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Chapter 1
GENERAL INTRODUCTION

Expectations are that the world population willrgese to as high as 7.7 billion people by 2020
(United Nations, 2007). This will increase the lemdon food production systems and
emphasizes the need for relevant resedRelsearch investments made today will, over the next
15-20 years, strongly affect the following: 1) tlade of root crops in the global food system; and
2) the potential of these crops to help improvedfgecurity and eradication of poverty (Scott et
al., 2000).

Sweet potato is one of the seven major staplesupsatiglobally (Kays, 2005) with an annual
production of 121.5 million tons (FAO, 2005), of mh only 12 million tons are produced in

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

this excludes production by the informal sector.sMof the fresh produce is used in the boiled
form for human consumption (Laurie, 2004a). Thistrorop is largely underutilized in South

Africa.

Amongst local resource-poor farmers in South Afreaeet potato is a popular crop. A survey
on the production and use of sweet potato, conduwtieing 1996 - 1998 in South Africa, found

that some of the main factors hindering sweet pgbabduction by resource-poor farmers were
low yield and yield instability resulting from these of old landraces (Van der Mescht et al.,

1997).Improved, adapted varieties would therefore bamsdll production.

Sweet potato also has a number of agronomic adyesitavhich gives it an exciting potential in
combating food shortages and malnutrition (Bovedhamin, 2007; Woolfe, 1992). These
include high yield and productivity across a ran§environments, and it being a rich source of
nutrition (high carbohydrate content and hjgharotene content found in orange-fleshed types).
It is a hardy crop that requires less labor thdreiotrops, as soon as the vines cover the saill,
weed growth is reduced and input requirements @seblecause of relatively few diseases and
pest problems (Lebot, 2009). The storage roots lgaweel storage ability (in-field or in-house)
and it is a multi-purpose crop (roots are ediblaldal or processed, and young tips are used as



green vegetables; roots and tops are used for ameed) (Woolfe, 1992). Considering that
nationally only 20% of South African households eged to be food secure (Gericke and
Labadarios, 2007), realization of the agricultuadivantages of sweet potato through suitable
varieties would contribute considerably towardsiowng food security.

Sweet potato is not only a food security crop, @nge-fleshed sweet potato varieties have the
additional benefit of containing high quantitiespatarotene, a major provitamin A carotenoid.
Globally vitamin A deficiency is among the leadioguses of disease burden and mortality
(Ezzati et al., 2002). Vitamin A deficiency is a jorapublic health problem in the developing
world, including South Africa. A recent nationalreely showed that 64% of 1 to 9 year old
children suffer from vitamin A deficiency (Labadasiet al., 2007). Vitamin A deficiency causes
health problems related to vision and infectionstthas far-reaching consequences on the

growth, development and health of the populatiois{@ng, 1995).

Production and consumption of foods rich in prawita A is considered a sustainable long-term
strategy to address vitamin A deficiency and isduse many parts of the developing world
(Johns and Sthapit, 2004; Underwood, 2000). Clodeliked to this strategy is crop
biofortification. This entails the development ofcnonutrient-dense food crops (Nestel et al.,
2006) and holds great promise in improving dietqugality (Ruel and Levin, 2002). Orange-
fleshed sweet potato offers one of the best souotesaturally occurringp-carotene (Van
Jaarsveld et al., 2005). It is currently promotedouth Africa in crop-based projects targeting
low-income households for controlling vitamin A mééncy (Faber et al., 2002; Laurie and
Faber, 2008). Adapted, suitable varieties of ordieghed sweet potato would improve the
efficiency of such programs.

The typical requirements for successful crop veesare high performance for yield and other
essential agronomic traits, and their superiontyhiese traits over a wide range of environments
(Ramagosa and Fox, 1993). For sweet potato, brgetkid and adaptability are also considered
as prominent objectives (Hall and Phatak, 1988fferences between genotypes in their yield
stability are fundamentally caused by a wide o@noe of genotype by environment (G x E)

interactions, or differential genotypic expressiacross environments. Little information is



available orG x E variation in sweet potato as compared toratiggor staples (Griineberg et al.,
2005). A common strategy in cultivar assessmenfgraras is to test genotypes over a
representative range of environments, thereby ocoyex representative sample of spatial and
temporal variation (Ramagosa and Fox, 1993). Type tof information was lacking for new

sweet potato varieties in South Africa.

In sweet potato breeding programs taste should lzsoonsidered. Taste is considered as the
most important trait, after yield, in cultivar cleeiof sweet potato (Domola, 2003). Consequently
taste is very important to improve chances of adopbf the new varieties, especially for
orange-fleshed sweet potato (Pfeiffer and McClaffe2007). Consumer acceptability and
sensory evaluation on new sweet potato varieti€outh Africa are limited to a single study on
some orange-fleshed sweet potato varieties (Lemg2607), and more comprehensive studies

are needed.

Another key trait is nutrient content and the iefigce of the growingenvironment on
micronutrient expression (Pfeiffer and McClaffer8007). This information is important for
making cultivar recommendations to promoting thedpiction and consumption of orange-
fleshed sweet potatoes to alleviate vitamin A deficy. Few data is available on nutrient
content of sweet potato in South Africa. Since ieatr analysis is time consuming and
expensive, the identification of a quick assesgsm@thod which correlates sufficiently wifa
carotene content, would be helpful in breeding aahbction of orange-fleshed sweet potato
varieties (Pfeiffer and McClafferty, 2007).

The overall objective of this study was to evalu#lte agronomic performance, consumer
acceptabilityand content of selected nutrients of the new swetdto varieties. The specific

objectives were as follows:

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

varieties in multi-environment trials (MET) withrfaer-participation;

2. To determine the content of selected nutrienteliected new varieties;



3. To determine the correlation between color measenemmf sweet potato flesh and actual

B-carotene content;

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

consumer acceptability trial;

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

6. To make informed varietal recommendations basealldrits.

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

agronomic traits of major importance namelield and adaptability were considered, as
evaluated at targeted areas in South Africa aimedh@ needs of resource-poor farmers,
excluding e.g. disease resistance, effect of varl@mrvesting dates and storage ability; 2) due to
cost implications, the present study only measseddcted important nutrients in the raw sweet
potato excluding the effect of storage and proogssin nutrient content; and 3) a consumer
study was conducted only at one location. The tesherefore are applicable to the areas under
consideration and are not fully representative omational scale, though representative

environments for the different climatic zones ofipAfrica were chosen.



Chapter 2
LITERATURE REVIEW

2.1. Origin and significance of sweet potato

2.1.1. Origin, botanical description and domestication

The sweet potatoljomoea batatgsbelongs to the Convolvulaceae or morning glomifa
Amongst the 50 genera and more than 1000 specidssofamily, onlyl. batatasis of major
economic importance (Hall and Phatak, 1993; Wodl892). In the family of an estimated 400
wild Ipomoeaspecies, it is the only known naturally occurrimexaploid (2n = 6x = 90) (Jones,
1986). Since no wild form dof batatashas been found, it is assumed thdiatatasdeveloped
from an interspecific cross between a diploid aneteaploidipomoeaspecies in the. trifida
complex. In natural state the sweet potato plarg @erennialput it is being cultivated as an

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

Mendelian genetic studies are very complex in piésit due to hexaploidy. Inheritance of most
traits has been found to be quantitative (Martid danes, 1986), but segregation in many traits
can be explained on the basis of multiple factsouniic models and thus quantitative genetic
theories formulated for diploids, can be appliedsteeet potato (Jones, 1969). Hexaploidy in
sweet potato most likely evolved by genome mutatiod hybridization, since the set of six

chromosomes consists of two closely related sethimmosomes of which one set is duplicated
(e.g. B B;1 B; B; B, By) (Austin and Huaman, 1996).

Recent results of molecular marker studies sug@estral America as center of origin of the
sweet potato (Gichuki et al., 2003). Common namedsatin America are ‘batata’, ‘camote’ and

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

Americans probably already cultivated sweet powtoe 3000 years BC from where the crop
was spread to other parts of the world, includhgytropical areas of Africa by the Spanish in the
16" century. The crop was introduced to South Africarly after the Dutch colonized the Cape
in 1652 (Bester and Louw, 1992).



2.1.2. Agricultural importance

As a world crop, it ranks seventh after wheat,,rroaize, potato, barley and cassava from the
viewpoint of total production, and in monetary termt ranks thirteenthglobally in the
production value of commaodities (Scott et al., 20B@ell and Mutuura, 1994; Woolfe, 1992).
Over 95% of the global sweet potato crop is producedeveloping countries, where it is the
fifth most important food crop in terms of fresh weigdGJAR, 2004). The recent annual world
production was 121.5 million ton on 9.2 million kere with an estimated average yield of 13.2 t
ha' (FAO, 2005). Of this, 88% was produced in Asi&%.in Africa, 0.8% in Central/North
America and 1% in South America. China is by fa lrgest producer, accounting for 83 % of

the world supply at 100.2 million ton produced aalhyuon 5.1 million hectare.

In Africa, 11.6 million ton are produced and theeaage yield is only 3.9 t/ha (FAO, 2005). The
largest producers are Nigeria, Uganda and TanzBolknwing cassava and yam, sweet potato is
the third most important root and tuber crop in-Samaran Africa (Ewell and Mutuura, 1994).
Here sweet potato is generally grown on small scpkmarily for food security. The
consumption pattern is either part of starchy stépbds, or as supplementary food (Minde et al.,
1999).

In South Africa, sweet potato is part of both lomdahigh technology agricultural systems.
Commercial farmers use mechanized production, wie technology is utilized for home
production (Van der Mescht et al., 1997). Sweetjmots grown as mono crop or mixed with
maize or legumes by resource-poor farmers. In 260700 ton was produced of which 20 900
ton were sold on the national fresh markets atvaenage price of R2 104 per ton (NDA, 2008).
This is a marked increase in price compared topaato, surpassing the price of potato in 2006.
The major production areas are in the subtropiedsaof Limpopo, Mpumalanga and KwaZulu-

Natal, also in the Western Cape Province (Lauf@42).

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 sweatiapo gene pool (Martin and Jones, 1986). An

excellent example is thg-carotene content which ranges between 0 - 20p@0000 g in raw



roots (Woolfe, 1992). Likewise, large genetic vaoia is found for starch and sugars. Moderate

variation is found for protein and minerals sucliras and zinc.

The major goals of current research and developm@grams focusing on the improvement of

sweet potato include:

« Improved root yield, dry matter yield, foliage ydeland maturity period (Lebot, 2009);

- Disease and pest resistance, e.g. resistance tet ya¢ato feathery mottle virus
(SPFMV) disease, resistance to the sweet potatoviwé€ylas formicariuy and

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

« Increased nutritional value focusing on the improeat of thep-carotene content of
sweet potato as part of the HarvestPlus Crop Bidifiation Program (HarvestPlus,
2004). Some programs focus on varieties with purfdsh with high levels of
anthocyanins (Steed and Truong, 2008);

e Taste attributes, which differ among different et (Martin and Jones, 1986);

« Processing attributes such as starch quality (Koraak Yamakawa, 2005; Woolfe,
1992); and

« Tolerance to abiotic stress including salinity, bt and acid soils.

The principal followed in breeding clonally prop&egh crops is to break the normal clonal
propagation process with sexual seed productiortlzargby creating genetic variation. Crossing
is done fairly easily in sweet potato due to thet that when different genotypes are planted
together and flower, they naturally cross-fertiliighie to insects, mainly bees) and set seed
(Martin and Jones, 1986). Sweet potato is selfamuatible, except for a very few exceptions,
and this is the principle on which the polycrosstem is based (Lebot, 2009). Desirable traits
are combined through the polycross method (Hall Rhdtak, 1993; Lebot, 2009), using 20-25
parents selected for their specific traits, planteda randomized block in the field with
replications. Flowering can be enhanced by graftingpomoea setos@.am et al., 1959). The
seeds are scarified with concentrated sulfuric,asahd paper or chipping of the seed coat to
allow germination (Wilson et al., 1989). The seegi are raised in a seedling nursery and each

seedling is a different genotype (no further genetiange will occur). Selection is conducted in



subsequent evaluation phases based on the desirediriy traits (Wilson et al., 1989; Laurie et
al., 2004). After starting recombining of parentsfakes on average 7-8 years until variety

release.

Published information on inheritance of qualityitsaare few for Africa compared to a wealth of
information for the USA (Jones, 1986). Kanju (20@@ntributed by publishing broad-sense
heritability and correlations for a sweet potat@ylation in South Africa. Heritability estimates

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

significant positive correlations were observedalsein root number and root weight, between
total soluble solutes (TSS) and dry matter condeak between taste and TSS. Highly significant
negative correlation was found between root weayid dry matter content and between root
flesh color and dry matter content. The data inédahat heritability estimates allowed for rapid
genetic advancement for most traits. Likewise Tgegat al. (2007) recorded high genetic
coefficients of variation, and high heritabilityrfoumber of roots, root weight and root yield per
plant. However, most yield and quality-relatedtgavere distributed continuously in a study by
Lin et al. (2007), which is indicative of quantitesly inherited traits and therefore improvement

for a combination of these traits is complex amquiadonged process.

2.2.2. Participatory varietal selection

It is widely recognized that formal breeding hasdmaa limited contribution to improved
production by resource-poor farmers in marginal aadable environments (Ceccarelli and
Grando, 2006). Globally breeders have mainly foduse cereals and cash crops produced under
favorable high input agricultural systems (Almelensiand Elings, 2001; Banzinger and Cooper,
2001). The spill-over effect of this material taManput environments has been very limited and,
thus, during the 1980’s farmer participation wasiated in order to encourage the adoption of
higher yielding varieties by resource-poor farmerhis applies strategy especially to areas
dominated by landraces (Virk and Witcombe, 2006 emhselection was based on released
varieties or varieties that were close to releadgtcombe, 1996), which has been termed

Participatory Varietal Selection (PVS).



PVS is a logical step before Participatory Planedgling (PPB). PPB, and the more recent
technique called Decentralized Participatory PlBreeding (DPPB), is considered the most
appropriate method to develop varieties for mailgihmh stress environments, together with
low input agricultural systems (Almekinders andngB, 2001; Ceccarelli and Grando, 2006;
Dawson et al.,, 2007). PVS can rapidly provide fasmesith improved germplasm, while the
selected germplasm can flow into PPB programs. Eapatrticipation in the advanced stages of
sweet potato varietal selection has been usedire.Gthiopia (Shamebo and Belehu, 2000),
Kenya (Ndolo et al., 2001), Tanzania (Chirimi et 2000) and Uganda (Abidin, 2004). A very
good example of the use of DPPB was the on-farmcieh from seedling stage from which

new sweet potato varieties were developed in UgéBdason et al., 2008).

Broadly two types of plant breeding programs cardiséinguished, namely, consultative and
collaborative, which are similar to formally ledy(la researcher) and farmer led (Witcombe,
1996; Almekinders and Elings, 2001; Sperling et 2001). In the South African sweet potato
breeding studies described here, PVS was emplayadhich the consultative and collaborative
methods were combined (Laurie and Magoro, 2008)thin MET, farmers were not only

consulted to indicate their preference, but wekmlwed in the cultivation. This presented the
opportunity for selection in low input and reduagadnagement conditions, resulting in a more
effective selection for the needs of resource-gaaners in South Africa. However, it left the

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

2.2.3. Breeding of sweet potato in South Africa

Formal sweet potato breeding in South Africa wasaited in 1952 (Bester and Louw, 1992).
Sixteen varieties were released until 1996, moaihged at commercial producers. The most
successful of these was Blesbok, a purple-skinngld yielding cultivar with low dry matter
content (Bester et al., 1991).

The local sweet potato breeding program from 1392@02 aimed at the development of
varieties with good yield and good root qualitydambination with a sweet and dry taste as
required by resource-poor farmers (Laurie and Viam Blerg, 2002; Laurie et al., 2002; 2004). A

survey was conducted in 1996/97 and 1997/98 onptioeuction and use of sweet potato



(Thompson et al., 1999) in South Africa and indecathat resource-poor farmers were limited

by low yields and yield instability as a resultusing old landraces.

Since 1996, breeding orange-fleshed sweet potaaoldeoess vitamin A deficiency was included
as a goal of the program, using imported varietiemn the USA as basis for breeding. The
breeding efforts are part of the sub-Saharan Afril@apinga et al., 2007b) participation in
HarvestPlus, a crop biofortification program faade crops (HarvestPlus, 2004).

A number of new cream-fleshed as well as orangdiéld varieties and lines have since been
developed, and a number of promising introducedgedleshed varieties have been identified.
These need to be tested for facets such as addptagnsory traits, consumer acceptability and
nutrient content as these are the critical traiis 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 stélp have been adopted in the evaluation of
yield (Lin et al., 1986; Becker and Leon 1988; Dey.at al., 1996). Examples are: unchanged or
constant performance regardless of any variationthef environmental conditions (static);

predictable response to environments (dynamic)yitistanding fluctuations of environments

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

have been gaining importance over increased yieikdgsmers are basically interested in

consistently superior performance of cultivars @it own farms, and cultivars that are

specifically adapted to their conditions and neemdsh a high degree of stability over time

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

responsive as these may be able to respond to ehangthe environment in contrast to

stable/non-responsive varieties.
Differences between genotypes in their yield siigbdire the result of a wide occurrence of G x

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

biophysical factors (water, soil fertility, temparee, disease) that influence the growth and
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development of a genotype (Basford and Cooper, 1988 study of G x E interaction is
particularly relevant to countries that have dieeagro-ecologies, as is the case in South Africa.
The results from G x E interaction can help to mdoost of expensive genotype evaluation by
identifying unnecessary testing sites and assistiitly decision-making to fine tune breeding

programs (Kang and Magari, 1996).

Many statistical methods have been developed ®attalysis of G x E interactions (DeLacy et
al., 1996). Each analytical method has some mieus tusing a combination appears to be a
sound approach and aids interpretation (Ngeve andvBamp, 1993). Phenotypic performance
of genotypes in combination with environments candmalyzed to quantify the amount of

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

2.3.2. Univariate stability statistics

One of the earliest stability concepts, ‘ecovalérféé), was proposed by Wricke (1962). This
concept measures the contribution of a genotypadG x E sum of squares (0.0 ecovalence
was regarded as stable).

Several other methods of assessing stability irevobgression analysis. Simple linear regression
provides a conceptual model for genotypic stabilityvas observed by Perkins and Jinks (1968)
that the magnitude of G x E interactions is a lineaction of environment effects. Responses
by individual cultivars to a wide range of enviroamts were measured as differences between
coefficients of linear regression of individual twér response on the mean response of all

cultivars in the environment (Ngeve, 1993).

Finlay and Wilkinson (1963) used joint regressidnneean individual yield on a logarithmic
scale to obtain linearity on the mean vyield ofalltivars for each environment (if b=0, stable
genotype). Progressing from here, Eberhart and dlud®966) proposed regressions of mean
yield on an environmental index calculated as tifierénce between the environmental mean
and the mean of all environments (stable wherl)b Becker and Leon (1988) suggested a
dynamic concept of stability combining the stapiliarameter deviation mean squaré&i{Sand

the response parametgr(&table when b1 and $di=0).
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Shukla (1972) developed the stability varianceistatto estimate a component of the G x E
interaction corresponding to each genotype (staddiance = 1). Francis and Kannenberg (1978)
proposed the genotype grouping technique to surh@sstatistical limitations of the Eberhart
and Russell regression method and the cumbersoteemiediate calculations required for
Shukla’s model. This technique classifies genotypethe basis of mean yields and coefficients

of variation across environments.

Since Shukla’s stability variance statistic did mohsider mean performance and stability, the
cultivar superiority measure (CSM) ;JPwas developed. It involved calculations across
environments of the mean square difference betwesemperformance of a cultivar and the best
cultivar within a given environment, measuring mganformance and stability simultaneously
(Lin and Binns, 1988).

Other helpful univariate parametric stability statis include environmental variance (variance
of genotypes across environments (mean squaresefwid values?g), coefficient of variation
(CV) of each genotype, and variance componentssfor E (Lin et al., 1986). A useful non-

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

2.3.3. Multivariate approaches
The Tai stability test (Tai, 1971) calculatesandA (o = the deviation from the grand mears
singular value for interaction principal componanrtis (IPCA)). The criteria set for Tai stability

was:a=0 and\=1.

A more recent development is the application of @tiglicative interaction model: Additive
Main Effects and Multiplicative Interaction (AMM[Gauch and Zobel, 1996). AMMI is used to
predict genotypic yields in specific environmerds Which yield results are available. It extracts
genotype and environment main effects and then Bgasipal Component Analysis (PCA) to
explain the pattern in the G x E and residual mg@auch and Zobel, 1988). AMMI presents
the results graphically in an easily interpretabiplot and can identify high yielding, widely

adapted genotypes that are superior over siteatefeist and, if this is not possible, specific
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varieties for specific areas. Genotypes with PCédres close to zero, have general adaptation.
A large genotypic PCA1 score indicates more speeifilaptation to environments with PCA1
scores with the same sign. AMMI proved to provide@e adequate biological explanation of G
x E than the regression models and is useful insacyear analyses which have a high element
of unpredictability (Gauch and Zobel, 1996).

Purchase et al. (2000) developed a quantitativieilisyavalue to rank genotypes through the
AMMI model, namely the AMMI Stability Value (ASV)ln analysis of cultivar stability they
found significant correlation between the stabilityeasures ASV, Shukla, Wricke (Wand
Eberhart and Russel4®, but Finlay and Wilkenson (b) and Linn and BitfR3$ showed limited
correspondence with any of the other methods. Eweldped ASV was considered to be the
most appropriate single method of describing stgtmf genotypes.

The most recent method, GGE (genotype main effegtp{us G x E interaction) biplot model,
provides breeders a more complete and visual ev@atuaf all aspects of the data by creating a
biplot that simultaneously represents both meafopaance and stability and it identifies mega-
environments (Ding et al., 2007; Kang, 1993; Ya@02 Yan and Kang, 2003). Stability is
measured from Kang’s yield stability statistic (¥ ®hich involves cultivar rankings based on
Shukla’s stability valued?). The GGE biplot jointly uses (Ding et al., 20089me of the
functions of joint regression (Finlay and Wilkinsdt®63; Eberhart and Russell, 1966; Perkins
and Jinks, 1968), AMMI (Gauch, 1992) and type Bejencorrelation (Yamada, 1962).

The difference from AMMI is that GGE biplot analyss based on environment-centered PCA,
whereas AMMI analysis is referred to double cemeRCA. The GGE model allows more
functions and visualization than AMMI and removke tmpact of the environment main effect
(E), allowing the breeder to focus on G and G xa&pnly G and G x E interaction are relevant
to cultivar evaluation (Ding et al., 2007). The tsources of variation in the Sites Regression
model (SREG) analysis of GGE are G and G x E.

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

significance of the effects of G x E interactiordats principal components relative to G and E;
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2) estimate the stability and adaptability of specgenotypes by plotting yield versus
environment; 3) identify mega-environments (envwnamts with overlapping highest yielding
genotypes); and 4) identify appropriate check ggvex for all locations as well as for specific
locations. On the other hand the GGE biplot SRE@ggegression analysis) were best to: 1)
illustrate the relative yield performance of gempay at a specific environment; 2) compare
performance of a genotype at different environmestsdentify the highest yielding genotypes
at the different mega-environments; and 4) identBal genotypes and test locations (Samonte
et al., 2005).

Blanche et al. (2007) compared the GGE biplot vatimmonly used stability measures and
found correlation coefficients of 0.95 with CSM,.38 with AMMI and 0.6 with Eberhart-
Russell for mean performance and stability evatuatiCorrelation coefficients for stability
evaluation, were 0.54 with CSM, 0.91 with Shukl&8with Eberhart-Russell, 0.63 with Kang’'s
yield stability statistic (Kang, 1993), and 0.55tlwiAMMI. In the International Center for
Tropical Agriculture (CIAT) bean research, the G®Iplot was useful to identify cultivars
whose stability or instability was influenced byethnear effect of environmental index (Kang,
2006).

Partial Least Squares (PLS) regression analysiesigecially useful where a number of
descriptors (independent variables, X) is comparabl a number of attributes (dependent
variables, Y) and there exist other factors leadiogcorrelations between variables (SAS
Institute, 1999). Unlike in the PCA, latent varieblare chosen to provide maximum correlation
with the dependent variable. The PLS model theeefontains the smallest necessary number of
factors (HOskuldsson, 1988). PLS discriminant asialycan therefore be used to understand

which variables had the most important influencethrer variables.

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

As compared to other major staple crops such agenaid wheat, little information is available
on G x E variation in sweet potato (Grineberg et 2005). Methods that were used include
regression analysis (Janssens 1985; Kanua and,FI&38; Naskar and Singh, 1992; Ngeve,
1993), environment variances (Bacusmo et al., 1988)ance components (Collins et al., 1987,
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Grlineberg et al., 2004; Abidin et al., 2005); Shiskistability variance and the GGE Biplot
(Abidin, 2004), Tai stability test (Manrique and fAe&nn, 2002; Mwanga et al., 2006) and
AMMI (Caliskan et al., 2007; Gruneberg et al., 20P&nriqgue and Hermann, 2002).

In these studies, significant effects of G x E ratéions were found on yield and vyield
components and on quality traits of sweet potatee &ffects were more pronounced on yield
than on quality traits such as protein content, dngd matter content (Collins et al, 1987).
Manrique and Hermann (2002) detected three clorfeshwwere considered to be stablefin
carotene over 14 environments, and significantcesfevere detected for both total yield gid
carotene content. In contrast, Griineberg et al04P@id not detect significant genotype by
season interaction for dry matter content. Smdkractions were found by Grineberg et al.
(2005) in quality traits namely starch, dry mattentent ang-carotene content. This indicated
that selection can be conducted centrally at onéwor locations, even in cases where the
breeders are developing varieties for several ggographical areas. In addition, since
genotypes often exhibit high values only for ondritianal trait, index selection was clearly
better than selection in successive stages (Griigpedieal., 2005). This can be done in early

selection phases.

Some of the above researchers were able to iddmgfy yielding, stable genotypes (Abidin et
al., 2005; Gruneberg et al., 2005; Ngeve, 1993) @hdrs not (Manrigue and Hermann, 2002;
Mwanga et al., 2006). Bacusmo et al. (1988) empkddihat selection for stressed environments
should be conducted at stressed environments $hathose simulating end-users farming
conditions. In this area, Griuneberg et al. (20@jommended selection primarily for high
yielding, widely adapted genotypes. But to ensbeg¢ marginal environments are not neglected,
a range of environments (low and high potentiafuth be used for MET to make provision for
selection of varieties for specific adaption. Easiage selection sites should include one

favorable and one unfavorable site.
High values for broad-sense heritability were atedifor quality traits and most components of

yield (Bacusmo et al., 1988; Collins et al., 19&#{ineberg et al., 2005) which indicates good

potential for genetic advancement through breeding.
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Grineberg et al. (2005) showed that AMMI, the nvaltiate tool, was very effective for analysis
of MET. In recent years, this method has often besed by international agricultural
development agencies. On the other hand they aendide use of regression analysis
guestionable for MET. In comparing Tai’'s stabilidMI and regression analysis, Manrique
and Hermann (2002) concluded that regression asalis not effectively identify stable clones,
but did provide information on clone performancedem improving environments. Strong
agreement was found between AMMI and Tai’s stabdialysis to classify clones on stability

of root yield and3-carotene content.

According to Grineberg et al. (2005), a better ustdading of G x E interaction in sweet potato
is required: 1) to develop widely adapted or spedlify adapted varieties; 2) to allocate

resources between tests for yield and nutritiorzéist and 3) to decide which locations and input
system to be used in breeding efforts. These wilinmate in more efficient use of available

resources, more accurate use of breeding methatisnare gain over time through selection
(Collins et al., 1987). For instance, with effidieselection of trial locations, international

agencies could breed for a broad region (Abidial.e2005).

Assessing the reaction of new South African vageto different environments would facilitate
cultivar recommendations. Thus the present studyagked 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 hiddemiger, affectsnore than one-half of the world's
population, especially womend preschool children in developing countries (8GN, 2004).
Iron deficiency anaemia, iodine deficiency disosdand vitamin A deficiency are commonly
occurring micronutrient deficiencies, largely due & habitually low dietary intake of

micronutrients in relation to requirements (Tomirset al., 2002).
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Globally, 33.3%, or 190 million children youngemath5 years are vitamin A deficient (WHO,
2009). In sub-Saharan Africa an estimated 42.4%hdfiren aged 0-59 months were considered
to be at risk of vitamin A deficiency (Aguayo ancdkgr, 2005). Vitamin A is required for
normal functioning of the immune system and for kgalth and vision (E-Siong, 1995; Gibson,
1990).

Some recent findings on the severity of micronuatrigeficiency in South Africa are (Kruger et
al., 2007; Labadarios et al., 2000; 2007):

* 9% of children 1 to 9 years old are underweighty &b% wasted (indicating acute
malnutrition);

* 18% of children 1 to 9 years old are stunted dughtonic malnutrition;

* 64% of children 1 to 9 years old are vitamin A defint [a level which is considered as a
serious public health problem (UNICEF-WHO, 1994)];

* 27% of women in reproductive age are vitamin A defit; and

* 50% of children 1 to 9 years old have less than ®0%e required intake of energy,

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

Strategies to increase intake of micronutriententler to combat micronutrient deficiencies is
focused on: 1) supplements; and 2) food-based appes which include fortification of foods
and dietary modification. Crop-based approachegpéas of dietary modification) is based on
increase in food production, food availability, tbaccess and consumption of foods rich in
micronutrients (De Pee and Bloem, 2007), and caepra wide range of facets such as home
gardening, national food production programs, ahimesbandry, behavorial change through
social marketing or nutrition education progranmspioved food preparation methods (De Pee
and Bloem, 2007; Faber and Van Jaarsveld, 2007tishiom et al., 2002). In general the more

sustainable long-term strategy is dietary modifamabased on crop-based approaches.
2.4.2. Biofortification asa strategy to address micronutrient malnutrition

New approaches to improve nutritional status wellrbquired to reach Millennium Development

Goals (MDG’s) on nutrition. An exciting, relativelgew strategy to address micronutrient
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malnutrition is biofortification. Biofortificatiorhas been defined as the process of increasing the
bio-available concentrations of essential eleméntdible parts of crop plants through genetic
selection (conventional breeding or molecular lgloand agronomic intervention (White and
Broadley, 2005).

There are three breeding strategies which may bewed in biofortification, they are: 1) to
increase the content of minerals and vitamins;o2)educe the level of anti-nutrients in food
staples that inhibit the bioavailability of minesand vitamins; and 3) to increase the levels of
compounds that promote the bioavailability of maierand vitamins (Bouis 2002; Welch 2002).
Biofortification includes adaption of production gotices to enhance nutrient content, i.e.

through mineral fertilization.

Transgenic approaches are often employed in bibéation, and mostly center on modification
of the biosynthetic pathway. The best known exargpleith golden rice. Initially no rice variety
contained anyp-carotene in the endosperm. To obtain a functiorfirgirotene biosynthetic
pathway single, combined transformation effortsenanducted of cDNA coding for photogene
synthase [sy) and lycopeng-cyclase g-lcy) both fromNarcissus pseudonarcissasd both
under control of the endosperm-specific gluteliorpoter with a bacterial phytoene desaturase
(ctrl, from Erwinia uredovora (Beyer et al., 2006). A new version of goldereriasing gsy
from maize instead in combination with tlgwinia uredovoracarotene desaturagetrl), is
available containing 3700y p-carotene per 100 g (Paine et al., 2005; ILSI, 2008

An example of reducing anti-nutrients that inhithie bioavailability, is reduction of phytate in
grains and legumes. When consumed, phytic acid bmidl to nutritionally important mineral
cations in the intestinal tract, e.g. calcium, ismd zinc and thereby inhibit uptake by humans.
Cereal and legume low-phytic acid mutations weoéated and have been used in breeding low-

phytate (<50-95%) genotypes of maize, barley, gankand rice (Raboy, 2002).
Before embarking on biofortification, the prevaleraf three factors pertaining to the feasibility

has to be considered beforehand (Graham et all; Zi@iffer and McClafferty, 2007). Firstly,

genetic variation that allows substantial incredses was shown to exist for levels of iron, zinc
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and p-carotene in the staple crop sweet potato. Secpndhailability of suitable
selection/screening methods for the traits andesbor heritability. Heritability values fds-
carotene in sweet potato were found to be highh84 (Griineberg et al., 2005). Thirdly, a high
benefit/cost ratio. In this regard high ex-anteneates of benefit/costs ratio for investments in

biofortication of major staples were obtained byuBq1999).

Orange-fleshed sweet potato is considered an extelbvel source of natural health-promoting
compounds such dscarotene (Bovell-Benjamin, 2007). Sweet potatone of six staple crops
which are currently part of the HarvestPlus Cropf@itification Program (the others being rice,
maize, wheat, beans and cassava) addressing etefes of vitamin A, iron and zinc
(HarvestPlus, 2004; Nestel et al., 2006; Pfeiffedl &cClafferty, 2007). Biofortification has the
following advantages:

1) very large potential to improve dietary qualitfiypopulations relying on staple crops (Bouis,
2002; Ruel and Levin, 2002);

2) sustainable agricultural approach for high-mggkups such as resource-poor women, infants
and children on global scale (Welch, 2002);

3) feasible means of reaching undernourished ptipo&ain relatively remote areas (Nestel et
al., 2006);

4) cost effective as after the one time investmemtevelop the crop, recurrent costs are low and
germplasm can be shared internationally; and

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

after government attention has faded (Bouis, 2002).

Biofortification requires direct linkages of agritural research with human health and nutrition
sectors. Support is needed from nutritionists talwate bioavailability (fraction of ingested
nutrients that is utilized for physiological furati) and to conduct efficacy trials (to determine
actual capacity for correcting nutritional deficits a target population). Farmer adoption of
biofortified crops depends on whether crop- andirenment-specific traits, and end-product
quality and profitability had been addressed (Nestal., 2006; Pfeiffer and McClafferty, 2007).
Nutrition education programs (e.g. with color chesiglue to higlf-carotene content), farmer
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participatory methods in identification of localgdapted biofortified genotypes, access to

planting material and market development, are ingmbifactors to address.

2.4.3. Biofortification of sweet potato

Orange-fleshed sweet potato is rictearotene, which is converted to vitamin A by thenan
body, and is one of the best sources of naturatlyalailablep-carotene (Van Jaarsveld et al.,
2005). A study by Van Jaarsveld and co-workers §2@80owed that nearly all the carotenoids in
orange-fleshed sweet potato variety Resistp-carotene intrans form, which has double the
provitamin A activity than theis isomers. In addition, in sweet potdtearotene in the storage
roots is located in the cell protoplasts whers fiound in lipid droplets or bound to a proteinttha
is released during cooking, thereby enhancing laibability. The efficacy of orange-fleshed
sweet potato to improve vitamin A status was shtdwough a randomised controlled study done
in South Africa. Here primary school children wéed for 53 school days with 125 g (1/2 cup)
of B-carotene-rich variety Resisto, containing 88 Retinol Activity Equivalent (RAE)/100g
boiled and mashed root. This resulted in improvédnvn A status in terms of liver stores
compared to the control group that consumed wigghed variety Bosbok (Van Jaarsveld et al.,
2005). The effectiveness of orange-fleshed sweéhtpao improve vitamin A status was
confirmed in Mozambique. An agriculture-nutritiom:¢grated intervention introducing orange-
fleshed sweet potato, resulted in improved dietaitamin A intake and serum retinol

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

The target level fof-carotene within HarvestPlus was set at 7h00L00 gp-carotene where
sweet potato is the sole sourcepetarotene and in the case of mixed diets, e.gn&Ssouth
Africa where other sources pfcarotene are consumed, 370§100 gp-carotene (Nestel et al.,
2006). The HarvestPlus Program of sub-Saharanafras through introduction and evaluation
of existing varieties made available more than @hge-fleshed varieties (Kapinga et al., 2007b;
ILSI, 2008b). Some limitations in the existing ogarfleshed varieties are: too low dry matter
content (for adult Africans), average yielding puial, sensitivity to SPVD, and low drought
tolerance causing problems with survival (Tumweganat al., 2004; ILSI, 2008b). In South
Africa there is a shortage of varieties with gotabte yield, good-carotene content and good

taste. Introduced germplasm, especially from thé UBostly 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 comb@min A deficiency is already an
international trend. An ex-ante impact assessnmghtated that orange-fleshed sweet potato can
make a major contribution to alleviating vitaminmalnutrition in sub-Saharan Africa (Low et
al., 2001). Orange-fleshed sweet potato is usedeweral sub-Saharan African countries,
including a very large program in Mozambique (Lotvag, 2007a). The program followed an
integrated approach with a market development compoand improved multiplication systems
to assure sustainability (Low et al., 2007Db).

Under the Vitamin A for Africa (VITAA) umbrella, 4@artner agencies from health, nutrition

and agricultural sectors have been cooperatingg 2001 to extend the impact of orange-fleshed
sweet potato in Ethiopia, Mozambique, Ghana, Ker8@yth Africa, Uganda and Tanzania

(Kapinga et al., 2007a). There has been a steantgase in both acreage and consumption of
orange-fleshed sweet potato, and they now occupgséimated 1 - 2% in the lake zone of

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

Mozambique (Tumwegamire et al., 2004). Orange-#dssweet potato is also being promoted
in south and west Asia (Mukherjee and llanganti|&G92).

In South Africa, the crop-based program to addressnin A deficiency is run by the ARC,
MRC, government departments and non-govermentalinizgtions (NGO'’s) (Faber et al., 2002;
Laurie and Faber, 2008; Magasana et al., 2004).eptable orange-fleshed sweet potato
varieties released from the South African breedinggram based on the present study, will
contribute to the crop-based program of the Agtizal Research Council (ARC) and will link
to the Integrated Nutrition Program of DepartmeinHealth 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 nigatvie advantage of producing a high yield of
carbohydrates per unit area per unit time (Wodlf92). Approximately 80-90% of the sweet

potato dry matter is made up of carbohydrates, lwhi@inly contains starch and sugars, with
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lesser amounts of pectins, hemicelluloses andlos#uBovell-Benjamin, 2007; Woolfe, 1992).
Sweet potato has a low glycemic index indicating ldigestibility of starch despite the high
carbohydrate content (ILSI, 2008b). The proteintenhof sweet potato is low (~2%) as in most
tropical root and tuber crops, but sweet potatdainoa more protein than cassava and plantain
(Woolfe, 1992).

In addition to carbohydrates, sweet potato conts@veral other nutrients. Table 2.1 presents the
macronutrient, mineral and vitamin content for rawd cooked sweet potato from several
published sources, including the South Pacific (\\901992), USA (USDA, 2009), South
Africa (Kruger et al., 1998; Leighton, 2007) andbda (STA, 2005). Orange-fleshed types
contain very high quantities @fcarotene, a precursor of vitamin A. Based for gxanon the
nutrient composition as reported by Kruger et 4998) and the Recommended Dietary
Allowance(RDA) of 1 to 8 year old children (Trumbo et al.,02Q9, a 100 g portion of boiled
sweet potato provides substantial quantities @b C (28-47% of RDA), moderate quantities
of pyridoxine (12-14% of RDA), and some quantiteédghiamin (8-10% of RDA) and niacin (6-
8% of RDA). Bothp-carotene and vitamin C function as anti-oxidargtpimg to eliminate free
radicals (Kirschmann and Kirschmann, 1996). Pufiglehed types contain anthocyanins, which

possess antioxidant activity (Philpott et al., 2008w et al., 2007).

Considering minerals, potassium is the major mineraweet potato with the highest content,
followed by phosphorus, calcium and magnesium @dhll). Small quantities of essential
micronutrients such as zinc and iron are preserswieet potato. Based again on the nutrient
composition published by Kruger et al. (1998) adowy to the dietary requirements of 1 to 8
year old children (Trumbo et al., 2001), a 100 dipa of boiled sweet potato provides moderate
guantities of copper (18 - 23% of RDA) and magn@s{@0 - 16% of RDA).

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

content of ash, dry matter, moisture, protgigarotene, calcium, magnesium, phosphorus and
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Table 2.1 Nutrient content (per 100 g) of sweeafmstorage 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'Raw  OFSP'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 14 05-29 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 18.5 315 39.0
Dietary fibre g 1.6 05-47 3 25 2.1 2.0 - - 2.3 35
Sugars total g 2.4 04-56 43 5.7 4.4 8.8

Starch g 20.1 53-284 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 1 - - 4 13
Zinc, Zn mg 0.59 0.27-1.89 0.30 0.20 0.18 0.12 0.372 0.382 0.20 0.20
Manganese, Mn g 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 04-0.8 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 Mg - - 1" 6 8 6 - - 49 47
Folic acid Hg 14 - 0 0

B-carotene Hg 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 amtirggvarieties (Woolfe, 1992). Ravindran et al.
(1995) determined for 16 sweet potato varietiesmntaeronutrients, starch content, total sugar
content and mineral profile, as well as trypsinitaitior activity and total oxylate content. These

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

Information on the nutrient content of orange-flesivarieties used in South Africa is limited.
Macronutrients, vitamin C content and the contenha emumber of minerals were reported by
Leighton (2007) for a combined sample of four viee (Table 2.1).

In comparing the vitamin A contribution of orandeshed sweet potato with othgicarotene
rich vegetables, the highest contribution of darange-fleshed sweet potato equaled the
maximum contribution in carrot varieties (Takahetal., 1993b) and is much higher than Swiss
chard, pumpkin and butternut (Kruger et al.,, 1998)is confirms the valuable contribution
which orange-fleshed sweet potato can make inrgietadification programs to address vitamin
A deficiency. Sweet potato also provides more gnargl contains more phosphorous, potassium
and more of the B vitamins compared to the abovetioreedp-carotene rich vegetabl@sruger

et al., 1998).

Based on useful quantities of vitamins and mineeadgilable in sweet potato as well as on
importance in terms of human micronutrient deficies, the present study will focus on the
content off-carotene, vitamin C, iron, zinc, potassium, magmasphosphorous and calcium of
sweet potato varieties in South Africa. Globallyamin A deficiency, iron deficiency and zinc

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

B-Carotene is converted to vitamin A by the humandybd/itamin A is required for normal
functioning of the immune system and for eye healild vision (De Pee et al., 1998; Gibson,
1990). Vitamin A also plays a role in growth, regwation, cellular differentiation, glycoprotein
synthesis and membrane stabilization (Gibson, 19@@min C is an anti-oxidant which helps
to eliminate free radicals, plays a role in woumgling, allergic reactions and immune response
(Gibson, 1990; Kirschmann and Kirschmann, 1996)aiin C acts predominantly as a co-

substrate in oxygen-requiring hydroxylation reat$io
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The major importance of the selected minerals tde&uman health according to Gibson (1990)

Kirschmann and Kirschmann (1996) is the following:

* Iron is the most abundant mineral in blood. It isessential component in hemoglobin,
the oxygen-carrying pigment in the red blood cdtls.major function is in formation of
hemoglobin, and it is used by the immune systesmgrgy production. It is important for
growth in children;

* Zinc is essential for growth, development, reprdidug immune and sensory function
and anti-oxidant protection and therefore usefidniergy production, to fight disease and
to protect the immune system. It is a constitudnt200 enzymes which participate in
carbohydrate, protein and lipid metabolism;

e Calcium is the most abundant mineral in the humashypstored primarily in the bones.
Calcium is important in the development and maiatee of the bone structure, and
deficiencies leads to osteoporosis. Calcium hamation in enzymatic activation, blood
coagulation, nerve transmission, muscle contrditsiphormone function and membrane
transport;

* Magnesium has a function in many enzyme reactiongnergy metabolism, protein
synthesis, vascular tone, muscle impulse transomssand in neurotransmission and
activity. Nutrient deficiency is rare, but sometsmscurs during pregnancy and lactation;

* Phosphorous has an essential function in energyupiog reactions in the cells. It is
important in the utilization of carbohydrates, faasd protein for growth and in
maintenance, repair and mediation, and for prodoctif energy. Nutrient deficiency is
rare; and

* Potassium is an essential mineral found mainlynimacellular fluid, where it is the
primary ion force. This mineral regulates waterabak, transfer of nutrients to cells, and

is necessary for normal growth and enzymatic reasti
2.5.2. p-carotene content of sweet potato

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

Their main function is as essential componentshef photosynthetic machinery of the plant

25



(Howitt and Pogson, 2006p-carotene is the predominant carotenoid found ange-fleshed
sweet potato (Faber and Van Jaarsveld, 2007; Tekahal., 1993b; Van Jaarsveld et al., 2006).
This is in contrast with e.g. carrot whe¥&arotene accounts for 44-79% of the total carateno
(Heinonen, 1990). Other carotenoids in minor quigstifound in orange-fleshed sweet potato
include alpha-, gamma- and zeta-carotene, phyto@hgiofluene, beta-carotene-epoxide,
hydroxyl-zeta-carotene, and beta-carotene furamot@kchoff et al., 2009; Purcell and Walter,
1968). The percentage @tcarotene to total carotenoid is higher in orarigeked varieties
compared to white-fleshed varieties (Almeida-Muaadand Penteado 1992; K'osambo et al.,
1998).

Transp-carotene dominates the prevalencecisfB-carotene in sweet potato (K’'osambo et al.,
1998; Van Jaarsveld et al., 2008yansfp-carotene exhibits the highest provitamin A acyivit
among the carotenoids (Gibson, 1990). In sweetipatarage rootg-carotene is located in cell
protoplasts in lipid droplets or bound to a protémat is released during cooking, thereby

enhancing bioavailability (Kopsell and Kopsell, 300

In sweet potato there is very large genetic diwgiisi B-carotene contenfi-carotene content in
sweet potato from a number of publications rangedf<100 to 2660Qug/100 g (Table 2.2).
White and cream-fleshed types contain virtually fRoarotene e.g. the South African variety
Bosbok (Van Jaarsveld et al., 2005), while darkngeafleshed sweet potato Resisto, contains
16900 pg/100 ¢B-carotene (Van Jaarsveld et al., 2006). Laurie 120@portedp-carotene
content for eight varieties and selections. Of ¢hdbke local variety Mafutha, a cream-orange
flesh local variety, contained 1870 pg/10@-garotene. Varieties with orange flesh color had a
higher B-carotene e.g. 8240 pg/100 g for W-119 and 894A.Q0y/g for Tainung 64 (both
imported varieties) and 7360 pg/100 g for the lldio@ A15 (Laurie, 2001). Resisto with deep
orange flesh, also from the same report, measurE@0D(L ug/100 g. Otherp-carotene
determinations in South Africa were for the impdrtdSA varieties Excel, 7780(g/100 g, and
Jewel, 984ug/100 g (Faber and Van Jaarsveld, 2007). Leigh2®97) reported 4323g/100g

for W-119, 6853ug/100 g for Jewel, 923{g/100 g for Resisto and 688@/100 g for A15.

Some purple-fleshed varieties also confatarotene (Huang et al., 1999; Teow et al., 2007).
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Table 2.23-Carotene content of sweet potato from variouscEsur

Published report Nr Minimum Maximum Variety with Cited for varieties
P Clones  ug/100g Mg/100g highest content in use in South
Africa
Almeida-Muradian and .
Penteado (1992) - Brazil 0 <00 21800 Acadian '
Takahata et al. (1993b) - Japan 2 1100 26600 SPV-61 Eg/sfotg:gmoo
K'osambo et al. (1998) - Kenya 17 <100 8000 TIB 11 -
" Excel: 12800
Huang et al. (1999) - Hawaii 18 <100 13100 Regal ugH00 g
. Camote
Hagenimana et al. (1999) - Uganda 25 200 6300 Amarillo
. Kamala
Chattopadhyay et al. (2006) - India 10 1200 4360 Sundari
Teow et al. (2007) - USA 19 200 22600 1120 Beauregard: 9230
Hg/100 g;
ILSI (2008b) 1 153 17530 Resisto Resisto: 17530
Mg/100 g

2.5.3. Factorsthat influence nutrient content

Environmental conditions, genetic factors and calttmanagement strategies can significantly
influence theB-carotene content of varieties (K'osambo et al98 Kopsell and Kopsell, 2006).
The specific factors reported to influen@ecarotene content are air and soil temperature,
radiation, location, variety, soil moisture, fagétion, and maturity of roots (Bartoli et al., 299
Kopsell and Kopsell 2006; K'osambo et al., 199&)was found, for instance, in wheat leaves
that a 2.6 fold increase ifrcarotene content was detected after drought s{iadgoli et al.,
1999). In sweet potato, high irrigation level wlsund to decrease-carotene content
(Constantin et al., 1974). Crop age has a largeante on carotenoid arfiicarotene content
(Chattopadhyay et al.,, 2006; K'osambo et al.,, 19%&)wever, the major factor influencing
carotenoid content, is the cultivar (Woolfe, 1992).

Not all carotenoids in the harvested product ataimed for consumption. Carotenoids are
susceptible to degradation upon exposure to higat, lboxygen, metal ions and acids. Cooking
and processing have a degrading effecp-marotene content. In general, retentiorp-@farotene

decreases with longer processing time, higher ggieg temperatures, cutting and maceration of
foods (Rodriguez-Amaya, 1997). In orange-fleshesetwpotato, retention gi-carotene in

medium-sized storage roots of the variety Resists found to be 88-92%, and when roots of
different sizes were boiled together the retentsas 70-81% (Van Jaarsveld et al., 2006). In
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another study (Bengtsson et al., 2008), retentias ®8% when orange-fleshed sweet potato
were boiled in water for 20 minutes and 77% whearsied for 30 minutes.

Another way of processing, namely drying, influemecarotene content. Drying slices of
orange-fleshed sweet potato roots at 57 °C in eetbair oven for 10 hours reduced the
carotene content by 12% (Bengtsson et al., 2008p #&aditional sun-drying caused provitamin
A reduction of 16-34% (Bechoff et al., 2009; Hageana et al., 1999). Storing dried chips for 11
months in opague bags under ambient air conditiedgced total carotenoid content between 59
and 70% (Hagenimana et al., 1999).

Like B-carotene the vitamin C content of fruits and vebkts can be influenced by various
factors such as genotypic differences, preharvistatic conditions and cultural practices,
maturity, harvesting methods, and postharvest handbrocedures. Vitamin C content is
elevated by high light intensity during the growisgason, and by less frequent irrigation, and
decreased by high rates of nitrogen fertilizatibine vitamin C content of produce is also subject

to degradation during storage, processing and ogokiL,ee and Kader, 2000).

The mineral content in edible foods is also infleexsh by soil properties, environmental
conditions, cultivation practices, nutrient intdrans, plant genotype and plant parts (Moraghan
and Mascagni, 1991). Mineral content in plants waityh the concentration of the elements in the
soil, and can be augmented from fertilizer appitccatind leaf sprays. Different varieties of sweet
potato have been reported to have varying contenisinerals and peeling can also influence
mineral content (Woolfe, 1992). Considering envimemtal conditions, for instance the content
of magnesium in the plant is influenced by the amdaf magnesium in the soil, and high iron
content in the soil can lead to elevated magnesiire. availability of magnesium in the soil is
dependant on the content of magnesium relativeotabke and exchangeable amounts of
potassium, calcium, sodium, aluminium and manga(sgland and Wilkinson, 1989).

2.5.4. Analytical methods of selected nutrients

Accurate determination of mineral content is pdssiny Inductively coupled plasma optical
emission spectrophotometer (ICP-OES), Atomic alismrspectrophotometer (AAS) and X-ray
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fluorescence spectrophotometer (XRF). These metamdssed for determination of the mineral
content of advanced genotypes or varieties. Useay-mfrared spectroscopy (NIRS) iron and
zinc can be determined accurately while for otheremals NIRS can separate out high and low
content genotypes; calibration is required. NIRSvjtes a high-throughput screening method
which at relatively low cost is best suitable fareening in early populations. In assaying
mineral content, caution should be taken to avomtamination, especially by iron from the saoill,

during sampling sample preparation, digestion ptaces, and from the equipment used (Pfeiffer
and McClafferty, 2007).

Vitamin C in plant foods is the sum of ascorbicda@\A) and dehydroascorbic acid (DHAA).
Due to the labile nature of vitamin C (readily dxietl when exposed to elevated temperatures,
alkaline pH, light, exposure to divalent cationg.ecopper and iron or degradative enzymes)
determination of vitamin C content needs to be agagmed with care. Vitamin C can be
determined by determining DHAA. This method entaidraction of vitamin C from the food
matrix using acetic acid and meta-phosphoric amkitjation of AA to DHAA, derivitization of
DHAA and determination with High-performance liquidhromatography (HPLC) and
fluorescence detection (Bognar, 1988; Dodson g1882). The vitamin C is then calculated with
regression analysis from a standard solution witlowkn concentration. Another approach,
according to Odriozola-Serrano et al. (2007), ustsotreitol (DTT) for reducing DHAA to AA

and is considered more effective in measuremevwitaiin C content in fruits.

HPLC is the method of choice for determinationfefarotene content due to its sensitivity and
selectivity. It allows individual quantification oll provitamin A carotenoids, though it is

elaborate, time-consuming and costly (Rodriguez-yamand Kimura, 2004). The use of NIRS
for B-carotene assay could potentially allow inexpenswreening of large numbers of genotypes

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

B-carotene quantification entails extraction tarotene with tetrahydrofuran:methanol (1:1,
vlv), partitioning to petroleum ether, saponificatiofalkaline hydrolysis) and washing,
evaporation of solvenfollowed by chromatographic separation by HPLC gsitnmonomeric
Ciscolumn (Waters Spherisorb ODS 2, 3um, 4.6 x 150mnf)carotene standard is purified by
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HPLC, and an aliquot of the purified standard sotutwith a known concentration is used for
quantification ofp-carotene in the sample extracts (Van Jaarsvehll.e?006; Low and Van
Jaarsveld, 2008; Rodriguez-Amaya and Kimura, 2004).

Carotenoid analysis should be done very cautiolmgause of their instability. Oxygen,
especially in combination with light and heat, ighty destructive. The presence of even traces
of oxygen in stored samples and of peroxides imestt can rapidly lead to bleaching and the
formation of artifacts, such as epoxy carotenoius apocarotenals (Britton, 1991). Oxygen can
be excluded at several steps with the use of vaauutine addition of antioxidants. Exposure to
light, specially direct sunlight or ultraviolet hg inducestrans-cis photoisomerization and
photodestruction of carotenoids. Thus, carotenoadkws done under subdued light and open
columns and flasks containing carotenoids shouldag@ped with aluminum foil. Because of the
thermolability of carotenoids, heating should bmited to below 40°C. Carotenoids may

decompose, dehydrate, or isomerize in the presgremads Rodriguez-Amaya, 1997; 2001)

2.6. Color measurement and its correlation with carotenoid content

The application of colorimetric systems based onfoam color spaces, such as CIE
(Commission Internationale [I'Eclairage), is of dresalue in the quantification and
characterization of color properties of pigmentd &ods (Montes et al., 2005). Color measured
by CIE classifies color in three dimensions, namiety(lightness),a* (red to green color) ankr

(yellow to blue color).

B-Carotene is the predominant carotenoid in swettpand its content can be determined by
HPLC or by spectrophotometric measurements forl wdeotenoid content (K'osambo et al.,
1998; Rodriquez-Amaya, 2001; Van Jaarsveld et2806). The selection of varieties and lines
with high concentrations of carotenoids is importi@m use as a basis for further increasing the
content through breeding. This requires time-consgnand relatively expensive biochemical
analyses to determine the carotenoid content. Baimentioned methods require extraction of
carotenoids from the food matrix and are theretabmur intensive. This limits the scope for

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

screen large numbers of genotypes in the breedowygm for carotenoid content.

Since color is indicative of the presence of caroigs, e.g. a bright or deep orange flesh color is
indicative of highp-carotene content (Whitney and Rolfes, 2002), fleslor measurement can
be used in sweet potato as a relative measufiecafotene content for breeding line selection
purposes. Zhang and Xie (1988) investigated theritdnce of color in sweet potato and found
that the different shades of flesh color were higidrrelated with carotenoid content. In general
the mean content of total carotenoids {rs€edling strains increased with the increase liarpal
mean carotenoid content; correlation coefficien@ &6 (P < 0.01). The inheritance of flesh color
is considered to be controlled by several geneally six that are additive (Lebot, 2009). The
use of color measurements in horticultural researehabundant, for example in fruit research
such as anthocyanin measurement in apple skin glgtiorage (Marais et al., 2001), color of
orange juice (Montes et al., 2005) and in potatméasure fried chip color (Kim and Lee, 1993).

Reflectance spectrophotometry to determine ther fbmlor of wheat is widely used, as well as
the relationship between CHE (yellow to blue color) and the extractable yellprgments from
the flour. The color of wheat flour is influencedy bnherent genotypic characteristics,
environmental conditions and stresses during geeaaduction, the milling procedure and by the
size of the flour particles. Variation i* (lightness) affects the measuremenbbf(yellow to
blue color) and therefore could potentially caugers in estimating carotenoid content (Mares
and Campbell, 2001). In wheat flour, Humphriesle(2004) found a good correlation of CHE
(yellow to blue color) values with the concentrasofp-carotene (r = 0.96) angcarotene (r =
0.87) as measured by HPLC.

Color measurement has also been used in sweebpetsarch programs. In assessment of sweet
potato flour color, using a Minolta Chroma metér best correlation (r = 0.77) was between
total carotenoid content ariit (yellow to blue color) values of the flour of en@ and orange-
fleshed varieties (Hagenimana et al., 1999). A gumdelation (r = 0.74) was found wi#i (red

to green color) values. Bhattiprolu (2004) used @GHE L*a*b* system to measure the color in
drying and rehydration of sweet potato cubes. Thatemt of the anthocyanin pigment,
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responsible for the purple color in sweet potateasured with the L* (luminosity), C* (chroma)
and H* (hue) system, has also been shown to cterslgnificantly withL* (luminosity) (r =
-0.96) (Fan et al., 2007). Marti (2004) used theesawlometric system to measure the effect of
storage time on skin color of two sweet potatoicais, and Ahmed et al. (2010) determined the

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

Only two studies considered the correlation betwidencolor of raw sweet potato roots did
carotene content. Takahata et al. (1993a) stutliedeiationship betweedicarotene content and
color values for roots of sweet potatoes cultivaree correlation between color values by
Minolta Chroma meter foL* (lightness) a* (red to green color) anid* (yellow to blue color)
were -0.85, 0.89 and 0.72, respectively. The coduea* (red to green color) therefore had the
closest relationship tp-carotene content, indicating possible use for @yprating expectef-
carotene content. Ameny and Wilson (1997) usedraétColor Lab Meter to determine color in
cream-fleshed sweet potatoes. The best correlatitnp-carotene content was witht (yellow

to blue color) (r = 0.74) and a negative correlatiath L* (lightness)(r = -0.74). Thea* (red to
green color) value had a much lower correlation (¢39) as well as b*/a* (r = 0.24). In addition,
the hue angle, H* = tah(b*/a*), was obtained but also showed a low negatorrelation (r = -
0.38). These studies indicated that the usk*dfyellow to blue color) was more effective with
white fleshed sweet potato roots, drid (lightness)anda* (red to green color) in the case of

orange-fleshed sweet potato roots.

These findings suggest the possibility of approtintathe expectefl-carotene content from the
color values of raw root flesh. A faster, relialoheasurement for assessipigarotene content
than by HPLC or spectrophotometry is required byetwpotato breeders as large numbers of

breeding lines need to be screened (Humphries, &Cdl4).

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 afdosiication of staple crops where changes in
eating habits will be needed, taste preferenceitisal in outlining breeding goals. The success

of any new sweet potato variety will depend notyam production traits but also on sensory and
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utilization acceptability (Tomlins et al., 2007@)aste is a very complex trait. When a food is
consumed, a variety of sensory stimuli is receif@artin and Rodriguez-Sosa, 1985). Food

acceptability therefore depends on a complex settwibutes which are mostly difficult to

quantify.

In South Africa, one of the most important traited by farmers to select sweet potato varieties,
except for yield and vyield stability, is taste (Dol 2003; Van der Mescht et al.,, 1997).
Similarly in Tanzania, good taste was indicatethassecond most important criterion after yield,
followed by good root shape and storage abilitynflios et al., 2004). Taste acceptability can
also be affected by the location where the swekttpes are grown (Tomlins et al., 2007b).

Unlike other staple crops, the sweet potato hasmirthnt taste which greatly minimizes the
variation achievable in the final flavor of the &ed product (Kays et al., 2005). The sweet taste
modulates the overall flavor through direct impact taste as well as through the role of
monosaccharides as precursors in the synthesigyofikomatic compounds (Wang and Kays,
2003). Taste preference in sweet potato is mostlysweet types, though it varies with ethnic
background and geographical location (Kays and &lpr¥983). In certain circumstances the
need may arise for non-sweet types to expand cgootsoam e.g in Ghana (Opare-Obisaw et al.,
2000) Most African consumers prefer sweet potato witlra texture (Tumwegamire et al.,
2004). Dry matter content is mainly influenced kagriety and by environmental factors, e.g.

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

In most breeding programs in sub-Saharan Africigrination on taste acceptability of new
sweet potato varieties was collected through fanpagticipatory evaluation as part of MET, e.g.
Tanzania (Masumba et al., 2007), Uganda (Tumweg@aetial., 2007) and South Africa (Laurie
et al., 2002; Laurie and Magoro, 2008). Howeveerehis a need for specific acceptability trials
and quantitative descriptive analys&udies on consumer acceptability and sensory sisaby

sweet potato varieties in South Africa, are vemitied.
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2.7.2. Quantification of attributes and preferencein sweet potato

Consumer acceptability generally refers to likingeference and selection of a food by
consumers. A range of methods have been developedier to translate qualitative perceptions
into numerical values which allow statistical arsay(Holland and Campbell, 2005). Aiming at

answering “Which is liked?”, hedonic methods aresidered appropriate (Kroll, 1990) using a
panel representative of the users or target groupohsume the product. Sensory testing with
children has become an important tool in the foodustry (Kimmel et al., 1994) as hedonic
scales with facial expressions have been used ssfotly with children of 5-13 years of age

(Kroll, 1990).

Sensory profiling (also called sensory analysissensory evaluation) aims at producing a
description of the appearance, flavor and textaharacteristics of a food and to quantify the
intensity of each (Holland and Campbell, 2005).efatively small panel is trained to measure
this intensity with a certain level of accuracy ametlability using scales previously defined by

the experimenter.

In consumer acceptability studies the number of pdesnthat can be tasted reliably by a
consumer is limited. For samples with a strongdtahe limit is five to six samples (Helgesen et
al., 1997). The use of the balanced incompletekbtesign (BIBD) (Cochran and Cox, 1957,
Wiley et al., 1984) assists greatly in increasihg humber of samples that can be tested in a
consumer experiment. In the BIBD experiment lay@wonsumer will evaluate a subset of the
samples.

Since the 1980’s, consumer preference trials anerm@ation of sensory characteristics were
performed in sweet potato. A summary of some sfyditdributes used and the main finding are
summarized in Table 2.3. In general, the studidated that a set of descriptors which includes
appearance/color, taste, texture and flavor wele taldistinguish the sets of varieties evaluated.
The studies contributed considerably to terminolagydefining attributes of sweet potato

varieties. Some of the most distinctive attributesre starch, stickiness, sweetness, color,
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Table 2.3 Summary of some publications on consw@oegptability and sensory profiling in sweet potato

Authors Country Nr of Descriptors Main findings

varieties

Martin and Rodriguez- | Puerto Rico | 6 Color (white to yellow or orange), color defects | Preference ranking for flavor was related to sweetness, and for

Sosa (1985) (knaki green, gray, blotchy appearance), | appearance to orange color; Preference differed according to
sweetness, flavor (blandness, delicious), mouthfeel | gender and cultural affiliation.

(moaist, dry, choking, watery), and softness Two types of preference: OFSP!, 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. | Ghana 5 Appearance/color, taste, texture, flavor, overall | Significant differences in the varieties in all five traits. All less

(2000) acceptability sweet varieties were accepted as staple food, some more than

others.

Tomlins et al. (2004) Tanzania 10 Appearance, external color, internal color, taste, | Some varieties were consistently preferred over a 2-year period
sweetness, starch, texture, stickiness, chewiness, | and others not. The location where the cultivars were grown
odor, acceptability and fiber influenced consumer preference.

Optimum attributes to distinguish varieties were starch and
stickiness

Van QOirschot et al. (2003) | Kenya 5 Floury, smooth, soft, chestnutty, sweet, fibrous, | Significant differences in sensory profiles of all varieties; mainly
grainy, moist and discoloration related to the flavor components sweet and chestnutty

Tomlins et al. (2007b) East Africa | 4 Orange color, creamy color, pumpkin flavor, watery | The two OFSP and 2 CFSP varieties differed significantly in all

(2 OFSP, texture, starchiness, hard texture, coarse texture, | traits. Consumer acceptance of mothers and children differed
2 CFSP) yellow color, fibrous texture and sweet taste significantly
Leighton (2007) South 5 Aroma (earthy, sweet potato, butternut), texture | Varieties showed diversity in flavor and texture. Characterized
Africa (4 OFSP, (moistness, firmness, grainy, adhesiveness), flavor | best through sweet potato aroma, sweet potato flavor, moist
1 CFSP) (vegetable sweet, sweet potato, yellow vegetables) | texture on appearance, moist texture on first bite. OFSP were

and aftertaste (vegetable sweet)

generally more moist, dense and adhesive compared to CFSP,
which was more fibrous and less firm.

TOFSP = Orange-fleshed sweet potato;

2 CFSP = Cream-fleshed sweet potato
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and chestnut flavor. Factors such as gender, allaffiliation and age (mothers; children) were
found to influence consumer preference of sweedtpotarieties, while production environment

could also influence preference of a specific \grie

Two studies compared preference for orange-flegweelet potato with cream-fleshed sweet
potato. A consumer acceptability study in the Laane in Tanzania compared two orange-
fleshed varieties with two traditional white-fleshearieties (Tomlins et al. 2007b). The mean
consumer response for mothers and children indidhizt orange-fleshed sweet potato was more

acceptable than white-fleshed sweet potato

Another was in South Africa aiming to determine thensory attributes and the consumer
preference for orange-fleshed varieties Khano, Jawel19 and Resisto as compared to popular
cream-fleshed variety Blesbok, (Leighton, 2007)wiéts seen that not only the color of orange-
fleshed sweet potato and white-fleshed sweet pdliffered, but also the texture and flavor. The
results indicated that 85% of respondents prefetinedtaste of orange-fleshed sweet potato to
white-fleshed sweet potato, and 53% had a defitkiteg for the color.

2.7.3. Instrumental and chemical analysis

Hunter color measurements and Instron texture lprafialysis (TPA) are sometimes conducted
to quantitatively explain some of the taste anaicattributes (Saleh and Ahmed, 1998; Truong
et al.,, 1997). Instrumental measurement of theutexbf cooked sweet potato by uniaxial

compression and TPA conducted by Truong et al. {9 dicated that regression equations
based on shear stress significantly explained=(R.71 — 0.91) eight of the sensory scores on
texture by a trained panel. In the approach of Bmital. (2009), chemical analysis (dry matter
content and starch content) was used in additiansioumental measurement with the objective
of determining chemical measurements that explhiesensory profiles and possibly consumer
preference.

2.7.4. Statistical analysis of consumer and sensory data

Various methods of statistical analysis that haeenbused to study the relation between
consumer preference and sensory attributes (atrdinmsntal data) include: Pearson Correlation
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analysis, PCA, internal preference mapping, extepn@ference mapping and PLS regression
analysis (Baxter et al., 2005; Helgesen and Nae®5;18elgesen et al., 1997; Tomlins et al.,
2007a and b; Young et al., 2005). External prefegemapping and internal preference mapping
are both viewed as principal component regressi@ihods. These multivariate principal
component regression analyses regresses each ¥inglgable onto the principal components
obtained from the X-matrix. Both methods are apgbla the two data sets (sensory data and
consumer data) but with opposite order, namely fBglemapping: consumer data on the Y-
matrix and sensory data on the X-matrix; Internalpping: sensory data on the Y-matrix and

consumer data on the X-matrix (Helgesen et al.7199

The PLS regression analysis extracts a few linearbénations (called PLS components or latent
variables) of the sensory attributes (and instrualathata if available) as the X-matrix (X-axis)

which is used to predict the systematic variationconsumer data as the Y-matrix (Y-axis)
(Helgesen et al., 1997). PLS was recommended bgraleauthors (Helgesen and Nees, 1995;
Helgesen et al., 1997; Smith et al., 2009) as #st bption for relating sensory attributes and
instrumental data with consumer acceptability. R&Sonsidered to be more precise as this
method maximizes the covariance between a lineanbowtion of X-variables and linear

combination of Y-variables. In this way PLS cangqudially provide more consumer relevant

components than the preference mapping (Helgesan é097).

Smith et al. (2009), in South Africa, developeduadtion on GenStat® (Payne et al., 2007) for
PLS regression analysis and employed this to rektsory attributes in boiled potatoes of five
cultivars to chemical and physical tests. The potaitivars were distinguished into three groups
(which agreed with the culinary uses of the cul$yaand the most important chemical and
physical measurement that influence sensory psofilepotato was identified. This method can

potentially be useful in sweet potato.

In addition to the methods mentioned above, stepwuiiscriminant analysis can be used to
identify optimum attributes to distinguish varieti€Tomlins et al., 2004), and Hierarchical
Cluster Analysis (dendrogram) is used to group etes (Tomlins et al.,, 2007a) and for

segmentation of consumers with respect to accdpyadfi varieties (Tomlins et al., 2007b).
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2.7.5. Sugar content of sweet potatoin relation to taste

The carbohydrates in sweet potato play an impogaritnot only in the degree of sweetness of
cooked roots, but also their mouthfeel describednasstness or dryness and texture (Woolfe,
1992). Freshly harvested sweet potatoes are rehatihigh in starch and non-starch
polysaccharides (alcohol-insoluble solids) and ti&déy low in sugars. In raw roots the
concentration of sucrose exceeds the concentratiany other sugar. Maltose was found in raw
roots by some authors (Truong et al., 1986), bt feand to be absent by others (Picha, 1985).
When sweet potato is cooked, activity of the anmg/laszymes is initiated causing hydrolyses of

starch to maltose and dextrins (Horvat et al., 199aolfe, 1992).

There is substantial variation in flavor and swestnhof sweet potato varieties because of the
presence of sugars (sucrose, glucose and frucaoske)he formation of maltose during cooking

(Kays and Wang, 2000). The sweet flavor of the $we¢ato depends mainly on the maltose

content (Picha, 1985, Truong et al., 1986; Sun.etl894). In examining the sugar content and

flavor of sweet potato, Koehler and Kays (1991)gasfed that starch hydrolysis and maltose
generation were important factors for the charattersweet potato flavor. Maltose was later

found to be a primary precursor for many of theatitd compounds emanating from baking (Sun

et al., 1994).

In baked roots of 272 clones from 34 countries, ftee sugars fructose, glucose, sucrose and
maltose were predominant while galactose and iolosiére present in very low concentrations
(Kays et al., 2005). Free sugar composition inmeEhroots as assessed by Takahata et al. (1992)
in 54 clones, showed a relatively small amountrattose and glucose, moderate amount of
sucrose and large amounts of maltose. The maltseert was fairly stable over years while

sucrose content was affected by environmental tiondi

The free sugar content (% on fresh weight bass)eaiewed by Woolfe (1992), ranged from

0.24 to 1.5% for glucose, 0.3 to 1.15% fructosa,t@ 4.1% sucrose, 0 to 0.64% maltose in raw
sweet potato. In baked sweet potato the conteigerhfrom 0.27 to 2.73% for glucose, 0.26 to
1.99% for fructose, 1.59 to 5.17% for sucrose af@ #o 14.12% for maltose.
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The amount of starch remaining after cooking in etw@otato has been indicated as a way to
predict moistness since it correlates with sengmagel scores (S-101 Technical Committee,
1980).

The content of starch and free sugars in cookedtspatato will therefore provide additional
data which can be considered in conjunction witiseey profiling.

Picha (1985) developed reliable HPLC proceduregfantitative determination of sugars in raw
and cooked sweet potatoes. Another method thabbles used was refractive index (Walter,
1992), while Katayama et al. (1996) used near iaftaransmittance. NIRS required multiyear
calibrations as calibration from a single year doabt account for variances introduced by

samples from other years.

2.8. Index valuesfor multivariate selection

Selection indices are very often used in selectanhigh-yielding genotypes under drought-

stressed and irrigated conditions (Cattivelli ef 2D08), e.g. the drought sensitivity index of
Fischer and Mauer (1978). Jafaria et al. (200Qetesight different index values in maize and
found that Stress Tolerance Index, Geometric Meadutivity, and Harmonic Mean indices

(which showed the highest correlation with graielgiunder both optimal and stress conditions),
could be used as the best indices for maize brgeglinograms to introduce drought tolerant
hybrids.

Selection of high yielding genotypes for subsequselection in a breeding program, can
sometimes be accomplished using a suitable indegefoondary traits that may be relatively less
sensitive to G x E interactions than yield. Theydighe concept of correlated response to
selection to measure the relative efficiency ofenselection indices. The results showed that the
selection index, based on median and semi intertiuaange, a modification of the Elston
index, was most effective in identifying high yigld groundnut genotypes (Chandra et al.,
2003).
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Index values are also useful in cases where thedbrds aiming to improve several important
traits at a time. Gruneberg et al. (2004) usedEls®on index for the following four traits: storage
root yield, biomass production, harvest index atmlagie root dry matter, in sweet potato
evaluated under East African conditions. The Elstmlex (Elston, 1963) was appropriate both
for selecting for storage root yield and for simankously selecting for storage root yield,
biomass production, harvest indexd storage root dry matter content. The Southcafri
cultivar Blesbok, in trials at 12 environments, hthe second highest root yield of 30.3 t/ha,
average biomass, above average harvest index tutove dry matter content. The Elston index
for Blesbok was 0.00. In contrast the highest Blstalex (44.0) was achieved by Cemsa-74-228,
with the highest root yield and above average bssnaarvest index and dry matter content

leading to the best all-round performance (Grungleeal., 2004).

The Elston index can be a useful selection indexrfoltivariate selection in sweet potato for the

various important traits considered e.g. yieldig@nd nutrient content.
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Chapter 3
AGRONOMIC PERFORMANCE OF NEW CREAM TO YELLOW-ORANGE SWEET
POTATO VARIETIESOVER ENVIRONMENTS

3.1. Abstract

In South Africa, a recent survey showed that 30%afseholds were at risk for hunger. Sweet
potato is a good source of energy, easy-to-growgyhand useful as food security crop. There
was a shortage of improved varieties with desirdtdés for resource-poor farmers. Varietal
development was thus aimed at varieties with gaettygood storage quality combined with
sweet taste and high dry matter content. In thesgoie study new cream to yellow-orange
varieties were evaluated in MET with farmer papation to assess their adaptability and
performance. Ten varieties were evaluated for ®asens per site during 2002/3 to 2007/8 at six
sites in six provinces of South Africa. Data cdliec comprised of marketable root yield and
unmarketable root yield classes, vine vigor, dryteracontent and taste. Analysis of variance
(ANOVA), AMMI and GGE Biplot were performed. Larghfferences in genotypic expression
were detected in agronomic traits amongst the m@anc to yellow-orange varieties. The new
varieties Ndou and Lethlabula produced mean mabsleetgelds of 46 to 45 t/ha, similar to the
commercial control variety Blesbok at 48 t/ha. Ndaal specific adaption, high number of roots,
vigorous vine growth, high dry matter content (28)7and good taste (results from tasting
sessions with small groups of adults in the difierenvironments). Lethlabula had specific
adaption, the taste was average to bad and thmalter content (22.7%) significantly lower than
the control variety Mafutha (27.3%). Mokone and Mtmproduced stable, average marketable
root yields of 40 to 38 t/ha. Mokone had an avetagead taste. Monate was early maturing, had
a good taste and the vine growth was very vigordosasi had a cream-orange flesh color, good
taste, and produced moderately stable average {@&lttha). Mamphenyane, Phala and Serolane
produced low marketable yield (31 to 29 t/ha), hesvesignificantly higher than control variety
Mafutha (24 t/ha); the dry matter content was hagld the vine growth showed average vigor.
Mamphenyane and Phala had average to poor tastdais® an orange-yellow-fleshed variety,
produced some undesirable long sweet potatoes whech easily damaged during harvesting.
Recommendation of new varieties such as Ndou, akthé, Monate, Mokone and Amasi would
have a considerable yield advantage above theatorgtriety Mafutha. The results represent the
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first G x E analysis with South African cream tdlge-orange sweet potato varieties and are of

significance for future promotion of the new vaestto improve food security.

3.2. Introduction

It is estimated that the world population will ireise to as high as 7.7 billion people by 2020
(United Nations, 2007). This will increase the kemdon food production systems and

emphasizes the need for relevant reseaBWeet potato is the seventh major staple crop
produced globally (FAO, 2005). In South Africa # & popular crop amongst resource-poor
farmers (Laurie, 2004a). Locally 30% of househol@se at risk for hunger by 2005 (Labadarios,

2007). Realization of the agricultural advantagéssweet potato (Woolfe, 1992), through

suitable varieties for South Africa can contribotssiderably towards improving food security.

The genetics of sweet potato is complex due teitnda hexaploid (2n = 6x = 90) (Martin and
Jones, 1986)Large variation is thus seen in all traits, andaose of this autoploidy, potential
large jumps can be obtained in yield improvememnte@& potato breeding in South Africa from
1995 to 2002 focused on varieties with good yigldod storage root quality combined with
sweet taste and high dry matter content based emdlds of resource-poor farmers in order to
address food security problems (Laurie and VanBkeng, 2002; Laurie et al., 2002; 2004; Laurie
and Magoro, 2008). A survey during 1996/97 and 19®0n the production and use of sweet
potato (Thompson et al., 1999) showed that resepwoe farmers were limited by low yields and
yield instability as a result of using old landracd@aste should be considered besides yield in
sweet potato breeding since, after yield, tastoisidered as the most important trait in varietal

choice of sweet potato (Domola, 2003).

Yield and adaptability are considered as promimdijectives of sweet potato breeding (Hall and
Phatak, 1993Differences between genotypes in their yield siigtdre fundamentally caused by
a wide occurrence of G x E interactions. A commipategy in varietal assessment programs is to
test genotypes in a representative range of enwieos, thereby covering a representative
sample of spatial and temporal variation (Ramagasd Fox, 1993). Little information is
available orG x E variation in sweet potato as compared toratiegor staples (Gruneberg et al.,
2005). This was also the case in South Africa.
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Significant advances have been made in recent ye#ne measurement and understanding of G
x E interactions. Multivariate approaches have lmreloped which incorporate a number of the
mentioned methods. The AMMI model (Gauch and Zold#€96) is often used to predict
genotypic yields in specific environments. It egteaG and E, then uses PCA to explain the
pattern in the G x E and residual matrix (Gauch dothel, 1988).Purchase et al. (2000)
developed a quantitative stability value to rankagpes through the AMMI model, namely
ASV. In analysis of cultivar stability with Shukk&’procedure (1972), Lin and Binns (1988),
Finlay and Wilkinson (1963), Eberhart and Russell66) and the ASV, they found ASV to be
the most appropriate.

The most recent method, GGE (Genotype main effest@enotype by Environment interaction)
biplot model, offers breeders a more complete asdaV evaluation of all aspects of the data by
creating a biplot that simultaneously representth bbmean performance and stability (from
Kang's yield stability statistic, Y;Swhich involves cultivar rankings based on Shuss?), and
identifies mega-environments (Ding et al., 2007n#al993; Yan, 2001; Yan and Kang, 2003).
It allows more functions than AMMI and removes thmpact of E, allowing the breeder to focus
on G and GE, as only G and GxE interaction arevagieto varietal evaluation (Ding et al.,
2007). The GGE biplot also jointly uses (Ding et &007) some of the functions of joint

regression and type B genetic correlation (Yama862).

G x E interaction studies on sweet potato were haseregression analysis (Janssens 1985;
Kanua and Floyd, 1988; Naskar and Singh, 1992; Bgel093), environment variances
(Bacusmo et al., 1988), variance components (Aketial., 2005; Collins et al., 1987; Grineberg
et al., 2004); Shukla’'s stability variance and G@plot (Abidin, 2004), Tai stability test
(Manrique and Hermann, 2002; Mwanga et al., 2006) AMMI (Griineberg et al., 2005;
Manrique and Hermann, 2002). In these studies,feignt G x E interactions were found on

yield, yield components and quality traits of sweetato.

Farmer participation is increasingly being incogied in African sweet potato varietal programs
(Abidin, 2004; Gichuki et al., 2003; Kapinga et, &007b; Shamebo and Belehu, 2000). Formal
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breeding has been limited in improving productignresource-poor farmers in agro-ecological
and socio-economically marginal environments (Cexdtaand Grando, 2006). Farmer
participation to encourage adoption of higher yieddvarieties is firstly based on released
varieties or those close to release (Witcombe, },9868s, PVS, and secondly, PPB or DPPB into
which the products of PVS flows. These approachescansidered the most appropriate to
develop varieties for marginal agricultural systefdtmekinders and Elings, 2001; Ceccarelli
and Grando, 2006; Dawson et al., 2007). Broadly types of programs can be distinguished,
namely, consultative (formally led) and collaborati (farmer led) (Witcombe, 1996;
Almekinders and Elings, 2001; Sperling et al., 2001 the South African sweet potato breeding
program, PVS was employed in which these were coeab{Laurie and Magoro, 2008).

Though good commercial varieties such as Blesbdkgla yielding variety with low dry matter
content (Bester et al., 1991) were available intb@drica earlier, however there was a shortage
of improved varieties with desirable traits foraasce-poor farmers. A number of new varieties
with cream to yellow-orange root flesh color wesyveloped for this purpose. The present study
was conducted to test these new varieties in MEh Wiarmer participation to assess their
adaptability and agronomic performance aimed atesdihg food security. The hypothesis was
that large differences in genotypic expressiongsbaomically important traits will be shown by

new South African sweet potato varieties.

3.3. Materialsand Methods

3.3.1. Varietiesand experimental sites

The trials consisted of new varieties released dasethe first set of off-station trials during
2000/1 — 2002/3 (Laurie and Magoro, 2008). Two kunvtarieties, namely Mafutha (variety
preferred by resource-poor farmers, with a swedt dny taste but poor yield and quality) and
Blesbok (popular commercial variety) were includedcontrols in the trialSfhe new varieties,
all with cream to yellow-orange flesh color weremasi, Letlhabula, Mamphenyane, Mokone,

Monate, Ndou, Phala and Serolane.

MET were conducted for two seasons per area d@@@g/3 to 2007/8 seasons in environments

representing some sweet potato growing areas farelift agro-geographic zones (Table 3.1).
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The types of sites used were: 1) communal gardehkzatshe near Badplaas; Nongoma); 2) an
experimental farm (Syferkuil near Polokwane), aratnf of extension officer (between

Petrusburg and Bloemfontein); 3) agricultural agdle (Glen near Bloemfontein; Elsenburg near
Stellenbosch); and 4) the main research institunRoodeplaat near Pretoria. To ease
interpretation the two sites near Bloemfontein Wwél called “Free State”. The sites presented the
opportunity for selection at well-managed to lowub'reduced management conditions, resulting

in a more effective selection for resource-poomfr conditions.

The planting material was multiplied from a viruslexed source. Seedlings were established in
a field multiplication block at the main researcistitution. Apical stem cuttings of five nodes
were obtained from the field multiplication blockrfestablishment 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 planta randomized complete block design (RCBD).
The plant distances were 1-1.5 m between centerthefridges (depending on implement
available) and 0.3 m between plants within rows.plat consisted of one row of 9 m.
Fertilization applied was 500 kg/ha fertilizer nbxoadcasted and incorporated before planting
and, where possible, 1t8p dressings of 150 kg/ha limestone ammonium teitfBAN) applied
within six weeks after planting. Cultivation washerr done by tractor or hand implements. Weed
control was done manually by hand or by hoe. Nonubal control was applied, except
Roodeplaat where herbicides were used due to lsbortage. Supplementary irrigation was
applied as per system available per site. This mastly by sprinkler irrigation, except in
Nongoma through buckets and hoses and furrow troigan Nhlazatshe. The growing period

was 4.5 — 5.5 months, depending on the climatimreg
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Table 3.1 Site description for MET with cream tdlg@-orange sweet potato varieties

Site Temperature ! Rainfall'  Altitude'  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 37.5 258 105 6.7 213 222 229 226 212 181 143 686 1164  Clay loam Warm 2002/12/19  2003/05/24
(Gauteng) temperate 2003/12/20  2004/06/02
Nlhazatshe 2 39.2 266 129 2.7 215 232 239 237 226 202 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 21 215 225 225 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) 31.8 256 135 24 218 232 24 234 225 186 16.1 857 1750 Sandy Cool 2003/12/02  2004/05/18
- station: Newcastle 32.2 247 102 1.6 203 219 228 216 202 162 133 858 1235 loam subtropical ~ 2004/12/09  2005/05/30
- station: Mandeni 315 265 169 3.2 233 246 252 252 248 211 189 856 109
Elsenburg 41.7 227 106 0.2 183 20 21 214 201 17.7 147 595 162 Sandy  Mediterranean  2005/12/13  2006/05/24
(Western Cape) 2007/11/26  2008/04/05

Warm
Bloemfontein 39 24 8 -10 20 22 23 22 195 155 85 559 1351 Clay loam temperate 2003/11/25  2004/05/11
(Free State) with heavy

frost 2004/11/21  2005/05/08

in winter

" Database of South African Weather Bureau www.weathersa.co.za

2The nearest station was Baberton
3The 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 cordwié way as the trials were conducted at
experimental stations, while others were collabeeads the trials were planted on-farm and
farmers were involved in the cultivation and maimatece of the trials. The data were collected
and analyzed and feedback provided to the farnk@sners completed an evaluation sheet on
the cooked taste, and in some cases on the chigesand yield of the entries.

3.3.4. Harvesting and data collection

Data was collected at harvesting on vine vigor deding to a 5-point scale, where 1 = very
sparse, 2 = sparse, 3 = average, 4 = vigorous,vBry vigorous), root flesh and skin color
(visually describing the colors), root shape (adoay to Huaman, 1992), and mass and number
of marketable and unmarketable roots. Marketalbésrovere considered as good quality between
100 and 1200g. Unmarketable classes were unmal&etaimall (<100g) (XXS), unmarketable
large (>1200g) (XXL), cracked, rotten, insect iriéek rat damged, mechanically damaged, long
crooked and sprouted roots. The dry matter comtetwo medium to large roots was determined
(sliced roots oven-dried at 70°C for 2 days). Tastd of cooked roots of the various varieties
were rated by farmers and extension persoanebrding to a 5-point scale, where 1=excellent,
2=good, 3=average, 4=poor or 5=very poor. Attendarazied per site (2 - 159 people; mean 32)
and a total of 389 adults took part in the evabratEach respondent evaluated the taste of all the

varieties that were cooked in a convenient ordgraups; no specific randomization was used.

3.3.5. Data processing and analysis

Data from all 30 plants per plot were used in dalitng marketable yield (t/ha), number of
marketable roots, unmarketable yield classes (%)tatal yield (t/ha). Correlation coefficients
between selected traits were calculated on MictoEstel 2003. Data was analyzed using
GenStat® (Payne et al., 2007). The mean values Wst screened for normality and outliers
examined. An ANOVA was performed using data poogsived from three replicates for total
root yield (t/ha), marketable root yield (t/ha),nmoer of marketable roots (number per plot), and
from one replicate for dry matter content, tasterescand vine vigor score. The Student’s
protected t-LSD was determined if the F-probabifiym the ANOVA was significant at 5 %,
except for scores of unmarketable classes wher detel was used. Statistical significance
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was set at the 5% to compare means of sites ametigar Data of unmarketable classes, except
for XXS, was very skew in distribution and had higtriety variances and could not be analyzed.
The data was therefore transformed into scoresdbasethe following scale: 1 = no apparent

damage; 2 = very little damage (0.1 - 4%); 3 = matdedamage (5-19%); 4

considerable
damage (20-39%); 5 = severe damage (40-75%). An YWAIQvas performed to assess the
variability.

Methods used for G x E analysis in this study w&j)eAMMI model (Gauch and Zobel, 1996)
performed on GenStat 2007; and 2) SREG model ofG& Biplot (Yan and Kang, 2003)
performed with SAS/STAT Version 9.2. Missing valwesre estimated using the EM algorithm
in the ANOVA procedure on GenStat based on a coetbanalysis of 12 environments. This led

to differences in mean values between the individiNOVA'’s and the AMMI analysis.

3.4. Results
3.4.1. Root shape and root color

The root characteristics of the 10 varieties adécated in Table 3.2 and Fig. 3.1.

Table 3.2 Origin, root color and shape of 10 créaryellow-orange sweet potato varieties

Variety Origin Skin color Flesh color Root shape
Amasi Rose Centennial (USA)  Brownish yellow (()Jrr:r?;zorange - Pale Round elliptic - Long elliptic - Ovate
Blesbok ARC 1981-27-1204 fezrp'e -Purple- \white — Cream Long oblong - Long elliptic
Letihabula ARC 1987-17-3 Cream-White  White - Cream tﬁig%:b"’”g - Round elliptic - Long
Mafutha ARC Sel. No 4-95 Qream pink - Pale  Cream, orange spots — Heavy prvate - Round elliptic -
pink Cream long elliptic
Mamphenyane  ARC 1981-27-167 Yellow - Brownish ~ Cream, orange spots - Opoyate - Long oblong - Round
orange Pale yellow elliptic
Mokone ARC Ribbok Cream Cream - Dark cream Round elliptic - Long oblong - Ovate
Cream - cream - -
Monate ARC 1985-6-3 b . Cream Round elliptic - Long elliptic
rown pink
Ndou ARC 1992-7-2 Cream - slight light ~ Cream - Cream, pale unpd elliptic - Obovate - Long
orange orange elliptic
Phala ARC 1981-26-1114  Purple-red Cream - Cream, slight o1+ Round elliptic - Long elliptic
pale orange
Wit Blesbok (landrace)  Pink - Brownish Orange, yellow ring - Long elliptic - Long oblong - Long
Serolane .
x Mafutha orange Pale orange irregular
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Fig. 3.1 Eight new cream to yellow-orange sweeamovarieties and commercial control variety Bldsbo
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All the sweet potato varieties in the present stodginated from local genetic resources, except
Amasi (with one foreign parent) (Table 3.2). Theietees varied in skin color from cream to
brown to purple (Fig. 3.1). Six of the varietiesdh@ome degree of orange pigmentation in the

root flesh. Most varieties had acceptable root shapcept for Serolane with long irregular roots.

3.4.2. Tasteand dry matter content

The highest mean taste scores (for boiled rootsg &ehieved by Mafutha, followed by Amasi,
Ndou and Monate (Table 3.3). Blesbok, Mokone, Semland Lethlabula had average scores.
Low scores were reported for Mamphenyane and PN&aphenyane had a very high SD for

taste score.

Table 3.3 Mean and SD for taste score (n=389),naajter content and vine vigor score of 10

cream to yellow-orange sweet potato varieties iedAronments sorted in descending order

Variety Taste ! Variety Dry matter Variety Vine vigor 2
content (%)

Mafutha 1.87(0.39) a Serolane 28.0(23) a Monate 423(057) a

Amasi 221(051) ab Ndou 27.7(5.00 a Amasi 403 (0.64) ab

Ndou 229(0.59) ab Mafutha 27.3(28) a Mokone 3.93(0.75) ab

Monate 2.53(0.69) abc Amasi 271(31) 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) bed

Letlhabula 3.20 (0.95) cde  Mamphenyane 259(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  Bleshok 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

1Taste score: 1 = excellent, 2 = good, 3 = average, 4 = poor, 5 = very poor (Note: opposite to scale of section 7.4.5)
2Vine vigor score: 1 = very sparse, 2 = sparse, 3 = average, 4 = vigorous, 5 = very vigorous

Large variation was present in dry matter contétidiou and Monate as seen from the standard
deviation (SD). The dry-matter content differerdchtthe varieties into two groups of which
Blesbok and Lethlabula formed the low dry mattesugr (significantly lower at 20.6 to 22.7%)
and all other varieties were in the high dry magesup (ranging from 28.0% to 25.6%) with

Mafutha, the control variety for the needs of reseypoor farmers. The correlation between taste
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score and dry matter content was r = -0.28 and ¢hloesr factors contribute in determining the
taste. Total root yield and dry matter content wergatively correlated (r = -0.61).

3.4.3. Vinevigor

The vine vigor score for Monate was the highest sigdificantly higher than Phala, Serolane,
Mafutha and Mamphenyane (Table 3.3) with lower wigor. Amasi, Mokone, Blesbok, Ndou
and Lethlabula had vigor scores in the same ramggManate. This trait is important in
establishment and survival, and finally in yieldvess seen in the correlation between vine vigor
and total root yield (r = 0.655). The relation dfome-ground growth to root production is
determined by source-sink relatiofakatani and Komeichi, 1992).

3.4.4. Unmarketableroot yield classes
The most important unmarketable root yield clag3edble 3.4), were XXS, and insect and rat
infested.

Table 3.4 Mean scores for unmarketable root yikldses 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 144 c 2.92 abc 1.31 bed 1.14 bc 1.86 1.75abc  1.50d 1.17 144 a
Blesbok 208a 2.67 be 119 cd 1.31b 2.08 1.75abc  1.67abc  1.36 1.03b
Letlhabula 1.83 ab 264c 1.39 abcd 1.11bc 2.08 1.5 bed 1.56 cd 1.19 1.00 b
Mafutha 1.69 be 2.83 abc 1.59 abc 1.06 bc 1.78 1.78 ab 1.83 ab 1.25 1.08 b
Mamphenyane 137¢ 293 ab 1.63 ab 1.33b 1.93 1.67bc 1.70abc 117 1.07b
Mokone 144 ¢ 3.03a 1.14d 1.25bc 1.81 1.42 cd 1.56 cd 1.25 1.03b
Monate 1.86 ab 251¢ 1.69 ab 1.29b 2.23 209a 1.49d 1.20 151a
Ndou 1.53 bc 259¢ 1.39 abcd 1.00c 2.22 1.92a 1.56 cd 1.19 1.06 b
Phala 1.33¢ 297 a 1.73a 1.07 bc 213 1.30 cd 1.57bcd  1.37 110b
Serolane 140 ¢ 3.06a 1.66 ab 1.66 a 1.91 1.74abc  1.86a 1.46 1.03 b
Mean 1.62 2.81 1.46 1.22 1.99 1.70 1.64 1.27 114
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 2229  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 XXLBtrsbok, Monate and Lethlabula indicated
that these were early maturing varieties. In catidarge mean scores for XXS were found for
Serolane, Mokone and Phala, ranging from 3.06 87.2Insect infestation was detected in a
higher degree in Monate and Ndou (scores betwexhdhd 2.23), while Mokone and Mafutha
were somewhat tolerant to it. Rat damage was aféem in Monate and Ndou (scores between
2.09 and 1.92), in contrast to Lethlabula, Mokond Bhala which had low scores (1.5 to 1.3) for
rat damage. In terms of cracked roots, the largesilem was with Phala. Serolane had poorer
storage root quality due to higher scores for latagnaged and rotten roots. Sprouting was seen

in Monate and Amasi when conditions were favoripgating.

3.4.5. Marketableroot yield

High marketable root yields of 61.0 and 61.4 t/lesswbserved in Roodeplaat in two seasons (R1
and R2) (Table 3.5). Other environments with higtamyields were Nhlazatshe 2003/4 (Nh2) at
51.5 t/ha and Polokwane 2005/6 (P2) at 41.5 t/lme [dwest yield was 15 t/ha in Nhlazatshe
2004/5 (Nh1). Significant effects for marketableslgi at environments were observed at all
environments except in Nongoma (Nol and No2). Riksiproduced the highest mean
marketable yield, followed by Ndou and Lethlabulde lowest production of marketable yield
was by Mafutha, Phala and Mamphenyane.

3.4.6. Number of marketableroots

High means for number of marketable roots (Tab@ ®ere found for Roodeplaat 2003/4 (R2),
Roodeplaat 2002/3 (R1), Elsenburg 2005/6 (E1) ame State 2005/6 (F2) varying from 164.6
to 106.1 marketable roots per plot. A low numberradts, 25.3 per plot, was observed for
Nongoma 2003/4 (Nol) Only in Polokwane 2004/5 (Rhlazatshe 2003/4 (Nh1), Nhlazatshe
2004/5 (Nh2), Nongoma 2003/4 (Nol) and Nongoma Z0DQMo02), the number of marketable
roots were not statistically different among vaest

Blesbok and Ndou had the highest mean number oketabrle roots (Table 3.6), while Phala,

Mamphenyane and Mafutha had low mean marketablebeurof roots. A strong positive

correlation was found between marketable root yaeld number of marketable roots (r = 0.883).
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Table 3.5 Means for marketable root yield (t/ha) 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 56.1 288 447 485 244 40.2 207 590 158 218 208 36.6
Blesbok 76.7 914 204 489 604 470 58.3 398 761 219 179 222 484
Letlhabula 83.1 72.1 445 529 358 584 34.8 46.7 624 139 191 143 448
Mafutha 52.6 436 215 18.7 19.2 14.8 221 180 306 3.0 141 275 238
Mamphen-
yane 554 56.9 251 - 405 250 16.8 - 433 105 123 131 314
Mokone 64.1 658 447 426 454 329 36.9 376 448 212 197 230 399
Monate 53.7 55.1 386 493 382 330 37.5 428 586 123 198 149 378
Ndou 67.5 645 668 491 293 543 448 50.1 632 196 210 192 458
Phala 447 490 501 383 340 393 18.7 - 331 - 149 156 324
Serolane 54.4 59.0 18.1 29.3 186 277 219 322 437 167 113 155 290
Mean 61.0 614 358 415 370 37 3319 360 515 150 172 186 373
P-value (var)  <0.001 <0.001 0.015 <0.001 0.002 <0.001 <0.001 <0.001 0.003 0.05 063 0.1
LSD (var) 12.9 9.2 258 13.2 17.3 10.5 8.9 10.7 205 1141 ns ns
Root MSE 75 54 15.0 7.6 10.1 6.1 5.2 6.1 120 6.4 7.3 6.1
CV% 12.3 8.7 42.0 184 273 17.2 15.7 170 232 425 426 326

‘- = 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 fpet) 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 1857 457 1157 1547  105.3 91.0 74.6 90.3 477 247 500 954
Blesbok 1750 196.0 333 1217 1150 1453 1327 1020 970 513 247 547 1041
Lethabula 1863 151.0 78.0  107.7 80.3 170.0 93.3 1193 667 333 257 280 950
Mafutha 1247 1017 480 42.7 31.3 51.7 49.3 760 403 107 233 683 557
Mamphen-
yane 1320 1540 53.0 - 90.7 97.0 55.3 - 540 320 237 363 728
Mokone 167.0 2073 863 1133 1270 1190 83.3 1390 783 610 330 670 106.8
Monate 119.7 1537 590 121.7 93.7 103.3 89.0 84.7 783 357 299 400 841
Ndou 1480 177.0  99.0 91.0 61.3 1433  109.0 161.0 850 53.0 337 430 1004
Phala 1220 1367 743 1057 70.0 111.0 70.7 - 58.0 - 173 367 802
Serolane 149.7 1833  36.0 70.0 41.7 102.3 90.0 92.0 813 566 173 470 806
Mean 1482 1646 613 98.8 86.6 114.8 86.4 106.1 729 424 253 471 882
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  23.0 233 256 18.4 29.7 19.4 10.4 203 245 182 131 153
CV% 15.5 142 419 18.7 34.3 16.9 12.1 19.2 335 431 516 325

‘- = 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, iatkd in Table 3.7, varied between 82.0 t/ha in
Roodeplaat 2002/3 (R1) and 35.8 t/ha in Nhlaza®d@/5 (Nh2). Significant differences were
found for all environments, except Nhlazatshe 280Mh2), Nongoma 2004/5 (No2) and
Elsenburg 2005/6 (E1). High total yield was produty Blesbok, Ndou and Monate, and the
lowest by Mafutha.

Table 3.7 Means for total root yield (t/ha) for d@am to yellow-orange sweet potato varieties in

12 environments

Variety R1 R2 P1 P2 E1 E2 F1 F2 Nh1 Nh2  No1l No2 Mean

Amasi 77.9 70.4 38.2 599 809 387 44.5 34.7 68.0 358 532 472 541
Blesbok 1065 1106 476 73.0 109.7 651 61.6 69.3 90.1 456 463 413 721
Letlhabula ~ 103.1 84.9 79.6 66.5  75.1 66.8 39.5 63.4 68.3 344 444 321 632
Mafutha 69.3 612 491 390 476 280 249 35.7 357 265 290 435 408
Mamphen-

yane 70.1 68.8 402 884 307 24.0 493 278 342 341 467

Mokone 70.5 749 640 494 966 427 418 50.4 498 438 422 401 555
Monate 94.3 818  86.1 704 713 663 47.5 73.5 686 328 463 368 64.6

Ndou 86.9 776  100.7 69.0 65.4 63.4 471 62.1 71.2 409 420 475 645
Phala 69.9 54.5 68.1 50.8 70.9 53.6 23.8 - 40.6 - 300 332 495
Serolane 71.9 68.7 51.5 52.9 75.4 474 239 48.7 51.8 347 328 389 499
Mean 82.0 75.4 62.5 59.0 78.1 50.3 37.9 54.7 59.3 358 400 395 565
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) 1345 1199 3066 13.61 ns 1339 845 1552  19.61 ns 1129 ns
Root MSE 3.1 3.0 53 3.6 5.1 3.9 3.6 4.0 44 48 4.0 5.0
CV% 9.6 9.3 28.6 133 263 155 13.0 16.2 193 228 164 246

“-“ = 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 combineahalysis in 12 environments are
presented in Table 3.8. Highly significant effe(f@s< 0.001) were obtained for E and G, as well
as G x E interaction in all three variables. Irstanalysis, only 3.3% missing values were present.
The noise (removed from interaction in the PCA Ibta reliable estimates) was only 5.6% (cf.
residual in Table 3.8). For all three variables thecontributed more (56%, 65% and 48%,
respectively) to the total variability than the @dathe G x E interaction. The interaction main

effect explained 16%, 13% and 16%, respectivelyhefvariability in marketable yield, number
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of marketable roots and total yield, which was &mio the variability attributable to the
genotype main effect. The contribution of IPCA1 @was 69%, 62% and 76%, respectively, of
the total sum of squares attributed to G x E imtgwa. For marketable yield, though IPCAl
(43%) was more important in describing the G x Eeriaction, IPCA2 (26%) should also be
considered. For number of marketable roots, IPCécbanted for 38% and IPCA2 24% of the G
x E interaction and thus the latter will become enamportant in interpretation of G x E
interaction. IPCAL for total yield explained 53% ilghIPCA2 a relative small contribution

(23%) and may be discarded in the interpretatiorifshown to have specific importance.

Table 3.8 Analysis of variance of AMMI model foreld components in sweet potato trials in 12

environments

Source df Marketable yield (t/ha) Number marketable roots Total yield (t/ha)
Sum of Mean P-value Sum of Mean P-value Sum of Mean P-value
Squares  Squares Squares  Squares Squares  Squares
E 11 79815 7256 <0.001 578901 52627 <0.001 88325 8030 <0.001
(56%) (65%) (48%)

Block ! 24 5070 211 <0.001 20172 840 0.0045 8297 346 <0.001
G 9 21424 2380 <0.001 81231 9026 <0.001 32356 3595 <0.001
(15%) (9%) (18%)

GXE 99 22373 226 <0.001 117258 1184 <0.001 30262 306 <0.001
(16%) (13%) (16%)

IPCA1 19 9585 504 <0.001 45020 2369 <0.001 15903 837 <0.001
(43%) (38%) (53%)
IPCA2 17 5853 344 <0.001 28572 1681 <0.001 7102 418 <0.001
(26%) (24%) (23%)
IPCA3 15 2815 188 <0.001 19120 1274 <0.001 3512 234 <0.001
(13%) (16%) (12%)
Residual 63 6935 110 0.0069 43666 693 0.0038 7257 115 0.4572
(31%) (37%) (24%)
Error 216 14834 69 89839 416 24757 115
Total 359 143516 400 887400 2472 183996 513

1 Blocks within environments

The mean varietamarketable root yield varied widely between 48.40 t/ha for Blesbok and
23.81 t/ha for Mafutha (Table 3.9). The new vaegtNdou and Lethlabula produced vyields of
45.79 to 44.83 t/ha, which were not significantbyver than the commercial control Blesbok.
Average yields were achieved by Mokone, Monate Aamasi ranging from 39.90 to 36.85 t/ha.
The low yielding new varieties were Phala, Mamplargyand Serolane (31.31 to 29.04 t/ha). All
new varieties had significantly higher yield tharafMtha, the control variety for resource-poor

farmer needs. In terms of the AMMI selections pevi@nment, Blesbok was the best in six
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environments. Ndou was the best in four environsieand also achieved second place in one
environment. Lethlabula had the second best madrketéeld in seven of the environments.

The environment means showed that the highestsyield1l t/ha to 51 t/ha were obtained in
Roodeplaat (both years) and Nhlazatshe 2003/4. [bohest yielding environments were

Nongoma (both years) and Nhlazatshe 2004/5 (14h38. tBlesbok was the highest yielder at the
highest yielding (Roodeplaat) as well as the lowaslkding environment (Nhlazatshe 2004/5).
For the second lowest yielding site (Nongoma), Muakavas the highest yielder. Ndou retained
the same ranking for high yielding (Roodeplaat) éma yielding environments (Nhlazatshe

2004/5; Nongoma 2003/4). Amasi yielded well at igetding environment Nongoma 2004/5.

The AMMI biplot involving the first two principalamponent axes (IPCA1 and 2) for marketable
yield (Fig. 3.2), showed that all the environmesgutsl varieties were dispersed around the center
of the biplot, thus this trait showed a large antooh variability. Serolane, Monate and
Mamphenyane were the most stable varieties as\leeg clustered around the center of the
biplot (Manrique and Hermann, 2002). Similarly enviment Polokwane 2005/6 (P2) was stable.
Both years in sites Roodeplaat (R1 and R2), FraeeSF1 and F2) and Nhlazatshe (Nh1 and
Nh2) were relatively stable.

The biplot with IPCA1 scores versus mean marketéiridoth varieties and environments are
presented in Fig 3.3. Using the genotype IPCAlexand the ASV for mean marketable yield
(Table 3.9; Fig. 3.2 and 3.3), the varieties cdaddcategorized as follows:

Unstable, specific adaption, high yielding: NdBlgsbok, Lethlabula

Stable, wide adaption, average yields: MokoneMadate

Unstable, specific adaption, average yield: Amasiderately unstable)

Stable, wide adaption, low yielding: Mamphenyarerofane

Unstable, specific adaption, low yielding:  Phalafivtha
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Table 3.9Ranked means from the AMMI analyses for marketatde yield (t/ha) of 10 cream to yellow-orange stya&ato varieties
in 12 environments during 2002/3 — 2007/8 in dedtenorder

Variety Environment

Bleshok Ndou Lethlabula ~ Mokone Monate Amasi Phala  Mamphenyane Serolane Mafutha Means IPCA1 IPCA2
Ranked mean 4840 a 4579 a 4483 a 39.90 b 37.81b 36.58 b 31.31¢ 30.07¢c 29.04 ¢ 23.81d
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 2479 3.784 -1.223 0.382 -1.887 -0.962 -0.958 -0.193 -3.505
AMMI stability
value ' 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) 7275(2) 62.36(4) 6210(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) 7288(2) 61.82(6) 61.89(5) 63.55(4) 46.38(9) 55.04 (7) 5462 (8) 4315(10) 6136 -2.418 1.344
Polokwane 2003/4 (P1) 18.33(10) 63.09(1) 47.44(3) 4139(4) 39.23(5) 24.62(8) 49.13(2) 25.43 (6) 2531(7)  24.33(9) 3583 5488 -0.054
Polokwane 2004/5 (P2) 51.81(3) 53.06(1) 51.98(2) 43.20(4) 4231(5 38.37(6) 36.03(7) 33.11(8) 3272(9) 2532(10) 4079 0412 0.747
Elsenburg 2005/6 (E1) 58.27(1) 33.64(6) 37.09(4) 4114(3) 36.37(5) 4500(2) 24.74(10) 33.62(7) 30.88(8)  29.35(9) 37.01  -2473 -1.668
Elsenburg 2007/8 (E2) 4457 (3) 5749(1) 55.89(2) 3599(5) 3857(4) 26.65(7) 33.11(6) 25.07 (9) 2656 (8) 12.93(10) 3568 1.665 2.906
Free State 2003/4 (F1) 5482(1) 36.72(3) 40.84(2) 3531(5) 33.55(6) 36.28(4) 21.40(9) 27.54 (7) 26.36(8) 19.09(10) 3319  -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) 2547 (9) 25.72(8) 1719(10) 3447 1512 1.333
Nhlazatshe 2003/4 (Nn1)  78.41(1) 58.27(3) 6550(2) 51.36(6) 52.39(4) 51.96(5) 36.96(9) 44.41 (8) 4450(7) 31.25(10) 5150  -212  1.945
Nhlazatshe 2004/5 (Nn2) ~ 23.36 (1) 19.16(3) 16.46(5) 19.39(2) 1479(6) 17.38(4) 10.05(7) 9.27 (8) 7.02(9) 6.89 (10) 1438 -0.113 -1.565
Nongoma 2003/4 (No1) 20.28(3) 2247(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) 1718  0.666 -2.413
Nongoma 2004/5 (No2) 2119(3) 1852(5) 11.98(9) 26.65(1) 18.27(6) 2551(2) 17.55(7) 15.59 (8) 11.59 (10) 1948 (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)

2Ranking of varieties per environment in brackets

var = variety; env = environment
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Fig. 3.2 Biplot of IPCAL scoregersuslPCA2 scores for marketable root yield (t/ha) I0rsweet

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 IPCAL scores for meaarketable yield (Table 3.9 and Fig. 3.3),
most environments did not have extreme absoluteegalind were thus stable, except for
Polokwane 2005/6 (P2) (IPCA1 score of 5.488). Eowinents Free State (both years) (F1 and
F2), Elsenburg (both years), Nhlazatshe 2003/4 YNintl Roodeplaat 2003/4 (R2) had average
stability. High year to year variability in envirorent IPCA1 scores were seen for Polokwane
therefore relative rankings of varieties were letsdble, making it more difficult to recommend a
specific variety for Polokwane. This was also tmecextent the case for Elsenburg and the Free
State.

58



.
|
1
|
49
¢ Ph ! ¢ Ndou
1
2
* 0’ I
o iy MoK
< . Non L 4
3 g o,elo2 eMaf ﬂjg,“,,,,f?t ,,,,,,,,,,,,,,
. 0 15 20 25 & 35 | 40 45 50 55 60 65
6 Ser@ Mam™ | »
o |
- |
* »Ama &
* *
|
1
-4+
|
| Bles
| *
|
Mean marketable yield (t/ha)

Fig. 3.3 Biplot of IPCAL scoregersusmarketable root yield (t/ha) for 10 cream to yetorange

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 proximityeovironments (thus having similar IPCA1
loadings) it indicates environments where thoseetias yield especially well (Fig. 3.3). Based
on this, Mokone yielded specifically well in Polo&mne 2005/6 (P2); Monate in Free State 2005/6
(F2) and Elsenburg 2007/8 (E2); Amasi in Elsent20§5/6 (E1); Phala in Polokwane 2004/5
(P1); Mamphenyane in Free State 2003/4 (F1); anitda in Nongoma 2004/5 (No2).

The genotypic variation in mearumber of marketable roots varied between 106.81 per plot
(roughly 2.6 roots per plant) for Mokone and 55p@f plot (roughly 1.9 roots per plant) for
Mafutha (Table 3.10). Mokone, Blesbok (104.06 pet)pand Ndou (100.36 per plot) formed a
group with the highest number of marketable roAtso Amasi and Lethlabula had a number of
marketable roots (ranging from 95.41 to 94.97) sighificantly lower than Blesbok. The next
group was Monate, Serolane, Phala and Mamphenyahe8%04 to 75.39 marketable roots per

plot (roughly 2.8 to 2.5 roots per plant). Mafutheoduced a significantly lower and much
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smaller number of marketable roots than all otltateties. Mokone and Blesbok each was the
best at four environments. Ndou was the best in émeironments and second best in two

environments. Amasi and Lethlabula each was theibesme environment.

The environment means (Table 3.10) showed the bkighalues for Roodeplaat (148.40 and
164.63, respectively), Elsenburg 2007/8 (114.83) &ree State 2003/4 (103.29), and lowest in
Nongoma (both years) (25.32 and 47.10) and NhlaeaP904/5 (41.22). For these three low
yielding environments, Mokone had the highest nundfenarketable roots. The AMMI biplot
of IPCAl versus IPCA2 for number of marketable sodtig. 3.4, again shows the 12
environments and 10 varieties dispersed aroundehter and thus indicated large variability in
terms of genotypes and environments. Serolane, Mmkehala, Monate and Mamphenyane were
the most stable varieties clustered around thescarfitthe biplot, while environments Free State
2003/4 (F1) as well as both years in sites Roo@deRl and R2) and Nhlazatshe (Nh1 and Nh2)
were fairly stable.

The biplot with IPCA1 scores versus mean numbemafketable roots for both varieties and
environments, were presented in Fig. 3.5. Whenideriag genotype IPCA1 scores and ASV
(Table 3.10; Fig. 3.4 and 3.5), the varieties cobéd categorized as follows for number of
marketable roots:

Stable, wide adaption, high number of roots: Makon

Unstable, specific adaption, high number of rootSdou, Blesbok, Amasi, Lethlabula

Stable, wide adaption, average number of rootsPhala, Mamphenyane, Serolane, Monate
Unstable, specific adaption, low number of rootdvlafutha
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Table 3.10Ranked means from the AMMI analyses for number afk@table roots (per plot) of cream to yellow-oramwgrieties in
12 environments during 2002/3 — 2007/8 in descendider

Variety Environment

Mokone  Blesbok Ndou Amasi  Lethlabula  Monate  Serolane  Phala ~ Mamphenyane  Mafutha Mean IPCA1  IPCA2
Ranked mean 106.81a 104.06ab 100.36ab 9541b 94.97 b 84.04c 8061c 77.19c 75.39 ¢ 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 ! 1.814 7.025 8.969 11.008 6.461 2.964 1.901 2192 1.838 9.227
Environments 2
Roodeplaat 2002/3 (R1) 166.3(2) 169.8(1) 1654 (3) 1544(5) 164.1(4) 1435(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) 1954(1) 1659(5) 189.8(2) 172.3(4) 1649(6) 154.6(7) 150.4(9) 152.7 (8) 114.7 (10) 164.63 -2.694  -1.066
Polokwane 2003/4 (P1) 775(2)  551(7) 955(1) 38.8(10) 712(3) 51.0(8) 59.9(4) 57.8(5) 48.2 (9) 57.7 (6) 61.27 4653  1.364
Polokwane 2004/5 (P2) 1186(3) 1281(1) 97.9(6) 1234(2) 1042(4) 98.0(5 874(7) 83.2(9) 85.8 (8) 48.2 (10) 97.47 -2.778  -0.924
Elsenburg 2005/6 (E1) 1144(3) 1278(2) 559(9) 1473(1) 71.06) 975(4) 707(7) 66.5(8) 81.4 (5) 33.1(10) 86.57 -71.351  1.349
Elsenburg 2007/8 (E2) 126.8 (4) 146.7(3) 1521(2) 1054(6) 159.6(1) 102.8(8) 110.1(5) 104.8(7) 92.4 (9) 47.6 (10) 114.83 1278  -6.252
Free State 2003/4 (F1) 1039(3) 111.0(1) 1036(4) 935(5) 105.0(2) 813(6) 794(7) 752(8) 71.3(9) 39.6 (10) 86.37 0295 -2117
Free State 2005/6 (F2) 116.5(3) 104.7(4) 1469(1) 749(10) 129.0(2) 89.7(7) 1026(5) 99.6 (6) 85.9 (8) 83.2(9) 103.29 4976  -1.371
Nhlazatshe 2003/4 (Nh1)  93.7(1)  91.8(2) 794(4) 882(3) 759(5) 71.7(6) 649(7) 615(9) 62.2 (8) 40.1 (10) 72.93 -0.962  0.451
Nhlazatshe 2004/5 (Nh2)  61.5(1)  53.0(2) 522(3) 491(4) 427(5 386(6) 346(7) 316(8) 30.8 (9) 18.2 (10) 41.22 0250 1.187
Nongoma 2003/4 (No1) 462(1) 252(4) 385(2) 26.0(3) 192(8) 222(5) 202(7) 18.1(9) 16.9 (10) 20.7 (6) 25.32 1.663  3.114
Nongoma 2004/5 (No2) 709(1)  40.0(9 508(4) 542(3) 256(10) 473(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)

2Ranking of varieties per environment in brackets

var = variety; env = environment
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Fig. 3.4 Biplot of IPCA 1 scoregersusliPCA 2 scores for number of marketable roots |tfba

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 nuntbenarketable roots, extreme absolute
values were seen for Polokwane 2004/5 (P1), Fraie 2005/6 (F2) and Elsenburg 2005/6 (E1).
Environments Nhlazatshe (both years) (Nh1 and Nin2) Roodeplaat (both years) (R1 and R2)

were stable (Table 3.10 and Fig 3.5).

Specific good performance was seen for Monate ilokd@ne 2005/6 (P2); Lethlabula for

Elsenburg 2007/8 (E2); Mafutha in Nongoma 2004/63Nand Polokwane 2004/5 (P1); Amasi

in Elsenburg 2005/6 (E1); and Ndou in Free Stabm(F2).

62



R‘
| ¢ Ndou
| ¢
<* |
* 4 -
Maf !
|
|
|
21 ¢
. Ph | Let
. *s .
Sern
|
8 ’777\77770777T777!’777\777740”71T777\7777\77777777777\77*\777T777
§ 20 30 40 50 60 70Mgr‘§0 90 100 1 20 BO KO BO BO IO
7] g | *
— | Mok
5 Mon_#
a |
T 4 ¢
|
|
-4 4 & Bles
|
|
|
1
—671
|
| ®Ama
D\
Mean nr marketable roots

Fig. 3.5 Biplot of interaction IPCA 1 scoregrsusnumber 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)

Meantotal yield varied between 72.14 for Blesbok and 40.79 fortad (Table 3.11). All new
varieties had significantly lower total yield thaime commercial control variety Blesbok and
significantly higher yield than control variety Mdha. Of the new varieties Monate, Ndou and
Lethlabula produced the highest total yields (raggrom 64.88 to 63.19 t/ha), and Mokone and
Amasi average total yields of 55.51 and 54.13 thspectively. The low yielding new varieties
were Serolane, Phala and Mamphenyane (49.88 t® 4(8). Blesbok was the best of the
AMMI selections in nine environments. Monate was liest in one environment and second best
in five environments, while Ndou had the best yieldbne environment and second best in three

environments. Mokone was the best in one envirommen
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Table 3.11Ranked means from the AMMI analyses for total rgetd (t/ha) of cream to yellow-orange varietiesld environments
during 2002/3 — 2007/8 in descending order

Variety Environment

Blesbok  Monate Lethlabula Mokone  Amasi  Serolane  Phala  Mamphenyane  Mafutha Mean IPCA1  IPCA2
Ranked means 7214a  64.66b 63.19b  5551c 54.13cd 49.88d 47.1de 46.62 de 40.79 f
IPCA1 Score 4.156 -2.975 -2.081 1.362 3.259 0.466 -2.013 2.719 -0.68
IPCA2 Score -4.343 -2.157 -2.866 2.167 1.563 0.753 1.264 0.835 2.626
AMMI stability value ! 10.27 7.003 5472 3.741 7.464 1.287 4.68 6.146 3.036
Environments 2
Roodeplaat 2002/3 (R1) 107.0(1) 96.5(2) 96.4(3) 76.3(5) 758(6) 741(7) 70.9(8) 70.1(9) 61.1(10) 81.95 0277 -2.269
Roodeplaat 2003/4 (R2) 108.0(1) 83.4(3) 85.0(2) 729() 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) 476(8) 87.5(2) 796(3) 56.1(5) 421(9) 545(7) 67.9(4) 37.1 (10) 54.8 (6) 62.5 6289  1.166
Polokwane 2004/5 (P2) 749(1)  69.0(2) 676(4) 56.0(5) 542(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) 728(7) 750(5) 84.8(3) 916(2) 746(6) 61.0(10) 81.4(4) 61.2(9) 78.13 4452 0436
Elsenburg 2007/8 (E2) 645(4) 68.7(1) 66.5(3) 43.7(6) 39.2(8) 421(7) 438(5) 34.0(9) 32.5(10) 50.26 2116 -1.561
Free State 2003/4 (F1) 584 (1) 444(2) 438(3) 384(6) 388(5) 322(7) 27.2(9) 30.9 (8) 21.9 (10) 37.86 0879 -0.132
Free State 2005/6 (F2) 694 (1) 68.5(2) 66.8(3) 47.2(5) 441(8) 448(6) 446(7) 38.4(9) 34.5(10) 52.49 -1.356  -1.45
Nhlazatshe 2003/4 (Nh1) ~ 90.2(1)  69.4 (3) 70.6(2) 558(6) 58.0(5) 522(7) 454(9) 51.4(8) 37.6 (10) 59.33 1178  -2.234
Nhlazatshe 2004/5 (Nh2) ~ 442(1)  35.9(5) 335(6) 409(2) 39.7(4) 3A(7) 275(9) 29.9 (8) 25.6 (10) 34.84 0845 2418
Nongoma 2003/4 (No1) 51.3(1)  42.1(5) 40.0(6) 451(3) 441(4) 359(7) 321(9) 34.7 (8) 29.6 (10) 40.04 0831  1.965
Nongoma 2004/5 (No2) 393(4)  37.7(5 33.6(10) 49.0(1) 46.0(3) 369(6) 352(8) 35.1(9) 35.3(7) 39.48 0477  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)

2Ranking of varieties per environment in brackets
var = variety; env = environment
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The highest mean total yields were produced in Rplzdt (81.95 and 75.35, respectively) and
Elsenburg 2005/6 (78.13) (Table 3.11). Low envireninmeans were observed for Nhlazatshe
2004/5 (34.84) and Free State 2003/4 (37.86). Blestad the highest total yields in both the

high yielding and low yielding environments.

The AMMI biplot of IPCAL versus IPCA2 for total yee(Fig. 3.6), had the 12 environments and
10 varieties dispersed around the center, as seahd other yield components, indicating large
variability for genotypes and environments. Serelaras the most stable variety being closest to
the center of the biplot. Similarly environmente&rState 2003/4 (F1) and Polokwane 2005/6
(P2) were most stable.
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Fig. 3.6 Biplot of IPCA 1 scoregersusliPCA 2 scores for total root yield (t/ha) for 1@rieties

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=Bleshbok, Let=Lethlabula, Maf=Mafutha;
Mam=Mamphenyane; Mok=Mokone, Mon=Monate, Ndou=Ndou, Ph=Phala; Ser=Serolane)

The biplot for genotype and environment IPCAL ssorersus mean total yield were given in
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Fig. 3.7. By using the genotype IPCAL scores and ARble 3.11; Fig. 3.7), for total yield the
varieties could be categorized as follows:
Unstable, specific adaption, very high total yieldBlesbok

Stable, wide adaption, high total yield: Lethlab(inoderately stable)
Unstable, specific adaption, high total yield: dudand Monate
Stable, wide adaption, average total yield: rolme, 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 Radmle 2004/5 (P1), Nongoma 2004/5
(No2) and Elsenburg 2005/6 (E1). Environments Ndtistze (Nh1l and Nh2) and Roodeplaat
(both years) (R1 and R2) were stable in both y€eable 3.11 and Fig 3.7).
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Fig. 3.7 Biplot of IPCA 1 scoregersustotal root yield (t/ha) for 10 varieties grownia

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 certaim@ronments (these were in close proximity on
the biplot), were Mafutha in Nongoma 2004/5 (Nd2fala in Elsenburg 2005/6 (E2); Serolane
in Free State 2005/6 (F2); Ndou in Polokwane 200B8; Blesbok in Elsenburg 2005/6 (E1).

3.4.9. GGE BIPLOT

The results of the SREG model fiovar ketable root yield are presented in Table 3.12 and Fig.
3.8. The principal component (PC) scores for thietias and environments are also indicated in
Table 3.12. The ANOVA for the combined analysis t&nfollowed in Table 3.8 for the main
effects. However, the contribution from PC1 (60%3 &#C2 (21%) for the SREG model differs
from that of the AMMI model. The SREG model accaahfor 81% of GGE variation, while the
AMMI model accounted for 69% (for the first threrea). This led to some differences in the

stability rankings of the varieties.

Table 3.12 Mean marketable root yield (t/ha) valioeghe first two principal axes (PC1 and 2)

of 10 cream to yellow-orange varieties and 12 emrirents from the SREG model

Variety Marketable yield (t/ha) PC1 PC2

Blesbok 48.40 4975 -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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G5E biplot for Cream Mark using SEEG model

Factor 2

I I I I I I I I I I I
-G -3 -4 -3 -2 -1 0 1 2 3 4 3

Factor 1

Fig 3.8 GGE Biplot (SREG model) of marketable rgield 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 desdribg Burgueno et al. (2001) and Yan et al.
(2000). The varieties lying at the extreme endthefpolygon were the most responsive varieties
(negative or positive). These were the best (Nd&lasbok) or poorest (Mafutha) varieties at
some or a number of locations. Varieties Mokone Modate lying close to the center were least
responsive and since lying in close proximity tacheather, showed similar reaction. The
genotypes and environments on the biplot were divimhto four sectors by the red lines. One

sector included Ndou, Monate, Mokone and Lethlakith the environments Polokwane 2004/5
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(P1), Free State 2005/6 (F2), Elsenburg 2007/8,(BP2Jokwane 2005/6 (P2) and Nongoma
2003/4 (Nol). The second sector included Blesbak Amasi with Elsenburg 2005/6 (E1),
Roodeplaat 2003/4 (R2), Nhlazatshe 2003/4 (Nh19e FState 2003/4 (F1), Roodeplaat 2002/3
(R1), Nhlazatshe 2004/5 (Nh2), and Nongoma 200M£2]). The third sector included Mafutha,
Mamphenyane and Serolane and sector four includathPVertex varieties (on the extreme end
of the polygon), e.g. Mafutha without any enviromim the sector, was not the highest yielding

at any site, moreover it was the poorest variegoate sites.

A high coefficient of correlation (r = 0.986) exast between marketable yield of varieties and
their PC1 scores. Ideal varieties have high PClesdadigh yield) and small absolute PC2 scores
(high stability), e.g. Lethlabula, and Mokone andrdte with average-good vyields). The

varieties were grouped as follows:

Stable, wide adaption, high yielding: Lethlabula
Unstable, specific adaption, high yielding: NdBlesbok
Stable, wide adaption, average yields: MokoreeMonate

Moderately unstable, specific adaption, averagkelyie ~Amasi

Unstable, specific adaption, low yielding: Phala
Stable, wide adaption, low yielding: Mamphenya®erolane,
Stable, wide adaption, very low yielding: Mafutha

These groupings are similar, but not the same egtbupings identified with the AMMI. This
was due to the difference in GGE variation accadifive by the two models.

Environments with high PC1 and low absolute PC2ewsmsidered as ideal environments e.g.

Roodeplaat and Free State.

The GGE results fonumber of marketable roots were presented in Table 3.13 and Fig. 3.9.
The SREG model accounted for 75% of GGE variafidre contribution from PC1 was 54% and
from PC2 21%. In comparison, the AMMI model acceantor 62% (for the first two axes). The
most responsive varieties were Ndou, Blesbok andaghngpositive response) and Mafutha
(negative response: very low number of marketabtds). The biplot was divided into four
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sectors: 1) Ndou and Lethlabula with the environt®ddongoma 2003/4 (Nol), Polokwane
2004/5 (P1), Elsenburg 2007/8 (E2) and Free Sta@s/B (F2); 2) Blesbok and Mokone with
Roodeplaat 2003/4 (R2), Nhlazatshe 2003/4 (Nh19e Ftate 2003/4 (F1), Roodeplaat 2002/3
(R1), Nhlazatshe 2004/5 (Nh2) and Polokwane 200®B); 3) Amasi and Monate with
Elsenburg 2005/6 (E1) and Nongoma 2004/5 (No2); nslamphenyane, Phala, Mafutha and
Serolane.

Table 3.13 Number of marketable roots (per plot)tifie first two principal axes (PC1 and 2) of
10 cream to yellow-orange varieties and 12 enviremisifrom 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 2435 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 7719 -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 4110
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 (highmber of roots) and small absolute PC2 scores
(high stability), ideal varieties were identifie¢ #8lesbok and Mokone. The varieties were
grouped as follows:

High number of roots, stable, wide adaption: Btds Mokone

High number of roots, unstable, specific adaption: Ndou, Lethlabula, Amasi
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Mean number of roots, moderately stable, wide adapt Monate
Low number of roots, stable, wide adaption: Sere| Phala, Mamphenyane

Very low number of roots, stable, wide adaption: afviha

Similarly environments with high PC1 and low absellPC2 were considered as ideal

environments namely Roodeplaat and Nhlazatshe.

GGE biplot for Cream Mnumber using SREG model

Factor 2

Factor 1

Fig. 3.9 GGE Biplot (SREG model) for number of netdble 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 valuestébal root yield as well as the PC scores. The
SREG model accounted for 86% of GGE variation. €betribution from PC1 was 61% and

from PC2 25%. In comparison, the AMMI model accaahfor 76% (for the first two axes).

Blesbok and Ndou (positive response) and MafutliaMamphenyane (negative response), lying
at the extreme ends of the polygon, were the mespansive varieties. Varieties Ndou,
Letlhabula and Monate showed similar reaction ay there in close proximity. Six sectors were
identified. One sector included Ndou, Monate anthladula with the environments Elsenburg
2007/8 (E2) and Polokwane 2004/5 (P1). The secentbsincluded Blesbok and all the other
environments. The third sector consisted of Amasigd the fourth sector of Mokone and
Mamphenyane. The fifth sector consisted of Phakxpl8ne and Mafutha. No varieties or
environments fell into sector six. The more idealimnment (high PC1 and low absolute PC2)

was Roodeplaat and Free State.

Table 3.14 Total root yield (t/ha) of 10 varietimsd 12 environments as estimated by GGE as

well as values for the first two principal axes (P@nd 2)

Variety Total yield t/ha PC1 PC2

Blesbok 72.14 5.792 4.626
Monate 64.66 3.335 -2.7122
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 4710 -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
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5GE biplot for Cream Total using SREG model

Factor 2

Factor 1

Fig. 3.10 GGE Biplot for total root yield for eigbteam 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 varietied aheir PC1 scored were very poor. ldeal
varieties have high PC1 scores (high yield) andllsatsolute PC2 scores (high stability), e.g.
such as Monate. The varieties were grouped asasilo

Unstable, specific adaption, very high total yieldBlesbok

Stable, wide adaption, high total yield: Lethladoahd Monate
Unstable, specific adaption, high total yield: aud
Stable, wide adaption, average total yield: alehSerolane, 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 agalwith South African cream to yellow-orange
sweet potato varieties and was of significancefditure promotion of new varieties to improve
food security. The results indicated large diffexes in genotypic expression of important
agronomic traits, including yield components, ansinthe new South African sweet potato
varieties. The environment main effect had the dargcontribution to variance of yield

components. Other authors reported the same finfdingield in wheat trials (Purchase et al.,
2000) and maize trials (Alberts, 2004; Ma’ali, 208 South Africa. This indicated the large

influence which environment has on agronomic pemnéorce compared to the genotype main
effects.

Based on MET, the new varieties were characterirederms of agronomic performance.
Mamphenyane and Serolane with wide adaption antaRin¢gh specific adaption, all produced
low marketable yields, and had a high dry matterteat and vine growth with lower vigor;
Mamphenyane and Phala also had average to poerltased on tasting sessions with small
groups of adults in the different environments;dkere, an orange-yellow-fleshed variety, had a
percentage of undesirable long sweet potatoes whgch easily damaged during harvesting. All
these varieties produced average total yields fsegnitly higher than the control variety Mafutha.

Amasi had a cream-orange-flesh, round elliptic shdpgh dry matter content, good taste,
vigorous vine growth and produced moderately uhstalberage marketable, unstable average
total yield and a high number of marketable robts in some instances sprouting occurred.
Mokone had cream flesh color, round elliptic shdpegh dry matter content, average to bad taste,
vigorous vine growth and produced stable averag&etable and total yield, and high number of
marketable roots. Monate was early maturing, witihtunstable total yield and round elliptic
shape. Due to losses in marketability such as irds@nage, rat damage and sprouting (note most
of these roots are still consumable), the variety average stable marketable yield. Monate had

very vigorous vine growth, high dry matter contantl good taste.

A high moderately stable total yield and high ubhktamarketable yield, with high number of
roots were produced by Lethlabula. The vine growH#s medium vigorous, the storage roots
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long oblong with cream flesh and was early maturicgthlabula had lower dry matter content
with average to bad taste. Ndou was characterigeghbtable high marketable as well as total
yield and high number of roots combined with higly chatter content, good taste, cream flesh
and round elliptic shape. The vine growth was mmditigorous. The sweet potatoes of this
variety may in some cases show insect damage. Enketable yield of Ndou and Lethlabula

was similar to the commercial control variety Blekb

Recommendation of new varieties such as Ndou, akthé, Monate, Mokone and Amasi would
have a considerable yield advantage above thedatorariety Mafutha. The new varieties, with

exception of Lethlabula, provided improved yield il@hmaintaining dry matter content as

compared to Mafutha. Achieving this was complicabgdhe negative correlation between root
yield and dry matter content. Only the dry mattentent of the new variety Letlhabula, was
significantly lower than that of Mafutha. Lower tasscores were obtained by Mokone and
Lethlabula in the tasting sessions with small geoapadults in the different environments. Note
that more detailed information on consumer accéjtatesting will follow in Chapter 7. Finally

in Chapter 9, all the data will be considered t&kenspecific varietal recommendations.

Gruneberg et al. (2005) stressed the importanceswlg at least one environment from each
environmental group targeted in the test envirortgenhis was followed in this study as the
marketable yield of environments varied from 6Ahtith 14 t/ha. Varieties such as Ndou, Mokone
and Amasi were able to produce relatively higheeldg in low-yielding environments.

Environments with high IPCA1 and low absolute IPCW#Bich could be considered as ideal
environments were Polokwane and Roodeplaat. Howéwedilemma of the use of low-yielding

environments was low discrimination ability (yiettifferences were not always significant re
LSD Tables 3.5 to 3.7 as outliers are frequent thuemore heterogeneous experimental
conditions). This complicated identification of b@grformers. In this regard, recommendations
were to use e.g. larger plot sizes and more rdpbcdo reduce experimental error/noise and

improve discrimination ability.

It was emphasized by Bacusmo et al. (1988), tHatgen for stressed environments should be
conducted at stressed environments that is, thos@laging end-user farming conditions. The
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farmer participatory method utilized in this stualyd the use of conditions close to those of what
are found on resource-poor farmers’ plots, magmgsible to obtain useful and relevant results
for those farmers. The advantages of PVS are: ri)eparticipation builds confidence in the
research (Shamebo and Belehu, 2000) and bringd abfeeling of ownership (Weltzein et al.,
2003); 2) it addresses the needs of more margedhfarmers (Weltzein et al., 2003; Dawson et
al., 2007); and 3) is a demand-driven, rapid arst effective way to select varieties (Shamebo
and Belehu, 2000; Dorward et al., 2007).

Previous studies on sweet potato cited at the bheggnof this chapter, indicated significant
effects of G x E interactions on yield and yieldmmonents and on quality traits of sweet potato.
The effects were more pronounced on yield thanuality traits such as protein content, and dry
matter content (Collins et al, 1987). Some of tbgearchers were able to identify high yielding,
stable genotypes (Abidin et al., 2005; Gruneber@lgt2005; Ngeve, 1993) and others not
(Manrique and Hermann, 2002; Mwanga et al., 20B6)his regard, Lethlabula had moderately
stable high total yield, while Ndou and Monate wéyand to have unstable high total yields.
However, there are specific advantages with vasetrhich are input responsive as these may be
able to respond to changes in the environmentmirast to stable/non-responsive varieties. Else

it could be recommended to farmers to grow a nurobearieties to minimize risk.

In the present study the GGE biplot of the SREQyaig visualized the results well and was
easy to interpret. Another advantage of the SRE&yais was that more of the variance was
explained by the first two principal components ethare included in the biplot. According to
Ding et al. (2007) and Samonte et al. (2005), trength of GGE Biplot lies in the visualization
of the relative yield performance of varieties dhd identification of winning genotypes, mega-
environment as well as ideal test locations. Tipdobis useful to gain the following information:
1) the relative yield performance of genotypes aspacific environment; 2) comparative
performance of a genotype at different environme8jsidentification of the highest yielding
genotypes at the different mega-environments, gndehtification of ideal genotypes and test

locations (Samonte et al., 2005). This analysislvalexploited further in the present study.
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On the other hand Samonte et al. (2005), considir@dAMMI model best to: 1) estimate the
magnitude and significance of the effects of G »xnteraction and its principal components
relative to G and E; 2) estimate the stability aadptability of specific genotypes by plotting
yield versus environment; 3) identify mega-envir@mts (environments with overlapping
highest yielding genotypes); and 4) identify appiate check genotypes for all environments as

well as for specific environments.

3.6. Conclusions

A Dbetter understanding was achieved on G x E iotema in new sweet potato varieties
developed in South Africa. Varieties Ndou, Letlh@huMokone, Monate and Amasi produced
high to average mean marketable root yield. The wakieties, with exception of Lethlabula,

provide improved yield while maintaining dry matteontent as compared to Mafutha. The
improved sweet potato varieties are of significarige future promotion to improve food

security. Varietal recommendations will be madeotigh multivariate selection in Chapter 9
using, in addition to the current results, detaitedults on sensory profiling and consumer

preference. The AMMI and GGE biplots were effectivedels to measure G x E effects.
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Chapter 4
AGRONOMIC PERFORMANCE OF NEW ORANGE-FLESHED SWEET POTATO
VARIETIESOVER ENVIRONMENTS

4.1. Abstract

Micro-nutrient deficiency, specifically vitamin Aeficiency, is a serious public health problem in
South Africa. An exciting, relatively new strateqy address micronutrient malnutrition is
biofortification. One of the crops of importanceoisange-fleshed sweet potato, naturally rich in
bio-availablep-carotene. A shortfall in the available orangeHkss genotypes in South Africa
was a combination of high dry matter content, ggidid, considerablg-carotene content and
good taste. The present study was conducted tandet the agronomic performance and
stability of new orange-fleshed varieties in METvélve sweet potato varieties, nine with orange
flesh color, were evaluated for two seasons peraitfour sites during 2005/6 to 2008/9. Data
was collected on marketable root yield and unmaiket root yield classes, vine vigor, dry
matter content and taste. Data analysis include®¥N and GGE (G main effect plus G x E
interaction) SREG analysis. Considerable differenae&re found in genotypic expression of
agronomic characteristics by the 12 sweet potatetes. The cream-fleshed varieties Blesbok
(40.2 t/ha), Ndou (35.6 t/ha) and Monate (35.0)tMad significantly higher marketable yield
than the orange-fleshed varieties. Impilo produtteel highest marketable root yield of the
orange-fleshed varieties at 31.1 t/ha and it wallstand widely adapted with average dry matter
content. The flesh color was light orange. Beaudiga commercial USA variety used for
export, also produced stable, high marketable yatl (30.3 t/ha), was early maturing but had
low dry matter content. Line 2001-5-2 had unstabigh yield (27.0 t/ha) as well as average dry
matter content and dark orange flesh color. Lin@918-7 produced high unstable yield (27.9
t/ha) and had specific adaptability but producedigh percentage unmarketable roots and the
taste score was lower. Khano, though producingestaerage yield (24.5 t/ha) and having dark
orange-flesh, had a low taste score, low dry matbetent and root cracks. Serolane produced
low yields (20.0 t/ha) whilst the dry matter corttevas high. Impilo and 2001-5-2 provided a
considerable yield advantage above USA imports \®/-Resisto and Excel (yields of 20.7 to
19.5 t/ha), previously recommended for productioraddress vitamin A deficiency. The use of
the GGE SREG biplot to identify superior sweet pmtearieties in terms of yield potential and
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stability, provided easy interpretable visualizatend comprehensive results. The present study
constitutes one of the first studies utilizing t66&E SREG analysis in orange-fleshed sweet

potato.

4.2. Introduction

Globally 33.3% or 190 million, and in Africa 42% olildren younger than 5 years, are vitamin
A deficient (WHO, 2009). Vitamin A is required foormal functioning of the immune system

and for eye health and vision (E-Siong, 1995). MitaA deficiency is a serious health problem
in South Africa. A recent survey indicated that 64%children 1 to 9 years of age and 27% of
reproductive age women are vitamin A deficient yseretinol level <20ug/dL) (Labadarios et

al., 2007). Combating micronutrient deficiencies imgreasing micronutrient intake can be

divided in two broad strategies: 1) supplementatiand 2) food-based approaches, which
include fortification of foods and dietary modiftcan. Crop-based approaches, which is part of
dietary modification, is based on an increase odpction, availability, access and consumption
of crops rich in micronutrients, and comprisesraegrated approach including home gardening,
national food production programs, social marketmgrition education programs and improved
food preparation methods (De Pee and Bloem, 208FeFand Van Jaarsveld, 2007; Tontisirin et
al., 2002).

New approaches to improve nutritional status wallrbquired to reach the MDG’s on nutrition.
An exciting, relatively new strategy to address nomutrient malnutrition is biofortification,
defined as the development of micronutrient deraples plant foods, and is linked to dietary
modification (Nestel et al., 2006; Pfeiffer and Mafferty, 2007; Welch, 2002). Biofortified can
be developed through conventional breeding or tjinomolecular biological methods, or a
combination of the two. Two examples of the useenwllar biology are iron-biofortified rice and
golden rice, with inducefl-carotene biosynthesis (Goto et al., 1999; ILSD&Q Paine et al.,
2005).

Biofortification of sweet potato to contain highvéds of provitamin A carotenoids is feasible

(Nestel et al., 2006) due to the high genetic wamain this trait allowing for substantial
increases. The visibility of the trait for screemiand high heritability (as high a$=0.84)
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(Gruneberg et al., 2005) facilitate rapid progressl have yielded high ex-ante estimates of
benefit/costs ratio for investments (Bouis, 1998wlet al., 2001).

Biofortification requires direct linkages of agrittiral research with human health and nutrition
sectors. In adoption of biofortified produce nudrit education is critical, especially in cases
where there is a change of color, such as oramgbddd sweet potato. Farmer participatory
methods will also contribute in this regard andlwiipport identification of locally adapted
biofortified genotypes (Nestel et al., 2006; Pifand McClafferty, 2007).

Orange-fleshed sweet potato provides one of theé $msrces of naturally bio-availablg
carotene, which is converted to vitamin A by thenlam body. The efficacy of orange-fleshed
sweet potato to improve vitamin A status was shtwough a randomised controlled study done
in South Africa (Van Jaarsveld et al., 2005). Irs tetudy, for 53 school days primary school
children consumed 125 g (1/2 cup) pfcarotene-rich variety Resisto, containing 3830
RAE/100g boiled and mashed root. This resultedriproved vitamin A status in terms of liver

stores compared to the control group that consuted/hite-fleshed variety Bosbok.

Some limitations in the current orange-fleshedatas in sub-Saharan Africa include: low dry
matter content (whereas most adult Africans préigh dry matter content in sweet potato;
acceptance by children is good); average yieldmtgmtial; sensitivity to SPVD; and low drought
tolerance causing problems with survival of matsria multiplication blocks (ILSI, 2008b;

Tumwegamire et al., 2004). In South Africa, thersva need for varieties with high dry matter
content, good stable yield, considerablearotene content and good taste. Introduced gesnpl

sources, especially the dark orange-fleshed vasietvailable from the USA, mostly have low

dry matter content.

Breeding of orange-fleshed sweet potato in Soutitéfled to the identification of a number of
promising varieties, imports and advanced breetimgs (Laurie et al., 2004; 2009). Farmers
need varieties which are adapted to their conditiand needs, and which are responsive to

inputs. Through MET and relevant statistical sigbianalysis breeders can compare different
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improved varieties to identify superior ones (CesE990). As sweet potato growing areas in

South Africa vary considerably in agro-geographamaiditions, this is very relevant.

Relative to other major staple crops such as nmagewheat, little information is available on G
x E variation in sweet potato (Gruneberg et alQ30 Previous studies (Abidin et al., 2005;
Caliskan et al., 2007; Gruneberg et al., 2005; hmer and Hermann, 2002; Mwanga et al.,
2006; Ngeve, 1993) indicated significant effects(Gf x E) interaction on yield and vyield

components and on quality traits of sweet potato.

Blanche et al. (2007) compared a recently developeltivariate tool, the GGE biplot (Yan and
Kang, 2003), with other commonly used stability sweas and found correlation coefficients of
0.95 with the CSM (Lin and Binns, 1988), -0.33 wAMMI (Gauch and Zobel, 1996) and 0.6
with Eberhart-Russell regression coefficient (Elerrfand Russell, 1966) for mean performance
and stability evaluation. Correlation coefficiefds stability evaluation, were 0.54 with the CSM,
0.91 with the Shukla’s stability variance statigthukla, 1972), 0.86 with Eberhart-Russell, 0.63
with Kang’s yield stability statistic (Kang, 1993nd 0.55 with AMMI. The GGE biplot is
considered a valuable and useful tool for integireh of data from MET by a number of
researchers (Mohammadi et al., 2007; Otoo and Asi2d09; Samonte et al., 2005; Yan et al.,
2000).

Orange-fleshed sweet potato varieties with goodopmiance to be released from the South
African breeding program based on this study, wahtribute towards the strengthening of a
crop-based approach to address vitamin A deficienc§outh Africa (Faber et al., 2002; 2006;
Laurie and Faber, 2008). A good example of the pitamn of orange-fleshed sweet potato is the
program in Mozambique (Low et al., 2007a). Assesdntd the program showed that the
introduction of orange-fleshed sweet potatoes éndhmbezia Province increased dietary vitamin
A intake and serum retinol concentrations in yochgdren. Under the VITAA umbrella, there
has been an increase in both acreage of orandeeflesveet potato, occupying an estimated 1 to
2% in the lake zone of Tanzania, 5 to 10% in Cémtganda, 10-15% in western Kenya and 15

to 20% in Southern Mozambique (Tumwegamire e28I04).

81



In South Africa there was a shortage of orangdifldsvarieties with considerabfecarotene
content, good, stable yield and good taste. Thegptestudy was conducted to determine the
agronomic performance and stability of new orarigehied varieties, introductions and advanced
breeding lines in MET by using the GGE biplot modResults of the study will enable
researchers and farmers to select superior gerotigrespecific regions as well as widely
adapted genotypes; and will improve understandihghe interaction of environments and
varieties. These results will be used in Chaptér 8onjunction with nutrient content (refer to
Chapter 5) and consumer acceptability tests (redeChapter 8), to make reliable varietal

recommendations for use in the crop-based apprtoaatidress vitamin A deficiency.

4.3. Materialsand Methods

4.3.1. Experimental sites

During the period 2005/6 to 2008/9, MET were conddcfor two seasons per site in four
environments representing sweet potato productgions in different agro-geographic zones in
South Africa. The trial sites included an on-farite svith resource-poor farmers (communal
garden near Cookhouse) and then Fort Cox Collegegatulture in the second season (Eastern
Cape Province) (for the results interpretation ¢he®re indicated as Eastern Cape 2006/7 and
Eastern Cape 2008/9); agricultural colleges in ridseg near Stellenbosch (Western Cape
Province) and Owen Sithole near Empangeni (Kwa2idtal Province); and the main research
institute in Roodeplaat near Pretoria (Gauteng iRo®y. This was in accordance with the
recommendation of Griineberg et al. (2005) and Baoust al. (1988) to evaluate varieties in a
range of environments of input (low and high paeihto ensure that marginal environments are
not neglected and selection for stressed envirotsnare done at those similar to end-users

farming conditions.

The experimental sites included three climatic srggical of sweet potato production areas,
with varying altitude (Table 4.1). The climatic danhdicated higher mean temperatures for Owen
Sithole, a subtropical area with high rainfall. Replaat had intermediate temperatures and
experiences light frost during winter. Cookhousetfznx was slightly warmer than Roodeplaat

and with a lighter soil. The trials in Elsenburgrev@lanted during the warm, dry season of this
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area with Mediterranean climate. All trials werdabdshed between November and March and
the growing periods are shown in Table 4.1.

4.3.2. Genotypes

The trials included 12 advanced genotypes (Laura. £2004; 2009):

1) New orange-fleshed varieties Khano (1999-6-&yplane (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 ResismmfrUSA, the first orange-fleshed sweet
potato varieties recommended for use in the crgethprogram to address vitamin A deficiency;
4) Beauregard (USA variety), an orange-fleshedetatised commercially mostly for export;

5) Blesbok, the major local commercial variety; and

6) Monate and Ndou, two of the new cream-fleshetetias developed for the needs of resource-

poor farmers as reference.

All planting materials originated from the virusdexed glasshouse collection and subsequent

field multiplication at the main research station.

4.3.3. Cultivation

The experimental plots consisted of one row of Bhg; 9 m in length. The centers of ridges
were 1 - 1.5 m apart as determined by the implesnanéilable at the site. Thirty apical vine

cuttings of at least five nodes in length were hplashted 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 sdiisfar the sites were generally acceptable for
vegetable production (Table 4.2). For all sitexegt Cookhouse, the pH level was fine. The soil
in Cookhouse was salty and the sodium content highRoodeplaat and Fort Cox the

phosphorous content was relatively high, while ime@ Sithole 2008/9 the phosphorous content
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Table 4.1 Site information for trials with varioasange-fleshed sweet potato genotypes

Site Temperature1 Rainfall'  Altitude’  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 67 158 166 164 146 109 59 26 24 686 1164 Clay Warm 14/12/2005  16/5/2006
(Gauteng) 286 292 288 278 251 226 201 20.6 loam temperate  12/12/2006  17/5/2007
Elsenburg 41.7 22.7 10.6 1.5 132 141 143 131 114 95 79 68 595 162 Sandy Mediter-  27/11/2007  7/4/2008
(Western Cape) 267 2719 285 271 24 199 176 168 ranean 25/11/2008  30/3/2009
Cookhouse / Fort 43 23.8 12.3 -16 156 168 175 160 131 99 73 73 606 400 Loam Warm 08/12/2006  29/5/2007
Cox 2 (Eastern Cape) 264 274 275 263 245 221 207 205 temperate  20/11/2008  13/5/2009
Owen Sithole. 3 43 26 27 4 20 2 21 20 18 15 12 12 1228 47 Clay Humid 22/01/2008  2/6/2008
(KwaZulu-Natal) 29 29 29 29 21 2% 23 2 loam  subtropical  23/03/2009  6/8/2009

" Database of South African Weather Bureau

2 The nearest weather stations were King Williams Town

Table 4.2 Soil results for trial site with variooiange-fleshed sweet potato genotypes

3 The nearest weather stations were Richards Bay

Site P-Bray 1 K Ca Mg Na Ca:Mg Cation balances pH Clay
(mg/kg)  (mglkg) (mg/kg) (mglkg) (mglkg)  ratio Ca Mg K (water) %

Roodeplaat 2005/6 (R1) 25 250 1250 300 30 42:1 66 26 7 6 29
Roodeplaat 2006/7 (R2) 92 147 1413 548 62 25:1 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 53:1 69 21 7 6.8 22
Cookhouse 2006/7 (EC1) 15.8 193 1166 278 165 42:1 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 43:1 68 26 4 5.6 30
Owen Sithole 2008/9 (0S2) 3.8 107 943 237 31 4:1 66 28 4 5.7 28

Indication for:

low values ! <15 <40 <200 <50 <50 <55

high values ! >60 >250 >3000 >300 >250 >7.3
Optimum values for vegetables 40-90 120-240  400-25002  100-400 2 4:1 60-70 25-30 615 50-7.0 <35

1 Buys (1988) 2 Less critical
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was low. In Roodeplaat 2006/7 the magnesium comtettte soil was high causing a low Ca:Mg
ratio; the Ca cation balance was low. In Elsen®#0Q7/8 the opposite was seen with very high
calcium content coupled with high Ca:Mg ratio. Hedtion was applied at approximately 50%
of the general fertilization recommendation for swpotato: 500 kg/ha 2:3:4 (6.7% N, 10% P,
13.3% K) broadcasted before planting and a topohgss 150 kg/ha Limestone LAN (28% N)
(Allemann, 2004); or in the case of Roodeplaat R@ha 1:0:1 (18.5% N, 18.5% K) and a top
dressing of Ammonium Sulphate (21% N).

Depending on availability, soil preparation waseitdone by tractor or hand equipment. Weed
control was done manually by hand or by hoe, exiteRoodeplaat where herbicides were used.

Supplementary irrigation was provided by sprinkler.

4.3.4. Farmer participation

Where possible, farmer/consumer participation wa®eraged, as involving farmers in selection
and assessment of acceptability improve adoptiomeof varieties (Shamebo and Belehu, 2000;
Abidin, 2004; Dorward et al., 2007). Farmers, stideand laborers from the site were invited to
take part in harvesting and assessment of the &dubky of the cooked roots of the different
genotypes. The purpose of these taste tests waget@n indication of taste acceptability in more

sites, while comprehensive sensory and consumtandesill be presented in Chapter 8.

4.3.5. Data collection and analysis

Data was collected at harvesting on vine vigor deding to a 5-point scale, where 1 = very
sparse, 2 = sparse, 3 = average, 4 = vigorous,vBry vigorous), root flesh and skin color
(visually describing the colors), root shape (adoay to Huaman, 1992), and mass and number
of marketable and unmarketable roots. Marketalbésrovere considered as good quality between
100 and 1200g. Unmarketable classes were XXS (gh0XXL (>1200 g), cracked, rotten,
insect infested, rat damged, mechanically damalged), crooked and sprouted roots. The dry
matter content of two medium to large roots wagmheined (sliced roots oven-dried at 70°C for
2 days). Selected roots of genotypes were cooked, ewaluated by farmers and extension
personnel by using a simple 5-point scale: 1 = ket 2 = good, 3 = average, 4 = poor and 5 =
very poor. Attendance varied per site (7 - 34 peoplean 11) and a total of 88 adults took part in
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the evaluation. Each respondent evaluated the tdstédl the varieties that were cooked in a

convenient order; no specific randomization wasluse

Data from all 30 plants per plot were used foristigal analysis. Data were first screened for
normality and outliers examined. Dry matter contéaste score and vine vigor score derived
from one replicate in eight localities was subjdcte ANOVA using Genstat® (Payne et al.,
2007). Data of unmarketable classes, derived frbneet replicates, was very skewed in
distribution and had high variety variances anddaot be analyzed. The data on unmarketable
classes was transformed into scores based on ltbeviftg scale: 1 = no apparent damage; 2 =
very little damage (0.1-4%); 3 = moderate damage9®); 4 = considerable damage (20-39%);

5 = severe damage (40-75%). An ANOVA was performedenstat® to assess the variability.

An ANOVA was performed using the General Linear Mb@GLM) Procedure of SAS/STAT
Version 9.2 on data points derived from three ogpés for total root yield (t/ha), marketable root
yield (t/ha), number of marketable roots (nr pextpfor each of the eight environments and then
a combined analysis was performed. Treatment meare separated using the Student’s
protected t-LSD at the 5% significance level, exdepunmarketable classes where the 1% level
was used. The total root yield (t/ha), marketablst yield (t/ha) and number of marketable roots
(nr per plot) were further analyzed by the sitegression (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 pal®even orange to pink purple to red (Fig 4.1;
Table 4.3). Some varieties had dark orange fle$tr @g. Resisto, Khano and 2001-5-2, while
1999-1-7 and W-119 had varying color (from darknge to light orange). The flesh color of
Excel and Serolane indicated yellow pigmentatiohiclv was apparent frofircarotene analysis
(refer to Chapter 5). A number of varieties showethe long irregular roots. This was a less

desirable trait as long irregular roots were moifficdlt to harvest and prone to breaking.
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Fig. 4.1 Nine orange-fleshed sweet potato variatielsided in the present study
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Table 4.3 Flesh color, skin color and shape of\t@es$ potato varieties

Variety Origin Color Color Root shape
Skin Flesh
1999-1-7 ARC 1989-17-4 Light orange brown Dark orange - Orange - Elliptic - Long irregular -
Pale orange Long elliptic
2001-5-2 ARC 1992-4-1 Dark purple Dark orange Elliptic - Long elliptic
Beauregard  USA Pink purple - Purple- Orange Long elliptic - Long
orange oblong - Long irregular
Blesbok ARC 1981-27-1204 Purple — Dark Purple Cream - White Long oblong - Elliptic
Excel USA Pale orange — Orange Pale orange, creamring  Long oblong - Elliptic -
Long irregular
Impilo ARC Amasi Cream orange - Pale Orange - Pale orange Round elliptic - Elliptic
orange
Khano ARC Phala Pale red purple Dark orange Long elliptic - Obovate -
Long irregular
Monate ! ARC Amasi Cream brown, purple tips ~ Cream Round elliptic - Elliptic -
- Cream Long elliptic
Ndou ' 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 Light orange brown - Orange yellow - Pale Long elliptic - Long
race) x ARC Mafutha ~ Pink orange irregular - Long oblong
W-119 USA Pink purple — Pink Dark orange - Orange -  Long elliptic - elliptic -
Light orange Long irregular

T Cream-fleshed varieties as reference

4.4.2. Tasteand dry matter content

Significant differences were detected between ttyendatter content of the different varieties
(Table 4.4). The highest dry matter content wasdatetl in Serolane (27.1%), followed by Ndou
and W-119 at 25.6% and 25.4%, respectively. ExRekisto and Monate had similar dry matter
content ranging from 24.6% to 23.7%. 2001-5-2, lmpind 1999-1-7 were significantly lower

than the mentioned varieties at 21.9% to 20.8%. Llany matter content was found in

Beauregard, Khano and Blesbok (19.0% to 17.4%)n@adleshed varieties with acceptable dry
matter content are those in the range of the cnemieties Ndou and Monate. More results on

dry matter content will be provided in Section 3.4.

The taste scores followed a similar trend as tlyentaitter content for the 12 varieties (r=0.93).
The taste scores were not statistically differezitMeen varieties (Table 4.4). However, the trend

was that Excel had the highest score, followed @§125-2, Monate, Serolane, Resisto and W-

88



119. Average scores were seen for Beauregard, Ndgailo and Blesbok, and low scores for
1999-1-7 and Khano. See Section 8.4.4 for mordldédteesults.

Table 4.4 Mean and SD for dry matter content, tastae (n=88) and vine vigor score of 12

sweet potato varieties in eight environments sartetescending order

Variety Dry matter Variety Taste Variety Vine
content (%) score ! vigor 2
Serolane 271(3.2) a Excel 2.04(1.12) Monate 3.83 (1.00)
Ndou 256(4.0) b 2001-5-2 249 (1.21) Khano 3.64 (1.03)
W-119 254 (25) bc  Monate 2.51(0.83) Ndou 3.56 (0.43)
Excel 246(3.6) bcd Serolane 2.57(1.39)  Impilo 3.32(0.88)
Resisto 242(48) cd Resisto 2.69(1.40) W-119 3.29 (0.83)
Monate 237(29) d W-119 2.70(0.86)  Blesbok 3.26 (0.57)
2001-5-2 219(24) e Beauregard  2.81(0.98) Excel 3.22 (0.77)
Impilo 21.2(22) e Ndou 2.81(1.50) 2001-5-2 3.13(1.12)
1999-1-7 208(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 189(75) f 1999-1-7 3.07 (0.85) Resisto 2.84 (0.76)
Blesbok 174(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

1Taste score: 1 = excellent, 2 = good, 3 = average, 4 = poor, 5 = very poor (Note: opposite to scale of section 8.4.4)
2Vine vigor score: 1 = very sparse, 2 = sparse, 3 = average, 4 = vigorous, 5 = very vigorous

4.4.3. Vinevigor

Although not statistically different, the vine vigscores (Table 4.4) indicated that Monate had
more vigorous growth, which was quite characterisfithe variety. Khano and Ndou were also
fairly vigorous. Impilo, W-119, Blesbok, Excel aB801-5-2 had intermediate vine vigor. Sparse
to average vine vigor was seen for Serolane, Bgawle Resisto and 1999-1-7. Vine vigor is of
importance for propagation of planting materialsrvasal and in general indicates tolerance to
stress conditions. The clone 1999-1-7 often hadablem with plants that did not survive.
Because conditions at resource-poor farms are afterideal, low vine vigor is an especially
undesirable trait. Tumwegamire et al. (2004) regmbrthat, in general, orange-fleshed sweet
potatoes are less drought tolerant causing ditfrcwith vine survival in the dry season. Vine

vigor is also important for future bulking of plamy material for production of new varieties.
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4.4.4. Unmarketableroot yield classes

Several undesirable varietal traits for sweet pofabduction such as rotting, long tails, small

size, slender curved roots, and surface defects weéicated by Laurie (2004b). XXS were the

most abundant unmarketable yield class in the pteseidy (Table 4.5). The second most

prevalent was insect damage and the third longecliroots. Rotten roots occurred relatively

seldom (though more in Serolane). Significant alieffects were detected for all classes except

insect damage.

XXL roots are also an indication of early maturimgrieties. Blesbok and Monate (cream
varieties) and Beauregard and 2001-5-2 (orangedttsarieties) had the largest mean score for
XXL. It was noted that different harvesting datesild have influenced these results, but due to
cost implications this was not explored. The higlse®re for XXS was recorded for Serolane,
Impilo, 1999-1-7 and Khano. Root cracks occurredamo Excel, Impilo and Khano. The trend
was that Beauregard, Ndou and Impilo had the mmesict damaged roots. Mechanical damage
usually was more of a problem with long roots amdhis instance W-119 and Blesbok had the
highest occurrence. Long curved (slender) rootsvaatected most in Blesbok and 1999-1-7.
Sprouting of roots was mostly problematic in Monatel to some extent in Impilo.

4.4.5. Mean root weight

The correlation coefficient (r = 0.637) between ketable yield and number of marketable roots
were much lower for these 12 varieties than thevdieties in section 3.4.6. The average root
size was thus calculated for the different varge{j€able 4.6). Production of large numbers of
small roots was an undesirable varietal trait,h@sdemand was mostly for medium to medium-
large roots. The mean root size was 264.3 g antd/aignificantly between the varieties.

Blesbok produced the highest average root weigh.{3d) of all varieties. The other two cream
varieties also had larger roots, namely Ndou anchaita The orange-fleshed varieties with the
largest root size were Beauregard and W-119 (288c2289.9 g, respectively), an indication of
early maturity. Serolane, Excel, Impilo and 2002-&rmed a group with intermediate root size
(260.8 to 251.2 g). Smaller roots were produced $89-1-7, Khano and Resisto (219.3 to 205.5

9).
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Table 4.5 Mean scores for unmarketable yield ckafsen sweet potato trials in eight environments

Variety XXL XXS Crack Rotten Insect Rat Damaged Long Sprout

curved
1999-1-7 112 «cd 246 ab 124 abcd 1.08 bc 185 ab 132 ¢ 1.50 bcd 185 ab 113  cde
2001-5-2 125  bcd 208 de 100 d 1.08  bc 179 ab 129 ¢ 1.71 abc 1.79 abc 1.04  de
Beauregard 142  be 213 cde 1.00 d 121 abc 204 a 146 Dbe 1.71 abc 167  abcd 117  cde
Blesbok 175 a 208 de 113 d 104 ¢ 175 ab 167 b 1.75 ab 1.92 a 142  bc
Excel 1.01 d 226 bcd 155 a 100 ¢ 175 ab 142 be 1.43 cd 1.69 abcd 1.06  de
Impilo 117 «cd 246 ab 148 ab 1.07  be 191 a 144  Dbe 1.39 d 1.34 de 155 b
Khano 1.08 d 233 abc 150 ab 1.08 be 167 b 121 ¢ 1.63 abcd 175  abc 133 bcd
Monate 150 ab 208 de 125  abcd 129 ab 179 ab 208 a 1.58 abcd 1.54 bcde  2.08 a
Ndou 117 cd 208 de 117 cd 113 be 196 a 150 be 1.54 abcd 1.29 e 117 cde
Resisto 1.04 d 225 bed 121  bed 1.04 154 b 125 ¢ 1.50 bcd 1.46 cde 1.08 de
Serolane 113  cd 250 a 146  abc 1.42 171 ab 142 be 1.54 abcd 175  abc 1.04  de
W-119 117 cd 196 e 104 d 1.08 bc 167 b 129 ¢ 1.79 a 1.67 abcd 1.00 e
Mean 1.23 2.22 1.25 113 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 23.9 284 315

XXL = Unmarketable large (>1200g)
MSE = Mean square error
Means in the same column followed by the same letter are not significantly different at P < 0.01

XXS = Unmarketable small (<100 g)

var = variety
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Table 4.6 Mean and SD for root weigh (g per rodt)18 sweet potato varieties in eight

environments in descending order

Variety Average root weight
9

Blesbok 345.1(123.9) a
Beauregard 299.2 (122.5) b
Ndou 296.0 (101.4) bc
W-119 289.8 (108.7) bed
Monate 277.0(70.3) bed
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 locag showed highly significant (P<0.0001)
effects for variety, for environment, and for theeraction of environment and variety for all

three yield components.

The highest meamarketable root yield (Table 4.7) was achieved in Roodeplaat 2005/64(59.
t/ha), followed by Roodeplaat 2006/7 (57.4 t/ha) &hsenburg 2007/8 (29.3 t/ha). The trials in
Owen Sithole 2008/9 and Eastern Cape 2008/9 hatbtiest mean marketable yield (8.8 and
9.6 t/ha). Significant differences were found amaoragieties in all environments. The trial
variance (root MSE) in relation to the trial meaaswelatively higher for Elsenburg 2008/9,
Eastern Cape 2008/9 and Owen Sithole 2007/8 (theshtgher CV%), but still within an
acceptable range.

92



Table 4.7 Means for marketable root yield (t/hajl@fsweet potato varieties in eight environmentsndu2005/6 — 2008/9, rank of

orange-fleshed varieties by environment and meaigimt environments

Variety Roodeplaat ~ Roodeplaat Elsenburg Elsenburg Eastern Cape  Eastern Cape  Owen Sithole Owen Sithole Mean % of Total
2005/6 (R1)  2006/7 (R2)  2007/8 (E1)  2008/9 (E2) 2006/7 (EC1)  2008/9 (EC2)  2007/8 (OS1)  2008/9 (0S2) (var) yield

Blesbok 815a 86.3 a 47.0 ab 24,0 ab 27.7a 174a 19.1 abcd 18.8a 40.2a 71
Monate 68.8b 66.0 b 33.0 cde 30.7a 28.0a 14.7 ab 224 ab 214 a 356D 65
Ndou 719b 57.7 bed 543 a 276a 279a 9.3 bede 21.1 abc 10.0 be 350D 76
Impilo 62.8 (3)b 61.2 (2) bc 39.9 (1) be 16.0 (4) bcde  26.5(3) ab 9.2 (5) bede 15.0 (5) bedef ~ 13.0(1)b 311c 69
Beauregard 705(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 358(2)bcd  16.3(3)bcde 27.8(1)a 126 (2) abed 6.7 (9)f 1.9(8)e 279cd 71
2001-5-2 444 (9)c 60.4 (3) bc 21.7 (5) efg 22 1(1) abc 171 (7) cd 13.2 (1) abc 256 (1) a 11.8(2)b 27.0de 73
Khano 515(6)c 58.1 (4)bcd  18.5(7)fg 3(9e 27.1(2)ab 10.7 (3) bcde  15.7 (3) bedef 7.2 (4)cd 245¢e 65
Resisto 522 (5) ¢ 51.6 (6) bcd  19.4 (6) fg 10 1(7) de 16.4 (8) cd 25(9)f 9.6 (8) ef 3.8(5)de 20.7f 77
Serolane 46.6(7)c 336(9)e 27.7 (4)def  12.1(6) cde 20.7 (5) be (8) ef 11.3 (7) def 3.1(6) de 20.0f 55
Excel 526 (4)c 476 (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 196 f 63
W-119 45.0(8) ¢ 42.3 (8) de 11.2(8) gh 2(8)e 254 (4) ab 4 (7) ef 15.6 (4) bedef  1.5(9)e 19.5f 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 44 3.35
LSD (env) 6.31
LSD (env*var) 9.49
root MSE 5.63 9.54 6.65 6.4 3.94 347 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 loweeld than the cream-fleshed varieties
Blesbok, Monate and Ndou, which had marketabledgielbove 35 t/ha. The highest yielding
orange-fleshed varieties were Impilo (31.1 t/haa@regard (30.3 t/ha) and 1999-1-7 (27.9 t/ha)
followed by 2001-5-2 (27.0 t/ha) and Khano (241a}/ These were significantly higher than
Resisto, Serolane, Excel and W-119, which had yiedshging from 20.7 to 19.5 t/ha. The new
varieties Impilo, 2001-5-2 and 1999-1-7 thus did difer significantly from the commercial
control Beauregard. The percentage of marketatdtd ywas high (76-77%) for Resisto and
Ndou, medium low (63-65%) for Khano, Monate and &bt low for Serolane (55%).

Of all 12 varieties in the trial, 2001-5-2 perfomndest in Owen Sithole 2007/8. When

considering only the orange-fleshed varieties, 2B{21 yielded best in three environments
(adding Elsenburg 2008/9 and Eastern Cape 2008had the second highest yield in Owen
Sithole 2008/9. The USA variety Beauregard, wasbits in Roodeplaat 2005/6 and 2006/7 and
second best in Elsenburg 2008/9 and Owen Sithalg/80 1999-1-7 had the highest yield in

Eastern Cape 2006/7 and second highest yield iteiEBa€ape 2008/9 and Elsenburg 2007/8.
Impilo yielded best in Elsenburg 2007/8 and Owemh@e 2008/9, and second best in

Roodeplaat 2006/7.

Significant effects were detected between variettesnumber of marketable roots for all
environments (Table 4.8). The mean number of mabtetroots varied between 187.8 and 150.9
per plot in Roodeplaat 2005/6 and Roodeplaat 20065pectively, and 34.4 per plot in Eastern
Cape 2008/9 and 39.2 per plot in Owen Sithole ZR00IMe trial variance (root MSE) in relation
to the trial mean was high for Eastern Cape 2008Ms was due to poor weeding practices,
leaving replicate one and two unweeded while rapichree was weeded on time. The lack of

weeding seems to have impacted most on number ridetadle roots.

The number of marketable roots did not distinguish orange-fleshed varieties from the cream-
fleshed varieties as in the case of marketablalyighe highest number of marketable roots was
produced by Monate (114.8 per plot) and 1999-112@ per plot). The second group was
Blesbok and Impilo, with 105.7 and 102.9 roots get, respectively. The third group was Ndou,
Khano and 2001-5-2 (varying between 99.8 and 9do3srper plot), and was not significantly
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Table 4.8 Means for number of marketable roots &) of 12 sweet potato varieties in eight ennireents during 2005/6 — 2008/9,

rank of orange-fleshed varieties by environmentm@edn in eight environments

Variety Roodeplaat Roodeplaat Elsenburg Elsenburg  Eastern Cape  Eastern Cape  Owen Sithole ~ Owen Sithole
2005/6 (R1) 2006/7 (R2)  2007/8 (E1) 2008/9 (E2)  2006/7 (EC1)  2008/9 (EC2)  2007/8 (OS1)  2008/9 (0S2)  Mean (var)

Monate 215.7 be 167.0 abc 103.3b 1133 a 104.7 a 46.7 ab 53.0a 114.7 a 1148 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 1129a
Blesbok 195.7 bed 172.7 ab 1453 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) be 102.9 ab
Ndou 187.0 cd 146.7 bed 1433 a 87.3 abc 81.7 be 41.3 abcd 51.7ab 59.3 cd 99.8b
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 975b
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 797(2)c 94.3b
Beauregard 163.0 (7)cde  139.0(6)bcd  84.0(5)b 67.7 (3)bcd 54.7(7)f 27.0 (5) bed 447 (4) ab 57.3 (4) cd 79.7¢
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 (T) be 35.3 (5) de 78.0 cd
Serolane 175.7 (5) cd 9239 e 102.3(3)b  51.3(6)cde 58.7 (6) ef 12.3(9)d 17.3(9) ¢ 200(7)e 66.3 de
Excel 152.3 (8) de 125.7(7)cde  135(9)c 53.0(5)cde 25.0(9)g 24.0 (6) bcd 19.3(8) ¢ 25.3(6)e 56.6 ef
W-119 105.0(9) e 107.0 (8) de 35.7(8)c 28009 e 75.3 (4) cde 22.7 (7) cd 37.3 (6) abc 136 (9 e 531 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) 60.9 427 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 19.9 219 1.5 17.9 13.7 16.5 21.65
CV% 19.2 16.7 20.1 329 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 humbemafketable roots was recorded for
Beauregard, Resisto, Serolane, Excel and W-119ifgafrom 79.7 to 53.1 per plot).

1999-1-7 recorded the largest number of marketadwés in all four environments, and had the
second largest number in Eastern Cape 2008/9. 199generally produced a large number of
small roots and XXS (refer to Table 4.5 and 4.8), undesirable trait. Beauregard, the
commercial control variety, produced a large nundfdarger roots and was also early maturing
(Table 4.5, 4.6, 4.8). 2001-5-2 produced the largamber of marketable roots in Eastern Cape
2008/9 and Elsenburg 2008/9, and second large@ten Sithole (both years). Generally 2001-
5-2 produced an acceptable number of medium-siaets,rand was somewhat early maturing,
and will thus be useful in the commercial sweeapmindustry in addition to use by resource-

poor farmers. Impilo produced an acceptable nurabevots with medium size.

The meartotal root yield in the eight environments (Table 4.9), was thénésg in Roodeplaat
2006/7 (78.0 t/ha) and Roodeplaat 2005/6 (76.0.tlhacontrast the lowest total root yield was
measured in Eastern Cape 2008/9 (14.8 t/ha). Talevariance (root MSE) was at acceptable

level and significant effects for variety were obsel in all environments.

The total root yield of orange-fleshed varietieswganificantly lower than for the cream-fleshed
varieties Blesbok and Monate. The highest yieldingnge-fleshed varieties were Impilo (44.8
t/ha), not significantly lower than Ndou (46.2 yhillowed by Beauregard (42.4 t/ha) and 1999-
1-7 (39.1 t/ha). Khano (37.7 t/ha), 2001-5-2 (37h2) and Serolane (36.5 t/ha) had significantly
lower total yield than Beauregard, but were sigaifitly higher than Excel, W-119 and Resisto
with total yield varying between 31.0 and 27.0 t/Barolane had a better ranking for total yield
than marketable yield, but a large portion of theldy was unmarketable (rotten, damaged,

cracked, long irregular).

Of the nine orange-fleshed varieties Impilo was Hest in three environments; namely in
Roodeplaat 2005/6, Elsenburg 2007/8 and 2008/9,sawednd best in Owen Sithole 2008/9.
Beauregard had the highest total yield in two emments (Roodeplaat 2006/7 and Owen
Sithole 2008/9), and second highest in Roodepl@@6/5 and Elsenburg 2007/8. 1999-1-7 was
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Table 4.9 Means for total root yield (t/ha) of 1Meet potato varieties in eight environments du2095/6 — 2008/9, the rank of

orange-fleshed varieties by environment, and meanght environments

Variety Roodeplaat  Roodeplaat Elsenburg Elsenburg Eastern Cape  Eastern Cape ~ Owen Sithole  Owen Sithole
2005/6 (R1)  2006/7 (R2)  2007/8 (E1) 2008/9 (E2)  2006/7 (EC1)  2008/9 (EC2)  2007/8 (OS1)  2008/9 (0S2)  Mean (var)

Blesbok 103.1a 1125a 65.1ab 34.9 ab 326a 26.3a 415ab 36.8 ab 56.6 a
Monate 929b 95.2b 66.3a 419a 31.1ab 259a 46.9a 39.7a 55.0a
Ndou 849c 81.5cd 63.4 abc 34.3 abc 30.3ab 12.4 bed 34.8 be 275¢ 46.2b
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 285(2)c 44.8 be
Beauregard 836(2)c 899 (1)bc 494 (2)bcde 274 (3)bcd  22.9(7) bed 10.4 (8) cd 25.9 (6) cde 29.8 (1) be 424 cd
1999-1-7 80.5(3)c 771 (4)d 44.9 (4) de 23.7 (4) bcde 299 (2) ab 18.6 (1) ab 24.0 (7 cde 10.8 (7) fg 39.1de
Khano 713 (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) bed 16.6 (5) def 37.7e
2001-5-2 57.0 (9)f 78.0(3)d 33.3(3) ef 275(2)bcd 252 (6)abcd  16.4 (3) be 40.1 (1) ab 20.1(3)d 372e
Serolane 63.6 (6) def  66.2 (6) e 47.4 (9) cde 212(5)cde  32.0(1)ab 10.5(7) cd 32.8 (3) bed 18.6 (4) de 36.5¢€
Excel 68.3(5)de 628 (7)ef 18.6(9)f 19.8 (7) de 20.1(8) dc 11.2 (5) bed 31.5 (4) bed 11.6 (6) efg 31.0f
W-119 57.5(8)f 572 (9)f 19.6 (8) f 13.6(9) e 29.6 (4) ab 10 8 (6) bed 22.2 (8) de 5509)¢g 2704¢
Resisto 62.4 (9) ef 596 (8)ef 257 (7N)f 18.2 (8) de 184 (9)d 1(9)d 16.3(9) e 10.4 (8) fg 2704¢
Mean (env) 76.00 77.95 44.34 26.6 274 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 11.45 712 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 bdsastern Cape 2006/7. Khano had the
second highest total yield in Roodeplaat 2006/%&téta Cape 2008/9 and Owen Sithole
2007/8. 2001-5-2 performed the best in Owen SitB6I@7/8 (and third best in Owen Sithole

2008/9) and second best in Elsenburg 2008/9. Sergdarformed specifically well in Eastern

Cape 2006/7, where it produced the best total yiedd.

4.4.7. Genotype by environment analysis of root yield

In order to focus on the stability of the orangesfied varieties, the GGE SREG analysis was
performed only with the nine orange-fleshed vae®ti The ANOVA showed highly
significant effects (P < 0.001) in all three yiefdriables for main effects E and G, as well as
for the G x E (Table 4.10). The relative magnitofithe variance terms indicated for all three
variables that the environment main effect had gomeontribution (86.1%, 75.3% and
86.9%, respectively) to the variability. The largentribution of environment justifies
selection of SREG as an appropriate model for aivady multi-environment data
(Mohammadi et al., 2007; Yan et al., 2000). The B wariance term explained 8.5%, 13.9%
and 6.7% respectively, of the variability in magdae yield, number of marketable roots, and
total yield (Table 4.10). The contribution of thesf two principal components (PC 1 and 2)
was 77.7%, 76.6% and 81.3%, respectively, of tha& sum of squares attributed to G x E.
The biplot explained 77.8% of the GGE (G + GE) amade term for marketable yield and
76.6% and 81.3%, respectively, for number of mathet roots and total yield (Table 4.10).

Table 4.10 ANOVA of GGE biplot SREG model for yietdmponents 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 42717 53 <0.001 82678 10.8 <0.001 7411 6.5 <0.001
GxE 56 6819 85 <0.001 107164 139 <0.001 7621 6.7 <0.001

PC1 14 6385 57.5 <0.001 116643 614  <0.001 10220 68.0  <0.001

PC2 12 2243 20.2 <0.001 28835 152 <0.001 2002 13.3  <0.001

PC3 10 1278 1.5 <0.001 22306 1.7 <0.001 1187 7.9  <0.001
GGE 11096 13.8 189842 247 15032 13.2

E = Environment G = Genotype SS = Sum of squares

The results of the SREG model forarketable root yield of the orange-fleshed varieties
(Table 4.11 and Fig. 4.2), indicated a high cotieta(r = 0.966) between PC1 scores and
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marketable yield. However, 2001-5-2 was an excepts the yield was similar to that
produced by 1999-1-7 (PC1 score 2.37) but the RBiesplaced 2001-5-2 at 0.093. In the
GGE SREG biplot (Fig. 4.2), the vertex varieties (ine extreme end of the polygon)
Beauregard, Impilo, 1999-1-7 and 2001-5-2 (positiggponse), and Serolane and W-119,
Excel (negative response and the poorest performesumber of environments), were the

most responsive. Khano and Resisto, lying clogkd@aenter, were least responsive.

Table 4.11 Ranked means for marketable yield (tdma) the first two principal components

(PC 1 and 2) for nine orange-fleshed varietieseighit environments

Varieties: Mean PCA1 PCA2
Impilo 304 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) 231 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  (0S2) 14.4 0.073 2.189
Owen Sithole 2008/9  (0S1) 6.2 1.171 1.229

The biplot was divided into seven sectors (by #telimes). Sector 1 consisted of Beauregard
with Owen Sithole 2008/9 (0S2), Elsenburg 2008/2)(ERoodeplaat 2006/7 (R2) and
Eastern Cape 2008/9 (EC2) — this variety thus peréd well in those four environments.
Sector 2 consisted of 2001-5-2 and Khano with Owgahole 2007/8 (OS1) where the
varieties performed well. Sector 3 included Exc@&éctor 4 W-119 and Resisto; Sector 5
Serolane - varieties which did not perform welbaimy environments. Sector 6 included 1999-
1-7 as well as Eastern Cape 2006/7 (EC1) and Hisgn®007/8 (E1), where this variety
performed well. Sector 7 included Impilo and Roddap2005/6 (R1). Impilo lied in close
proximately of other environments such as Roodep2¥6/7 (R2), where the variety

performed well.
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Ideal varieties have high PC1 scores (high yield)) amall absolute PC2 scores (high
stability), e.g. Impilo and Beauregard). The vaeetwere grouped as follows based on
marketable yield (Table 4.11 and Fig. 4.2):

Stable, wide adaption, high yielding: Beauregéargpilo
Unstable, specific adaption, high yielding: 20092, 1999-1-7
Stable, wide adaption, average to below averagdsyie Khano
Unstable, specific adaption, low yielding: Excegrolane
Stable, wide adaption, low yielding: Resisto, W811
4l
3 200452

Factor 2
=

Factor 1

Fig. 4.2 Polygon of GGE SREG for marketable roetd/(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; 0S1=0wen Sithole 2007/8; 0S2=0wen Sithole 2008/9

In terms ofnumber of marketable roots the PC scores are presented in Table 4.12. In Fig.
4.3 on the extreme edges were 1999-1-7, Impilonighaith a positive response; and W-119
and Excel with a negative response. It should ledchthat 1999-1-7, Khano and Resisto also

had low average root weight (Table 4.6), and tloeesfwere prone to producing large
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numbers of small roots, a less desirable trait.iefi@s Beauregard, Serolane and Resisto
which lies towards the center, were the least nesipe. The biplot was divided into four
sectors: 1) Khano and 1999-1-7 with Owen Sithol®728 (OS1), Eastern Cape 2006/7
(EC1), Roodeplaat 2005/6 (R1) and 2006/7 (R2) alsériburg 2007/8 (E1); 1999-1-7 had
the highest root number in those environments, l&in@no in some environments such as
Roodeplaat (R1 and R2) and Owen Sithole 2007/8 YO8} Impilo, 2001-5-2 and
Beauregard with Eastern Cape 2008/9 (EC2), ElsgnR008/9 (E2), and Owen Sithole
2008/9 (OS2) where the three varieties performeltt @eSerolane and W-119; and 4) Excel

and Resisto.

As mentioned in Section 4.4.5, Beauregard, 2001a@ Impilo had the most acceptable

combination of root number and size.

Table 4.12 Ranked means for number of marketalols (per plot) and the first two principal

components (PC1 and 2) for varieties and environtisnareight 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 2127
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) 51.7 1.579 3.248
Eastern Cape 2006/7  (EC1) 66.8 2.741 0.692
Eastern Cape 2008/9  (EC2) 320 1.979 1.600
Owen Sithole 2007/8 ~ (0S2) 37.3 1.639 0.825
Owen Sithole 2008/9  (OS1) 435 1.619 5.533

The varieties were grouped as follows for numbemafketable roots (Table 4.12 and Fig.

4.3):

Moderately unstable, specific adaption, high nroaits: 1999-1-7, Khano, 2001-5-2
Unstable, specific adaption, high nr of roots: mpilo

Stable, wide adaption, average nr of roots: igRmsBeauregard

Stable, wide adaption, low nr of roots: Samela
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Moderately unstable, specific adaption, very lowohiroots: Excel

Stable, wide adaption, very low nr of roots: \A91
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Fig. 4.3 Polygon of GGE SREG for number marketaldets (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; 0S1=0wen Sithole 2007/8; 0S2=0wen Sithole 2008/9

Table 4.13 and Fig. 4.4 indicate the valuest@al root yield as well as the PC scores. A
high coefficient of correlation (r = 0.988) existbdtween total yield of varieties and their
PC1 scores. However, 2001-5-2 was again an excepsathe yield was similar to that of
Khano (PC1 score 0.336) but the PC1 score placedl-22 at -0.227.

The most responsive varieties were Impilo, Beauredpositive response), 2001-5-2, and
then Resisto and W-119 (negative response; po&orpegrs in most environments). The least
responsive varieties were Khano and Serolane, lgloge to the center of the biplot. The
biplot was divided into five sectors. Sector 1 gstesl of Impilo, Beauregard and 1999-1-7
with Elsenburg 2007/8 (E1) and 2008/9 (E2) and FRptmht 2005/6 (R1), environments
where Impilo performed best and the other two Vaseperformed well. Sector 2 included
Owen Sithole 2007/8 (OS1) and Roodeplaat 2006/7. (8&ctor 3 had Serolane, Khano and
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2001-5-2 with the other three environments wheesehvarieties performed well (Eastern
Cape 2006/7 (EC1) and 2008/9 (EC2), and Owen %itB6D7/8 (OS1)). Sector 4 included
Excel and W-119, and sector 5 contained Resistesdlvarieties performed poor in most

environments. The most ideal environment (high B@d low absolute PC2) was Elsenburg.

Table 4.13 Ranked means for total yield (t/ha) dredfirst two principal components (PC1

and 2) for nine orange-fleshed varieties and ezghironments

Varieties: Mean PCA1 PCA2
Impilo 44.0 3.790 -1.295
Beauregard 424 3.591 -0.449
1999-1-7 38.7 1.400 -1.342
Khano 31.7 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 3482 -2.731
Roodeplaat 2006/7 (R2) 71.8 3479 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  (0S2) 28.1 0494 3.626
Owen Sithole 2008/9  (0S1) 16.9 2.689 0.863

Considering a high PC1 and low absolute PC2 s®eauregard was an ideal variety. The

varieties were grouped as follows in terms of tgteld (Table 4.13 and Fig. 4.3):

Stable, wide adaption, high total yield: Beaurdga
Moderately stable, wide adaption, high total yield: Impilo
Stable, wide adaption, average total yield: Khano, Serolane

Moderately stable, wide adaption, average totdtlyie ~ 1999-1-7

Unstable, specific adaption, average total yield: 2001-5-2
Stable, wide adaption, very low total yield: xcEl and W-119
Unstable, specific adaption, very low total yield: Resisto

103



4]
20015} 2
Pt
///
3 e
///
// ’
S
21 /
Iy
f//
o~ 11 / .
5 ’ ~
@ ¥ .
i .
i
0 5 ERCEl
- -,
A - Eleat).\rega 1
W9 - Y
AN |
N\ 1 fm\r‘)'l
\, Iy 1]
N -
" T
. S
24 hY T
Resfsts
1
~34
T T T T T T T T T
4 3 2 1 1] 1 2 3 4 g

Factar 1

Fig. 4.4 Polygon of GGE SREG for total root yietst hine 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; 0S1=0wen Sithole 2007/8; 0S2=0wen Sithole 2008/9

4.5. Discussion

The present study constitutes the first reporthéobest knowledge of the author, of the use of
the GGE SREG analysis in orange-fleshed sweet@orte only other use of GGE in sweet
potato was by Abidin et al. (2005). Considering #uwvantages of the GGE biplot listed
below, the use in other biofortication programsweet potato is strongly recommended. The
advantages previously included the fact that: 1y itvell documented (Otoo and Asiedu,
2009); 2) that it includes multiple options (Blaeclet al., 2007; 3) its ease of visual
interpretation (Blanche et al., 2007); and 4) tihallows many important questions to be
addressed effectively and graphically (Yan et20Q1).

The GGE biplot can also have value with single ykda (Mohammadi et al., 2007) as it will
start to form suggestions of performance and iotEma, though it is understood that
recommendations will be made from multi-year da#acording to Yan et al. (2001) the
drawn-to-scale, two-dimensional GGE biplot readilisualizes: 1) the similarities and

differences among environments in their discrimoratof varieties; 2) the similarities and
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differences among varieties in their response tarenments; and 3) the magnitude and type

of interaction between varieties and environments.

In the present study, the GGE SREG biplots weral useidentify superior varieties, to
determine the stability of these varieties, anddentify environments where the varieties

performed well and could be recommended for pradoct

The GGE biplot has been used in yam, another vigegropagated crop, by Otto and

Asiedu (2009) using the various functions of theE=$aftware itself; such as yield relative to
environment maximum (YREM), relationships among ismments, discriminativeness of

test environments, representativeness of the testomments, ideal test environments for
selecting high mean performance genotypes, sintyilafi genotypes, mean performance and
stability of the genotypes, and which-won-wherelgsia. Each of which has its own type of

biplot. Other publications describing the use @& #arious functions include: Samonte et al.
(2005); Yan et al. (2000); Yan and Kang (2003).

Similar to the finding on G x E analysis of creamyellow-orange varieties (Chapter 3), large
differences in genotypic expression of importantoagmic traits exists in orange-fleshed
sweet potato varieties evaluated in South Afridae Tonsiderable variation in sweet potato
production areas stressed the identification of ase of diverse environments for MET.

Based on trial results during the period 2005/8G08/9, the new varieties were described.

Impilo was a stable, high yielding variety with wichdaptability, with average dry matter
content and good taste (in the limited testing iBETY] good vine vigor and vine thickness,
and produces good numbers of medium-sized, rodipdieroots. The variety does, in certain
circumstances, loose some marketability (howeves, was still consumable) due to cracks,
the production of XXS, insect damage and sproufdespite these problems Impilo produced
the highest marketable yield of the orange-fleskaiety. The flesh color was orange to light
orange and will reflect lowe-carotene content than the dark orange-flesheetiesi(refer

to section 5.4.1). Impilo can be recommended fadpction in the Roodeplaat, Elsenburg,

Eastern Cape and Owen Sithole areas.

Beauregard was an early maturing, widely adapte@tyathat produced high stable yields of

relatively large, long elliptic to long oblong r@oand some roots with insect damage. The
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taste was average due to its low dry matter confEim¢ vines were slender and trailing.
Beauregard could be recommended for productiormnénRoodeplaat, Elsenburg and Owen

Sithole areas, and was more suitable for the comialéndustry.

Line 2001-5-2 was characterized by unstable higtketable yield and an average number of
roots usually of medium size, combined with averdge matter content, good taste (in the
limited testing in MET), dark orange flesh and @it root shape. The vine growth had
average vigor and the vines were thin. 2001-5-2 &&igh percentage of marketable roots,
average total yield, and was recommended for ptaziucn Owen Sithole area, and to some
extent in Eastern Cape and Elsenburg areas. Adungh as 2001-5-2, which was unstable /
responsive has the specific advantage that it neyalile to respond to changes in the

environment in contrast to stable/non-responsivestias.

1999-1-7 produced high unstable yield and had Speadaptability but yielded a high
number of roots, mostly with low root weight anchigh percentage unmarketable roots.
Some roots of this line might be long irregulareTaste was found to be poor in the limited
testing in MET and the dry matter content averdgde vine growth was not vigorous. 1999-
1-7 performed better in Eastern Cape and Elserdmeas.

Khano, with vigorous vine growth, had stable avergigld, long elliptic root shape and dark
orange flesh color. Generally the roots were smaltel might exhibit a larger percentage
cracked roots. The taste was poor (in the limigsding in MET) and dry matter content low.
Another serious disadvantage of Khano was sevenedsinage observed during harvesting.
The skin damage and low dry matter content linfits possible use of Khano to areas where
dry texture is less important and only for home stonption directly after harvest. Khano

performed better in Eastern Cape and Owen Sithole.

Serolane, Excel, W-119 and Resisto produced lowdyigvhilst the taste and dry matter
content was good. Resisto had an attractive daakger flesh color expected to be coupled
with high p-carotene content (refer to section 5.4.1). Reslsad potential for home

production in the Roodeplaat and Elsenburg areaswi@g of Resisto should be managed
well as the variety performs poorly in low inputnetitions. W-119 performed better in the

Eastern Cape area.
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The South African biofortification program had sar fachieved improvements in yield (as
compared to Beauregard) coupled with good tastedayanatter content. The new varieties
have considerable root yield advantage over the W8ports Resisto, Excel and W-119
previously recommended for use in the crop-basedyrpms. Impilo and 2001-5-2 were
found to be promising (due to good performanceeims of yield, dry matter content, taste,

root shape, vine vigor).

The results reported here will be used in Chapter&njunction with nutrient content (refer
to Chapter 5) and consumer acceptability testei(rief Chapter 8), to make reliable varietal
recommendations for use in the crop-based approachddress vitamin A deficiency.
Grineberg et al. (2005) found small G x E intemactin MET across sites for nutritional
traits, including total carotenoid content (closelgrrelated withp-carotene content). The
present study wheig-carotene content was not included as selectigariziin all sites, and
was not included in the G x E analysis, was thejabiified. This selection scheme will not
lead to loss of efficiency even though the programss aiming at the development of

genotypes for the various agro-geographic reginr&outh Africa.

Previous studies on G x E in sweet potato, indicateat some researchers found high
yielding, stable genotypes (Abidin et al., 2005{i@G¥berg et al., 2005; Ngeve, 1993) and
others not (Caliskan et al., 2007; Manrique andnikéam, 2002; Mwanga et al., 2006). In the
present study two high yielding, stable varietiesravidentified, namely Beauregard and

Impilo for both total root yield and marketable tgeeld.

4.6. Conclusions

In the present study, the GGE SREG analysis wadogexb to identify superior orange-
fleshed sweet potato varieties in terms of yielteptal and stability, as well as environments
where the varieties performed well. The GGE biplaifer easy visual interpretation. Large
differences in expression of agronomic traits weeen in the nine orange-fleshed sweet
potato varieties evaluated. Impilo and 2001-5-2ewByund to have a combination of a
number of desired traits. These new varieties ltansiderable root yield advantage over the
USA imports Resisto, Excel and W-119. The resultshe used further in multivariate index

selection considering other important traits susinatrient content.
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Chapter 5
CONTENT OF SELECTED MICRONUTRIENTSIN NEW SWEET POTATO
VARIETIES

5.1. Abstract

Sweet potato is a rich source of energy and otlniemts. Orange-fleshed types contain
naturally high quantities of bio-availablg-carotene and are therefore used locally and
internationally in crop-based programs to addratsmin A deficiency. Sweet potato also
contains various minerals. Since little informatwas available on nutrient content of sweet
potato varieties in South Africa, the present studg conducted to determine the content of
B-carotene and selected minerals in 12 local swetht@ varieties. Sweet potato was
produced in MET in four agro-geographical produttisites, namely, Roodeplaat,
Empangeni, Giyani and Hazyview. Extraction of-carotene was done with
tetrahydrofuran:methanol (1:1, v/v) afiecarotene content analysed by HPLC. Dry matter
content was determined, and the minerals zinc, potassium, magnesium, phosphorous and
calcium measured through ICP-OES determination. ®kerall meantrans{-carotene
content of the nine orange-fleshed varieties wa3691g/100 g raw root (varying between
5091 and 16456 pg/100 g). Varieties witecarotene content above the target level for use in
the crop-based programs (5500 pg/100 g) were Resikano, 2001-5-2, W-119, Beauregard
and 1999-1-7. Impilo, Excel, Serolane (5109 to 5@80100 grans{-carotene) are useful to
populations with mixed dietary sources of vitaminfAcarotene content varied significantly
in the different environments, mainly influenced tainfall/water application/water stress.
The three cream-fleshed varieties only containéd 434 pg/100 gransfi-carotene in raw
roots. The overall mean mineral content in the &RBeties was as follows: 50 mg/100 g
calcium, 26 mg/100 g magnesium, 40 mg/100 g phaspiso 278 mg/100 g potassium, 0.93
mg/100 g iron, and 0.60 mg/100 g zinc. Mineral eahtwas influenced by environment and
this was generally due to soil pH, soil mineral teoth and the interaction between minerals.
The overall mean dry matter content was 24.8% andf iimportance in taste acceptance.
Varieties with high dry matter were Serolane, W-1R8sisto and Ndou. In context of human
nutrition in South Africa, all the orange-fleshearieties, when boiling a raw portion of 100
g, have a potential contribution ®100% of the recommended intake for vitamin A, ég4

to 8 year old children, and 21% to magnesium, 1@%iric and 9% to iron requirements. The

information obtained from the present study wasartgnt for selection of varieties for use in
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crop-based programs should be considered in caijunwith yield and taste attributes in

varietal recommendations.

5.2. Introduction

Carotenoids are important to human health for tpeaperties to reduce cancer, boost the
immune system and to maintain eye health and vid®e8iong, 1995; Hughes, 1999; Olson,
1999; Seifried, 2003). Carotenoids are lipid-scdupigments found in vegetables and fruits.
One of these ig-carotene, the major precursor of vitamin A, whishthe predominant
carotenoid found in orange-fleshed sweet potatkdfata et al., 1993b). Orange-fleshed
sweet potato provides one of the best sources wfrally bio-availablep-carotene (Van
Jaarsveld et al., 2005). Sweet potato also confibstantial quantities of vitamin C and
other essential nutrients. Using the nutrient cositimn of sweet potato reported by Kruger et
al. (1998) and the RDA of 1 to 8 year old child{@numbo et al., 2001), a 100 g portion of
boiled sweet potato provides substantial quantdfegtamin C (28-47% of RDA), moderate
guantities of pyridoxine (12-14% of RDA), coppeB{23% of RDA) and magnesium (10-
16% of RDA), and some quantities of thiamin (8-16#4RDA) and niacin (6-8% of RDA)
and several minerals. In addition to being an é&nekource of vitamins and minerals, sweet
potatoes are also a good source of energy (438&dyEdible portion) and consequently they
have become one of the major staple crops of thedwBovell-Benjamin, 2007; Woolfe,
1992). Orange-fleshed sweet potato has thus beamaeof the crops used in crop-based
programs to address vitamin A deficiency (Fabex.e2002; Laurie, 2008; Low et al., 2007a;
Mukherjee and llangantileke, 2002). Worldwide 33,3%190 million, children younger than
5 years were vitamin A deficient (WHO, 2009). Faugh Africa, 64% of 1 to 9 year old
children was reported to be vitamin A deficien2B0D5 (Labadarios et al., 2007), thus orange-

fleshed sweet potato can make a great impact.

A study by Van Jaarsveld and co-workers (2006) €fibthat nearly all the carotenoid in the
orange-fleshed sweet potato variety Resistp;darotene in théransform, which has double
the pro-vitamin A activity than theis isomers (Gibson, 1990). In additigicarotene in the
storage roots of sweet potato is located in thé matoplasts where it is found in lipid
droplets or bound to a protein that is releasednducooking, thereby enhancing bio-

availability (Kopsell and Kopsell, 2006).
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The efficacy of orange-fleshed sweet potato to ouprvitamin A status has been confirmed
(Van Jaarsveld et al2005). In a randomised controlled study conducte&auth Africa, it
was shown that feeding 125 g (1/2 cup) of Resistmtaining 830 pg Retinol Activity
Equivalents (RAE)/100 g boiled and mashed roofprimary school children for 53 school
days improved vitamin A status in terms of liveorss compared to the control group that
consumed the white-fleshed variety Bosbok (Vansledd et al., 2005). In addition, the
effectiveness of orange-fleshed sweet potato taom®vitamin A status has been confirmed.
A agriculture-nutrition-integrated intervention Mozambique, which introduced orange-
fleshed sweet potato together with nutrition ediocamessages, resulted in improved dietary

vitamin A intake and serum retinol concentratianygoung children (Low et al., 2007a).

In sweet potato there is very large genetic divgrisi B-carotene content. White and cream-
fleshed types are devoid of, or contain very lifdearotene. Th@-carotene content in sweet

potato reported internationally ranges from <1001QQ g to 26600 ug/100 g in raw roots
(Almeida-Muradian and Penteado, 1992; Hagenimanal.et1999; K'osambo et al., 1998;

Takahata et al., 1993; Teow et al., 2007).

In South Africa, information ofi-carotene and micronutrient content in orange-gessweet
potato was limited. Laurie (2001) indicated the tean for eight varieties/selections varying
between 187@g/100 g and 1190Q0g/100 g. Van Jaarsveld et al. (2006) measured 18200
19400u0/100 gp-carotene in raw roots of Resisto in their studgighton (2007) reporteft
carotene content for five orange-fleshed varidi@sying between 4212 and 10112 pg/100 Q)
from three different sites. The latter report alsoluded analysis of some minerals and
vitamins: 7.07 mg/100 g vitamin C, 101 mg/100 gceah, 19 mg/100 g magnesium, 58
mg/100 g phosphorous, 324 mg/100 g potassium, h§2.00 g iron, 0.38 mg/100 g
manganese and 0.12 mg/100g copper in raw roots.ziffeecontent measured was 0.368
mg/100 g (Pers. com. C. Leighton, 13 Nov 2009). present study included a number of

micronutrients in samples systematically colledtedh 12 varieties in four sites.

Analysis of B-carotene is used to calculate vitamin A valueungsRAE and the potential

contribution plant foods can make to the vitamirdi&tary requirement of humans. This is
important for making recommendations for promotthg production and consumption of
orange-fleshed sweet potatoes to alleviate vitamdeficiency. Orange-fleshed sweet potato

is one of six staple crops in the HarvestPlus (Bagfortification Program (Nestel et al.,
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2006; Pfeiffer and McClafferty, 2007). The targeedading level for orange-fleshed sweet
potato in HarvestPlus was 7506/100 gB-carotene, where sweet potato is the sole source of
pro-vitamin A, and 375Qg/100 gp-carotene in mixed diets (Nestel et al., 2006)c&8imixed
diets are consumed in South Africa, with emphasisntroduction of orange-fleshed sweet
potato, the target level for the local breedinggpaon was set at > 55Q@/100 gp-carotene.
This was in agreement with the HarvestPlus breetlinget for orange-fleshed sweet potato

varieties to be promoted in crop-based progranssimSaharan Africa (Kapinga, 2006).

The B-carotene content in sweet potato has to be mehswer a range of environments to
obtain reliable estimates as several factors cgnifiantly influence the content ds-
carotene in the varieties. The specific factororea to influences-carotene content are air
and soil temperature, radiation, fertilization, doon and maturity of roots (Kopsell and
Kopsell, 2006; K'osambo et al., 1998). In additiam, important trait for varietal selection is
the stability ofp-carotene content within a variety. Significanteets of G x E interactions
were found in quality traits of sweet potato, thoube effects were more pronounced on
yield than on quality traits (Collins et al., 198 Manrique and Hermann (2002) reported
significant differences for G x E main effects,wasll as G x E interaction fog-carotene
content over 14 different environments. Grinebdrgl.e(2005) found small interactions in
quality traits including starch, dry matter contesmtd B-carotene content over seven

environments.

In addition top-carotene, other micronutrients were also selefde@dnalysis in the present
study, based on quantities available in sweet patatthe importance thereof in terms of
human nutrition. Vitamin C was selected due to &uligal quantities (24 to 29 mg/100 g) in
raw storage roots, reported by other authors (S085; Woolfe, 1992)Both vitamin C and
B-carotene function as anti-oxidants which helplimieate free radicals (Gibson, 1990). Iron
and zinc were selected as these deficiencies aoaqihe leading causes of disease burden
and mortality globally (Ezzati et.al2002). A significantly positive correlation wasuhd in
sweet potato between iron and zinc content, and@erate correlation between zinc ghd
carotene content (Gruneberg, 2006). These resaliscate good prospects to breed

simultaneously for these three micronutrients ieatypotato.

Other minerals included in the present study falysis were calcium, which is important for

bone structure and the prevention of osteopord@sisspn, 1990; Nieves et al., 2008), and
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potassium, magnesium and phosphorus. Potassiuimeisngjor mineral present in sweet
potato, followed by phosphorus, calcium and magmesfWoolfe, 1992). Magnesium and
phosphorous likewise occur in high quantities i thuman body and though human
deficiency is rare, these minerals are essentian@rgy metabolism (Gibson, 1990). The
content in sweet potato reported for these micmenis were as follows (per 100 g raw
roots): 129 to 470 mg potassium, 0.16 to 0.94 rog,iN.27 to 1.89 mg zinc, 8 to 101 mg
calcium, 18 to 35 mg magnesium, 41 to 70 mg phaspisoand 2.4 to 35 mg vitamin C

(Kruger et al., 1998; Leighton, 2007; STA, 2005;0,6 2009; Woolfe, 1992). Dry matter

content was also determined as it has an impoménoence on the acceptability of the taste

of sweet potato varieties (Laurie, 2001; Tumwegarairal., 2004).

The present study was based on the fact that litflermation was available on nutrient
content of sweet potato varieties in South Afrigeyd a systematic assessment over
environments had not been conducted previouslyel@eypromising varieties, introductions
and advanced breeding lines were identified byltisal breeding program, for which the
nutrient content was unknown (Laurie et al., 200@)4; 2009). The aims therefore was: 1)
to determine the content @fcarotene, vitamin C and selected minerals in neees potato
varieties, introductions and advanced breedingslineSouth Africa over agro-geographical
production sites; and 2) to calculate the poterdmadtribution of sweet potato in context of
human nutrition in South Africa. Nutrient contemidathe influence of the environment during
growth on micronutrient expression, is considerde trait in biofortification (Pfeiffer and
McClafferty, 2007). This information was valuabler fselecting varieties for use in crop-
based programs and will provide key information rutritional value of South African

varieties.

5.3. Materialsand methods

5.3.1. Choice of sweet potato genotypes

A total of 12 varieties/selections with varyingdtecolor were investigated. The nine orange-
fleshed genotypes included three new local vaset#ano, Serolane and Impilo; two
promising local advanced breeding lines 1999-1 2001-5-2; three USA varieties W-119,
Resisto and Excel which have been recommended én ctiop-based home-gardening
programs since 1999; and Beauregard, bred in th& &l grown commercially in South
Africa. The three cream-fleshed genotypes werelBllegcommercial 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-gaphical production sites, namely,
Roodeplaat (Gauteng), Owen Sithole near EmpandémaZulu-Natal), Giyani (Limpopo)
and Hazyview (Mpumalanga). The agricultural, soihda environmental (climate)
characteristics of the four sites are presentedahbles 5.1 — 5.3The sites included four
climatic areas typical of sweet potato productiosaas, and ranged from low to medium
altitude (Table 5.1). The climatic data of the area Table 5.2 indicated higher mean
temperature, minimum temperature and humidity inpBngeni than the other three areas.
Roodeplaat had intermediate temperature and thieesigradiation. The winter season in

Hazyview had the lowest temperature, as expected.

The management ranged from very good in Roodepla@tEmpangeni, where trained full-
time technicians were based, to practices typitaraduction in communities for the trials in
Giyani and Hazyview. The latter two sites experezhevater stress at some stages due to
unavailability of irrigation water. The length ofi@¢ growing season varied according to

climatic zone (Table 5.1).

Soil samples were taken and the soil analysis €r&k®) showed the soils were generally
acceptable for vegetable production. For all sitespH level was within acceptable range. In
Empangeni the phosphorous content was low, whiteGiyani and Hazyview the sodium
content was low. In Roodeplaat the Ca:Mg ratio &l cation balance was low. In
Empangeni the magnesium and calcium content osdflevas high, but this is less critical

for vegetable production. The amount of fertilidest was applied is indicated in Table 5.3.

Vine cuttings from the multiplication block in Rogplaat were used to establish the trials

with the 12 varieties in each of the four sitesrfihg per genotype consisted of 60 plants.

At each of the four sites, sweet potatoes from wWiele plot were harvested and a
representative random sample of 25 roots for eaciety was taken. Each laboratory sample
was obtained by randomly selecting eight sweettpeta(approximately 3 kg). The intact

unprocessed roots were transported to the labgrafahe Nutritional Intervention Research

Unit (NIRU) of the MRC in Cape Town for sample paegtion for the nutrient analysis. The

samples were stored and transported in paper bdigsit degradation of the carotenoids.
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Table 5.1 Agricultural characteristics of the feweet potato production sites where samples weduped for nutrient analysis of 12 sweet potataetias

Site Type of site Climatic area Altitude (m) Irrigation type ~ Weeding Spacing Plant date Harvest date Growing period
(Province)

Roodeplaat ARC institute Warm temperate 1164 Sprinkler Chemical 1mx0.3m 09/12/2006  05/05/2007 5 months
(Gauteng) 400 mm

Giyani Zava Community Garden  Dry subtropical 716 Furrow Mechanical 1mx0.3m  23/01/2007  25/05/2007 5 months
(Limpopo)

Hazyview Farmers plot Humid subtropical 564 Furrow Mechanical 1mx0.3m 07/03/2007  18/09/2007 6 months
(Mpumalanga) (winter) (winter season)
Empangeni Owen Sithole College of Humid subtropical 100 Sprinkler Mechanical 1.2mx03m 29/11/2006  18/04/2007 4.5 months
(KwaZulu-Natal) Agriculture

114



Table 5.2 Climate conditions (at the time of prdég) of the four sweet potato production sites rehgamples

were produced for nutrient analysis of 12 sweeafoovarieties

Month Temperature ! 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 248 17.6 31.9 79.0 55.3 82.7 27.9 250
January 234 15.9 317 60.7 55.5 85.9 25.0 27.0
February 247 15.8 33.8 279 497 81.0 18.3 273
March 232 14.8 321 7.2 497 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 44 249 0.3 457 76.5 14.8 18.4
Mean 216 13.3 30.5 31.3 51.7 81.7 217 222
Total 218.9
Middle Letaba - Database of ARC-Institute for Soil Climate and Water (closest site to Giyani)
January 26.6 204 32.7 44.9 61.1 87.7 345 217
February 284 216 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 245 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 234 18.4 28.3 94.1 74.0 93.6 54.3 15.4
December 244 19.0 29.7 74.3 70.8 91.9 49.7 235
January 26.3 20.9 3.7 67.3 71.1 93.0 49.2 227
February 26.7 212 321 58.2 714 941 48.7 236
March 25.1 19.7 30.4 47.8 69.5 92.7 46.3 17.6
April 227 173 28.0 222.7 735 95.1 51.8 13.5
Mean 248 19.4 30.0 941 "7 934 50.0 19.4
Total 564.4
Hazyview - Database of ARC-Institute for Soil Climate and Water

March 246 17.7 315 48.3 62.2 89.9 34.4 14.6
April 218 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 26.0 124
June 16.4 8.0 248 15.7 61.3 89.9 32.6 125
July 15.8 6.7 248 3.5 56.0 86.8 251 12.9
August 17.8 8.7 26.9 15 52.7 80.4 24.9 14.8
September 219 14.2 29.5 541 57.6 83.9 31.3 15.4
Mean 19.5 1.4 275 27.0 59.4 87.6 31.2 13.6
Total 189.2

TMeans 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 produetsites where samples of 12 sweet potato varietes produced for nutrient analysis

P-Bray 1 K Ca Mg Na Fe Zn  CaMg Cation Balances pH Clay Comments Fertilization
mgkg  mglkg mg/kg mgkg mgkg pgkg ugkg  ratio Ca Mg K (H0) %
Roodeplaat 92 147 1413 548 62 - - 25:1 57 37 3 6.9 28 K, CaandpH Pre-plant 200 kg/ha 1:0:1 (18.5%
acceptable. N, 0% P, 18.5% K).
P and Mg high. Zero Topdressing 150 kg/ha Limestone
P-fertilizer required. ammonium nitrate (LAN; 28% N).
Ca:Mg ratio low. Applied: N=79; P=0, K=37 kg/ha.
Giyani 19 116 959 252 16 648 127 38:1 66 29 4 7 34 Kand Na low. Pre-plant 500 kg/ha 2:3:2 (8.5%
N, 13% P, 8.5% K).
Fe, Mn, Zn may be Top dressing 150 kg/ha LAN
less accessible. (28% N). Applied: N=84, P=64,
K=42 kg/ha.
Hazyview 239 168 2991 611 42 - - 48:1 72 25 2 6.8 26 Most acceptable of Pre-plant 150 kg/ha 2:3:4 (6.7%
the four sites; Mgwas N, 10% P, 13.3% K).
low 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 74 155.7 389 35:1 62 29 5 6.1 32 Poor accessibility of Pre-plant 500 kg/ha 2:3:2 (8.5%
P. 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:
low content! <15 <40 <200 <50 <50 <55
highcontent! >80  >250 >3000 >300 >0 & M@ >7.3
Optimum 40-90 120-  400-  100- 4:1 60-70 2530 6-15 55- <35
content for 240 25002 4002 6.5
vegetables'
' 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 theopgposite quarters from longitudinally
guartered roots were combined, homogenized, akquaighed and stored at -20°C until
analysis. Thep-carotene content was determined in duplicate by GiRs previously
described (Van Jaarsveld et al., 2006; Low and ¥&arsveld, 2008; Rodriguez-Amaya and
Kimura, 2004). Extraction of-carotene was done with tetrahydrofuran:methand), (/v).
Chromatographic separation was by HPLC using a menc Gs column (Waters
Spherisorb ODS 2, 3um, 4.6 x 150mm)pA&arotene standard was purified by HPLC, and an
aliquot of the purified standard solution with aolm concentration was used for
quantification off3-carotene in the sample extracBuring sample preparation and analysis
precautions were taken to mitigate degradation @xidation e.g. working under subdued

light and wrapping of flasks with aluminum foil.

Sub-samples of the same homogenized sweet potaiplesa used fo-carotene analysis
were sent to the analytical laboratories of the AleCanalysis of vitamin C and dry matter
content, and the minerals zinc, iron, potassiumgmaaium, phosphorous and calcium.
Aliquots were dried at 105°C for 16 hours for detigration of dry matter content (AOAC,
2007).

Vitamin C was assessed by determination of DHAAisTiethod entails extraction using
acetic acid and meta-phosphoric acid, oxidatioAAto DHAA, derivitization of DHAA and
determination with HPLC and fluorescence detect®ognar, 1988; Dodson et al., 1992).

The mineral content was measured through ICP-OE&rdmation according to Huang and
Schulte (1985). The following wavelenghts were usslcium 422.673 and 317.933 nm,
magnesium 383.826 nm, phosphorous 213.618 nm, gp0mas’69.896 nm, iron 259.940 nm
and zinc 213.856 nnT.he calibration curves were found to be very gawdafl six elements,

with a correlation coefficient of 0.9995 for K ampleater than 0.9999 for the other five

elements.

5.3.4. Statistical analysis
The data was analyzed with GenStat® (Payne et2@07). In case of the minerals, the
triplicate determinations were first screened farmmality, and outliers examined and

eliminated. The determinations were rejected aeositvhen identified as outliers through at
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least two of the following three criteria: a) Thifefence between the maximum or minimum
determination and the median determination wasefatiygan an appropriate constant for that
element; b) The ratio of the difference betweennttaimum and minimum determination to
the difference between the two determinations slose each other was larger than an
appropriate constant for that element; and c) Th&imum determination was much larger
than the maximum determination for all the othengkes or the minimum determination was
much smaller than the minimum determination for tak other samples. The number of
outliers removed was 10 for iron, five for zincdamne each for magnesium, phosphorous and
calcium. Per variety the mean of duplicate/trigiicdeterminations was calculated. To assess
the variability of nutrient content among sites aaglieties, an ANOVA was performed. The
Student’s protected t-LSD test was calculated at 1#6 significance level fop-carotene
content and 5% significance level for mineral caht®® compare varietal means and site

means.

5.4. Results and discussion

5.4.1. p-carotene content in raw sweet potato roots of 12 varieties

The trans-p-carotene content, determined over four sites,nfoe orange-fleshed varieties
varied between 5091 and 16456 pg/100 g raw rodil€Ta.4). The cream-fleshed varieties
had negligible content ofransp-carotene: Blesbok and Monate contained less tian 5
1g/100 g; Ndou with slightly darker cream fleshartotontained 134 ug/100 g. The nine
orange-fleshed sweet potato varieties had a rtraas-p-carotene content of 9706 pg/100 g
and could be separated into three groups. The dnmstip of varieties with highrans-
carotene content was Resisto (16456 pg/100 g), &H&4036 pg/100 g) and 2001-5-2
(11800 pg/100 g). Line 2001-5-2 showed stable highs-p-carotene content over the four
sites (low standard deviation), Khano was lesslstaibd Resisto the least stable. The second
group of varieties that showed an intermediaé®s-p-carotene content included 1999-1-7,
Beauregard and W-119 (9558 to 10464 pg/100 g). thivd group comprised of Excel,
Serolane and Impilo varying between 5091 and 529QQ0 g. Therans-carotene content
was just below the breeding target (>5500 pg/106f djarvestPlus for orange-fleshed sweet
potato varieties to be promoted in crop-based @rogr(Kapinga, 2006). Impilo showed low
stability intrans-B-carotene content as the SD was high over thedives. When considering
the trans-B-carotene content, all varieties in the first aedahdp-carotene groups can be
promoted in crop-based programs addressing vit@mntrition. The mean vitamin A value

of the variety with the highegtcarotene content, Resisto, was 1371 pug RAE.
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The trans-B-carotene content of sweet potato was influencethbyagro-geographical area.
Of the four sites, the highest mepytarotene content was detected in Giyani; sigmnitiga
higher than in Roodeplaat and Empangeni. The sebigitkst mea-carotene content was
detected in sweet potatoes from Hazyview. The mggotor that could be related to the
differences was water application (rainfall plusgation). Low rainfall (~200 mm) was
experienced in Roodeplaat, Giyani and Hazyview ([@&bh2). In Roodeplaat 400 mm water
was applied with sprinkler irrigation in addition the rainfall. In Giyani and Hazyview only
small quantities of water were applied with irrigat as the crop management was less
effective. Resisto contained 20525 pg/10@ams-p-carotene as measured in Giyani versus
12234 ug/100 g in Empangeni. Constantin et al. 419@und that high irrigation levels

decreasefl-carotene content in sweet potato.

Table 5.4 Means of duplicate determinationstfans-p-carotene content (1g/100 g raw root)
for 12 sweet potato varieties in four sites, mead 8D of four sites and the calculated

vitamin A value (ug RAE)

Variety Site Variety mean Vitamin A value
Hazyview  Giyani  Hazyview  Giyani (SD) pg 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)  be 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 * 110 212 21 177 134 (77) e 11

Monate * 16 21 62 25 31(0) e 3

Blesbok ! 23 10 9 12 14 (0) e 1

Mean (site) 7415ab  8372a 6350b 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 pg trans--carotene = 1 g retinol = 1 ug RAE (Trumbo et al., 2001)

1 Cream-fleshed varieties
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The B-carotene content reported in sweet potato vasidtiethe present study corresponds
well with the range of-carotene content reported in previous studies éidiaxMuradian and
Penteado, 1992; Hagenimana et al., 1999; K'osanka.,e1998; Laurie, 2001; Leighton,
2007; Takahata et al., 1993b; Teow et al., 200f§ Aighest reportefl-carotene content was
26600ug/100 g raw root for variety SPV-61 in a study apdn (Takahata et al., 1993) and
22600 for line 11-20 reported by Teow et al. (20@Y)the USA. Resisto, analyzed by
Takahata et al. (1993b) in Japan, was found to fi+earotene content of 20300 pg/100 g
raw root, as compared to 16465 pg/100 g reportetdamresent study. Other South African
data reported for Resisto was by Van Jaarsveltl €G@06) reporting $-carotene content of
13200 to 1940Gg/100 g raw roots, 1190@/100 g by Laurie (2001) and 9286/100 g by
Leighton (2007).

Teow et al. (2007) reportedpacarotene content of 9230 pg/100 g for the main WaAety
Beauregard, as compared to 9646 pg/100 g in theeprestudy. Also the USDA National
Nutrient Database (USDA, 2009) indicate@-garotene content of 9444 ug/100 g for raw
sweet potato. Orange-fleshed types are dominati@gweet potato industry in the USA and
were introduced to other parts of the world as eairof highp-carotene. Another USA
variety promoted in South Africa was W-119. In gresent study, W-119 contained 10464
pHg/100 g off-carotene, which was higher than the 8240 pg/10€pgrted by Laurie et al.
(2001) and 43239/100 g by Leighton (2007).

The variation inp-carotene content between the same sweet potattiearreported in the
present study and those in the literature indicateal/e, was acceptable fxsarotene content

is influenced by several factors e.g. soll, irngatregime, fertilization, location, season and
growing period (Chattopadhyay et al., 2006; Cortstaet al., 1974, K’'osambo et al., 1998).
Small differences in thg-carotene content in the same sweet potato variid also be the
result of methodological differences among studms;h as, for example using different
extraction solvents e.g. tetrahydrofuran:methakah(Jaarsveld et al., 2006), acetone-hexane
(Takahata et al., 1993b) or acetone (Teow et @07} as the efficiency of solvents to extract

B-carotene differ (Van Jaarsveld et al., 2006).

The B-carotene content of the variety Excel contrastét @ previous publication by Huang

et al. (1999) where Excel measured 128003togrotene/100 g. Thg-carotene content was
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much lower in the present study at 53@100 g and 778Qg/100 g reported by Faber and
Van Jaarsveld (2007). Varietal genetic purity cobll the underlying factor in the large

difference.

Other studies on cream-fleshed varieties also atdet virtually no-carotene, e.g. the South
African variety Bosbok (Van Jaarsveld et al., 2008budies on cream to yellow varieties
reported aB-carotene content ranging from 200 to 4369100 g (Chattopadhyay et al.,
2006), 630Qug/100 g (Hagenimana et al., 1999) and 1870 pg/1®@aotene for the cream-
yellow fleshed South African variety Mafutha (LaayrR001).

A very high percentage (96.2%,varying between 26\1@ 97.6%), of totgb-carotene was in

thetrans configuration in the orange-fleshed varieties gred (Fig. 5.1).
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Fig. 5.1Mean totalp-carotene and mearans-p-carotene content (ug/100 g raw root) in 12

sweet potato varieties over four sites.

The predominance ofransp-carotene in dark orange-fleshed sweet potato agvéth
previous reports (Takahata et al., 1993; Van Jedtsst al., 2006). Other carotenoids found
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in much lower amounts in orange-fleshed sweet patatiude alpha-, gamma- and zeta-
carotene, phytoene, phytofluene, hydroxyl-zetates® ang-carotene furanoxide (Bechoff
et al., 2009; Purcell and Walter, 1968). The preidamce of thdransisomer, with double

the provitamin A activity than theis isomers, is an additional positive characteristic o

orange-fleshed sweet potato in addressing vitamgefciency.

In the present study tifecarotene content was determined by HPLC. An atérea method

to assist in selection, is NIRS. Very recently Bwhale et al. (2009) developed calibration
equations to estimate total as well as individumlotenoid concentrations by NIRS. This
method allows high throughput of a large numbersafmples and can be applied in the

selection of parents/lines in a breeding prograiented 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%oaw roots (Table 5.5), varying
significantly among the varieties (ranging from 7.8 30.5%). Dry matter content reported
by Teow and co-workers (2007) varied between 38b26.8%. Huang et al. (1999) reported
dry matter content from 38.2 to 21.8%, with Exceél 22.2%. Another report was by
Bengtsson et al. (2008), with dry matter contenyivg between 30.3 and 35.0% in seven
African varieties. Results from selected countitethe sub-Saharan Africa region, indicated

variation in dry matter content between 21% an@%%(Kapinga et al., 2007).

Variation in dry matter content of varieties ovevieonments can be explained by differences
in climate, day length, soil type and cultivatiaagtices (Bradhury and Holloway, 1988). The
dry matter content in South African varieties wawér than for sweet potato from other
countries. Blesbok is one of the most watery svpe¢ato varieties grown on commercial

scale in the world.

In the present study the highest dry matter confgignificantly higher than the other sites)
was obtained for Giyani at 26.9% (varying betwe&ri2 and 34.9%) and the second highest
in Empangeni with a mean of 25.4% (ranging froml20to 30.6%). Significantly lower dry
matter content was recorded for Hazyview (23.0%) &woodeplaat (23.9%). Roodeplaat
showed the widest range of dry matter content (h&d 30.5%).
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Table 5.5 Means of duplicate determinations forrdatter content (%) for 12 sweet potato

varieties in four sites and mean and SD of fowssit

Variety Site Variety mean
Hazyview  Giyani Empangeni  Roodeplaat (SD)
Serolane 25.8 34.9 30.6 30.5 305(3.7)a
W-119 25.1 31.8 30.4 27.8 28.7(2.9) ab
Resisto 24.3 28.9 285 215 27.3(2.1)be
Ndou 27.2 28.8 236 28.0 27.0(2.3) be
Excel 27.9 28.8 26.1 235 26.7 (2.4) be
1999-1-7 241 27.9 23.7 24.7 251(1.9)cd
Monate 24.8 23.9 271 238 24.9 (1.5) cde
2001-5-2 21.3 25.7 255 23.0 239 (2.1)de
Impilo 231 24.8 229 219 23.1(1.0)de
Khano 19.4 24.2 249 212 224 (26)e
Beauregard 17.3 21.1 215 18.8 19.8 (2.0) f
Bleshok 15.5 22.6 20.1 16.1 18.7(34) f
Mean (site) 230¢c 269a 254b 239¢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 tharfsites for dry matter content (Fig. 5.2). In
Hazyview, varieties with high dry matter contentrevéNdou (27.2%) and Excel (27.9%).
Resisto, W-119 and Serolane had the highest drgemabntent in Empangeni (varying
between 28.5% and 30.6%), and Giyani (varying betw@8.4% and 34.9%), and in
Roodeplaat (ranging from 27.5% to 30.5%). In Giyand Roodeplaat, Ndou had high dry
matter content.

As shown by the mean dry matter content over thg &ites (Table 5.5 and Fig. 5.2),

Beauregard and Blesbok had significantly lowermatter content than all other varieties and
can be considered as watery and therefore lessallkesiThe middle group, with medium dry
matter content, was 1999-1-7, Monate, 2001-5-2,ilbompnd Khano. Varieties with fairly

high dry matter content were Resisto, Ndou and Ex@erolane and W-119 had the highest
dry matter content. In general, sweet potato vi@setvith dry matter varying between 22%
and 26% are acceptable to the taste of both adultschildren, in the target population
(Africans) in South Africa, while adults may prefeven higher dry matter content. The dry

matter content measured in the present study,wellba similar trend as in Section 4.4.2.
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However, the texture of roots will be evaluatedmore detail in Chapters 8 by a sensory

panel.
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Fig. 5.2. Dry matter content (%) of 12 sweet potatwieties 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/gd@w root (ranging between varieties

from 34 to 63 mg/100 g) (Table 5.6). Significantfeliences were found in calcium content

between the 12 varieties. The mean calcium comieW-119 and Resisto were the highest of
the 12 varieties, while the calcium content of theee cream-fleshed varieties were the
lowest. The general trend observed was that calcdantent was higher in orange varieties

than in the cream varieties (Fig. 5.3 A). Orangsstiled varieties 1999-1-7 and Resisto as well
as the three cream-fleshed varieties, Blesbok, Nalwdi Monate, had the highest SD and
seemed to be more variable with regards to calciontent.

The highest mean calcium content was found in Weetpotato varieties from Hazyview (56
mg/100 g), and was significantly higher than in Emgeni (40 mg/100 g) and Giyani (48

mg/100 g). The mean for Roodeplaat (55 mg/100 g alao significantly higher than for
Empangeni.
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Table 5.6 Means of triplicate determinations fdcitem, magnesium and phosphorous content (mg/l@@vgoots) 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 Giyy Emp Rood mean Variety Hazy Giy Emp Rood mean Variety Hazy Giy Emp Rood  mean
(SD) (SD) (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 54 469 ab
Khano 60 43 52 65 55(10) ab  W-119 24 29 34 37 31(6) abc Impilo 47 471 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 4 46 35 46 43(5)  bc
Impilo 56 51 49 47 51(4) abc Impilo 30 25 28 25 21(3) ¢ W-119 37 54 34 45 42(9) bc
Beauregard 50 47 48 49 49(2) bed 2001-5-2 24 25 31 24 263) ¢ 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 4 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 3 32 33(1) de
Ndou 47 37 15 47  37(15) de Ndou 20 20 18 20 20(1) de Beauregard 31 33 26 31 303 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 48 40 55 Mean (site) 26 21 26 27 Mean (site) 42 45 32 42

a bc c ab a a b 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) 53
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 fotgssium, iron and zinc content (mg/100 g raw rofus)L2 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
mean mean mean
Variety Hazy Gy Emp Rood (SD) Variety Hazy Gy Emp Rood (SD) Variety Hazy Giy Emp Rood (SD)
Serolane 309 414 268 345 334(62) a W-119 160 112 177 054 126(0.55) Beauregard 090 0.68 082 0.38 0.69(0.23)
Khano 295 334 237 391 314(85) ab Impilo 157 075 154 082 1.17(045) 2001-5-2 069 057 085 059 067(0.13)
Ndou 312 359 239 328 309(51) abc  1999-1-7 096 1.04 167 092 1.15(0.35) Excel 085 071 061 039 0.64(0.19)
1999-1-7 255 33 277 320 297 (37) abcd Serolane 1.00 118 138 041 0.99(042) Khano 080 063 063 051 064(0.12)
Excel 259 301 253 350 291 (45) bed  Resisto 03 09 092 083 0.91(0.33) Serolane 085 068 064 032 062(0.22
Monate 2719 313 274 297  291(18) bed  Monate 0.71 070 139 084 0.84(0.44) Resisto 071 070 055 045 0.60(0.13)
Impilo 252 324 261 307 286(35) bcde Khano 042 117 128 051 0.81(023) W-119 064 077 062 037 0.60(0.17)
Resisto 257 324 218 286 272 (45) cdef Excel 085 062 112 066 0.81(0.33) Ndou 065 073 065 032 0.60(0.18)
W-119 246 333 215 259 263 (50) def  2001-5-2 080 095 113 037 0.80(0.37) Impilo 070 060 067 037 0.60(0.15)
Beauregard 235 283 224 253  249(26) ef Blesbok 072 060 133 053 0.78(0.28) 1999-1-7 074 051 057 040 0.56(0.14)
2001-5-2 247 195 235 259  234(28) f Beauregard 060 084 134 024 0.76(0.46) Monate 058 047 057 051 0.53(0.05)
Bleshok 193 200 181 190 1918) g Ndou 032 111 114 036 0.73(0.45) Bleshok 063 050 049 037 0.51(0.10)
Mean (site) 262 310 240 299 Mean (site) 0.83 098 134 059 Mean (site) 073 063 0.64 042
b a b a bc b a c a b b c
Overall Overall Overall
mean 278 mean 0.93 mean 0.60
P-value P-value P-value
(var) <0.001 (var) 0.191 (var) <0.149
P-value P-value P-value
(site) <0.001 (site) <0.001 (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% 104 CV% 311 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 sedcehinerals in 12 sweet potato varieties in
four sites (Each value represents the mean ofdaifgl determinations, except where outliers

were removed)

At Hazyview, the highest calcium content of the vE2ieties was achieved by Resisto (79
mg/100 g). The sweet potato calcium content in BErgpai had a wide range from 15 to 65
mg/100 g, whereas sweet potatoes in the otherlsitg@s content varying between 30 and 79
mg/100 g.

The major factor that could be related to the défifices in the mean calcium content among
sites, was the soil calcium content. Hazyview Haal liighest soil calcium content, followed
by Roodeplaat and Empangeni; Giyani had the lowe#tcalcium content (Table 5.3). A
similar trend was seen in the calcium content efgiveet potato samples. In Table 5.3 it can
also be seen that soil calcium content followedsdme trend as magnesium content and pH
of the soil over the four sites.

The present study found calcium content betweear@463 mg/100 g in raw roots of sweet
potato. Ravindran et al. (1995) in assaying theigal content of 16 varieties, similar to the
present study, found significant variation amongetgs, ranging from 30 to 87 mg/100 g.
Other authors reported calcium content in sweedtpawithin the same range: 7 to 75 mg/100
g (Woolfe, 1992), 30 mg/100 g (USDA, 2009), 40 nd@1g (STA, 2005) and 12 mg/100 g
(Kruger et al., 1998) in raw roots of sweet potditbe mean value of 101 mg/100 g reported
by Leighton (2007) for calcium content in five \&tres was somewhat higher than the present
study as well as the other reports.

Magnesium

The overall mean content for magnesium for the &feties was 26 mg/100 g (varying
between 15 and 37 mg/100 g) and was very similather reports for raw roots: 18 to 36
mg/100 g in a review by Woolfe (1992), 25 mg/10QUHDA, 2009), 25 mg/100 g (STA,
2005), 13 mg/100 g (Kruger et al., 1998) 48dmg/100 g by Leighton (20Q7) determining
the magnesium content of 16 varieties, Ravindraal.e{1995) found a mean magnesium
content of 29 mg/100 g (ranging from 22 to 44 m@/4). The orange-fleshed variety Jewel,
for example, also a USA variety, was included ie thtter study and had a magnesium

content of 33 mg/100 g.
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Significant differences were detected in magnesammtent between the 12 varieties. The
highest magnesium content was found in Khano (37L@@yg), Serolane (33 mg/100 g) and
W-119 (31 mg/100 g) over four sites (Table 5.6)siR®, 1999-1-7, Excel, Impilo and 2001-
5-2 had a mean magnesium content varying betweendd100 g and 26 mg/100 g. Lower
magnesium content was seen for cream-fleshed iarigtonate, Ndou and Blesbok (varying
between 20 mg/100 g and 15 mg/100 g). Higher véitialn magnesium content was seen
for W-119 and 1999-1-7 as shown by the large Shlgr'&a.6). Khano had the highest content
in Hazyview and Roodeplaat, while Serolane washighest in Empangeni and 1999-1-7 in
Giyani. The mean magnesium content over four sagesKhano, Serolane and W-119 was

significantly higher than Beauregard, Monate, Ndad Blesbok.

The pattern for magnesium content among the 12tsiwas very similar over the four sites
(Fig. 5.3 B). The range of magnesium content waslai among the sites, the maximum
varying between 35 and 39 mg/100 g and the minimarying between 13 and 17 mg/100 g.

The magnesium content was not significantly diffem@ver the sites.

The soil magnesium content (Table 5.3), varied iclemably among sites and would have
been expected to influence mean magnesium cormntesweet potatoes over sites. However,
the availability of magnesium is complex. MaylanddaWilkinson (1989) reported that
magnesium content in the plant is influenced byam®unt of magnesium in the soil but high
iron content in the soil can also lead to elevatedinesium. The availability of magnesium in
the soil depends on the content of magnesium velati soluble and exchangeable amounts
of potassium, calcium, sodium, aluminum and mangar{®ayland and Wilkinson, 1989).
Soil magnesium content showed the opposite tremas potassium and calcium in the soil
(Table 5.3).

Phosphorous

The overall mean content of phosphorous in 12 spegito varieties in the present study was
40 mg/100 g (28 to 51 mg/100 g). This compared wih previous reports on phosphorous
content in raw sweet potato of 47 mg/100 g (USDBOD, 46 mg/100 g (STA, 2005), 34
mg/100 g (Kruger et al., 1998) and 58 mg/100 gdhtin, 2007). The phosphorous content
of 41 to 70 mg/100 g by Woolfe (1992) and 63 mg/fjq@arying between 53 and 76 mg/100
g) by Ravindran et al. (1995), was somewhat higinen found in the present study. The latter
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authors determined phosphorous colorimetricallpgigthe ammonium vanadate reaction of
Chapman and Pratt (1961) as opposed to the metexlin the present study. The different
methods used, in addition to other factors e.d.aud fertilizers, could also be a reason for

the differences in phosphorus content found betweestudies.

Significant variation was found in the phosphoreostent of the 12 sweet potato varieties
(Table 5.6). Serolane had the highest phosphoromtewt in Hazyview and Giyani, and the

mean of Serolane over the four sites was signifigdrigher than all other varieties except

Khano. On the other hand, the lowest mean contastdetected for the cream-fleshed variety
Blesbok and for two orange-fleshed varieties Begane and 2001-5-2. When considering the
standard deviations, more variability in phosphsrameontent was observed over sites for
Serolane, Khano and W-119.

Although similar trends were seen for varietiesraites (Fig. 5.3 C), the mean phosphorous
content for Empangeni was significantly lower (vagybetween 24 and 42 mg/100 g) than
for Hazyview, Giyani and Roodeplaat. The sweet foofghosphorous content in the latter
three sites varied between 28 and 60 mg/100 g.@oisphorous content was the lowest for
Empangeni (Table 5.3) and was considered to bdypaocessible to the plants as the soil pH

was low. The soil phosphorous content was fairghhin Roodeplaat (Table 5.3).

Potassium

The most abundant nutrient found in the sweet patatnples was potassium, occurring in
much higher quantities than the other nutrientbl@&.7). The overall mean content was 278
mg/100 g varying between 191 and 334 mg/100 g énr#w roots. This was in agreement
with the potassium content varying between 129 384 mg/100 g reported by Woolfe
(1992), 337 mg/100 g by the USDA National Nutri®#tabase (USDA, 2009), 285 mg/100
g by Kruger et al. (199&)nd 324 mg/100 g by Leighton (2007). The mean cant@s lower
than 470 mg/100 g reported in the Standard Tabildsood Composition in Japan (STA,
2005) and 347 mg/100 g (varying between 303 andmM@@00 g) reported by Ravindrin et
al. (1995).

Significant differences were found among the 12efvpetato varieties for potassium content.
Serolane had the highest potassium content folldwelhano, Ndou and 1999-1-7 (varying
between 334 mg/100 g and 297 mg/100 g). In compangth the orange-fleshed varieties,
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the cream-fleshed varieties performed slightlydyeith terms of potassium content, than e.g.
magnesium and calcium where all orange-fleshedetiasi had higher contents for both
elements. The potassium content in Blesbok wadestaer the sites (low SD) and was
significantly lower (191 mg/100 g) compared to #ie other varieties. Lower potassium
content was also seen for 2001-5-2 and Beauregasdng between 234 mg/100 g and 249
mg/100 g.

Similar patterns were observed in the potassiuntecrof varieties over the four sites (Fig.
5.3 D), except in Roodeplaat where varieties Khamt Excel had higher potassium content.
The variation of potassium content found in Empanges between 181 and 277 mg/100 g

and from 190 to 414 mg/100 g for Roodeplaat andadigombined.

Significant differences were found in the mean gsitam content among the sites. A
significantly lower mean potassium content was tbimsweet potatoes in Empangeni (240
mg/100 g) and in Hazyview (262 mg/100 g) comparedGiyani (310 mg/100 g) and
Roodeplaat (299 mg/100 g).

When considering the soil potassium content (T&k#®, Giyani had the lowest value of the
four sites. However, the soil sample that was taleenanalysis reflects the soil condition
before fertilizer application. The low potassiunates of the soil was corrected through
potassium application as it is one of the macreoi@nts in plant nutrition. Potassium is an
important element in the initiation of storage sdiy the sweet potato plant (Hahn and
Hozyo, 1984).

Iron

The overall mean iron content of 12 varieties oienr sites was 0.93 mg/100 g raw root
(varying between 0.24 and 1.77 mg/100 g) (Tablg.5.@f the four sites the highest iron
content was measured in sweet potatoes from Empar{@e34 mg/100 g), which was
significantly higher than the iron content in swemitatoes from Giyani, Hazyview and
Roodeplaat. The iron content found in Hazyview md differ significantly from Giyani and

in Roodeplaat. The soil iron content in Empangeas \2.4-fold higher than that in Giyani.

Soil iron content seems to be following soil pH atagely (Table 5.3).
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Although there were no statistically significanffeiences between the mean iron content of
varieties over the four sites, W-119, Impilo an®34.-7 were relatively high in iron content
among the 12 varieties with Ndou and Beauregaravstgpthe lowest iron content (Table 5.7
and Fig. 5.3 E). Cream-fleshed varieties had radatilower iron content than orange-fleshed

varieties, except for Monate.

The data for iron content were characterized byigh tvariability seen in the high CV
(31.1%). All samples were digested and analysedriplicate and showed fairly large
differences between the triplicate determinatidasgé standard deviation) for iron content.
The probable outliers (10) for iron that were reembwere all very high, indicating therefore
that the determination of iron could be consideoédower accuracy than for the other
minerals. The outliers were from W-119 in Hazyvieldxcel, Resisto, Ndou, Monate and
Blesbok in Giyani; Resisto in Empangeni; and Blésbdonate, Impilo in Roodeplaat. One
possible explanation for the large standard devnati could be the lack of sample
homogeneity. Due to the high moisture content (tsPaverage) of the sweet potato samples,
it was difficult to weigh out homogenous aliquots fiutrient analysis. In this regard it was
important to weigh out large enough aliquots foralgsis. Another possibility was
contamination. In assaying mineral content, possfisiurces of contamination are from soil,
dust, threshing equipment, sample preparation @estion procedures (Pfeiffer and
McClafferty, 2007). In the present study, everycardgion was made to avoid contamination
but it cannot be excluded as a possibly. Refereti@scould guide researchers in this regard
are limited as past research has rarely considesathmination (Pfeiffer and McClafferty,
2007). Examination of wavelength scans in the prestudy revealed that the zero controls

were too high for iron, indicating slight contantioa.

Nevertheless, the iron content of the 12 Southcafrivarieties showed an overall mean of
0.93 mg/100 g raw root with the content of vareti@rying between 0.24 and 1.77 mg/100 g.
Previous studies reported: 0.49 mg/100 g varyirtgéen 0.16 and 0.94 mg/100 g (Woolfe,
1992), 0.61 mg/100 g (USDA, 2009), 0.7 mg/100 gAS4005), 0.3 mg/100 g (Kruger et al.,
1998) and 0.62 mg/100 g (Leighton, 2007). The iontent found in the present study was
somewhat higher than reported by the latter studie®wvever, the range indicated by
Ravindran et al. (1995), namely 1.93 to 2.11 (mk&d4 mg/100 g) was higher. In their assay,
iron content was determined using an AAS. A possibtplanation for the very high iron

content found by Ravindran et al. (1995) could betamination as Pfeiffer and McClafferty
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(2007) in their review of analytical methods forcmainutrients, had pointed out that no

contamination indicators are available for the A#sSay.

Zinc

As for iron, no statistically significant differees were found between the mean zinc content
of the 12 varieties, but it did differ significaptbetween the sites (Table 5.7). The CV was
reasonably acceptable. Hazyview (0.73 mg/100 geties varying between 0.58 and 0.90
mg/100 g) had the highest zinc content followedEnypangeni (0.64 mg/100 g) and Giyani
(0.63 mg/100 g); Roodeplaat had significantly loweean zinc content at 0.42 mg/100 g
(varying between 0.32 and 0.59 mg/100 g) than tilkosites. The mean zinc content for

Giyani and Empangeni was similar.

Varieties Beauregard, Excel, Serolane and Khano tfedatively high zinc content in
Hazyview while 1999-1-7, Monate and Blesbok haddowalues. The four varieties which
had the highest zinc content in Giyani were W-1H®cel, Resisto and Ndou, all above 0.7
mg/100 g. Monate had relatively lower zinc contésdlow 0.47 mg/100 g. In Empangeni,
2001-5-2 and Beauregard (0.85 and 0.82 mg/100 spentively) had relatively high zinc
content and Bleshok the lowest zinc content (0.49160 g). In Roodeplaat, 2001-5-2 had
relatively high, and Serolane and Ndou the lowest zontent (0.32 mg/100 g).

There was a diverse pattern, more than for ther dtreeminerals, amongst the zinc content of
the different varieties over the four sites (FigB ¥). Although the means of varieties over
sites were not significantly different, varietiesdiregard and 2001-5-2 had the highest zinc
content, and Blesbok, Monate and 1999-1-7 the lovidsnate and Blesbok, especially, had
low zinc content in most sites. The zinc contentcdam-fleshed varieties was relatively

lower than for orange-fleshed varieties, excepiNdou.

Like iron, but to a lesser extent, variation wasrse the triplicate zinc determinations and
some outliers were removed. The outliers were f8arolane and 1999-1-7 in Giyani; Impilo
in Roodeplaat; and Resisto in Empangeni. Zinc detetion should therefore be considered
of slightly lower accuracy than most minerals. Asthe case of iron, mentioned in the
previous section, possible explanations could bek laf sample homogeneity and

contamination. Zinc assaying is less subject totamamation than iron (Pfeiffer and
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McClafferty, 2007). However, examination of wavajémscans revealed that the zero control

was too high for zinc, indicating slight contamioat

The overall mean for the zinc content of the 12det@s over the four sites was 0.60 mg/100
g. The mean content of varieties varied betweeh arfsl 0.69 mg/100 g. Previously reported
zinc contents for raw sweet potatoes that were tanaude: 0.3 mg/100 g (USDA, 2009),
0.2 mg/100 g (STA, 2005), 0.18 mg/100 g (Krugerakt 1998) and 0.37 (Pers. com. C.
Leighton, 13 Nov 2009). Higher zinc content wasorggd in the review of Woolfe (1992) for
the South Pacific: 0.59 mg/100 g with a range fi@&v to 1.89; and Ravindran et al. (1995)
for Sri Lanka: 1.47 mg/100 g (ranging from 0.521t86 mg/100 g). The large differences in
previous studies of zinc content in sweet potataghinbe related to the accuracy of the
methodology used. As mentioned under the sectioimoom no contamination indicators are
available for the AAS assay used by Ravindrin ef18195)

The zinc content found in the present study wakiwithe range of zinc content reported for
sweet potato and root and tuber crops in the titeea Scherz and Kirchhoff (2006), in
reviewing literature on zinc content, divided feu#ind vegetables into three groups according
to zinc content as follows: 1) 0.1 — 0.2 mg/100sgnas found in several fruits; 2) 0.2 — 0.5
mg/100 g as was found in root and tuber crops, agéland berries; and 3) 0.5 — 1.0 mg/100
g for green vegetables. Other raw roots and tulsevegetables such as carrots contain 0.15 —
0.4 mg zinc/100 g and potato 0.27 — 0.5 mg zinc4.@8w root.

5.4.4. Vitamin C content in raw sweet potato roots of 12 varieties

No results are presented for the present studyi@amin C content of the sweet potato
samples, as the results were considered unreli@bke.reasons are as follows: 1) vitamin C
(DHAA) was not detected in 40% of the samples (Whiecas contrary to what could be
expected); 2) in the samples where vitamin C (DHARJs detected the content was
extremely variable between the samples (varyingvdend 0.5 and 13 mg/100 g) and lower
than in previous reports; and 3) in many of the @lasmwhere vitamin C was not detected,
another peak was observed on the absorbance gramad. A possible explanation for the
absence of vitamin C in these samples was thamiita&C could have been hydrolyzed to
diketogulonic acid. While the oxidation of AA to [MA is reversible, DHAA can undergo

irreversible hydrolysis to diketogulonic acid, whiis not as biologically active as vitamin C
(Russell, 2004).
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Odriozola-Serrano et al. (2007) applied an altéveanethod for assaying vitamin C using
DTT as reducing agent of AA in fruits such as stramy. The use of this method for
assaying vitamin C content in homogenized sweedtpathould be investigated to verify if it
was more successful than the method (Bognar, 1988son et al., 1992) used in the present

study.

Previous reports on vitamin C content of raw swesato indicated 24 mg/100 g (Woolfe,
1992), 12.8 mg/100 g (USDA, 2009), 29 mg/100 g (SZB05), 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 valtlee content of nutrients in cooked foods
needs to be considered. The nutrient content ofroets obtained in the present study was
used to calculate the potential contribution ofriemts when boiled. Calculations were based
on retention of nutrients when boiled. Previousorepon retention op-carotene indicated
retention of 70-81 % (Van Jaarsveld et al., 20080 (Bengtsson et al., 2008) and 85%
(USDA, 2007). For the purpose of the present studigntion of 85%f3-carotene during
cooking was used in calculations. Retention of malseis very high during cooking. When
boiling sweet potatoes in the skin, retention dtican, iron, magnesium, phosphorous, zinc
and potassium have been reported as 95% (USDA))200& assumption was therefore that

most of the nutrients measured in the raw sweeitpes will be retained during cooking.

The potential contribution of the sweet potato mmtrtrients were calculated according to the
requirements of 4 to 8 year old age groups fonaifients and for 1 to 3 year old children for
vitamin A only, in order to demonstrate the potaintontribution of sweet potato to human
nutrition. The nutrient requirements were basednenRDA or adequate intake (Al) per life

stage group (Trumbo et al., 2001). The potentiatrdoution when 100 g raw sweet potato is
boiled, is indicated in Table 5.8.

The calculated results showed that orange-flestivegtspotato can contribute very effectively
to dietary requirements for vitamin A. The calcathtontribution when 100 g of raw root of
varieties Impilo, Serolane and Excel are boiled wH30% of the vitamin A requirement for

both the 1 to 3 year old and 4 to 8 year old ageigs. Resisto, Khano, 2001-5-2, W-119,
Beauregard and 1999-1-7 could supply much higherepgages of vitamin A requirements.
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These two age groups will be able to comfortablpstone a 100 g portion size. It is
important to mention that addition of a small qutgraf fat is required to increase absorption
of B-carotene (Ribaya-Mercado, 2002). The potentiatrdmution of cream-fleshed varieties

was negligible in comparison with orange-fleshedetaes and is not a source of vitamin A.

From a nutritional point of view, the biggest adizye of orange-fleshed sweet potato lies in
the contribution of vitamin A. According to Takdaeet al. (1993a), the highest vitamin A
content found in dark orange-fleshed sweet pot220@ ng RAE/100 g raw root) was equal
to the maximum content of carrot varieties. Accogdio the Food Composition Tables of
South Africa (Kruger et al., 1998), carrot provide®!0 pg RAE/100 g boiled portion, while
the highest contribution from orange-fleshed svpegato in the present study was calculated
at 1165 pg RAE/100 g boiled root (81% of the cdmition from carrot). As compared to
other vegetables promoted for vitamin A contribnfiorange-fleshed sweet potato provides
6.8 times more than Swiss chard (containing 17RA&/100 g boiled), 5.8 times more than
pumpkin (containing 200 pg RAE/100 g boiled) antinTes more than butternut (containing
166 ug RAE boiled). Sweet potato is also a betberce of energy (446 kJ/100 g edible

portion) and contains more potassium than the roeeti crops.

The potential contribution in terms of mineral reqgments when 100 g of raw sweet potato is
boiled was fairly low but could still make a cobtition to dietary intake. The potential

contribution to the requirements for magnesium ait was better than for the other

minerals. Of the 12 varieties, Khano, W-119 andoB&e have the best potential to supply
magnesium. Orange-fleshed sweet potato varietiee hBahigher potential contribution to

magnesium, calcium and iron requirements than ciéeshed varieties. The potential supply,
e.g. for 4 to 8 year old children was 6 to 7% falcmm as compared to 4 to 5% for cream-
fleshed varieties; 15 to 27% for magnesium as coetphto 11 to 15% for cream-fleshed

varieties; and for iron 7 to 12% for orange-flesivadlieties and 7 to 8% for cream-fleshed
varieties. The potential contribution of cream- ardnge-fleshed varieties are similar for
phosphorous (varying between 5 and 10%), potasérnanying between 5 and 9%), and zinc
(varying between 10 and 14%) for 4 to 8 year olds.

Iron and zinc are essential minerals for functignod the human body. Deficiencies of iron
and zinc are, together with vitamin A and iodindiaency, globally the leading causes of

malnutrition (Ezzati et gl 2002). The National Food Consumption Survey o899
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(Labadarios, 2000), indicated that 50% of 1 to 8ryad children has an intake of less than
50% of the required intake of zinc and iron, amorsgwveral other micronutrients. The sweet

potato does not contain particularly high quargitief iron and zinc, but can make a

contribution towards its intake.

In addition to the above nutrients, based on thamin C content of sweet potato from
Kruger et al. (1998) of 22 mg/100 g, the potentiahtribution of vitamin C was calculated
using 75% retention when boiled (USDA, 2007). Tleptial contribution when 100 g of

sweet potato was boiled, was 150% for the diet@guirements of 1 to 3 year olds
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Table 5.8 Estimated nutrients supplied by 100 g saweet potato of 12 varieties when boiled, using tISDA retention factors, and the

potential contribution (percentage) to nutrientuiegments of 1 to 3 year old and 4 to 8 year oltdoen

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 = O Ndou Monate Blesbok = &
Vitamin A Mg RAE/100 g 1371 1170 983 872 804 797 433 426 424 11 3 1
pg RAE when
boiled 1165 995 836 741 683 677 368 362 360 9 3 1
300x10% % RDA1-3yrolds 388 37 311 276 255 252 137 135 134 251 1 0 1
400x10° % RDA4-8yrolds 291 278 233 207 191 189 103 101 101 188 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 % Al 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 % Al 4-8 yr olds 7 8 6 7 7 8 8 9 8 7 8 8 5 7
Iron mg/100 grawroot ~ 0.91 0.81 0.8 1.26 0.76 115 0.81 0.99 117 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 0.69 038 0.74
10 % RDA 4-8 yr olds 9 8 8 12 7 1 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 % RDA4-8 yr olds 12 13 13 12 14 11 13 12 12 12 12 11 10 11

RAE = Retinol Activity Equivalents: 12 g all-tfrans-B-carotene = 1 ug retinol = 1 ug 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 B-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)
Al = 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 118 gweet potato when boiled would
contribute 100% of the vitamin C RDA for childreativeen the ages of 1 and 8 years old. Sweet
potato can therefore be considered a good sourgganiin C although vitamin C deficienger

seis uncommon.

5.5. Conclusions

The present study showed that the sweet potatetiemihave very large genetic diversity in
terms ofp-carotene content. The orange-fleshed varietieg Wigh inp-carotene content, while
the three cream-fleshed varieties contained nddgigamounts of-carotene. Varieties Resisto,
Khano, 2001-5-2, W-119, Beauregard and 1999-1-7ewedentified with f-carotene content
above the breeding target level (>5500 pg/100 glufe in the crop-based programs in South
Africa. These varieties will provide very high anmisi of 3-carotene in human consumption. As a
precursor of vitamin A, th@-carotene in a 22 g to 29 g boiled portion of tlagiety Resisto
would contribute 100% of the vitamin A RDA for athien between the ages of 1 and 8 years.

The dry matter content of most orange-fleshed swe¢ato varieties was high (on average
25.9%) and is of importance in taste acceptancecandequently in adoption of this new crop.
The overall mean percentage contribution when 100f ggweet potato was boiled to the
recommended dietary allowance of minerals for 8tgear old children was: 6% of calcium,

19% of magnesium, 8% of phosphorous, 7% of potagsddo of iron and 12% of zinc.

As little information was available on the nutriecbntent of South African sweet potato
varieties, the results of the present study couitteib considerably to much needed information on
the nutrient content of 12 sweet potato varietieSaouth Africa. This was the first comprehensive
and systematic analysis of a large number of swetdto varieties over four environments in
South Africa. Sweet potato varieties should notdmmmended based solely on nutrient content
for promotion in crop-based programs addressingonigrient malnutrition. Other traits, such as
culinary, consumer acceptability and productiorgudth 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 CORRELATIONWITH
ACTUAL B-CAROTENE CONTENT

6.1. Abstract

Sweet potato flesh color is indicative of the preseof carotenoids; a bright or deep orange color
indicating high p-carotene content. Color measurement of the swetdt@ flesh can thus
possibly be used as a measur@-chrotene content. The aims of this study wereefoee: 1) to
determine the relationship between flesh color mesmsents an@-carotene content for a range
of orange-fleshed varieties; and 2) to establiglegh color measurements can be used to predict
B-carotene content within an acceptable range afiracy. Sweet potatoes of varieties ranging
from dark orange to yellow-orange flesh color weaenpled in MET at four agro-geographical
sites for flesh color measurement and determinatibrmotal 3-carotene and total carotenoid
content. CIEL*a*b* color measurement was done on the root flesh dpjoa SP64 X-Rite
portable sphere spectrophotometer. Regression asalas performed to determine the best
regression model for tot@lcarotene content measured by HPLC and dOl& L*, CIE a* and
CIE b* of the flesh in order to predict totglcarotene content from flesh color values. Thel tota
[-carotene and total carotenoid content of the tiesevaried between 53 and 170 pg/g (or 5300
to 17000 pg/100 g). Significant positive correlagovere detected for both tha& (r = 0.854)
andb* (r = 0.763) values with totf-carotene content by HPLC and total carotenoidexanby
spectrophotometry, as well as a significant negatwerrelation withL* (r = -0.883).The
variances of the linear model were, however, nomdgeneous and therefore the natural
logarithm (n) transformation was used in regression modelss Wais in contrast with previous
studies which used a normal linear relationshige talp-carotene content predicted from color
L* were superior to the prediction by color a* in mascuracy indicators evaluated. A very high
percentage (91%) of the totftcarotene content predicted frobf were >75% accurate in
relation to the totap-carotene content. The derived mathematical funatian possibly be used
to predict totaB-carotene content from root colbt. This faster, accurate method could greatly
increase the number of sweet potato samples witbw@range to dark orange flesh color that
can be screened for carotenoid content per dayngluselection of varieties in a breeding

program.
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6.2. Introduction

The sweet potatoljomoea batatgsbelongs to the Convolvulaceae or morning glomifa
Amongst the 50 genera and more than 1000 specidssofamily, onlyl. batatasis of major
agricultural and economic importance (Lebot, 200®)s crop ranks seventh in total production
of crop commodities (Scott et al., 2000). Howewweam-fleshed types dominate production.
Orange-fleshed sweet potato containing considerableunts off-carotene, a provitamin A
carotenoid, has become more important recently espgromoted in food-based approaches to
combat vitamin A deficiency (Kapinga et al., 20QfaCarotene is converted to vitamin A in the

human body and it has been shown to improve litamin A stores (Van Jaarsveld et al., 2005).

Worldwide 33.3%, or 190 million, children youngéah 5 years are vitamin A deficient (WHO,
2009). In sub-Saharan Africa an estimated 42.4%hdfiren in this age group are at risk of
vitamin A deficiency (Aguayo and Baker, 2005) andSouth Africa, 64% of children 1-9 years
old are vitamin A deficient and this was consider@sl a serious public health problem
(Labadarios, 2007).

In terms of sweet potato production, there has leesteady increase in both acreage and
consumption of orange-fleshed sweet potato, ocogpgn estimated 1 to 2% in the lake zone of
Tanzania, 5 to 10% in central Uganda, 10 to 15%vestern Kenya and 15 to 20% in southern
Mozambique (Tumwegamire et al., 2004). Orange-#dsbweet potato was also promoted for
production and consumption in south and west AMakherjee and llangantileke, 2002). In
South Africa, initiatives promoting orange-fleshedeet potato are coordinated by the ARC,
MRC, provincial government departments and NGOaufie, 2008; Laurie and Faber, 2008).

Several sweet potato breeding programs have focoeethe development of orange-fleshed
sweet potato varieties (HarvestPlus, 2004), indgdhe program in South Africa (Laurie et al.,
2009). The aim of the breeding program was to dgvelarieties with good stable yield,
considerableg-carotene content and good taste. Though breedatgrials can fairly easily be
categorized using a subjective scale for orangerc(t.g. 1-5 point scale), approximate
guantification in early selection phases could beful in breeding. Since color is indicative of
the presence of carotenoids, e.g. a bright or @eapge color is indicative of higBrcarotene
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content (Whitney and Rolfes, 2002), color measurgroéthe sweet potato flesh can possibly be
used as a measure [Btarotene content. Zhang and Xie (1988) found ttmatflesh color-shades
in sweet potato roots of ten varieties were higtdgrelated with carotenoid content. The general
mean content of carotenoids in $eedling strains in their study increased with itft@ease in
parental mean carotenoid content, having a coioelatoefficient of 0.864 (P < 0.01). The
inheritance of flesh color in sweet potato was aered to be controlled by polygenes

Finding of a significant correlation between a fastd accurate sweet potato flesh color
measurement and carotenoid concentration as melabyrelPLC or spectrophotometer, could
greatly increase the number of samples that cascbeened for carotenoid content per day
(Humphries et al., 2004). Measurement by HPLC acspphotometer both require sample
preparation, extraction of carotenoids with orgaswtvents and are therefore time consuming,

costly and labor intensive (Mercandante, 1999).

The application of colorimetric systems based oifioam color spaces such as CIE LAB, is of
great value in the quantification and characteiomaof color properties of pigments and foods
(Montes et al., 2005). Color measured by CIE LABssifies color in three dimensions namely
L* (lightness),a* (red to green color) ank* (yellow to blue color) (McGuire, 1992). Examples
of the use of color measurements in agriculturabaech are abundant. It was used in fruit
research, e.g. to measure cochineal pigment omgerance (Montes et al., 2005); in potato to
measure fried chip color (Kim and Lee, 1993); anctcarrelate color with yellow pigments in
wheat flour (Mares and Campbell, 2001). Humphriesale (2004) assessed the relationship
between carotenoid content determined by HPLC wilor measurement using reflectance
spectrophotometry (Minolta Chroma Meter) in whéatif and found that the* (yellow to blue
color) value correlated well with the concentrata@r-carotene, varying between r = 0.96 and r
= 0.84 in different groups of varieties. CIE col@ influenced by inherent genotypic
characteristics, environmental conditions and s&gsand the variation Ir¥ (lightness) affects
the measurements &f (yellow to blue color) and therefore could potafly cause errors in

estimating carotenoid content (Mares and CampbeQ}l).
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This technology has also been used in sweet pogagarch programs. The color of sweet potato
flour, prepared from a range of varieties contajrfircarotene contents from 2 to G8/g, was
measured with HunteL*a*b* value determination on a Minolta Chroma meter ideo to
determine flour color and color differences (Hageema et al., 1999). The best correlation (r =
0.77) was betweeb* (yellow to blue color) of the flour of cream amdange-fleshed varieties
and total carotenoid content, while a good cori@tafr = 0.74) was found foa* (red to green
color) values. In sweet potato flour varying fromllgw to deep orange color, Bengtsson et al.
(2008) found a correlation coefficient of r = 0.@@tween alltransp-carotene and the*
parameter measured with a Minolta Chroma Meter. ddtent of the anthocyanin pigment,
responsible for the purple color in sweet potateasured with thé* (luminosity), C* (chroma)
and H* (hue) system, has also been shown to correlgi@fiantly with L* (luminosity) (r =
-0.96) (Fan et al., 2007). The same colorimetri¢esysvas used to measure the effect of storage

time on skin color of two sweet potato varietiesa(ly] 2004).

Few research results have been reported on thelaiion of color withp-carotene content of
raw sweet potato roots. Takahata et al. (1993ajiexduthe relationship betweecarotene
content and color values for sweet potato rootganieties containing 50 to 26@)/g p-carotene.
The correlation coefficient between color valueNdyolta Chroma meter foc* (lightness) a*
(red to green color) anb* (yellow to blue color) were -0.85, 0.89 and 0.m&pectively. The
color valuea* (red to green color) therefore, had the closestigiship toB-carotene content. In
another study a Hunter Color Lab Meter was usedetermine color in raw white-fleshed sweet
potato varieties containinf-carotene content ranging from 0.01 to 0.12fig (Ameny and
Wilson, 1997). The best correlation wiacarotene content was found fot (yellow to blue
color) (r = 0.74) and a negative correlation with (lightness)(r = -0.74). Thea* (red to green
color) value had a much lower correlation (r = .89 well as b*/a* (r = 0.24). In addition the
hue angleH* = tan® (b*/a*), was obtained but also showed a low negatiorrelation (r = -
0.38). It was therefore noted that the uséd0f{yellow to blue color) was more effective with
white fleshed sweet potato roots, drid (lightness)anda* (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 plesgitactical use of approximating the expected
[-carotene content from the color values of raw rftegth. A faster, more reliable measurement
for assessing-carotene content than by HPLC or spectrophotomwtes required by sweet
potato breeders as large numbers of breeding fieed to be screened. The aims of the present
study were therefore: 1) to determine through regiom analysis the relationship between flesh
color measurements, and total carotenoid and fbtarotene content for a range of orange-
fleshed varieties cultivated at four sites, anda2gstablish if flesh color measurements can be
used to predicp-carotene content within an acceptable range afracy. A quick quantitative
selection method, i.e. flesh color measurement,beilvery valuable in early phase screening for
high B-carotene lines in sweet potato biofortificatioognams.

6.3. Materials and methods

Nine sweet potato varieties ranging from dark oeattgyellow orange flesh color were selected
for flesh color measurement. These were: Resistgnd and 2001-5-2 (dark orange color);
1999-1-7, Beauregard and W-119 (intermediate oraufar); and Serolane, Excel and Impilo
(light orange to yellow orange color). Storage sooft each variety were sampled at each of four
agro-geographical sites namely, Roodeplaat (GapteBignpangeni (KwaZulu-Natal), Giyani
(Limpopo) and Hazyview (Mpumalanga).

From the harvested sweet potatoes, five mediundgiaets were randomly selected for flesh
color measurement and determination of t@tahrotene (also discussed in Chapter 5) and total
carotenoid content. The samples were sent to therdtory of NIRU at MRC. The sweet
potatoes were longitudinally quartered and two @gpoquarters were taken f@rcarotene
analysis. The contents df-carotene and total carotenoids were determinedHBYC and
spectrophotometry, respectively, as described oii@e5.3.3. The other two quarters were sent

back to the main research institution in Roodeptiade used for flesh color measurement.
Flesh color measurement was done by a hand held4 SR@&ite portable sphere

spectrophotometer (X-rite, 2005). The lens apenas set on a 13 mm target area and an 8 mm

measurement area. Flesh color measurements weeendiinthe CIE_*a*b* color measurement
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system in a room with the instrument set on illuamintype A for incandescent light; spectral

interval was 10 nm.

Because of the uneven distribution of color, aretdéfore of carotenoids, in the flesh of some
sweet potato varieties, color measurements shailkcbhducted in a way that captures the color
as effectively as possible, i.e. by performing saveneasurements per root and use of a
representative number of roofsakahata et al. (1993), for instance, measureddifferent areas

on each of two roots and calculated the mean ofrtbasurements. In the present study the one
opposite quarter of five roots were used per wari€he five quarters were transversely cut in
half and both surfaces used for flesh color measent (10 data points per variety). Each data
point consisted of the mean of three measureméeémti$f@rent positions on the cut surface of the

storage root.

GenStat Release 11.1 was used for all statistiwallysis. To assess the variability of the flesh
color values, total carotenoids arfdcarotene content among varieties, an ANOVA was
performed. The Student’s protected t-LSD test wseduo estimate differences in mean values
for flesh color across the four sites. Pearson BtbMoment Correlation was performed to test
(n = 35; 1 missing value from 9 varieties x 4 9ites significant linear correlation (P > 0.05)
between CIE L*a*b*, total B-carotene content by HPLC and total carotenoids by
spectrophotometry, respectively. Regression armlysas performed to determine the best
regression model for tot@l-carotene content measured by HPLC and colorlCJECIE a* and
CIE b* of the flesh in order to predict tofgcarotene content from flesh color values.

6.4. Results and discussion

6.4.1. Mean root flesh color values and total p-carotene content

Flesh color measurements showed valuesfqired to green color) ranging from 27 to 41, and
for b* (yellow to blue color) ranging from 41 to 51, faght to dark orange-fleshed varieties. The
L* (lightness) value was the opposite with dark-orangeeties having the lowest values
between 73 and 75 and the light orange varietiesavalues around 79. The tofaicarotene

and total carotenoid content of the varieties hbetween 53 and 170 pg/g (Table. 6.1).
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The repeatability of the determination ftarotene content by HPLC was found to be 5% (Van
Jaarsveld et al., 2006). Models to be derived fHiFL.C measurements will be subjected to this
accuracy level.

Table 6.1 Mean and SD for X-Rite color measuremeotsl -carotene content by HPLC and
total carotenoids by spectrophotometry for nineedvpetato varieties over four sites

Root CIE ! Mg/ Mg

Variety flesh color a* b* L* Total B-carotene  Total carotenoids
Resisto Darkorange  40.73 (2.0)a 50.80(2.7)a  73.13(1 6) 169.85 (35.7) a 169.91 (33.5)
Khano Darkorange  38.10(2.0)b  49.02 (24)bc 7320 (1.2) ef 144.42(12.9) ab 141.05 (11.6)
2001-5-2 Darkorange  37.67 (0.5 b 4818 (1.1)bc 74.00(0.4)de  122.41(8.9) bc 119.96 (10.0)
W-119 Orange 3517 (24)c  4452(29)e 7523(1.7)bc  108.16 (16.8)c 111.26 (15.2)
Beauregard Orange 38.07(1.3)b 4958 (1.9)b  74.47 (0.5)cd  100.70 (14.8) c 100.59 (14.4)
1999-1-7 Orange 3543(1.8)c 47.36(20)d 7543(1.0)b 98.65(15.4) ¢ 96.65 (13.6)

Pale orange
Excel -Paleyellow 27.60(3.6)e  4295(1.3)f 79.82(1.9)a 54.27 (6.3) d 55.10 (6.0) a
Impilo Paleorange  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

Pale orange
Serolane -Paleyellow 29.93(3.2)d 43.77(3.0)ef 79.67(21)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 15

1CIE (Commission Internationale I'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 detectedidoth thea* (red to green color) arat (yellow

to blue color) values with totdl-carotene content by HPLC and total carotenoid extnby

spectrophotometry as well as a significant negatmeelation withL* (lightness) (Table 6.2).
Due to the very strong, significant correlation vibetn total carotenoid content and tofal

carotene content, further calculations was focusetbtalB-carotene content by HPLC.
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Table 6.2 Correlation coefficients for X-Rite colmeasurements with totglcarotene content by
HPLC and total carotenoid content by spectrophotonia = 35)

CIE'L* CIEa* CIE b* Total B-carotene Total carotenoids

(Lg/g) (bg/g)
CIEL* 0.963***  0.845"* -0.883*** -0.8777**
CIE a* 0.888*** 0.854*** 0.854***
CIE b* 0.763*** 0.761***
Total-B-carotene (ug/g) 0.996***

1 CIE (Commission Internationale I'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 p-carotene content from flesh color
measur ement as compared to HPL C measur ements

Regression analyses were performed to determinbdsieregression models for topatarotene
content measured by HPLC and color QIE CIE a* and CIEb*, respectively. The analysis
with total B-carotene content measured by HPLC and color IG(kghtness)indicated that the
variances of the linear model were not homogenewusk therefore the natural logarithiim)(
transformation was used. The scatter pldn@iPLC) versudn(L*) is given in Fig. 6.1 A. The
derived linear model had homogeneous variancesdat@ showed normal distribution and a
correlation coefficient of r = 0.934 (P < 0.001)smabtained. An ANOVA to test whether the
model was significant indicated significance at ®.801. The derived mathematical function

was:

In(HPLC) = 50.796 - 10.684[In(L)] or HPLC =@%79% -10.684In(L)
where
In(HPLC) is the natural logarithm of tot@icarotene content measured by HPLC

In(L) is the natural logarithm of flesh color valug (lightness)

After fitting some regression models with tofatarotene content measured by HPLC and color
flesh colora* (red to green color), the best models were agaim@®fPLC) with In(a). Four
models were obtained, all with acceptable homogesigariances, high level of significance, and
the data showed normal distribution (Fig. 6.1 Bj.tli& four regression models, the exponential

model was chosen (for ease of calculation) with0r895 (P < 0.001).
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Fig. 6.1 Scatter plots of the natural logarithmtatal f-carotene content measured by HPLC
(In(HPLC)) versus the natural logarithm of flesh calatue A)In(L*), B) In(a*), and C) (n(b*).
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The derived mathematical function witi(a) was:

In(HPLC) = (0.597).exp(0.572.In(a)) or HPLC =%97)-exp(0:572In@)

where

In(HPLC) is the natural logarithm of tot@tcarotene content measured by HPLC

In(a) is the natural logarithm of flesh color vala®e(red to green color)

Lastly, the natural logarithm for both tofilcarotene content measured by HPLC and color flesh
b* (yellow to blue color) was used. The best regoessiodel for these variables was a straight
line (Fig. 6.1 C). The data showed normal distidmut the model had homogeneous variances
and a correlation coefficient of r = 0.776 (P <@ The following derived mathematical

function was obtained:

IN(HPLC) = -11.462 + 4.172(In(b))
where
In(HPLC) is the natural logarithm of tot@tcarotene content measured by HPLC

In(b) is the natural logarithm of flesh color valre(yellow to blue color)

The use of the natural logarithm transformation wasontrast with both Takahata et al. (1993a)
and Bengtsson et al. (2008), who used normal limeadels. Takahata et al. found the
relationship between totfifcarotene content and color as follows: y = -1.57 x + 127.9 (r =
-0.885) (where y = totgl-carotene content; x E* color value) or coloa*: y = 0.864 x — 8.68 (r

= 0.897) (where y = totaB-carotene content; x a* color value). Bengtsson obtained the
following function for sweet potato flour: y = 25— 55.6 (r = 0.96) (where y = dlansf-
carotene content; x a&* color value). In both cases the high actgrarotene concentrations

were underestimated by the derived mathematicalitms.

The regression models with flesh color value (lightness) andh* (red to green color) in the
present study were the best models to predictatiaf-carotene content of the nine sweet potato
varieties. To test the accuracy of the derived eratitical functions, thp-carotene content was
calculated with the same 35 measuremdrityalues anda* values, respectively, that were used
to develop the model.
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Graphical presentation of totglcarotene content measured by HPLC and the preldiotal -
carotene content from the regression models (FRafd Fig. 6.3), generally shows a better fit
for the predicted totgl-carotene content from tHe* (lightness) values than for tre& (red to

green color) flesh color values.
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Fig. 6.2 Content of totgl-carotene measured by HPLC and t@alarotene predicted from 35

flesh color CIEL* (lightness) values.
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Fig. 6.3 Content of totgl-carotene by HPLC and totgicarotene predicted from 35 flesh color

CIE a* (red to green color) values.
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While the actual totap-carotene content by HPLC ranged from 44 to 211gutye totalB-
carotene content predicted from coldr (lightness) values ranged from 38 to 168 pg/gtande
predicted from coloa* (red to green) values varied between 34 and 1%§. I¢pe overall mean
for 35 data points of the measured t@alarotene content was 102.47 pg/g by HPLC, 101.20
ung/g predicted from coldr* (lightness) and 98.81 ug/g from colot (red to green). Prediction
of theB-carotene content from colar (red to green) underestimated the t@tahrotene content

more than the prediction from colbt (lightness).

A more detailed assessment of the predicted fbtalrotene content is presented in Table 6.3.
The totalp-carotene content predicted from color (lightness) was superior to the prediction
from colora* (red to green color) in most of the set accurnacications. A very high percentage
(91%) of the totalB-carotene content predicted frobt (lightness) were >75% accurate in

relation to the actual tot@lcarotene content by HPLC.

Table 6.3 Parameters indicating accuracy of preditdtalp-carotene content in relation to total
[-carotene content measured by HPLC

Indicator Predicted from L* Predicted from a*
Correlation coefficient between predicted and measured total B-carotene
content 0.922 0.882
Deviation from the mean measured B-carotene content (ug/g) -1.27 -3.66
Absolute mean deviation from measured 3-carotene content (jug/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 B-carotene content 0.2-36% 0-47%
Absolute mean % deviation from measured [3-carotene content 13% 16%

6.5. Conclusions

Two derived mathematical functions described thteinaa logarithmic relationship between the
flesh colora* (red to green color) and* (lightness) measurements with SP64 X-Rite portable
sphere spectrophotometer and the actual-fatalrotene content measured by HPLC. The results

showed that the totdl-carotene content in the sweet potato varietieth®fpresent study could

150



be predicted with a 75% accuracy in 91% of the c&sen the flesiL* (lightness) values and in
80% of the cases with colar (red to green color) by using the respective equati

Color measurement of raw sweet potato flesh using $P64 X-Rite portable sphere
spectrophotometer provides a faster screening rddthobtain predictions d¢f-carotene content
than by the organic solvent extraction methodsapbtenoids needed for accurate determination
by HPLC or spectrophotometry. The use of color measent, with for instance the SP64 X-
Rite spectrophotometer, will assist breeders ireting of large numbers of sweet potato lines
for high B-carotene varieties in biofortification programspecially during the early selection
phases. In later selection phases more specifierrdetation of 3-carotene content can be
conducted by HPLC or spectrophotometry methodshmse 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, ha®rainant and distinct flavor. Taste is an
important consideration in varietal choice in sweetato. New cream to yellow-orange varieties
were developed by the local sweet potato breedmgrpam. The present study was aimed at
sensory profiling of the new sweet potato varietaesd assessing the consumer acceptability of
the same varieties in a single location consumst. t8weet potatoes of 10 varieties were
evaluated by a trained panel of nine members acupid sensory attributes set by the panel.
Instrumental measurements conducted included calwd texture analysis. A consumer
acceptability study was conducted in DassenhoekaZuu-Natal, amongst 140 primary school
children and 50 adults in a BIBD. ANOVA, Pearsonretation analysis, and PLS regression
analysis was performed. The trained panel indicttiedargest differences in scores of sensory
attributes sweet potato-like flavor, yellow-greeslor and sweet flavor. The sensory profiling
showed that Serolane had higher pumpkin-like flagoange color, colortavalueand firmness;
Lethlabula and Blesbok were associated mostly wakeriness, low firmness and yellow-green
color; Ndou, Monate and Amasi were most charaadrlzy sweet potato-like flavor and medium
wateriness; and Phala, Mafutha, Mokone and Mamprenwere associated with firmness, some
graininess and low wateriness. The consumer panet evaluation indicated a trend, however
not statistically significant, towards higher acadylity of predominantly cream-fleshed
varieties. According to the consumer panel taste @or acceptability results for the cream to
yellow-orange varieties, Mafutha, Lethlabula andalBhwere acceptable to both children and
adults. Serolane and Amasi had acceptable tastéhéutolor had lower acceptability. Blesbok
and Monate had average acceptability; and Ndouldwadr acceptability but better with adults
than children. Mamphenyane (more in terms of cadmg Mokone (more so for taste) had lower
acceptability. According to the correlation anatyand PLS, the consumer panel color scores
were contrasting strongly with orange color andocdi*, and had a weak association with
discoloration. These associations were reflectiggléw consumer panel color scores of Serolane
and Mamphenyane. Consumer taste scores were desoa@oderately with gumminess,
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instronforce, firmness, graininess and were cotitrggnoderately with wateriness. The present
study was the first which focused on consumer gebdfly and sensory quality of cream to
yellow-orange flesh sweet potato varieties in SoAffica and was of great importance in

recommendation of the new varieties to improve feeclrity.

7.2. Introduction

As a world crop, sweet potato ranks seventh id ftaduction, and thirteenth in monetary terms
(Scott et al., 2000; Ewell and Mutuura, 1994). 0986 of the world’s sweet potato crop is
produced in developing countries, where it is iftb fmost important food crop in terms of fresh
weight (CGIAR, 2004). Africa produces 9.6% of tHelml production and more specifically in
sub-Saharan Africa, sweet potato is the third mmgtortant root and tuber crop (Ewell and
Mutuura, 1994). The production by resource-poamfass is largely aimed at food security and is
consumed either as starchy staple food, or as@esupntary food (Minde et all999). In South
Africa, 30% of households are at risk for hungeeriGe and Labadarios, 2007), thus the
realization of the various agronomic advantageswset potato through suitable varieties would

contribute considerably towards improving food sigu

The most important traits used by resource-poandas in South Africa to select sweet potato
varieties, are yield and yield stability, followég taste (Domola, 2003; Van der Mescht et al.,
1997). Similarly in Tanzania, good taste was mewibas a second criteria after yield, followed
by good root shape and storability (Tomlins et 2004). Unlike other staple crops, the sweet
potato has a dominant, distinct flavor which miraes the variation that can be achieved in the
final flavor of the cooked product (Kays et al.,08). The sweet taste modulates the overall
flavor through direct impact on taste as well astigh the role of monosaccharides as precursors
in the synthesis of key aromatic compounds (Warthkays, 2003). The taste of cooked storage
roots was therefore one of the selection critesieduin the local sweet potato breeding program
during development of improved varieties aimedeaburce-poor farmers. Some information on
taste acceptability of new sweet potato varietiess wollected through farmer participatory
evaluation as part of MET (Laurie et al., 2002; tiauand Magoro, 2008). But, detailed

consumer acceptability trials and sensory profilarg required in assessment of new varieties,
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especially when the new varieties represent alyotedw market type such as orange-fleshed
sweet potato.

Food acceptability generally refers to liking, reince and selection of a food. A range of
methods have been developed in order to transisktative perceptions into numerical values
which allow statistical analysis. Sensory profili(@so called sensory analysis or descriptive
analysis) aims at producing a description of theeapance, flavor and textural characteristics of
a food and to quantify the intensity of each (Haflaand Campbell, 2005). A panel is trained to

measure this intensity with a certain level of aacy and reliability.

Since the 1980’s, consumer acceptability trials dermination of sensory characteristics were
performed in sweet potato in various parts of therldv such as Puerto Rico (Martin and

Rodriguez-Sosa, 1985), the USA (Lyon et al., 198%) Africa (Leighton, 2007; Opare-Obisaw

et al., 2000; Tomlins et al. 2004; 2007b; Van Qhrdcet al., 2003). In general, previous studies
indicated that a set of descriptors including apgeee/color, taste, texture and flavor were able
to distinguish the sets of varieties evaluated. s€hetudies contributed considerably to
terminology in defining attributes of sweet potatarieties. Some of the most distinctive

attributes were starch, stickiness, sweetnesst aakb chestnut flavor. Factors which differentiate
consumer preference of sweet potato varieties declgender, age (adults or children) and
cultural affiliation. Consumer preference of vagetcan differ for sweet potatoes produced at

different environments.

In addition to evaluation of sensory attributesnkéu color measurements and Instron TPA has
proved to be useful in explaining some of thesebaties quantitatively (Saleh and Ahmed,
1998). Instrumental measurement of the textureooked sweet potato by uniaxial compression
and TPA conducted by Truong et al. (1997), indiddteat regression equations based on shear
stress significantly (R= 0.71 — 0.91) explained eight of the sensory texsgores.

In consumer acceptability studies, the number ohpdes that can be tasted reliably by a

consumer is limited. For samples with a strongdtathe limit was indicated as five to six
samples (Helgesen et al., 1997). The use of theDB(®iley et al., 1984) assists greatly in
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increasing the number of samples that can be testedconsumer experiment. In the BIBD

experiment layout a consumer will evaluate a subgte samples.

In South Africa, the only research on sensory pngfiand consumer acceptability testing of
sweet potato varieties was conducted by Leight0072 The study included four orange-fleshed
varieties and the most popular cream-fleshed comialerariety Blesbok. There was a need for
studies on consumer acceptability of more of the amnge-fleshed sweet potato varieties aimed
at larger scale promotion in South Africa. The presstudy was aimed at sensory profiling of
new sweet potato varieties with cream to yellomageflesh color and assessing the consumer
acceptability of the same varieties in a singlatmn consumer test. The results will form part of

varietal recommendations made through multivaiiadex selection in Chapter 9.

7.3. Methodology

7.3.1. Sweet potato samples

Roots of eight new sweet potato varieties with ere@ orange-yellow flesh color, namely
Amasi, Lethlabula, Mamphenyane, Mokone, Monate, iNdBhala and Serolane, as well as
existing varieties Mafutha (preferred by resouroespfarmers and black consumers) and
Blesbok (popular commercial variety) were samplennfthe Elsenburg 2007/8 advanced yield

trial. Production information was provided in Seaté4.3.1 and 4.3.3.

7.3.2. Sensory profiling

During a number of sessions two to four days dftewvesting, samples of each variety were
cooked (covered with water and cooked till dondessed with a metal skewer) for descriptive
sensory analysis. After cooking, the samples wéosvad to cool to room temperature, cut in

slices of 1.5 cm thick and placed on Petri dishes.

Panelists were selected and trained in accordaribetive generic descriptive analysis technique
(Lawless and Heymann, 1998). In three pre-tastesgions of one hour each, the nine selected
panelists were trained extensively in analyzindedént sensory characteristics of the sweet
potato samples. On each day, each panel memberag@lithe ten samples in randomized order.

Descriptors for appearance, flavor and texture aifked sweet potato were generated by the
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panelists, the traits were defined and an unstredt@00-mm line scale for scoring each trait was
developed during these training sessions (Table 7.1

Table 7.1 Definitions of sensory descriptors geteerdor cream to yellow-orange sweet potatoes

Characteristics Score Description
Yellow-green 0 Light View the samples and analyze the intensity of the yellow-
color 100  Dark/ Intense green color
Orange color 0 Light View the sample and analyze the intensity of the burnt
100  Dark orange color
w  Natural darker 0 None View the sample and analyze the extent to which the
e edges on 100  Extreme/Prominent periphery of the outer edges are naturally darker than the
< . interi
& periphery interior of the sample
&' Discoloration 0 None Cut the sample in half horizontally and compare the inside of
& the sample to the exposed surface. Analyze the intensity of
100 Extremely discoloration on the exposed surface after 15 minutes
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
100  Extremely clearly visible in the background color. A sample with an
extreme uneven color will be scored 100.
Sweetness 0 Bland Remove the skin and taste a piece of the sample. Analyze
100 Very sweet the int.ensity pf the sweet taste.where sweetness is the taste
x associated with a sucrose solution
S  Sweet potato- 0 Low Taste the sample and analyze the intensity of the typical
é like flavor 100  High flavor associated with sweet potatoes
Pumpkin-like 0 Low Taste the sample and analyze the intensity of the flavor
flavor 100  High associated with cooked butternut
Wateriness 0 Dry Taste the sample and analyze the wateriness as opposed to
W 100  Moist dryness of the sample
> Graininess 0 Smooth Taste the sample and analyze the smoothness as opposed
5 100  Grainy to graininess of the sample
= Firmness 0 Extremely soft Taste the sample and analyze the softness as opposed to
100  Firm firmness of the sample

Data were collected during three tasting sessithmed replicates) over two days. Panelists tasted
the coded samples in a randomized order seatedlividual booths under light- and temperature
controlled conditions. Distilled water and watesdiits 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 saouked sweet potatoes used for the sensory
profiling by the trained panel were obtained torelate with the sensory data. The color values
L*(lightness),a* (red to green) and* (yellow to blue) were measured with a Colorguit/0°
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colorimeter (Catalogue no: 6805, BYKGardner, USRYo slices of 1.5 cm thick were cut from
each variety for measurements. The procedure weesated during three sessions; therefore six

measurements per variety were taken.

TPA was conducteavith an Instron Universal Testing Machine (Model3R Two slices (each

2 cm thick) were cut from each cooked sweet potatgety and stored at room temperature
(22°C) in closed containers for 24 h. A sub-sanfplem in diameter) was taken from each slice
to measure the softness/firmness and gumminessrofing-orce en Instron_Gummy). Each

sample was compressed to 50% of its original hamivo cycles at a cross head speed of 200
mm/min. The procedure was repeated during thresicses therefore six measurements per

variety were taken.

7.3.4. Consumer acceptability

A consumer acceptability study was conducted inlR®08 in Dassenhoek, a semi-urban area in
KwaZulu-Natal, as part of a collaborative schoolega project with the MRC. Ethical approval
for the main study was granted by the Ethics Conemibf the MRC, South Africa. Sweet potato
is grown and consumed regularly in KwaZulu-Natabunce (Laurie, 2004a). The consumer
panel consisted of 140 primary school childrenl§@9s and 70 girls) from grades 1 to 7 (10 boys
and 10 girls per grade). Parents of participatiegriers gave written informed consent for
participation in the study. The second group wasravenient sample of 50 adults (25 males and
25 females) from the local community. The sampie svere comparable to previous studies
(Helgesen et al., 1997; Leighton, 2007; Sivakuntaale 2008; Tomlins et al., 2004; 2007b;
Young et al., 2005). Sensory evaluation proceduegipusly standardized for children by Dalton
(2006) were used.

Two weeks after harvesting, four to five roots atle variety were cooked intact covered with
water in individual sauce pans until just tendeineTcooking time differed between varieties.
Sweet potato samples were cooked in three sessliomsg the day of tasting. The cooked
samples were stored intact in coded plastic coatainLuke warm slices of approximately 30
gram each per variety (cut just before servingessén oxidation with resultant discoloration)
with the skin were presented in random order ardkdaowith three-digit random numbers. The
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cooked samples were placed on a tray together amtempty cup for unwanted pieces and the
skin, an apple and the score sheet. The apple wasdpd for cleansing of the palate between

tasting in order to reduce the overlap of flavors.

A local community hall adjacent to the school waesdias venue for the consumer acceptability
trial. Seated at a table and assisted in the laogluage (IsiZulu) by a field worker, each panel
member evaluated five of the 10 sweet potato vaseiccording to a BIBD. The sweet potato
samples were first evaluated for color, and theéeedbr taste. The panel members scored the
samples using a Smiley-face five point hedonicescahe following verbal anchors were used:
‘very bad’, ‘bad’, ‘uncertain’, ‘nice’ and ‘very nog’, respectively, and the scores were allocated
afterwards according to degree of liking (1=veryg;b2=bad; 3=uncertain; 4=nice; 5=very nice).
Kimmel et al. (1994) found that children of ageehss and older are able to use 7-point hedonic

scales with facial expressions and verbal anclwexpress degree of like and dislike.

7.3.5. Statistical analysis

Data of the sensory attributes from the trainedepavere subjected to a test-retest multi-way
ANOVA (including session*panellist and variety*pdirst) to test the reliability of the panel
members (Gregory, 2000). The sensory attributesd@da points derived from three sessions)
and instrumental data (on data points derived fomroots per three sessions) were subjected to
a one-way ANOVA with the effects variety, experirtarerror and sample error using the GLM
Procedure of SAS/STAT Version 9.2 to determine Wweesignificant differences existed among
the means of the 10 varieties. The student’s pteteicLSD was calculated at a 5% significance

level to compare means of significant effects.

The consumer survey interval data was subjectedBBD ANOVA using the SAS package. To
explore further, ANOVA was performed sub-groups dgm group (adult, children). The
Student’s protected t-LSD was determined when tharobability from the ANOVA was
significant. Statistical significance was set at. 36w by column tables were developed for the

frequency of interval data and significance testsidg the Chi-Square test.
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Two multivariate analyses were performed using XR$T2007 software (Anon, 2008). Firstly,
the Pearson Product Moment Correlation was perfdrioefind possible correlation between
means of instrumental data, means of sensory plt@] and the means of consumer panel data.
A p-value of <0.05 was regarded as significant. o8dly, PLS regression analysis was
performed. PLS was recommended by Helgesen and (N@8§), Helgesen et al. (1997) and
Smith et al. (2009) as the best option for relasegsory attributes and instrumental data with
consumer acceptability as compared to principal prument regression analyses. The PLS2
model on XLSTAT was performed to investigate thsoagtion among sensory attributes,
consumer panel and varieties (X-matrix: sensoryibaties and instrumental data; Y-matrix:

consumer acceptability).

7.4. Results

7.4.1. Sensory attributes of varieties

The results from the test-retest procedtwetest the reliability of the panellists, showed
significant differences for session*panellist iatetions for sweetness, uneven color, sweet
potato-like flavor, wateriness and graininess (€afBl2); which indicated slightly lower
reliability of data for these attributes. For véyt@anellist, only orange color, darker edges,
sweet flavor and softness did not differ statislycasuggesting higher reliability for these

attributes.

The mean values for sensory attributes of the @8rarto yellow-orange sweet potato varieties as
assessed by the trained panel, are presented iea T@b The 10 cultivars differed significantly in
all sensory traits. The scores for dark edges,othsation, pumpkin-like flavor and wateriness
were low (between 0 and 10 on a scale of 0 to ID0®g. reason for this was that the same scale
was used for orange-fleshed varieties (ChaptewBjch had higher scores for these attributes.

The sensory profiles of the 10 varieties are itlated visually in the spider webs in Fig. 7.1.

Appearance

Serolane scored the lowest (3.2) for yellow-greelorc(Table 7.2), significantly lower than all
other varieties, with the exception of Lethlabul@.Q). Ndou scored the highest for yellow-green
color (62.4), significantly higher than all otheaneties. The highest score (51.8) for visible
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orange color was given to Serolane, as was expedtexito the highest occurrence of orange
pigmentation of the 10 cream to yellow-orange vage The score of 51.8 can be considered as a
medium score in terms of orange color as comparaatange-fleshed varieties (section 8.4.1).
Scores ranging from 28.9 to 13.6 were given to MefuMamphenyane and Amasi. These four
varieties scored significantly higher for orangéocdhan all other varieties, which had scores
varying between 3.4 and 0.3. Low scores for daekigres in the periphery and discoloration are
desirable. Of the ten varieties tested, Phala, Mekand Amasi scored the highest for darker
edges, while Phala and Ndou, and to a lesser eBlesbok and Monate scored the highest for
discoloration. The scores for darker edges andlbtisation ranged from 3.4 to 9.4, on a scale of
100. Thus, even those varieties with the highestescfor these traits showed low levels of
darker edges and discoloration. Low scores for eneolor are preferable. Uneven color scores
divided the varieties in four sub-groups: 1) Matut7.6) and Serolane (21.2), both significantly
more uneven than all other varieties; 2) Amasi Blwhate (varying between 13.1 and 10.6); 3)
Phala, Ndou, Mokone and Mamphenyane; and 4) BlesindkLethlabula (varying between 7.0

and 3.3) (the lowest in uneven color).

Flavor

In terms of the flavor traits, high scores for stvaad sweet potato-like, and low scores for
pumpkin-like are desirable for sweet potato (Tabl2). Amasi, Mokone, Mafutha and Ndou
(ranging from 59.3 to 55.3) scored the highesttiier flavor trait “sweet”, followed by Blesbok,
Serolane, Mamphenyane and Lethlabula (with scdr&sranged from 48.3 to 42.9). The scores
for sweet potato-like flavor divided the varietiago three sub-groups. Amasi, Ndou and Mokone
scored the highest for sweet potato-like flavon@iag from 67.3 to 63.2), followed by Monate,
Mafutha, Lethlabula, Blesbok, Mamphenyane and P{ralaging from 60.2 to 51.6). The sweet
potato-like flavor for Serolane (35.7) was sigrafitly lower than all other varieties. On a scale
of 0 to 100, the score for Serolane can be corsidas a medium score for sweet potato-like
flavor. The scores for pumpkin-like flavor were Ioier the ten varieties. Serolane scored
significantly higher (10.9) in pumpkin-like flavothan all the varieties. Mafutha and
Mamphenyane had a small degree of pumpkin-likeoflaVhe rest of the varieties had a very low

pumpkin-like flavor and the scores ranged fromtt.8.
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Table 7.2 Means for sensory attributes of boilests@f 10 cream to yellow-orange sweet potato tieaseas scored by a trained panel

Appearance:

Yellow-green color Orange color Darker edges Discoloration Uneven color

Ndou 624 a Serolane 51.8a Phala 94a Phala 8.7a Mafutha 276a

Blesbok 46.7b Mafutha 289b Mokone 7.3ab Ndou 8.0ab Serolane 21.2b

Phala 43.6 bc Amasi 232¢c¢ Amasi 6.7abc  Blesbok 7.0 abc Amasi 131¢

Mafutha 38.1bcd  Mamphenyane 13.6d  Mafutha 53bc  Monate 5.7 abcd Monate 10.6 cd

Mamphenyane 37.7bcd  Phala 34e Mamphenyane  53bc  Mafutha 5.2 bed Phala 8.4d

Amasi 32.5cde  Ndou 33e Monate 5.2bc Mamphenyane 4.9 bcd Ndou 7.7d

Monate 32.3de Lethlabula 21e Blesbok 46bc  Amasi 4.2 cde Mokone 76d

Mokone 22.6 ef Mokone 07e Ndou 45bc  Lethlabula 3.2de Mamphenyane 7.6 d

Lethlabula 121 1g Blesbok O04e Serolane 43bc  Mokone 2.8de Blesbok 7.0de

Serolane 3.2¢g Monate 03e Lethlabula 34c Serolane 12¢ Lethlabula 33e

Mean 33.0 12.8 1.2 5.1 1.4

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: Texture:

Sweet Sweet potato Pumpkin Wateriness Graininess Firmness
Amasi 59.3a Amasi 67.3a Serolane 109a Monate 238a Mokone 74a Phala 21.30a
Mokone 55.7 ab Ndou 63.4ab  Mafutha 21b Blesbok 22.3ab Phala 7.0a Mafutha 16.85b
Mafutha 55.6 ab Mokone 63.2ab  Mamphenyane 1.8 bc Lethlabula 21.2b Serolane 5.8 ab Serolane 16.78 b
Ndou 55.3ab Monate 60.2bc  Amasi 0.8 cd Amasi 21.0b Mafutha 52abc  Mokone 12.78 ¢
Monate 54.6abc  Mafutha 57.6bcd Mokone 0.5d Ndou 16.0c Blesbok 3.3bcd  Mamphenyane 12.37c¢
Phala 49.7bcd  Lethlabula 543cd  Ndou 04d Mokone 156 ¢ Mamphenyane 3.0 cd Ndou 8.78d
Blesbok 48.3cde  Blesbok 54.1cd  Blesbok 0.3d Mamphenyane 149 cd Ndou 24d Blesbok 8.04d
Serolane 482cde  Mamphenyane 53.9cd  Phala 0.2d Phala 13.6cde  Amasi 19d Amasi 381e
Mamphenyane 46.7 de Phala 51.6d Lethlabula 0.1d Mafutha 12.6 de Lethlabula 1.3d Lethlabula 3.67e
Lethlabula 429¢e Serolane 35.7¢e Monate 0.0d Serolane 12.0e Monate 11d Monate 196 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 desir®donate, Blesbok, Lethlabula and Amasi

had the highest scores for wateriness (signifigamityher than all other varieties; ranging from

23.8 to 21.0). Phala Mafutha and Serolane scoredadvest for wateriness (varying between

13.6 and 12.0). The scores for graininess wereféowhe ten varieties. Mokone, Phala, Serolane

and Mafutha (ranging from 7.4 to 5.2) scored sigaiitly higher than Ndou, Amasi, Lethlabula

and Monate (ranging from 2.4 to 1.1) for graininebke scores for firmness segregated the

varieties into five sub-groups: 1) Phala with arscof 21.30; 2) Mafutha and Serolane; 3)

Mokone and Mamphenyane; 4) Ndou and Blesbok; and\rBasi, Lethlabula and Monate

(ranging from 3.8 to 2.0).
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Fig. 7.1 A-D Spider graphs illustrating the segsonharacteristics of cream to yellow-orange

sweet potato varieties Serolane, Mafutha, Mamphesgad Phala
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Fig. 7.1 E-J Spider graphs illustrating the senstigracteristics of cream to yellow-orange sweet

potato varieties Mokone, Ndou, Amasi, Monate, Bédésand Lethlabula

7.4.2. Instrumental assessment
The instrumental measurement differed significamtlythe 10 cream to yellow-orange sweet

potato varieties for all variables measured. Tha dapresented in Table 7.3.
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Table 7.3 Means for instrumental measurements otré@m- to yellow-orange sweet potato

varieties
Color L* Color a* Color b* Instronforce Gumminess
(N) (N)
Mokone 67.45a Serolane 2257 a Amasi 4746a  Mafutha 13.50a  Phala 1.37a
Monate 57.40b Mafutha 7.01b Serolane 4719a  Mamphen- 11.92ab Mafutha 0.38a
yane
Mamphen- 56.15bc  Blesbok 5.70 bc Mamphen-  44.33ab Phala 11.45ab  Serolane -0.28 abc
yane yane
Phala 56.11bc  Lethlabula 5.21 bc Mafutha 4194 ab  Mokone 9.01abc  Mamphen-  -0.57 abc
yane
Amasi 55.82bc  Mokone 4.89 bc Ndou 36.39bc  Blesbok 7.28 bc Mokone -1.06 abc
Lethlabula 55.62bc  Amasi 4.75 bc Mokone 3285¢  Ndou 6.63bc  Monate -1.42 bc
Serolane 5496 bc  Monate 425bcd  Phala 30.87 ¢ Serolane 6.39 bc Blesbok -1.88 bc
Mafutha 52.35bc  Mamphen- 3.67cde  Monate 29.34cd Lethlabula 4.11c Lethlabula ~ -2.15bc
yane
Ndou 51.01bc  Ndou 1.50 ed Blesbok 21.72de Amasi 3.63¢ Ndou -2.16 bc
Blesbok 49.23 ¢ Phala 0.86e Lethlabula  14.89 e Monate 3.32¢ Amasi 2.72¢
Mean 55.61 6.04 34.7 7.72 -1.05
P-value <0.001 <0.001 <0.001 <0.001 <0.001
(variety)
LSD 747 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 cola* (lightness) value (67.45) than the other varieties
which ranged from 57.40 to 49.23. In terms of co#dr (red to green), Serolane had a
significantly higher value (22.57) than the otheram to yellow-orange varieties. However, this
can be considered as a medium cabivalue as compared to orange-fleshed varietiestifec
8.4.2). Very low coloa* values were measured for Ndou (1.50) and Pha&®)0The colob*
(yellow to blue) segregated the varieties into eéhseb-groups. Amasi, Serolane, Mamphenyane
and Mafutha had the highest values for ctbi(ranging from 47.46 to 41.94). The intermediate
group was Mokone, Phala and Monate. The cbfovalues of Blesbok and Lethlabula were the
lowest (ranging from 21.72 to 14.89).

The measurements by the Instron UTM, indicated ifsogmtly higher firmness for Mafutha,
Mamphenyane and Phala ranging from 13.50 N to 1N4&equiring the highest force to
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compress the samples) than for Lethlabula, AmagiManate (ranging from 4.11 N to 3.32 N).

Instrumental gumminess illustrates the resistaf@product to disintegrate on mastication. The
gumminess values of Phala (1.37 N) and MafuthaB(BlBwere 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 rega to color scores did not indicate
statistical significance among varieties. The addél explorative analyses were also not
statistically significant for gender, group (chidr adult); gender*variety, group*variety and
gender*group*variety. Though not statistically éifént, trends imnean color scores (Table 7.4)
indicated that Lethlabula, Blesbok, Phala and N@with scores ranging from 3.53 to 3.37) had
higher mean scores than Mamphenyane and Serolatie ggores ranging from 3.06 to 3.05).
The latter are yellow-orange varieties. Ndou, MakomMafutha, Monate and Amasi had
intermediate mean color scores ranging from 3.33.26. However, there was large variation in

individual color scores of varieties as reflectgdie large SD (Table 7.4).

Table 7.4 Mean and SD scores for consumer accéptafm=190) for color and taste of ten

cream to yellow-orange sweet potato varieties

Variety Mean color score!  Variety Mean taste score!
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

Scale for scores: 1=very bad; 2=bad; 3=indifferdmhice; 5=very nice
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Different trends were observed in mean color scéwesspecific varieties between adults and
children (Fig. 7.2). Higher color scores were giimnadults for Blesbok, Ndou and Mokone.
Children gave higher color scores for Phala andhlabula. Adults gave a lower color score for

Monate than children, whilst children gave a lowelor score for Mamphenyane than adults.
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Fig. 7.2 Mean color scores for the consumer gragadts (n=50) and children (n=140) for 10

cream to yellow-orange sweet potato varieties

The Chi-Square test indicated no statistically sicgmt effects with regards to gender or group
(adults, children) for theolor interval data. Significant differences in frequency of intervals
were found among varieties. The frequency distitlouis presented in Table 7.5. Lethlabula and
Phala were scored in the interval “very nice” by1B% of the consumer panel, while 47-48%
considered Lethlabula, Mafutha and Blesbok to kbee'n The interval “very bad” was most
frequently indicated for Mamphenyane and Seroldaiie12%). The children panel members
scored higher percentage ‘very nice’ for Monate Bladutha as compared to adults; and higher
percentage “nice” for Lethlabula and Phala. Adsgitered Ndou and Mamphenyane in higher
percentage as ‘very nice’, and Serolane in higleecgmtage as ‘nice”. The percentages for “bad”
and “very bad” per variety were similar betweenledand children.
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Table 7.5 Frequency distribution (%) of consumengbacolor scores for 10 cream to yellow-

orange sweet potato varieties in five intervals

p
© =
E 2 2 x © ®©

Group fS =« 8 8§ 8 8 5 g3 5 3
Inteval_ n & £ 2 8§ 5 2 2 £ 2 2

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 4T 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 09 12 11 2 3 4 2 3 A

Children (P=0.0343) 140
Very nice 6 14 10 11 9 13 10 10 10 4
Nice 50 49 30 33 49 41 43 37 47 46
Indifferent 1 13 21 11 14 14 16 23 13 27
Bad 21 17 27 3% 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 welso anot statistically significant for gender,
group (children, adult); gender*variety, group*ey and gender*group*variety. There was
large variation in individual taste scores of tlzieties as reflected in the large SD (Table 7.4).
Trends observed in the mean varietal taste scoessthat Mafutha, Serolane and Phala had
higher mean scores ranging from 3.65 to 3.46, wMitmate (3.20) and Ndou (3.08) had lower
mean taste scores.

Different trends were observed in mean taste sclmespecific varieties between adults and
children (Fig. 7.3). Higher taste scores were néteddults for Mafutha and Mokone. Children
gave higher taste scores for Phala and Mamphengsrempared to adults; and lower mean

taste score for Ndou.
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Fig. 7.3 Mean taste scores for the consumer gradp#is (n=50) and children (n=140) for 10

cream to yellow-orange sweet potato varieties

The Chi-Square test of thaste interval data indicated no statistically significant effects hwit
regards to taste for the five intervals. Thus thiervals “very nice” and “nice” were grouped
together and intervals “very bad” and “bad” wereuped together. Chi-Square test analysis
using these three intervals showed significantcé$féor varieties for the overall group (Table
7.6). The highest percentage in the combined iaténice to very nice” was seen for Mafutha
(65%) and Serolane (62%). Monate, Ndou and Mokak Ibwer percentages in this interval
ranging from 50% to 47%. Adults on the consumerepamdicated the interval “nice to very
nice” in higher percentage for Mafutha than chitd(é2% vs 63%) and to some extent for Ndou
(52% vs 48%). High percentages in the combinednate’bad to very bad” were noted for
Monate and Ndou (37% and 35%, respectively). Caidndicated a higher percentage “bad to
very bad” for Blesbok (33% vs 23%), Serolane (22¢4.6%) and Mafutha (14% vs 8%). Adults

indicated higher percentage in the interval “vead lbo bad” for Mamphenyane (28% vs 22%).
Thus, when considering consumer taste and colaepaability of the cream to yellow-orange

varieties, Mafutha, Lethlabula and Phala were aedd@ to both children and adults. Serolane

and Amasi had acceptable taste but the color hadrlacceptability. Blesbok and Monate had
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average acceptability. Ndou had lower acceptabllity better in terms of adults than children.

Mamphenyane (more in terms of color) and Mokoner@so for taste) had lower acceptability.

Table 7.6 Frequency distribution (%) of consumengbaaste scores for 10 cream to yellow-

orange sweet potato varieties in three intervals

2
c 2
£ 5§38 £, o35 8 . ¢
=2 o = £ S © 7} c o =
Group n 2 8 8 2 £ £ & 2 2 2
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 PearsoduBraMoment Correlation Matrix indicating
the linear correlation between variables. The umental color analysis was a useful tool in
measuring color attributes as these correlatechgtyowith some of the sensory attributes
evaluated by the trained panel. Color (red to green color) had a positive correlatiohwi
orange color (r = 0.837) and negative correlatiath wellow-green (r = -0.703); while coldr*

(yellow to blue color) had a positive correlatiortworange color (r = 0.728).

Instrumental texture measurement correlated welh wie trained panel assessment of texture.

Instron UTM firmness as well as gumminess, as ewgechad positive correlation with
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Table 7.7 Pearson correlation matrix for senstinbates, instrumental measurements and consucceptability

Variables L* a* b* IForce  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

| 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 -0460 -0.708  -0.241 0.247 0.158 0.902 -0.560 1.000

Edges 0440 -0.380  0.186 0.385 0.512 0.222 -0.181 0.345 1.000

Uneven -0.192 0566  0.629 0.330 0.417 -0.191 0.802 0272 -0.042 1.000

Sweet 0.197 -0.212 0476 -0.063 -0.165 0.348 0.044 0.135 0.375 0.351 1.000

Sweetpot 0199 -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 0957  0.527 0.020 0.275 -0.586 0.889 0599  -0.269 0.585 -0.202 -0.802 1.000

Wateri -0.094 0339 0555  -0.736 -0.729 0.065 -0.541 0.111 0.274 -0.515 0.020 0.443 -0.532 1.000

Graini 0422 0246 0229 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 0239  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 -0544 -0.827  -0.191 -0.238 0.240 -0.678 0.393 0.013 -0.447 -0.088 0.391 -0.672 0422  -0163  -0.276 1.000
CPTaste -0.060 0431 0.361 0.525 0.604 -0.416 0.661 -0.340 0.156 0.687 -0.159 -0.461 0.448 -0.526 0433 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*
at

b*

| Force
Gummy
Yellow
Orange
Discolor
Edges

Color L*
Color a*
Color b*

Instron firmness

Instron gumminess
Yellow-green color

Orange color
Discoloration
Darker edges

Uneven
Sweet
Sweetpo
Pumpkin
Wateri
Graini
Firm
CPColor
CPTaste

Uneven color
Sweetness

t  Sweet potato-like flavor
Pumpkin-like flavor
Wateriness
Graininess
Firmness
Consumer acceptability (children + adults) for color
Consumer acceptability (children + adults) for taste
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graininess (r = 0.640 and r = 0.735, respectivalgyl firmness (r = 0.811 and r = 0.893,
respectively) and negative correlation with watess (r = -0.736 and r = -0.729, respectively).
As expected strong negative correlations were faafngraininess and firmness with wateriness
(r = -0.752 and r = -0.901, respectively), and mrass had a strong positive correlation with
firmness (r = 0.873).

Orange color and pumpkin-like flavor had a strowgifive correlation (r = 0.889), confirming
that yellow-orange varieties had higher pumpkilflavor. Consequently there was a positive
correlation between pumpkin-like flavor and coédr(r = 0.957). Correlation of consumer panel
results with sensory attributes and instrumentadsueements, showed that cobdr(r = -0.827),
pumpkin-like flavor (r = -0.672) and orange colar £ -0.678) had fairly strong negative
correlation with consumer color acceptability (Teaf@l.7). The negative correlation of pumpkin-
like flavor with consumer color scores can mostlljkbe ascribed to the strong correlation
between orange color and pumpkin-like flavor. Olletiae pumpkin-like flavor and orange color
scores were low (as previously shown in Table T2nsumer color acceptability had moderate
correlations, though not statistically significanith colora* (r = -0.544), discolor (r = 0.393)

and weak correlation with yellow-green color (r 24D0).

Consumer taste scores had positive correlatiorts wvieven color (r = 0.687) and orange color (r
= 0.661). These correlations reflect the high tasteeptability for Mafutha and Serolane which
scored the highest for both uneven and orange.cOlamsumer taste acceptability had moderate
correlations, though not statistically significamtith gumminess (r = 0.604), instronforce (r =
0.525), wateriness (r = -0.526) and sweet pot&flavor (r = -0.461).

7.4.5. Association among varieties, attributes and consumer panel results

The association among varieties, sensory attributssrumental data and the consumer panel
data was investigated through a PLS regressiorysisallThe percentage of the variance in the
PLS model that was explained by the different \@des as indicated by the Variable importance
for projection (VIP’s) on PLS component 1 and 2 ahown in Table 7.8. Sensory attributes
orange color, pumpkin-like taste, wateriness anelvan color on the first PLS component, and
firmness and discoloration on the second PLS compioexplained most of the variance. With
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regards to instrumental measurements, catoon PLS1 and to a larger extent gumminess and
instronforce were the most explanatory variablegpl&atory variables coldr*, sweet flavor
and dark edges contributed least to the model. dtises with the position of these attributes

nearer to the center of the biplot (Fig. 7.4), cading that these explained least of the variance.

Table 7.8 Variable importance for projection (VIRRsthe PLS regression analysis as performed

with sensory attributes, instrumental data and @ores panel data

Variable PLS component1  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 scavese contrasting orange color, coot, color

b* and uneven color in the opposite quadrant, andasssciated with discolor and yellow-green
color. However, the discoloration values were reddy low and, thus, this association did not
imply that discoloration was desirable. Consumstet@cores were associated with pumpkin-like
flavor, graininess, gumminess, instronforce, firggeand graininess and were contrasting
wateriness and sweet potato-like flavor. As valieespumpkin-like flavor were relatively low,
this association did not necessarily imply that pkim-like flavor was desirable. The proximity
of varieties in relation to attributes on the PL§ldt (Fig. 7.4), was an indication of their most
distinctive attributes. In general the 10 varietiesre divided into two groups on the first PLS
component (horizontal axis) based on firmness wevgateriness. The most distinctive variety
was Serolane, lying alone in the bottom left quatdraéhis was expected as Serolane had the

most orange pigmentation in the root flesh of tBevarieties. The positioning of varieties in the
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four quadrants of the biplot divided the varietie® four groups. These are indicated in Table
7.9.
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Fig. 7.4 PLS regression of sensory attributes anrstirumental 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 créauyellow-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.
Medium yellow-green color and higher in discoloration and darker edges; the flavor was medium

Phala 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), corespreference impacts upon the acceptance
of new varieties released by breeding programs.present study was the first which focused on
consumer acceptability and sensory quality of creamyellow-orange flesh sweet potato
varieties in South Africa. Varietal recommendatidresed on the consumer acceptability and
sensory attributes in conjunction with agronomicfgenance (see Chapter 9) will be of great

importance in recommendation of the new varietiesprove food security.

Previous consumer studies on sweet potato mostighiad processed products such as, for
example, sweet potato yoghurt (Sivakumar et aD82@nd breakfast cereal (Dansby and Bovell-
Benjamin, 2003). This was one of only a few studiesweet potato which included children in
consumer testing of cooked sweet potatoes. Tonetingl. (2007b) also used children, mostly
between the ages 10 to 15 years. The use of childreeonsumer acceptability testing is an
important tool in the food industry. A study contkat by Kimmel et al. (1994) evaluated the
performance of children in several types of sensxperiments. Concerning hedonic scaling, as
used in the present study, they found that childiteage 4 years and older was able to use a 7-
point hedonic scale with facial expressions andalkeanchors to express degree of like and
dislike. In the present study, children of 6-12rgeaf age took part in the evaluation. The results
of children vs adults were similar in terms of @lemean scores (however, differences were
seen for specific varieties), as the Chi-Squarkeinelscated no statistically significant effectsthwi

regards to group (adults, children) for the intédeta.
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Clear differences were observed in the sensorystdi the 10 cream to yellow-orange sweet
potato varieties studied. The only other South @&iini study to which the attributes could be
related, was by Leighton et al. (2010) who founat tBlesbok was mostly associated with the
typical sweet potato aroma and flavor (which ineyahagrees with the sweet potato-like flavor
in the present study; Blesbok had a medium scareweet potato-like flavor as compared to the
10 cream to yellow-orange varieties), moist textatteibutes (agreeing with the high score for
wateriness for Blesbok of the present study), aigtidr fiber content. Due to the soft texture,
Blesbok also had the lowest shear force measurerfie@ighton et al., 2010). Textural

measurement in the present study indicated Bleskakedium with regards to instronforce and

gumminess.

Van Oirschot et al. (2003) grouped sweet potateetias into two groups, firstly smooth and soft
(e.g. Yan Shu 1 and Zapallo), and secondly, firch grainy (e.g. Kemb 10). The authors reported
strong correlations among moist, smooth and saftil&ly in the present study, the 10 varieties
were generally divided into two groups on the fikdtS component based on firmness versus

wateriness. Firmness had a strong positive coioelatith graininess.

An attribute which can be considered for inclusiofuture sensory assessment, is fibrousness. It
was possible, that the varieties did not exhibis tinait at this specific location therefore the

trained panel in the present study did not iderfiilyousness as a descriptor for sweet potato.
Fibrousness is related to the size/age/maturitgvedet potatoes and is an undesirable varietal
trait (Woolfe, 1992). In some previous studies fibeous attribute was evaluated and did not
explain a significant percentage of the total \#omain taste among the varieties that were
evaluated (Tomlins et al., 2004; Van Oirschot et 2003). Only in the study of Tomlins et al.

(2007b), fibrousness did influence the acceptgbiit sweet potato varieties as evaluated by

children.

The correlation analysis as well as the PLS regresanalysis identified the most distinctive
attributes as orange color, colot, yellow-green color, gumminess, instronforce, fieas and
wateriness. These attributes related fairly welhvthose indicated by Leighton et al. (2010),

namely sweet potato aroma and sweet potato flavioich can relate to sweet potato-like flavor)
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and moist texture (similar to wateriness). Someepttistinctive attributes reported in the
literature are starch, stickiness, and chestnubfl@éMartin and Rodriguez-Sosa, 1985; Tomlins
et al., 2004; Van QOirschot et al., 2003).

The distinctive attributes mentioned above were &lsst correlated with consumer scores for
color and taste. The consumer color scores wergragtimg fairly strong with orange color and

color b*, and were associated moderately with yellow-gre@or. Consumer taste scores were
associated moderately with gumminess, instronforgeininess and firmness and were

contrasting moderately with wateriness.

Of the ten varieties tested, Mafutha had the higbessumer score for taste. This re-affirms the
use of Mafutha as the benchmark for taste accdpyafor black consumers in South Africa

based on its popularity amongst resource-poor fegifieaurie, 2004b). Acceptance of Ndou was
lower in the consumer panel testing than with MB3te evaluation (Section 3.4.2). Adult panel
members scored Ndou higher than children. Moreltsesn sensory attributes of Ndou, and also

Blesbok and Monate, will be presented in Chapter 8.

The significant correlation of instrumental measweats and sensory attributes will be
advantageous in future selection for color andutext These measurements can be used in
intermediate selection phases to give an indicabibacceptability. In this regard instrumental
color determination (color a* and b*) can be usefuhssessment of color attributes due to strong
correlation with yellow-green and orange color. fany instrumental texture measurements
such as Instron UTM firmness and gumminess cogedbngly with graininess, firmness and
wateriness. The usefulness of Hunter color measemesrand Instron TPA was noted previously
by Saleh and Ahmed (1998) and Truong et al. (1997).

Further studies could explore in more detail tiféeténces in preference of adults and children,
and possibly gender (male vs female) and age. Manid Rodriguez-Sosa (1985) observed
differences in preference due to gender. Studiesldhalso be conducted in other geographical
areas, since indications of differences in tastepiability over different regions in South Africa

was seen in MET taste evaluation (Laurie et alQ2)0OFactors such as cultural affiliation and

176



production environment (Martin and Rodriguez-Sak385; Tomlins et al., 2004) can cause
differences in preference of a sweet potato vaoesr regions.

7.6. Conclusions

The combination of sensory panel evaluation, imsémtal measurements and consumer
acceptability assessment provided information andistinctive attributes of 10 new cream to
yellow-orange sweet potato varieties. Consumer rcaaceptability indicated a higher
acceptability for cream-fleshed varieties than et@es with yellow-orange flesh color, antte
versafor the taste. Based on a combination of tastecahar, Mafutha and Lethlabula had the
highest acceptance, followed by Phala, Blesboktaed Monate. Serolane and Amasi showed
high acceptance for taste but the color acceptaraserelatively lower for children. Ndou was
accepted mostly by adult panel members. Sensorlpai@n divided the varieties into four
groups, mainly based on wateriness, firmness, eradpr, yellow-green color, pumpkin-like
flavor and sweet potato-like taste. Strong cori@tatwas observed between instrumental
measurements and texture, and color attributegddwy the trained sensory panel, and these can
be used to quantify color and texture of cookedmas) without conducting sensory analysis.
Since consumer preference impacts on the acceptanoew varieties released by breeding
programs, varietal recommendations can now be rbaded not only on the advantages of e.g.
superior yield. The present study made a consiteeradntribution 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 ailexicnovel source d§-carotene and is used
in crop-based programs to address vitamin A defayje However, taste acceptability is critical
for adoption of new varieties. The present studys wadertaken to investigate the sensory
attributes and consumer acceptability of new ordteghed sweet potato varieties in South
Africa. Cooked samples of 12 sweet potato varietiese evaluated by a trained panel for
appearance, flavor and texture attributes. Instriateolor and texture, and content of selected
free sugars and starch were determined. Consuroeptability was tested by a panel comprising
168 primary school children and 48 adults in Dakeek, KwaZulu-Natal, using a BIBD.
ANOVA, correlation analysis, and PLS regressionlyms were performed. The trained panel
found large differences in the sensory attributes\ge color, pumpkin-like flavor, Instronforce,
color L*, a* and b*, followed by dark edges, sweet flavor and sweeatpelike flavor. High
maltose and starch content were found in Ndou, |&eep Resisto and Monate; while Blesbok,
Impilo and 2001-5-2 had high fructose and glucasgtent. Blesbok was mostly associated with
wateriness and sweet potato-like flavor. Beauregad Khano low sweet flavor with low dry
matter content; and 1999-1-7 was low in firmnesd amedium in sweet flavor. Ndou was
associated with high sweet potato-like flavor, hggarch content and high dry matter content,
while Impilo, Monate and 2001-5-2 had sweet flasod medium dry matter content. Excel and
Resisto were associated with low wateriness andumesweet flavor. W-119 and Serolane were
high in starch content, high Instronforce and medisweet flavor. Serolane was lower in
pumpkin-like flavor than the other orange-fleshedlieties. The consumer panel taste and color
acceptability results indicated that orange-fleshadeties Impilo, Excel, Resisto, 2001-5-2,
Serolane and W-119, and cream-fleshed varietiesaidoand Ndou were acceptable to both
adults and children. Adults scored Resisto and Mormgher for taste than children; while
children scored Blesbok higher. Beauregard, Kharb 299-1-7 had lower taste acceptability.
The correlation analysis and PLS indicated thasaorer panel taste scores were associated most

with sweet flavor, dry matter content and maltosetent, and the consumer panel color scores
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negative association with discoloration. Determoratof dry matter and starch content, and
sucrose equivalents (SE) in cooked ram#ts possibly be used in intermediate selectiongshas

the breeding program as indication of acceptatdeetaOrange-fleshed varieties were in general
as acceptable as cream-fleshed varieties, indgaood prospects of using the crop in South
Africa for addressing vitamin A deficiency. The dyuhas high significance, as it represents the
first consumer and sensory assessment of a coabldenumber of new orange-fleshed sweet

potato varieties promoted in South Africa.

8.2. Introduction

Micronutrient malnutrition, the so-called hiddemiger, affectsnore than one-half of the world's
population, especially womeand preschool children in developing countries (8GN, 2004).
Vitamin A deficiency is a commonly occurring micrdgrient deficiency, largely due to a
habitually low dietary intake of micronutrients melation to requirements (Tontisirin et al.,
2002). In Africa, 42% of children aged younger tHiae years are vitamin A deficient (WHO,
2009), while in South Africa a recent national fyrghowed that 64% of children 1 to 9 years of
age are vitamin A deficient (Labadarios et al., 200 he effects of vitamin A deficiency include
a higher risk of child and maternal mortality, redd resistance to infections, delayed recovery
from infections and eye damage (E-Siong, 1995; &i1p%990).

The sweet potatolfomoea batataglL.) Lam.), belonging to the Convolvulaceae or niogn
glory family (Hall and Phatak, 1993), has major remmic importance as one of the world’s
seven major staple crops (Scott et al., 2000). Mprecifically orange-fleshed sweet potato is
considered as an excellent novel source of natuealth-promoting compounds such [&s
carotene (Bovell-Benjamin, 2007). An ex-ante imp@stessment by Low et al. (2001) indicated
that orange-fleshed sweet potato can make a majdrilsution towards alleviating vitamin A
deficiency in sub-Saharan Africa since 50 millidmldren under the age of six could benefit
from replacing the current cream-fleshed sweettpotarieties with new orange-fleshed varieties
(Low et al., 2001).

In sub-Saharan Africa, through introductions ad aglevaluation of existing varieties, more than
thirty orange-fleshed varieties have been madelablai (ILSI, 2008b; Kapinga et al., 2007a).
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South Africa was no exception and had also releasedmber of orange-fleshed sweet potato
varieties (Laurie et al., 2009). Some limitatioms axperienced with the existing orange-fleshed
varieties, such as too low dry matter content @nteast African adults prefer high dry matter
content) (ILSI, 2008b; Laurie et al., 2009; Tumwega et al., 2004). Introduced germplasm
sources, especially from the USA, mostly have lowrdatter content.

Generally in breeding food crops, and more so afdoiication of staple crops where changes in
eating habits will be needed, taste acceptabgiwyitical for adoption of new varieties. Hence the
success of any new sweet potato variety will depaotdonly on production traits but also on
sensory and utilization acceptability (Tomlins ket 2007b). Leighton (2007) reported from focus
group discussions with consumers (n=38, mostly fejrfeom the Pretoria area in South Africa,
that Black participants (n=26) were more likelydonsume sweet potato 1-2 times per week
when in season; and all family members consumbotigh men did not enjoy it as often as
women. Women like to grow their own sweet potateewlyarden space was available. Sweet
potato was bought at the local market/supermafkamily members in rural areas grow sweet
potato and sell or give away some of the produaee$ potato was sometimes boiled in the skin
or cooked in hot coals. Mashed sweet potato waglyneaten cold, or eaten the following day
with tea or milk, while some respondents ate mastveget potato warm. These findings agreed
broadly with results of a previous survey by Van Mescht et al. (1997) in seven areas on which
the breeding of sweet potato in South Africa waseba In addition, Leighton (2007) found that
the majority of respondents had no prior exposureotange-fleshed sweet potato. When

informed of the nutritional value they were posatio buy the food when available.

Two previous studies compared acceptability fongeafleshed sweet potato with cream-fleshed
sweet potato. In the first study, a consumer aet®lity study in the Lake Zone in Tanzania

compared two orange-fleshed varieties with twoitiaaal cream-fleshed varieties (Tomlins et

al., 2007b). The mean consumer response for mo#mer<hildren indicated that orange-fleshed
sweet potato was more acceptable than cream-flesheet potato. In the second study in South
Africa, the aim was to determine the sensory atteb and the consumer acceptability for
orange-fleshed varieties Khano, Jewel, W-119 arglsReas compared to popular cream-fleshed
variety Blesbok (Leighton, 2007). It was seen t#atept for color, orange-fleshed sweet potato
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and cream-fleshed sweet potato differed in texéum@ flavor. The results indicated that 85% of
respondents preferred the taste of orange-fleshedtgpotato to cream-fleshed sweet potato, and
53% had a definite liking for the color. All resptemts liked the sweet flavor, smooth texture and

attractive color.

Taste acceptability in sweet potato has been detedrihrough consumer acceptability trials and
was related to sensory profiling by trained pan@emlins et al., 2004; 2007b). Furthermore
chemical analysis can be used as indication ofosgragtributes. It has been shown, for instance,
that the starch content after cooking was relatechodistness scores from a sensory panel, and
can thus be used to predict moistness (S-101 Temh@ommittee, 1980). The carbohydrates in
sweet potato play an important part not only indegree of sweetness of cooked roots, but also
their mouthfeel described as moistness or drynedgexture (Woolfe, 1992). Freshly harvested
sweet potatoes are relatively high in starch ana-starch polysaccharides (alcohol-insoluble
solids) and relatively low in sugars, of which theedominant one is sucrose. When sweet
potatoes are cooked, activity of the amylase ensyéitiated causing hydrolyses of starch to
maltose and dextrins (Horvat et al., 1991; Woolf892). Cooked sweet potato thus contains

mostly maltose.

There is substantial variation in flavor and swestnhof sweet potato varieties because of the
presence of sugars (sucrose, glucose and frucaoske)he formation of maltose during cooking

(Kays and Wang, 2000). The sweet flavor of the $we¢ato depends mainly on the maltose

content (Picha, 1985, Sun et al., 1994; Truond.etLl886). In examining the sugar content and

flavor of sweet potato, Koehler and Kays (1991)gased that starch hydrolysis and maltose
generation were important factors in the charagtierisweet potato flavor. Maltose was later

found to be a primary precursor for many of theatitd compounds emanating from baking (Sun

et al., 1994).

Formal sweet potato breeding in South Africa watsaited in 1952 (Bester and Louw, 1992), and
in 1996, breeding of orange-fleshed sweet potatoesmenced as part of a strategy to address
vitamin A deficiency (Laurie et al., 2009). A numbef new orange-fleshed sweet potato
varieties have been identified in South Africa.c®inaste is very important in adoption of new
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varieties, research was needed on sensory proflgconsumer acceptability of new varieties.
The aims of the present study were: 1) to desdhbesensory variation in new orange-fleshed
sweet potato varieties in terms of sensory chaniatitss, sugar content and instrumental texture

and color; and 2) to evaluate the consumer acciiptaid the same varieties at a single location.

8.3. Methodology

8.3.1. Samples

The same varieties that were tested for agronoreifopnance of orange-fleshed varieties
(Section 4.3.2) were used in the present study,ehaBeauregard, Resisto, W-119 and Excel
(imports from the USA); Khano, 1999-1-7, 2001-5k8pilo, and Serolane (new South African
varieties) and, for comparison, three cream-fleshaiketies Blesbok, Ndou and Monate. The
sweet potatoes were produced at the main resaastituiion at Roodeplaat in an advanced yield
trial during the 2006/7 season (the growing condgiwere indicated in Table 4.1 to 4.2). The
samples were harvested and transported to thergdaboratory, the venue for consumer testing

and to the laboratory for sugar analysis.

8.3.2. Sensory profiling

A trained taste panel consisting of eight membemuated the samples following the same
methods as in Section 7.3.2. In the present suaha was collected during two tasting sessions
(two replicates) over two days (as compared toettgessions in Chapter 7). The descriptive

terms defined for the present 12 varieties arerginelable 8.1.

8.3.3. Instrumental texture and color
Color and texture analysis were conducted as destin Section 7.3.3. The only difference was
that eight color measurements were done per saf@pdlices x 2 readings x 2 sessions), and

texture analysis was repeated twice; therefore fioessurements per variety were taken.
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Table 8.1 Characteristics used in the sensory aisaby 12 sweet potato varieties

Characteristics Score Description
Yellow-green 0 None View the samples and analyze the intensity of the yellow-green
color 100 Intense color
w  Orange color 0 None View the sample and analyze the intensity of the burnt orange
:Z() 100 Burnt orange color
€ Natural darker 0 None View the sample and analyze the extent to which the periphery
o edgeson 100 Extremely of the outer edges are naturally darker than the interior of the
%  periphery sample
Discoloration 0 None Cut the sample in half horizontally and compare the inside of
the sample to the exposed surface. Analyze the intensity of
100 Extremely discoloration on the exposed surface after 15 minutes
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

Very sweet ated wi i
100 efy swee associated with a sucrose solution

o
Q  Sweet potato-like 0 Low Taste the sample and analyze the intensity of the typical flavor
é flavor 100 High associated with sweet potatoes

Pumpkin-like 0 Low Taste the sample and analyze the intensity of the flavor

flavor 100 High associated with cooked butternut

Wateriness 0 Dry Taste the sample and analyze the wateriness as opposed to
W 100 Moist dryness of the sample
?;_C Graininess 0 Smooth Taste the sample and analyze the smoothness as opposed to
o3 100 Grainy graininess of the sample
P Firmness 0 Extremely soft ~ Taste the sample and analyze the softness as opposed to

100 Firm firmness of the sample

8.3.4. Deter mination of free sugar and starch content

The sampling procedure for sweet potatoes for sagalysis was similar as described in Section
5.3.2. The contents of individual sugars (glucdagtose, sucrose, maltose) and of starch were
determined (AOAC, 2007; MacRae and Armstrong, 1968)oth fresh and cooked roots of the
12 varieties. The ratio of total free sugars tacstaand the sucrose equivalents (SE) were
calculated per 100 g cooked mass and dry masscakralated (Kays et al., 2005; Shallenberger,
1993). The dry matter content of fresh and cookmatsr was determined (AOAC, 2007). All
analysis was done on a single sample per varidtgsd@ analyses in cooked roots were done to
possibly identify strongly association between clvatanalyses and sensory attributes, towards
future use in preliminary screening for acceptable. Analyses of fresh roots were done to
possibly identify variables which correlate strongketween fresh roots and cooked roots. These
could then be evaluated directly on fresh rootpeeislly 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 conductedpnl 2007 in Dassenhoek, a semi-urban area
in KwaZulu-Natal, as part of a collaborative schgatden project which was approved by the
Ethics Committee of the MRC. The same procedures voiowed as described in Section 7.3.4.
The consumer panel at this time consisted of 168asy school children (84 boys and 84 girls)
from grades 1 to 7 (12 boys and 12 girls per grddes7) and a convenient sample of 48 adults
(24 males and 24 females) from the area surrounttimgchool. According to a BIBD randomly

each consumer evaluated four samples.

8.3.6. Statistical analysis

Data of the sensory attributes from the trainedepavere subjected to a test-retest multi-way
ANOVA (including the interactions session*panellstd variety*panellist) to test the reliability
of the panel members (Gregory, 2000). The sendtniputes (on data points derived from three
sessions) and instrumental data (on data pointsedkefrom two roots x three sessions) was
subjected to a one-way ANOVA with the effects vifieexperimental error and sample error
using the GLM Procedure of SAS/STAT Version 9.2 determine whether statistically
significant differences existed among the meantheftwelve varieties. The Student’s protected
t-LSD was calculated when the F-probability frome tANOVA was significant, in order to

compare means at the 5% significance level.

The consumer survey interval data was subjectedBtBD ANOVA using the SAS package. To

explore further, the consumers were subdivided raoeg to gender, group (adult, children), and
interactions with variety (n=208) in an ANOVA. TBéudent’s protected t-LSD was calculated at
the 5% significance level to compare means of gant effects. Various row by column tables

of frequencies were performed to test associapatt€rns) using the Chi-Square test.

Two multivariate analyzes were performed using GanRBelease 11.1. Correlation analysis was
performed to determine the association between snefnnstrumental data, sugar content,
sensory attributes, and the means of consumer piatel A p-value of <0.05 was regarded as

significant. A PLS regression analysis was perfanas used by Smith et al. (2009), to
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investigate the association among sensory attsbudensumer panel and varieties (X-matrix:
sensory attributes, sugar content and instrumelatat Y-matrix: consumer panel data).

8.4. Results

8.4.1. Sensory characteristics

The test-retest procedurghowed significant differences for the interactioh session by
panellist for attributes yellow-green, orange caod sweet potato-like flavor (Tables 8.2.1 —
8.2.2); which indicated slightly lower reliabilitgf data in terms of these attributes. The
interaction variety by panellist was mostly statey insignificant, suggesting high reliability.
The exceptions were sweet potato-like flavor amohrfiess. The mean values for the different
sensory characteristics for the 12 varieties ofetwmtato are summarized in Tables 8.2.1 -
8.2.2 and are also illustrated visually in the spidiebs in Fig. 8.1. The 12 varieties differed
significantly in all sensory traits, except firmge¥ariables with comparably lower scores were
discoloration, and the texture attributes watesngsaininess and firmness.

Appearance

Yellow-green color was mostly observed in crearsted varieties (Table 8.2.1). Ndou (75. 6)
was scored significantly higher than Blesbok andni&te at 58.6 and 58.4, respectively. These
two varieties were scored significantly higher thdre other nine varieties, which had a
prominent orange color, and were therefore scare@i on the yellow-green color scale: varying
from 0.3 and 0.0, indicating almost no yellow-gremtor. Four of the sweet potato varieties,
Khano, 2001-5-2, Resisto and W-119, were scoreaifgigntly higher for visible orange color
(ranging from 82.9 to 79.9), followed by a secomdup consisting only of Beauregard (74.3),
and a third group consisting of Impilo, Excel aret@ane (ranging from 58.9 to 55.7). Blesbok,

Ndou and Monate had scores of 0.0 for visible ogazgor.

Low scores for darker edges are desirable. Threaggsaups could be distinguished with regards
to darker edges. Excel, Khano, Ndou and 1999-1efescthe highest (ranging from 37.3 to
31.2). The intermediate group was Serolane, Redstauregard and W-119 (ranging from 25.6
to 19.3). The group with the lowest degree of daddges were Impilo, Blesbok, 2001-5-2 and
Monate (ranging from 11.0 to 6.6), indicating a ldegree of darkening. The mean values for
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discoloration were low relative to other attributespilo was scored the highest for discoloration
with a mean value of 19.6, followed by Khano (1@Ayl Serolane (13.8). These varieties scored

significantly higher than Blesbok which scored litnest with a mean value of 4.9.

Flavor

High scores for sweet and sweet potato-like flaamd low scores for pumpkin-like flavor are

desirable (Table 8.2.2). Only small differencessiveet flavor were detected between the
varieties. Impilo had the highest mean score foeetness (53.1), followed by Monate, Ndou,
1999-1-7 and 2001-5-2 which had scores varying ffe2n2 to 47.1. These varieties had

significantly higher scores than Khano, Blesbok &w®shuregard, that scored lowest for sweet
flavor (36.2 to 30.0). The varieties that scoreghkest for sweet potato-like flavor, significantly

higher than all other varieties, were Ndou and Menaith mean values of 76.4 and 72.0,
respectively. The lowest score for sweet potate-filavor 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 fpea@nce of 12 sweet potato varieties

Appearance

Yellow-Green Orange color Darker edges Discoloration

Ndou * 756a Khano 829a Excel 37.3a Impilo 19.6 a
Blesbok ! 586b  2001-5-2 82.8a Khano 35.7a Khano 16.7 ab
Monate 1 584b  Resisto 81.6a Ndou' 31.8ab  Serolane 13.8 abc
Impilo 03¢  W-119 799a 19991-7 312ab  Ndou'’ 11.5 bed
Serolane 0.2c  Beauregard 74.3b  Serolane 256bc  1999-1-7 11.1 bed
1999-1-7 00c  1999-1-7 66.3¢ Resisto 241bc  Excel 10.8 bed
2001-5-2 0.0c Impilo 58.9d Beauregard 204c  W-119 10.5 bed
Beauregard 0.0c Excel 589d W-119 19.3dc  Resisto 8.9cd
Excel 0.0c  Serolane 55.7d  Impilo 11.0de  Beauregard 8.2cd
Khano 0.0c  Blesbok ! 0.0e  Blesbok 91e Monate ! 74cd
Resisto 0.0c Monate ! 0.0e 2001-5-2 84e 2001-5-2 6.5 cd
W-119 0.0c Ndou ! 0.0e Monate! 6.6e Blesbok 49d
Mean 16.1 53.4 217 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 45 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 &moil and texture of 12 sweet potato varieties

Flavor Texture

Sweet Sweet potato-like Pumpkin-like Wateriness Graininess Firmness

Impilo 53.1a Ndou ! 764a  Excel 431a  Blesbok ! 233a  W-119 239a  W-119 21.9
Monate 1 52.2 ab Monate 1 720a  W-119 299b  Impilo 19.8a  Excel 229ab  2001-5-2 21.8
Ndou ! 50.4 abc Blesbok ! 51.0b Impilo 279b  Beauregard 189a  2001-5-2 16.5bc  Beauregard 19.8
1999-1-7 49.1 abc Serolane 486 bc  Khano 256bc  Monate ! 18.5a  Blesbhok! 15.7¢c  Excel 17.8
2001-5-2 47.1 abc 1999-1-7 434Dbcd  Resisto 247bc  Ndou'! 18.4a Beauregard 15.1c  Resisto 16.3
Resisto 448abcd  Impilo 412bcd Beauregard 23.8bc  Khano 18.2a  Serolane 134cd  Serolane 15.0
Excel 429 bcde  2001-5-2 39.0cd  2001-5-2 23.3bc  2001-5-2 17.6ab  Impilo 13.4cd Ndou' 14.2
Serolane 423bcde  Beauregard 354de  1999-1-7 224bc  1999-1-7 11.8bc  Khano 11.8cd  Blesbok ! 13.2
W-119 40.7 cde Resisto 353de  Serolane 16.5¢c  Excel 101¢c  1999-1-7 10.0cd  Khano 12.1
Khano 36.3 def Khano 352de  Blesbok ! 0.2d Resisto 9.6¢ Resisto 7.6de  Impilo 11.8
Blesbok 1 34.4 ef W-119 279e Monate 1 0.2d Serolane 7.7¢ Ndou ! 31e Monate 1 11.6
Beauregard 30.0f Excel 258¢e Ndou ! 0.1d W-119 72¢ Monate ! 19e 1999-1-7 10.1
Mean 43.6 443 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

' Cream-fleshed varieties
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The varieties can again be divided into three gsorggarding pumpkin-like flavor (refer to
Table 8.2.2 and Fig. 8.1). Excel scored the higfasthis attribute, significantly higher than
all other varieties with a mean score of 43.1. Bkeeond group with intermediate scores
consisted of W-119, Impilo, Khano, Resisto, Beaardg 2001-5-2 and 1999-1-7 (ranging
between 29.9 and 22.4). The group scoring lowaspdonpkin-like flavor was Serolane and
then Blesbok, Monate and Ndou which were signifigatower (varying from 0.2 to 0.1)

than all the orange-fleshed varieties.

Texture

The scores for the three texture attributes weadively low. The 12 varieties were divided

into two main groups when comparing watery tex{ueder to Table 8.2.2 and Fig. 8.1). The
following varieties fall into the group that wasosed the highest for wateriness: Blesbok,
Impilo, Beauregard, Monate, Ndou, Khano and 20®L-F+he mean scores for this group
ranged from 23.3 for Blesbok to 17.6 for 2001-5¥he varieties that scored lower for
wateriness were 1999-1-7, Excel, Resisto, Serotrek W-119. The first group differed

significantly from the second group except for 2@32 and 1999-1-7.

According to Table 8.2.2 and Fig. 8.1, W-119 anadixvere scored significantly £€0.05)
higher in graininess than the rest of the variefeescept for Excel not being significantly
higher than 2001-5-2) with values of 23.9 and 22e8pectively. The mean values indicate
that these varieties were not perceived as beinggrainy. The second group of varieties had
values of between 16.5 and 10.0 for graininess,ieldded 2001-5-2, Blesbok, Beauregard,
Serolane, Impilo, Khano and 1999-1-7. The group $eared lowest for graininess consisted
of Resisto, Ndou and Monate (mean values 7.6 tp 1.9

No statistically significant differences were fouird firmness between the 12 varieties of
sweet potatoes. The trend in the scores for firsseewed that W-119 and 2001-5-2 were
relatively higher in firmness than Monate and 1998- For all the varieties the mean values
for firmness ranged from the lowest value of 1@A ¥999-1-7 (indicating a high degree of

softness) to a mean value of 21.0 for W-119 (irntiigga relatively low degree of firmness).
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Graininess

Wateriness

Pumpkin flavor

Yellow-green color

Sweetpotato flavor

Dark edges

Discoloration

Sweetness

O Blesbok

Yellow-green color

Graininess Dark edges

Wateriness Discoloration

Pumpkin flavor Sweetness

O Beauregard

Sweetpotato flavor

Graininess

Wateriness

Pumpkin flavor

Yellow-green color

Sweetpotato flavor

Dark edges

Discoloration

Sweetness

O Khano

Yellow-green color

Graininess Dark edges

Wateriness Discoloration

Sweetness

Sweetpotato flavor

01999_1_7

Graininess

Wateriness

Pumpkin flavor

Yellow-green color
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Fig. 8.1 Spider graphs illustrating the sensorahbteristics of the sweet potato varieties:
Blesbok, Beauregard, Khano, 1999-1-7, Ndou, Impflonate and 2001-5-2
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Yellow-green color Yellow-green color

Firmness Orange color Firmness Orange color
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Sweetness Pumpkin flavor Sweetness
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Pumpkin flavor Sweetness

ow_119 Sweetpotato flavor O Serolane

Fig. 8.1 (continue) Spider graphs illustrating seasory characteristics of sweet potato

Sweetpotato flavor

varieties: Excel, Resisto, W-119 and Serolane

8.4.2. Instrumental color and texture

The results in Table 8.3 show that the caldr(lightness) value of Monate was significantly
higher (higher in lightness at 31.12) than thaBefolane (lowest in lightness at 55.55) and
Ndou (54.90). There was a tendency for the otheeties to differ in degree of lightness,
however, these differences were not statisticaliynicant. Reasonable differences were
found in colora* values (red to green) of the varieties. Khano f®e$iad high coloa* (red

to green color) values (30.55 and 29.79, respdgjivustrating a distinct redness. 2001-5-2,
1999-1-7, Beauregard and W-119 had intermediater @i values (slightly less red) of
between 27.78 and 25.16, whereas Serolane, ImpdoExcel had slightly lowea* values
(varying between 21.70 and 18.07). Ndou, Monate Blesbok, on the other hand had
negativea* values (slight green color), all three signifidgardifferent from the rest of the
varieties (varying between -1.29 to -6.90). Highocd* values indicate a prominent yellow
color. The high colob* value of Serolane was significantly higher (53.8&n that of the
other varieties. The next group was Khano, Imgiesisto, Excel, 1999-1-7, Beauregard and
2001-5-2 with colob* values ranging from 47.58 to 42.85, illustratiing foresence of an
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intermediate amount of yellow. The third group W&s119 and Ndou with low colob*
values (between 37.12 and 34.71) and the last graspMonate and Blesbok with the lowest
b* values (24.10 and 17.06 respectively), both irttigea low degree of yellowness.

Instrumental firmness (refer to instronforce in 1BaB.3) indicated that W-119 required the
highest force to compress the sample (30.13 N)s Whs significantly higher than Blesbok,
Resisto, 2001-5-2, Ndou, Excel, Impilo, Monate d®@®9-1-7 (ranging from 12.55 to 6.23
N). Serolane, Khano and Beauregard scored inteateethean instronforce values ranging
from 26.83 to 14.87 N. These results support thdah® sensory analysis of firmness where
W-119 had the highest value for firmness and 1999Had the lowest value for firmness
(Table 8.2.2). Instrumental gumminess illustratesresistance of a product to disintegrate on
mastication. The mean values for gumminess showedsa the same pattern as that of the
instronforce. W-119 had a significantly higher walfor gumminess (5.97 N) than Ndou,
2001-5-2, Monate, Excel, Resisto, Impilo, Blesbaikl 4999-1-7 (ranging from 1.58 N to

0.83 N). The latter varieties were all similar ieglee of gumminess.

Table 8.3 Mean values for instrumental color andutel characteristics of 12 sweet potato

varieties
Color Texture
Color L* Color a* Color b* Instronforce Gumminess
(N) (N)
Serolane  55.55ab  Khano 30.55a  Serolane  53.88a W-119 30.13a  W-119 597 a
Ndou ! 54.90ab Resisto 29.79a  Khano 4758b  Serolane 26.83ab  Serolane 451 ab
Blesbok ' 53.17bc 2001-5-2 27.78b  Impilo 47.34b  Khano 18.76 abc  Khano 3.55ab
Resisto 5297bc 1999-1-7 26.36bc  Resisto 4644b Beauregard 14.87bc Beauregard 3.05ab
Impilo 52.54bc Beaure- 26.33bc  Excel 4596 b  Blesbok ! 1255¢  Ndou! 158 b
ard
2001-5-2  51.07 bc 3V-1 19 2516¢  1999-1-7 4574 bc Resisto 11.97¢  2001-5-2 145b
1999-1-7  50.85bc Serolane 21.70d  Beaure- 4346¢cd 2001-5-2 1191¢c  Monate! 1.36 b
ard
Beaure- 50.18 bc  Impilo 20.52d 8001-5-2 42.85d Ndou' 1154c  Excel 1.33b
ard
&hano 49.99bc  Excel 18.07e  W-119 3712e  Excel 1043c  Resisto 117b
Excel 49.33bc  Ndou -1.29f  Ndou 34.71e  Impilo 760c  Impilo 115b
W-119 4799c Monate' -429g  Monate ! 2410f  Monate ! 7.38¢c  Blesbok 114 b
Monate ! 31.12d Blesbok! -6.90h  Blesbok! 17.06g 1999-1-7 6.23¢  1999-1-7 0.83b
Mean 52.47 17.81 40.52 14.22 2.25
P-value <0.001 <0.001 <0.001 <0.001 <0.001
(variety)
LSD 6.63 1.99 243 12.47 3.97

Means for varieties in a column followed by the same letter are not significantly different at P < 0.05
' Cream-fleshed varieties
N = Newton
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8.4.3. Free sugar and starch content

According to Woolfe (1992) the free sugar conté&atdn fresh weight basis) of sweet potato
vary between 0.24 and 1.50% for glucose, 0.30 ah8% for fructose, 1.30 and 4.10% for
sucrose, and 0 and 0.64% for maltose. The freer suggdgent infresh roots (from a single
data point) determined for the 12 varieties inghesent study are given in Table 8.4. Glucose
content in fresh roots varied between 0.57% an®%.9mean, 1.22%); fructose between
0.52% and 2.56% (mean, 1.32%); sucrose betwee®D&8 4.34% (mean, 2.76%); and
maltose between 0.26% and 0.52% (mean, 0.40%). gllive@se and fructose content of the
12 varieties were somewhat higher than reportedsigget potato by Woolfe (1992). The
maltose content was highest in Excel and Impilo #aedlowest in Khano and Monate, while
maltose was not detected in Serolane and Beaureghed content of the four free sugars
measured differed considerably among the sweet@utaieties. The total free sugar content
varied between 2.02% and 6.70% (Table 8.4).

The relative sweetness of the different individsizdars varies (Shallenberger, 1993) and was
expressed as total SE in Table 8.5. The total seceguivalent of the varieties was mostly
very high £38 g/100 g dry mass) to high (29-37 g/100 g dryspnasxcept W-119 which was
moderate (21-28 g/100 g dry mass) as classifiedrdory to Kays et al. (2005). Starch
content in fresh roots of sweet potato varietias wary greatly ranging from 5.3 to 28.4%,
with a mean of 20.1% (Woolfe, 1992). In the prestatly, the starch content of fresh roots of
the 12 varieties ranged from 18.44% (Ndou) and 1%.1Serolane) to 8.80% in Beauregard
(Table 8.5), with a mean of 13.43%. The resulteedrwith reports that freshly harvested
sweet potatoes are relatively high in starch andstarch polysaccharides and relatively low
in sugars, of which the predominant one is suc(bleevat et al., 1991; Woolfe, 1992).

The ratio of total free sugars to starch was cated (Table 8.4). The ratio in fresh roots was
high in Beauregard, Blesbok and 2001-5-2 (0.60.53)0and low in Ndou and Serolane (0.16
and 0.11). Serolane, Ndou, W-119 and Resisto hadighest dry matter content on fresh
root basis (varying from 30.5 to 27.5%). In conttdasv dry matter content was measured for
Blesbok and Beauregard (18.8 to 16.1%). The drytanatontent of the fresh roots was
following the same trend as the starch contentcBteontent and dry matter content has been
found to be correlated since starch constitute§@®- of the dry matter content (Woolfe,
1992).
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Table 8.4 Content of free sugars (%), starch (%)dry matter (%) in fresh and cooked roots of 12evpotato varieties

FRESH
Glucose % Fructose % Sucrose % Maltose % Total Free sugars % Starch % Total Free sugar:Starch  Dry matter %
Blesbok 1 1.99  Impilo 256  Resisto 434  Excel 0.52  2001-5-2 6.70  Ndou' 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 0.57  Ndou 28.0
Beauregard 1.67  Ndou 182 1999-1-7 366  Ndou! 045 W-119 6.03  W-119 16.63 2001-5-2 0.57  W-119 21.7
2001-5-2 1.63  Blesbok ! 1.65  Excel 359  Bleshok ! 042  Excel 5.94  Resisto 15.97  Excel 0.50  Resisto 275
Impilo 141 W-119 140  2001-5-2 333  Resisto 042 1999-1-7 5.73  Monate ' 15.13  Khano 048  1999-1-7 24.7
Excel 1.00  2001-5-2 140  W-119 249  1999-1-7 0.41  Khano 539  1999-1-7 13.19  Impilo 045 Monate ! 23.8
Monate 0.98  Beauregard 1.28  Beauregard 237 W-119 0.35 Blesbok ! 536  Excel 11.97  1999-1-7 043  Excel 23.5
1999-1-7 0.9  Monate ' 0.86 Monate ! 230  2001-5-2 0.34  Beauregard 532 2001-5-2 11.81 Resisto 040  2001-5-2 23.0
Resisto 0.89  Excel 0.83  Bleshok ! 1.30  Khano 0.29  Impilo 471 Khano 11.23  W-119 0.36  Impilo 219
Ndou ! 0.63  1999-1-7 0.76  Impilo 0.23  Monate ! 0.26  Monate 440  Impilo 10.43 Monate ! 0.29  Khano 21.2
Khano 0.57  Resisto 0.75  Serolane ND  Serolane ND  Ndou! 290 Blesbok ! 942 Ndou' 0.16  Beauregard 18.8
Serolane ND  Khano 0.52  Ndou' ND  Beauregard ND  Serolane 2.02 Beauregard 8.80  Serolane 0.11  Blesbok 16.1
Mean 1.22 1.32 2.76 0.40 5.08 13.43 0.4 23.9
COOKED
Glucose % Fructose % Sucrose % Maltose % Total Free sugars % Starch % Total Free sugar:Starch  Dry matter %
Impilo 1.60  Impilo 140  19991-7 4.09  Serolane 11.53  Serolane 15.32 Ndou' 9.84  Impilo 296 Ndou! 246
Blesbok 1 142  Blesbok ! 1.39  Khano 334  Ndou! 10.11  Impilo 13.62 W-119 8.82 2001-5-2 288 W-119 231
2001-5-2 125  2001-5-2 117 Serolane 3.33  Monate ! 8.05 Ndou ' 13.18  Serolane 8.60  Excel 2.22  Resisto 226
Beauregard 1.24  Beauregard 1.09  Resisto 3.22  Impilo 7.65 2001-5-2 12.59 Resisto 8.07  Khano 214 Serolane 224
W-119 0.92 W-119 0.81  Impilo 297  Resisto 7.3 Resisto 11.58 Monate ! 7.18  Beauregard 2.05  Excel 20.3
Excel 0.73  Ndou! 0.77  2001-5-2 291 2001-5-2 726 1999-1-7 1149 1999-1-7 6.67 Blesbok 1.82  Monate ! 20.2
Ndou * 0.57  Excel 0.67  Excel 289  Excel 7.18  Excel 11.47  Excel 5.16  Serolane 1.78  2001-5-2 19.7
Monate 0.56  Resisto 0.61 Beauregard 198  W-119 6.72 Monate ! 10.80 Khano 503 1999-1-7 1.72  Impilo 19.4
1999-1-7 049 Monate! 0.55 Ndou ! 173 1999-1-7 6.5 Khano 10.74  Blesbok 480 Monate! 150  1999-1-7 19.3
Khano 048 Khano 049 Monate ! 1.64  Khano 643 W-119 10.01 Beauregard  4.62 Resisto 143  Beauregard 18.7
Resisto 045  Serolane 046  W-119 156  Blesbok ! 516  Beauregard 9.45  Impilo 460 Ndou! 1.34  Khano 16.8
Serolane ND  1999-1-7 041  Blesbok ! 0.77 Beauregard 514  Blesbok ! 8.74 2001-5-2 437  W-119 113  Blesbok 15.9
Mean 0.88 0.82 2.54 742 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

' 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/100afet 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 7.37
Bleshok * 34.94 high Excel 7.25
Beauregard 33.74 high Khano 7.00
Resisto 32.62 high Beauregard 6.29
Monate ! 30.25 high Monate 6.12
Ndou 29.92 high Blesbok 5.57
W-119 2344 mod W-119 542
Mean 35.81 Mean 7.18

' Cream-fleshed varieties
2Total 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 ¢cheked roots are given in Table 8.4. The glucose
content in cooked roots ranged from 0.45 to 1.60%a(, 0.88%), fructose ranged from 0.41
to 1.40% (mean, 0.82%), sucrose ranged from 0.Z4/08% (mean, 2.54%), and the maltose
content was much higher ranging from 5.14 to 11.58%an, 7.42%). Previous studies on
free sugar content in baked sweet potato indictitadthe glucose content ranged from 0.27
to 2.73%, the fructose content from 0.26 to 1.998, sucrose content from 1.59 to 5.17%
and the maltose content from 4.02 to 14.12% (Wodlf@92). The maltose content was
highest in Serolane and Ndou and lowest in Blesbuk Beauregard. Similarity was seen in
the content of glucose and fructose. These follottedsame trend among varieties in the
cooked roots, but not in the fresh roots. Free isagatent of cooked roots of Beauregard, as
measured by Truong et al. (1997), contained 1.28%oge, 0.73% fructose, 1.29% sucrose
and 4.61 % maltose.

The changes observed between the mean free sugantof fresh roots of 12 varieties and
the mean free sugar content of cooked roots, aieated at the bottom of Table 8.4. Glucose
was reduced on average by 0.34%, fructose by 0.8@% sucrose by 0.23%; maltose
increased on average by 7.02% and the total frgarsiby 6.51% in the cooked roots. The
increase in the maltose content agrees with prevgiudy indicating that cooking causes
hydrolyses of starch to maltose and dextrins (Horea al.,, 1991; Woolfe, 1992).

Consequently, the starch content of cooked roots mauced on average by 6.95% as
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compared to fresh roots with an increase in the #egar to starch ratio. The dry matter

content reduced on average by 3.6% when the roars @ooked.

The correlations between the free sugar contefresh roots of the 12 varieties and cooked
roots for the 12 varieties were calculated (retethte last row of Table 8.4). Moderate to
strong correlations were found between the cookeldfish root sugar and starch content of
the 12 varieties, with the exception of maltose. $tarch (r = 0.96) and dry matter content (r
= 0.89) there were strong correlations betweerhfeesl cooked values. Determination of the
correlation in the total SE between cooked and mawis of the 12 varieties in Table 8.5,
indicated a strong correlation (r = 0.82). The drgtter content in fresh roots showed strong
correlation with starch content of cooked roots=(0.84) and with the maltose content in
cooked roots (r = 0.79). The latter findings imgtat determination of dry matter content in

fresh roots can be a good indication of starchraatiose content in cooked roots.

8.4.4. Consumer acceptability

Consumer panel color acceptability

According to the BIBD ANOVA for the consumer panehean color scores were not
statistically significant for variety (Table 8.@xplorative analyses of color scores indicated
significant effects for the interaction gender*edyi (P=0.0030), but not statistically

significant for gender; group (children, adult)pgp*variety and gender*group*variety.

The mean color scores were in a narrow band ranfyjorg 3.56 to 3.00 (though large
variation was present in individual scores of vi@g® as seen from the standard deviation).
The trends in the mean color score (Table 8.6)atdd that Monate (3.56) had the highest
mean score followed by Excel, Beauregard and Blegtanging from 3.46 to 3.43), while
W-119 and Khano had the lowest mean color scoréd @hd 3.00).

The different trends in the consumer panel growpsrfale and female with regards to color

scores for specific varieties, are presented in 8ig. Higher color scores were given by

males to Impilo, Blesbok, Khano, while females ghigher scores to Ndou and Serolane.
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Table 8.6 Mean and SD for consumer panel tastecafa scores (n = 216) of 12 sweet

potato varieties

Variety Mean color score 2 Variety Mean taste score 2
Monate 3.56 (1.19) Monate ' 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 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(1.39) W-119 3.67(1.29)ab
Impilo 3.31(1.25) Ndou ! 3.65(1.21)ab
Resisto 3.26 (1.41) Blesbok ! 3.40 (1.30) abc
Ndou * 3.17 (1.42) 1999-1-7 3.33(1.34) bc
W-119 3.04 (1.33) Khano 314 (144)c
Khano 3.00 (1.38) Beauregard 311(142)c
Mean 3.31 3.56
P-value (variety) 0.2932 0.0032
LSD 043 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

" Cream-fleshed varieties
2Scale for scores: 1=very bad; 2=bad; 3=indifferent; 4=nice; 5=very nice

0O Female m Male

4.0

3.8

3.4
3.2

3.0 + 1

Color score

2.8

2.6
2.4 +

Variety

Fig. 8.2 Mean color scores for the consumer gegdmips female (n=108) and male (h=108)

for 12 sweet potato varieties

The Chi-Square test indicated no statistically ificent effects with regards to theolor
interval data. The following trends were noticed from the resuBoth Beauregard and Excel

were indicated as ‘very nice’ by 28% of the consupanel (Table 8.7), while 37% and 32%
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respectively of the consumer panel considered brguild Blesbok to be ‘nice’. Children had
higher percentage ‘very nice’ for Serolane (30%@nttadults (6%) and higher percentage
“nice” for Ndou (38% vs 12% for adults) and 1999-136% vs 19% for adults). Adults gave
a higher percentage “very nice” to Resisto (56%4&% for children) and 2001-5-2 (38% vs
20% for children), and higher percentage “nice” oecel (44% vs 21% for children). The
attraction of the root flesh in Resisto to adul@swaccentuated by 87% of adults rated this
variety as “very nice” or “nice”. The interval “werbad” was mostly indicated for Ndou,
Khano and W-119 in 20%, 18%, and 17% of caseseuogisely. Children used the intervals
“very bad” and “bad” in higher frequency than adulivhile adults used the interval ‘very

nice’ more than children did.

Table 8.7 Frequency distribution (%) of consumengbecolor scores for 12 sweet potato

varieties
= ~ [ ~ o~ ~
Group g W oo g2 g 8 8 2 2 & E =
Interval  n m
All (P=0.7420) 216
Very nice 286 28 25 25 25 23 23 21 20 18 17 17
Nice 28 26 31 26 26 32 28 32 32 22 31 22
Indifferent 4 19 27 13 18 17 21 23 14 20 15 26
Bad 21 17 11 2 210 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 21 21 34 25 23 36 271 32 38 23 3 23
Indifferent 12 23 271 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 4 19 31 38 19 31 31 12 19 38 19
Indifferent 9 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 9 25 6 19

1 Cream-fleshed varieties

Consumer panel taste acceptability

The BIBD ANOVA for the consumer panel with respézttaste scores was significant for
variety (Table 8.6). Explorative analyses of otbffects and interactions for taste scores were
significant for group (children, adult) (P=0.002)d not statistically significant for gender,

gender*variety, group*variety, gender*group*varieffhe mean varietal taste scores (Table
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8.6) were in a narrow band ranging from 3.83 tol3(though individual scores differed

considerably as seen from the standard deviatibhg LSD’s distinguished Monate and

Impilo with high scores of 3.82 and 3.79, respestiyfrom 1999-1-7, Khano and Beauregard
with significantly lower taste scores varying betwe3.33 and 3.11. A large number of
varieties fell into an intermediate group with sowarying from 3.72 to 3.65, consisting of
2001-5-2, Serolane, Excel, Resisto, W-119 and Ndte cream-fleshed variety Blesbok

with a taste score of 3.40 was not distinguishethfthe latter group or the varieties with the
lowest scores. With regards to taste scores, fifiereint trends in scores given by adults and
children are illustrated in Fig. 8.3. Higher taswores were given by adults to 2001-5-2,
Excel, Khano, Resisto, Serolane and W-119. Chilgire higher taste scores for Blesbok as

compared to adults.

‘ OAdults @ Children

Taste score
w
(o]
I

Variety

Fig. 8.3 Mean taste scores for the consumer gradpks (N=192) and children (N=672) for

12 sweet potato varieties

The Chi-Square test indicated significant effentgnierval data for all consumers, children
and adults for taste. The interval ‘very nice’ viladicated by 40% of the consumer panel for
the taste of Impilo and Excel, and 34-36% for Resi2001-5-2, and Monate (Table 8.8). In
addition, 35% and 32% respectively, of the consupaerel considered Ndou and W-119 as
‘nice’. The interval ‘very bad’ was indicated inghiest percentage for Khano and Beauregard,
19% and 17% respectively. Blesbok and 1999-1-7Higld percentages in the interval “bad”

(19% and 25%, respectively). The taste scores faty for children and adults are also
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given in Table 8.8. Adults used the interval ‘varige’ in higher frequency than children;
while children used the interval ‘very bad’ in heghfrequency. Adults indicated higher
percentage "very nice" to Resisto (75% vs 25%), tredinterval 'nice' to Monate (69% vs
27%). Children indicated a higher percentage naeBlesbok (41% vs 12%), and also
indicated higher percentage 'very bad' to Khan&q28 6%).

Thus when considering both taste and color consuypa@el results, the orange-fleshed
varieties Impilo, Excel, Resisto, 2001-5-2, Serelamd W-119, and cream-fleshed varieties
Monate and Ndou were acceptable to both adultschildren. Adults scored Resisto and
Monate higher for taste than children; while cleldrscored Blesbok higher than adults.
Monate had the highest scores for taste as wetbls of the 12 varieties. The consumer

panel rated Beauregard, Khano and 1999-1-7 thesloiwetaste.

Table 8.8 Frequency distribution (%) of consumargbdaste scores for 12 sweet potato

varieties
o~ ~ [ ~ ~ =
h o - ; ~ o
2 8t 2 82 8 33 5 ¢ §
Group Ea g & 5 2 58 2 8 2 3 &
Interval  n o = @ M
All (P=0.0136) 216
Very nice 40 40 36 36 34 32 32 28 24 2 2 2
Nice 31 21 25 24 3% 32 30 3B 30 35 22 28
Indifferent "1 15 19 22 18 16 21 20 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 3% 29 29 28 21 21 23 18
Nice 20 21 2 271 21 32 30 34 34 41 22 28
Indifferent 13 14 23 28 23 18 21 20 9 13 16 1
Bad 5 18 18 11 5 10 11 9 25 18 23 20
Very bad 12 11 5 9 9 11 9 9 N 7 16 23
Adults (P=0.0216) 48
Very nice 38 56 50 75 25 44 44 25 31 25 19 A
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 analyses,irdicated in Table 8.9 to 8.11). A few
significant correlations were found among the sensattributes (Table 8.9). A strong
negative correlation (r = -0.987) was seen betwmange and yellow-green color, confirming
that orange-fleshed varieties showed less yellaemgrcolor than cream-fleshed varieties.
Sweet potato-like flavor had a positive correlat{or= 0.871) with yellow-green color and
negative correlation to orange color (r = -0.84%)mpkin-like flavor had strong negative
correlations with yellow-green color (r = -0.87 Hdasweet potato-like flavor (r = -0.900), and
positive correlation to orange color (r = 0.829nde orange-fleshed varieties were lower in
sweet potato-like flavor and higher in pumpkin-lit@vor. There was a negative correlation
between texture attribute graininess and yellovegreolor (r = -0.563) and sweet potato-like
flavor (r = -0.801); and a positive correlation weén graininess and pumpkin-like flavor
(0.685). These again related to the differencesvdrst orange-fleshed and cream-fleshed
sweet potato since orange-fleshed varieties wenerg#ly higher in graininess and pumpkin-
like flavor. Firmness was positively correlatedgi@ininess (r = 0.629), thus varieties which

were higher in firmness were generally also highgraininess.

The instrumental measurements correlated well sothe attributes evaluated by the sensory
panel (Table 8.10). Cola* andb* had strong negative correlations to yellow-greelorc(r

= -0.904 and -0.807, respectively). Instronforces \wagatively correlated to wateriness (r = -
0.587). Instronforce correlated strongly positisegimminess (r = 0.959). These correlations
were expected. The positive correlation found betweolora* and sucrose concentration,
and colorb* and sucrose concentration (0.722 and 0.848, regelg, was a result of the

higher sucrose content in orange-fleshed sweetgota

No statistically significant correlations were faumetween sensory attributes and sugar
content, confirming the complex nature of flavolsor example, since the relative sweetness
of fructose is the highest (Woolfe, 1992), a catieh between sweet flavor and fructose
could was expected. The sensory attribute sweatifldid not correlate significantly with any
of the individual sugars or with SE. However, thbutpt significant there was a moderate
correlation between sweet flavor and maltose cdanfer0.478) and with SE (r=0.446).

Glucose content had a strong positive correlatidth iructose (r = 0.944) and negative
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Table 8.9 Correlation matrix for sensory attribudes! instrumental measurements

Sweet
Yellow-  Orange  Darker Discoloration Sweet  potato-lke ~ Pumpkin- Wateriness Graininess  Firmness  Color L*  Colora*  Color b*  Instronforce
green color edges flavor flavor like flavor
Yellow-green 1
Orange color -0.948 1
Darkeredges  -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 attrilsudgth sugar content in cooked roots

Yellow- Orange Darker Discolo-  Sweet Sweet- Pumpkin- Wateriness Graininess Firmness DM%?3 Glucose Fructose Sucrose Maltose Starch Sug:St!
green color edges ration flavor  potato-like like flavor content  content content content %

DM %3  0.091 -0.028 0244 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 0295  -0.711 -0.306 -0.056 -0.181 0.312 0.234 0316 -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' -0.397  0.360 0.098 -0.106 -0.027 -0.288 0.298 0.116 0.183 0.001 -0.495  0.550 0527 0336  -0.161  -0.806 1

SE 2 -0.380 0327 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 resuilth sensory attributes, instrumental measuresremd sugar analysis

Sensory attributes
Yellow- Orange Darker  Discoloration Sweet Sweet potato-  Pumpkin-  Wateriness ~ Graininess ~ Firmness

green color edges flavor like flavor like flavor

color
CPColor 0197  -0413  -0.430 -0.356 0.160 0.239 -0.191 0.245 -0.128 -0.188
CPTaste 0159  -0.186  -0.092 -0.338 0.630 0.267 -0.121 -0.503 -0.135 0.102
CPKidsColor 0310  -0511  -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
ColorL  Colora Colorb Instronforce  Gumminess Dry matter %  Glucose  Fructose Sucrose  Maltose  Starch  Sugaristarch  SE!

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 -0255  -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  -0492  -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  -0494  -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 0328  -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) andtose (r = -0.597). This was indicative that
in general (but not for all varieties) varietiestiwhigh glucose and fructose were lower in
maltose and starch. Determination of individualasugpntent by Picha (1985) in six varieties

indicated a similar trend in four of the varieties.

Logically dry matter content was negatively correth with wateriness (r = -0.614). As
expected, based on Woolfe (1992), positive coiglat were found between dry matter
content of cooked roots and starch content (r $%).8There was a positive correlation
between maltose content and starch content (r 51.6vhich might be related to hydrolysis
of starch to maltose during cooking (Horvat et 4B91; Woolfe, 1992). This then also

explains the positive correlation between dry mniattetent and maltose content (r = 0.685).

It should be noted that significant positive caatielns (Table 8.11) were detected between
consumer panel taste acceptability scores (inctudimildren as well as adults) and sweet
flavor (r = 0.63), dry matter content of cooked teo¢r = 0.585) and maltose content (r =
0.585). Specifically, the adult consumer taste seeais negatively correlated to wateriness (r
= -0.802) and positively correlated to dry mattentent of cooked roots (r = 0.567). No
relation was found between consumer taste accdiptabid free sugar:starch ratio, but there
was some indication that consumer taste acceptabidis related to SE (r=0.317), though not
statistically significant. No statistically sigriéfint correlations were detected between
consumer color acceptability scores and sensonpatiés or instrumental measurements (e.g.
color measurements) of consumer color acceptahility 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 attribudégective data (sugar content and
instrumental data) and the consumer panel datairwastigated through the PLS regression
analysis. The percentage of the variance in the iab8el that was explained by the different
variables (Table 8.12), indicated that the mostanatory sensory attributes were wateriness,
sweet flavor and discoloration. Dry matter conteotorb*, glucose content, maltose content,
fructose content, sucrose content on the first Rib&ponent, and also cola* and
gumminess on the second PLS component, explainest ofothe variance. The model

explained 59.2% of the variance of the consumeelpdata on the first PLS component.
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Table 8.12 Percentage of variance explained b¥tif&regression analysis (ranked according to teseRLS component) as applied to sensory

attributes, objective data (instrumental and sggatent) and the consumer panel data

Y variables PLS PLS Xvariable PLS PLS X variables PLS PLS
(consumer component component  (Sensory component component (Instrumental component component
acceptability) 1 2 attributes) 1 2 and 1 2
(%) (%) (%) (%) sugar) (%) (%)
CPColor 7.6 282 Wateriness 73.9 0.1 Dry matter 52.7 54
(%)

CPTaste 26.8 59.2 Dark edges 23.3 12.2 Color b* 43.0 234
Pumpkin-like 19.8 17.9 Glucose 40.1 5.0
flavor content
Sweet flavor 19.3 33.8 Maltose 39.3 4.0

content
Yellow- 19.1 253 Fructose 36.1 7.5
green color content
Discoloration 17.4 354 Sucrose 3.7 10.7
content
Orange 16.9 27.4 Starch (%) 28.6 0.6
color
Sweet 3.6 25.3 Color a* 24.1 33.9
potato-like
flavor
Firmness 0.8 21 Instronforce 10.9 29.2
Graininess 0.0 16.2 Gumminess 8.5 35.4
Free sugar: 21 0.3
starch
Color L* 0.7 16.9

CPColor = Consumer acceptability (children + adults) for color
CPTaste = Consumer acceptability (children + adults) for taste

204



On the PLS biplot (Fig. 8.4) consumer color acdeilitg was associated most with yellow-green
color and contrasted Khano, lying on the oppositke.sConsumer taste acceptability was
associated most with sweet flavor, dry matter aonéad maltose content which were lying in
the same quadrant. Consumer taste acceptabilityagssciated with Resisto, Excel, 2001-5-2,
Impilo and Monate, and was contrasting Khano, Begand and 1999-1-7, lying in the opposite
guadrant. Firmness and free sugar:starch ratiog lgiose to the center of the biplot, contributed

least to the regression model.

0.5
0.4 1
Khe.ano Discolour
0.3 1= Gumminess
= Instronforce
Color ax= = Color b*
x o
0.2 Beauregard Col.or L = Edges
. = Orange
1999 1 7 = Sucrose
- Ndou Serolane
~ 01 T " = Pumpkin-like
c . Graininess = W _ 119 "
2 Wateriness T Starch
=3 = Firmness
< 0 | | | | | | - |
1) Maltose
o = Dry matter %
g Free sugar:Starch
o 01 Sweetpotato-like = "~ § gar.
. .
Blesbok = Yellow-green Impilo = Excel _
. = Resisto
= Glucose 2001 5 2
-0.2 . 1
Fructose , = Monate = Sweet
-0.3 4
-0.4 1
A
-0.5
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
PLS component 1

Fig. 8.4 PLS regression of sensory attributes,runséntal measurements and consumer

acceptability (X-matrix= sensory attributes, sugeontent 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, glseocontent and fructose content were
contrasting pumpkin-like flavor, orange color, aola*, instronforce, gumminess, sucrose
content, starch % and dark edges lying in the apposiadrant (Fig. 8.4). Likewise graininess,
wateriness and coldr* were contrasting sweet flavor and dry matter %addition wateriness
were strongly contrasting dry matter % and maltasgent on PLS component 1. The contrasts
agree with the negative correlations revealed lycthrrelation matrix in section 8.4.5 and also

points towards the contrasting attributes founthevarieties.

The most distinctive attributes of varieties basedtheir proximity to attributes on the PLS
biplot (Fig. 8.4) is presented in Table 8.13. Tlsiponing of the varieties in the four quadrants
of the biplot divides the varieties into four greuBlesbok was the most distinctive variety and

contrasted all other varieties.

Table 8.13 Grouping, PLS varietal ranking by indegent variable component scores and major

attributes of 12 sweet potato varieties

Group and PLS  Major attributes
variety ranking
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 25 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 29 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 sensoryachenistics of the orange-fleshed varieties and
cream-fleshed varieties of sweet potato. Creanihdlédsvarieties (Blesbok, Monate and Ndou)
scored high in yellow-green color and sweet potéwor, and generally were lower in
graininess. Orange-fleshed varieties scored highpumpkin-like flavor and orange color, and
generally higher in graininess and firmness. Theitp@ correlations between colar andb*

and sucrose concentration further indicated that drange-fleshed sweet potato had higher
sucrose content. Despite the differences of ordlegbed varieties from cream-fleshed varieties
such as Blesbok which are normally sold in Southcaf the consumer acceptability of orange-
fleshed varieties were not lower than cream-fleshadeties. In fact orange-fleshed varieties
such as Impilo, 2001-5-2, Serolane, Excel, Resistb W-119 had similar mean taste and color
scores as cream-fleshed varieties Monate and Naoghton (2007) has also reported that 85%
of respondents preferred the taste of orange-ftesiveet potato while 15% preferred the taste of
cream-fleshed sweet potato Blesbok; and 53% hadfiaité liking for the color of orange-

fleshed sweet potato.

The study has high significance as it represerdsfitst consumer and sensory assessment of
most of new orange-fleshed sweet potato varietiempted in South Africa. Establishment of
the acceptability of orange-fleshed varieties okstvpotato is of great importance for future
promotion of orange-fleshed sweet potato in Southcé to address vitamin A deficiency.
Considering that 64% of 1 to 9 year old childrea @tamin A deficient (Labadarios et al., 2007)
and the confirmation of the efficacy of orangeffled to improve vitamin A status (Van

Jaarsveld et al., 2005), these results are signififor food-based interventions in South Africa.

In Leighton et al. (2010), reporting on the samedgtof 2007 as mentioned above, a trained
sensory panel was used to establish terminologgdscribing the sensory attributes of different
varieties of orange-fleshed sweet potatal cream-fleshed sweet potato. From the 13 aroma,
texture, flavor and aftertaste attributes idendifitnhe most differentiating attributes were flavor,
density and adhesive textural characteristics, taedgrainy and firm textural characteristics of
the different varieties. Orange-fleshed varietispldyed a more dense and pasty texture, which

was most intense in Resisto. W-119 had a more gtakture as compared to other varieties (as
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also found in the present study). Orange-fleshedeswotato did not only differ in color as
compared to the cream-fleshed variety Blesbok, Wwaks sweeter and displayed flavor
characteristics of yellow vegetables (such as buiteand pumpkin). Blesbok was more moist

(agreeing with the present study) and fibrous.

In the present study, Resisto was considered faildg high in dry matter content (22.6%), low
in wateriness, medium in sweet flavor and mediumpumpkin-like flavor. Interestingly, Resisto
as evaluated by Tomlins et al. (2007b) was consildo be watery and pumpkin-like as
compared to African varieties Sinia B and Poligtae difference in wateriness emphasized the
regional differences in preference for sweet potascompared to the consumer acceptability
results in Section 7.4.5, orange-fleshed varietregeneral, and also cream-fleshed variety
Monate, performed better in the present consumaability evaluation. Results from sensory
studies are depending much on how the traits diiaede the scales set to score the different
traits, and also the varieties included in theinigstas well as the influence which production

area can have on the acceptability of a varietyr(lires et al. (2004).

The sensory panel was able to detect differencéeirtextural and color characteristics of the
sweet potato varieties. These subjective evaluatmmrelated significantly with instrumental
measurements, e.g. colat andb* had strong positive correlations with orange calod strong
negative correlations with yellow-green color; andtronforce was negatively correlated to
wateriness. These findings are similar to findingSection 7.4.7 and reiterate the possible use

of instrumental measurements in future for evatumtf color and texture attributes.

The consumer panel results did not show significifierences in color acceptability of the

varieties, but there was an indication that Khaad & lower score than the other varieties. The
taste acceptability scores distinguished Monatelarpilo with the highest taste scores. A large
number of varieties had intermediate scores na@@0i-5-2, Serolane, Excel, Resisto, W-119
and Ndou. Beauregard, Khano and 1999-1-7 had gignif lower scores than the rest of the
varieties for taste. The varieties with lower tasteres were those with the lower dry matter
content — the dry matter content for all of theageties was below 19.3%. These varieties were

also among those that were rated the highest fatéfiness” in the descriptive sensory analysis.
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The results on acceptability and sensory attribotegarieties will further be matched with the
most important directives from an agricultural goof view in order to make to varietal

recommendations (Chapter 9).

There was a possible additional outcome from thesgmt study through determining the
association between consumer panel data and tlae and instrumental analysis. This was to
identify objective (‘unbiased’) measurements whaan be used in future in the intermediate
selection phases of the breeding program to sgeuitypes with acceptable taste and thus have
the potential to boost genetic gains. In this instait should be noted that the consumer
acceptability was conducted at a single locatioth émes not necessarily represent the view of
the full target population of the breeding prograrhe most important attributes relating to the
consumer panel taste acceptability (as identifledugh correlation analysis and PLS) were
sweet flavor, dry matter content, maltose contw, wateriness and high instronforce. Low
discoloration and low darker edges were moderatmly,not statistically significant, correlated
with consumer panel color acceptability. Hence webards to taste, the determination of dry
matter content, maltose content, instronforce aidc8uld be mentioned. In the breeding

program, cooked roots can further be evaluatedimoloration and dark edges.

In addition, measurements which can be done dyrextl fresh roots to indicate possible taste
acceptability will be valuable, especially for usesarly breeding generations. This will save the
time of cooking the roots. Association between @mbland fresh roots confirmed that the
determination of dry matter content of fresh roathich was routinely done in the breeding
program, was useful. Van Oirschot et al. (2003)estdahat texture is a complex organoleptic
sensation and thus measurement of dry matter doalieme of fresh roots in breeding programs
would not be sufficient in the prediction of tagBased on correlation between cooked and fresh
roots, measurement of starch content and SE ih fr@sts will further assist to predict similar

characteristics of cooked roots.
8.6. Conclusions

Orange-fleshed varieties identified with acceptdagte and color attributes, were Impilo, 2001-

5-2, Serolane, Excel, Resisto and W-119. Differensere detected in preferences of children
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versus adults. In this regard, the taste of Bleslvak more acceptable to children than adults;
likewise Resisto was more acceptable to adults ttlaldren. Sensory evaluation enabled
distinction of 12 sweet potato varieties based olorg flavor and texture profiles. The major
differences were in sweet flavor, dry matter coftenaltose content and wateriness. A
combination of consumer acceptability, sensory wat&dn, sugar analysis and instrumental
measurement was useful in elaborate charactenzafieweet potato varieties. The texture and
color measurements, and sugar analysis can beugefyl in accurate quantification of attributes
as these are objective determinations. The study the first of this magnitude conducted in
South Africa on orange-fleshed sweet potato andifsignt towards promotion of new orange-

fleshed sweet potato varieties in local food-baststventions.
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Chapter 9
VARIETAL RECOMMENDATIONS AND CONCLUDING REMARKS

The local sweet potato breeding program was ainbédeadevelopment of varieties with good
yield and good root quality in combination with we®t and dry taste as required by resource-
poor farmers (Laurie and Van den Berg, 2002; Lawtieal., 2002; 2004). Evaluation and
development of orange-fleshed sweet potato to addvéamin A deficiency was added as a
program goal in 1996, and since 2003 the entireeding program has been focused on
developing orange-fleshed sweet potato (Laurié.e2@09).

A number of new cream-fleshed as well as orangghéld varieties, introductions and lines have
since been identified. The success of new sweat@otarieties will not depend only on
production traits such as superior yield, but als@ensory and utilization acceptability (Tomlins
et al., 2007b). It has been established that thet nmportant traits used by resource-poor
farmers in South Africa to select sweet potatoetaes, are yield and yield stability, followed by
taste (Domola, 2003; Van der Mescht et al., 199fus Chapters 3 to 5, and 7 to 8 were focused
on detailed characterization and evaluation of niee/ varieties with regard to adaptability,
sensory attributes, consumer acceptability andenitcontent. These are critical traits for sweet
potato varieties to be used for food security altelviation of malnutrition and will be used in

varietal recommendations.

Index values can be used when aiming to improveersévimportant traits at a time. An

introduction to the use of index values in multiage selection was prodived in Section 2.8. In the
present study, the Elston multivariate weight-fsetection index (Elston, 1963) was used to assist
in selection of varieties with good all-round penfi@ance when considering agronomic traits as
well as the consumer panel results and sensoilgts. In this regard the following results were
used in calculation of the index values: 1) agroivamnaits vine vigor, marketable yield, total yield

dry matter content and MET taste score; 2) consymeel results namely consumer taste score
and consumer color score); and 3) representatidistinctive sensory attributes namely sweet
potato-like flavor, discoloration and graininesshe case of cream to yellow-orange varieties, and

wateriness, discoloration in the case of orangsh#ld varieties). For orange-fleshed varieties, the
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nutrient content (trang-carotene content) was added. The minimum valudraigwas subtracted
from each value to standardize the values for thait. The standardized values were then

aggregated into index values (Gruneberg et al.4R00

Firstly for the cream to yellow-orange varietiealfle 9.1), the results indicated that Amasi and
Monate had the highest index values and were teedmions for production by resource-poor

farmers to address food security. These were fatbly Lethlabula and Ndou.

Amasi was characterized by a cream-orange flesbr,caelas moderately unstable and had
average marketable yield and unstable average yatial. The vine growth was vigorous. The
variety had high dry matter content and good theté with the MET and consumer panel. With
regards to sensory attributes, the flavor was e&rget and sweet potato-like, low discoloration
occurred, the texture was not grainy, though it wasery and not firm. The only somewhat
negative finding was that some consumers did nog¢@tcthe yellow-orange and uneven cooked

color.

Monate was early maturing with unstable high tgtald. Due to losses in marketability such as
insect damage, rat damage and sprouting (note aid$tese roots are still consumable), the
variety had average stable marketable yield. Tine growth was very vigorous and the flesh
color cream. The variety had high dry matter conterd good taste with the MET testing. The
consumer panel did rate it lower for taste, buertbat the taste of Monate was rated very good
in Table 9.2 in the second consumer panel tests@grevaluation indicated the lowest uneven
color in this variety; the flavor was medium swaatl medium sweet potato-like; the texture was

not grainy, low in firmness and watery.

Lethlabula was an early maturing variety with higioderately stable total yield, while the
marketable yield was high and unstable. The vimevtdr was medium vigorous and the storage
roots long oblong with cream flesh. The dry mattentent was lower and with the MET the
taste was average to bad. However, the consumet pamsidered the cooked flesh color as very

acceptable and the taste as acceptable. The satdrytes of Lethlabula indicated low uneven
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color and discoloration; the flavor was not swesd enedium sweet potato-like; and the texture

was higher in wateriness and low in firmness.

Ndou produces an unstable high marketable as wetbtal yield, and had a cream flesh. The
variety had high dry matter content and good tastle the MET testing. The vine growth was
medium vigorous. The sensory evaluation indicaigtidr discoloration in Ndou; the flavor was

sweet potato-like and sweet; and the texture waiumefirm and medium watery.

In South Africa, sweet potato is part of both lawspurce-poor farmers) and high technology
(commercial farmers) agricultural systems. New etggs such as Ndou and Lethlabula with
competitive yield as compared to Blesbok, can &ks®mf value to commercial farmers. Ndou
was recommended for commercial farmers delivermghie hawker market (which mainly

supply resource-poor communities). Lethlabula, withth high yield and high storage root
quality, was recommended for commercial farmersketarg at fresh produce markets which

find cream-fleshed varieties acceptable.

Differing concepts and definitions of varietal stiyp have been adopted in the evaluation of
yield (Annicchiarico, 2002; Becker and Leon 198&LRcy et al., 1996; Lin et al., 1986), e.g.
static, dynamic, or withstanding fluctuations ofvieanments, and stable, sustainable yields
under varying environments. Farmers are basicaligrésted in consistently superior varieties
specifically adapted to their conditions and neadsl, which have a high degree of stability over
time (Ceccareli, 1989). Thus sustainability is imtpot. Grineberg et al. (2005) in investigating
G x E interactions in sweet potato in varying eanments in Peru, concluded that a specifically
adapted (unstable) genotype had considerable yaeldantage over the widely-adapted
genotypes, for low-yielding environments. Thesesagshers emphasized that aiming only at
high-yielding varieties with wide adaption, will bisky in sweet potato improvement programs
because these varieties may not produce improwd gt low-yielding marginal environments.
Unstable / responsive varieties have the specathi@atage that they may be able to respond to
changes in the environment in contrast to stabfefesponsive varieties. It could also be

recommended that farmers grow a number of varigi@sinimize risk.
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In the present study the varieties can be clags#gefollows in terms of yield response:

- Amasi (moderately unstable, average yield) produwmeiter total as well as marketable
yield at low-yielding environments. The variety hadyh total yield at some high-
yielding environments;

- Ndou (unstable high yielding) had good total andrketable yield at low-yielding
environments, but it was also high yielding at hygglding environment, with exception
of one high-yielding environment where the totalgiwas not performing well,

- Monate (stable average marketable yield, unstaiglle total yield) produced high total
and marketable yield at most high yielding enviremts; and

- Lethlabula (unstable high yield) had high markedahhd total yield at high-yielding
environments.

Varieties such as Ndou and Amasi are importantdsource-poor farmer conditions.

Secondly for the orange-fleshed varieties, theoBlsanking is indicated in Table 9.2. Impilo
and 2001-5-2 had the highest index values and tierdest options for production to address
vitamin A deficiency.

Impilo had stable high marketable yield to moddyatable high total yield. Despite the
medium dry matter content, the taste was good basseéde consumer panel testing. The variety
had good vine vigor and vine thickness, and proslucedium-sized, round elliptic roots. Some
cracks, XXS, insect damage and sprouting (howelker was still consumable) may occur.
Despite this, Impilo produced the highest marketalild of the orange-fleshed varieties. The
flesh color was orange to light orange with méams--carotene at 50.91 pg/g raw root. This
was lower than the breeding target of 55.00 pgyg m@ot, however, can be recommended to
populations with mixed dietary sources of vitamim#&was the case in South Africa. Impilo can
be recommended for production in Roodeplaat, ElsepbEastern Cape and Owen Sithole
areas. The sensory attributes are high sweet flamedium sweet potato-like and medium
pumpkin-like flavor; the color was slight yellowegn with high discoloration. Impilo had high
fructose and glucose content, and low starch can@msumption of a boiled portion of 100 g
raw root of Impilo can potentially contribute to1P® of the recommended intake for vitamin A,

20% of magnesium, 12% of zinc and 11% of iron foo 8 year old children.
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Table 9.1 Major agronomic, consumer panel resuitssznsory qualities (ranking of varieties peratale in brackets) of cream to

yellow-orange varieties and the Elston rankinghef varieties

Testing in MET Consumer panel Sensory panel Elston

Variety Taste MET  Dry matter  Vine Marketable  Total Consumer Consumer  Sweet Discoloration5  Graininess5  rank index

score ! content vigor 2 yield yield taste 3 color 3 potato- like
% t/ha t/ha flavor 4

Amasi 2.21ab 271a 403ab 3658b(6) 54.13cd 340abc 3.25abc 67.3a 4.2 cde 1.9d 1 422499
2) 4) 2) (6) (5) (8) (1) (4) )

Monate 2.53 abc 26.6a 423a 3781b(5) 64.66b  3.20bc 3.28abc  60.2bc 5.7 abcd 11d 2 248429
4) (6) (1) 2) ©9) (7) 4) (7) (1)

Lethlabula 3.20 cde 227D 359abc 4483a(3) 63.19b 3.38abc 353a 54.3 cd 3.2de 1.3d 3 155678
(8) ) (6) 4) (6) (1) (6) (3) 2)

Ndou 2.29ab 27.7a 364abc 4579a(2) 64.49b 3.08c 3.37 ab 63.4 ab 8.0ab 24d 4 56719
) 2) () ©) (10) 4) 2) 9) 4)

Mokone 2.86bcde  26.7a 393ab  3990b(4) 5551c  3.29bc 332abc  63.2ab 2.8 de 74 a 5 30045
(6) () (3) () (8) () (3) (2) (10)

Blesbok 2.76 bed 206b 3.72abc 4840a(1) 7214a  3.30bc 340 a 54.1 cd 7.0 abc 3.3 bed 6 18168
() (10) 4) (1) (7) 2) (7) (8) (6)

Phala 352e 26.2a 341bcd 3131c(7) 47.10de 3.46ab 3.38a 51.6d 8.7a 70a 7 537
(10) (7) (7) (8) (3) ) ) (10) ©)

Serolane 3.14 cde 28a 3.08cde 29.04c(9) 49.88d 3.52 ab 3.05¢ 35.7e 12¢ 5.8ab 8 77
(7 (1) (8) (7 (2) (10) (10) (1) (8)

Mafutha 1.87a 273a 293de  23.81d 40.79 365a 3.31abc  57.6 bed 5.2 bed 5.2 abc 9 -769
(1) ) ©) (10) (10) (1) (6) () (6) (7)

Mamphenyane 3.30 de 259a 2.68¢ 30.07c(8) 46.62de 341abc  3.06 bc 53.9cd 4.9 bed 3.0cd 10 -1515
©) (8) (10) ©) (4) ©) (8) (5) ()

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)

50-100 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 resuitssensory qualities (ranking of varieties peratale in brackets) of orange-

fleshed varieties and the Elston ranking of theetias

Testing in MET Consumer panel Nutrient analysis Sensory attributes Elston

Variety Taste Vine Marketable  Total Mean  Mean  Beta-carotene Dry Maltose ~ Sweet Wateriness 5 Discoloration 5 rank  index
MET vigor2  Yield Yield color taste Mg/g raw matter % Flavor 4
score ! t/ha t/ha score® score® root content %

Monate 6 2.51 3.83 356b 550a  3.56 382a 031e 249cde 8.05 522 ab 18.5a 74cd 1 168525080
(3) (1) (2) 2) (1) (1) (11) (7) (3) (2) (9) (3)

Impilo 2.84 3.32 3¢ 448bc 3.31 3.79a 50.91d 23.1de 7.65 53.1a 19.8a 196 a 2 19424897
9) (4) (4) ) (8) (2) (8) ©) 4) (1) (11) (12)

Ndou 6 2.81 3.56 35.0b 46.2b 317 3.65 1.34e 27 be 10.11 50.4 abc 184 a 11.5 bed 3 17976624
(8) (3) (3) (3) (100 ab(8) (3 4) 2) (3) (8) (9)

2001-5-2 249 3.13 27.0de 372e 333 3.72 118.00 be 23.9de 7.26 47.1 abc 17.6 ab 6.5¢cd 4 14993694
(2) (8) (7) (8) (7) ab(3)  (10) (8) (6) (5) (6) (2)

Excel 2.04 3.22 196 f 31.0f 3.46 3.69 52.00 d 26.7 be 7.18 429bcde 10.1¢c 10.8 bed 5 7502866
(1) (7) (11) (10) 2) ab(5) (7) () (7) (7) (4) (7)

1999-1-7 3.07 2.69 279cd 39.1de 3.39 3.33 95.58 ¢ 25.1 cd 6.5 49.1 abc 11.8 bc 11.1 bed 6 5006303
(12) (12 (6 (6) () bc (10)  (6) (6) ) (4) (5) (8)

Serolane 2.57 3.03 20.0f 36.5e  3.36 3.71 51.06 d 305a 11.53 423bcde 7.7c 13.8 abc 7 4143986
(4) ©9) (10) © (6) ab(4) (9 (1) (1) (8) (2) (10)

W-119 2.70 3.29 195f 27109 3.04 3.67 104.64 ¢ 28.7ab 6.72 40.7cde 7.2c 10.5 bed 8 179843
(6) (5) (12) (1) (1) ab(7) (4 2) (8) (9) (1) (6)

Blesbok 6 2.88 3.26 40.2a 56.6a 343 3.40 0.14e 18.7f 5.16 34.4 ef 233a 49d 9 4463
(10) (6) (1) (1) 4) abc(9) (12) (12) (1) (11) (12) (1)

Khano 3.35 3.64 245e 37.7¢  3.00 3.14c  140.36 ab 224e 6.43 36.3 def 18.2a 16.7 ab 10 0
(11) (2) (8) (7 (12 (1) @ (10) (10) (10) (7) (11)

Beauregard  2.81 2.89 30.3 cd 424cd 343 311d 96.46¢ 19.8f 5.14 30.0f 18.9a 82cd 11 -3458
(7) (100 (9 () (3) (12 (5) (1) (12) (12) (10) (4)

Resisto 2.69 2.84 20.7 f 2710g 3.26 3.68 164.56 a 27.3bc 7.3 448abcd 9.6¢C 89cd 12 -2337314
(5) 1 © (12) ©) ab() (1) ©) () (6) (3) (5)

Mean 2.78 3.22 276 40.05 3.31 3.56 72.94 248 742 43.6 12.9 10.8

1Taste 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)

50-100 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 highhkaetable yield, average number of roots
usually of medium size and unstable average taedd wf which a high percentage of roots were
marketable. As mentioned in Chapter 4, responsasné 2001-5-2 may cause the clone to be
able to respond to changes in the environmentmirast to stable/non-responsive varieties. The
variety had medium dry matter content, and recei@eaigh score from the consumer panel
evaluation. The roots are elliptic to long elliptic shape. The flesh was dark orange and the
mean tran$-carotene content 118.00 pug/g raw rddte vine growth had average vigor and the
vines are thin. Line 2001-5-2 was recommended fodgction in Owen Sithole area, and to
some extent in Eastern Cape and Elsenburg areassélfsory attributes includes sweet flavor,
medium pumpkin-like and sweet potato flavor; widgard to color it was high in orange color,
low in dark edges but high in discoloration; and thxture was somewhat watery, medium in
graininess and low in firmness. Line 2001-5-2 was In starch content, and high in fructose
and glucose content. Consumption of a boiled porttd 100 g raw root of 2001-5-2 can
potentially contribute to 233% of the recommendat@ke for vitamin A, 19% of magnesium,
13% of zinc and 8% of iron for 4 to 8 year old dngn.

Beauregard had a low index value (Table 9.2). H@awevhis variety is being produced
commercially. Though the consumer panel taste santedry matter content was low, when
roots which was not used for export are marketetheéchawker market, this variety can make a
contribution to vitamin A supply. Beauregard hachean tran$-carotene content &6.46ug/g
raw root. Consumption of a boiled portion of 100 g raw roétBeauregard can potentially
contribute to 191% of the recommended intake ftamin A, 15% of magnesium, 14% of zinc
and 7% of iron for 4 to 8 year old children. Theiety was early maturing, widely adapted with
high stable yield of relatively large long elliptto long oblong roots. Beauregard can be

recommended for production in Roodeplaat, ElsenbadjOwen Sithole areas.

Since the breeding of orange-fleshed sweet potaddoeen ongoing for a relatively short period,
as compared to development of cream-fleshed vesieti was acknowledged that large efforts
can still be devoted to improvement of orange-#esweet potato varieties in South Africa.

Efforts should focus to improve the vyield to matittat of cream-fleshed varieties, while
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maintaining the-carotene content at minimum 95 pg/g raw root dsageacceptable dry matter

content.

In this regard, Grineberg et al. (2005) recommerideduse of index selection in the breeding
phases, as opposed to selection in successivesstageg tandem or independent culling
selection. These researchers indicated that G »ag small for nutritional traits, thus selection
for nutrient content can be conducted centrallynat sites representing major agro-geographic
areas, while yield assessment will be done oveargelt number of environments from early
selection phases. In this regard Grineberg et2804) suggested that a two-step selection
system was superior to a one-step system overédagsoss. Thus, using a single replicate at two
locations in phase one (seedling nursery or at kasitial evaluation phase), followed by five
locations with two replicates in phase 2 (prelimyngield trial). This constitutes the rapid

breeding procedure for sweet potato.

Possible selection methods which can be includetthenSouth African sweet potato breeding
program, were identified. Measurement of cdlérand color a* (correlating strongly witBr
carotene content) can provide a quantitative metboassist in early selection phases. Phe
carotene content can then be predicted with thénenaatical function which was developed.
Actual B-carotene content (and content of other minerats) then be determined only in
advanced lines / pre-release phase. Future reseanstineral and vitamin C content (at varietal
release phase) should consider determination afentitcontent on at least three replicates.

However, this will have considerable cost implioas.

Based on the results of consumer panel evaluatenfollowing recommendations are made to
predict taste and color acceptability of lines @lestion phases in the South African program.
Dry matter content can still be determined in tmiial and preliminary phases, while

instrumental color and texture measurement camdaded in the intermediate phase. Finally,
in the advanced phase, maltose content and SE eadetermined. In this regard, strong
correlations were found between starch contentnuater content and SE of cooked roots and
fresh roots, thus this assessment can be donesimoots thereby saving time on the cooking of

roots of a large number of breeding lines. Tastd @xture remain complex organoleptic
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sensations and cannot not be determined by simgésunements such as e.g. dry matter content
(Van Oirschot et al., 2003), and thus consumer Ipand sensory panel evaluation will be
required at varietal release stage. Future resesaohdetermine the starch fractions in the
different varieties to investigate how this relaiesaste acceptability.

It is acknowledged that various other traits are imfportance in sweet potato varietal
development. For example drought tolerance andteesie to important pests and diseases, are
becoming increasingly important in sweet potatetneg, as indicated by Tumwegamire et al.
(2004) and Mwanga et al. (2007). One such dises&karnaria stem blight (Osiru et al., 2007),
which was found on orange-fleshed breeding linab \arieties in South Africa (Narayanin et
al., 2009). Furthermore tolerance/resistance tosyiweevil and other insects, vine persistence
and vine multiplication rate are important traitfiough outside the scope set for discussion in
the present study, it should be noted that thedimgeprocedure did include selection/screening
for drought tolerance, occurrence of Alternariaghlj and insect infestation (indicated in as
unmarketable yield class), and vine multiplicatinals were in progress. From these evaluations
it could be mentioned that Impilo was found to bederately tolerant to Alternaria blight and

Fusarium wilt.
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SUMMARY

Malnutrition, including vitamin A deficiency, an@dd insecurity are national priorities in South
Africa. Sweet potato has several agronomic advastagjving it potential to address both
priorities. The crop is popular amongst resourcergarmers as it is easy-to-grow and hardy.
Orange-fleshed genotyped-¢arotene-rich) are used internationally in cropdshapproaches to

address vitamin A deficiency. Due to a shortageasfeties with desirable traits for resource-
poor farmers, several new varieties have been dpgdl The overall objective of this study was
to evaluate the agronomic performance, sensoryitguahd nutrient content of new South

African varieties.

The ANOVA of new varieties in MET, indicated sigodnt differences in dry matter content,
marketable yield, number of marketable roots andl tgield. AMMI and GGE biplot analysis

showed that cream-fleshed varieties Ndou and Uetidaproduced yields comparable to the
commercial variety Blesbok. Ndou (unstable highd)ieMokone and Monate (stable, average
yields) and Amasi (moderately unstable, averag&d)iead dry matter content similar to the
control variety Mafutha (known for sweet and drgtég. Recommending these new varieties will
have a considerable yield advantage over Mafutlith,ayossible impact on food security. From
MET with nine orange-fleshed varieties the ANOVAdaBGE SREG analysis indicated that
Impilo produced stable, high yield and 2001-5-2tabke, high yield. Both had average dry
matter content. The two varieties offer a significyield advantage above USA imports,
previously recommended to address vitamin A daficye Orange-fleshed varieties produced

significantly lower yield than cream-fleshed ones.

Raw roots of nine orange-fleshed varieties, haedcestom MET at four agro-geographical
production sites, had an overall metnans{3-carotene content of 5091 to 16456 pg/100 g.
Resisto, Khano, 2001-5-2, W-119, Beauregard an®-199 exceeded 5500 pug/10@-garotene
(breeding target). Dry matter content ranged froBil% (Impilo) to 28.7% (W-119). The
content of six minerals was determined. Consumgticen boiled portion of 100 g raw root of all
nine varieties can potentially contribute ©00% of the recommended intake for vitamin A,

21% of magnesium, 12% of zinc and 9% of iron foo 8 year old children.
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CIE L* anda* color measurement of nine varieties with varyimgnge flesh color had the best
correlations with totaB-carotene content, and is a faster selection metAothathematical
function with natural logarithmirf) transformation derived to predict tofgdcarotene content

from colorL*, predicted 91% of the values with >75% accuracy.

The color and taste acceptability of boiled swest of new varieties were evaluated in two
experiments by grade 1 — 7 learners and adults BiB® using a 5-point hedonic scale. A

trained panel found clear differences in the segnatiributes of the varieties. Cream to yellow-

orange varieties, Mafutha, Lethlabula and Phalathachighest consumer panel (n=190) scores,
associated most with wateriness, discolor, grassngumminess, sweet potato-like flavor and
instronforce. Orange-fleshed varieties Impilo, Bxéeesisto, 2001-5-2, Serolane and W-119,
and cream-fleshed varieties Monate and Ndou wecepdable to the second consumer panel
(n=216), mostly related to dry matter content, osdt content, sweet flavor, wateriness,
discoloration and dark edges. High maltose ancistaontent were found in Ndou, Serolane,

Resisto and Monate; while Blesbok, Impilo and 2662 -had high fructose and glucose content.

Orange-fleshed varieties were as acceptable ameiteahed varieties.

The present study provides novel results on G xn&lyais, comprehensive and systematic
determination of nutrient content, consumer andgagnassessment of a considerable number of
new cream to orange-flesh sweet potato varietiesnpted in South Africa. Varieties Ndou,
Mokone, Monate and Amasi were recommended to asldoesl security; and Impilo and 2001-

5-2 to address vitamin A deficiency.

Keywords. B-carotene content, color measurement, consumeerprefe, Elston index, GGE

biplot, sensory analysis, stability, sweetpotatamin A deficiency
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OPSOMMING

Wanvoeding, insluitend vitamien A tekorte, en vadsiskuriteit is van nasionale belang in Suid-
Africa. Patats het potensiaal om beide prioriteiten te spreek aangesien die gewas verskeie
agronomiese voordele het. So bv. is patats gewiltEokleinboere omdat dit maklik groei en
gehard is. Oranje patats (ryk apukaroteen) word internasionaal gebruik in gewasgsberde
pogings om vitamien A tekorte aan te spreek. Daas @ tekort aan variéteite met geskikte
eienskappe vir kleinboere, sodoende is verskeieenuaviéteite ontwikkel. Die doel van die
studie was om nuwe Suid-Afrikaanse variéteite vgroaomiese prestasie, smaak en

voedingswaarde te evalueer.

Analise van variansie van resultate oor verskelaliteite het gewys dat nuwe variéteite
betekenisvol verskil in droémassa, bemarkbare owsieaantal bemarkbare stoorwortels en
totale opbrengs. Volgens AMMI en GGE biplot anaise die opbrengste van roomvleis
variéteite Ndou en Lethlabula (met stabiele hoéremis) vergelykbaar met dié van Blesbok
(kommersiéle variéteit). Mokone en Monate (beidd stabiele, medium opbrengs) en Amasi
(medium onstabiel, medium opbrengs) se droémassawth was soortgelyk aan dié van
Mafutha, die kontrole vir soet en droé smaak. Aaebeg van die nuwe variéteite kan
aansienlike opbrengsverhogings en impak op voeslagiteit teweegbring. Uit proewe met
nege oranje variéteite wys ANOVA en GGE SREG aaalat Impilo 'n hoé&, stabiele en 2001-5-
2 onstabiele, hoé opbrengs het. Beide het ‘n gesldéddroémassa-inhoud. Dié variéteite bied
betekenisvolle opbrengsverhogings bo variéteiteaivdie VSA, wat voorheen aanbeveel is om
vitamien A tekorte aan te spreek. Die opbrengsarange variéteite is steeds betekenisvol laer

as roomvleis variéteite.

Rou stoorwortels van nege oranje variéteite, vanaéwe by vier agro-geografiese areas, het ‘n
gemiddelddrans{-karoteen inhoud van 5091 tot 16456 ug/100 g geRadisto, Khano, 2001-
5-2, W-119, Beauregard en 1999-1-7 het die teeldbebhn 5500 pg/100 @-karoteen oortref.
Droémassa-inhoud het gewissel van 23.1% (ImpiloR287% (W-119). Ses minerale se inhoud

is ook bepaal. Wanneer ‘n gekookte porsie van l@fugpatat van enige hierdie variéteit geéet
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word, is die potensiéle innan¥€l00% van die aanbevole inname van vitamien A, 2% v

magnesium, 12% van sink en 9% van yster vir dieeadmmsgroep 4 tot 8 jaar.

CIE L* ena* kleurmetings van nege oranje variétiete, met ‘magse in vleiskleur, het die beste
gekorreleer mefi-karoteen inhoud, en is 'n vinniger seleksiemetau&Viskundige vergelyking
met ‘n natuurlike logaritmiesdn| transformasie afgelei om totaflekarotene te skat uit*-
waardes, het 91% van die waardes met >75% akkaidatborspel.

Die kleur- en smaakaanvaarbaarheid van die nuwétede is getoets deur Graad 1 — 7 leerders
en volwassenes in ‘n BIBD uitleg d.m.v. ‘n 5-pueidoniese skaal. 'n Opgeleide proepaneel het
duidelike verskille in die sensoriese eienskappe dia variétiete gevind. Die verbruikerspaneel
(n=190) het die hoogste punte toegeken vir die romm geel-oranje variéteite Mafutha,
Lethlabula en Phala. Dit was geassosieér met watgd, verkleuring, instrumentele fermheid,
korrelrigheid en patatsmaak. Oranjevleis variétiripilo, Excel, Resisto, 2001-5-2, Serolane en
W-119, sowel as die roomvleis variéteite MonateNglou was aanvaarbaar vir die tweede
verbruikerspaneel (n=216). Dit was geassosieer areEmassa-inhoud, maltose-inhoud,
soetsmaak, waterigheid, verkleuring en donker ramteHoé maltose- en styselinhoud is in
Ndou, Serolane, Resisto en Monate gemeet, terwssglilk, Impilo en 2001-5-2 hoog was in

fruktose en glukose. Oranjevleis variéteite wassoedanvaarbaar soos roomvleis variéteite.

Hierdie studie het nuwe resultate gelewer oor gpadiy omgewing interaksie, het omvattende
bepaling van die inhoud van sekere nutriénte gedasook verbruikersevaluasie en sensoriese
beskrywing van nuwe room- tot oranjevleis patagtaite wat in Suid-Afrika bevorder word.
Ndou, Mokone, Monate en Amasi word aanbeveel vedaelsekuriteit. Impilo en 2001-5-2

word aanbeveel om vitamien A tekorte aan te spreek.

Kern woorde: B-karoteen inhoud, kleurmetings, verbruikersvoorkeuglston indeks, GGE

biplot, sensoriese analise, stabiliteit, soetpattamiene A tekorte
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