-fleshed and cream-fleshed 

sweet potato since orange-fleshed varieties were generally higher in graininess and pumpkin-

like flavor. Firmness was positively correlated to graininess (r = 0.629), thus varieties which 

were higher in firmness were generally also higher in graininess. 

 

The instrumental measurements correlated well with some attributes evaluated by the sensory 

panel (Table 8.10). Color a* and b* had strong negative correlations to yellow-green color (r 

= -0.904 and -0.807, respectively). Instronforce was negatively correlated to wateriness (r = -

0.587). Instronforce correlated strongly positive to gumminess (r = 0.959). These correlations 

were expected. The positive correlation found between color a* and sucrose concentration, 

and color b* and sucrose concentration (0.722 and 0.848, respectively), was a result of the 

higher sucrose content in orange-fleshed sweet potato.  

 

No statistically significant correlations were found between sensory attributes and sugar 

content, confirming the complex nature of flavour. For example, since the relative sweetness 

of fructose is the highest (Woolfe, 1992), a correlation between sweet flavor and fructose 

could was expected. The sensory attribute sweet flavor did not correlate significantly with any 

of the individual sugars or with SE. However, though not significant there was a moderate 

correlation between sweet flavor and maltose content (r=0.478) and with SE (r=0.446). 

Glucose content had a strong positive correlation with fructose (r = 0.944) and negative 
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Table 8.9 Correlation matrix for sensory attributes and instrumental measurements 

 
Yellow-
green 

Orange 
color 

Darker 
edges 

Discoloration 
 

Sweet 
flavor 

Sweet 
potato-like 

flavor 
Pumpkin-
like flavor 

Wateriness 
 

Graininess 
 

Firmness 
 

Color L* 
 

Color a* 
 

Color b* 
 

Instronforce 
 

Yellow-green 1              
Orange color  -0.948 1             
Darker edges -0.242 0.269 1            
Discoloration -0.350 0.279 0.379 1           
Sweet flavor 0.203 -0.242 -0.150 0.262 1          

Sweet potato 0.871 -0.849 -0.236 -0.138 0.450 1         

Pumpkin -0.877 0.829 0.399 0.354 -0.140 -0.900 1        

Wateriness 0.530 -0.484 -0.452 -0.117 -0.080 0.430 -0.523 1       

Graininess -0.563 0.497 0.062 -0.020 -0.466 -0.801 0.685 -0.328 1      

Firmness -0.356 0.467 -0.098 -0.373 -0.357 -0.498 0.419 -0.319 0.629 1     

Color L* -0.264 0.304 0.372 0.195 -0.265 -0.290 0.204 -0.139 0.281 0.209 1    

Color a* -0.940 0.955 0.369 0.482 -0.152 -0.770 0.805 -0.495 0.363 0.251 0.326 1   

Color b* -0.807 0.788 0.477 0.545 0.030 -0.531 0.701 -0.522 0.231 0.250 0.440 0.839 1  

Instronforce -0.286 0.303 0.284 0.145 -0.459 -0.296 0.158 -0.587 0.409 0.321 0.226 0.294 0.215 1 

Gumminess -0.320 0.355 0.217 0.187 -0.443 -0.301 0.204 -0.507 0.410 0.385 0.068 0.334 0.237 0.959 

Values in bold are significantly different from 0 at significance level p < 0.05 

 

Table 8.10 Correlation matrix for sensory attributes with sugar content in cooked roots 

 Yellow-
green 

Orange 
color 

Darker 
edges 

Discolo- 
ration 

Sweet  
flavor 

Sweet- 
potato-like  

Pumpkin-
like flavor 

Wateriness Graininess Firmness DM% 3 Glucose 
content 

Fructose 
content 

Sucrose 
content 

Maltose  
content 

Starch 
% 

Sug:St1 

DM % 3 0.091 -0.028 0.244 0.085 0.454 0.232 -0.012 -0.614 -0.186 0.257 1       

Glucose  0.019 0.059 -0.344 -0.626 -0.270 -0.187 -0.014 0.370 0.322 0.343 -0.452 1      

Fructose  0.121 -0.045 -0.295 -0.711 -0.306 -0.056 -0.181 0.312 0.234 0.316 -0.354 0.944 1     

Sucrose  -0.688 0.612 0.282 0.709 0.325 -0.387 0.590 -0.282 0.020 -0.147 0.026 -0.426 -0.487 1    

Maltose  0.183 -0.217 0.243 0.206 0.478 0.482 -0.258 -0.415 -0.365 -0.105 0.685 -0.597 -0.392 0.209 1   

Starch 0.311 -0.255 0.065 0.207 0.363 0.403 -0.276 -0.386 -0.295 0.051 0.855 -0.652 -0.540 -0.085 0.651 1  

Sug:St 1 -0.397 0.360 0.098 -0.106 -0.027 -0.288 0.298 0.116 0.183 0.001 -0.495 0.550 0.527 0.336 -0.161 -0.806 1 

SE 2 -0.380 0.327 0.228 0.352 0.446 -0.015 0.222 -0.256 -0.149 -0.080 0.207 0.040 -0.117 0.756 0.590 -0.020 0.535 
1 Sugar: Starch ration 2Sucrose equivalent g/100 g cooked mass 3 Dry matter content (%) 
Values in bold are significantly different from 0 at significance level p < 0.05
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Table 8.11 Correlation of the consumer panel results with sensory attributes, instrumental measurements and sugar analysis 

Sensory attributes    

  

Yellow-
green 
color 

Orange 
color  

 

Darker 
edges 

 

Discoloration 
 
 

Sweet 
flavor 

 

Sweet potato-
like flavor 

 

Pumpkin-
like flavor 

 

Wateriness 
 
 

Graininess 
 
 

Firmness 
 
    

CPColor 0.197 -0.413 -0.430 -0.356 0.160 0.239 -0.191 0.245 -0.128 -0.188    
CPTaste 0.159 -0.186 -0.092 -0.338 0.630 0.267 -0.121 -0.503 -0.135 0.102    
CPKidsColor 0.310 -0.511 -0.410 -0.178 0.066 0.411 -0.341 0.404 -0.142 -0.193    
CPKidsTaste 0.366 -0.388 -0.337 -0.504 0.564 0.410 -0.330 -0.227 -0.121 0.152    
CPAdultColor -0.188 0.126 -0.094 -0.357 0.159 -0.285 0.244 -0.236 0.021 -0.027    
CPAdultTaste -0.282 0.255 0.403 0.098 0.490 -0.108 0.318 -0.802 -0.100 -0.033    

Instrumental and sugar analysis 

  Color L Color a Color b Instronforce Gumminess Dry matter % Glucose  Fructose  Sucrose  Maltose  Starch Sugar:starch SE 1 

CPColor -0.368 -0.398 -0.272 -0.549 -0.549 -0.233 0.132 0.135 -0.102 -0.049 -0.302 0.181 0.031 

CPTaste -0.208 -0.255 -0.053 -0.055 -0.128 0.585 -0.059 0.036 -0.063 0.585 0.369 0.014 0.317 

CPKidsColor -0.351 -0.492 -0.245 -0.360 -0.298 -0.270 0.030 0.054 -0.149 0.125 -0.223 0.147 0.051 

CPKidsTaste -0.184 -0.494 -0.281 -0.157 -0.221 0.463 0.157 0.268 -0.285 0.492 0.303 0.018 0.207 

CPAdultColor -0.065 0.123 -0.075 -0.402 -0.513 -0.003 0.209 0.175 0.077 -0.328 -0.212 0.110 -0.032 

CPAdultTaste -0.163 0.281 0.385 0.142 0.079 0.567 -0.426 -0.399 0.367 0.514 0.33 0.008 0.397 
1 Sucrose equivalent g/100 g cooked mass  CPColor = Consumer acceptability (children + adults) for color CPTaste = Consumer acceptability (children + adults) for taste 
Values in bold are significantly different from 0 at significance level p < 0.05 
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correlation with starch content (r = -0.652) and maltose (r = -0.597). This was indicative that 

in general (but not for all varieties) varieties with high glucose and fructose were lower in 

maltose and starch. Determination of individual sugar content by Picha (1985) in six varieties 

indicated a similar trend in four of the varieties.   

 

Logically dry matter content was negatively correlated with wateriness (r = -0.614). As 

expected, based on Woolfe (1992), positive correlations were found between dry matter 

content of cooked roots and starch content (r = 0.855). There was a positive correlation 

between maltose content and starch content (r = 0.651), which might be related to hydrolysis 

of starch to maltose during cooking (Horvat et al., 1991; Woolfe, 1992). This then also 

explains the positive correlation between dry matter content and maltose content (r = 0.685). 

 

It should be noted that significant positive correlations (Table 8.11) were detected between 

consumer panel taste acceptability scores (including children as well as adults) and sweet 

flavor (r = 0.63), dry matter content of cooked roots (r = 0.585) and maltose content (r = 

0.585). Specifically, the adult consumer taste score was negatively correlated to wateriness (r 

= -0.802) and positively correlated to dry matter content of cooked roots (r = 0.567). No 

relation was found between consumer taste acceptability and free sugar:starch ratio, but there 

was some indication that consumer taste acceptability was related to SE (r=0.317), though not 

statistically significant. No statistically significant correlations were detected between 

consumer color acceptability scores and sensory attributes or instrumental measurements (e.g. 

color measurements) of consumer color acceptability with discoloration (r=-0.356) and dark 

edges (r=-0.430). 

 

8.4.6. Association among varieties, attributes and consumer panel results 

The association among varieties, sensory attributes, objective data (sugar content and 

instrumental data) and the consumer panel data was investigated through the PLS regression 

analysis. The percentage of the variance in the PLS model that was explained by the different 

variables (Table 8.12), indicated that the most explanatory sensory attributes were wateriness, 

sweet flavor and discoloration. Dry matter content, color b*, glucose content, maltose content, 

fructose content, sucrose content on the first PLS component, and also color a* and 

gumminess on the second PLS component, explained most of the variance. The model 

explained 59.2% of the variance of the consumer panel data on the first PLS component.  
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Table 8.12 Percentage of variance explained by the PLS regression analysis (ranked according to the first PLS component) as applied to sensory 

attributes, objective data (instrumental and sugar content) and the consumer panel data  

Y variables 
(consumer 
acceptability) 

PLS 
component 

1  
(%)  

PLS 
component 

2  
(%) 

X variable 
(Sensory 
attributes) 

PLS 
component 

1  
(%)  

PLS 
component 

2  
(%) 

X variables  
(Instrumental 
and  
sugar)       

PLS 
component 

1  
(%)  

PLS 
component 

2  
(%) 

CPColor 7.6 28.2 Wateriness 73.9 0.1 Dry matter 
(%) 

52.7 5.4 

CPTaste 26.8 59.2 Dark edges 23.3 12.2 Color b* 43.0 23.4 
   Pumpkin-like 

flavor 
19.8 17.9 Glucose 

content 
40.1 5.0 

   Sweet flavor 19.3 33.8 Maltose 
content 

39.3 4.0 

   Yellow-
green color 

19.1 25.3 Fructose 
content 

36.1 7.5 

   Discoloration 17.4 35.4 Sucrose 
content 

31.7 10.7 

   Orange 
color  

16.9 27.4 Starch (%) 28.6 0.6 

   Sweet 
potato-like 
flavor 

3.6 
 

25.3 
 

Color a* 
 

24.1 
 

33.9 

 

   Firmness 0.8 2.1 Instronforce 10.9 29.2 
   Graininess 0.0 16.2 Gumminess 8.5 35.4 

      Free sugar:  
starch  

2.1 0.3 

            Color L* 0.7 16.9 

CPColor = Consumer acceptability (children + adults) for color  
CPTaste = Consumer acceptability (children + adults) for taste 
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On the PLS biplot (Fig. 8.4) consumer color acceptability was associated most with yellow-green 

color and contrasted Khano, lying on the opposite side. Consumer taste acceptability was 

associated most with sweet flavor, dry matter content and maltose content which were lying in 

the same quadrant. Consumer taste acceptability was associated with Resisto, Excel, 2001-5-2, 

Impilo and Monate, and was contrasting Khano, Beauregard and 1999-1-7, lying in the opposite 

quadrant. Firmness and free sugar:starch ratio, lying close to the center of the biplot, contributed 

least to the regression model. 

 

2001_5_2
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Blesbok Excel
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Ndou
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Serolane
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Fig. 8.4 PLS regression of sensory attributes, instrumental measurements and consumer 

acceptability (X-matrix= sensory attributes, sugar content and instrumental data; Y-

matrix=Consumer acceptability)   

(CPColor = Consumer acceptability (children + adults) for color;  CPTaste = Consumer acceptability (children + adults) for taste) 
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Sweet potato-like flavor, yellow-green color, glucose content and fructose content were 

contrasting pumpkin-like flavor, orange color, color a*, instronforce, gumminess, sucrose 

content, starch % and dark edges lying in the opposite quadrant (Fig. 8.4). Likewise graininess, 

wateriness and color L*  were contrasting sweet flavor and dry matter %. In addition wateriness 

were strongly contrasting dry matter % and maltose content on PLS component 1. The contrasts 

agree with the negative correlations revealed by the correlation matrix in section 8.4.5 and also 

points towards the contrasting attributes found in the varieties.  

 

The most distinctive attributes of varieties based on their proximity to attributes on the PLS 

biplot (Fig. 8.4) is presented in Table 8.13. The positioning of the varieties in the four quadrants 

of the biplot divides the varieties into four groups. Blesbok was the most distinctive variety and 

contrasted all other varieties.  

 

Table 8.13 Grouping, PLS varietal ranking by independent variable component scores and major 

attributes of 12 sweet potato varieties 

Group and 
variety 

PLS 
ranking  

Major attributes 
 

Group 1     

Blesbok 
 

-5.2 
 

Watery texture, yellow-green color, sweet potato-like flavor, high fructose and 
sucrose content and contrasting dry matter %, dark edges and discoloration 

Group 2   

Beauregard -2.6 Watery texture and low dry matter %, not sweet, low maltose content 

Khano 
 

-0.4 
 

Low dry matter, not sweet, high in discoloration, dark edges, instronforce, 
gumminess, color a*, orange color and sucrose content 

1999-1-7 -0.1 Low dry matter %, low firmness, low fructose content, medium sweet 

Ndou 
 

0.3 
 

Sweet potato-like flavor, yellow-green color, high starch %, high color L* , low 
graininess 

Group 3   

Impilo 
 

-0.7 
 

Sweet, medium dry matter %, high fructose and glucose content, slight yellow-green 
color, high discoloration, high pumpkin-like flavor, low starch % 

Monate 
 

-0.5 
 

Sweet, medium dry matter %, sweet potato-like flavor, yellow-green color, low 
instronforce, low discoloration, low graininess 

2001-5-2 
 

0.9 
 

Sweet, medium dry matter % and pumpkin-like flavor, high fructose and glucose 
content, color a*, orange color; low starch %, dark edges, discoloration and starch %  

Excel 
 

1.5 
 

Low wateriness, medium dry matter %, medium sweet, high pumpkin-like flavor, high 
dark edges, high graininess  

Resisto 
 

2.5 
 

Low wateriness, high dry matter %, medium sweet and pumpkin-like flavor, low 
glucose content, color a* , orange color 

Group 4   

W-119 
 

1.5 High starch %, high instronforce and gumminess, high graininess, high pumpkin-like 
flavor, high firmness, orange color, high dry matter % 

Serolane 
 

2.9 
 

High starch %, high instronforce and gumminess, high color L* and color b*, low 
fructose and sucrose content, high maltose content, slight sweet potato-like flavor 
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8.5. Discussion 

Clear differences were detected in the sensory characteristics of the orange-fleshed varieties and 

cream-fleshed varieties of sweet potato. Cream-fleshed varieties (Blesbok, Monate and Ndou) 

scored high in yellow-green color and sweet potato flavor, and generally were lower in 

graininess. Orange-fleshed varieties scored higher in pumpkin-like flavor and orange color, and 

generally higher in graininess and firmness. The positive correlations between color a* and b* 

and sucrose concentration further indicated that the orange-fleshed sweet potato had higher 

sucrose content. Despite the differences of orange-fleshed varieties from cream-fleshed varieties 

such as Blesbok which are normally sold in South Africa, the consumer acceptability of orange-

fleshed varieties were not lower than cream-fleshed varieties. In fact orange-fleshed varieties 

such as Impilo, 2001-5-2, Serolane, Excel, Resisto and W-119 had similar mean taste and color 

scores as cream-fleshed varieties Monate and Ndou. Leighton (2007) has also reported that 85% 

of respondents preferred the taste of orange-fleshed sweet potato while 15% preferred the taste of 

cream-fleshed sweet potato Blesbok; and 53% had a definite liking for the color of orange-

fleshed sweet potato.  

 

The study has high significance as it represents the first consumer and sensory assessment of 

most of new orange-fleshed sweet potato varieties promoted in South Africa. Establishment of 

the acceptability of orange-fleshed varieties of sweet potato is of great importance for future 

promotion of orange-fleshed sweet potato in South Africa to address vitamin A deficiency. 

Considering that 64% of 1 to 9 year old children are vitamin A deficient (Labadarios et al., 2007) 

and the confirmation of the efficacy of orange-fleshed to improve vitamin A status (Van 

Jaarsveld et al., 2005), these results are significant for food-based interventions in South Africa. 

 

In Leighton et al. (2010), reporting on the same study of 2007 as mentioned above, a trained 

sensory panel was used to establish terminology for describing the sensory attributes of different 

varieties of orange-fleshed sweet potato and cream-fleshed sweet potato. From the 13 aroma, 

texture, flavor and aftertaste attributes identified, the most differentiating attributes were flavor, 

density and adhesive textural characteristics, and the grainy and firm textural characteristics of 

the different varieties. Orange-fleshed varieties displayed a more dense and pasty texture, which 

was most intense in Resisto. W-119 had a more grainy texture as compared to other varieties (as 
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also found in the present study). Orange-fleshed sweet potato did not only differ in color as 

compared to the cream-fleshed variety Blesbok, but was sweeter and displayed flavor 

characteristics of yellow vegetables (such as butternut and pumpkin). Blesbok was more moist 

(agreeing with the present study) and fibrous.  

 

In the present study, Resisto was considered to be fairly high in dry matter content (22.6%), low 

in wateriness, medium in sweet flavor and medium in pumpkin-like flavor. Interestingly, Resisto 

as evaluated by Tomlins et al. (2007b) was considered to be watery and pumpkin-like as 

compared to African varieties Sinia B and Polista. The difference in wateriness emphasized the 

regional differences in preference for sweet potato. As compared to the consumer acceptability 

results in Section 7.4.5, orange-fleshed varieties in general, and also cream-fleshed variety 

Monate, performed better in the present consumer acceptability evaluation. Results from sensory 

studies are depending much on how the traits are defined, the scales set to score the different 

traits, and also the varieties included in the testing, as well as the influence which production 

area can have on the acceptability of a variety (Tomlins et al. (2004). 

 

The sensory panel was able to detect differences in the textural and color characteristics of the 

sweet potato varieties. These subjective evaluations correlated significantly with instrumental 

measurements, e.g. color a* and b* had strong positive correlations with orange color and strong 

negative correlations with yellow-green color; and instronforce was negatively correlated to 

wateriness. These findings are similar to findings in Section 7.4.7 and reiterate the possible use 

of instrumental measurements in future for evaluation of color and texture attributes.  

 

The consumer panel results did not show significant differences in color acceptability of the 

varieties, but there was an indication that Khano had a lower score than the other varieties. The 

taste acceptability scores distinguished Monate and Impilo with the highest taste scores. A large 

number of varieties had intermediate scores namely 2001-5-2, Serolane, Excel, Resisto, W-119 

and Ndou. Beauregard, Khano and 1999-1-7 had significant lower scores than the rest of the 

varieties for taste. The varieties with lower taste scores were those with the lower dry matter 

content – the dry matter content for all of these varieties was below 19.3%. These varieties were 

also among those that were rated the highest for “wateriness” in the descriptive sensory analysis. 
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The results on acceptability and sensory attributes of varieties will further be matched with the 

most important directives from an agricultural point of view in order to make to varietal 

recommendations (Chapter 9). 

 

There was a possible additional outcome from the present study through determining the 

association between consumer panel data and the sugar and instrumental analysis. This was to 

identify objective (‘unbiased’) measurements which can be used in future in the intermediate 

selection phases of the breeding program to select genotypes with acceptable taste and thus have 

the potential to boost genetic gains. In this instance it should be noted that the consumer 

acceptability was conducted at a single location and does not necessarily represent the view of 

the full target population of the breeding program. The most important attributes relating to the 

consumer panel taste acceptability (as identified through correlation analysis and PLS) were 

sweet flavor, dry matter content, maltose content, low wateriness and high instronforce. Low 

discoloration and low darker edges were moderately, but not statistically significant, correlated 

with consumer panel color acceptability. Hence with regards to taste, the determination of dry 

matter content, maltose content, instronforce and SE could be mentioned. In the breeding 

program, cooked roots can further be evaluated for discoloration and dark edges.  

 

In addition, measurements which can be done directly on fresh roots to indicate possible taste 

acceptability will be valuable, especially for use in early breeding generations. This will save the 

time of cooking the roots. Association between cooked and fresh roots confirmed that the 

determination of dry matter content of fresh roots, which was routinely done in the breeding 

program, was useful. Van Oirschot et al. (2003) stated that texture is a complex organoleptic 

sensation and thus measurement of dry matter content alone of fresh roots in breeding programs 

would not be sufficient in the prediction of taste. Based on correlation between cooked and fresh 

roots, measurement of starch content and SE in fresh roots will further assist to predict similar 

characteristics of cooked roots.  

  

8.6. Conclusions 

Orange-fleshed varieties identified with acceptable taste and color attributes, were Impilo, 2001-

5-2, Serolane, Excel, Resisto and W-119. Differences were detected in preferences of children 
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versus adults. In this regard, the taste of Blesbok was more acceptable to children than adults; 

likewise Resisto was more acceptable to adults than children. Sensory evaluation enabled 

distinction of 12 sweet potato varieties based on color, flavor and texture profiles. The major 

differences were in sweet flavor, dry matter content, maltose content and wateriness. A 

combination of consumer acceptability, sensory evaluation, sugar analysis and instrumental 

measurement was useful in elaborate characterization of sweet potato varieties. The texture and 

color measurements, and sugar analysis can be very useful in accurate quantification of attributes 

as these are objective determinations. The study was the first of this magnitude conducted in 

South Africa on orange-fleshed sweet potato and significant towards promotion of new orange-

fleshed sweet potato varieties in local food-based interventions. 
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 Chapter 9 

VARIETAL RECOMMENDATIONS AND CONCLUDING REMARKS 

 

The local sweet potato breeding program was aimed at the development of varieties with good 

yield and good root quality in combination with a sweet and dry taste as required by resource-

poor farmers (Laurie and Van den Berg, 2002; Laurie et al., 2002; 2004). Evaluation and 

development of orange-fleshed sweet potato to address vitamin A deficiency was added as a 

program goal in 1996, and since 2003 the entire breeding program has been focused on 

developing orange-fleshed sweet potato (Laurie et al., 2009). 

  

A number of new cream-fleshed as well as orange-fleshed varieties, introductions and lines have 

since been identified. The success of new sweet potato varieties will not depend only on 

production traits such as superior yield, but also on sensory and utilization acceptability (Tomlins 

et al., 2007b). It has been established that the most important traits used by resource-poor 

farmers in South Africa to select sweet potato varieties, are yield and yield stability, followed by 

taste (Domola, 2003; Van der Mescht et al., 1997). Thus Chapters 3 to 5, and 7 to 8 were focused 

on detailed characterization and evaluation of the new varieties with regard to adaptability, 

sensory attributes, consumer acceptability and nutrient content. These are critical traits for sweet 

potato varieties to be used for food security and alleviation of malnutrition and will be used in 

varietal recommendations.  

 

Index values can be used when aiming to improve several important traits at a time. An 

introduction to the use of index values in multivariate selection was prodived in Section 2.8. In the 

present study, the Elston multivariate weight-free selection index (Elston, 1963) was used to assist 

in selection of varieties with good all-round performance when considering agronomic traits as 

well as the consumer panel results and sensory attributes. In this regard the following results were 

used in calculation of the index values: 1) agronomic traits vine vigor, marketable yield, total yield, 

dry matter content and MET taste score; 2) consumer panel results namely consumer taste score 

and consumer color score); and 3) representative / distinctive sensory attributes namely sweet 

potato-like flavor, discoloration and graininess in the case of cream to yellow-orange varieties, and 

wateriness, discoloration in the case of orange-fleshed varieties). For orange-fleshed varieties, the 
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nutrient content (trans-β-carotene content) was added. The minimum value per trait was subtracted 

from each value to standardize the values for that trait. The standardized values were then 

aggregated into index values (Grüneberg et al., 2004). 

 

Firstly for the cream to yellow-orange varieties (Table 9.1), the results indicated that Amasi and 

Monate had the highest index values and were the best options for production by resource-poor 

farmers to address food security. These were followed by Lethlabula and Ndou.  

 

Amasi was characterized by a cream-orange flesh color, was moderately unstable and had 

average marketable yield and unstable average total yield. The vine growth was vigorous. The 

variety had high dry matter content and good taste both with the MET and consumer panel. With 

regards to sensory attributes, the flavor was very sweet and sweet potato-like, low discoloration 

occurred, the texture was not grainy, though it was watery and not firm. The only somewhat 

negative finding was that some consumers did not accept the yellow-orange and uneven cooked 

color.  

 

Monate was early maturing with unstable high total yield. Due to losses in marketability such as 

insect damage, rat damage and sprouting (note most of these roots are still consumable), the 

variety had average stable marketable yield. The vine growth was very vigorous and the flesh 

color cream. The variety had high dry matter content and good taste with the MET testing. The 

consumer panel did rate it lower for taste, but note that the taste of Monate was rated very good 

in Table 9.2 in the second consumer panel test. Sensory evaluation indicated the lowest uneven 

color in this variety; the flavor was medium sweet and medium sweet potato-like; the texture was 

not grainy, low in firmness and watery. 

 

Lethlabula was an early maturing variety with high moderately stable total yield, while the 

marketable yield was high and unstable. The vine growth was medium vigorous and the storage 

roots long oblong with cream flesh. The dry matter content was lower and with the MET the 

taste was average to bad. However, the consumer panel considered the cooked flesh color as very 

acceptable and the taste as acceptable. The sensory attributes of Lethlabula indicated low uneven 
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color and discoloration; the flavor was not sweet and medium sweet potato-like; and the texture 

was higher in wateriness and low in firmness.  

 

Ndou produces an unstable high marketable as well as total yield, and had a cream flesh. The 

variety had high dry matter content and good taste with the MET testing. The vine growth was 

medium vigorous. The sensory evaluation indicated higher discoloration in Ndou; the flavor was 

sweet potato-like and sweet; and the texture was medium firm and medium watery.  

 

In South Africa, sweet potato is part of both low (resource-poor farmers) and high technology 

(commercial farmers) agricultural systems. New varieties such as Ndou and Lethlabula with 

competitive yield as compared to Blesbok, can also be of value to commercial farmers. Ndou 

was recommended for commercial farmers delivering to the hawker market (which mainly 

supply resource-poor communities). Lethlabula, with both high yield and high storage root 

quality, was recommended for commercial farmers marketing at fresh produce markets which 

find cream-fleshed varieties acceptable. 

 

Differing concepts and definitions of varietal stability have been adopted in the evaluation of 

yield (Annicchiarico, 2002; Becker and Leon 1988; DeLacy et al., 1996; Lin et al., 1986), e.g. 

static, dynamic, or withstanding fluctuations of environments, and stable, sustainable yields 

under varying environments. Farmers are basically interested in consistently superior varieties 

specifically adapted to their conditions and needs, and which have a high degree of stability over 

time (Ceccareli, 1989). Thus sustainability is important. Grüneberg et al. (2005) in investigating 

G x E interactions in sweet potato in varying environments in Peru, concluded that a specifically 

adapted (unstable) genotype had considerable yield advantage over the widely-adapted 

genotypes, for low-yielding environments. These researchers emphasized that aiming only at 

high-yielding varieties with wide adaption, will be risky in sweet potato improvement programs 

because these varieties may not produce improved yield at low-yielding marginal environments. 

Unstable / responsive varieties have the specific advantage that they may be able to respond to 

changes in the environment in contrast to stable/non-responsive varieties. It could also be 

recommended that farmers grow a number of varieties to minimize risk. 
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In the present study the varieties can be classified as follows in terms of yield response:   

- Amasi (moderately unstable, average yield) produced better total as well as marketable 

yield at low-yielding environments. The variety had high total yield at some high-

yielding environments; 

- Ndou (unstable high yielding) had good total and marketable yield at low-yielding 

environments, but it was also high yielding at high-yielding environment, with exception 

of one high-yielding environment where the total yield was not performing well; 

- Monate (stable average marketable yield, unstable high total yield) produced high total 

and marketable yield at most high yielding environments; and 

- Lethlabula (unstable high yield) had high marketable and total yield at high-yielding 

environments. 

Varieties such as Ndou and Amasi are important for resource-poor farmer conditions. 

 

Secondly for the orange-fleshed varieties, the Elston ranking is indicated in Table 9.2. Impilo 

and 2001-5-2 had the highest index values and were the best options for production to address 

vitamin A deficiency.  

 

Impilo had stable high marketable yield to moderately stable high total yield. Despite the 

medium dry matter content, the taste was good based on the consumer panel testing. The variety 

had good vine vigor and vine thickness, and produces medium-sized, round elliptic roots. Some 

cracks, XXS, insect damage and sprouting (however this was still consumable) may occur. 

Despite this, Impilo produced the highest marketable yield of the orange-fleshed varieties. The 

flesh color was orange to light orange with mean trans-β-carotene at 50.91 µg/g raw root. This 

was lower than the breeding target of 55.00 µg/g raw root, however, can be recommended to 

populations with mixed dietary sources of vitamin A as was the case in South Africa. Impilo can 

be recommended for production in Roodeplaat, Elsenburg, Eastern Cape and Owen Sithole 

areas. The sensory attributes are high sweet flavor, medium sweet potato-like and medium 

pumpkin-like flavor; the color was slight yellow-green with high discoloration. Impilo had high 

fructose and glucose content, and low starch content. Consumption of a boiled portion of 100 g 

raw root of Impilo can potentially contribute to 101% of the recommended intake for vitamin A, 

20% of magnesium, 12% of zinc and 11% of iron for 4 to 8 year old children. 
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Table 9.1 Major agronomic, consumer panel results and sensory qualities (ranking of varieties per variable in brackets) of cream to 

yellow-orange varieties and the Elston ranking of the varieties  

  Testing in MET Consumer panel Sensory panel   Elston   

Variety Taste MET 
score 1 

Dry matter 
content  
% 

Vine 
vigor 2 

Marketable  
yield  
t/ha 

Total  
yield  
t/ha 

Consumer 
taste 3 

Consumer  
color 3 

Sweet 
potato- like 
flavor 4 

Discoloration 5 Graininess 5 rank index 

Amasi 2.21 ab   
(2) 

27.1 a  
(4) 

4.03 ab 
(2) 

36.58 b (6) 54.13 cd 
(6) 

3.40 abc 
(5) 

3.25 abc 
(8) 

67.3 a  
(1) 

4.2 cde  
(4) 

1.9 d  
(3) 

1 422499 

Monate 2.53 abc 
(4) 

26.6 a  
(6) 

4.23 a 
(1) 

37.81 b (5) 64.66 b 
(2) 

3.20 bc 
(9) 

3.28 abc 
(7) 

60.2 bc  
(4) 

5.7 abcd  
(7) 

1.1 d  
(1) 

2 248429 

Lethlabula 3.20 cde 
(8) 

22.7 b  
(9) 

3.59 abc 
(6) 

44.83 a (3) 63.19 b 
(4) 

3.38 abc 
(6) 

3.53 a   
(1) 

54.3 cd 
 (6) 

3.2 de  
(3) 

1.3 d  
(2) 

3 155678 

Ndou 2.29 ab   
(3) 

27.7 a  
(2) 

3.64 abc 
(5) 

45.79 a (2) 64.49 b 
(3) 

3.08 c 
(10) 

3.37 ab 
(4) 

63.4 ab  
(2) 

8.0 ab  
(9) 

2.4 d  
(4) 

4 56719 

Mokone 2.86 bcde 
(6) 

26.7 a  
(5) 

3.93 ab 
(3) 

39.90 b (4) 55.51 c 
(5) 

3.29 bc 
(8) 

3.32 abc 
(5) 

63.2 ab  
(3) 

2.8 de 
 (2) 

7.4 a  
(10) 

5 30045 

Blesbok 2.76 bcd 
(5) 

20.6 b  
(10) 

3.72 abc 
(4) 

48.40 a (1) 72.14 a 
(1) 

3.30 bc 
(7) 

3.40 a   
(2) 

54.1 cd  
(7) 

7.0 abc  
(8) 

3.3 bcd  
(6) 

6 18168 

Phala 3.52 e   
(10) 

26.2 a  
(7) 

3.41 bcd 
(7) 

31.31 c (7) 47.10 de 
(8) 

3.46 ab 
(3) 

3.38 a   
(3) 

51.6 d  
(9) 

8.7 a  
(10) 

7.0 a  
(9) 

7 537 

Serolane 3.14 cde 
(7) 

28 a   
(1) 

3.08 cde 
(8) 

29.04 c (9) 49.88 d 
(7) 

3.52 ab 
(2) 

3.05 c  
(10) 

35.7 e 
 (10) 

1.2 e  
(1) 

5.8 ab  
(8) 

8 77 

Mafutha 1.87 a     
(1) 

27.3 a  
(3) 

2.93 de 
(9) 

23.81 d 
(10) 

40.79 f 
(10) 

3.65 a   
(1) 

3.31 abc 
(6) 

57.6 bcd  
(5) 

5.2 bcd  
(6) 

5.2 abc  
(7) 

9 -769 

Mamphenyane 3.30 de   
(9) 

25.9 a  
(8) 

2.68 e 
(10) 

30.07 c (8) 46.62 de 
(9) 

3.41 abc 
(4) 

3.06 bc  
(9) 

53.9 cd  
(8) 

4.9 bcd  
(5) 

3.0 cd  
(5) 

10 -1515 

Mean 2.77 26.02 3.52 36.75 55.85 3.36 3.29 56.1 5.1 3.8    

1 Taste evaluation in MET; Score scale: 1 = excellent, 5 = very bad   

2 Score scale for vine vigor: 1 = very sparse; 5 = very vigorous   

3 Score scale for consumer panel: 5 = very nice, 1 = very bad   

4 0-100 scale where 0 = low, 100 = extreme (high values are desirable)   

5 0-100 scale where 0 = low, 100 = extreme (low values are desirable)   

Means for varieties in a column followed by the same letter are not significantly different at P ≤ 0.05 
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Table 9.2 Major agronomic, consumer panel results and sensory qualities (ranking of varieties per variable in brackets) of orange-

fleshed varieties and the Elston ranking of the varieties  

 Testing in MET Consumer panel Nutrient analysis Sensory attributes Elston  

Variety  Taste 
MET 
score 1 

Vine  
vigor 2 

Marketable 
Yield 
t/ha 

Total  
Yield  
t/ha 

Mean  
color  
score 3 

Mean  
taste  
score 3 

Beta-carotene 
µg/g raw 
root 

Dry  
matter  
content % 

Maltose  
% 

Sweet 
Flavor 4 

Wateriness 5 Discoloration 5 rank index 

Monate 6 2.51  
(3) 

3.83 
(1) 

35.6 b 
(2) 

55.0 a 
(2) 

3.56  
(1) 

3.82 a  
(1) 

0.31 e  
(11) 

24.9 cde 
(7) 

8.05  
(3) 

52.2 ab  
(2) 

18.5 a  
(9) 

7.4 cd  
(3) 

1 168525080 

Impilo 2.84 
(9) 

3.32  
(4) 

31.1 c 
(4) 

44.8 bc 
(4) 

3.31  
(8) 

3.79 a  
(2) 

50.91d  
(8) 

23.1 de  
(9) 

7.65  
(4) 

53.1 a  
(1) 

19.8 a  
(11) 

19.6 a  
(12) 

2 19424897 

Ndou 6 2.81  
(8) 

3.56  
(3) 

35.0 b 
(3) 

46.2 b 
(3) 

3.17  
(10) 

3.65 
ab (8) 

1.34 e  
(3) 

27 bc  
(4) 

10.11  
(2) 

50.4 abc  
(3) 

18.4 a  
(8) 

11.5 bcd  
(9) 

3 17976624 

2001-5-2 2.49  
(2) 

3.13  
(8) 

27.0 de 
(7) 

37.2 e 
(8) 

3.33  
(7) 

3.72 
ab (3) 

118.00 bc  
(10) 

23.9 de  
(8) 

7.26  
(6) 

47.1 abc  
(5) 

17.6 ab  
(6) 

6.5 cd  
(2) 

4 14993694 

Excel 2.04  
(1) 

3.22  
(7) 

19.6 f 
(11) 

31.0 f  
(10) 

3.46  
(2) 

3.69 
ab (5) 

52.00 d  
(7) 

26.7 bc  
(5) 

7.18  
(7) 

42.9 bcde  
(7) 

10.1 c  
(4) 

10.8 bcd  
(7) 

5 7502866 

1999-1-7 3.07 
(12) 

2.69  
(12) 

27.9 cd 
(6) 

39.1 de 
(6) 

3.39  
(5) 

3.33 
bc (10) 

95.58 c  
(6) 

25.1 cd  
(6) 

6.5  
(9) 

49.1 abc  
(4) 

11.8 bc  
(5) 

11.1 bcd  
(8) 

6 5006303 

Serolane 2.57  
(4) 

3.03  
(9) 

20.0 f 
(10) 

36.5 e 
(9) 

3.36  
(6) 

3.71 
ab (4) 

51.06 d  
(9) 

30.5 a  
(1) 

11.53  
(1) 

42.3 bcde  
(8) 

7.7 c  
(2) 

13.8 abc  
(10) 

7 4143986 

W-119 2.70  
(6) 

3.29  
(5) 

19.5 f 
(12) 

27.0 g 
(1) 

3.04  
(11) 

3.67 
ab (7) 

104.64 c  
(4) 

28.7 ab  
(2) 

6.72  
(8) 

40.7 cde  
(9) 

7.2 c  
(1) 

10.5 bcd  
(6) 

8 179843 

Blesbok 6 2.88 
(10) 

3.26  
(6) 

40.2 a 
(1) 

56.6 a 
(1) 

3.43  
(4) 

3.40 
abc (9) 

0.14 e  
(12) 

18.7 f  
(12) 

5.16  
(11) 

34.4 ef  
(11) 

23.3 a  
(12) 

4.9 d  
(1) 

9 4463 

Khano 3.35 
(11) 

3.64 
(2) 

24.5 e 
(8) 

37.7 e 
(7) 

3.00  
(12) 

3.14 c 
(11) 

140.36 ab  
(2) 

22.4 e  
(10) 

6.43  
(10) 

36.3 def  
(10) 

18.2 a  
(7) 

16.7 ab  
(11) 

10 0 

Beauregard 2.81  
(7) 

2.89  
(10) 

30.3 cd 
(5) 

42.4 cd 
(5) 

3.43  
(3) 

3.11 d 
(12) 

96.46 c  
(5) 

19.8 f  
(11) 

5.14  
(12) 

30.0 f  
(12) 

18.9 a  
(10) 

8.2 cd  
(4) 

11 -3458 

Resisto 2.69  
(5) 

2.84  
(11) 

20.7 f 
(9) 

27.0 g 
(12) 

3.26 
 (9) 

3.68 
ab (6) 

164.56 a  
(1) 

27.3 bc  
(3) 

7.3  
(5) 

44.8 abcd  
(6) 

9.6 c  
(3) 

8.9 cd  
(5) 

12 -2337314 

Mean 2.78 3.22 27.6 40.05 3.31 3.56 72.94 24.8 7.42 43.6 12.9 10.8    

1 Taste evaluation in MET; Score scale: 1 = excellent, 5 = very bad 6 Cream-fleshed varieties  

2 Score scale for vine vigor: 1 = very sparse; 5 = very vigorous   

3 Score scale for consumer panel: 5 = very nice, 1 = very bad   

4 0-100 scale where 0 = low, 100 = extreme (high values are desirable)   

5 0-100 scale where 0 = low, 100 = extreme (low values are desirable)   

     Means for varieties in a column followed by the same letter are not significantly different at P ≤ 0.05   
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Line 2001-5-2 was characterized by unstable high marketable yield, average number of roots 

usually of medium size and unstable average total yield of which a high percentage of roots were 

marketable. As mentioned in Chapter 4, responsiveness of 2001-5-2 may cause the clone to be 

able to respond to changes in the environment in contrast to stable/non-responsive varieties. The 

variety had medium dry matter content, and received a high score from the consumer panel 

evaluation. The roots are elliptic to long elliptic in shape. The flesh was dark orange and the 

mean trans-β-carotene content 118.00 µg/g raw root. The vine growth had average vigor and the 

vines are thin. Line 2001-5-2 was recommended for production in Owen Sithole area, and to 

some extent in Eastern Cape and Elsenburg areas. The sensory attributes includes sweet flavor, 

medium pumpkin-like and sweet potato flavor; with regard to color it was high in orange color, 

low in dark edges but high in discoloration; and the texture was somewhat watery, medium in 

graininess and low in firmness. Line 2001-5-2 was low in starch content, and high in fructose 

and glucose content. Consumption of a boiled portion of 100 g raw root of 2001-5-2 can 

potentially contribute to 233% of the recommended intake for vitamin A, 19% of magnesium, 

13% of zinc and 8% of iron for 4 to 8 year old children. 

 

Beauregard had a low index value (Table 9.2). However, this variety is being produced 

commercially. Though the consumer panel taste score and dry matter content was low, when 

roots which was not used for export are marketed to the hawker market, this variety can make a 

contribution to vitamin A supply. Beauregard had a mean trans-β-carotene content of 96.46 µg/g 

raw root. Consumption of a boiled portion of 100 g raw root of Beauregard can potentially 

contribute to 191% of the recommended intake for vitamin A, 15% of magnesium, 14% of zinc 

and 7% of iron for 4 to 8 year old children. The variety was early maturing, widely adapted with 

high stable yield of relatively large long elliptic to long oblong roots. Beauregard can be 

recommended for production in Roodeplaat, Elsenburg and Owen Sithole areas.  

 

Since the breeding of orange-fleshed sweet potato had been ongoing for a relatively short period, 

as compared to development of cream-fleshed varieties, it was acknowledged that large efforts 

can still be devoted to improvement of orange-fleshed sweet potato varieties in South Africa. 

Efforts should focus to improve the yield to match that of cream-fleshed varieties, while 
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maintaining the β-carotene content at minimum 95 µg/g raw root as well as acceptable dry matter 

content. 

 

In this regard, Grüneberg et al. (2005) recommended the use of index selection in the breeding 

phases, as opposed to selection in successive stages using tandem or independent culling 

selection. These researchers indicated that G x E was small for nutritional traits, thus selection 

for nutrient content can be conducted centrally at two sites representing major agro-geographic 

areas, while yield assessment will be done over a larger number of environments from early 

selection phases. In this regard Grüneberg et al. (2004) suggested that a two-step selection 

system was superior to a one-step system over two seasons. Thus, using a single replicate at two 

locations in phase one (seedling nursery or at least at initial evaluation phase), followed by five 

locations with two replicates in phase 2 (preliminary yield trial). This constitutes the rapid 

breeding procedure for sweet potato. 

 

Possible selection methods which can be included in the South African sweet potato breeding 

program, were identified. Measurement of color L*  and color a* (correlating strongly with β-

carotene content) can provide a quantitative method to assist in early selection phases. The β-

carotene content can then be predicted with the mathematical function which was developed. 

Actual β-carotene content (and content of other minerals) can then be determined only in 

advanced lines / pre-release phase. Future research on mineral and vitamin C content (at varietal 

release phase) should consider determination of nutrient content on at least three replicates. 

However, this will have considerable cost implications. 

 

Based on the results of consumer panel evaluation, the following recommendations are made to 

predict taste and color acceptability of lines in selection phases in the South African program. 

Dry matter content can still be determined in the initial and preliminary phases, while 

instrumental color and texture measurement can be included in the intermediate phase. Finally, 

in the advanced phase, maltose content and SE can be determined. In this regard, strong 

correlations were found between starch content, dry matter content and SE of cooked roots and 

fresh roots, thus this assessment can be done on fresh roots thereby saving time on the cooking of 

roots of a large number of breeding lines. Taste and texture remain complex organoleptic 
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sensations and cannot not be determined by simple measurements such as e.g. dry matter content 

(Van Oirschot et al., 2003), and thus consumer panel and sensory panel evaluation will be 

required at varietal release stage. Future research can determine the starch fractions in the 

different varieties to investigate how this relates to taste acceptability. 

 

It is acknowledged that various other traits are of importance in sweet potato varietal 

development. For example drought tolerance and resistance to important pests and diseases, are 

becoming increasingly important in sweet potato breeding, as indicated by Tumwegamire et al. 

(2004) and Mwanga et al. (2007). One such disease is Alternaria stem blight (Osiru et al., 2007), 

which was found on orange-fleshed breeding lines and varieties in South Africa (Narayanin et 

al., 2009). Furthermore tolerance/resistance to virus, weevil and other insects, vine persistence 

and vine multiplication rate are important traits. Though outside the scope set for discussion in 

the present study, it should be noted that the breeding procedure did include selection/screening 

for drought tolerance, occurrence of Alternaria blight, and insect infestation (indicated in as 

unmarketable yield class), and vine multiplication trials were in progress. From these evaluations 

it could be mentioned that Impilo was found to be moderately tolerant to Alternaria blight and 

Fusarium wilt.   
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SUMMARY 

 

Malnutrition, including vitamin A deficiency, and food insecurity are national priorities in South 

Africa. Sweet potato has several agronomic advantages giving it potential to address both 

priorities. The crop is popular amongst resource-poor farmers as it is easy-to-grow and hardy. 

Orange-fleshed genotypes (β-carotene-rich) are used internationally in crop-based approaches to 

address vitamin A deficiency. Due to a shortage of varieties with desirable traits for resource-

poor farmers, several new varieties have been developed. The overall objective of this study was 

to evaluate the agronomic performance, sensory quality and nutrient content of new South 

African varieties.  

 

The ANOVA of new varieties in MET, indicated significant differences in dry matter content, 

marketable yield, number of marketable roots and total yield. AMMI and GGE biplot analysis 

showed that cream-fleshed varieties Ndou and Lethlabula produced yields comparable to the 

commercial variety Blesbok. Ndou (unstable high yield), Mokone and Monate (stable, average 

yields) and Amasi (moderately unstable, average yield) had dry matter content similar to the 

control variety Mafutha (known for sweet and dry taste). Recommending these new varieties will 

have a considerable yield advantage over Mafutha, with a possible impact on food security. From 

MET with nine orange-fleshed varieties the ANOVA and GGE SREG analysis indicated that 

Impilo produced stable, high yield and 2001-5-2 unstable, high yield. Both had average dry 

matter content. The two varieties offer a significant yield advantage above USA imports, 

previously recommended to address vitamin A deficiency. Orange-fleshed varieties produced 

significantly lower yield than cream-fleshed ones.  

 

Raw roots of nine orange-fleshed varieties, harvested from MET at four agro-geographical 

production sites, had an overall mean trans-β-carotene content of 5091 to 16456 µg/100 g. 

Resisto, Khano, 2001-5-2, W-119, Beauregard and 1999-1-7 exceeded 5500 µg/100 g β-carotene 

(breeding target). Dry matter content ranged from 23.1% (Impilo) to 28.7% (W-119). The 

content of six minerals was determined. Consumption of a boiled portion of 100 g raw root of all 

nine varieties can potentially contribute to ≥100% of the recommended intake for vitamin A, 

21% of magnesium, 12% of zinc and 9% of iron for 4 to 8 year old children. 
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CIE L* and a* color measurement of nine varieties with varying orange flesh color had the best 

correlations with total β-carotene content, and is a faster selection method. A mathematical 

function with natural logarithm (ln) transformation derived to predict total β-carotene content 

from color L* , predicted 91% of the values with >75% accuracy.  

 

The color and taste acceptability of boiled sweet potato of new varieties were evaluated in two 

experiments by grade 1 – 7 learners and adults in a BIBD using a 5-point hedonic scale. A 

trained panel found clear differences in the sensory attributes of the varieties. Cream to yellow-

orange varieties, Mafutha, Lethlabula and Phala had the highest consumer panel (n=190) scores, 

associated most with wateriness, discolor, graininess, gumminess, sweet potato-like flavor and 

instronforce. Orange-fleshed varieties Impilo, Excel, Resisto, 2001-5-2, Serolane and W-119, 

and cream-fleshed varieties Monate and Ndou were acceptable to the second consumer panel 

(n=216), mostly related to dry matter content, maltose content, sweet flavor, wateriness, 

discoloration and dark edges. High maltose and starch content were found in Ndou, Serolane, 

Resisto and Monate; while Blesbok, Impilo and 2001-5-2 had high fructose and glucose content. 

Orange-fleshed varieties were as acceptable as cream-fleshed varieties.  

 
The present study provides novel results on G x E analysis, comprehensive and systematic 

determination of nutrient content, consumer and sensory assessment of a considerable number of 

new cream to orange-flesh sweet potato varieties promoted in South Africa. Varieties Ndou, 

Mokone, Monate and Amasi were recommended to address food security; and Impilo and 2001-

5-2 to address vitamin A deficiency.    

 

Keywords: β-carotene content, color measurement, consumer preference, Elston index, GGE 

biplot, sensory analysis, stability, sweetpotato, vitamin A deficiency 
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OPSOMMING 

 

Wanvoeding, insluitend vitamien A tekorte, en voedselsekuriteit is van nasionale belang in Suid-

Africa. Patats het potensiaal om beide prioriteite aan te spreek aangesien die gewas verskeie 

agronomiese voordele het. So bv. is patats gewild onder kleinboere omdat dit maklik groei en 

gehard is. Oranje patats (ryk aan β-karoteen) word internasionaal gebruik in gewasgebasseerde 

pogings om vitamien A tekorte aan te spreek. Daar was ‘n tekort aan variëteite met geskikte 

eienskappe vir kleinboere, sodoende is verskeie nuwe variëteite ontwikkel. Die doel van die 

studie was om nuwe Suid-Afrikaanse variëteite vir agronomiese prestasie, smaak en 

voedingswaarde te evalueer.  

 

Analise van variansie van resultate oor verskeie lokaliteite het gewys dat nuwe variëteite 

betekenisvol verskil in droëmassa, bemarkbare opbrengs, aantal bemarkbare stoorwortels en 

totale opbrengs. Volgens AMMI en GGE biplot analises is die opbrengste van roomvleis 

variëteite Ndou en Lethlabula (met stabiele hoë opbrengs) vergelykbaar met dié van Blesbok 

(kommersiële variëteit). Mokone en Monate (beide met stabiele, medium opbrengs) en Amasi 

(medium onstabiel, medium opbrengs) se droëmassa-inhoud was soortgelyk aan dié van 

Mafutha, die kontrole vir soet en droë smaak. Aanbeveling van die nuwe variëteite kan 

aansienlike opbrengsverhogings en impak op voedselsekuriteit teweegbring. Uit proewe met 

nege oranje variëteite wys ANOVA en GGE SREG analise dat Impilo ’n hoë, stabiele en 2001-5-

2 onstabiele, hoë opbrengs het. Beide het ‘n gemiddelde droëmassa-inhoud. Dié variëteite bied 

betekenisvolle opbrengsverhogings bo variëteite vanaf die VSA, wat voorheen aanbeveel is om 

vitamien A tekorte aan te spreek. Die opbrengs van orange variëteite is steeds betekenisvol laer 

as roomvleis variëteite.  

 

Rou stoorwortels van nege oranje variëteite, vanaf proewe by vier agro-geografiese areas, het ‘n 

gemiddelde trans-β-karoteen inhoud van 5091 tot 16456 µg/100 g gehad. Resisto, Khano, 2001-

5-2, W-119, Beauregard en 1999-1-7 het die teeldoelwit van 5500 µg/100 g β-karoteen oortref. 

Droëmassa-inhoud het gewissel van 23.1% (Impilo) tot 28.7% (W-119). Ses minerale se inhoud 

is ook bepaal. Wanneer ‘n gekookte porsie van 100 g rou patat van enige hierdie variëteit geëet 
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word, is die potensiële inname ≥100% van die aanbevole inname van vitamien A, 21% van 

magnesium, 12% van sink en 9% van yster vir die ouderdomsgroep 4 tot 8 jaar. 

 

CIE L* en a* kleurmetings van nege oranje variëtiete, met ‘n variasie in vleiskleur, het die beste 

gekorreleer met β-karoteen inhoud, en is ’n vinniger seleksiemetode. ‘n Wiskundige vergelyking 

met ‘n natuurlike logaritmiese (ln) transformasie afgelei om  totale β-karotene te skat uit L* -

waardes, het 91% van die waardes met >75% akkuraatheid voorspel.  

 

Die kleur- en smaakaanvaarbaarheid van die nuwe variëteite is getoets deur Graad 1 – 7 leerders 

en volwassenes in ‘n BIBD uitleg d.m.v. ‘n 5-punt hedoniese skaal. ’n Opgeleide proepaneel het 

duidelike verskille in die sensoriese eienskappe van die variëtiete gevind. Die verbruikerspaneel 

(n=190) het die hoogste punte toegeken vir die room en geel-oranje variëteite Mafutha, 

Lethlabula en Phala. Dit was geassosieër met waterigheid, verkleuring, instrumentele fermheid, 

korrelrigheid en patatsmaak. Oranjevleis variëteite Impilo, Excel, Resisto, 2001-5-2, Serolane en 

W-119, sowel as die roomvleis variëteite Monate en Ndou was aanvaarbaar vir die tweede 

verbruikerspaneel (n=216). Dit was geassosieer met droëmassa-inhoud, maltose-inhoud, 

soetsmaak, waterigheid, verkleuring en donker rante. ‘n Hoë maltose- en styselinhoud is in 

Ndou, Serolane, Resisto en Monate gemeet, terwyl Blesbok, Impilo en 2001-5-2 hoog was in 

fruktose en glukose. Oranjevleis variëteite was net so aanvaarbaar soos roomvleis variëteite.  

 
Hierdie studie het nuwe resultate gelewer oor genotipe by omgewing interaksie, het omvattende 

bepaling van die inhoud van sekere nutriënte gedoen, asook verbruikersevaluasie en sensoriese 

beskrywing van nuwe room- tot oranjevleis patatvariëteite wat in Suid-Afrika bevorder word. 

Ndou, Mokone, Monate en Amasi word aanbeveel vir voedselsekuriteit.  Impilo en 2001-5-2 

word aanbeveel om vitamien A tekorte aan te spreek.    

 
Kern woorde: β-karoteen inhoud, kleurmetings, verbruikersvoorkeure, Elston indeks, GGE 

biplot, sensoriese analise, stabiliteit, soetpatat, vitamiene A tekorte 
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