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Farmer Preference, Utilization, and Biochemical Composition of Improved Cassava (Manihot
esculenta Crantz) Varieties in Southeastern Africa Cassava (Manihot esculenta Crantz) varieties
are ethnobotanically classified by farmers into two distinct classes—“sweet” or “bitter”—based
on their taste,most often reflecting the inherent cyanogenic glucoside potential and intended end
use. Varietal preference based on general utilization as well as more targeted end use for
preferred local and improved varieties is poorly understood and not well documented. The
objectives of this study were to investigate prevailing varietal preferences based on utilization
and the biochemical composition of local and recently improved cassava varieties. Interviews
were conducted with farmers to document the existing varieties, their origin and taste classifica-
tion, and processing in relation to end use. Biochemical composition was determined for flour
samples with particular emphasis on color and perceived dryness. Of the nine varieties identified,
four were classified as local, while the rest were classified as improved varieties. Two varieties
were classified as bitter, and the rest were classified as sweet based on end use. The classification
dichotomy based on taste is an important factor in determining potential toxicity. Labile varieties
that are easily affected by microenvironmental factors were classified as bitter. Reasons for
preference and utilization focus as much on the leaves for use as vegetables as on the roots.
The taste classification of the roots determines how and whether they are to be processed. The
varieties “Mweulu” and “Tanganyika” were perceived by farmers as having excellent charac-
teristics for making the staple dish “nshima,” reflected by their high carbohydrate contents. The
variety “Bangweulu”was identified as having “bigger and starchier” roots in interviews, and the
biochemical assay verified these observations. The flour sample analysis revealed crude protein
content ranged from 4.86% to 7.09%. Cluster and principal component analyses showed four
groupings, with the singleMalawian variety exhibiting the greatest differences from the Zambian
clones, while the improved varieties bred from a single mother line displayed the closest similar-
ities. The high energy and carbohydrate values of the nine varieties provide a good basis for
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acceptance; however, factors such as shelf life, storage, and other postharvest qualities such as
susceptibility to weevil attacks also play a determining role in the acceptance of improved cassava
varieties.

Makonda a Alimi, Kagwiritsidwe Ntchito, ndi kawuniwuni wa mitundu ya Chinangwa cha
makono (Manihot esculenta Crantz) ku M’mwera Chaku M’mawa Kwa Africa Mitundu ya
Chinangwa (Manihot esculenta Crantz) ilipo iwiri – “Chokoma” ndi “Chowawa” malingana ndi
makomedwe ake. Mitundu iwiriyi imawunikiranso kusiyana kwa kagwiritsidwe ntchito ka mitundu
imeneyi. Kagwiritsidwe nchito ka mitundu ya chinangwa yochokera mu kafukufuku kapena
mitundu ina ya makolo sizimvetsetsedwa bwino komanso sizinalembedwe bwino. Zolinga za
kafukufuku uyu zinali kufufuza makonda a kagwiritsidwe ntchito ka mitundu ya chinangwa ndi
kawawidwe mu chinangwa cha makolo komanso cha makono. Alimi osiyanasiyana anafunsidwa
pofuna kulembera mitundu yosiyana siyana imene ilipo, kumene inachokera ndi gulu lomwe chili
malingana ndi kakomendwe kake, komanso kakonzedwe kake ndi ntchito yake. Kukoma kapena
kuwawa kwa chinangwa kunatsimikizidwa poyesa ufa wake, polingalira mtundu ndi maumidwe
ake. Mwa mitundu isanu ndi inayi imene inazindikiridwa, inayi inali ya makolo, pamene yotsalayo
inali ya makono. Mwa mitundu isanu ndi inayi, iwiri inali yowawa, ndipo yotsalayo inali yokoma
polingalira ntchito yomwe chimagwiritsidwa. Kusiyanitsa magawo polingalira kakomedwe, ndi
chinthu chofunika kwambiri pofuna kudziwa kuopsya kumene kungakhalepo pa kudya
chinangwa. Mitundu “yowawirako” imene imakhudzidwa kwambiri ndi kusinthasintha kwa
nyengo inapezeka kuti ndi yowawa. Zifukwa zokondera chinangwa zimalingaliridwanso pa
kakomedwe ka masamba ngati ntapasha ngati m’mene ziliri ndi mizu ya chinangwacho.
Kusiyanitsa mitundu ya chinangwa mu kakomedwe kake kumapangitsanso kudziwa momwe
chingakonzedwere. Alimi anawona mitundu ya “Mweulu” ndi “Tanganyika” kukhala ndi
makhalidwe abwino opangira chakudya chomwe amachidalira “nsima” chifukwa ndi chokhutitsa
ndiponso chopatsa mphamvu. Pochezanso ndi alimi, mtundu wa “Bangweulu” unapezeka
kukhala ndi mizu yaikulu ndi ufa wambiri” ndipo kafukufuku anatsimikiziranso izi. Ufa
wachinangwa unapezeka kukhala ndi puloteni wamlingowa pakati pa 4.86 – 7.09%.Kawuniwuni
wa magulu a chingwachi anapeza magulu akulu-akulu anayi. Mtundu umodzi waku Malawi
unaonetsa kusiyana kwakukulu ndi mtundu wofana nawo waku Zambia, pamene mtundu
wamakono wopangidwa kuchokera ku kholo limodzi unawonetsa zinthu zofananiranako
kwambiri. Kukhutitsa ndi kupereka mphamvu kwa mitundu isanu ndi inayi ya chinangwayi ndilo
gwero lalikulu limene alimi amachikondera; komabe, zinthu monga nthawi yomwe chingatenge
chisanaonengeke, kasungidwe, ndi masamalidwe chikakololedwa monga kugwidwa ndi
anankafumbwe zimapangitsanso momwe mbewu ya makono ya chinangwa ingakondedwere.

Key Words: Bitter, cassava, cyanogenic glucoside, minerals, preference, starch, sweet
utilization, varieties.

Introduction

Both farmers and scientists have established that
cassava (Manihot esculenta Crantz) can be classified
i n t o two d i s t i n c t c l a s s e s—“ swe e t ” o r
“bitter”—based on its inherent cyanogenic gluco-
side potential and use (Bradbury et al. 2013;
Chiwona-Karltun et al. 1998; Dufour 1993;
Mkumbira et al. 2003; Muhlen et al. 2000; Rogers
1963; Wilson and Dufour 2002). The sweet varie-
ties usually contain much lower levels of cyanogenic
glucosides than bitter ones (Carmody 1900;
Chiwona-Karltun et al. 2004; Dufour 1994;
Sundaresan et al. 1987). Several studies also have

shown that age and environmental conditions may
influence the concentration of these toxins in vari-
ous parts of the cassava plant to some extent
(Bokanga et al. 1994;Mahungu 1994).While sweet
varieties can be eaten raw, boiled, or cooked without
prior processing, bitter varieties are processed to
reduce risk of residual cyanogens prior to consump-
tion (Chiwona-Karltun et al. 2000; Dufour 1988;
Ellen and Soselisa 2012; O’Brien et al. 1992).
When farmers introduce cassava varieties into their
cropping systems, these characteristics play an im-
portant role in the selection.
Recognition that cassava has moved beyond

merely being a food–security crop in Sub–Saharan
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Africa to becoming a commercial crop is increasing
(Fermont et al. 2010; Nweke 2004; Nweke et al.
2001). Cassava is indeed gaining in importance after
maize (Haggblade et al. 2012; Haggblade et al.
2003) and in climate change debates (Burns et al.
2010; Jarvis et al. 2012; Rosenthal and Donald
2012). However, there remain challenges, especially
when it comes to varietal adoption (Alene et al.
2013). Varietal preference based on general utiliza-
tion as well as more targeted end use for preferred
local and improved varieties (Muoki and Maziya-
Dixon 2013) is not well documented. Regarding
small–scale farmers, a recent publication revealed
that as little as 7% adoption of improved varieties
tolerant to cassava mosaic diseases was observed in
Malawi. This was because farmers did not perceive
the varieties as having preferred consumption attri-
butes. Similarly, farmers in Zambia preferred local
varieties over improved varieties with adoption rates
as low as 15% for improved varieties (Alene et al.
2013).

The objectives of this study were to investigate
prevailing varietal preferences based on use and the
biochemical composition of local and improved
cassava varieties. Such information is important for
understanding farmers’ adoptions of new improved
varieties. A series of interviews were conducted with
farmers and researchers to document the existing
varieties, their origin, classification, processing, and
end use. Biochemical analyses were performed on
the flour samples. The study was conducted in
Zambia, one of three main cassava–producing and
cassava–consuming countries in southeastern Africa
(Malawi and Mozambique are the others). The
varieties found in Zambia can be considered repre-
sentative of the southeastern African countries.

Materials and Methods

CASSAVA SAMPLE COLLECTION

Five improved and four local cassava varieties
were obtained from 15 farmers’ fields in the
Chisamba Community located in the Chongwe
District in Zambia. The improved varieties were
“Kampolombo,” “Chila A,” “Chila B,” “Mweru,”
and “Tanganyika.” Two recommended local varie-
ties, “Nalumino” and “Bangweulu,” are available
through the Zambia Agricultural Research Institute
(ZARI), while the two remaining local varieties,
“Manyokola” and “Mweulu,” spread mainly via
farmer–to–farm distribution. Interviews with staff

from ZARI indicated that improved varieties were
observed to be more tolerant to cassava mosaic virus
(CMV). These varieties were subsequently released
to farmers by the cassava–breeding program at the
Zambian Agricultural Research Institute (Alene
et al. 2013).

SAMPLING AND PREPARATION FOR CHEMICAL

ANALYSIS

Root samples were harvested from the nine vari-
eties and transported to the laboratory within three
hours of harvest. The samples were cleaned, peeled,
and washed with room–temperature water. Parts of
the parenchyma from the distal, middle, and apical
sections of peeled roots were cut into cubes and
oven dried at 60°C for 48 hrs. The oven–dried
cubes were ground in a Hammer mill (Christy and
Norris Ltd., Model 2A, Chelmsford, Surrey, UK)
into flour to pass through a 250–μm sieve. The
flour samples obtained were then packaged into
polypropylene bags and kept at room temperature
(25°C) for analysis. Duplicate samples (~1 kg) of
flour (approximately 8–10 cassava roots from sever-
al plants) were prepared for each variety, and tripli-
cate analyses were conducted on each of the repli-
cates. The mean values of all analyses were comput-
ed, and standard deviations were reported.

ANALYTICAL METHODS

Proximate Analyses of Samples

Moisture, crude protein (N x 6.25), fat, and ash
contents were determined using the Association of
Official Analytical Chemists’ (AOAC)–approved
methods 925.10, 920.87, 920.85, and 923.03, re-
spectively (AOAC 2005). Carbohydrate content
was determined by calculating the difference. The
energy content of the roots was determined by
multiplying the percentages of crude protein, crude
lipid, and carbohydrates by 16.7, 37.7, and 16.7,
respectively (Siddhuraju et al. 1992). These conver-
sion factors represent the Kcal per unit of protein,
lipids, and carbohydrates.

Mineral Analyses

Phosphorus and calcium levels were evaluated by
applying the AOAC–approved methods 948.09
and 944.03, respectively (AOAC 2005). Iron con-
tents were also determined by the AOAC ortho–
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phenanthroline method 944.02. Flame photometry
was used for sodium and potassium, and atomic
absorption spectrometry was used for the remainder
of the minerals studied.

Statistical Analysis

Statistical analysis and graphical presentation
were applied using Minitab (version 14) and
Microsoft Office Excel (2007 version), respectively.
Cluster analysis (cluster observation) was performed
to group the different cassava varieties with similar
characteristics. Principal component analysis
(PCA) was used to ascertain patterns and explore
relationships between the various parameters of
the varieties.

Results and Discussion

CLASSIFICATION AND TASTE

Of the nine varieties identified by name by the
farmers, four of the varieties were local while the
remaining five were improved var iet ies .
“Bangweulu” was the only variety clearly identified
as bitter. During interviews, farmers further classi-
fied the improved variety “Chila” into two sub–
classifications, henceforth referred to as “Chila A”
and “Chila B.” These varieties were classified as
b e i n g s l i g h t l y b i t t e r . T h e o t h e r
varieties—“Kampolombo,” “Mweru,” “Mweulu,”
“ T a n g a n y i k a , ” “N a l u m i n o , ” a n d
“Manyokolo”—were classified as sweet. In the study
area, there was a high proportion of the varieties
originating from the national research stations,
namely Kasama and Mansa, in Zambia (Table 1).
During interviews, farmers indicated that the varie-
ties “Mweulu” and “Tanganyika” were regarded as
more disease– and drought–tolerant compared to
the other varieties shown in Table 1.
Classifying cassava varieties on the basis of taste

and end use is well established among cassava pro-
ducers and consumers, extending its geographical
origins of Brazil (Dufour 1994), the West Indies
(Sauer 1963), Asia (Ellen and Soselisa 2012;
Thaman and Thomas 1985), and Africa
(Chiwona-Karltun et al. 1998). Taste is used as an
important indicator and predictor of potential tox-
icity, especially of raw roots. Though studies show
that there is a continuum of cyanogenic glucosides
(Bokanga 1994) both at the varietal and the root
levels, there are also studies showing a strong

correlation between bitter taste and cyanogenic glu-
coside levels (Chiwona-Karltun et al. 2004). Some-
times other perceptual characteristics are used to
classify varieties, but these do not carry the same
specificity as the distinctive folk taxonomy of clas-
sifying varieties as bitter or sweet (Jones 1959; Nye
1991; Wilson and Dufour 2002). Studies in the
neighboring country of Malawi verify the impor-
tance of the bitter and sweet taxonomy. When
varieties are identified as being labile, that is, affect-
ed by microenvironmental factors to become more
or less bitter, they were referred to as “intermediate
varieties” (Chiwona–Karltun et al. 2004).
In this study, we found varieties classified by

farmers as being “somewhat bitter,” namely the
varieties “Chila A” and “Chila B.” To be conserva-
tive, farmers classify a variety as bitter when it has a
tendency to be labile. This is supported by similar
findings in Indonesia (Soselisa and Ellen 2013) and
in a comparative study of cassava genetic differenti-
ation between bitter and sweet cassavas (Bradbury
et al. 2013). The necessity of using taste as a marker
for potential toxicity is important, especially as evi-
dence shows that the introduction of cassava to
other areas outside its place of origin is often char-
acterized by bitter varieties arriving first and the
sweet ones arriving much later (Bradbury et al.
2013). Moreover, varieties whose levels of cyano-
genic glucosides highly fluctuate as a result of the
microenvironment potentially pose a threat, where
knowledge and experience is predominantly based
on folk taxonomy.
In a recent publication with data from Zambia,

evidence showed little adoption by the farmers of
the improved varieties. Much of the reason for this
low usage included lack of awareness (Alene et al.
2013). Nevertheless, as seen in Table 1, results from
our interviews show that tolerances to drought and
diseases are factors that play a determining role in
adoption. Although the improved varieties were
perceived as performing well, the local varieties
seemed to be preferred due to their resistance
against pests and disease. These findings are also
supported by earlier studies in Malawi, where
farmers were found to keep a repertoire of local
varieties (Mkumbira et al. 2003) even if they had
access to new improved ones.

PREFERENCE AND UTILIZATION OF DIFFERENT

CASSAVA VARIETIES

Reasons for preference and utilization focused as
much on the cassava leaves for use as vegetables as
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on the roots for making the staple dish “nshima” or
for use as a complementary energy provider. As
shown in Table 2, only the roots of the varieties
classified as bitter (“Bangweulu” and “Chila”) could
not be readily eaten raw. However, roots of
“Bangweulu” were found to be “bigger and starch-
ier.” Storage/shelf–life properties, especially after
drying, were noted to be an important quality.
The longer roots of varieties such as “Kampolombo”
could be stored under local conditions that kept up
to six months after processing; varieties with longer
roots were valued and wanted.
Several studies have shown that cassava leaves

play an important role in the diet in populations
in Africa, Latin America, and some Asian countries

(Coursey 1973; Katz et al. 2012; Lancaster and
Brooks 1983; Yeoh and Chew 1976). While the
potential for maximizing the use and consumption
of these leaves has yet to be realized, our study
showed it was important that varieties also produce
good–quality leaves. Specifically, varieties like
“Mweru,” “Chila A,” “Chila B,” and “Mweulu”
were prized for their leaves (Table 2). Ellen and
Soselisa (2012) found that since the 1970s, com-
munities growing cassava sometimes grew certain
species such as Manihot glaziovii as an ornamental
plant fromwhich only the leaves could be harvested.
In certain communities in Sub–Saharan Africa, it is
not uncommon to find consumption of cassava
leaves as high as 500g/person (Lancaster and Brooks

Table 2. PREFERENCE AND USE OF THE DIFFERENT CASSAVA VARIETIES.

Cassava
Variety

Part C: Preference and use of the cassava varieties

Preference Reason(s) for liking the variety How the variety is utilized

Kampolombo The leaves are nice for relish, the roots
can be cooked fresh because they are sweet
and milled dried tuber makes a nice
cassava mealy meal for Nshima.

The fresh roots can be eaten raw, cooked, or
roasted. The fresh leaves are pounded
and cooked as relish. The dried roots can
be stored up to six months and milled
into cassava mealy–meal and flour.

Bangweulu The roots are bigger and more starchy
and bitter

The dried roots can be milled into cassava
mealy–meal and flour. The roots cannot
be eaten raw but can be roasted after
soaking.

Chila High yield and is bitter The dried roots can be milled into mealy–
meal and flour. The roots cannot be
eaten raw but can be cooked or roasted
after soaking. The fresh leaves are
pounded and cooked as relish.

Mweru Roots are starchy and high yielding
and sweet

The fresh roots can be eaten raw, cooked, or
roasted. The fresh leaves are pounded
and cooked as relish. The dried roots can
be milled into mealy–meal and flour.

Mweulu Gives high yields and it’s not bitter The fresh root can be eaten raw, cooked, or
roasted. The fresh leaves are pounded
and cooked as relish. The dried roots can
be milled into mealy–meal and flour.

Tanganyika Roots can be cooked fresh, are sweet Can be eaten raw, cooked, or roasted.
Milled into mealy meal and flour.

Nalumino The roots grow bigger (after 2 years)
and give a high yield and are sweet

The fresh root can be eaten raw, cooked, or
roasted. The fresh leaves are pounded
and cooked as relish. The dried roots can
be milled into mealy–meal and flour.

Manyokola The roots can be eaten anytime and
have a very nice taste

The fresh root can be eaten raw, cooked, or
roasted. The fresh leaves are pounded
and cooked as relish. The dried roots can
be eaten raw, cooked; roasted and dried
chips can be milled into meal for flour.
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1983). What seems to be less documented is
whether there are specific breeding programs or
varieties that are bred for cassava leaves as vegetables.
Cassava leaves are reportedly high in protein (up to
23.1g/100g), micronutrients, and vitamins, and
processing of the leaves has a marginal effect on
the majority of the compositional nutrients (OECD
2009). During the dry season, which often coin-
cides with the hungry season, cassava plants are
sometimes the only source of vegetables to be eaten
with the staple dish prepared from the flour derived
from the roots of cassava (Chiwona-Karltun et al.
1998). Although general knowledge and documen-
tation of the consumption of cassava leaves in Sub–
Saharan Africa are available, there is need for estab-
lishing consumption patterns, consumption quan-
tities, and varietal preferences. This information
could enable breeders and food processors to be
more targeted in their interventions.

The roots of cassava are perhaps the most
valuable part of the plant, providing the
cheapest source of calories and, in some cases,
providing more than one–third of required
daily calories (Falcon et al. 1984; Tonukari
2004). In our study, respondents described their
varieties and attributes, specifically regarding starch-
iness, mealiness, flour properties, and cooking prop-
erties of the roots (Table 2). Respondents were very
particular about how roots could be used based on
being classified as bitter or sweet. Roots from sweet
varieties can be eaten raw, boiled, or roasted and/or
chipped, dried, or milled into flour because they
contain low levels of cyanogenic glucosides
(Mkumbira et al. 2003). Maintaining this dichoto-
my appears crucial, especially for determining usage.
Our findings on varietal preference and use of the
two bitter varieties “Bangweulu” and “Chila” also
corroborate the view that bitter varieties produce
bigger roots that are more starchy, even if this is a
result of deliberate selection (Bradbury et al. 2013;
Chiwona-Karltun 2001; Wilson and Dufour
2002). It is well documented that any form of
processing of cassava roots greatly enhances shelf
life, particularly if the moisture content is reduced
to 12% on a dry–weight basis (OECD 2009).

PROCESSING, STORAGE, AND SHELF LIFE

If the variety were bitter (i.e., “Bangweulu”
and both “Chila” varieties), soaking and fermen-
tation comprised the primary method used to
process cassava roots into flour (Table 3). The
process included peeling the roots, washing them,

soaking them for two to five days (depending on
how much time is required for the roots to soften),
and then drying. Roots from sweet varieties were
chipped or grated and simply dried. In both in-
stances, dried roots or chips could be directly milled
into flour or stored in sacks without milling. For
roots of bitter varieties, once soaking was complete,
they could be mixed with roots from the sweet
varieties to increase bulk. Roots from sweet va-
rieties were sometimes soaked to acquire desired
taste preferences. The flour processed from the
two local varieties (“Mweulu” and “Tanganyika”)
were found to possess similar mealy and taste
qualities as “nshima,” which is prepared from
maize flour. Storage characteristics included shelf
life, post–processing, and hardiness to weevil at-
tacks. One of the problems affecting postharvest
storage of cassava is weevil infestations that greatly
affect the color, appearance, and texture of the
roots. The local varieties were identified as faring
best in terms of long–term storage and against
weevil infestation.

There is ample evidence suggesting that process-
ing depends very much on preferred tastes, palates,
and habits originating from consuming similar
foods (Nweke et al. 2001). In this study, respon-
dents indicated the local varieties were preferred
because they produced a flour product that was very
similar to maize meal. The method and preferred
processing pathways were soaking and fermentation
of roots, common inmuch African food preparation
(Nweke 1995). Farmers further described the feel-
ing of “cassava holding the stomach for a longer
time,” as shown in Table 3. For cassava to function
as a preferred food, it must fulfill certain criteria,
and this has been shown in several studies; e.g.,
certain bitter varieties preferred for the white ap-
pearance of the flour or the leaves tasting more
tender or having a dark–green color (Chiwona-
Karltun et al. 1998). Studies in Indonesia have also
shown that classification was as important as group-
ing criteria, but cooking qualities and functionality
of a variety were more highly regarded in rank
(Soselisa and Ellen 2013). In terms of consumer
studies exploring processed cassava products for
marketing, these factors need to be considered,
especially when transitioning from traditional to
processed–food products (Jumah et al. 2008). In
the absence of readily available markets and im-
proved technologies for increasing shelf life, varieties
that keep well in ground storage or postharvest lead
to higher adoption rates, especially in marginalized
areas (Haggblade et al. 2012).
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PROXIMATE COMPOSITION OF THE DIFFERENT

CASSAVA VARIETIES

Table 4 shows the proximate composition of the
roots of the nine different cassava varieties studied.
The moisture content of the flours varied from
8.46% to 11.91%. Moisture is an important pa-
rameter in the storage of cassava flour; levels greater
than 12% allow for microbial growth, while low
levels are favorable and give relatively longer shelf
life (Afoakwa et al. 2011; Trèche and Massamba
1991). Padonou et al. (2005) reported water con-
tent for cassava between the range of 60.3% to
87.1% on a fresh–weight basis, while others found
moisture for different cassava flour samples to vary
from 9.2% to 12.3% (Charles et al. 2005) and 11%
to 16.5% (Shittu et al. 2007). Hence, the flour
samples analyzed in our study are representative
for such samples in general, and this agrees with
the Organization for Economic Cooperation and
Development (OECD) consensus report (OECD
2009).

Cassava roots are reported to have low protein
content. The OECD consensus report describes the
interval of mean values from six studies to range
from 1.5 g/100g to 4.7 g/100g dry matter (OECD
2009). The crude protein content of the nine vari-
eties investigated here ranged from 4.86% to
7.09%. The protein content of several of the varie-
ties was therefore higher than the previously report-
ed protein contents for cassava. This may be attrib-
uted to varietal differences and/or soil–quality char-
acteristics within the southeastern African region.

Ash is a reflection of the inorganic mineral ele-
ments present in the samples, and cassava is report-
ed to contain 1% to 2.84% dry weight ash content
(Aryee et al. 2006). The ash contents of the cassava
flour samples in this study ranged from 1.72% to

2.34%, with “Mweru” having the lowest and “Chila
B” the highest. Similar findings (1.72% to 2.34%)
were reported by Afoakwa et al. (2011) in six cassava
varieties commonly grown in Ghana.

Fats are vital to the structure and biological func-
tions of cells (Eleazu and Eleazu 2012). Cassava
contains low amounts of fats. Charles et al. (2005)
found the fat content of cassava varieties to range
from 0.1% to 0.4%, while Padonou et al. (2005)
found cassava to contain 0.65% fat. All the cassava
varieties investigated here had comparatively higher
fat contents with values ranging from 0.73% (“Tan-
ganyika”) to 0.88% (“Mweulu”). Similarly, relative-
ly high fat contents (0.74% to 1.49%) were also
reported by Afoakwa et al. (2011) in six cassava
varieties commonly grown in Ghana.

Cassava roots are rich sources of carbohydrates.
Cassava carbohydrate content ranges from 32% to
35% on a fresh–weight basis and 80% to 90% on a
dry–weight basis (Montagnac et al. 2009).With the
exception of the “Kampolombo” variety, which
recorded the least carbohydrate value of 79.29%,
all cassava varieties recorded high carbohydrate con-
tents, which were within the 80% to 90% range
reported byMontagnac et al. (2009). The statement
by farmers that “Bangweulu” roots are “bigger and
starchier” (Table 2) agrees with the variety showing
the highest carbohydrate percentage (Table 4). En-
ergy contents ranged from 1,459.12 kJ/100 g dry
matter for “Mweru” to 1,513.12 kJ/100 g dry mat-
ter for “Bangweulu.”

MINERAL CONTENT OF THE DIFFERENT CASSAVA

VARIETIES

The physiological role of minerals in the human
diet has been widely reported (Prasad et al. 1978).
Minerals are needed for growth and maintenance of

Table 4. PROXIMATE COMPOSITIONOF THE ROOTS OF DIFFERENT CASSAVA VARIETIES +/– STD. DEV. OF 3 REPLICATES.

Variety *Moisture (%) *Protein (%) *Ash (%) *Fat (%) *Carbohydrate (%) Energy (kJ100 g–1DM)

Mweulu 10.07±2.09 4.92±0.84 1.76±0.04 0.88±0.01 82.38±1.19 1491.06±34.43
Mweru 11.91±1.68 4.86±0.98 1.72±0.05 0.79±0.01 80.55±2.70 1459.12±29.91
Chila A 10.20±2.18 4.86±0.24 1.85±0.01 0.86±0.01 81.79±1.93 1486.95±36.62
Chila B 10.33±1.45 4.99±0.00 2.34±0.03 0.81±0.02 81.54±1.46 1475.48±25.08
Bangweulu 8.46±1.19 5.66±1.20 1.95±0.01 0.81±0.01 83.53±1.08 1513.12±19.75
Manyokola 11.52±2.17 5.26±0.36 1.90±0.02 0.87±0.01 80.86±1.84 1464.13±36.51
Kampolombo 11.04±0.93 7.09±1.71 1.78±0.08 0.80±0.05 79.29±0.65 1472.62±16.00
Tanganyika 11.23±1.80 5.04±1.60 1.90±0.01 0.73±0.03 80.48±0.24 1466.15±29.68
Nalumino 11.03±0.81 4.91±0.48 1.97±0.02 0.86±0.03 81.22±1.27 1470.95±14.49

*Values reported on dry weight basis
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body structures. The human body uses minerals for
the proper composition of bone and blood as well as
the maintenance of normal cell function. Thus,
diets rich in minerals are essential for proper growth
and development (Golden 2002). Cassava is, how-
ever, reported to contain low levels of minerals
compared to cereals, but contents of most elements
are comparable to Irish potatoes (OECD 2009).
The mineral content of the cassava varieties in this
study are shown in Table 5. The most abundant
mineral in all the cassava varieties studied was po-
tassium followed by sodium, phosphorus, iron, cal-
cium, and magnesium. Manganese was the mineral
with the least concentration, while zinc had appre-
ciable values. Potassium content ranged from 681
mg/100g to 1,220 mg/100g; it was highest in
“Chila B” and lowest in “Manyokola.” Results ob-
tained in these varieties were generally lower than
the reported 324−554 mg/g (32,400−55,400 mg/
100g) (Charles et al. 2005) but higher than the
values (0.25−0.36 mg/100g) reported by Afoakwa
et al. (2011). Sodium ranged from 172 mg/100g
(“Nalumino”) to 459 mg/100g (“Bangweulu”).
Phosphorus, iron, and calcium contents were
62,212, 95,200, and 26,120mg/100g, respectively.
Manganese was found in the least amounts in all
cassava varieties, with values ranging from 2.88 mg/
100g (“Mweru”) to 3.64 mg/100g (“Chila B”).
These were, however, higher than values reported
by Afoakwa et al. (2011) (0.021−0.03 mg/100g)
and higher than the greatest value (0.95) and within
the range of means reported by the OECD from
three other studies (2009).

CLUSTER AND PRINCIPAL COMPONENT ANALYSES

FOR CHEMICAL COMPOSITION OF CASSAVA

VARIETIES

Cluster and principal component analyses were
applied to the chemical composition of the different
cassava samples in order to explore patterns and
relationships among the varieties based on their
chemical composition. Results from the principal
component analysis applied to the chemical com-
position of the cassava varieties showed that two
components explained a total of 58.9% of the total
variability in the data. The first principal compo-
nent (PC1) accounted for 33.8% of the total vari-
ation in the nutritional characteristics, while the
second (PC2) explained 25.1% (Fig. 1). The clus-
tering of the plots reveals several important distinc-
tions among the varieties. Not surprisingly, the
Malawian variety “Manyokola” differs quite
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substantially from the Zambian clones. These dif-
ferences explain its isolation in the southeast quad-
rant of Fig. 1.

In contrast, the tight cluster in the southwest
quadrant includes three of the four improved vari-
eties bred and released by ZARI. The recommended
local variety “Nalumino” served as the mother line
for breeding all four of the improved varieties eval-
uated here (Alene et al. 2013). This common an-
cestry likely explains the many common chemical

characteristics shared by “Kampolombo,” “Tangan-
yika,” and “Mweru.” The remaining progeny,
“Chila,” is clearly more labile than the other varie-
ties, according to both the farmer assessments and
the chemical analysis. This property makes it more
susceptible to influences from its microenviron-
ment. As a result, “Chila A” and “Chila B” display
distinctly different chemical properties, despite
identical genetic makeup. If inherited, in part, from
its mother line “Nalimino,” this property could

PC 1 (33.8%)

PC
 2

 (
25

.1
%

)

Nalumino

Tanganyika

Kampolombo

Manyokola

Bangweulu

Chila B

Chila A

Mweru

Mweulu

Principal Component Scores Plot, PC1 and PC2 (Chemical Composition)

Fig. 1. Sample scores of plot for the principal component analysis of chemical composition of cassava varieties.
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Cluster Observations Dendogram (Chemical Composition)

Fig. 2. Cluster observations dendrogram for chemical composition of cassava varieties.
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explain the distance observed between “Nalumino”
and her four progeny. Bangweulu, the other recom-
mended local variety, retains distinct properties that
place it in the far northwest corner of the plot.
The cluster dendrogram showed that the nine

cassava varieties grouped into four clusters based
on chemical composition (Fig. 2). This clustering
closely follows the patterns observed in Fig. 1.
“Manyokola,” the Malawian variety, lies clearly dis-
tinct in its own cluster. Similarly, the three non–
labile improved varieties—“Mweru,” “Tanganyi-
ka,” and “Kampolombo”—are grouped together
in one cluster. The highly labile “Chila” is grouped
in two separate clusters, “Chila–A” in red and
“Chila–B.”

Conclusion

Preference for specific cassava varieties, whether
local or improved, is heavily determined by end–use
and inherent cyanogenic glucoside content. The
taste of raw roots, classified as sweet or bitter based
on whether processing is required prior to con-
sumption, is a commonly used classification. Vari-
eties that have high carbohydrate and starch con-
tents are deemed important when making preferred
staple dishes. An equally important quality concerns
cassava leaves when they contribute significantly as
vegetables; varieties producing leaves with high pal-
atability are prized. There are few, if any at all,
studies that have systematically looked at cassava
varieties in relation to preference for cassava leaves.
Cassava leaves as vegetables and their consumption
patterns are not well understood and require further
study. Within the cassava roots studied here, all
varieties had appreciable levels of nutrients. The
most abundant mineral in all the cassava varieties
studied was potassium, followed by sodium, phos-
phorus, iron, calcium, and magnesium. Manganese
was the mineral with the least concentration, while
zinc had appreciable values. Carbohydrate and en-
ergy densities of all the varieties were high, suggest-
ing that these cassava varieties could be used as a
reliable food and energy source. The cluster den-
drogram showed that the nine cassava varieties
grouped into four clusters based on their chemical
composition. The strong similarity among the three
non– labile improved varieties (“Mweru,”
“Kampolombo,” and “Tanganyika”) implies that
these improved varieties would stand a higher
chance of acceptance than the highly labile im-
proved variety “Chila.” The high susceptibility of

“Chila” to local soil and environmental influences
will likely make its uptake more difficult. More
importantly, this malleability highlights once again
the importance of understanding local farmer prac-
tices for tasting and assessing the chemical charac-
teristics of the cassava varieties they grow.

Acknowledgments
The authors wish to thank the following donors

for financing the fieldwork and analytical studies
that made this paper possible: the Swedish Interna-
tional Development Agency (Sida) through its Cas-
sava Transformation in Southern Africa (CATISA)
project and the Swedish Ministry of Foreign Affairs
Food Security Initiative special support to the Swed-
ish University of Agricultural Sciences (UD40).
They, likewise, wish to acknowledge valuable feed-
back received from Martin Chiona and the two
anonymous reviewers. Further, the authors are
grateful to the local language translator for provid-
ing translation of the abstract from English to
Chinyanja and Joseph Nagoli. Any mistakes of fact
or interpretation, nonetheless, remain the sole re-
sponsibility of the authors.

Literature Cited
Afoakwa, E., C. Asiedu, A. Budu, L. Chiwona-

Karltun, and D. B. Nyirenda. 2011. Application
for multivariate techniques for characterising
composition of starches and sugars in six high–
yielding CMD cassava (Manihot esculenta
Crantz) varieties. Journal of Nutrition and Food
Sciences 1:111.

Alene, A., R. Khataza, C. Chibwana, P.
Ntawuruhunga, and C. Moyo. 2013. Economic
impacts of cassava research and extension in
Malawi and Zambia. Journal of Development
and Agricultural Economics 5(11):457–469.

AOAC (Association of Official Analytical Chemists).
2005. Official Methods of Analysis. AOAC,
Washington, D.C.

Aryee, F., I. Oduro,W. Ellis, and J. Afuakwa. 2006.
The physicochemical properties of flour samples
from the roots of 31 varieties of cassava. Food
Control 17:916–922.

Bokanga, M. 1994. Distribution of cyanogenic
potential in the cassava germplasm. Acta
Horticulturae 375:117–123.

———, I. Ekanayake, A. Dixon, and M. Porto.
1994. Genotype–environment interactions for cy-
anogenic potential in cassava. Acta Horticulturae
375:131–139.

ECONOMIC BOTANY [VOL



Bradbury, J. H., A. Duputie, M. Deletre, C.
Roullier, A. Narvaez-Trujillo, J. Manu-
Aduening, E. Emshwiller, and D. McKey.
2013. Geographic differences in patterns of ge-
netic differentiation among bitter and sweet
manioc (Manihot esculenta subsp. esculenta; Eu-
phorbiaceae). American Journal of Botany
100(5):857–866.

Burns, A., R. Gleadow, J. Cliff, A. Zacarias, and T.
Cavagnaro. 2010. Cassava: The drought, war,
and famine crop in a changing world. Sustain-
ability 2:3572–3607.

Carmody, A. 1900. Prussic acid in sweet cassava.
Lancet 156:736–737.

Charles, A., K. Sriroth, and T. Huang. 2005. Prox-
imate composition, mineral contents, hydrogen
cyanide, and phytic acid of five cassava geno-
types. Food Chemistry 92:615–620.

Chiwona-Karltun, L. 2001. A reason to be bitter:
Cassava classification from the farmers’ perspec-
tive. Department of Public Health Sciences.
Karolinska Institute, Stockholm.

———, L. Brimer, J. Saka, A. Mhone, J.
Mkumbira, L. Johansson, M. Bokanga, N.
Mahungu, and H. Rosling. 2004. Bitter taste
in cassava roots correlates with cyanogenic glu-
coside levels. Journal of the Science of Food and
Agriculture 84:581–590.

———, ———, ———, ———, ———,
——— , ——— , ——— , ——— , J .
Mkumbira, J. Saka, M. Bovin, N. Mahungu,
and R. Rosling. 1998. The importance of being
bitter: A qualitative study on cassava cultivar
preference in Malawi. Ecology of Food and Nu-
trition 37:219–245.

———, ———, ———, ———, ———,
———, ———, ———, ———, ———,
——— , ——— , ——— , ——— , T .
Tylleskar, J. Mkumbira, M. Gebre-Medhin,
and H. Rosling. 2000. Low dietary cyanogen
exposure from frequent consumption of po-
tentially toxic cassava in Malawi. International
Journal of Food Sciences and Nutrition
51:33–43.

Coursey, D. G. 1973. Cassava as food: Toxicity and
technology. In: Chronic cassava toxicity, eds., B.
Nestle and R. MacIntyre. IDRC Monograph
010e. Ottawa, Canada: International Develop-
ment Research Centre.

Dufour, D. 1988. Cyanide content of cassava
(Manihot esculenta; Euphorbiaceae) cultivars
used by Tukanoan Indians in northwest Amazo-
nia. Economic Botany 42(2):255–266.

——— 1993. The bitter is sweet: A case study of
bitter cassava (Manihot esculenta) use in Amazo-
nia. Pages 575–588 in A. Hladik, O. Linares, C.
Hladik, H. Pagezy, and UNESCO, eds., Trop-
ical forests, people and food: Biocultural interac-
tions and applications to development (Man and
the Biosphere Series). UNESCO/Parthenon,
Paris.

——— 1994. Cassava in Amazonia: Lessons in
utilization and safety from native peoples. Acta
Horticulturae 375:175–182.

Eleazu, C. and K. Eleazu. 2012. Determina-
tion of the proximate composition, total
carotenoid, reducing sugars, and residual
cyanide levels of flours of six new yellow
and white cassava (Manihot esculenta Crantz)
varieties. America Journal of Food Technology
7:642–649.

Ellen, R. F. andH. L. Soselisa. 2012. A comparative
study of the socio–ecological concomitants of
cassava (Manihot esculenta) diversity, local
knowledge and management in Eastern Indone-
sia. Ethnobotany Research and Applications
10:15–35.

Falcon, W., W. Jones, and S. Pearson. 1984. The
cassava economy of Java. Stanford University
Press, Stanford, California.

Fermont, A., A. Babirye, H. Obiero, S. Abele, and
K. Giller. 2010. False beliefs on the socio–eco-
nomic drivers of cassava cropping. Agronomy for
Sustainable Development 30:433–444.

Golden, M. H. N. 2002. The development of
concepts of malnutrition. The Journal of Nutri-
tion 132(7):2117S–2122S.

Haggblade, S., A. Andersson Djurfeldt, D. Banda
Nyirenda, J. Bergman Lodin, L. Brimer, M.
Chiona, M. Chitundu, L. Chiwona-Karltun,
C. Cuambe, M. Dolislager, C. Donovan, K.
Droppelmann, M. Jirström, E. Kambewa, P.
Kambewa, N. Mahungu, J. Mkumbira, J.
Mudema, H. Nielson, M. Nyembe, V. Salegua,
A. Tomo, and M. Weber. 2012. Cassava
commercialisation in southeastern Africa. Jour-
nal of Agribusiness in Developing and Emerging
Economies 2(1):4–40.

———, ———, ———, ———, ———,
———, ———, ———, ———, ———,
———, ———, ———, ———, ———,
———, ———, ———, ———, ———,
———, ———, ———, and B. Zulu. 2003.
The recent cassava surge in Zambia and Malawi.
Pretoria. International Food Policy Research In-
stitute (IFPRI), South Africa.

CHIWONA-KARLTUN ET AL.: FARMER PREFERENCES OF CASSAVA IN AFRICA2015]



Jarvis, A., J. Ramirez-Villegas, B. V. Herrera Cam-
po, and C. Navarro-Racines. 2012. Is cassava the
answer to African climate change adaptation?
Tropical Plant Biology 5:9–29.

Jones, W. 1959. Manioc in Africa. Stanford Uni-
versity Press, Stanford, California.

Jumah, A., P.-N. Johnson, E. Quayson, C. Tortoe,
and C. Oduro-Yeboah. 2008. Market testing of
a major cassava flour product in the Accra met-
ropolitan area. International Journal of Consum-
er Studies 32:687–691.

Katz, E., C. Lopez, M. Fleury, R. Miller, V. Paye,
T. Dias, F. Silva, Z. Oliveira, and E. Moreira.
2012. No greens in the forest? Note on the
limited consumption of greens in the Amazon.
Acta Societat is Botanicorum Poloniae
81(4):283–293.

Lancaster, P. and J. Brooks. 1983. Cassava leaves as
human food. Economic Botany 37:331–348.

Mahungu, N. M. 1994. Relationship between
cyanogenic potential of cassava and other ag-
ronomic traits. Acta Horticulturae 375:125–
129.

Mkumbira , J . , L . Chiwona-Kar l tun, U.
Lagercrantz, N. Mahungu, J. Saka, A. Mhone,
M. Bokanga, L. Brimer, H. Rosling, and U.
Gullberg. 2003. Classification of cassava into
“bitter” and “cool” in Malawi: From farmers’
perception to characterisation by molecular
markers. Euphytica 132:7–22.

Montagnac, J. A., C. R. Davis, and S. A.
Tanumihardjo. 2009. Nutritional value of cas-
sava for use as a staple food and recent advances
for improvement. Comprehensive Review in
Food Science and Food Safety 8:181–188.

Muhlen, G., P. Martins, and A. Ando. 2000. Ge-
netic diversity of cassava landraces assessed by
DNA markers. Scientia Agricola 57:319–328.

Muoki, P. and B. Maziya-Dixon. 2013. Household
utilization of manioc (Manihot esculenta Crantz)
in northern Mozambique. Ecology of Food and
Nutrition 49(5):337–356.

Nweke, F. 1995. Processing cassava for wider mar-
ket opportunities in Africa. Proceedings of the
Conference on Postharvest Technology and
Commodity Marketing in West Africa, Accra,
Ghana, 45–53. International Institute of Trop-
ical Agriculture, Ibadan, Nigeria.

——— 2004. New challenges in the cassava trans-
formation in Nigeria and Ghana. EPTDDiscus-
sion paper. IFPRI, Washington, D.C.

———, S. Dunstan, and J. Lynam. 2001. The
cassava transformation: Africa’s best kept secret.

Michigan State University Press, East Lansing,
Michigan.

Nye, M. M. 1991. The mismeasure of manioc
(Manhiot esculenta; Euphorbiaceae). Economic
Botany 45:379–391.

O’Brien, G., L. Mbome, A. Taylor, and N. Poulter.
1992. Variations in cyanogen content of cassava
during village processing in Cameroon. Food
Chemistry 44:131–136.

OECD. 2009. Consensus document on com-
positional consideration for new varieties of
cassava (Manihot esculenta Crantz): Key food
and feed nutrients, anti–nutrients, toxicants,
and allergens. Organization for Economic Co-
operation and Development, O. E. Directorate,
Paris.

Padonou,W., C.Mestres, andM.Nago. 2005. The
quality of boiled cassava roots: Instrumental
characterisation and relationship with physico-
chemical properties and sensorial properties.
Food Chemistry 89:261–270.

Prasad, A. S., P. Rabbani, A. Abbasii, E. Bowersox,
and M. S. Fox. 1978. Experimental zinc defi-
ciency in humans. Annals of Internal Medicine
89(4):483–490.

Rogers, D. 1963. Studies of Manihot esculenta
Crantz and related species. Bulletin of the Torrey
Botanical Club 90:43–54.

Rosenthal, D. and R. Donald. 2012. Examining
cassava’s potential to enhance food security un-
der climate change. Tropical Plant Biology
5:30–38.

Sauer, C. 1963. Cultivated plants of South and
Central America. Pages 507–533 in J. Steward,
ed., Handbook of South American Indians.
Cooper Square, New York.

Shittu, T., L. Sanni, S. Awonorin, B. Maziya-
Dixon, and A. Dixon. 2007. Use of multivariate
techniques in studying the flour–making prop-
erties of some CMD–resistant cassava clones.
Food Chemistry 101:1606–1615.

Siddhuraju, P., K. Vijayakumri, and K.
Janardhanan. 1992. Nutritional and chemical
evaluation of raw seeds of the tribal pulse, Vigna
trilobata (L.) Verdc. International Journal of
Food Science and Nutrition 43:97–103.

Soselisa, H. and R. Ellen. 2013. The management
of cassava toxicity and its changing sociocul-
tural context in the Kei Islands, eastern Indo-
nesia. Ecology of Food and Nutrition 52:427–
450.

Sundaresan, S., B. Nambisan, and C. Easwari
Amma. 1987. Bitterness in cassava in relation

ECONOMIC BOTANY [VOL



to cyano glucoside content. Indian Journal of
Agricultural Sciences 57(1):37–40.

Thaman, R. and P. Thomas. 1985. Pages 189–226
in D. Cattle and K. Schwerin, eds., Cassava and
change in Pacific island food systems. Food en-
ergy in tropical ecosystems. Gordon and Breach
Science Publishers, New York.

Tonukari, N. 2004. Cassava and the future of
starch. Electronic Journal of Biotechnology
6(18):2065–2073.

Trèche, S. and J. Massamba. 1991. Will cassava
remain a staple food in the Congo? Food, Nu-
trition, and Agriculture 1:19–26.

Wilson, W. and D. Dufour. 2002. Why bitter
cassava? Productivity of bitter and sweet cassava
in a Tukanoan Indian settlement in the north-
west Amazon. Economic Botany 56(1):49–57.

Yeoh, H. and M. Chew. 1976. Protein content and
amino acid composition of cassava leaf. Phyto-
chemistry 15:1597–1599.

CHIWONA-KARLTUN ET AL.: FARMER PREFERENCES OF CASSAVA IN AFRICA2015]


	Farmer...
	Farmer Preference, Utilization, and Biochemical Composition of Improved Cassava (Manihot esculenta Crantz) Varieties in Southeastern Africa
	Makonda a Alimi, Kagwiritsidwe Ntchito, ndi kawuniwuni wa mitundu ya Chinangwa cha makono (Manihot esculenta Crantz) ku M’mwera Chaku M’mawa Kwa Africa
	Introduction
	Materials and Methods
	Cassava Sample Collection
	Sampling and Preparation for Chemical Analysis
	Analytical Methods
	Proximate Analyses of Samples
	Mineral Analyses
	Statistical Analysis


	Results and Discussion
	Classification and Taste
	Preference and Utilization of Different Cassava Varieties
	Processing, Storage, and Shelf Life
	Proximate Composition of the Different Cassava Varieties
	Mineral Content of the Different Cassava Varieties
	Cluster and Principal Component Analyses for Chemical Composition of Cassava Varieties

	Conclusion
	Literature Cited



