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Abstract 
This study evaluated the variation in yellow root cassava (Manihot esculentus 
Crantz) genotypes and phenotypic relationship for selected postharvest and 
morphological traits. The trial was established at the Njala Agricultural Re-
search Centre experimental site, Njala, during 2017/2018 cropping season in 
a randomized complete block design with three replications. Findings showed 
that the higher the total carotene content (TCC) in yellow flesh cassava geno-
types, the longer the rate of postharvest physiological deterioration (PPD). 
Genotypes TR-0051-TCC/17 and TR-0012-TCC/17 recorded higher TCC 
(18.9 µg/g and 13.6 µg/g) and longer rate of PPD (4.29 and 3.14), respectively. 
Genotypes TR-0051-TCC/17, TR-0016-TCC/17, TR-0028-TCC/17, TR-0012-
TCC/17 and TR-0020-TCC/17 had the highest TCC values of 18.9 µg/g, 16.09 
µg/g, 14.72 µg/g, 13.6 µg/g and 11.23 µg/g with corresponding higher color 
chart values of 6, 6, 6, 5, and 6, respectively. This suggests the direct depend-
ence of TCC on the root parenchyma color intensity in yellow flesh cassava 
genotypes. Findings also show a direct relationship between morphological 
and postharvest traits in yellow flesh cassava genotypes that could be exploited 
for the genetic improvement of cassava for increased shelf life, nutrition and 
related quality traits, as well as conservation and utilization of the crop. 
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Traits  

 

1. Introduction 

Cassava (Manihot esculenta Crantz) is the sixth most important storage root food 
crop in the world [1]. The crop is the third most important source of carbohy-
drates in Africa [2] and the second most important staple crop in Sierra Leone [3]. 
The fresh cassava storage root yields can reach up to 50 - 82 metric tons per hec-
tare, making it the highest-producing starchy staple [4] [5]. Moreover, the crop 
can be produced on marginal soil when other crops cannot have an economically 
viable yield. Cassava serves as food for more than 800 million people in the world 
[6], providing about 500 calories daily for over 70 million people [7]. Its starchy 
tuberous roots are a great all-year-round source of cheap calories in developing 
countries, where calorie deficit and malnutrition are prevalent [8] [9]. According 
to FAO [1], about 250 million people in sub-Saharan Africa (SSA) derive half of 
their daily calories from cassava. Cassava storage roots are useful for animal feed, 
industrial starch production and income generation for many small-scale farmers 
[10]. Cassava leaves and roots are available all year round [11], making it an im-
portant food security crop, even in drought-prone areas [7].  

Cassava contains 25 mg of vitamin C, 40 mg of phosphorus and 50 mg of cal-
cium per 100 g of fresh root [12]. The protein, riboflavin, thiamine and niacin 
contents in cassava are very low compared to other tuber crops, thus making it 
one of the highest sources of carbohydrates [13]. The carbohydrate content of cas-
sava ranges from 64% to 72% starch (amylose and amylopectin). The starch pre-
sent in cassava is structurally different from that found in cereal; in its branch 
chain length distribution, amylose content and its granular structure. Approxi-
mately 17% of sucrose is also found in cassava, predominantly in the sweet varie-
ties, and limited quantities of fructose and dextrose have also been reported. The 
protein content is between 1% and 2%, with low essential amino acid profiles, 
particularly methionine, tryptophan and lysine. Furthermore, cassava possesses a 
high dietary fibre content (3.40% - 3.78% soluble, and 4.92% - 5.6% insoluble) 
[14] [15]. However, the technological processing of cassava, in the preparation of 
their derived food influences its composition [16]. 

Yellow root cassava has high levels of pro-vitamin A carotenoid and its con-
sumption has been perceived as a sustainable approach for addressing Vitamin A 
deficiencies [17]. In cassava, intensity of yellow pigment in roots of some geno-
types is strongly associated with β-carotene [18]. The β-carotene and other carot-
enoids (a dietary precursor of vitamin A) are known to be responsible for the yel-
low to orange coloration of the flesh of storage roots of some cassava varieties 
[19]. A delay of PPD onset has been reported in yellow-root cassava genotypes 
with high β [20] [21]. Vitamin A is essential for vision and immune competence, 
as well as for cellular differentiation, growth, and reproduction. The vitamin A 
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recommended dietary allowance (RDA) for adults (men and women) and chil-
dren (4 to 9 years) is 0.75 and 0.3 to 0.4 mg/day retinol activity equivalents 
(REA)/day, respectively [22]. These dietary requirements are not adequately sup-
plied by diets, especially in children, pregnant women, and the poor in some coun-
tries, including Sierra Leone. Biofortification is an approach that relies on con-
ventional plant breeding and modern biotechnologies to increase the micronutri-
ent density of staple crops, including cassava [23]. 

Despite its importance, cassava production is fraught with a number of con-
straints, with its characteristic short shelf-life termed postharvest physiological 
deterioration (PPD), among key challenges affecting farmers, processors and con-
sumers [24]. The PPD is an oxidative reaction that starts immediately after har-
vesting when the root is detached from the mother plant [25]. It starts from the 
central vascular bundles of the root, spreading to the adjacent storage paren-
chyma, and subsequently, the stored starch undergoes structural changes [24]. 
The roots deteriorate in 24 - 48 h after harvest, subsequently leading to changes 
in its color. Cassava roots are also bulky, containing approximately 65% water, 
which leads extensively to PPD [26] [27]. This rapid onset of decay has become 
an even greater problem with increased urbanization: markets are now at greater 
distances from cassava fields and processing can entail delays, making PPD a ma-
jor source of post-harvest loss, especially in areas with less developed transporta-
tion networks [28]. The exact duration of cassava shelf life depends on the geno-
type, harvest practice, handling, and storage conditions. Some of the visible signs 
of PPD include vascular streaking with blue or black discoloration, rendering the 
roots unpalatable and unmarketable [24] [25]. 

Postharvest damage and spoilage cause substantial food waste and economic 
losses. The initiation and subsequent degree of deterioration are reported to be 
closely related to the presence of mechanical damage that is unavoidable and poor 
handling during harvest and transport of roots, respectively [29] [30]. Since PPD 
is physiological, determination of the physiochemical and functional changes in 
cassava roots during PPD helps in understanding the relationship between root 
quality and physiological deterioration. The PPD also results in market price re-
duction of a three to four-day old roots compared to the high selling price of the 
fresh roots. Eventually this encourages consumers to choose alternative supplies 
of carbohydrates, increasing dependency on other imported food.  

Both traditional and modern techniques have been utilized to minimize PPD in 
cassava. Some of the traditional techniques utilized include leaving the roots un-
harvested in the soil after the period of optimal root development, until the roots 
can be immediately consumed, processed or marketed; pruning, which consists of 
the removal of all leaves and stems of the cassava plant approximately 40 - 50 cm 
above the soil level approximately 2 - 3 weeks prior to harvest; storage of cassava 
roots under in-field conditions such as in pits, clamps, trenches or boxes [31]. 
Commercial scale cassava production requires more efficient techniques rather 
than the traditional technique, which is considered as labor intensive, difficult to 
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manage and are not always completely effective [32]. Some of the modern tech-
niques utilized to minimize PPD include: storage of fresh cassava roots in poly-
ethylene bags after harvest, which prevents PPD up to 4 weeks by subjecting the 
root to high relative humidity inside the bag, which reduces transpiration and res-
piration [32]. Another technique is covering cassava roots with paraffin wax by 
dipping the root in paraffin wax (at a temperature of 55˚C - 65˚C for a few sec-
onds) after treatment with fungicide. Use of wax has been reported to prolong 
shelf-life of cassava roots up to 2 months [33]. Storage for 2 weeks between 0˚C to 
4˚C without any internal deterioration. The most favorable temperature for stor-
ing fresh cassava is 3˚C, but after 4 weeks, microbial infection takes place and will 
increase with subsequent storage time. However, even after 6.5 months of storage 
between 0 to 4˚C, the part of the root without decay is usually in excellent condi-
tion and is suitable for human consumption [31] [34]. 

Vitamin A deficiency (VAD) is a global public health problem that impacts mil-
lions around the world [35]. Vitamin A deficiency is a leading cause of morbidity 
and mortality, especially in young children, pregnant and lactating women. Food-
based interventions focused on alleviating vitamin A deficiency in susceptible 
populations have advantages over-supplementation and fortification programs, 
especially in rural areas, because they can provide a sustainable source of variety 
of nutrients without the recurring transport and administration costs of these 
other methods [36]. 

Evaluation of yellow root cassava genotypes provides knowledge of the existing 
variability and phenotypic relationship among genotypes for selected postharvest 
and morphological traits. The existence of yellow-root cassava offers a different 
perception on nutritional benefits associated with the crop [37]. Enhanced con-
tent of β-carotene (provitamin A) in yellow root cassava [6] provides an oppor-
tunity to sustainably address vitamin A malnutrition through deployment of pro-
vitamin A cassava varieties where the crop is a major staple [38]. Biofortification 
of crops is one of the sustainable strategies to reduce vitamin A deficiency. Thus, 
the objectives of this study were to: 1) assess the parenchyma root color, total car-
otene content and postharvest physiological deterioration in yellow flesh cassava 
genotypes; and 2) determine the relationships among selected morphological and 
postharvest traits in yellow flesh cassava genotypes. 

2. Materials and Methods 
2.1. Experimental Site 

The study was established at Njala Agricultural Research Centre (NARC), Njala, 
during 2017/2018 cropping season. Njala is located on an elevation of 50 m above 
sea level on latitude 8˚6'N and longitude 12˚6'W of the equator. Njala experiences 
distinct dry and wet seasons. The rainy season starts from April to November and 
the dry season starts from October to May. The mean monthly air temperature 
ranges from 21˚C to 23˚C for greater part of the day and night, especially during 
the rainy season. The land cover of the experimental site is predominantly 
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secondary bush and consists of well-balanced mixture of sand, clay, and humus.  

2.2. Planting Materials, Layout, Design and Management 

The experimental materials utilized in this study were stem cuttings of 10 intro-
duced cassava genotypes including TR-0020-TCC/17, TR-0034-TCC/17, TR-
0016-TCC/17, TR-0008-TCC/17, TR-0024-TCC/17, TR-0028-TCC/17, TR-0012-
TCC/17, TR-0051-TCC/17, TR-0027-TCC/17 and TR-0029-TCC/17. The experi-
ment was laid out in a randomized complete block design with three replications. 
About 10 stem cuttings per genotype, each measuring 30 cm long, were planted 
on a 10 m long ridges at 1 m × 1 m spatial arrangement. Hand weeding was done 
regularly with no applications of fertilizers, pesticides and/or herbicides.  

2.3. Data Collection 

The morphological traits comprising above-ground traits (color of stem exterior 
(CSex), width of leaf lobes (WLL), shape of central leaflet (SCL)) were evaluated 
at 6 MAP; and below-ground traits (root parenchyma color) at 12 MAP based on 
the descriptor of cassava described by Fukuda et al. [39]. Root parenchyma color 
was determined using a 1 to 9 scale where 1 = white, 2 = light cream, 3 = cream, 4 
= light yellow, 5 = yellow, 6 = deep yellow, 7 = orange, 8 = pink and 9 = pinkish. 
At harvest (12 MAP), 5 g healthy fresh storage roots was taken out from each fresh 
storage roots for the determination of total carotenoid content (TCC), while two 
fresh storage roots were used for postharvest physiological deterioration (PPD) 
after harvesting, and a fresh storage root for root color during harvesting. The 
distal and proximal portions of each fresh storage root were cut. The central sec-
tions of the fresh storage roots were used for PPD determination. The individual 
sample roots were assessed for PPD using the method of Wheatley and Gomez 
[29] with slight modifications. The fresh storage roots were prepared and stored 
for 7 days instead of 3 days as follows: 1) two commercial-sized roots (minimum 
length 12 cm) were randomly selected to represent each clone; 2) about 1 cm from 
both the proximal and distal ends was cut off; the cut-off sections was covered 
with cling film; 3) the storage roots were stored under ambient conditions for 
seven days; 4) after 7 days, 2 cm transversal slices starting from the proximal end 
were made; 5) scoring for each slice was done on a scale of 1 - 10, corresponding 
to the percentage of the cut surface showing discoloration (with 1 = 10%, 2 = 
20%, …, 10 = 100%) as described by Salcedo et al. [40]; and (vi) average of the 
seven slices per root was done to represent the deterioration of the storage root 
for final analysis.  

For the TCC determination, yellow flesh storage roots were harvested and 
placed on a transparent plastic bag, moved to the laboratory and kept under room 
temperature for at least 10 min. The roots were then washed to remove dirt, 
peeled, cut into smaller pieces and grind to finer particle sizes. Each grind sample 
was mixed with de-ionised water (5 g grind cassava mass: 20 ml water) and placed 
in a tube. A 5 g/ml of the mixture was extracted and injected into the reagent tube 
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and allowed to settle for few min, before analysis using an I-check instrument. 
The TCC was determined using the formulas below. 

 Diffusion Factor = Vol. of surley/weight of grind cassava mass (1) 

 TCC = Diffusion Factor × Reading obtained from I-check instrument. (2) 

The volume of surley is a constant (25 ml). 

2.4. Statistical Analysis 

All data were subjected to analysis of variance (ANOVA) using General Linear 
Model procedure (PROC GLM) of SAS version 9.4 [41]. The treatment averages 
were compared using the (SNK) at the level of 5% of probability. Statistical anal-
yses for column charts and scattered plots were performed using Excel 2010. The 
statistical relationships among selected variables were determined through corre-
lation and regression analysis. The total variations in the dependent variable ex-
plained by the independent variables were evaluated through the coefficient of 
determination (R2) [42].  

3. Results and Discussion 
3.1. Influence of Parenchyma Root Color, Total Carotene Content,  

Postharvest Physiological Deterioration (PPD) on Yellow  
Cassava Genotypes  

Table 1 presents values for root parenchyma color, postharvest physiological de-
terioration and total carotene content (µg/g) of the various genotypes studied. 
Generally, postharvest physiological deterioration and total carotene content sig-
nificantly (P < 0.05) varied among yellow root cassava genotypes (Tables 1-3). 
Genotypes TR-0034-TCC/17 (8.42%) and TR-0016-TCC/17 (7.28%) had the 
highest PPD of storage roots, while genotypes TR-0051-TCC/17 and TR-0016-
TCC/17 recorded highest TCC of 18.9 µg/g and 16.09 µg/g (Table 1) and slower 
rate of PPD of 4.29 and 3.14, respectively (Table 1), indicating that, the higher the 
TCC the longer the postharvest life (slower rate of PPD) on yellow cassava geno-
types. Genotypes TR-0020-TCC/17, TR-0008-TCC/17, TR-0028-TCC/17, TR-
0027-TCC/17, TR-0024-TCC/17 and TR-0012-TCC/17 showed medium rate of 
deterioration with a range of 4.28% - 5.57% and are classified as normal deterio-
rations. The results give guidance to breeding efforts for improved shelf life of 
yellow flesh cassava storage roots. This result agrees with that of Sánchez et al. 
[18], who reported a higher tolerance to PPD in genotypes with high carotenoid 
contents. Similarly, PPD has been found to be correlated with the content of b-
carotene since Morante et al. [26] observed a less susceptibility to PPD for the 
genotypes with high level of b-carotene compared to those with less level of b-
carotene. Similarly, it supports the view of Morante et al. [27], who reported that 
cassava roots with high carotenoid content in their roots tended to have lower 
incidence of PPD; and Sánchez et al. [18] found that high-carotene roots had re-
duced onset of PPD by only 1 or 2 days. Chávez et al. [43] also showed that an 
inversely correlation between light yellow parenchyma color of roots associated 
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to high amount of carotenoid content and delaying of PPD. Findings of the pre-
sent study support the view that the inherent genetic differences among genotypes 
significantly contribute to the wide variation in PPD [40]. The highest deteriora-
tion observed at the proximal could be attributed to the unavoidable detachment 
of root at proximity to the parent stock, which caused wounding. 
 
Table 1. Fresh root parenchyma color, total carotene content and postharvest physiological 
deterioration as affected by genotypes. 

Genotype 
Rootparenchyma 

color 
Color chat 

score 

Postharvest 
physiological 
deterioration 

Total carotene 
content (µg/g) 

TR-0012-TCC/17 Yellow 5 3.14 i 13.6 0d 

TR-0051-TCC/17 Deep yellow 6 4.29 g 18.90 a 

TR-0008-TCC/17 Cream 3 5.57 c 9.38 j 

TR-0020-TCC/17 Deep yellow 6 4.43 f 11.23 f 

TR-0029-TCC/17 Yellow 5 3.29 h 9.88 i 

TR-0027-TCC/17 Light yellow 4 4.86 d 10.25 h 

TR-0016-TCC/17 Deep yellow 6 7.29 b 16.09 b 

TR-0034-TCC/17 Cream 3 8.43 a 11.73 e 

TR-0024-TCC/17 Cream 3 4.57 e 10.53 g 

TR-0028-TCC/17 Deep yellow 6 5.57 c 14.71 c 

Means in column with the same letter are not significantly different at P > 0.05 (SNK). 
 
Table 2. Analysis of variance for postharvest physiological deterioration as affected by gen-
otypes. 

Source DF SS MS F-value Pr > F 

Model 9 74.605 8.2895 82895.5 0.0001 

Error 20 0.002 0.0001   

Corrected Total 29 74.607    

R2 = 0.999993, CV = 0.194401, Root MSE = 0.010, Mean = 5.144. 
 
Table 3. Analysis of variance for total carotenoid content as affected by genotypes. 

Source DF SS MS F-value Pr > F 

Model 9 258.131 28.681 100000 0.0001 

Error 19 0.00185 9.7E−05   

Corrected Total 28 258.132    

R2 = 0.999993, CV = 0.078572, Root MSE = 0.0098675, Mean = 12.558621. 
 

Genotype TR-0051-TCC/17 recorded the highest TCC (18.90 µg/g), followed 
by TR-0016-TCC/17 (16.09 µg/g), TR-0028-TCC/17 (14.72 µg/g), TR-0012-
TCC/17 (13.6 µg/g), and TR-0020-TCC/17 (11.23 µg/g), while TR-0008-TCC/17 
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had the least value of 9.38 µg/g (Table 1). The high TCC values correspond with 
high color chart values of 6, 6, 6, 5, and 6, respectively. Findings indicate direct 
relationship between TCC and root parenchyma color intensity of yellow flesh 
cassava genotypes. This result agrees with Sánchez et al. [18], who reported that, 
white or creamy flesh cassava genotypes do not have appreciable amount of caro-
tene content in root tissues as compared to high carotene levels observed in deep 
yellow-fleshed varieties. Findings also corroborate the view of Howe et al. [44], 
that beta carotene is the predominant carotenoid in yellow root cassava acces-
sions. The efficacy of vitamin A from bio-fortified cassava matches those obtained 
from food supplements and can adequately maintain vitamin A status in consum-
ers. Graham and Rosser [45] and Hess et al. [46] noted that cassava genotypes 
with improved pro-vitamin A carotenoids have added advantage due to synergis-
tic effects of these carotenoids with zinc and iron bioavailability. 

3.2. Relationship Among Postharvest Traits of Yellow Cassava  
Genotypes 

A moderate positive and high significant correlation (r = 0.67709, p = 0.03219) 
between root color and total carotene content indicates that, as root color intensity 
increases, total carotene content also increases (Table 4). Chávez et al. [7], also 
reported that the yellow color intensity of pulp is closely related to carotenoid 
content in cassava storage roots. Carvalho et al. [47], Njoku et al. [48] and Welsch 
et al. [49] reported the biotechnological approaches utilized for provitamin A con-
tent enhancement in cassava storage roots that complement previous selection ef-
forts to identify naturally occurring varieties with roots enriched in carotenoids. 
 
Table 4. Pearson correlation coefficients among postharvest physiological deterioration, 
total carotene content and root color. 

 
Postharvest physiological 

deterioration 
Total carotene content Root color 

Postharvest physiological 
deterioration 

1   

Total carotene content −0.0149 1  

 0.9675   

Root color −0.3497 0.67709 1 

 0.3219 0.0315  

R2 = 0.999993, CV = 0.078572, Root MSE = 0.0098675, Mean = 12.558621. 
 

The stepwise regression of showing relationship between total carotenoid con-
tent and root color accounted for 54.1% of total variability in TCC (R2 = 0.54; p = 
0.05) (Figure 1). The result implies that the remaining percent variability is pos-
sibly attributed to environmental error. Findings suggest that the deeper the root 
color the more carotene contents a genotype contains. The results are expressed 
in fresh rather than dry basis in order to have a direct idea of the nutritional 
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potential of each genotype when consumed fresh. Processing methods used to 
make popular cassava food products such as gari and fufu have been shown to 
reduce b-carotene concentrations of bio-fortified cassava by 30% for gari prepa-
ration and 65% for fufu preparation [50]. 
 

 
Figure 1. Scattered plots showing relationship between total carotenoid content and root color. 

 

 
Figure 2. Scattered plots showing effect of postharvest physiological deterioration on breeding traits 
(CSex = color of stem exterior and WLL = width of leaf lobes). 

 
A positive correlation between the delay of PPD onset and carotenoid concen-

trations of yellow flesh varieties of cassava has been previously reported [20]. 
Moreover, Beyene et al. [51] found a transgenic line with the highest levels of ca-
rotenoids, but displayed no detectable PPD after 10 days of storage. Genotypes 
with low PPD or delayed PPD trait were less susceptible to microbial deterioration 
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compared to those with high PPD. This was also reported by Reilly et al. [52], who 
opined that the extent of PPD damage and speed of symptom development in 
roots depends on the genotypic as well as the environmental conditions. 

The correlation among postharvest traits is useful for planning a breeding pro-
gram that is aimed at developing genotypes with desirable shelf life or low rate of 
PPD. Generally, the stepwise regression of postharvest physiological deterioration 
indicated that color of stem exterior (CSex) contributes more to variability relative 
to width of leaf lobes (WLL) (Figure 2). The postharvest physiological deteriora-
tion and CSex accounted for 87.2% (R2 = 0.8723; p = 0.05), while the regression of 
postharvest physiological deterioration on WLL accounted for 62.6% of total var-
iability (R2 = 0.6256; p = 0.05) in the yellow flesh cassava genotypes (Figure 2). 
The result implies that the remaining percent variability is possibly attributed to 
environmental error. 

 

 
Figure 3. Scattered plots showing effect of shape of central leaflet on total carotene content and root color. 

 
The stepwise regression of shape of central leaflet on total carotene content; and 

shape of central leaflet on root color indicated that TCC contributes more to var-
iability relative root color (Figure 3). The shape of central leaflet on total carotene 
content accounted for 10.9% (R2 = 0.1078; p = 0.05), while the regression of shape 
of central leaflet on root color accounted for 1.7% of total variability (R2 = 0.0174; 
p = 0.05) in the yellow flesh cassava genotypes (Figure 3). The result implies that 
the remaining percent variability is possibly attributed to environmental error. 
The results confirm that there are useful relations for selected breeding traits 
within the collection that could be indicative of a broad range of useful genotypes 
which could be exploited for postharvest characterization on yellow flesh cassava. 
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This is in line with, Njoku et al. [47]. Cassava germplasm with elevated b-carotene 
content has been identified and is currently being developed using conventional 
breeding strategies to address VAD in SSA [50]. Development of cassava storage 
roots with increased b-carotene through breeding or biotechnology, as described 
here, offers a viable solution to address a major nutritional challenge in SSA. 

The regression between root color and postharvest physiological deterioration 
accounted for 12.2% (R2 = 0.1222; p = 0.05) (Figure 4). The result implies that the 
remaining percent variability is possibly attributed to environmental error. 
 

 
Figure 4. Scattered plots showing relationship between postharvest physiological deterioration and root color. 

 

 
Figure 5. Scattered plots showing regression of total carotenoid content on postharvest physiological deter-
mination. 

 
A negative and non-significant correlation (r = −0.01488, p = 0.9675) was rec-

orded for that of TCC and PPD (Table 2), indicating that the rate of PPD is non-
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dependent on the amount of TCC present on yellow flesh cassava. The regression 
between postharvest physiological deterioration and total carotene content ac-
counted for 0.0001% (R2 = 0.00009; p = 0.05) (Figure 5). The result implies that 
the remaining percent variability is possibly attributed to environmental error. 

These findings complement previous selection efforts to identify naturally oc-
curring varieties with roots enriched in carotenoids [50] [52]. 

4. Conclusion 

This study demonstrates that the higher the total carotene content (TCC) in yel-
low flesh cassava genotypes, the longer the rate of postharvest physiological dete-
rioration (PPD). Genotypes TR-0051-TCC/17 and TR-0012-TCC/17 recorded 
higher TCC (18.9 µg/g and 13.6 µg/g) and longer rate of PPD (4.29 and 3.14), 
respectively. Genotypes TR-0051-TCC/17, TR-0016-TCC/17, TR-0028-TCC/17, 
TR-0012-TCC/17, and TR-0020-TCC/17 had the highest values for TCC (18.9 
µg/g, 16.09 µg/g, 14.72 µg/g, 13.6 µg/g and 11.23 µg/g) with a corresponding 
higher color chart value (6, 6, 6, 5, and 6), respectively. This suggests the direct 
dependence of TCC on the root parenchyma color intensity in yellow flesh cassava 
genotypes. Findings also show a direct relationship between morphological and 
postharvest traits in yellow flesh cassava genotypes that could be exploited for the 
genetic improvement of cassava for increased shelf life, nutrition and related qual-
ity traits; as well as conservation and utilization of the crop. 

Acknowledgements 

The authors are grateful for the technical support by the Germplasm enhancement 
and seeds system program at the Njala Agricultural Research Centre (NARC)/Si-
erra Leone Agricultural Research Institute (SLARI).  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Food and Agriculture Organisation (FAO) (2008) Facts and Figures. 

[2] Owolade, O.F., Dixon, A.G.O. and Adeoti, A.Y.A. (2006) Diallel Analysis of Cassava 
Genotypes to Anthracnose Disease. World Journal of Agricultural Sciences, 2, 98-
104. 

[3] Sesay, J.V., Lebbie, A., Wadsworth, R., Nuwamanya, E., Bado, S. and Norman, P.E. 
(2023) Genetic Structure and Diversity Study of Cassava (Manihot esculenta) 
Germplasm for African Cassava Mosaic Disease and Fresh Storage Root Yield. Open 
Journal of Genetics, 13, 23-47. https://doi.org/10.4236/ojgen.2023.131002 

[4] Jansz, E.R. and Uluwaduge, I. (1997) Biochemical Aspects of Cassava (Manihot escu-
lenta Crantz) with Special Emphasis on Cyanogenic Glucosides—A Review. Journal 
of the National Science Foundation of Sri Lanka, 25, 1-24.  
https://doi.org/10.4038/jnsfsr.v25i1.5015 

[5] Adebayo, W.G. (2023) Cassava Production in Africa: A Panel Analysis of the Drivers 

https://doi.org/10.4236/as.2024.159053
https://doi.org/10.4236/ojgen.2023.131002
https://doi.org/10.4038/jnsfsr.v25i1.5015


S. Mansaray et al. 
 

 

DOI: 10.4236/as.2024.159053 1005 Agricultural Sciences 
 

and Trends. Heliyon, 9, e19939. https://doi.org/10.1016/j.heliyon.2023.e19939 

[6] Nassar, N.M.A., Elkholy, H. and Eltantawy, A. (2002) Cassava Productivity World-
wide: An Overview. CERES, 248, 369-681. 

[7] Chávez, A.L., Sánchez, T., Jaramillo, G., Bedoya, J.M., Echeverry, J., Bolaños, E.A., et 
al. (2005) Variation of Quality Traits in Cassava Roots Evaluated in Landraces and 
Improved Clones. Euphytica, 143, 125-133.  
https://doi.org/10.1007/s10681-005-3057-2 

[8] FAO and IFAD (2000) The World Cassava Economy: Facts, Trends and Outlook. 
Food & Agriculture Organisation. 

[9] Adebayo, W.G., and Silberberger, M. (2020) Poverty Reduction in Nigeria: Can Im-
proving and the CASSAVA value Chain Help? In: Osabuohien, E.S., Ed., The Pal-
grave Handbook of Agricultural and Rural Development in Africa, Palgrave Macmil-
lan. 

[10] Kawano, K. (2003) Thirty Years of Cassava Breeding for Productivity—Biological and 
Social Factors for Success. Crop Science, 43, 1325-1335.  
https://doi.org/10.2135/cropsci2003.1325 

[11] Ntawuruhunga, P., Ssemakula, G., Ojulong, H., Bua, A., Ragama, P., Kanobe, C. and 
Whyte, J. (2006) Evaluation of Advanced Cassava Genotypes in Uganda. African 
Crop Science Journal, 14, 17-25. 

[12] Katz, S.H. and Weaver, W.W. (2003) Encyclopedia of Food and Culture. Scribner. 

[13] Morgan, N.K. and Choct, M. (2016) Cassava: Nutrient Composition and Nutritive 
Value in Poultry Diets. Animal Nutrition, 2, 253-261.  
https://doi.org/10.1016/j.aninu.2016.08.010 

[14] Abass, A.B., Awoyale, W., Alenkhe, B., Malu, N., Asiru, B.W., Manyong, V., et al. 
(2016) Can Food Technology Innovation Change the Status of a Food Security Crop? 
A Review of Cassava Transformation into “Bread” in Africa. Food Reviews Interna-
tional, 34, 87-102. https://doi.org/10.1080/87559129.2016.1239207 

[15] Odoemelam, C.S., Percival, B., Ahmad, Z., Chang, M., Scholey, D., Burton, E., et al. 
(2020) Characterization of Yellow Root Cassava and Food Products: Investigation of 
Cyanide and β-Carotene Concentrations. BMC Research Notes, 13, Article No. 333.  
https://doi.org/10.1186/s13104-020-05175-2 

[16] Alexis, S.D. and Jean, N.G. (2010) Effect of Technological Treatments on Cassava 
(Manihot Esculenta Crantz) Composition. Food and Nutrition Sciences, 1, 19-23.  
https://doi.org/10.4236/fns.2010.11004 

[17] Ilona, P. (2017) Vitamin a Cassava in Nigeria: Crop Development and Delivery. Af-
rican Journal of Food, Agriculture, Nutrition and Development, 17, 12000-12025.  
https://doi.org/10.18697/ajfand.78.harvestplus09 

[18] Sánchez, T., Chávez, A., Ceballos, H., Rodriguez‐Amaya, D., Nestel, P. and Ishitani, 
M. (2005) Reduction or Delay of Post‐Harvest Physiological Deterioration in Cassava 
Roots with Higher Carotenoid Content. Journal of the Science of Food and Agricul-
ture, 86, 634-639. https://doi.org/10.1002/jsfa.2371 

[19] Rodriguez-Amaya, D.B. and Kimura, M. (2004) HarvestPlus Handbook for Carote-
noid Analysis. IFPRI/CIAT. 

[20] Sánchez, T., Chávez, A., Ceballos, H., Rodriguez‐Amaya, D., Nestel, P. and Ishitani, 
M. (2005) Reduction or Delay of Post‐Harvest Physiological Deterioration in Cassava 
Roots with Higher Carotenoid Content. Journal of the Science of Food and Agricul-
ture, 86, 634-639. https://doi.org/10.1002/jsfa.2371 

[21] Djabou, A.S.M., Ewane, H.P.K., Eyamo, V.J.E., Ketchiemo, F.T., Figueiredo, P.G., 

https://doi.org/10.4236/as.2024.159053
https://doi.org/10.1016/j.heliyon.2023.e19939
https://doi.org/10.1007/s10681-005-3057-2
https://doi.org/10.2135/cropsci2003.1325
https://doi.org/10.1016/j.aninu.2016.08.010
https://doi.org/10.1080/87559129.2016.1239207
https://doi.org/10.1186/s13104-020-05175-2
https://doi.org/10.4236/fns.2010.11004
https://doi.org/10.18697/ajfand.78.harvestplus09
https://doi.org/10.1002/jsfa.2371
https://doi.org/10.1002/jsfa.2371


S. Mansaray et al. 
 

 

DOI: 10.4236/as.2024.159053 1006 Agricultural Sciences 
 

Niemenak, N., et al. (2023) Influence of Harvest Periods on Cassava (Manihot escu-
lenta Crantz) Agronomic Traits and Physiological Response to Post-Harvest Physio-
logical Deterioration. American Journal of Plant Sciences, 14, 89-103.  
https://doi.org/10.4236/ajps.2023.141007 

[22] Ukpabi, U.J. and Ekeledo, E.N. (2009) Feasibility of Using Orange Fleshed Sweet Po-
tato as an Alternative to Carrot in Nigerian Salad Preparations. Agricultural Journal, 
4, 216-220. 

[23] Nestel, P., Bouis, H.E., Meenakshi, J. and Pfeiffer, W. (2006) Biofortification of Staple 
Food Crops. The Journal of Nutrition, 136, 1064-1067.  
https://doi.org/10.1093/jn/136.4.1064 

[24] Prempeh, R., Manu-Aduening, J.A., Asante, B.O., Asante, I.K., Offei, S.K. and Dan-
quah, E.Y. (2017) Farmers’ Knowledge and Perception of Postharvest Physiological 
Deterioration in Cassava Storage Roots in Ghana. Agriculture & Food Security, 6, 
Article No. 27. https://doi.org/10.1186/s40066-017-0103-y 

[25] Reilly, K., Han, Y., Tohme, J. and Beeching, J.R. (2001) Isolation and Characterisation 
of a Cassava Catalase Expressed during Post-Harvest Physiological Deterioration. Bi-
ochimica et Biophysica Acta (BBA)-Gene Structure and Expression, 1518, 317-323.  
https://doi.org/10.1016/s0167-4781(01)00195-6 

[26] Waisundara, V.Y. (2018) Introductory Chapter: Cassava as a Staple Food., InTech.  
https://doi.org/10.5772/intechopen.70324  

[27] Morante, N., Sánchez, T., Ceballos, H., Calle, F., Pérez, J.C., Egesi, C., et al. (2010) 
Tolerance to Postharvest Physiological Deterioration in Cassava Roots. Crop Science, 
50, 1333-1338. https://doi.org/10.2135/cropsci2009.11.0666 

[28] Harris, K.P., Martin, A., Novak, Kim, S.H, Reynolds, T., and Anderson, C.L. (2015) 
Cassava Bacterial Blight and Postharvest Physiological Deterioration Production 
Loss-es and Control Strategies. EPAR Brief No. 298, 34. 

[29] Wheatley, C. and Gómez, G. (1985) Evaluation of Some Quality Characteristics in 
Cassava Storage Roots. Plant Foods for Human Nutrition, 35, 121-129.  
https://doi.org/10.1007/bf01092127 

[30] Iyer, S., Mattinson, D.S. and Fellman, J.K. (2010) Study of the Early Events Leading 
to Cassava Root Postharvest Deterioration. Tropical Plant Biology, 3, 151-165.  
https://doi.org/10.1007/s12042-010-9052-3 

[31] Njoku, D.N., Amadi, C.O., Mbe, J. and Amanze, N.J. (2007) Strategies to Overcome 
Post-Harvest Physiological Deterioration in Cassava (Manihot esculenta) Root: A Re-
view. 51-62.  
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://
www.ajol.info/index.php/naj/arti-
cle/view/110068/99801&ved=2ahUKEwiR0v3stYGIAx-
VHRKQEHZE_NhwQFnoECCwQAQ&usg=AOvVaw0Aua094iRaz3ifr1g8Ymqm 

[32] Ravi, V., Aked, J. and Balagopalan, C. (1996) Review on Tropical Root and Tuber 
Crops I. Storage Methods and Quality Changes. Critical Reviews in Food Science and 
Nutrition, 36, 661-709. https://doi.org/10.1080/10408399609527744 

[33] Aristizabal, J. and Sanchez, T. (2007) Technical Guide for the Production and Anal-
ysis of Cassava Starch. Bulletin of Agriculture Services of the FAO 130 Rome Italy, 
134. 

[34] van Oirschot, Q.E., O’Brien, G.M., Dufour, D., El-Sharkawy, M.A. and Mesa, E. 
(2000) The Effect of Pre-Harvest Pruning of Cassava Upon Root Deterioration and 
Quality Characteristics. Journal of the Science of Food and Agriculture, 80, 1866-
1873. https://doi.org/10.1002/1097-0010(200010)80:13<1866::aid-jsfa718>3.0.co;2-h 

https://doi.org/10.4236/as.2024.159053
https://doi.org/10.4236/ajps.2023.141007
https://doi.org/10.1093/jn/136.4.1064
https://doi.org/10.1186/s40066-017-0103-y
https://doi.org/10.1016/s0167-4781(01)00195-6
https://doi.org/10.5772/intechopen.70324
https://doi.org/10.2135/cropsci2009.11.0666
https://doi.org/10.1007/bf01092127
https://doi.org/10.1007/s12042-010-9052-3
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.ajol.info/index.php/naj/article/view/110068/99801&ved=2ahUKEwiR0v3stYGIAxVHRKQEHZE_NhwQFnoECCwQAQ&usg=AOvVaw0Aua094iRaz3ifr1g8Ymqm
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.ajol.info/index.php/naj/article/view/110068/99801&ved=2ahUKEwiR0v3stYGIAxVHRKQEHZE_NhwQFnoECCwQAQ&usg=AOvVaw0Aua094iRaz3ifr1g8Ymqm
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.ajol.info/index.php/naj/article/view/110068/99801&ved=2ahUKEwiR0v3stYGIAxVHRKQEHZE_NhwQFnoECCwQAQ&usg=AOvVaw0Aua094iRaz3ifr1g8Ymqm
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.ajol.info/index.php/naj/article/view/110068/99801&ved=2ahUKEwiR0v3stYGIAxVHRKQEHZE_NhwQFnoECCwQAQ&usg=AOvVaw0Aua094iRaz3ifr1g8Ymqm
https://doi.org/10.1080/10408399609527744
https://doi.org/10.1002/1097-0010(200010)80:13%3C1866::aid-jsfa718%3E3.0.co;2-h


S. Mansaray et al. 
 

 

DOI: 10.4236/as.2024.159053 1007 Agricultural Sciences 
 

[35] World Health Organization (1995) Global Prevalence of Vitamin A Deficiency 
(MDIS Working Paper No. 2. WHO/NUT/95.3). 

[36] La Frano, M.R., Woodhouse, L.R., Burnett, D.J. and Burri, B.J. (2013) Biofortified 
Cassava Increases β-Carotene and Vitamin a Concentrations in the Tag-Rich Plasma 
Layer of American Women. British Journal of Nutrition, 110, 310-320.  
https://doi.org/10.1017/s0007114512005004 

[37] Nassar, N. (2007) Cassava Genetic Resources and Their Utilization for Breeding of 
the Crop. Genetics and Molecular Research, 6, 1151-1168. 

[38] Nassar, N. and Ortiz, R. (2010) Breeding Cassava to Feed the Poor. Scientific Ameri-
can, 302, 78-84. https://doi.org/10.1038/scientificamerican0510-78 

[39] Fukuda, W.M.G., Guevara, C.L., Kawuki, R. and Ferguson, M.E. (2010) Selected Mor-
phological and Agronomic Descriptors for the Characterization of Cassava. Interna-
tional Institute of Tropical Agriculture (IITA), Ibadan, 19. 

[40] Salcedo, A., Del Valle, A., Sanchez, B., Ocasio, V., Ortiz, A., Marquez, P. and Siri-
tunga, D. (2010) Comparative Evaluation of Physiological Post-Harvest Root Deteri-
oration of 25 Cassava (Manihot esculenta) Accessions: Visual vs. Hydroxycoumarins 
Fluorescent Accumulation Analysis. African Journal of Agricultural Research, 5, 
3138-3144. 

[41] SAS Institute Incorporated (2013) SAS for Windows 9.4. SAS Institute Inc. 

[42] Steel, R.G.D., and Torrie, J.H. (1980) Principles and Procedures of Statistics: A Bio-
metrical Approach. 2nd Edition, McGraw-Hill Publishing Company, 481. 

[43] Chávez, A., Sánchez, T., Ceballos, H., Rodriguez‐Amaya, D., Nestel, P., Tohme, J., et 
al. (2006) Retention of Carotenoids in Cassava Roots Submitted to Different Pro-
cessing Methods. Journal of the Science of Food and Agriculture, 87, 388-393.  
https://doi.org/10.1002/jsfa.2704 

[44] Howe, J.A., Maziya-Dixon, B. and Tanumihardjo, S.A. (2009) Cassava with Enhanced 
β-Carotene Maintains Adequate Vitamin A Status in Mongolian Gerbils (Meriones 
unguiculatus) Despite Substantial cis-Isomer Content. British Journal of Nutrition, 
102, 342-349. https://doi.org/10.1017/s0007114508184720 

[45] Graham, R.D. and Rosser, J.M. (2000) Carotenoids in Staple Foods: Their Potential 
to Improve Human Nutrition. Food and Nutrition Bulletin, 21, 404-409.  
https://doi.org/10.1177/156482650002100412 

[46] Hess, S.Y., Thurnham, D.I., and Hurrell, R.F. (2005) Influence of Provitamin a Ca-
rotenoids on Iron, Zinc, and Vitamin A Status. HarvestPlus Technical Monograph 6. 
International Food Policy Research Institute (IFPRI) and International Center for 
Tropical Agriculture (CIAT). 

[47] Carvalho, L.J., Agustini, M.A., Anderson, J.V., Vieira, E.A., de Souza, C.R., Chen, S., 
et al. (2016) Natural Variation in Expression of Genes Associated with Carotenoid 
Biosynthesis and Accumulation in Cassava (Manihot esculenta Crantz) Storage Root. 
BMC Plant Biology, 16, Article No. 133. https://doi.org/10.1186/s12870-016-0826-0 

[48] Njoku, D.N., Egesi, C.N., Gracen, V.E., Offei, S.K., Asante, I.K. and Danquah, E.Y. 
(2014) Identification of Pro-Vitamin a Cassava (Manihot esculenta Crantz) Varieties 
for Adaptation and Adoption through Participatory Research. Journal of Crop Im-
provement, 28, 361-376. https://doi.org/10.1080/15427528.2014.888694 

[49] Welsch, R., Arango, J., Bär, C., Salazar, B., Al-Babili, S., Beltrán, J., et al. (2010) Pro-
vitamin a Accumulation in Cassava (Manihot esculenta) Roots Driven by a Single 
Nucleotide Polymorphism in a Phytoene Synthase Gene. The Plant Cell, 22, 3348-
3356. https://doi.org/10.1105/tpc.110.077560 

https://doi.org/10.4236/as.2024.159053
https://doi.org/10.1017/s0007114512005004
https://doi.org/10.1038/scientificamerican0510-78
https://doi.org/10.1002/jsfa.2704
https://doi.org/10.1017/s0007114508184720
https://doi.org/10.1177/156482650002100412
https://doi.org/10.1186/s12870-016-0826-0
https://doi.org/10.1080/15427528.2014.888694
https://doi.org/10.1105/tpc.110.077560


S. Mansaray et al. 
 

 

DOI: 10.4236/as.2024.159053 1008 Agricultural Sciences 
 

[50] Failla, M.L., Chitchumroonchokchai, C., Siritunga, D., De Moura, F.F., Fregene, M., 
Manary, M.J., et al. (2012) Retention during Processing and Bioaccessibility of β-Car-
otene in High β-Carotene Transgenic Cassava Root. Journal of Agricultural and Food 
Chemistry, 60, 3861-3866. https://doi.org/10.1021/jf204958w 

[51] Beyene, G., Solomon, F.R., Chauhan, R.D., Gaitán‐Solis, E., Narayanan, N., Gehan, 
J., et al. (2017) Provitamin a Biofortification of Cassava Enhances Shelf Life but Re-
duces Dry Matter Content of Storage Roots Due to Altered Carbon Partitioning into 
Starch. Plant Biotechnology Journal, 16, 1186-1200.  
https://doi.org/10.1111/pbi.12862 

[52] Reilly, K., Góomez-Váasquez, R., Buschmann, H., Tohme, J. and Beeching, J.R. 
(2004) Oxidative Stress Responses during Cassava Post-Harvest Physiological Dete-
rioration. Plant Molecular Biology, 56, 625-641.  
https://doi.org/10.1007/s11103-005-2271-6 

 

https://doi.org/10.4236/as.2024.159053
https://doi.org/10.1021/jf204958w
https://doi.org/10.1111/pbi.12862
https://doi.org/10.1007/s11103-005-2271-6

	Variation in Yellow Root Cassava (Manihot esculentus Crantz) Genotypes and Phenotypic Relationship for Selected Postharvest and Morphological Traits
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Experimental Site
	2.2. Planting Materials, Layout, Design and Management
	2.3. Data Collection
	2.4. Statistical Analysis

	3. Results and Discussion
	3.1. Influence of Parenchyma Root Color, Total Carotene Content, Postharvest Physiological Deterioration (PPD) on Yellow Cassava Genotypes 
	3.2. Relationship Among Postharvest Traits of Yellow Cassava Genotypes

	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

