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Abstract
The study utilized a total of 100 cassava genotypes sourced from IITA, Nigeria 
(biofortified genotypes) and locally collected landraces of Ethiopia, conserved 
at Jimma Agricultural Research Center. So, understanding variability in 
nutritional composition can guide future genetic improvement and support 
the development of nutritionally enhanced cassava varieties. The objective of 
the study was to assess variability of cassava genotypes-based their 
nutritional compositions analysis. The analysis of variance (ANOVA) revealed 
highly significant differences among the studied genotypes for all traits. The 
mean separation analysis revealed largest values of Beta carotene was recorded 
with genotypes G79 (18.91) and G106 (17.82%) whereas maximum starch content 
of 77.79 and 77.22% were recorded with genotype G33 and G29respectively. The 
maximum dry mater content was recorded with G100 (75.93%) and G128 (71.63%). 
Correlation analyses revealed highly significant and positive associations 
between organic matter and dry matter contents (0.98***). Ash content 
positively correlated with beta-carotene (0.28**) but negatively correlated 
with OM (-0.33***). However, starch positively correlated with OM (0.135) 
and DMC (0.124) and poor but negative correlated with protein. These 
association indicated that traits influence one another which might be due to 
physiological trade-off or the increment of one trait cause to the increment of 
another trait. PCA further revealed substantial variation among genotypes, 
where the first three PC with Eigen values > 1 explained 68.00% of the total 
variation. Dry matter, moisture content and organic matter were major 
contributors to Dim-1, while protein and nitrogen contributed to Dim-2, 
whereas tannin showed a slight negative association with dimension 2. 
Cluster analysis grouped the studied genotypes into six distinct clusters, each 
characterized by specific trait combinations. Generally, the results of the 
study provided concrete information for future cassava breeding program in 
Ethiopia.

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Key words: Cassava, Biochemical, Biofortified, Coefficient of variance 
component, Multivariate

Introduction
Cassava (Manhot esculenta [Cranz]) is an evergreen shrubby root crop grown 
in the tropical and sub-tropical regions of the world. The crop is characterized 
by its high yield and bankable underground root harvested for consumption 
as food [1]. It ensures food security for millions of people, mainly in 
developing countries of Sub-Saharan countries [2]. It is a great source of 
starch for human food and animal feed and provides high nutritional values 
to the urban and rural population [3];[4];[5]. Also, its production is intended 
for human consumption, sources of income and industrial production of 
starch, flour, beverages, animal feeds, biofuels and textiles, contributing to 
its global importance [6].

It is extensively produced in SSA ensuring food security for the low-income 
community, and hence considered “poor people crop” and also called 
“dangerous crop” due to the low quality and quantity of protein and the 
presence of cyanogenic glycoside [7]; [8]. The regions where cassava is 
grown are characterized by widespread deficiency of minerals and vitamins 
[5]. This resulted in wider suffering and death of people due to hidden 
hunger, which needs to be addressed through assessing the nutritional 
composition of the available germplasm and identifying nutritional dense 
varieties through breeding, as well as supplementing with nutritionally 
enhanced diets. In most of the root and tuber crops producing areas, farmers 
habitually supplement their food with protein-rich foods, such as pulse crops, 
like faba beans, peas, and also animal-based foods [9].

Cassava tubers are rich in starch (35%) but poor in protein content, around 
1.1%, while the ash content ranged from 4.23-8.32% [3]. The nutritional 
composition of cassava varies depending on varieties, plant age, plant parts 
utilized, environment and soil types [10]; [11]. [12] assessed six cassava 
varieties for their proximate composition and reported moisture, protein and 
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ash contents in the ranges of 10.43-11.18, 1.21-1.87, 1.21-1.78, and 0.03-
0.60% respectively. Additionally, [8] analyzed the biochemical, mineral and 
proximate content of 19 cassava varieties and reported starch content 
ranging from 24 to 40.91% and nitrogen content ranging from 0.41 to 0.97% 
in the tubers. Another crucial nutritional composition of cassava tubers is β-
carotene content, which has an essential nutritional contribution in 
addressing health problems caused by vitamin A deficiency, which affect the 
majority of smallholder farmers in developing countries. β-carotene content 
is essential for human health, as β-carotene is the precursor of provitamin A 
[13]. Despite cassava roots are rich sources of carbohydrate, negligible 
amount of protein and β-carotene contents reported in white cassava tubers 
[14]. As a result, genetic modification of cassava roots was applied 
conventionally as well as in modern techniques to produce high beta-carotene 
content cassava tubers.

In Ethiopia, cassava is widely cultivated in the South and Southwest parts of 
Ethiopia in areas where smallholder farmers are densely populated. The 
cassava varieties in the hands of farmers are local landraces with low yield 
potential and low nutritional content with white storage root pulp. Berhanu 
et al. (2022) studied the biochemical compositions of 64 cassava genotypes 
in Ethiopia and reported moisture contents ranging from 4.8% to 10.1%, ash 
(2.10% to 3.96%), carbohydrate (81.3 to 87.8%) and protein (1.3 to 2.5%) 
contents. The crop provides high nutritional value, where the root is the chief 
sources of carbohydrate [16]. Recently, a hybrid of biofortified cassava 
genotypes was introduced from IITA cassava breeding program to broaden 
the cassava germplasm bases of the cassava improvement program of the 
Jimma Agricultural Research Center (JARC) to be utilized for the genetic 
improvement of cassava. Additionally, there were cassava genotypes 
collected from the different cassava growing regions of Ethiopia and cassava 
germplasm introduced from IITA long years ago and conserved at Jimma 
Agricultural Research Center. However, some of the major nutritional 
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composition of their storage root has not so far been assessed. Hence, this 
study was aimed at assessing the biochemical composition of these materials.

Materials and method
Experimental materials
This study made use of 100 cassava genotypes (Table 1) selected based on 
the characterization and cluster analyses results of the 182 cassava 
genotypes previously studied for agro-morphological traits [17]. 
Representative genotypes were selected from each cluster based on root pulp 
color, yield and other traits.

Sample preparation
During harvesting, root samples from the selected genotypes were collected 
into small polyethene containers. As described in [17], the study was 
conducted at Jimma Agricultural Research Center (JARC) and Mettu but the 
samples were collected from the trial conducted at Jimma. The sampled roots 
were properly washed using clean water to remove soil and other 
contaminating debris. The roots were devoid of their cortex/peeled and the 
clean fleshy root pulps were immediately chopped, while recording the color 
of each pulp. From the chopped root pulp of each genotype, 100 gm sample 
was oven dried at 60oC for 72 hours as suggested by [15], until constant 
weight was achieved. Then, the oven-dried flour samples were weighed using 
a sensitive balance to determine the dry matter and moisture content. The 
oven-dried flour samples were sent to the IITA Food and nutrition lab. for the 
analysis of ash, tannin and starch content. Similarly, samples were sent to 
the Ethiopian Institute of Agricultural Research Food and Nutrition Analysis 
Laboratory to analyze protein and beta-carotene contents. All the analyses 
were performed in duplicates.

Compositional determination methods

Dry matter and moisture content determination
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The dry matter was determined using an initial 100g weight (Wi), and the 
samples were re-weighted (Wf) after oven drying. Then, the percentage dry 
matter (%DM) and moisture contents (%MC) were calculated using the 
following formula.

%DM = Wf
Wi

x 100

The percentage moisture content was calculated as:

%MC = 
Wwt-Dwt

Wwt
 x 100

Ash content determination

Two grams of cassava flour was weighed into a porcelain crucible (Wc) and 
the samples were transferred into a muffle furnace and burnt at a 
temperature of 550 0C for four hours. After the samples were burned, the 
weight of the crucible containing ash was recorded (Wb). Then, the 
percentage ash was calculated using the formula used by [15]:

%Ash = (W_b-W_c)/W_s x 100

Where Wb = crucible + ash, in g

Wc = weight of empty crucible, in g, and W_s is the weight of the sample

Organic matter (OM)
The OM contents of the samples were determined by subtracting the 
percentage ash content from the %DM as:

% OM = % DM - % ash

Crude Protein and Nitrogen content determination:
The determination of crude protein and beta-carotene content was done using 
HPLC machine

Protein content determination

Total protein was extracted following the (1976) [18] assay with slight 
modifications. Approximately 1 g of the powdered sample was mixed with 10 
mL of extraction buffer (50 mM phosphate buffer, pH 7.0, containing 0.1% 
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Triton X-100). The mixture was homogenized and centrifuged at 10,000 rpm 
for 15 min at 4°C. The supernatant was collected and filtered through a 0.45 
µm membrane filter before injection into the HPLC system. Protein 
separation and quantification were carried out using a reversed-phase high-
performance liquid chromatography (RP-HPLC) system equipped with a C18 
column (250 mm × 4.6 mm, 5 µm particle size, mobile phase in which solvent 
A (0.1% trifluoroacetic acid (TFA) in water) and Solvent B (80% acetonitrile 
with 0.1% TFA), Gradient elution of 5% to 60% B over 30 min, Flow rate (1 
mL/min), Column temperature of 30°C with Detection wavelength of 220 nm 
used.

Protein quantification

The protein content was quantified using a BSA (Bovine Serum Albumin) 
standard curve prepared in the range of 10–100 µg/mL. Peak areas 
corresponding to protein fractions were integrated, and protein 
concentrations were determined by comparing them with the BSA standard 
curve.

Beta-carotene determination

Beta carotene content of cassava flour of the studied materials was analyzed 
using the High-Performing Liquid Chromatography (HPLC) method, 
following the steps listed in [19], where 2g of flour samples were uniformly 
mixed into 250ml a round-bottom flask. Then water was added to the sample 
and dispersed. Then, 100mg of hydroquinone, 40ml ethanol, and 10ml KOH 
solution were added, and the flask was placed in a hot water bath and 
continuously shaken for 30 minutes. The solvent was cooled, and the stirring 
and saponification process were carried out for 30 minutes. After 
saponification, 50ml of Petroleum ether was added and gently shaken. The 
second extraction was done, and the extract was washed with water. Then, 
the extract was filtered and dehydrated with sodium sulfate. The filter 
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collected, evaporated using a rotary evaporator at <40°C under nitrogen, and 
quantified for beta carotene content.

Starch extraction

Starch extraction and determination were conducted using the HPLC 
procedures followed by [20]. In this procedure, glucose was hydrolyzed and 
starch content was derived from the hydrolyzed glucose content of food using 
the following conversion factor:-

%Starch = %Glucose×0.9

Tannin extraction

Tannin content of cassava flour was analyzed using High-Performing Liquid 
Chromatography (HPLC) based method. For the analysis, 1g of dried sample 
was weighed using a sensitive balance and extracted using 80% methanol by 
sonication for 30 minutes. The solvent was centrifuged and filtered using 0.45 
µm membrane. Gradient elution was carried out at 90% A / 10% B, increasing 
B to 50% over 30 min. Detection of tannin at UV of 280 nm following the 
procedure of [21].

Table 1. Lists of cassava genotypes analyzed for biochemical contents

T/
N

Co
de

Genoty
pes

T/
N

Co
de

Genot
ype

T/
N

Co
de

Genotyp
e

T/
N

Co
de

Genoty
pes

1
G2

IITA1/2 26 G4
4

IITA5/
3

51 G8
6

IITA9/6 76 G1
24

10112
24

2
G3

IITA1/3 27 G4
7

IITA5/
6

52 G8
7

IITA9/7 77 G1
25

5048-
33

3
G5

IITA1/5 28 G4
8

IITA5/
7

53 G8
9

IITA9/9 78 G1
27

10501
25

4
G6

IITA1/6 29 G4
9

IITA5/
8

54 G9
2

IITA10/
3

79 G1
28

19805
10

5
G8

IITA1/8 30 G5
0

IITA5/
10

55 G9
3

IITA10/
4

80 G1
29

10626
30

6
G9

IITA1/9 31 G5
1

IITA5/
11

56 G9
4

IITA10/
5

81 G1
31

10540
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7 G1
0

IITA1/1
0

32 G5
3

IITA6/
2

57 G9
7

IITA10/
8

82 G1
34

10703
37

8 G1
2

IITA2/2 33 G5
5

IITA6/
4

58 G9
8

IITA10/
9

83 G1
35

10705
93

9 G1
3

IITA2/3 34 G5
7

IITA6/
6

59 G9
9

IITA10/
11

84 G1
37

Qulle

10
G1
4

IITA2/4 35
G5
8

IITA6/
7

60
G1
00

IITA10/
12

85
G1
39

MM 
96/930
8

11
G1
6

IITA2/6 36
G6
0

IITA6/
9

61
G1
03

IITA10/
15

86
G1
40

Korre- 
dhaske
-8

12 G1
9

IITA2/9 37 G6
2

IITA6/
11

62 G1
04

IITA11/
1

87 G1
42

5338-
19

13 G2
0

IITA2/1
0

38 G6
4

IITA6/
13

63 G1
05

IITA11/
2

88 G1
43

AWC-4

14 G2
1

IITA2/1
1

39 G6
5

IITA6/
14

64 G1
06

HawK12
/1

89 G1
44

WALA
MO

15 G2
3

IITA2/1
8

40 G6
6

IITA7/
1

65 G1
07

HawK12
/2

90 G1
49

10100
85

16 G2
4

IITA2/1
4

41 G6
8

O-2 66 G1
08

HawK12
/3

91 G1
51

Hawas
sa -04

17 G2
5

IITA2/1
5

42 G6
9

O-3 67 G1
09

HawK12
/4

92 G1
52

AAGT-
108

18 G2
6

IITA2/1
6

43 G7
2

O-6 68 G1
11

HawK12
/6

93 G1
54

196/62
4

19 G2
8

IITA3/1 44 G7
3

O-7 69 G1
13

HawQ1
3/2

94 G1
57

70708
24

20 G2
9

IITA3/2 45 G7
5

IITA8/
2

70 G1
16

HAWQ1
3/5

95 G1
58

Wajo 
Bohe

21 G3
3

IITA3/6 46 G7
6

IITA8/
3

71 G1
17

HAWQ1
3/7

96 G1
59

AAGT-
191

22 G3
4

IITA3/7 47 G7
7

IITA8/
4

72 G1
18

HAWQ1
3/8

97 G1
62

1554

23 G3
5

IITA4/1 48 G7
9

IITA8/
6

73 G1
21

156 98 G1
63

1038

24 G3
8

Wh-29 49 G8
0

IITA8/
7

74 G1
22

AWC-5 99 G1
69

5648-
50

25 G4
0

Wh-12 50 G8
2

IITA9/
2

75 G1
23

MM96/3
280

10
0

G1
79

M94/0
117
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Data analysis:

Analyses of variances
The analysis of variances was performed using the ‘aov()’ function of the 
‘agricolae’ package of R software version 4.4.2 [22]. The following model of 
CRD was used:

yij= Xt+ yr + E, i and j represent the effect of treatment and replication 
respectively.

Significant differences among samples were determined using one-way 
ANOVA (p < 0.001).

Multivariate data analyses

Based on test of significance differences, the multivariate analyses such as 
correlation, principal component and cluster analyses were performed using 
R software version 4.4.2.

Correlation analysis:

The associations among the different traits were analyzed using facto-extra 
package of R-software, with Pearson correlation model [23].

;

where

 r = Pearson correlation coefficient
 xi,yix_i, y_ixi,yi: individual observations of variables X and Y
 xˉ,yˉ\bar{x}, \bar{y}xˉ,yˉ: means of X and Y
 nnn: number of paired observations

Cluster analysis: The scaled data was subjected to R-software of hcut() 
function to group genotypes based on their similarity, where “cluster” 
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packages were used and the dendrogram was displayed using fviz_dend() 
function using “ggplot” package (Kassambara and Mundt, 2020)[23].

Principal component analysis (PCA): The PCA is a method used to signify 
the traits that contributed more to the total variations in the germplasm 
studied. It is a technique for reducing the dimensionality of such datasets, 
increasing interpretability, but at the same time minimizing information loss 
by creating new uncorrelated variables that successively maximize variance. 
In a similar approach to the clustering, the scaled data was analyzed using 
the prcomp() function of RStudio using “factoextra” package developed by 
[23]. The “get eigenvalue” function of R-software was used to analyze the 
eigen-values, explained percentage variance by each PCA, and the cumulative 
variance percentage of each dimension. Also, the function “fviz_pca_biplot()” 
was used to plot the x-y axis of the PCA biplot.

Heritability, Genetic advance and Components of variance analysis:

Components of variance analyses such as phenotypic and genotypic variances 
as well as phenotypic and genotypic coefficient of variations were analyzed 
using “variability” package with “gen.var ()” function. The heritability in 
broad sense, genetic advance and genetic advance as percent of mean were 
also determined using similar algorithm [24].
The following algorithms were followed to calculate different components of 
variances. These include:
Genetic variance (σ2g):
σ2g = (MSg - MSe)/r
Phenotypic variance (σ2p) = σ2g +σ2e
where MSg and MSe represent genotype and error mean square 
respectively
Genotypic coefficient of variation (GCV)

GCV (%) =√ σ
2g
z X100, where z is grand mean value of the

Environmental variance component (σ2e) = MSe/r
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Phenotypic coefficient of variation (PCV) = (√ σ2p / x) x100,
Heritability in broad sense (h2): heritability in broad sense is estimated as 
the percentage of genetic variance over phenotypic variance.

 h2 = σ2g
σ2p;

Genetic advance (GA): is the genetic improvement of the progeny possible 
through selection over the parents’ population. It will be calculated as follow:

GA = Kh2Kh2σp
x

Where K denoted selection differential with value of 2.06 at 5% intensity, σp 
represent phenotypic standard deviation
Genetic advance in percent of mean (GAM):
Genetic advance is important in predicting the expected genetic gain from 
selection cycle

GAM = 
GA
x  x100;

where GA denoted genetic advance and x represent mean of the population

3. Results
3.1. Analysis of variances results

The result of ANOVA revealed highly significant (p-value <0.0001) 
differences among the studied genotypes for all the studied traits viz., ash, 
starch, tannin, nitrogen, protein and Beta-carotene (Table 2).

Table 2. Summary of ANOVA, maximum, minimum and mean results of 100 
cassava genotypes

Traits MSG DF 
(99)

MSE 
(DF=100)

CV (%) Max Min Mean±S
D

Ash 5.22*** 1.372 6.16 11.07 0.52 3.24±0.8
3

Starch 4.95*** 0.065 0.35 77.79 70.42 73.47±0.
18

Tannin 0.097*** 0.00145 11.10 1.34 0.03 0.34±0.0
27

BC 18.84*** 1.762 12.50 18.91 6.23 7.68±0.1
4
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MSG=mean square of genotypes, MSE=mean square of error, CV=coefficient of 
variation, DM=dry matter, OM=organic matter, MC=moisture contenet, BC=beta 
carotene

The mean separations of the selected studied genotypes are summarized in 
table 3. The ash content ranged between 0.52%-11.1%. The maximum ash 
content of 11.1% was recorded for genotype G103, followed by 10.85% for 
genotype G100. The genotypes G75 and G69 showed the minimum ash 
contents of 0.52 and 0.53%, respectively. Regarding the tannin contents of 
the studied genotypes with the highest (1.34 mg/100g) tannin content was 
recorded on the genotype G86; while the lowest (0.02) was recorded on the 
genotype G82 (Table 3).
The maximum and minimum starch content of the studied genotypes was 
77.99 and 70.22%, respectively, with a mean of 73.5%. The largest amount 
of starch content was obtained from genotype G33 (78.0%), followed by G29 
(77.2%). The lowest starch contents were obtained on the genotypes G62 
(70.42%) and G77 (70.44%) (Table 3).
The nitrogen and protein contents, which are the derivative of one another, 
ranged from 0.2 to 0.3% and 1.2-1.9%, respectively.
The beta carotene content ranged from 6.2 to 18.9 mg/100g with a mean of 
7.7 mg/100g. The genotype G48 showed the highest beta carotene content, 
while the genotype G122 showed the lowest contents (Table 3).
Table 3. Summary of mean separation of studied biochemical content of 
cassava genotypes for the first three high yielder and the last two low 
yielder genotypes

Geno BC (mg/g) Groups

Protein 0.048*** 0.0108 6.64 1.94 1.17 1.56±0.0
73

Nitrogen 0.0012*** 0.017 6.62 0.31 0.18 0.25±0.0
12

MC 104.84*** 2.97 5.49 82.62 28.37 53.82±3.
21

DM 155.40*** 2.69 5.81 75.93 21.85 46.19±2.
25

OM 146.88*** 9.54 5.75 71.67 18.55 42.96±1.
46
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G79 18.91 a
G106 17.82 ab
G35 16.75 abc
G116 6.42 v
G143 6.23 v
Geno Ash (%) Groups
G103 11.07 a
G100 10.85 a
G104 7.77 b
G69 0.53 r
G75 0.52 r
Geno Starch (%) Groups
G33 77.79 a
G29 77.22 b
G140 76.78 bc
G77 70.48 p
G62 70.42 q
Geno Tannin (%) Groups
G86 1.34 w
G3 0.99 v
G149 0.96 v
G80 0.04 a
G82 0.03 a
Geno OM (%) Groups
G128 71.67 a
G179 57.58 b
G149 56.53 bc
G64 24.95 j
G40 18.55 k
Geno Protein (%) Groups
G48 1.94 a
G99 1.89 ab
G106 1.88 ab
G142 1.20 st
G122 1.16 t
Geno N (%) Groups
G48 0.31 a
G106 0.31 ab
G99 0.31 ab
G142 0.19 lm
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G122 0.19 m
Geno MC Groups
G86 82.62 a
G40 76.88 ab
G64 72.5 bc
G179 38.85 k
G128 28.37 l
Geno DM (%) Groups
G100 71.93 a
G128 71.63 b
G179 61.15 c
G40 23.12 kl
G86 17.38 l

Multivariate data analysis
The data of targeted traits (ash, starch, tannin, moisture content, dry matter, 
organic matter, beta carotene, nitrogen and protein contents) were subjected 
to multivariate analyses such as correlation, principal component and cluster 
analyses, as follows.

Trait association analysis:
From the result (Fig. 1), it can be observed that the data of the targeted traits 
followed normal distribution, except the tannin data, which was slightly 
skewed to the left, and the beta carotene data, which was slightly skewed to 
right from its mean.

The results of correlation analyses revealed highly significant and positive 
associations between organic matter and dry matter contents (0.98***) 
(Figure 10). Ash content positively correlated with beta-carotene (0.275**) 
but strongly and negatively correlated with OM (-0.327***) However, starch 
positively correlated with OM (0.135) and DMC (0.124) and poor but negative 
correlated with protein.
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Figure 1. The correlation results of analyzed traits and data distribution of 
targeted traits

Principal component analysis

The principal component analysis also confirmed the presence of significant 
variations among the studied genotypes in studied traits. The Principal 
Component Analysis (PCA) revealed that the first three dimensions with 
Eigen value greater than one explained 68% of total variation, whereas the 
first and second principal components (PCs) alone contributed to 56% of the 
total variation with the first and the second PCs each contributing to 33.3 and 
22.7%, respectively, with cumulative contributions of 56% (Table 4). The 
traits that showed high loading values in the first dimension (PC1) were dry 
matter (0.99), moisture content (-0.99) and organic matter (0.99) contents 
(Table 5; Fig. 3). In the second dimension, nitrogen and protein content 
contributed high loading values of 0.99 and 0.98, respectively (Table 4). Ash 
and starch contents showed high negative (-0.8) and high positive (0.64) 
associations, respectively, with PC3 (Table 4).
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Table 4. Contribution summary of the 1st three dimension with eigen value 
greater than one

Traits Dim1 Dim2 Dim3
Ash -0.04 -0.01 -0.80
Starch 0.07 -0.09 0.64
Tannin 0.06 -0.22 0.12
Moisture content -0.99 -0.03 0.08
Dry matter 0.99 0.03 -0.08
Organic matter 0.99 0.03 0.07
Beta-catotene 0.14 -0.20 -0.04
Protein -0.06 0.98 0.04
Nitrogen -0.05 0.99 0.04
Eigen value 3.00 2.00 1.00
% variance 33.7 22.7 11.6
% cumulative 
variance

33.3 56.40 68.00

Genotypes by traits association analysis
From the biplot (Fig. 2) result, the vectors of traits that fall in the same sector 
are positively correlated, whereas the vectors that fall in different sectors are 
negatively correlated. In a similar manner, the traits and genotypes found in 
the same direction have positive interrelationship and vice versa. 
Accordingly, genotypes found in quadrant I, especially, G179, G33, G19, G25, 
162, G65, G143, G44, G137, G58 and G143 showed strong correlation with 
dry matter, organic matter and starch contents, whereas genotype G163, 
G76, G26, G47, G144, G105, G82, G151, G124 and G68 showed strong 
association with moisture content, which contributed more loading values to 
the first PC and to the total variations at the same time. The genotypes G48, 
G111, G66, G75, G80, G109, G94, G121, G116, G53, G50 G116, and G117 
showed strong associations with nitrogen and protein contents (Fig. 2). So, 
Dim-1 is governed by dry matter, moisture content and organic matter while 
Dim-2 governed by nitrogen and protein contents.
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Figure 2. The biplot of PCA detecting contribution of the concerned traits 
and the study genotypes

Cluster analysis
Cluster analysis grouped the studied materials into six distinct clusters (Fig. 
3). Accordingly, the largest number (35) of the studied genotypes were 
grouped into cluster IV, comprising 35% of the studied genotypes, followed 
by cluster III, which contained 29 genotypes (29% of the studied genotypes). 
The least number of genotypes was found in cluster II, with only three 
genotypes (Table 4). Cluster mean analysis revealed that cluster I was 
characterized by the highest content of tannin, dry matter and organic 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



matter, with the lowest ash content. The genotypes in cluster II were 
characterized by high ash and beta-carotene contents, while cluster III was 
characterized by high tannin content. The genotypes in cluster IV were 
characterized by high starch and beta-carotene contents, and low protein 
content. Genotypes in cluster V showed the highest crude protein and 
nitrogen contents, and the lowest tannin content (Table 6). On the other hand, 
genotypes grouped in cluster VI showed the highest moisture content and the 
lowest dry matter and organic matter contents.

Table 5. Lists and numbers of individuals genotypes grouped to each cluster.

Cluster No. of 
genotypes

Lists of genotypes

Cluster 
I

6 G128, G137, G139, G149, G162, G179

Cluster 
II

3 G100, G103, G104

Cluster 
III

29 G10, G19, G23, G24, G25, G26, G38, G50, G55, G65, 
G68, G69, G76, G77, G94, G116, G118, G123, G125, 
G127, G134, G135, G143, G144, G154, G157, G158, 
G159, G169

Cluster 
IV

35 G2, G3, G5, G6, G8, G9, G12, G13, G14, G16, G20, G21, 
G28, G29, G33, G34, G35, G44, G49, G51, G57, G58, 
G60, G62, G79, G86, G87, G89, G92, G93, G98, G122, 
G129, G140, G142

Cluster 
V

17 G48, G53, G66, G72, G73, G75, G80, G97, G99, G106, 
G107, G108, G109, G111, G117, G121, G152

Cluster 
VI

10 G40, G47, G64, G82, G105, G113, G124, G131, G151, 
G163

Table 6. Mean of genotypes within cluster for studied traits
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Cluster Ash Starch Tannin MC DM OM Beta-
Carotene

Protein N

Cluster 
I

2.48 73.55 0.44 40.57 59.43 56.95 6.88 1.56 0.25

Cluster 
II

9.77 72.73 0.39 50.95 49.22 39.45 12.17 1.60 0.26

Cluster 
III

2.59 72.73 0.37 53.84 46.16 43.57 9.68 1.56 0.25

Cluster 
IV

3.23 74.40 0.33 52.12 47.88 44.65 12.65 1.45 0.23

Cluster 
V

3.04 73.30 0.30 54.56 45.44 42.40 10.42 1.83 0.29

Cluster 
VI

3.86 72.89 0.32 67.25 32.75 28.89 9.38 1.53 0.24

Figure 3. Dendrogram of clustered 100 selected cassava genotypes based 
on compositional analysis

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Figure 4. Different colors of storage root pulp of studied cassava genotypes 
sampled for oven drying at Jimma Agricultural Research Center
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Discussion
Analysis of variances of proximate composition:
The observed highly significant differences among cassava genotypes for 
various nutritional composition traits namely ash, starch, tannin, dry matter 
(DM), organic matter (OM), moisture content (MC), beta-carotene, protein, 
and nitrogen content demonstrate the presence of considerable genetic 
variability within the studied germplasm. This broad variation suggests the 
potential for selective breeding targeting nutritional quality improvement. In 
alignment with this, [15] also reported highly significant differences among 
cassava accessions in Ethiopia for key traits such as DM, OM, ash, crude 
protein, tannin, and other biochemical properties, further affirming the 
diversity present in Ethiopian cassava populations.
The findings of the present study concerning protein, dry matter, and 
moisture content are consistent with the ranges reported by [5], who found 
moisture content ranging from 45.9% to 85.3% and dry matter content from 
29.8% to 39.3%, and [25], who recorded a mean protein content of 2.35%. 
Additionally, the protein (1.03–2%), nitrogen (0.41–0.97%), and MC (56.67–
70.19%) values observed in the current study are in agreement with those 
reported by [8], supporting the reliability and reproducibility of these 
nutritional metrics across diverse studies.
On the other hand, ash content in the current study exceeded the values 
previously reported by [8] (0.4–1.7%) and Addisu et al. (2018) [25] (1–2.56%). 
Ash, which indicates the total mineral content in food samples is an important 
quality marker in the food and flour industries [12]. According to [26], the 
maximum allowable ash content in edible cassava root is 3%. The values 
reported in the present study, therefore, surpass this recommended 
threshold, which may reflect enhanced mineral accumulation but also 
warrants careful consideration for consumption standards where high ash 
levels may influence processing and consumer quality traits. Also, the result 
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also indicated substantial genetic variability for mineral-related traits among 
the studied genotypes.
Similarly, other studies have shown significant genotype variation in cassava 
for nutritional traits. For instance, [27] identified wide ranges in starch, 
protein, and carotenoid contents among Latin American cassava accessions. 
Likewise, [28] reported high variability in beta-carotene and dry matter 
content among Ugandan cassava genotypes, reinforcing the global pattern of 
nutritional diversity in cassava germplasm collections.
The range of maximum and minimum percentage of ash (0.52-11.07), starch 
(70.2-77-79%), dry matter (21.85-71.63%) and moisture content (28.37-
78.15%) found in this study widely varied from the finding of [3] who 
reported ash (4.02-8.44%), starch (28.9-31.1), dry matter (93.56-95.27%) 
and moisture content (4.73-6.44%) were reported.
Also, protein content of the present study ranging from 1.11-2.00% is 
relatively in consistence with value cited by [15], who reported 1.28 to 2.46% 
protein content despite it was far below protein content value of 17.56-
31.15% reported by [3]. However, the lower protein values in the range 0.3–
0.6% reported by [5]; [29] were much lower than the result of our finding 
which might be due to management effect as well as varietal differences. 
However, the dry matter content of our study relatively equal to the finding 
of [6] who reported mean of 31.20-43 based on oven drying and prediction 
equation methods. The higher dry matter and starch content of cassava 
indicates the opportunity of prolonged storability and easily ensure energy 
and food security [2]. It was reported that, genotypes have great influence on 
starch yield than environmental influences [12]. These wide compositional 
variations of our study with others’ finding might be due to either plant 
harvesting age, season of harvesting and/or management practice adhered to 
the plants. The protein content of our study genotypes falls within the range 
of protein content of cassava (1-2%) reported by [30] which was higher than 
the range reported by [31] but below the range (1.17-3.48%) reported by [32] 
indicating the need to be supplemented with protein rich sources. The 
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carotene content of sweet yellow cassava was reported to be in the range of 
2.64 to 14.15 mg/g and the total beta-carotene content varied from 1.99 to 
8.11 mg/g [33] where the values of our study fall within these ranges.

Generally, the significant variation observed among the studied traits 
indicated that the presence of larger variations within the study genotypes 
indicating possibility of traits improvement through hybridization and 
selection.

Multivariate analyses of biochemical content of 
cassava

Correlation analysis is a fundamental statistical tool in plant breeding and 
agricultural research that measures the strength and direction of the linear 
association between pairs of studied traits [34]. It plays a vital role in plant 
breeding as it gives insight to breeders in understanding the important traits 
[35]. Correlated characteristics have indicated association of the traits 
through genetic control which can either be genetic linkage or pleiotropic 
effect [36]. Organic matter has strong and positive correlation with dry 
matter content (0.98***) while strong and negative correlation with moisture 
content (-0.98***). This indicates that, as the organic matter content of the 
cassava root increases, the dry matter content also increases significantly but 
moisture content inversely decreases. Since dry matter represents the solid 
portion of the root (starch, fiber, proteins, etc.), higher OM reflects greater 
accumulation of these useful components. Therefore, genotypes with high 
OM are likely to have better nutritional and processing quality. On the other 
hand, the strong negative correlation between OM and moisture content 
means that roots with higher organic matter tend to have lower water 
content. This relationship suggests that selecting for higher organic matter 
will simultaneously improve dry matter content while reducing moisture 
content, which is desirable for traits like storage ability, processing 
efficiency, and overall root quality in cassava breeding program. The result 
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was in agreement with the finding of [15]. Ash content strongly and positively 
correlated with beta-carotene (0.28**) but negatively correlated with OM (-
0.33***). This implied OM includes carbohydrate, protein, lipids and other 
carbon-based compounds while ash contain is an inorganic minerals. So, the 
negative correlation suggested that compositional trade-off when increase in 
one composition reduces the other. On the other hand, positive association 
between ash and beta-caritene indicated the accumulation of mineral may 
enhanced the metabolic activity in carotenoid biosynthesis.

On the other hand, tannin and ash content of cassava root showed non-
significant correlation with dry matter, moisture content and organic matter 
content in agreement with the report of [15]. The absence of significant 
correlations between tannin and ash content with dry matter, moisture 
content, and organic matter suggests that these traits are governed by 
distinct genetic and biochemical pathways. This independence provides an 
opportunity for simultaneous improvement of nutritional quality traits 
without compromising key agronomic and compositional characteristics in 
cassava.

Principal component analysis reduces the dimension of interrelated variables 
based on the correlated matrix explaining total standard variation [36]. The 
results of our study indicated dry matter and organic matter contents had 
positive and strong association with the first PCA while moisture contents 
had negative and strong correlation with the first PCA. In the second PCA, 
protein and N contributed more for observed variation. Accordingly, the first 
PCA was largely governed by dry matter, organic matter and moisture 
contents whereas the second PCA was governed by protein and N contents. 
The negative correlation of MC with DM and OM contents indicated the 
physiological trade-off in resource allocation [37] (Climent et al., 2024) which 
may be influenced by underlying genetic mechanisms including epistasis 
gene interaction.
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Clustering analysis is used to categorize study materials into separate groups 
according to their similarity in traits of consideration [38]. Clustering is 
grouped cassava varieties with similar characteristics to display pattern and 
interrelationship between the samples and their nutritional properties [33] 
where six cassava varieties grouped under three clusters, two varieties per 
each cluster. On the other hand, cluster analysis grouped 22 cassava tubers 
analyzed for sugar, protein, dry matter, anthocyanins and quinic acid into five 
categories [38]. The authors reported that, multivariate statistical methods 
particularly PCA are widely used to assess morphological and compositional 
traits of the crop. In consistence with our finding, [15] conducted study on 64 
cassava genotypes for different biochemical composition and reported wider 
variations where studied materials grouped into six clusters. In general, 
multivariate data analyses indicated the presence of genetic relatedness and 
diversity available within the study panel as well as traits contributed to 
variation which guide breeders the way forward in parental selection for 
genetic improvement and conservation strategy.

Conclusion and Recommendation

The result of ANOVA revealed highly significant variation across the studied 
genotypes for all concerned traits. The result of ANOVA revealed highly 
significant variation across the studied genotypes for all considered traits. 
The magnitude of GCV of Tannin 128.8% with its corresponding heritability 
(H2) value of 98%, H2-value 97%, 84%, 83% and 82% of starch, DM, OM and 
MC with GAM vales of greater than 20% indicated majority of traits mainly 
influenced by high contribution of genetic effects providing opportunity of 
genetic gain through selection except for starch where mainly governed by 
environment. The result of multivariate analyses also witnessed that the 
studied genotypes were highly divergent where cluster analysis grouped 
genotypes into six main clusters and the first three PCA alone explained 68% 
of total variation where dry matter, moisture content and organic matter 
were contributors in dimension-1; and protein and nitrogen in dimension 2 
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respectively. Therefore, the study result can guide researchers to select 
parental materials with desirable traits of interest. Also, it is highly 
recommended if biochemical content including HCN content of the rest 
genotypes conducted; superior genotypes can be achieved. Popularization of 
the bio-fortified genotypes and effective utilization as parental material in 
breeding work can minimize the nutrient deficiency of our community.
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