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The cooking quality, especially the pasting properties, is essential in cassava
starch applications or successfully utilizing cassava in food industries and at
the household level. This study evaluated the cassava roots from the Genetic
Gain Assessment trial grown in three locations for dry matter (DM) and the
pasting characteristics. Four hundred cassava genotypes were planted under
IVS (Dry season in Inland Valley Hydromorphic area) and Upland (rain-fed
conditions) trials at IITA Research Farms, Nigeria. The harvested cassava roots
(12 months after planting) were analyzed for DM, and the dried-milled roots
were analyzed for pasting properties using standard laboratory methods. The
DM ranged from 25.04 to 38.72%, with a mean of 31.97 4+ 2.41%. The pasting
properties (peak, trough, breakdown, setback and final viscosities) ranged
from 140.36-570.93 RVU (mean 241.71 + 38.17), 6.74-173.32 RVU (mean
96.65 + 23.45), 66.97-482.35 RVU (mean 142.44 + 30.16), 60.06-231.74RVU
(mean 13442 + 30.52), and 5.22-135.69 RVU (mean 37.78 + 12.96),
respectively. The genotypes had no significant effect (P > 0.05) on the DM
and pasting properties, but the growing location showed a highly significant
effect (P < 0.05) on all the parameters studied. The cluster analysis grouped the
genotypes into 2 clusters where clusters 1 and 2 had 115 and 285 genotypes,
respectively. Knowing the impact of genotype and grown location on the
pasting behavior could help the breeders select the best genotypes with
excellent qualities that could adapt to different environments and identify the
suitable growing area for the best cooking quality.
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Introduction

Cassava (Manihot esculenta Crantz) is a drought-tolerant,
staple food crop grown in tropical and subtropical areas.
It is a source of calories for most developing countries,
especially cassava-consuming countries. Cassava has become
a multipurpose crop responding to the challenges of climate
change (Sabitha et al., 2016). It has also been earmarked to
be a crop that could address the food crisis in Africa because
of its efficient production of food, year-round availability,
and tolerance to extreme stress conditions (Hahn, 1987). The
tuberous roots and the leaves are used as human food, animal
feed and industrial products (Adugna, 2019). Starch accounts
for about 85% of dry weight (Sanchez et al., 2009; Sayre et al.,
2011). However, Cassava root pasting properties are related to
the amylose/ amylopectin ratio of the starch component. The
amylose component is about 15 to 20% on average; however,
the high-amylose mutants with about 30% amylose have been
bred (Ceballos et al., 2007). The high percentage of starch in
cassava has caused a strong positive correlation between starch
content and dry matter on a fresh basis. Sanchez et al. (2009)
reported that the starch quality and content are influenced by
genetics and growing conditions linked to the environment
(such as the soil water availability, temperature, soil type, and
soil nutrient status).

Most breeding programs use quantitative and population
genetics knowledge to generate and select new genotypes with
higher yields and superior traits than the commercial varieties
available for cultivation. In cassava, breeders primarily use the
vegetative propagation method to promote the hybridizations
between contrasting parents and select superior F1 individuals.
Moreover, the superior genotypes are always identified and
clonally propagated and evaluated in field conditions that
usually refer to the clonal evaluation trials. Thus, the ability to
select individuals during the early stages to maximize genetic
gains and develop new varieties is the primary goal for cassava
breeders (Andrade et al., 2019). Ceballos et al. (2004) reported
that cassava breeding faces several limitations, including the
heterozygous nature of cassava and parental lines used to
generate new segregating progenies and has made the breeding
mainly based on the mass phenotypic recurrent selection.
However, it is known that the breeding objectives always depend
on the end use of the crop. For example, breeding for industrial
uses of cassava requires a high dry matter and starch contents
as the leading quality traits for the roots, whereas breeding
for human consumption will emphasize the cooking quality
(pasting properties) with excellent pasting properties (Ceballos
etal., 2004). Moreover, the breeding teams can make transparent
advancement decisions whenever a potential genotype meets all
the “must-have” criteria and possess at least one “value-added”
trait that differentiates it in the marketplace (Cobb et al., 2019)
and give the opportunities for value addition.

Frontiersin Sustainable Food Systems

02

10.3389/fsufs.2022.1012410

The nutrient composition of cassava varies according to the
maturity and age of the roots as well as other factors such as
climatic condition, soil quality and other environmental factors
during cultivation (Montagnac et al., 2009). Farmers prefer
high-yielding and marketable varieties which would give high
returns on investment; however, most new varieties are either
low yielding or not meeting the expectation of consumers and
processes in terms of final product qualities. Cassava breeding
programs. Therefore, the Collaborative Study of Cassava in
Africa (COSCA), working with the International Institute of
Tropical Agriculture, is launching a massive campaign to
adopt new varieties among farmers and processors (Solomon
and Okedo-Okojie, 2016). Pasting is an essential physical
measurement demonstrating starch’s cooking behavior, which
could also be affected by certain processing factors such
as fermentation. The effects of duration of fermentation on
the pasting properties of cassava starches were investigated
(Adegunwa et al, 2011). The authors reported significant
differences (p < 0.05) in the pasting properties of the cassava
starch except for pasting temperature and breakdown viscosity,
irrespective of the length of fermentation.

Cooking quality, especially the pasting properties, is essential
in cassava starch applications or successfully utilizing cassava
starch/cassava roots in food industries and at the household
level (Iwe et al., 2017). The knowledge of pasting properties is
an essential indicator of the cooking quality of foods and their
constituents. The food processors mainly apply this knowledge
to optimize the ingredient levels and temperature-pressure-
shear limits to achieve the desired product (Maziya-Dixon
et al, 2005). Pasting properties are primarily evaluated using
pasting curves or Brabender amylograph obtained using Rapid
Visco Analyser (RVA). Gelatinization of cassava starch has
been defined as breaking down intermolecular bonds of starch
molecules in the presence of heat and water (which serves as
a plasticizer) that allows the hydrogen bonding sites to absorb
more water. It causes the starch granule to dissolve in the water
irreversibly. The heating of the starch granules in liquid (like
water) absorbs the liquid, then swells and ruptures, leading to
increased viscosity (stickiness) of the starch (Iwe et al., 2017;
Godswill et al., 2019). The pasting properties of all starchy
flours have been found in research influenced by genotype and
environmental factors that brought subtle changes in the source
materials, such as grains and tubers (Iwe et al., 2017). Various
studies reported the impacts of environmental conditions on
pasting and the physicochemical properties of cassava flour
and starch samples. They indicated the possibility of predicting
and controlling cassava flour quality and pasting properties
according to the environmental conditions, such as growth
temperature, rainfall, and altitude has an enormous impact
on starch production and properties (Santisopasri et al., 2001;
Karlstrom et al., 2019; Zhang et al., 2020). Also, it was reported
in the literature that the ambient temperature 3 months before
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harvesting cassava roots had a positive correlation with the paste
clarity and pasting temperature (Gu et al., 2013).

Moreover, cassava starch’s peak viscosity from plants grown
at a low altitude is statistically higher than those grown at
an intermediate altitude (Karlstrom et al., 2019). Unlike this
study which used a more significant number of genotypes
from different growing environments, all these studies used a
few cassava varieties. We hypothesize that the genetic makeup
and environmental condition play a vital role in drymatter
content and the pasting properties of flours of cassava genotypes
from the Genetic Gain Assessment (GGA) multilocation trials.
The Genetic Gain Assessment (GGA) trials are all genotypes
developed and selected up to the Uniform Yield Trial (UYT)
breeding stage. No more selection is made on them but go
into multilocation On-farm trials for nomination for National
Coordinated Research Project on Cassava (NCRP) trials by
the National Root Crops Research Institute (NRCRI)- an
agricultural research institute in Nigeria, before official release.

Therefore, evaluating the pasting qualities of most selected
materials at the advanced stages, such as genetic gain assessment
(GGA) trials, is essential. Much variability exists in the pasting
properties of cassava genotypes. The systematic characterization
of these genotypes, especially those under final selection for
release (as improved varieties), is essential for meeting its food,
feed, and industry application requirements in crop breeding
programmes. The utilization of these newly developed genotypes
depends on their functional properties, and they must be
studied and established. Based on this background, this study
was conducted to quantify the dry matter and the pasting
characteristics of cassava genotypes being evaluated under the
GGA trials in different growing environments to establish their
genetic variability and the relationship between the dry matter
content and pasting properties. The information from this study
on the pasting properties of cassava flour from the GGA trial
will provide an opportunity for improving the quality and
functionality of cassava flour.

Materials and methods

Genetic materials and field establishment

A total of 400 cassava genotypes (Supplementary Table 1)
were planted under IVS (Dry season in Inland Valley
Hydromorphic area) and Upland (rain-fed conditions) trials at 2
locations of IITA Research Farms, Ibadan (IVS and Upland) and
Mokwa (Upland) in Nigeria during the 2006 and 2007 cropping
seasons. In Mokwa, the dry season is humid and partly cloudy
and becomes hot throughout the year. The average annual
rainfall ranges from 0.0 to 6.2 inches, while average temperatures
range from 63 to 980F, with the highest around March and
April. Also, for Ibadan, the average rainfall ranges from 0.3 to
9.1 inches, and the average temperature ranges from 69 to 92°F,
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highest around February and March. The design for the IVS
trial was an Augmented Completely Randomized Design with
three checks [TME 1 (famous landrace) and 91/02324 and 30572
(improved and officially released varieties)] repeated randomly
in each sub-block.

In contrast, the upland trial was an Augmented Completely
Randomized Design with checks [TME 1 (famous landrace,
and 3,0572 (improved and officially released variety)] repeated
randomly in each sub-block. Planting was done on ridges (30 cm
high and 1m apart) as plots. For the IVS trial, each plot
consisted of one ridge and five plants per plot spaced 0.5m
between plants and 1 m between ridges. Each plot consisted of
one ridge, and ten plants per plot spaced 0.5m between plants
and 1 m between ridges for the Upland trial. No fertilizers or
herbicides were applied to both trials. Manual weeding was done
as necessary.

Sampling and sample preparation

The method described by Alamu et al. (2021) was used for
the sampling and sample preparation (Figure 1). Five plants
per genotype were harvested 12 months after planting (MAP).
Three cassava roots of different sizes were randomly selected
per genotype and labeled appropriately. The cassava roots were
washed with tap water and air-dried on a chux-lined surface.
The roots were peeled with a stainless-steel knife and rinsed
in deionized water. After that, each root was cut into four
longitudinal sections using a stainless-steel knife. One-quarter
was removed from each root and chopped into small pieces. The
chopped pieces from each root were mixed and sub-sampled for
dry matter and pasting properties determinations. However, the
samples for dry matter determination were taken directly to the
laboratory for analysis. The samples for pasting profiling were
placed in a petri dish and dried in an uncorroded convectional
oven at 50-60°C for 2 days. The samples were then packed in
labeled envelopes for pasting profiling analysis. All samples were
run in duplicates in the laboratory.

Drymatter determination

The DM content of the fresh samples was determined by
weighing 100 g of the cassava samples in a cleaned and pre-
weighed moisture can and placed in an oven (Fisher Scientific
IsotempR Oven model 655 F, Loughborough, United Kingdom)
at 105°C for 24 h until the constant weight was obtained (AOAC,
2006). The DM was calculated using the following equation:

Dry matter(%)
= (Weight of dried sample < Weight of fresh sample) x 100
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M * Three Cassava storage roots ( Large, medium and small) )
)
w » Washed with clean water to remove dirts and adhering particles
J
w * Air dried in room condition \
J
M * Peeling of the roots ]
J
w « Cut roots longitudinally into 4 parts ]
J
M * Selecting opposite side and chopped into small pieces and then mixed properlly ]
J
* Transfering a portion into paper bag and dried in the Oven at 70°C for 16hrs. It was )
allowed to cool and ground to flour for subsequent analysis )
FIGURE 1
Flow chart of sample preparations.

Pasting properties determination

The pasting properties of the samples were determined using
a Rapid Visco Analyzer (RVA) (model 3C; Newport Scientific
Pty Ltd, Sydney, NSW, Australia). Three grams of the flour
samples were weighed into a dried empty canister. About 25 mL
of distilled water (volume adjusted by the sample’s moisture
content) was dispensed into the sample’s canister. According
to the manufacturer’s instructions, the mixture was thoroughly
stirred, and the canister was fitted into the RVA. The mixture
was heated from 50 to 95 °C with a holding time of 2 min
followed by cooling to 50°C with a 2min holding time. The
heating and cooling were constant at 11.25°C/min. The pasting
properties- Peak viscosity, holding strength, breakdown, final
viscosity, set back, peak time, and pasting temperature- were
recorded using a computer with Thermocline for Windows
Software; Newport Scientific (AOAC, 2006; Alamu et al,
2017).

Data analysis

The XLSTAT (Addinsoft, 2021) was used for the data
analysis, such as the analysis of variance (ANOVA) and
descriptive statistics. Also, the means were separated using
Fisher’s protected least significant difference (LSD) test
at P < 0.05. In addition, principal component analysis
(PCA) (HCA) were
also applied.

and hierarchical cluster analysis
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Results and discussion

Dry matter content and pasting
properties of cassava genotypes from
GGA trials across the growing locations

The DM of the fresh roots and pasting properties of the
flours from the GGA cassava genotypes across the growing
locations and conditions are shown in Table 1, Figure 2 and
Supplementary Table 2. The DM ranged between 25.04 and
38.72%, with a mean of 31.97 + 2.41%, with the equivalent
moisture content ranging from 61.28 to 74.96%. The DM
indicates the total organic and inorganic matter level in the
root, and the higher the DM, the less the water/moisture
content (MC) and the better the genotype. This aggress with
the results reported by various studies that the average MC
of fresh cassava roots ranges from 60 to 80% and that of the
quality cassava flour could be between 9 and 12% (Charles
et al., 2005; Shittu et al., 2007; Zvinavashe et al., 2011; Adugna,
2019). MC is an essential property in cassava flour storage and
preservation, and flour with MC of >12% would promote the
proliferation of microbes. It implies that low levels of MC in
cassava flour elongate its shelf life (Alamu et al., 2017; Adugna,
2019). The breeder and consumer prefer cassava roots with
high dry matter content (Ceballos et al., 2021). Thus, most of
the GGA genotypes investigated in the present study showed
a high average DM of 31.97 4 2.41% and could be advanced
to the released breeding stage. The pasting properties (peak,
trough, breakdown, setback, and final viscosities) ranged from
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TABLE 1 Descriptive statistics of the dry matter content (DMC) and pasting properties of cassava genotypes from the GGA trial by the growing
locations.

Parameters Mean Minimum Maximum Istquartile Median 3rd quartile  Standard Lower Upper
deviation bound on bound on
(n—1) mean (95%) mean (95%)

Ibadan-IVS (N = 400)

DMC (%) 38.35 25.53 55.21 36.19 38.70 40.85 3.84 37.97 38.73
Peak viscosity (RVU)  299.01 102.75 429.67 271.25 302.83 331.96 46.76 294.38 303.63
Trough (RVU) 102.86 —12.67 194.58 78.08 105.17 130.25 38.46 99.06 106.67
Breakdown (RVU) 192.20 32.33 360.92 165.42 190.58 217.75 40.26 188.22 196.18
Final viscosity (RVU)  135.50 29.92 250.50 100.29 135.67 170.04 47.52 130.80 140.20
Setback (RVU) 32.64 —38.92 195.83 20.77 29.46 38.52 21.60 30.50 34.78

Peak time (mins) 4.03 3.52 4.80 3.81 4.07 4.20 0.23 4.01 4.05

Pasting temp (°C) 72.93 63.55 83.30 64.20 77.55 79.18 7.38 72.20 73.66

Ibadan-Upland (N = 400)

DMC (%) 32.55 16.28 45.74 29.57 33.23 35.60 493 32.07 33.04
Peak viscosity (RVU)  228.60 13.50 1,250.83 189.46 237.92 268.50 83.41 220.39 236.81
Trough (RVU) 106.63 —12.67 184.92 85.46 109.83 133.06 36.81 103.01 110.25
Breakdown (RVU) 118.06 0.25 1,151.75 87.25 121.63 141.92 68.64 111.30 124.81
Final viscosity (RVU)  156.42 —2.33 259.75 125.27 161.84 193.44 49.81 151.51 161.32
Setback (RVU) 49.79 1.25 207.67 34.09 49.13 62.69 25.78 47.25 52.32
Peak time (mins) 4.22 2.02 8.99 391 4.03 421 0.77 4.14 4.29

Pasting temp (°C) 68.18 63.65 83.40 63.95 64.39 72.40 5.58 67.63 68.73

Mokwa-Upland (N = 400)

DMC (%) 25.01 12.63 36.13 22.45 25.07 28.08 422 24.59 25.42
Peak viscosity (RVU)  197.66 55.75 633.08 163.00 195.78 230.92 58.18 191.93 203.38
Trough (RVU) 80.40 1.25 187.50 50.92 83.50 108.94 40.16 76.44 84.35
Breakdown (RVU) 117.26 6.50 478.58 97.58 115.92 134.60 37.38 113.58 120.94
Final viscosity (RVU)  111.02 2.50 265.42 69.23 117.96 151.75 56.48 105.46 116.58
Setback (RVU) 30.63 0.17 77.92 15.90 31.25 44.22 17.64 28.89 32.36
Peak time (mins) 4.62 1.80 7.00 443 4.54 4.67 0.41 4.58 4.66

Pasting temp (°C) 81.40 51.20 89.60 80.39 81.54 82.54 2.84 81.12 81.68

DMC, Dry matter content.

Box plots Means chart
+ Mean + Minimum/Maximum o Qutliers(1) X Outliers(2) -
1400 300
1200 X % 250
| w
., 1o £ o
5 =0 S 10
o c
z L x 7 3 100
3 400 X = s
; % %
200 %I Egs 5
R -+ % - e - Breakd Flpal P.eak Pasting
own Visc Time | Temp
-200 T
DM  Peak Visc. Trough BreakdownFinal Visc Setback Peak TimRasting Temp m [31.9695/241.717 96.5833|142.512} 134.38 \37.799? 4.28789 74.4694
Parameters Parameters
FIGURE 2

Box plots and means chart for DM and pasting properties of GGA cassava genotypes from three locations (IVS, Mokwa Upland).
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140.36 to 570.93 RVU (mean 241.71 + 38.17), 6.74-173.32
RVU (mean 96.65 £ 23.45), 66.97-482.35 RVU (mean 142.44
=+ 30.16), 60.06-231.74RVU (mean 134.42 + 30.52) and 5.22-
135.69 RVU (mean 37.78 £ 12.96), respectively. However,
the peak time and pasting temperature ranged between 3.27
and 5.95min (mean 4.29 &£ 0.30) and 59.72-83.71°C (mean
74.17 £ 3.34°C). Thus, the genotypes showed a high peak
viscosity value and good peak time and pasting temperature.
The pasting temperature indicated the minimum temperature
required for flour cooking. Pasting properties are critical in
utilizing and applying starch in making food products. The
pasting characteristics of cassava flour play a key role in its
cooking and baking quality determinations (Onyencke, 2019).
The peak viscosity of cassava flour is described as the ability
of starch to swell freely that precedes the physical breakdown.
It indicates the product’s final quality (Alamu et al., 2017).
However, applying a constant shearing (160 rpm) of the swollen
starch granules and at a high temperature (95°C), the granules
disrupt into small fragments and break into dispersed molecules.
The process results in a decrease in viscosity, referred to
as “breakdown” in the pasting profile. However, the trough
viscosity is the minimum value at the pasting profile’s constant
temperature, indicating the paste’s capacity to resist breaking
down during cooling. The ability of the flour sample to form a
gel while processed is measured by the final viscosity value and
indicates the strength of the cooked paste (Sanni et al., 2006;
Adeniji et al., 2010; Alamu et al., 2017). Most of the genotypes
studied showed excellent DM and pasting characteristics that
could be advanced for release as improved varieties.

Effect of genotypes and growing
locations on drymatter content and
pasting properties of cassava genotypes
from GGA trial

Table 2 shows the analysis of the variance of drymatter
and pasting properties of cassava genotypes from GGA trails
across the three locations. The genotypes had no significant
effect (P> 0.05) on the DM and pasting properties, but the
growing location showed a highly significant effect (P < 0.05)
on all the parameters studied. Table 3 shows the means of the
DM and pasting properties by location. There was a significant
(P < 0.05) difference in the mean values for DM, peak viscosity,
final viscosity, and peak time across the three locations. There
were significant differences in the trough mean value for IVS and
Upland genotypes and the breakdown mean value for Upland
and Mokwa. However, the genotypes from the IVS location
had the highest mean value for DM (38.35%), peak viscosity
(299.01 RVU) and breakdown viscosity (192.20 RVU), followed
by the upland genotypes. In contrast, the mean values of the
trough (106.63 RVU), setback (49.79 RVU), and final viscosity
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(156.42 RVU) for genotypes from Upland were the highest. The
excellent pasting values indicate the processing quality of the
genotypes. However, genotypes from Mokwa had the lowest
DM (25.01%) and pasting properties, except for the peak time
(4.62min) and pasting temperature (82.4°C), which were the
highest. The lowest peak time and highest peak viscosity for
genotypes from the IVS location showed the best quality as they
achieved gelatinization within the shortest time. In comparison,
genotypes from Mokwa showed the poorest quality because of
the highest peak time and pasting temperature. It implies that
these Mokwa’s genotypes would take the longest time to cook
and requires the highest energy. Genotype and environmental
factors have influenced the pasting properties of cassava starch
and flour (Sanchez et al., 2010; Gu et al., 2013; Zhang et al., 2020),
as found in this study. Although, there was no significant effect
(P > 0.05) of growing locations on the GGA cassava genotypes
investigated in this study. It could be because the GGA trials
used for this study comprised all genotypes selected up to the
Uniform Yield Trial (UYT) breeding stage, categorized as an
advanced breeding stage. Moreover, various studies reported
that environmental conditions such as temperature, rainfall, and
altitude influenced starch production and properties of cassava
that controlled the cassava flour quality and pasting properties
(Gu et al.,, 2013; Karlstrom et al., 2019; Mohan et al., 2019; Zhang
et al,, 2020). In a separate study, Zeeman et al. (2002) reported
that factors such as season and location could impact the pasting
behavior of rice flour. Knowing the impact of these factors on
the pasting behavior could help the breeders select the best
genotypes with excellent qualities that could adapt to different
environments and identify the suitable growing location for the
best cooking quality.

Multivariate cluster analysis of cassava
genotypes from Genetic Gain Assessment
trials across growing locations

Table 4 and Figure 3 show the clusters of cassava genotypes
from the Genetic Gain Assessment Trials across the location
based on their dissimilarity for the DM and pasting properties
studied. The cluster analysis grouped the genotypes into 2
clusters where clusters 1 and 2 had 115 and 285 genotypes,
respectively. Euclidean distance for dissimilarity and Ward’s
method was used as the agglomeration method, and the variance
explained by each trait is shown in Figure 3 (Alamu et al,
2021). The list of genotype names in each Cluster is presented
in Supplementary Table 3. Figure 4 shows the profile of the
two clusters. All genotypes in Cluster 1 had higher DM and
pasting parameters than Cluster 2 genotypes, except for peak
time and pasting temperature. All the genotypes in cluster 1
were better than those in cluster 2 regarding DM and pasting
characteristics. Cluster 1 genotypes had lower peak time and
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TABLE 2 Mean squares of the analysis of variance (ANOVA) of drymatter content (DMC) and pasting properties of cassava genotypes from the GGA

trial.
Source DF DM Peak viscosity =~ Trough  Breakdown Final viscosity = Setback  Peak time Pasting
temperature

Clone 399.00 17.75" 4,379.29™ 1,652.20™ 2,721.64™ 2,788.88™ 505.79™ 0.27" 151.14™
Location 2.00 17,779*** 1,067,489** 80,076** 735,173** 206,872** 44,022** 35.84** 20,737**
MSE 19.86 4,068.04 1,402.31 2,514.19 2,552.28 478.07 0.27 144.20
RMSE 4.46 63.78 37.45 50.14 50.52 21.86 0.52 12.01
%, **Significant at P < 0.001 and P < 0.01 respectively; ns, not significant P > 0.05.
TABLE 3 Means of the drymatter content (DMC) and pasting properties of cassava genotypes from GGA trial by the growing locations.

DM Peak viscosity =~ Trough  Breakdown  Final viscosity =~ Setback  Peaktime  Pasting temp

% RVU RVU RVU RVU RVU Min °C

I'A) 38.35a 299.01a 102.86a 192.20a 135.50b 32.64b 4.03¢ 72.93b
Upland 32.55b 228.60b 106.63a 118.06b 156.42a 49.79a 4.22b 68.18¢c
Mokwa 25.01c 197.66¢ 80.40b 117.26b 111.02¢ 30.63b 4.62a 82.40a

ok *hk ok

Pr > F (Location)

Ak

kot ok k% ok

***Significant at P < 0.0001, Means with different letters within the same column are significantly different.

pasting temperature, indicating the low cooking time and low
energy required for cooking. It is imperative to note that the
check (control) samples were grouped into cluster 1, and it
implies that all the genotypes found in cluster 1 are compared
favorably with the famous landrace (TME 1) and improved
and officially released varieties (91/02324 and 30,572). Also,
the central genotype 97/4,766 for cluster 1 had higher pasting
properties than the central genotype 93/0639(3X) for cluster 2.
However, both central genotypes had similar dry matter content
above 32%. It shows that genotypes with excellent cooking and
pasting properties should be from Cluster 1, although they
had the lowest number of genotypes (115). The dendrogram
depicts noticeable dissimilarities/differences among genotypes
in clusters 1 and 2 (Figure 2).

Principal component analysis of cassava
genotypes from Genetic Gain Assessment
trials across growing locations

The principal component analysis of the DM and pasting
properties of the cassava genotypes from the GGA trials
across the growing locations were presented in Table 5. The
Eigenvalues <1.08 were selected as the logical cut-off to identify
the essential axis that explains the dataset’s variation, and 0.35
for the eigenvector. With this in view, the first three axes were
selected, and the three of them accounted for 70.28% of the total
variation (PC1 = 39.02%, PC2 = 17.72% and PC3 = 13.54%).
With this cut-off, the trait interpretation will be based on the
first PC1, PC2, and PC3 with eigenvalues of 3.12, 1.42, and
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1.08, respectively. The peak viscosity, trough, final viscosity, and
setback were loaded on PC 1 and positively correlated. However,
the trough and breakdown were loaded on the PC2, but the
trough is negatively correlated with the breakdown. DM, peak
time and pasting temperature were loaded on the PC3, and
they were all positively correlated. However, final viscosity had
the highest eigenvector of 0.51 on PC1 and setback had the
lowest (0.39) on PCI. For PC2, the breakdown had the highest
vector (0.66) and trough with the lowest (-0.40). Also, pasting
temperature showed the highest vector (0.74) and peak time the
lowest (0.35) for PC3. It implies that final viscosity, breakdown
and pasting temperature showed the strongest strength for PC1,
PC2, and PC3. Also, the variations observed within the dataset
were driven by PC1 parameters (peak viscosity, trough, final
viscosity, and setback) that accounted for 39% of the total
variation (71%).

Pearson Correlation analysis of Dry
matter content and pasting properties of
cassava genotypes from GGA trials

Table 6 shows the Pearson correlation coefficients of
dry matter content (DM) and pasting properties of cassava
genotypes from GGA trials grown in different locations. There
were strong significant (P < 0.001) but weak and positive
correlations between DM and pasting properties except for

the peak time (r = —0.07) and pasting temperature (r =

0.07), which was non-significant(P > 0.05) with a very low
correlation. It implies that high DM means high pasting
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TABLE 4 Cluster analysis of cassava genotypes from Genetic Gain Assessment trials across locations.

Description Cluster
1 2
Number of genotypes 115 285
‘Within-Class variance 5,095.30 2,316.35
Minimum distance to the centroid 7.93 3.99
Average distance to the centroid 50.76 4245
Maximum distance to the centroid 447.34 148.46
Characteristics of the central genotypes of the 2 clusters
Cluster DM  Peakviscosity = Trough  Breakdown  Finalviscosity =~ Setback  Peaktime  Pasting temp
1(97/4,766) 32.21 275.79 118.01 154.61 165.82 47.81 4.26 75.43
2[93/0639(3X)] 32.59 226.82 90.14 135.62 121.22 31.08 4.20 73.99
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Dendrogram (Ward's minimum variance clusters) from the cluster analysis of GGA cassava genotypes across three locations (IVS, Mokwa

properties, and thus, breeders can use DM to select genotypes
with good pasting characteristics except for peak time and
pasting temperature. Peak viscosity had significant (P < 0.0001),
positive, strong correlations between the trough (r = 0.60),
breakdown(r = 0.79), final viscosity (r = 0.63), and setback
(r =10.40) but showed negative correlation with peak time
(P <0.0001, r=—0.23) and pasting temperature (P > 0.05,
r = —0.08). Thus, peak viscosity could describe other pasting
properties except pasting temperature. Pasting temperature
showed low non-significant (P > 0.05) and negative correlations
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with other pasting properties except peak time (P < 0.01,
r=0.13).

This observation looks logical that the higher the
the the the
required. DM could be a valuable parameter

time required to cook sample, higher
energy
for selecting the genotype directly with suitable peak
viscosity. Because of the correlation of peak viscosity
with other pasting properties (such as trough, breakdown,
and final viscosity), DM could be indirectly used for

these properties.
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Profile of the central genotypes of Clusters 1 and 2.
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TABLE 5 Principal component analysis of cassava genotypes from
Genetic Gain Assessment trials across growing locations.

Parameters PC1 PC2 PC3
DM - - -
Peak viscosity 0.50 - -
Trough 0.45 —0.40 -
Breakdown - 0.66 -
Final viscosity 0.51 - -
Setback 0.39 - -
Peak time - - 0.35
Pasting temperature - - -
Eigenvalue 3.12 1.42 1.08
Variability (%) 39.02 17.72 13.54
Cumulative (%) 39.02 56.74 70.28

Conclusion

This study provides information on the dry matter content
and the pasting characteristics of cassava genotypes evaluated
under the GGA trials in different growing environments. Thus,
most of the GGA genotypes studied showed a high DM and
excellent pasting features that could be advanced for release as
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improved varieties. The genotypes had no significant impact on
the DM and pasting properties, but growing location influenced
the DM content and the pasting behavior. The genotypes
from the IVS location had the best pasting properties, but
genotypes from Mokwa showed the poorest quality. Knowing
the impact of these factors (genotypes and growing location)
on the pasting behavior could help the breeders select the best
genotypes with excellent attributes that could adapt to different
environments and identify the suitable growing area for the
best cooking quality. The check (control) samples were grouped
into cluster 1, and it implies that all the genotypes found in
cluster 1 are compared favorably with the famous landrace
(TME 1) and improved and officially released varieties (91/02324
and 30,572). DM can be a parameter to select a genotype
with suitable peak viscosity directly and indirectly for other
pasting properties (trough, breakdown, and final viscosity).
However, for future study will include to investigate the effects
of different agronomic practices on the pasting properties of
selected varieties. The limitations of this study include inability
to collect soil samples and detailed weather information during
the planting of the trials.

Moreover, one of the critical goals of any crop breeding
program is to obtain high rates of genetic gain for traits of
interest while maintaining genetic diversity to sustain a high
adoption rate of improved varieties by the end users. The
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TABLE 6 Correlation matrix (Pearson) of dry matter content (DM) and pasting properties of cassava genotypes from GGA trials.

Variables DM Peak viscosity ~Trough Breakdown Final viscosity = Setback Peak time Pasting temp
DM 1 0.26%%* 0.18** 0.19%* 0.20% 0.15* —0.07 0.07
Peak viscosity 0.26%** 1 0.60** 0.79*+ 0.63* 0.40%+ —0.23% —0.08
Trough 0.18** 0.60%** 1 —0.02 0.92%+ 0.35%+ —0.08 0.00
Breakdown 0.19* 0.79*** —0.02 1 0.09 0.23+ —0.20% —0.08
Final viscosity 0.20%* 0.63*** 0.92* 0.09 1 0.69%** —0.12* —0.02
Setback 0.15%* 0.40%** 0.35% 0.23*%* 0.69* 1 —0.13* —0.04
Peak time —0.07 —0.23*** —0.08 —0.20* —0.12* —0.13* 1 0.13*
Pasting temperature 0.07 —0.08 0.00 —0.08 —0.02 —0.04 0.13* 1
%, % *Significant at P < 0.0001, P < 0.001, and P < 0.01, respectively.
breeding program, generally in recent times, is aligning its (RTB) and the Bill & Melinda Gates Foundation (BMGF)
breeding objectives to include key quality traits that drive the through OPP1019962.
acceptability and adoption of new varieties. Understanding the
preferences of the consumers or farmers is an important stage
for breeders to guide decisions on the quality attributes to ACknOWledg ments
integrate into other agronomics traits. Consumers have specific
The authors acknowledged the support from the

quality traits that influence their acceptability and adoption of
new varieties. These traits are linked to the final food product
qualities, such as the texture and cooking quality of the product.
Some biochemical characteristics are related to these attributes,
such as the pasting properties of the crop. It is recommended
that breeders put all efforts into integrating quality traits into
their breeding objectives and screen for quality traits during
their early-stage selections.
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