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Abstract

The systematic analysis of edible biochips provides accurate and reproducible data that supports quality assurance, safety
assessment, and optimization; for utilization in food and industrial processing applications. Despite their wide deployment,
limited studies have comprehensively compared the physicochemical properties of different cassava varieties using standardized
analytical methods. This study focuses on the investigation of the species-dependent variations in the physicochemical properties
of cassava chips. Game-Changer, Obasanjo-11, Poundable, Hope, and Baba-70 denoted as samples A, B, C, D and E respectively
were oven-and-sun dried under controlled conditions. Moisture, cyanide, and physicochemical properties were modeled using
Response Surface Methodology (RSM), Principal Component Analysis (PCA), Radar plots and Analysis of Variance (ANOVA)
for optimization. The investigation covered percentage composition of fresh and dried samples, vitamins-minerals contents,
principal components, correlations matrix, nutrients radar, hydrogen cyanide (HCN) content, moisture content and fundamental
chemical attributes affecting the structural integrity of the chips. Sample D exhibited the highest initial moisture content while
Sample E recorded the lowest, indicating a species-dependent variation in moisture retention. Minimal cyanide content within
acceptable range was achieved, which demonstrates effective detoxification under controlled conditions. Species and
temperature exerted a stronger influence than time; and observation identified specie as the most critical factor. PCA revealed
complex nutrient trade-offs among minerals and vitamins, while RSM indicated that balanced control of drying time and
temperature, rather than extreme settings, ensures optimal moisture reduction and processing efficiency. These findings
underscore the hypercritical role of species selection in post-harvest cassava processing and provide baseline data for predicting
drying behavior, ensuring product safety, and optimizing processing parameters for food and industrial applications.
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1. Introduction

Manihot esculenta Crantz (cassava) is a major staple food,
particularly in tropical regions, where it contributes to food
security and agricultural gross domestic product [1-3]. Valued
for its carbohydrate-rich roots, cassava supports over 800
million people globally and provides raw materials for flour,
starch, ethanol, and animal feed. However, its high moisture
content and cyanogenic glucosides, mainly linamarin and
lotaustralin, render it highly perishable and potentially toxic,
necessitating effective postharvest processing [4-7]. Drying of
cassava remains a preferred preservation method for extend-
ing its shelf life and reducing cyanide levels [8, 9].

Cassava exhibits high variability across cultivars, with
significant differences in morphology, yield potential, and
cyanide content [10-12]. The studies of Spittstoesser and
Tunya; which corroborated Huaman and Spooner noted that
while improved varieties such as samples A, B, C, D and E
have been developed for higher yield and resistance, little is
known about their physicochemical properties which obvi-
ously determine processing suitability [13, 14]. Factors such
as moisture dynamics, starch composition, and cyanide re-
duction during drying are critical but underexplored in these
cultivars [15-17].

Existing studies have highlighted cassava’s ecological
adaptability, nutritional profile, and cyanide detoxification
pathways [18-20]. Yet, a clear information void persists in
linking varietal physicochemical profiles with optimal drying
strategies for safe, high-quality cassava chips. This study
addresses that gap by characterizing key properties such as
moisture content, cyanide levels, and related quality indica-
tors across five improved cassava varieties using standardized
Association of Analytical Chemists (AOAC) methods. The
novelty lies in providing comparative data to guide varie-
ty-specific processing protocols to ensure product safety,
nutritional retention, and shelf life stability.

2. Materials and Methods

Raw Materials: Five cassava (Manihot esculenta Crantz)
varieties A, B, C, D and E were used for this study. All roots
were sourced fresh, certified good after being inspected for
defects, and processed within twenty hours of harvest.

Samples Preparation: Roots were washed thoroughly,
peeled, and sliced into uniform chips of 5 X3 x1 cm using a
stainless-steel slicer. For each variety, chips were divided into
three independent batches of biological replicates (R). Each
batch provided subsamples for oven and sun drying and for
fresh R-samples analyses. After slicing, a representative por-
tion of fresh chips from each batch was retained and analyzed
for baseline physicochemical properties including cyanide
content.

Drying Procedures

i. Oven Drying: An electric laboratory dry oven

(DHG-9101-1SA) was used. For each variety and rep-

177

lication, chips were spread in a single layer on perfo-
rated trays and dried at target temperatures within the
range 70-110<C. Tray positions were rotated periodi-
cally to reduce positional bias. Samples were removed
and weighed at intervals of 30 minutes until no further
weight loss was observed; which implies that constant
weight has been achieved. Final dried samples were
cooled in a desiccator and stored in airtight containers
prior to analysis.

ii. Sun Drying: Sun drying was performed on clean con-
crete slabs exposed to direct sunlight daily between
10:00 am and 5:00 pm for five consecutive days. Chips
were arranged in a single layer and turned every two
hours to promote even drying. Ambient temperature,
relative humidity and wind speed were recorded using
portable instruments at 10:00 am, 1:00 am and 4:00 pm
each drying day. Weight measurements of representa-
tive subsamples were taken at 2-hour intervals during
drying hours and once each evening to monitor mois-
ture loss. Dried samples were stored as in drying pro-
cedure (i).

Moisture Content and Drying Rates: Moisture content (%)
was determined by the gravimetric weight-loss method in
which initial and time-point masses were recorded using an
analytical balance and moisture content at each time point was
calculated relative to initial fresh mass. Drying rate (the grams
of water lost per gram of dry matter per hour) was calculated
from successive weight measurements as the change in
moisture content divided by the elapsed time between meas-
urements. Equilibrium and final moisture content was taken
as the constant weight was attained for three consecutive
measurements.

Cyanide Determination: Total cyanide in fresh and dried
chip samples was quantified using a modified alkaline picrate
procedure. For each sample, a representative subsample was
homogenized and extracted under alkaline conditions ac-
cording to the modified protocol. Extracts were reacted with
picrate reagent under controlled temperature and time; color
development was measured spectrophotometrically against
reagent blanks and a calibration curve prepared from cyanide
standards. All cyanide determinations were performed in
triplicate and results expressed as mg HCN per kg sample (dry
weight basis for dried samples).

Physiochemical Analysis: Physicochemical parameters
such as ash, crude fiber, crude fat, crude protein and carbo-
hydrate by difference were determined on dried material using
standard laboratory methods. All analyses were performed at
least in duplicate. Glassware and instruments were calibrated
prior to use; reagent blanks and quality control standards were
run with each batch of samples to ensure analytical accuracy
and precision.

Analytical Methods

Statistical analysis was performed using Design-Expert
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(v.13) and XLSTAT. Response Surface Methodology (RSM)
was applied to fit a quadratic model for optimizing drying

parameters as expressed in Equation (1) thus:

Y = BO + lel+ BZ)(Z + Bllle + 822x22 + BlZXlx2 + & (1)

where Y is the response variable of moisture content, cyanide
concentration, X; and X, are independent process factors of
temperature and time, 3 terms are regression coefficients, and
€ is the random error term.

Principal Component Analysis (PCA) was employed to
identify the main contributing physicochemical factors among
cassava varieties. Radar charts were generated to visually
compare species-dependent variations in moisture content,
cyanide levels, and quality attributes. ANOVA was conducted
to determine the significance of model terms and treatment
effects.

3. Results and Discussions

3.1. Samples Characterization Data

The data obtained from laboratory characterizations of five
different varieties of the Samples (A-E) used in this study are
as displayed in Table 1 while figure 1 displays the standard
analytical characterization of fresh and dried cassava chips.
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Figure 1. Plots of Standard Analytical Characterization of Cassava Chips (Fresh and Dried).
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Table 1. Proximate Composition of the Fresh & Dried Samples in Percentage.

%Carb %Car %Mois %Moist
[0) [0) [0) [0) [0)
Sam YoPro %6Pro %Fat %Fat %Crude /eCrud %Ash %Ash ohy- bohy- ture ure I\//(I)elljtgr I\//(I)Etry

tein tein (F) (D) Fiber (F) O la37 (3] (D) drate  drate Con- Content

m o ©) A G I 1)
A 1.87 3.10 0.26 1.15 3.96 7.99 2.05 3.05 11.80 5.87 60.14 12.45 39.86 87.55
B 1.09 4.09 0.24 1.22 3.15 9.46 1.56 3.29 12.59 5.59 62.85 12.98 37.15 87.02
C 154 446 0.31 1.29 4.26 11.26 1.87 4.12 13.35 7.35 63.54 13.14 36.46 86.86
D 248 476 0.37 1.34 5.24 12.24 2.85 5.24 15.84 8.86 65.53 14.83 34.47 85.17
E 1.38 3.88 0.24 1.20 3.67 9.15 1.45 2.99 11.08 6.08 59.58 12.95 40.42 87.05

standard analytical comparison of key physicochemical

3.2. Proximate Composition of Fresh vs. Dried properties between fresh and dried cassava chip samples
Samples across varieties A—E as displayed on figure 1. Percentage
composition and characterization of fresh and dried chips of

The graphical characterization in figure 1 presents a  samples A —E are further shown on figure 2.
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(ii). % Composition Characterization of Fresh & Dried Samples.

Figure 2. Combined Composition Characterization of Samples A-E.
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3.2.1. Dry Matter and Moisture Content i _

3.2.2. Protein, Fat, Crude Fiber, Ash, and

Fresh samples were observed to possess high moisture Carbohydrate

content in the range of 59.58% to 65.53% which is typical of
raw cassava roots and the drying process reduced moisture
content to 12.45-14.83%; thus, significantly increasing dry
matter from approximately 35-40% to between 85-87%.
The reduction of moisture improves shelf life and storage,
which are very relevant requirements in cassava processing

From table 1 and figure 2, all components increased after
drying, due to concentration effects from moisture loss. The
protein increased from between 1.09 — 2.48% to 3.10 — 4.76%.;
Crude fiber increased remarkably in Sample D from 5.24% to
12.24%) and Ash content nearly doubled or more, showing
mineral concentration. These imply that drying enhances the

[21-23]. " . . - .
nutritional density of cassava chips, especially the protein and
fiber content. The observation aligns with processing goals
for improved food and feed use.

Table 2. Fresh Samples.
Nutrient (mg/g) Sample A Sample B Sample C Sample D Sample E
Calcium (Ca) 13.04 15.02 17.05 9.06 12.09
Magnesium (Mg) 15.3 10.8 14.45 9.85 9.79
Potassium (K) 125 86 80 81 83
Sodium (Na) 13.776 13.49 11.88 9.87 9.45
Phosphorus (P) 28 42 17 22.6 56.5
Vitamin A (Vit. A) 1.75 1.69 1.28 1.09 1.05
Vitamin C (Vit. C) 30.89 35.25 25.45 42.97 31.78
Minerals and Vitamins Contents of the Fresh Samples (mg/100g)

140 -
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E 100 - —Mg

C 80 - K

£ Na
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~ 40

°§ Vit. A

= 20 - ,

5 ———— S ——Vit. C

& 0 T T 1 T T 1

<
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Samples
Figure 3. Minerals and Vitamins Contents of the Fresh Samples (mg/100g).
Table 3. Dried Samples.

Nutrient (mg/g) Sample A Sample B Sample C Sample D Sample E
Ca 39.04 37.02 35.05 27.06 18.04
Mg 26.33 29.89 30.37 15.85 14.68
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Nutrient (mg/g) Sample A Sample B
K 196 174

Na 14.75 14.47

P 129 139

Vit. A 7.78 7.75

Vit. C 50.89 41.25

Minerals & Vitamins Contents of Dried Samples (mg/100g)
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Figure 4. Minerals & Vitamins Contents of Dried Samples
(mg/100g).

3.2.3. Mineral and Vitamin Compositions
(Displayed on Tables 2 and 3)

i. Mineral Composition of Ca, Mg, K, Na and P: Based on
Tables 2 and 3, the drying process concentrated mineral
content in all varieties of cassava chips. Ca, Mg, and P
increase significantly after drying, alluding that drying
practice condenses chemical properties in biochips. To
illustrate this, it can be seen from Figures 3 and 4 that,
Ca in Sample A on the first day increased from 13.04
mg/g to 39.04 mg/g, P in Sample D on the fourth day
increased from 22.60 mg/g to 213.60 mg/g which is
nearly 10x increase and Potassium (K), which is es-
sential for electrolyte balance, remained high across all
samples, especially in dried forms as can be clearly
observed in Sample E = 198 mg/g. These findings
support the work of Mohidin et.al., that the health rel-
evance of Cassava chips further buttresses the staple
food as a good source of dietary minerals, especially
when dried [24]. Ca, Mg, P and K vitamins may support
bone health and cardiovascular functions.
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Sample C Sample D Sample E
191 86 198

13.85 14.8 11.22
89.15 213.6 144.5
5.29 7.09 5.05
30.38 52.95 51.78

ii. Vit. A and Vit. C Contents: Vit. A increased signifi-
cantly in dried samples. In table 3, Samples reflect an
upward surge of Vit. A from 1.75 mg/g to 7.78 mg/g.
Vit. C also increased, contrary to expectations, possibly
due to reduced water activity and/or less oxidative
degradation under specific drying conditions. Popova
reported that vit. C is usually heat-sensitive [25]. The
increase here might indicate minimal degradation or
efficient drying protocols such as low temperature
drying. It can be deduced here that the relevance of the
drying process optimization has improved levels of
vitamins A and C which suggests that cassava chips,
when processed correctly, may contribute to addressing
micronutrient deficiencies.

3.3. Principal Components Analysis (PCA):
Mineral & Vitamin Comparison

The plots on figures 5-11 are the visual analytical charts for
vitamin and mineral content in cassava samples (fresh and
dried), including PCA and radar plots. The line charts on
figures 3 and 4 compares individual nutrient concentrations
across samples. Vitamin A and C are well retained and im-
proved in dried samples, suggesting that mild drying condi-
tions preserved or even enhanced vitamin content. Sample D
stands out with the highest dried Vit. C volume of 52.95
mg/100g) and Phosphorus volume of 213.6 mg/100g, making
it nutritionally dense. This insight holds verifiable knowledge
that controlled drying of cassava chips enhances nutritional
value by reducing moisture while retaining or increasing key
vitamins and minerals.

3.4. Principal Component Analysis of Fresh
Samples of Mineral and Vitamins Contents
in (mg/100g)

The PCA plots (scree, score, loading and biplot) of dataset
on table 2 are displayed on figure 5.
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Table 4. Eigenanalysis of the Correlation Matrix of Fresh Samples.

Scree Plot of Ca (mg/g), ..., Vit. C (mg/g)
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Figure 5. Mineral and Vitamins Contents of the Fresh Samples in (mg/100g).

Component  Eigenvalue Proportion
PC1 3.8028 0.543 (54.3%)
PC2 1.4754 0.211 (21.1%)
PC3 1.0845 0.155 (15.5%)
PC4 0.6373 0.091 (9.1%)
PC5 0.0000 0.000 (0.0%)
PC6 0.000 0.000 (0.0%)
PC7 -0.0000 -0.000 (-0.0%)

Cumulative

0.543 (54.3%)
0.754 (75.4%)
0.909 (90.9%)
1.000 (100%)
1.000 (100%)
1.000 (100%)
1.000 (100%)

3.4.1. Eigenanalysis of the Correlation Matrix

Tables 4 and 5 display how much of the total variability in
the dataset of the fresh sample of cassava chips is captured by
each principal component (PC). The variance is explained

(Variance) of Fresh Samples
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thus:
a)

b)

d)

Significant Components: The first three principal
components (PC1, PC2, and PC3) collectively explain a
very high proportion of the total variance:
54.3%+21.1%+15.5% = 90.9%. This indicates that the
vast majority of the variability in the mineral and vit-
amin content of fresh cassava chips can be effectively
summarized by these three components.

Dominance of PC1: PC1 alone accounts for over half of
the total variance (54.3%), making it the most important
dimension of variation in the fresh cassava chip data.
Reduced Dimensionality: Given that over 90% of the
variance is captured by the first three components, the
original 7 variables can be effectively represented in a
3-dimensional space for analysis without significant
loss of information.

Minor Components: PC4 explains a small but notable
9.1% of the variance, bringing the cumulative total to
100%. Components PC5, PC6, and PC7 have eigen-
values of approximately zero, meaning they explain
virtually no additional variance and can be disregarded
for practical interpretation.
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Table 5. Eigenvectors for Fresh Samples.

Nutrients (Variables) PC1 PC2

Ca (mg/qg) 0.356 0.531
Mg (mg/g) 0.465 0.081
K (mg/g) 0.341 -0.493
Na (mg/g) 0.463 -0.213
P (mg/qg) -0.186 -0.021
Vit. A (mg/g) 0.426 -0.345
Vit. C (mg/g) -0.332 -0.551

3.4.2. Eigenvectors (Loadings)

The eigenvectors (loadings) indicate how each original
variable contributes to the formation of each principal com-
ponent; in that, a larger absolute value indicates a stronger
contribution while positive values indicate a direct relation-
ship and negative values indicate an inverse relationship.

a)

b)

c)

Principal component 1 (PC1): In this analysis, the
percentage variability is 54.3% with Mg, Na, Vitamin A,
Ca and K having strong positive loadings of 0.654,
0.463, 0.426, 0.356 and 0.341 respectively. Vitamin C
has a strong negative loading of -0.332. As reflected on
table 4, PC1 analysis presents a general "mineral and
Vit. A richness" characteristics factor of the cassava
chips. The samples with high levels of Mg, Na, Vit. A,
Ca and K exhibit a high score on PC1. Conversely,
samples with high Vit. C tend to have a lower PC1 score.
This characterization component suggests that most
minerals and Vit. A tend to co-vary positively, while
Vit. C shows an inverse relationship with this group;
reflecting a fundamental nutritional profile or differ-
ences between varieties.

Principal Component 2 (PC2): The outcome of this
analysis presents a 21.1% of variance. Ca exhibits a
strong positive loading of 0.531 while Vit. C, K and Vit.
A possess strong negative loading of -0.551, -0.493 and
-0.345 respectively. PC2 sharply differentiates samples
based on Ca content versus Vit. C, K, and Vit. A. A
high score on PC2 would indicate high Ca levels but
low levels of Vit. C, K, and Vit. A. This component
highlights variations in mineral absorption or synthesis
pathways and; or species-dependent genetic differences
that lead to this specific nutrient balance.

Principal Component 3 (PC3): Here the variance is

PC3

0.184
-0.303
0.044
0.145
0.875
0.249
-0.151

PC4 PC5 PC6 PC7

0.320 -0.529 -0.387 -0.160
-0.326 -0.408 0.628 0.133
-0.555 -0.164 -0.546 -0.074
0.388 0.210 -0.062 0.722
-0.239 0.223 0.261 0.153
0.327 0.208 0.288 0.636
0.412 -0.624 0.042 0.045

15.5%. P became overwhelmingly very dominant in
PC3 with a strong positive loading of 0.875 while
Magnesium was characterized by a strong negative
loading of -0.303. This component primarily captures
variation related to Phosphorus content in the fresh
cassava chips. As PC3 increases, Phosphorus levels are
high. Magnesium shows a moderate inverse relation-
ship; probably pointing to differences in soil phosphate
availability or specific physiological processes within
the cassava plant related to phosphorus accumulation.

d) Principal Component 4 (PC4): PC3 with a 9.1% vari-

€)

ance characterized Vit. C, Na, Vit. A and Ca as having
strong positive loadings of 0.412, 0.388, 0.327 and
0.320 respectively while K and Mg are characterized
with strong negative loadings of -0.555 and -0.326 re-
spectively. Although PC4 explains a smaller proportion
of variance, however, the analysis highlights another
contrast reflecting high levels of Vitamin C, Sodium,
Vitamin A, and Calcium against high levels of Potas-
sium and Magnesium. This component might capture
subtler variations or specific genetic traits that influence
these nutrient balances.

Principal Components PC5, PC6, PC7: These com-
ponents explain negligible variance which are effec-
tively zero numerically. Their specific loadings are not
meaningful for practical interpretation, as they do not
represent significant underlying patterns in the dataset.

3.5. Principal Component Analysis of Dried

Samples of Mineral and Vitamins Contents
in (mg/100g)

The PCA plots (scree, score, loading and biplot) of dataset

on Table 3 are displayed on figure 6.
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Eigenvalue

Scree Plot of Ca (mg/qg), ..., Vit. C (mg/g)

Component Number

Loading Plot of Ca (mg/g), ..., Vit. C (mg/g)
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Component

PC1
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Variable

Ca (mg/g)
Mg (mg/g)
K (mg/g)
Na (mg/g)
P (mg/g)

Vit.C (mg/g)

Ca (mg/g)
///
\ —
I Mg (mg/g)
mg/g)
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Second Component

Score Plot of Ca (mg/g), ..., Vit. C (mg/g)
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_—
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viee m\
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Figure 6. Mineral and Vitamins Contents of the Dried Samples in (mg/100g).

Table 6. Eigenanalysis of the Correlation Matrix of Dried Samples.

Eigenvalue

3.4725
2.7165
0.7236
0.0874
0.0000
0.0000
-0.0000

Table 7. Eigenvectors for Dried Samples.

PC1 PC2 PC3

0.462 0.298 0.117
0.531 0.056 -0.040
0.284 -0.410 0.605
0.227 0.534 -0.181
-0.428 0.355 -0.116

Mg (mg/g)

Proportion Cumulative

0.496 (49.6%) 0.496 (49.6%)

0.388 (38.8%) 0.884 (88.4%)

0.103 (10.3%) 0.988 (98.8%)

0.012 (1.2%) 1.000 (100%)

0.0000 (0.0%) 1.000 (100%)

0.0000 (0.0%) 1.000 (100%)

-0.000 (-0.0%) 1.000 (100%)
PC4 PC5 PC6 PC7
-0.305 -0.041 0.720 -0.267
0.364 -0.528 -0.381 -0.397
-0.005 -0.277 0.075 0.551
-0.501 -0.120 -0.384 0.466
0.343 -0.603 0.355 0.264
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Variable PC1 PC2 PC3
Vit. A (mg/g) 0.108 0.542 0.437
Vit. C (mg/g) -0.421 0.188 0.618

3.5.1. Eigenanalysis of the Correlation Matrix

(Variance) of Dried Samples

This explains how much of the total variability in the da-
taset is captured by each principal component (PC).

a)

b)

c)

d)

Significant Components: The first two principal com-
ponents (PC1 and PC2) collectively explain a very high
proportion of the total variance: 49.6%+38.8% = 88.4%.
This indicates that most of the variability in the mineral
and vitamin content of dried cassava chips can be ef-
fectively summarized by these two components.
Reduced Dimensionality: With 88.4% of the variance
captured by just two components, it suggests that the
original 7 variables can be effectively represented in a
2-dimensional space without losing much information.
PC3's Contribution: PC3 contributes an additional 10.3%
of the variance, bringing the cumulative total to 98.8%.
Including PC3 would explain almost all the variability
in the data.

Minor Components: PC4 explains only 1.2% of the
variance. Components PC5, PC6, and PC7 have ei-
genvalues of approximately zero (or negative due to
computational precision with very small numbers),
meaning they explain virtually no additional variance.
This confirms that the meaningful dimensions for
analysis are primarily PC1, PC2, and potentially PC3.

3.5.2. Eigenvectors (Loadings)

From table 7, the eigenvectors (loadings) indicate how each
original variable contributes to the formation of each principal
component. A larger absolute value indicates a stronger con-
tribution. Positive values indicate a direct relationship, while
negative values indicate an inverse relationship.

a)

Principal Component 1: Having a variance of 49.6%,
Mg and Ca are characterized with strong positive
loadings of 0.531 and 0.462 respectively while P and
Vit. C exhibited strong negative loadings of -0.428 and
-0.421 respectively. PC1 primarily represents a dimen-
sion where Magnesium and Calcium levels tend to be
high, while Phosphorus and Vitamin C levels tend to be
low, and vice versa. This could indicate a general
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b)

d)

€)

PC4 PC5 PC6 PC7
0.522 0.461 -0.075 0.114
-0.365 -0.230 -0.228 -0.410

"mineral content" factor contrasting with certain vita-
min levels, reflecting processing effects where some
nutrients are retained or lost.

Principal Component 2: PC2 of dried sample displays
38.8% variability with strong positive loadings of Vit.
A and Na being 0.542 and 0.534 respectively. K shows
a strong negative loading of -0.410. This demonstrates
that PC2 is mainly driven by Vitamin A and Na moving
in the same direction, and K moving in the opposite
direction. The analysis of the second component might
represent a "vitamin and sodium content" axis, or pos-
sibly differentiates between varieties or processing
methods that affect these specific nutrients differently.
For instance, a high PC2 score would mean high Vit. A
and Na, but low K.

Principal Component 3: Here the variance reaches 10.3%
having Vit. C and K with strong positive loadings of
0.618 and 0.605 which largely captures variation re-
lated to Vit. C and K. These two variables tend to in-
crease or decrease together along this component. Since
PC1 and PC2 explain most of the variance, PC3 pro-
vides additional, albeit smaller, discriminatory power,
possibly highlighting specific aspects of processing or
variety that primarily impact these two nutrients.
Principal Component 4: In PC4, the variance is 1.2%.
Vit. A, Mg and P held strong positive loadings of 0.522,
0.364 and 0.343 respectively while Na Vit. C and Ca
exhibited strong negative loadings of -0.501, -0.365 and
-0.305 respectively. The implication is that PC4 dif-
ferentiates between high Vit. A, Mg, and P vs. high Na,
Vit. C, and Ca. This component might be indicative of
very subtle differences or minor underlying factors.
Components PC5, PC6, PC7: These components ex-
plain negligible variance (effectively zero). Their spe-
cific loadings are of little practical interpretative value
for understanding the major patterns in the data, as they
represent noise or very minor, uncorrelated variations.
For example, PC5 shows strong negative loadings for P
(-0.603) and Mg (-0.528), and a positive loading for Vit.
A (0.461), but since its eigenvalue is zero, this "com-
ponent" doesn't explain any meaningful variance.
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PCA Chart of Minerals & Vitamins Contents (Fresh & Dried)
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Figure 7. Combined PCA Chart of Proximate Composition of Vitamins and Minerals (Fresh & Dried) Samples.
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Figure 8. Separate PCA Charts of Minerals & Vitamins (Dried Sample).

PCA displayed on figures 7 and 8 reduces complex nutri-
tional data into two dimensions (Fresh and Dried for visuali-
zation. Fresh and dried samples are clearly separated, indi-
cating strong influence of drying on nutrient profiles. The
dried samples cluster more tightly, suggesting more consistent
nutrient concentration after processing.

Samples of D and E of the fresh and dried cassava chips
show separation along PC1, indicating distinct mineral and
vitamin profiles. PCA confirms that processing method of
drying is the main factor influencing the variation in physi-
cochemical properties.

The Radar Charts of Fresh dried and that of both fresh and
dried samples are as displayed on figures 9, 10 and 11.

—t—Ca
=i Mg
e
e N Q
e
Vit. A
Vit. C
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Figure 9. Radar Chart of Fresh Samples.
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Figure 10. Radar Chart of Dried Samples.

Combined Radar Chart of Fresh and Dried Samples
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Figure 11. Radar Chart of Fresh and Dried Samples.

The plot on figure 9 shows the chart of the normalized nu-
trient profile of each fresh sample. Sample B exhibits a bal-
anced distribution of minerals and vitamins with peaks in P,
Vit A, and Vit C. Sample D shows a strong vitamin C but is

weaker in Ca and P. Radar plots helped to identify the
strengths and weaknesses in nutrient composition per sample
for selective breeding or product development. From figure
10, Sample D has the largest area, reflecting superior nutrient
density across most vitamins and minerals. Sample C has high
K and Mg, while Sample E leads in K and Vit. C. These dried
profiles confirm Sample D as best overall for health-oriented
applications such as snacks or supplement.

3.5.3. Variety-Specific Observations

Sample D of the dried samples show the highest overall
nutritional quality; of which protein, fibre, phosphorus and
vitamin C have nutritional qualities of 4.76%, 12.24%, 213.60
mg/g and 52.95 mg/g respectively. Notably, Sample C has the
highest dried fibre content (11.26%) and relatively high po-
tassium when compared to sample A.

3.6. Hydrogen Cyanide (HCN) Content

The observations from this characterization study corrob-
orates [26, 27] that cyanide content in cassava chips deter-
mines the concentration of cyanogenic glycosides, mainly
linamarin and lotaustralin, which can release toxic HCN when
cassava is processed or consumed. Cassava contains cyanide
as a natural defense compound and high cyanide levels can
cause acute poisoning or chronic health issues if not reduced
during processing. In [28], the World Health Organization
recommends a maximum safe level of 10 mg HCN/kg in
cassava flour. Species E in the dataset on table 8 have lower
natural cyanide levels, indicating that longer drying time and
lower temperature help reduce cyanide more effectively. The
dataset further shows that efficient drying helps leach or break
down cyanogenic compounds. Figure 9 shows the plot of
cyanide versus cassava species in which sample E has least
cyanide content.

Cyanide Content by Cassava Species

0.1
008 =<
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" —_—
g 004
[
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0
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e
_———

C D E

Cassava Species

Figure 12. Cyanide Content of Species (Samples) of Cassava Chips.

Table 8 indicates that Sample E has the lowest cyanide
levels, with a tight cluster around 0.04 mg/kg. Sample D
shows the highest cyanide content, with values close to the
upper acceptable limit of approximately 0.093 mg/kg. Sam-
ples B and C have moderate levels of cyanide contents while
Sample A trends higher than E but lower than D in terms of

cyanide contents. This visualization confirms that cassava
species represented in the different samples play a critical role
in cyanide content, especially when paired with controlled
time and temperature. The ultimate goal and optimization
criteria for the different species of cassava chips used in this
study is to minimize cyanide content using constraints of time
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(20-70), temperature (0-100<C), cassava Species (Samples A

to E) to achieve a cyanide acceptable range between 0.01336

and 0.09959 mg/kg; and the results obtained collaborate re-
cent studies by [29-32].

Table 8. Summary of Key Observations.

Rank Time (Min) Temp. (T) Samples (Species) Cyanide (mg/kg) Desirability
1 43.55 30.00 E 0.03988 0.692 (Selected)
2 34.70 30.00 E 0.04031 0.687
3-5 42 - 47 30.00 B 0.05030 - 0.0505 0.57
6-7 37 100.00 A 0.07047 0.34
8-9 43 30.00 C 0.08100 0.22
10-11 34 30.00 A 0.08400 0.18
12-14 45 - 47 100.00 C 0.08600 0.16
15 45 - 47 100.00 D 0.09262 0.08
16 4291 30.00 D 0.09363 0.07
a) Cyanide Minimization Trends: Figure 9 and table 8 il- higher moisture retention, starch gelatinization hinder-

b)

lustrate that Species E consistently shows lowest cya-
nide levels in the range of 0.039 and 0.040 mg/kg, es-
pecially at lower temperatures (30<C). The optimal
combination for healthy chips production for species E
is achieved at 43.55 min drying time, 30<C drying
temperature, 0.03988 mg/kg cyanide content and 0.692
desirability. This is within the range specified by [33].

Effect of Temperature: Lower temperature (30<C) is
strongly associated with lower cyanide content while
higher temperatures (100<C), especially with Species
A-D, tend to increase cyanide content up to 0.093
mg/kg, possibly due to reduced volatilization of HCN at

3.7. Moisture Contents

ing cyanogenic glycoside breakdown and effect of
Cassava Species. Species E shows superior detoxifica-
tion under processing, possibly due to naturally lower
cyanogenic glycoside level and favorable cell structure
aiding leaching during drying. Species D shows the
worst performance in the analysis by maintaining cya-
nide levels close to the upper limit.

Effect of Time: Mid-range processing times of 35 to 45
minutes appear optimal and very short or very long
durations are not necessarily beneficial on their own as
effectiveness is dependent on cassava species and dry-
ing temperature-dependent.

Surface Plot of Moisture (%) vs Temperature (°C), Time (min)

60

Moisture (%)
40

20

40

Time (min)

60  Temperature (°C)
40

Figure 13. Response Surface of Time and Temperature on Moisture Content in Cassava Chips.
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The study focused on removal of moisture content to an
acceptable level to extend shelves life of the chips. Therefore,
deduction from figure 13 shows that drying time and tem-
perature affect the removal of moisture content of the cassava
chips but Species of the cassava chips did not affect it. Hence,
Time (Factor A") and Temperature (Factor B") are significant
but Species (Factor C") is not significant.

The analysis provided is based on a Response Surface
Quadratic Model for moisture content in cassava chips, using
Analysis of Variance (ANOVA) to identify statistically sig-
nificant effects from factors such as time (A"), temperature
(B"), cassava species (C"), and their interactions.

Table 9. Model Summary.

F-Value P -Value Significance

<10 >0.5 Not significant

In table 9 and figure 13, Time (A") and Temperature (B")
are the dominant factors and both have very high F-values and
low p-values, indicating that the factors strongly influence
moisture reduction. Longer drying times and higher temper-
atures significantly reduce moisture content due to extended
exposure which allows more water evaporation and higher
heat increase vapor pressure and drying rate. Cassava Species
(C") is not statistically significant. In spite the biological
variation among species, species type had no statistically
significant effect on moisture content as indicated by p =
0.1276. This suggests that moisture loss is governed more by
physical drying parameters than species-specific differences
in the structure or composition of the chips. For the quadratic
effects (A’=and B’F, both time and temperature have signif-
icant quadratic terms indicating a non-linear relationship.
More so, there exits an optimum range beyond which mois-
ture loss peaks or changes more gradually as extremely pro-
longed drying time and high temperature may yield dimin-
ishing returns. The interaction between time and temperature
(A" B") is significant showing that the effect of time depends
on temperature and vice versa. There are further insignificant
interactions between time - species (A" C") and temperature -
species (B” C") confirming the study of Maalekun et al., that
species significantly influence drying behavior under varying
time and temperature [4].

Contour Plot of Moisture (%) vs Temperature (°C), Time (min)

Term F-Value P -Value Significance
Model 14.38 < 0.0001 Significant
A" (Time) 67.12 < 0.0001 Highly significant
B-(Tempera- ;4359 <00001  Highly significant
ture)
C”(Species) 1.89 0.1276 Not significant
A 3605  <ooppr  Quadraticeffectof
time
B 9.67 0.00032 Quadratic effect of
temperature
AB~ 20.68 <0000y |Ime-dependent
interaction
100
90
80
9
E 70
=
o
g 60
£
&

50
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20

40

Time (min)

Moisture

Figure 14. Contour of Time and Temperature on Moisture Content in Cassava Chips.

The contour plot on figure 14 revealed a strong interactive
influence of drying time and temperature on cassava chip
moisture content, consistent with the regression model on
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table 9; where both factors were highly significant (A = —
11.33, B = -14.08, AB = +8.90). Moisture declined sharply
from >30% at low time—temperature regions (20-30 min, 30—
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50<C) to <15% under optimal mid-range conditions (45-55
min, 60-80<C). The negative quadratic coefficients for time
(A== -8.91) and temperature (B== —4.61) indicate curvature,
confirming diminishing returns at extreme levels. Importantly,
species-dependent terms highlight varietal differences in
drying response, implying that while moderate conditions
optimize overall moisture reduction, species-specific adjust-
ments are required to achieve uniform product quality and
ensure safe storage. In their separate studies, [34, 35] utilized
response surface and contour plots for characterization of
species-dependent physiochemical properties of postharvest
food products and the results provided insights into drying
processes optimization.

4. Conclusions

This study addressed the limited comparative understand-
ing of species-dependent variations in cassava chips by ap-
plying standardized physicochemical characterization and
drying experiments. Results showed that drying improved
nutritional concentration, with Sample D emerging as the
most promising variety for functional food applications, while
Sample E demonstrated superior cyanide reduction at
low-temperature processing. Sun drying proved more effec-
tive than oven drying in cyanide elimination due to enhanced
linamarase activity at temperatures below 55<C. Drying time
and temperature strongly influenced moisture and cyanide
levels, though species selection had a greater impact on de-
toxification outcomes. Principal component analysis further
revealed distinct nutrient trade-offs across varieties, under-
scoring the importance of varietal choice in nutritional opti-
mization. The findings highlight the critical role of cassava
species and drying conditions in ensuring safe consumption,
guiding quality control, and informing processing protocols.

5. Recommendation

Future studies may integrate biochemical and genetic pro-
filing to explain species-specific responses and support tar-
geted post-harvest innovations.

Abbreviations

A Game-Changer Cassava Specie
B Obasanjo-11 Cassava Specie

C Poundable Cassava Specie

D Hope Cassava Specie

E Baba-70 Cassava Specie

A~ Time Factor

B” Temperature Factor

c” Specie Factor

A? Quadratic Effects of Time

B* Quadratic of Temperature
AB” Time - temperature Interaction

190

AT Time — Species Interaction

BT~ Temperature — Species Interaction
% Percent / Percentage

Mglg Milligram per gram

RSM Response Surface Methodology
KCN Potassium Cyanide

PC Principal Component

PCA Principal Component Analysis

Ca Calcium

Mg Magnesium

K Potassium

Na Sodium

P Phosphorus

Vit. A Vitamin A

Vit.C Vitamin C

HCN Hydrogen Cyanide

AOAC Association of Official Analytical Chemists

ANOVA Analysis of Variance
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