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ABSTRACT. Cassava (Manihot esculenta) is a principal food for large
populations of poor people in the tropics and subtropics. Its edible roots
are poor in protein and lack several essential amino acids. Interspecific
hybrids may acquire high protein characteristics from wild species.
We analyzed 19 hybrids of M. esculenta with its wild relative, M.
oligantha, for crude protein, amino acid profile, and total cyanide. Some
hybrids produced roots with high protein content of up to 5.7%, while
the common cultivar that we examined had just 2.3% crude protein.
The essential amino acids alanine, phenylalanine, and valine were
detected in the hybrids. The sulfur-containing amino acids cysteine and
methionine were found at relatively high concentrations in the roots of
4 hybrids. The proportion of lysine in one hybrid was 20 times higher
than in the common cultivar. The levels of total cyanide ranged from
19.73 to 172.56 mg/kg and most of the roots analyzed were classified
as “non-toxic” and “low toxic”. Furthermore, 2 progenies showed
reasonable levels of cyanide, but higher protein content and amino acid
profile more advantageous than the common cassava.
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INTRODUCTION

Cassava, Manihot esculenta Crantz, is the main food for more than 800 million poor
people in the tropics and subtropics (FAO, 2007). Its edible roots are consumed in many different
ways; however, they are poor in protein content, which is no more than 2% in common cultivars.

Wild relatives of cassava are found to contain higher amounts of protein, and hybrids
were produced by Nassar for this reason (Nassar, 1978; Nassar and Dorea, 1982). Nassar and
colleagues have continued to produce hybrids over the last 30 years. These hybrids are propa-
gated and maintained in the living collection at Universidade de Brasilia.

In this study, we determined crude protein contents, amino acid profiles and cyanide
levels of the interspecific hybrids and of the common cassava.

MATERIAL AND METHODS

Three distinct groups were used: the common cassava, diploid hybrids, and tetraploid
hybrids. The common cassava cultivar, called “530 cultivar”, is a common and popular cas-
sava cultivar in Brasilia, DF, Brazil, selected for table consumption from indigenous cassava.

The hybrid ICB 300 was produced by crossing cassava with the wild species M. oli-
gantha (Nassar and Dorea, 1982). The diploid interspecific hybrids are the progenies of ICB
300, which were allowed to cross by open pollination. They are designated progenies of ICB
300 (Table 1). All of them are diploid (2n = 36).

Table 1. Plants of the 3 different groups studied.

Group Plant

Common cassava 530 cultivar
Diploid hybrids ICB 300
ICB 300-3
ICB 300-5
ICB 300-7
ICB 300-10
ICB 300-12
ICB 300-17
ICB 300-18
ICB 300-25
ICB 300-34
ICB 300-37
ICB 300-38
Tetraploid hybrids ICB 300 TE
ICB 300 TE-2
ICB 300 TE-8
ICB 300 TE-10
ICB 300 TE-12
ICB 300 TE-15
ICB 300 TE-16

A tetraploid type called ICB 300 TE was analyzed. It originated from polyploidyza-
tion of ICB 300 using colchicine followed by vegetative propagation. Progenies from open
pollination, which were found to be tetraploid, were also analyzed.

All the interspecific hybrids and the common cassava cultivar analyzed in this study
are part of the living Collection of Cassava, established at the Biological Experimental Station
of Universidade the Brasilia.
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Amino acid profile analysis

Cassava roots were washed, peeled, and sliced into thin sections. The sections were
macerated under liquid nitrogen, and the mass obtained was lyophilized.

The amino acid profile was determined by high-performance liquid chromatography
as described by Nassar and Sousa (2007). The samples of cassava root powder were submit-
ted to acid extraction followed by alkaline extraction. The extracts were then mixed, and the
total extract was submitted to acid hydrolysis for 24 h under vacuum. The hydrolyzed samples
were then diluted in 100 mM HCI and injected into an amino acid analyzer (Hitachi L8500).
Determination of amino acid composition was performed in triplicate for each plant.

Analysis of protein content

The roots were washed, peeled, and dried in an air oven at 37°C for 72 h. The dried
rhizome was grounded using a Wiley laboratory mill.

The crude protein content was assessed by determination of total nitrogen by converting
organic nitrogen into ammonium ion, as described by the Kjeldahl method (Official Methods of
Analysis, 2000). This step was followed by the determination of ammonium ion by photocolorim-
etry, according to the method proposed by Baethgen and Alley (1989). Protein level was estimated
by multiplying the nitrogen percentage by 3.24 as proposed by Hock-Hin and Van-Den (1996).

Cyanide evaluation

The technique proposed by Brito et al. (2009) was used to measure cyanide. The
method involves the hydrolysis of linamarin by endogenous linamarase in the assay sample.
The released cyanide reacts with a picrate solution, and absorbance is then read in a spectro-
photometer.

RESULTS AND DISCUSSION
Crude protein

There was great variation in crude protein levels between the 20 plants evaluated, rang-
ing from 1.80 to 5.78% (Table 2). The hybrids ICB 300-34, ICB 300-18, and ICB 300-38
showed the highest protein content, with 5.78, 5.71, and 5.64%, respectively. These values were
higher than that observed in their progenitor, [CB-300, with 3.50% protein. Other progenies of
ICB-300 (ICB 300-12 and ICB 300-17) also had higher protein levels than the progenitor.

This finding can be explained by “positive segregation” (Allard, 1960), that is a case
of quantitative inheritance, controlled by more than 1 allele pair where the progenitor is het-
erozygous for these alleles. An opposite phenomenon, “negative segregation”, was seen in the
progenies ICB 300-10 (2.50%) and ICB 300-25 (2.16%), which showed lower percentages of
crude protein compared to ICB 300 (Table 2).

The protein level of 2.30% found for the common cultivar, plant 530, agrees with lit-
erature reports indicating 1 to 3% crude protein in cassava roots (Buitrago, 1990; Balagopalan
et al., 1992; Babu and Chatterjee, 1999).
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Table 2. Crude protein contents of the roots studied.

Plant Protein (%)
ICB 300-34 5.78 +£0.20*
ICB 300-18 5.71+0.37*
ICB 300-38 5.64+0.01*
ICB 300-12 533+£0.37®
ICB 300 TE 5.09 +0.05"
ICB 300-7 4.35+0.10°
ICB 300-17 3.88 £0.15%
ICB 300 3.50+0.01¢%
ICB 300-3 3.44 +0.02%
ICB 300-37 3.42+0.07%
ICB 300-5 3.06 £ 0.08"
ICB 300 TE-2 2.56+0.01%
ICB 300 TE-12 2.51 +£0.06¢"
ICB 300-10 2.50 £ 0.35%"
ICB 300 TE-15 2.36+0.15¢
530 cultivar 2.30 + 0.062"
ICB 300 TE-10 2.29 4 0.04¢"
ICB 300-25 2.16 £ 0.062"
ICB 300 TE-16 1.97 £0.12%
ICB 300 TE-8 1.80 £ 0.09

Data are reported as means + standard deviation. Crude protein content is related to dry matter. Values followed by
the same superscript letters are not significantly different for P < 0.05.

The low levels of crude protein observed for tetraploid progeny in comparison with the
tetraploid progenitor (ICB 300 TE) (Table 2) were due to genetic segregation. In tetraploids, it in-
cludes 4 alleles compared to 2 alleles in diploids, resulting in such combinations and permutations.

We used the factor 3.24 for converting Kjeldahl nitrogen to protein percentage in
place of 6.25. Using the latter would result in higher percentages of protein. The factor chosen,
however, appears to be more reliable, since cassava is considered to have high amounts of
non-protein nitrogen (Simmons et al., 2008; Gomes and Nassar, 2008).

Comparing the coefficient of variation of the 3 cassava groups (Table 3), it is noted
that tetraploid cassava roots showed the highest coefficient of variation (41.78%), while it was
only 2.60% for the common cassava. The total population also demonstrated a high coefficient
of variation (39.35%), which may indicate a greater possibility of improving this trait.

Table 3. Comparison between crude protein content of the groups studied.

Group Crude protein in dry weight basis

Mean (%) SD CV (%)
Diploid 4.06 1.28 31.52
Tetraploid 2.65 1.10 41.78
Common cassava 2.30 0.06 2.60
Total population 3.48 1.37 39.35

Data are reported as means, standard deviation, and coefficient of variation. Crude protein content is related to dry
matter.

Moreover, the levels of crude protein shown by ICB 300-34, ICB 300-18, ICB 300-
38, ICB 300-12, ICB 300 TE, ICB 300-7, ICB 300-17, ICB 300, ICB 300-3, ICB 300-37, and
ICB 300-5 were higher than that of the common cassava. Thus, these plants demonstrated a
substantial potential to be developed into cultivars with higher protein content.
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Amino acid profile

The total amino acid compositions of the cassava roots are given in Tables 4, 5 and
6. The values corresponded to grams of amino acid per 100 g amino acid extract. The amino
acid extract consisted of free- and protein-derived amino acids in the root samples. It was not
possible to determine the amount of tryptophan, which is degraded during acid hydrolysis
(Nassar and Sousa, 2007).

Table 4. Amino acid profile of roots of the 530 cultivar, the interspecific hybrid ICB 300, and its 4 progenies.

Amino acid 530 cultivar ICB 300 ICB 300-3 ICB 300-5 ICB 300-7 ICB 300-10
Composition of amino acids (g/100 g)
Asparagine 4.06 3.21 3.74 3.68 5.17 5.49
Threonine 1.59 1.52 2.66 2.16 2.17 3.41
Serine 2.64 2.53 4.79 3.18 3.39 2.70
Glutamine 51.95 34.00 45.88 28.41 22.18 33.33
Glycine 2.33 1.61 1.95 2.08 2.98 3.07
Alanine 8.53 7.82 6.91 6.79 14.11 14.98
Cysteine 1.12 3.46 0.60 5.04 0.85 0.82
Valine 2.37 3.11 2.58 4.69 2.40 2.51
Methionine 1.45 332 0.88 4.74 1.13 1.58
Isoleucine 0.93 1.88 1.31 2.37 1.17 1.56
Leucine 1.28 245 1.27 3.19 1.79 1.93
Tyrosine 0.00 0.00 0.00 0.94 0.00 0.04
Phenylalanine 1.96 2.98 1.89 3.33 2.90 3.10
Lysine 1.76 1.61 1.72 1.89 2.23 1.98
Histidine 3.85 5.70 2.81 3.77 4.52 3.24
Arginine 12.18 23.78 17.74 23.13 28.52 15.16
Proline 2.01 1.02 3.27 0.62 4.48 5.10
Total 100.00 100.00 100.00 100.00 100.00 100.00

Table 5. Amino acid profile of roots of the 7 progenies of ICB 300.

Amino acid ICB 300-12 ICB 300-17 ICB 300-18 ICB 300-25 ICB 300-34 ICB 300-37 ICB 300- 38
Composition of amino acids (g/100 g)

Asparagine 7.46 2.80 4.92 3.87 5.24 10.60 3.50
Threonine 3.95 1.99 235 2.20 0.83 1.09 2.15
Serine 4.52 2.55 2.69 3.61 0.73 2.24 291
Glutamine 21.61 2333 43.65 42.73 58.51 26.50 30.32
Glycine 0.00 2.68 2.63 2.66 0.00 2.69 2.77
Alanine 8.24 10.97 14.23 7.49 0.00 1.70 9.80
Cysteine 20.23 2.07 0.86 0.47 21.13 8.67 3.26
Valine 3.42 0.28 2.53 2.11 2.38 2.42 0.01
Methionine 0.42 0.68 1.36 1.16 0.00 4.48 0.86
Isoleucine 1.76 1.08 1.34 1.20 0.27 0.61 1.02
Leucine 4.51 1.56 1.89 1.59 0.27 0.68 1.49
Tyrosine 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Phenylalanine 3.74 1.45 3.14 2.34 0.00 235 1.44
Lysine 0.92 7.99 1.69 2.21 0.00 1.57 10.16
Histidine 0.00 4.64 3.21 3.73 0.00 0.00 5.27
Arginine 19.20 33.28 10.54 18.59 10.65 3437 21.12
Proline 0.00 2.64 2.98 4.04 0.00 0.00 3.90
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

There are reports in the literature that the common cassava has low levels of cysteine,
isoleucine, and methionine (Hock-Hin and Van-Den, 1996; Gil and Buitrago, 2002). The results
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of this study differed since we found 1.28 g/100 g cysteine, 0.93 g/100 g alanine, and 1.59 g/100 g
methionine for the cultivar UnB 530, which represents the common cassava (Table 4). There were
high levels of glutamine, alanine, and asparagine, as previously reported by the above cited authors.

Table 6. Amino acid profile of roots of the 7 progenies of ICB 300 TE.

Amino acid ICB300TE ICB300TE-2 ICB300TE-8 ICB300TE-10 ICB300TE-12 ICB300TE-15 ICB 300 TE-16

Composition of amino acids (g/100 g)

Asparagine 7.82 3.98 4.53 5.05 7.29 6.75 6.93
Threonine 2.44 2.33 2.32 2.95 2.09 2.29 3.17
Serine 4.49 3.19 2.96 4.56 2.58 3.74 3.90
Glutamine 3.14 2.49 1.82 525 2.50 2.98 4.03
Glycine 15.22 11.98 8.64 16.70 10.42 10.82 16.84
Alanine 1.13 1.01 1.58 1.78 0.00 1.22 1.47
Cysteine 2.93 2.81 2.47 4.18 2.65 2.71 4.16
Valine 1.63 1.59 0.66 2.12 0.61 1.69 1.62
Methionine 1.28 1.33 1.12 1.87 1.23 1.37 1.63
Isoleucine 2.12 1.96 1.59 3.01 1.90 2.08 2.82
Leucine 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tyrosine 4.40 3.24 2.46 3.85 2.47 2.10 4.11
Phenylalanine 1.93 2.04 1.68 3.42 1.30 1.55 1.94
Lysine 4.98 2.65 3.96 5.34 4.08 2.55 3.03
Histidine 19.38 20.19 26.62 15.82 6.86 4.53 9.43
Arginine 7.52 3.76 1.68 3.04 436 7.60 4.47
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

The amino acid composition of the diploid interspecific hybrid ICB 300 was similar
to that found by Nassar and Sousa (2007). We found a high proportion of the essential amino
acids glutamine and arginine. Its content of arginine and other essential amino acids, namely
methionine, cysteine, and histidine, was about 2-fold higher than that determined for the com-
mon cassava (Table 4). The progenies ICB 300-5 (Table 4) and ICB 300-37 (Table 5) showed
high proportions of methionine. ICB 300-5 had a high content of valine, another essential
amino acid that was found in higher amounts than in the common cassava.

The sulfur-containing amino acid cysteine was found to be 20 times higher in the prog-
enies ICB 300-12 and ICB 300-34 (Table 5) than in the common cassava (Table 4). The presence of
higher amounts of cysteine in cassava roots is important, because this amino acid is involved in the
detoxification of cyanide released by cassava and its derivative products (Osuntokun et al., 1968).

The progenies ICB 300-38 and ICB 300-17 exhibited high amounts of lysine (Table 6),
when compared with those of the common cassava (Table 4). Lysine is one of the limiting ami-
no acids in the cassava root protein (Young and Pellet, 1994; Millward, 1999). The high content
of lysine in ICB 300-38 and ICB-17 indicates the biological value of the protein in the roots of
these hybrids, because of the better balance between essential and non-essential amino acids.

Together with the study of Nassar and Sousa (2007), this is the first report of interspe-
cific hybrids of cassava with such favorable amino acid profile, which supports the notion that
certain wild species of cassava may contribute to high protein content and good-quality amino
acids for the common cassava.

Total cyanide

Levels of total cyanide ranged from 19.73 to 172.56 mg/kg, as indicated in Table 7.
The hybrids ICB 300 TE-10, ICB 300 TE-8, and ICB 300 TE-16 exhibited the lowest cyanide
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levels. On the other hand, ICB 300-37, ICB 300-18, and ICB 300 TE showed the highest cya-
nide content (Table 7).

Table 7. Total cyanide of the roots of cassava analysed.

Plant HCN (mg/kg)

ICB 300 TE-10 19.73 +0.00°
ICB 300 TE-8 31.50 +0.19°
ICB 300 TE-16 33.39+£2.52°
ICB 300 TE-2 36.39 +0.33%
ICB 300-25 41.61 +1.02°

530 cultivar 50.61 +0.96¢
ICB 300-7 54.94 +0.77¢%
ICB 300-12 56.27 £2.79¢
ICB 300 TE-15 66.60 = 1.64°
ICB 300-10 73.04 +0.67¢
ICB 300-5 78.15 + 1.54n
ICB 300 TE-12 80.71 +0.33"
ICB 300 83.15+0.69"
ICB 300-17 93.26 + 1.35

ICB 300-34 98.48 +0.511
ICB 300-38 99.92+0.19

ICB 300-3 110.25 + 2.04%
ICB 300 TE 130.58 + 1.95'

ICB 300-18 132.13 £2.71

ICB 300-37 172.56 +4.03™

Data are reported as means + standard deviation. Total cyanide refers to fresh pulp of the roots. Values followed by
same superscript letters are not significantly different for P < 0.05.

According to classification suggested by Coursey (1973), the hybrids ICB 300 TE-10,
ICB 300 TE-8, ICB 300 TE-16, ICB 300 TE-2, ICB 300-25, and 530 cultivar can be classi-
fied as “non-toxic”. The plants ICB 300-7, ICB 300-12, ICB 300 TE-15, ICB 300-10, and
ICB 300-5 are “low toxic”, while ICB 300 TE-12, ICB 300, ICB 300-17, ICB 300-34, and
ICB 300-38 are classified as “toxic”. Four of the plants studied can be placed in the category
“highly toxic”: ICB 300-3, ICB 300 TE, ICB 300-18, and ICB 300-37 (Table 8).

Table 8. Categorization of the plants studied according to Coursey, 1973.

Classification Plants

Non-toxic (<50 mg/kg cyanide) 530 cultivar
ICB 300-25
ICB 300 TE-2
ICB 300 TE-8

ICB 300 TE-10

ICB 300 TE-16
Low toxic (50 to 80 mg/kg cyanide) ICB 300-5

ICB 300-7

ICB 300-10

ICB 300-12

ICB 300 TE-15
Toxic (80 to 100 mg/kg cyanide) ICB 300

ICB 300-17

ICB 300-34

ICB 300-38

ICB 300 TE-12
Highly toxic (>100 mg/kg cyanide) ICB 300-3

ICB 300-18

ICB 300-37

ICB 300 TE
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CONCLUSIONS

In this study, we identified cassava hybrids with high protein content combined with
advantageous amino acid profile and moderate cyanide levels, particularly the hybrids ICB
300-7 and ICB 300-12.

The hybrids ICB 300-7 and ICB 300-12 showed low cyanide levels, similar to those of
the common cassava (UnB 530 cultivar). They showed very high protein contents of 4.35 and
5.33%, respectively. Besides, ICB 300-7 had a different amino acid profile, with higher amounts
of alanine, arginine, and proline compared to the common cassava. In turn, ICB 300-12 demon-
strated a valuable amino acid profile, with high levels of threonine, cysteine, leucine, phenylala-
nine, and arginine. These 2 hybrids have a potential to become cassava cultivars with superior
nutritional quality compared to the common cultivars. The consumption of the roots of these
hybrids could offer higher quantities of nutrients than those available in the common cassava.

Our findings confirm that wild species of cassava and its hybrids are invaluable sources
of protein, amino acids, and other nutrients. This source still needs to be explored by breeders.
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