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ABSTRACT  
 
Six varieties of Cassava (Yucca) from Chapare 
(Provincia of Cochabamba-Bolivia) have been 
studied and a proximal analysis has been carried 
out. 
 
INTRODUCTION 
 
In recent years, the Bolivia’s government has tried 
to develop in the tropical region of Cochabamba, 
Chapare. This region is tropical and is considered a 
very rich in natural resources; fruits, vegetables 
and roots. One of the main crops in this area is 
sweet cassava (Mannihot esculenta Crantz)  
 
The cassava’s production has a vital importance 
from a social and economic perspective according 
to regional plans of development. It has an 
importance to the local farmers both as a crop for 
consumption within the household as well as a 
crop for trade.  
 
Cassava is a tropical, perennial plant originating 
from Latin America. Cassava has been 
domesticated and insert in the New World tropics 
in the late fifteenth century (18). 
 
Cassava is a root that has many attributes that 
makes very interesting for the farmers. Cassava is 
insensitive to drought, it is not demanding in 
fertilization, it is insensitive to pests, it is not 
laborious to farm and it gives a high yield. 
However, it is a crop with a primarily high content 
of carbohydrates and the protein content is low. 
  
In the tropical regions, cassava is the most 
important root crop and as a source of energy for 
human consumption it ranks fourth after rice, sugar 
cane and maize. It is a major carbohydrate food for 

an estimated 500 million people and in tropical 
Africa (19).  
 
Cassava can be divided in two different principal 
types; sweet and bitter cassava, depending on the 
cyanide content. Bitter cassava has a bitter taste 
and high cyanide content. These varieties need to 
be detoxified before consumption through different 
types of treatments. In Bolivia the sweet variety 
with low cyanide content dominates and it can be 
consumed either fresh (boiled, baked, fried or 
pounded) or in numerous processed forms (18). 
Cassava is of growing importance as animal feed 
and as a raw material for producing starch. Over 
the last 20 years, there has been mounting 
recognition of the contributions that cassava can 
make to increasing incomes and generating 
employment opportunities in the rural economy 
(19). 
 
The cassava root is easily deteriorated by 
atmospheric contact after harvest. One way to 
overcome these problems is to process the cassava 
roots into dry form. The main objective of this 
study is to characterize six common varieties of 
cassava found in Chapare, with the purpose of 
choosing the appropriate variety to work with to 
develop new products from it with more added 
values in a short term. 
 
 
RESULTS AND DISCUSSION 
 
Six varieties of cassava from Bolivia (Bobore (a), 
Noveton (b), Valencia (c), Amarilla (d) 
Cambayuca (e) and Bobore (f)), were analyzed. 
The proximate composition (% based on DM) is 
given in Table 1 and in the Figures 1 and 2. 
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The starch content was ranging from 71.6 % to 
84%, with an average of 75%. Valencia showed 
the lowest value, with 71.6%, and the Cambayuca 
variety was displayed the highest content of starch 
with 84%. 
 
The total fiber content ranged from 7.4 % 8.5%, 
with an average around 8.2%. The lowest value 
was obtained for the variety Bobore, 7.4%. These 
values were higher than the reported by Kay (1) 
(1%) but similar than the values reported by 
Dominguez (10) and Ravindran (11), with 7.3% 
and 8.5% respectively. Potato has much less fibres, 
1.6% was obtained by Karuna et al (12). The 
insoluble fiber fraction range between 2.7% and 
5.1% with an average of 3.7%. The highest value 
was 5.1% obtained for the Bobore (a) variety. The 
soluble fiber fraction range between 3.3% and 
5.5%, with an average of 4.5%. The highest 
reported value was for was for the Valencia variety 
with 5.5%. 
 
The crude protein content, in the present study, 
ranged from 1.5% to 2.8% and in average 2%. The 
Valencia and Cambayuca varieties deviates with 
low protein content. The results are in agreement 
with the values reported for cassava by Kay (1). 
Cassava has a very low protein content, for 

instance potato contains much more protein, 
typical around 10% (based on DM) (12). 
 
 
The lipid content shows values between 0.6% and 
1.4% with an average of 1.0%. The Noveton 
variety, had the lowest quantity 0.6%, and the 
Cambayuca variety showed the highest value 
1.4%, Figure 1. The results agrees well with the 
previous study by Dominguez (10) and Ravindran 
et al. (11) who found that the lipid values varied 
between 0.8% and 1.4%. Lipids reported for other 
roots, like potato (Karuna D. et al.) (12), is 
comparable, about 1.0%, to cassava in this study. 
 
The ash content goes from 1.5% until 2.7%, in all 
varieties studied. Ash of Bobore (IBTA Chimore) 
variety reached 2.7 %, becoming almost twice in 
comparison with the other varieties like is showed 
in the Figure 1. Kay (1) has reported ash content in 
cassava in a lower range (the range was 0.5-1.5% 
DM 
 
The mineral content in all the varieties, were 
analysed and it is summarized in the Table 1. 
 
All the results are compared with the elemental 
composition of the earth crust by Rimbac (21) in 
Figure 3. Looking at the data Figure 3, we can 
divide the mineral content in three groups: one of 
overrepresented elements in the cassava samples in 
comparison with the earth crust, this group 
includes K, P, Zn, Br, Cl, S, B and Rb. The second 
group that contain “well represented elements” 
with similar concentration in the cassava root as in 
the crust of the earth: Ca, Mg, Ba, Sr, Cu, Au and 
Ni. The third group is a large number of elements 
that have an appearance in cassava far below their 
presence in the earth crust- “under represented 
elements”. This group includes elements like Na, 
Fe, Si, Sn, Mo, Cd and the heavy metals like Pb 
and Hg.  
 

Figure 3. Comparison between aboundance of elements in the earth's 
crust and in cassava samples.
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The first group, the enriched elements, it partly 
represents elements with a clear physiological role 
in the plant: K, P, Zn, S, and Cl. We may assume 
that the plant together with these elements absorbs 
other elements with similarities in the fundamental 
chemistry (e. g. ion radius, charge, hydroxide 
formation etc). A few of these coabsorbed 
elements belongs to group 1 (overrepresented 
elements), but most to group 2 (Well represented 
elements). K has an ionic radius of 1.3 Å. We can 
assume that Rb (ion radius 1.4Å) is accumulated in 
the same process. Similarly Au ions (ion radius 
1.4Å) may be selectively accumulated and thereby 
occur at a surprisingly high concentration (Group 
2). Zinc (2+, 0.7 Å) can be assumed to be 
selectively absorbed as it has an essential role in a 
number of enzymes as superoxiddismutas, 
alcoholdehydrogenas and carboanhydrase in plants 
(22). Cu, Ni and Mn have similar radius and are 
also quite abundant in the plant. Mg (2+, radius 
0.65 Å) and Ca (2+, radius 0.9) also have 
important biological roles in the plant and with 
them follows also a number of similar elements. Sr 
and Ba can be assumed to follow with the Ca and 
are also quite abundant.  
 
The third group (“under represented elements”) 
contains a list of elements appearing with a much 
lower frequency in the plant than in the crust. 
Sodium is actively avoided by the cellular tissue. 
Maybe Li and Ag is reduced due to its similarity in 
ion radius to Na (about 1 Å or less). Many of the 
elements in group three appears in the nature as 
oxides with very low solubility (Fe, Ni, Co, Si, Ti, 
Al, Mo, Sn, Cr). Other elements are poorly 
represented as they appears as highly insoluble 
sulfides (for instance Bi, Ag, Hg, Sb, Cd, 
Pb,V,Ge), carbonates (Pb, Ce, La, Th, Y, Nd), 
phosphates (Ce, Er, Yb, Dy, La, Th, Y, Nd), 
silicates (Be, Cs, In, Gd, Ho, La, Nd, Zr, Y, Sc, Li, 
Ha) or as metal salts (for instance W, Te, Se, As). 
These poorly soluble elements can be expected to 
occur to a relatively low extent.   
 
EXPERIMENTAL 
 
The varieties investigated were: Bobore (a), 
Noveton (b), Valencia (c), Amarilla (d) and 
Cambayuca (e). The samples (escept the Bobore 
sample) were all obtained from “Estación 
Experimental la Jota”, (It is located in the 
Municipio de Chimoré of Chapare to 190 Km of 
the Cochabamba city). The  Bobore sample (f) 
were obtained from “Chimore Experimental 
Plantations” of IBTA-Chapare (Geographical 
location!). 

Equipments 
 

- Miller (Cyclotec 1093, Tecator AB, Höganäs, 
Sweden) 

- Kjeldahl semi micro automatic analys system,  
Kjeltec Auto System (Tecator AB, Höganäs, 
Sweden) 

- Fiber analyzer Fibertec 1020 (M6) (Tecator 
AB, Höganäs, Sweden) 

- UV Spectrophotometer (Lambda 2 series 
3742, Perkin Elmer) 

- Inductively coupled plasma- atomic emission 
spectrometry, ICP AES Optima 3000 DV 
(Perkin Elmer) 

Inductively coupled plasma- Mass 
spectrometry,ICP MS Elan 6000 (Perkin Elmer) 
 
Row Material. 
 
Initially, the cassava roots were peeled and the 
roots were cut with knife into small pieces. The 
pieces were dried using a freeze drying equipment. 
The operation conditions were: -47 °C and final 
pressure was 0.3 mbar. The dried material was 
ground into flour by using a standard mill 
 
(Cyclotec 1093, Tecator, Sweden). The particle 
size was 40-60 mesh. Then, the flour samples were 
stored in a cool room, the temperature was T° = 8 
°C. 
 
Proximal Composition 
 
Moisture, ash and crude fat of the samples were 
assayed according to the methodology of the 
American Association of Cereal Chemists (AACC, 
method 44-15A (8)). Protein in flour was 
determined using Kjeldahl method using the 
Kjeltec Auto System. 
 
Determination of dietary fiber. 
 
Soluble and insoluble dietary fiber content was 
determined enzymaticaly method as described by 
Asp (19). The dietary fiber values were corrected 
for protein and ash. 
 
Determination of total Starch with KOH. 
 
Starch determination was by method of Holm (3). 
It was achieved an incubation with Termamyl 
(Novo A/S, Copenhagen, Denmark) and 
amyloglucosidase (Boehringer Nr 1202367 
3500U/25 ml).  
 
2.6. Mineral Content. 
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Mineral content of six varieties of cassava were 
analyzed by Ecology Department in Lund 
University. 

 
 
 

The technique, which was used, is the following:  
0.2 g of sample was weighed; after, 5 ml 
concentrated acid and 5 ml water was added to the 
sample. Then, the sample was run in a microwave 
oven for two hours. After digestion, each sample 
was diluted to 50 ml with deionized water. Some 
of the elements (Ca, Fe, K, Mg, Na, P, and S) were 
analyzed with ICP AES, the rest with ICP MS. 

 
 
 
 
 
 

CONCLUSION. 
 
From the six varieties studied it is possible to 
conclude that: 

 
 
 

The starch content of the 6 varieties was in the 
same range, between 71.6% to 84% with an 
average of 75% . The total fiber content varied 
between 7.4% and 8.5%, with an average of 8.2%. 
The values of total lipids varied between 0.6% and 
1.4%. 
 
In the ash varied between 1.5% and 2.7%. The 
elemental composition can be compared with the 
composition of the crust of the earth. Certain 
elements are important and occur at high ratio, 
other elements resemble of the important ones and 
thereby also are enriched in the tissues. A majority 
of the elements occurs less commonly in the tissue 
of the plant as they not are enriched or as they are 
poorly soluble. 
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Table 2 
Content of Mineral in Cassava Tubers (Mannihot esculenta Cranz) 

Element 
Bobore 

(a) 
Noveton 

(b) Valencia (c) 
Amarilla 

(d) Cambayuca (e) 
Bobore 

(f) Average 

Ag (μg/Kg) 49.00 6.00 17.00 9.00 5.00 4.00 15.00 

Al (mg/Kg) 14.45 22.95 4.30 3.48 4.30 4.45 8.99 

As (μg/Kg) 76.00 73.00 9.00 7.00 11.00 9.00 30.83 

Au (μg/Kg) 58.00 0.00 0.00 11.00 0.00 0.00 11.50 

B (mg/Kg) 1.69 1.32 0.570 0.500 0.703 1.65 1.55 

Ba (mg/Kg) 3.41 2.68 2.09 3.83 1.41 23.35 6.13 

Be (μg/Kg) 5.00 3.00 1.00 1.00 1.00 6.00 2.83 

Bi (μg/Kg) 3.00 1.00 0.00 0.00 0.00 0.00 0.67 

Br (mg/Kg) 13.50 5.50 27.00 4.25 8.51 3.37 10.35 

Ca (g/Kg) 0.40 0.43 0.32 0.43 0.34 0.44 0.39 

Cd (mg/Kg) 0.014 0.011 0.010 0.011 0.006 0.063 0.02 

Ce (μg/Kg) 10.00 11.00 0.00 4.00 0.00 17.00 7.00 

Cl (g/Kg) 0.12 0.08 1.03 0.17 0.92 0.13 0.41 

Co (μg/Kg) 27.00 23.00 16.00 18.00 16.00 21.00 20.17 

Cr (mg/Kg) 0.209 0.236 0.232 0.067 0.157 0.035 0.16 

Cs (μg/Kg) 17.00 10.00 13.00 14.00 11.00 6.00 11.83 

Cu (mg/Kg) 3.20 2.05 1.49 2.41 1.57 2.57 2.21 

Dy (μg/Kg) 2.00 1.00 1.00 1.00 1.00 2.00 1.33 

Er (μg/Kg) 1.00 1.00 0.00 1.00 0.00 1.00 0.67 

Eu (μg/Kg) 1.00 1.00 1.00 1.00 1.00 11.00 2.67 

Fe (mg/Kg) 72.38 78.88 7.05 6.80 7.31 7.88 30.05 

Ga (μg/Kg) 16.00 27.00 8.00 8.00 8.00 8.00 12.50 

Gd  (μg/Kg) 2.00 2.00 1.00 1.00 1.00 3.00 1.67 

Ge (μg/Kg) 5.00 6.00 1.00 1.00 1.00 2.00 2.67 

Hf (mg/Kg) 0.031 0.022 0.008 0.010 0.004 0.005 0.01 

Hg  (μg/Kg) 5.00 3.00 7.00 3.00 4.00 6.00 4.67 

Table 1 
Proximal Composition in Cassava Tubers (Mannihot esculenta Cranz) Calculated on dry matter. 

Variety Starch 
Insoluble 

Fiber 
Soluble 
Fiber 

Total 
Fiber 

Crude 
Protein Lipid  Ash 

  (%) (%) (%) (%) (%) (%) (%) 

Bobore (a) 77.24 5.14 3.28 8.43 2.10 0.75 1.52 

Noveton (b) 74.41 4.71 3.83 8.54 1.82 0.58 1.65 

Valencia (c) 71.64 2.72 5.50 8.22 1.53 1.10 1.46 

Amarilla (d) 76.20 3.27 5.05 8.32 2.76 1.00 1.51 

Cambayuca (e) 84.15 3.30 4.99 8.28 1.46 1.40 1.64 

Bobore (f) 72.31 3.27 4.10 7.36 2.49 0.95 2.71 
Average 75.99 3.74 4.46 8.19 2.02 0.96 1.75 
n = 3              

http://apps.isiknowledge.com:80/WoS/CIW.cgi?SID=Q1knIOF7o3DI4Nl@CPL&Func=Abstract&doc=1/4
http://apps.isiknowledge.com:80/WoS/CIW.cgi?SID=Q1knIOF7o3DI4Nl@CPL&Func=Abstract&doc=1/4
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Content of Mineral in Cassava Tubers (Mannihot esculenta Cranz) 
Table 2 (Continuation) 

Element 
Bobore 

(a) Noveton (b) 
Valencia 

(c) Amarilla (d) Cambayuca (e) 
Bobore 

(f) Average 

Ir  (μg/Kg) 2.00 2.00 1.00 1.00 1.00 1.00 1.33 

K (g/Kg) 5.28 5.57 4.58 5.04 5.29 11.61 6.23 

La (mg/Kg) 0.015 0.015 0.010 0.007 0.007 0.033 0.01 

Li (mg/Kg) 0.023 0.011 0.122 0.010 0.012 0.047 0.04 

Mg (g/Kg) 0.52 0.67 0.49 0.59 0.51 0.68 0.58 

Mn (mg/Kg) 6.20 4.29 5.90 4.28 6.21 6.75 5.61 

Mo (mg/Kg) 0.091 0.088 0.031 0.023 0.021 0.019 0.05 

Na (g/Kg) 0.05 0.02 0.04 0.02 0.01 0.01 0.03 

Nb (mg/Kg) 0.038 0.058 0.006 0.002 0.001 0.001 0.02 

Nd (mg/Kg) 0.017 0.015 0.008 0.007 0.006 0.024 0.01 

Ni (mg/Kg) 1.255 1.725 0.985 0.880 0.562 1.783 1.59 

P (g/Kg) 1.13 0.98 1.11 1.18 1.11 1.06 1.10 

Pb (mg/Kg) 0.928 0.661 0.347 0.715 0.259 0.838 0.62 

Pr (μg/Kg) 2.00 2.00 1.00 1.00 1.00 4.00 1.83 

Rb (mg/Kg) 10.03 9.60 11.56 9.93 10.85 11.66 10.61 

S (g/Kg) 0.47 0.29 0.30 0.41 0.26 0.35 0.35 

Sb (mg/Kg) 0.106 0.154 0.015 0.007 0.006 0.006 0.05 

Sc (mg/Kg) 0.118 0.101 0.000 0.000 0.000 0.000 0.04 

Se (mg/Kg) 0.053 0.023 0.139 0.000 0.022 0.002 0.04 

Si (g/Kg) 0.30 0.30 0.09 0.07 0.12 0.11 0.17 

Sm (μg/Kg) 2.00 2.00 1.00 1.00 1.00 3.00 1.67 

Sn (mg/Kg) 0.309 0.506 0.137 0.054 0.117 0.225 0.22 

Sr (mg/Kg) 5.15 3.00 2.80 3.10 2.80 5.79 3.77 

Ta (μg/Kg) 3.00 2.00 1.00 1.00 1.00 0.00 1.33 

Th  (μg/Kg) 9.00 7.00 2.00 1.00 1.00 1.00 3.50 

Ti (mg/Kg) 8.73 21.41 0.789 0.512 0.596 0.711 15.07 

Tl (μg/Kg) 2.00 3.00 2.00 2.00 2.00 3.00 2.33 

U (μg/Kg) 1.00 1.00 1.00 1.00 0.00 0.00 0.67 

V (mg/Kg) 0.038 0.065 0.021 0.012 0.018 0.015 0.03 

W  (mg/Kg) 0.052 0.037 0.012 0.006 0.005 0.003 0.02 

Y (μg/Kg) 9.00 7.00 3.00 6.00 3.00 8.00 6.00 

Yb  (μg/Kg) 1.00 1.00 0.00 1.00 0.00 0.00 0.50 

Zn (mg/Kg) 11.06 8.03 7.38 10.01 7.28 20.19 10.66 

Zr  (mg/Kg) 0.418 0.438 0.091 0.115 0.041 0.054 0.19 
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