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Abstract: The primary goals of this study were to identify the influence of temperature and drying
time on pretreated cassava flour, as well as the optimal settings for the factors and to analyze the
microstructure of cassava flour. The experiment was designed using the response surface methodol-
ogy with central composite design and the superimposition approach in order to assess the effect of
drying temperature (45.85-74.14 °C) and drying time (3.96-11.03 h) and the optimal drying conditions
of the cassava flour investigated. Soaking and blanching were applied as pretreatments to freshly
sliced cassava tubers. The value moisture content of cassava flour was between 6.22% and 11.07%,
whereas the observed whiteness index in cassava flour ranged from 72.62 to 92.67 in all pretreated
cassava flour samples. Through analysis of variance, each drying factor, their interaction, and all
squared terms had a substantial impact on moisture content and whiteness index. The optimized
values for drying temperature and drying time for each pretreated cassava flour were 70 °C and 10 h,
respectively. The microstructure showed a non-gelatinized, relatively homogeneous in size and shape
sample with pretreatment soaked in distilled water at room temperature. These study results are
relevant to the development of more sustainable cassava flour production.

Keywords: blanching; cassava flour; central composite design; soaking; superimposition

1. Introduction

Indonesia is an agrarian nation where the agricultural sector is one of the primary
economic development drivers. In Indonesia, numerous agricultural crops are cultivated,
including tubers, cereals, legumes, vegetables, and fruits. In 2020, 18.5 million tons of
cassava tubers (Manihot esculenta Crantz) were the most produced source of carbohydrates
other than rice [1]. Indonesia is one of the six largest producers of cassava in the world,
along with Nigeria, Democratic Republic of the Congo, Thailand, Ghana, and Brazil [2].
Cassava tubers are the most commonly consumed component of the cassava plant; this part
is rich in starch and is the primary storage organ in cassava plants [3,4]. Cassava tubers
are one of the most promising agricultural products for diversification into several food
varieties. In Indonesia, cassava tubers are processed into a variety of products, including
tapioca, mocaf, cassava flour, tapai, chips, and tiwul. Cassava flour is produced from
cassava tubers that have been processed using an uncomplicated drying technique [5].

In an effort to expand the use of cassava as a food, postharvest handling and flour
processing are employed. Compared to fresh cassava tubers, cassava flour has a longer
shelf life and a larger range of applications. The appearance of vascular streaks with bluish-
black staining is a sign of postharvest physiological decline in cassava tubers. Microbial
activity is the primary cause of cassava tuber destruction [6,7]. Physical (blanching) and
chemical (calcium chloride, citric acid, and ascorbic acid) pretreatments are frequently used
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to prevent the browning and discoloration of tubers caused by enzymatic action. Some
of the literature describes the use of blanching as well as ascorbic acid, sulfite, and citric
acid in the production of yam flour [8,9]; the use of sulfite in the production of sweet
potato starch [10,11]; and the use of calcium chloride treatment in the production of cassava
chips [12,13]. However, there are just a few reports using blanching and soaking as the only
pretreatments for cassava flour processing.

In recent years, one-factor-at-a-time (OFAT) analysis has been used extensively in the
food processing literature, particularly for drying technologies. Statistical analysis and
regression coefficient models or the mathematical models are required to predict the process
conditions for drying cassava flour. Design of experiments (DOE) provides a number of
advantages over conventional analysis, including minimal resource requirements (number
of trials, time, materials, and labor), exact prediction findings on the major elements and
their interactions, and the capacity to study a large number of factors [14]. Response
surface methodology (RSM) is a statistical technique used to determine the relationship
between response variables and a set of input variables [15]. RSM is a statistical and
mathematical technique that can be utilized to create, develop, and optimize processes,
formulations, or even both [16]. RSM is currently one of the most often used optimization
techniques in the world of food technology and engineering. RSM has been used for
process optimization in several studies: 1. determine the drying behavior of cassava chips
at various temperatures using different cutting shapes [17]; 2. impact of temperature and
drying time on the thermal and physical characteristics of cassava flour [18]; 3. as a tool to
discover the interactive impact of pretreatment and drying process on the physicochemical
of cassava flour [19]; 4. optimization of drying parameters for convective drying and drum
drying of sweet potatoes [20,21].

There is currently a lack of information regarding the influence of blanching and
soaking on cassava flour when the drying process (temperature and time) is optimized
using RSM, particularly the central composite design (CCD) and superimposition approach.
As pretreatments in this investigation, soaking in distilled water and blanching were
applied separately. The objectives of this study were to: (i) investigate the effect of drying
parameters on the moisture content (MC) and whiteness index (WI) of cassava flour;
(ii) carry out optimization, verification, and superimposition processes to achieve the
optimal combination of factors that generate minimum MC and maximum WI of cassava
flour; and (iii) analyze the microstructure of cassava flour and evaluate the results.

2. Materials and Methods
2.1. Design of Experiment Based on RSM

The software Design Expert version 13.0.5.0 (Stat-Ease Inc., Minneapolis, MN, USA)
was used to construct an experimental matrix for processing samples of cassava flour.
When designing experiments with RSM, there were two drying parameters that served as
the basis: the drying temperature (T7) and the drying time (T3). The three pretreatments
were applied independently, and then each treatment was processed with the T and T,
configurations according to the experimental matrix. As for the responses of the two factors,
which are the moisture content (MC) and whiteness index (WI) of cassava flour. Table 1
shows the five specified levels and operating ranges for the CCD.

Table 1. Factors and levels used for MC and WI analysis.

Level
Factor Unit Notation
—1.414 -1 0 1 1.414
Temperature °C Ty 45.8579 50 60 70 74.1421
Time Hours T, 3.9644 5 75 10 11.0355
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2.2. Experiment Design

Based on the five levels, two factors, and three replications applied to all design points,
the CCD developed by Design Expert software (Stat-Ease Inc., Minneapolis, MN, USA)
generated a total of 39 experiments. These variables were chosen because they have a con-
siderable impact on the responses and the permissible working range, as documented in the
literature. Table 2 displays the full CCD, including both coded and uncoded factor values.

The total value of the block is 1 and the experiments are conducted in a random order.

Table 2. Design matrix of the experiment.

Sample Coded Factor Uncoded Factor
Pretreatment A Pretreatment B Pretreatment C T T, T T,
Al B1 C1 -1 -1 50 5
A2 B2 Cc2 -1 -1 50 5
A3 B3 C3 -1 -1 50 5
A4 B4 C4 1 -1 70 5
A5 B5 C5 1 -1 70 5
A6 B6 Co6 1 -1 70 5
A7 B7 c7 -1 1 50 10
A8 B8 C8 -1 1 50 10
A9 B9 9 -1 1 50 10
Al0 B10 C10 1 1 70 10
All B11 C11 1 1 70 10
Al12 B12 C12 1 1 70 10
Al3 B13 C13 —1.414 0 45.8579 7.5
Al4 B14 Cl4 —1.414 0 45.8579 75
Al5 B15 C15 —1.414 0 45.8579 7.5
Al6 Bl6 Cl6 1.414 0 74.1421 75
Al17 B17 C17 1414 0 74.1421 7.5
A18 B18 C18 1.414 0 74.1421 75
A19 B19 C19 0 —1.414 60 3.9644
A20 B20 C20 0 —1.414 60 3.9644
A21 B21 C21 0 —1414 60 3.9644
A22 B22 C22 0 1.414 60 11.0355
A23 B23 C23 0 1414 60 11.0355
A24 B24 C24 0 1.414 60 11.0355
A25 B25 C25 0 0 60 75
A26 B26 C26 0 0 60 7.5
A27 B27 C27 0 0 60 75
A28 B28 C28 0 0 60 75
A29 B29 C29 0 0 60 75
A30 B30 C30 0 0 60 75
A31 B31 C31 0 0 60 7.5
A32 B32 C32 0 0 60 75
A33 B33 C33 0 0 60 7.5
A34 B34 C34 0 0 60 75
A35 B35 C35 0 0 60 7.5
A36 B36 C36 0 0 60 75
A37 B37 C37 0 0 60 75
A38 B38 C38 0 0 60 7.5
A39 B39 C39 0 0 60 75

The significance of the main components and their interactions was determined using
an analysis of variance (ANOVA) with a significance threshold of 95% and a p-value of
0.050. The mathematical models were derived from the ANOVA table. These models
were then used for optimization purposes, the outcome of which was determined by the
value of the correlation coefficient, R?. The experimental data were fitted to a second-order
polynomial model to generate a regression coefficient model. Equation (1) illustrates the

model form for response surface analysis:

3 3
Y =PBo+ Y Bi Xi+) BiXi+
t=1 i

i—1 j=i+1

2 3
Y. Y B XiX;
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where Y is the response, B, B;, Bi;, and p;; are the regression coefficients for the intercept,
linear, quadratic, and interaction, respectively. X; and X; are coded values in independent
variables [22].

2.3. Raw Materials

The tubers of cassava were purchased in a local market in the village of Pasar Laguboti,
which is located in the Laguboti District of the Toba Regency in the province of North Suma-
tra, Indonesia. The local farmers in the village harvested cassava tubers 13 to 17 months
after planting. The cassava tubers were sorted before being cleaned in order to eliminate soil
and prevent contamination during processing. To minimize injury to the tubers, processing
occurs only after 24 h have passed since their collection [13].

2.4. Processing of Pretreated Cassava Flour

The procedure described by the Indonesian Agency for Agricultural Research and
Development [23] is modified for the processing of cassava flour. The modification of the
procedure includes pretreatments consisting of blanching and soaking each experimental
sample in distilled water. After cleaning the cassava tubers, they were manually peeled and
slicedinto 3 x 3 x 1 £ 1 cm (length x width x thickness) pieces. Freshly sliced cassava
tubers were subjected to three pretreatments: A (blanched at 80 & 2 °C for 5 min then soaked
in distilled water for 48 h), B (soaked in distilled water for 48 h then blanched at 80 &+ 2 °C
for 5 min), and C (soaked in distilled water for 72 h at room temperature, 24 &+ 4 °C). The
cassava slices were then dried in a drying machine (400 W Food Dehydrator, ATHOME
collection, West Jakarta, Indonesia) according to the experimental matrix at the temperature
and time stated (Table 2). The parameters for drying in this study were drying temperature
(45.85-74.14 °C) and drying time (3.96-11.03 h). A dry milling machine (HR 2115 Dry Mill
Blender, PT. Philips Batam, Batam, Indonesia) was utilized to process the dry chips. The
flour obtained from the mill was sieved and kept at room temperature in a plastic sample
bag until further analysis.

2.5. MC Analysis

The MC of cassava flour was calculated using standard analytical chemistry proce-
dures [24]. The percentage of MC is expressed on a dry basis using the following Equation (2):

W; ()
MC (%) = 2)
Wi (g)
where, MC is moisture content; W; is the weight of the sample at time ¢; and W; is the initial
weight of sample.

2.6. Color Measurement

Using a colorimeter (CS-10, Hangzhou Caipu Technology Co., Ltd., Hangzhou, China),
samples of cassava flour were measured in three repetitions. The instrument was calibrated
using a bright white standard reference tile and a bright black standard reference tile.
During color assessment, L* (brightness), a* (positive values indicate redness and negative
values indicate greenness), and b* (positive values represent yellowness and negative
values represent blueness) values were collected. According to Torbica et al. [25], the value
of the WI can be quantitatively determined by combining the L*, a¥, and b* components
into a single computed term. The formula for WI can be found as follows:

WI = 100 — \/a*2 +b*2 + (100 — L*)? )

2.7. Microstructure Analysis

Utilizing a scanning electron microscope (SEM) (EVO MA10, Carl Zeiss Pvt. Ltd.,
Oberkochen, Germany), morphological structural analysis was performed with the purpose
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of determining the effect of pretreatments (A, B, and C) and drying parameters (T and 1)
on the structures of cassava flour particles. Double-sided tape was used to adhere the
samples to the bronze visualization portions. A thin layer of gold was coated on the surface
of the sample using a sputter period of 60 s and a sputter power of 20 mA. Surface pictures
were captured using an SE (secondary electron) detector with a working distance (WD)
of 11.5-12 mm and an extra-high-tension (EHT) of 11.0 kV at 1000 x magnification for
all samples.

3. Results and Discussion

Table 3 displays the design configuration derived from the Design Expert program as
well as the experimental responses data (MC and WI). Temperature and drying time are
two experimental design variables represented by T and T5, respectively.

Table 3. Design matrix and response value for MC and WI tests.

Response Response Response
Sample Sample Sample
MC (%) WI MC (%) WI MC (%) WI

Al 13.21 83.17 B1 13.58 80.28 C1 9.51 90.98
A2 13.12 83.53 B2 13.78 79.86 C2 9.26 91.45
A3 12.82 83.06 B3 14.07 80.59 C3 9.88 91.18
A4 12.46 83.81 B4 14.03 80.78 C4 9.57 91.35
A5 12.75 83.36 B5 13.62 81.05 C5 9.21 91.82
A6 13.04 83.44 B6 13.56 80.38 Cé6 9.14 90.87
A7 12.33 82.68 B7 13.15 79.41 c7 9.18 90.04
A8 12.48 82.53 B8 13.78 79.78 C8 9.45 90.25
A9 12.87 82.15 B9 13.26 79.21 c9 9.52 90.14
A10 10.07 83.44 B10 10.64 80.55 C10 6.22 91.42
All 10.13 83.65 B11 10.72 80.22 C11 6.51 91.57
Al12 10.28 83.37 B12 10.56 80.78 C12 6.62 91.32
Al13 13.23 82.13 B13 14.07 79.24 C13 9.58 90.22
Al4 13.27 82.17 B14 13.94 79.18 C14 10.02 90.18
Al5 13.39 82.15 B15 14.12 79.28 C15 9.65 90.13
Al6 10.84 83.29 Bl6 11.62 80.57 C16 7.23 90.82
Al17 11.13 83.36 B17 11.86 80.45 C17 7.61 91.46
Al8 10.72 83.29 B18 11.82 80.45 C18 7.78 91.62
Al19 13.32 84.05 B19 14.35 81.13 C19 9.88 92.25
A20 12.88 84.05 B20 14.42 81.27 C20 10.13 91.72
A21 12.86 84.14 B21 14.56 81.15 C21 9.96 92.07
A22 10.82 83.07 B22 11.42 80.22 C22 7.34 91.58
A23 11.12 83.18 B23 11.74 80.21 C23 7.52 91.62
A24 11.07 83.24 B24 11.66 80.24 C24 7.65 91.46
A25 11.15 80.56 B25 11.58 78.16 C25 7.45 88.87
A26 11.12 80.83 B26 11.85 77.58 C26 7.45 89.17
A27 11.18 80.62 B27 11.75 77.95 Cc27 8.06 88.72
A28 11.55 80.91 B28 11.52 77.92 C28 7.73 88.56
A29 11.07 81.14 B29 12.03 77.72 C29 7.65 88.58
A30 11.12 80.71 B30 11.72 77.67 C30 7.58 88.61
A31 11.26 80.48 B31 11.73 77.71 C31 8.16 89.15
A32 10.83 81.06 B32 11.52 77.76 C32 7.86 88.68
A33 11.34 81.20 B33 12.07 77.74 C33 7.72 88.70
A34 10.83 80.61 B34 11.54 77.62 C34 7.61 88.64
A35 10.84 80.76 B35 11.07 77.67 C35 8.03 88.61
A36 10.87 80.82 B36 11.87 77.81 C36 7.54 88.82
A37 1091 81.18 B37 11.74 77.80 C37 7.56 89.12
A38 11.12 80.59 B38 11.63 78.24 C38 7.87 88.68
A39 11.14 80.61 B39 11.56 78.06 C39 7.94 88.94
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3.1. Statistical Analysis of MC

According to the results of the ANOVA shown in Table 4, all of the primary factors
(T71 and T») are highly significant at a p-value of 0.000. The coefficients of determination
(RZ) of the samples with pretreatments A, B, and C, respectively, are 0.9624, 0.9713, and
0.9648. They indicate that the MC in each sample A, B, and C is correlated to T7 and T,
by 96.24%, 97.13%, and 96.48%, respectively. If R2 equals 1, it indicates that the regression
coefficient model can predict the optimal value with a high degree of accuracy. The p-value
obtained for the lack of fit test was not statistically significant for all pretreatment samples.
The high value of the regression and the statistically insignificant lack of fit indicate that
the model fits the data well when it is applied.

Table 4. MC for different T and T5.

Sum of Mean Standard

. . . 2 2 .
Source Notation Squares Square Coefficient Error P R R# (adj)
Pretreatment A
Constant 11.0887 0.0560 0.000
Temperature T 13.93 13.93 —0.7618 0.0443 0.000
Time Ty 13.20 13.20 —0.7415 0.0443 0.000
Temperaturestime T1*T, 3.31 331 ~0.5250 0.0626 0.000 0.9624 09567
Temperaturextemperature T1*Tq 5.71 5.71 0.5230 0.0475 0.000
Timextime T,*T, 4.82 4.82 0.4805 0.0475 0.000
Lack of fit 0.2347 0.0782 0.172
Error 1.32 0.0440
Total 41.30
Pretreatment B
Constant 11.6787 0.0572 0.000
Temperature Ty 13.72 13.72 —0.7562 0.0453 0.000
Time T, 21.22 21.22 —0.9402 0.0453 0.000
Temperaturetime T1*T, 5.40 5.40 —0.6708 0.0640 0.000 0.9713 09669
Temperaturextemperature T1*Tq 7.41 7.41 0.5959 0.0485 0.000
Timextime T,*T, 8.98 8.98 0.6559 0.0485 0.000
Lack of fit 0.1800 0.0600 0.310
Error 1.44 0.0481
Total 56.47
Pretreatment C
Constant 7.7473 0.0573 0.000
Temperature T1 14.89 14.89 —0.7878 0.0453 0.000
Time T, 16.04 16.04 —0.8175 0.0453 0.000
Temperaturestime T,*T, 543 543 —0.6725 0.0640 0.000 0.9648 0.9595
Temperaturextemperature T1*Tq 4.10 4.10 0.4430 0.0485 0.000
Timextime T,*T, 5.09 5.09 0.4938 0.04854 0.000
Lack of fit 0.0955 0.0318 0.604
Error 1.53 0.0509
Total 46.12
Factor interactions (T7*T,) and all squared terms (T1*I'1 and T *T,) are statistically
significant at a p-value less than 0.050. Due to the largest absolute coefficient value, primary
factors (T; and T») are seen to have the highest impact on the response for all sample
pretreatments. The significant (p-value 0.000) squared term indicates that the interaction
between factors and responses follows a curved line. The Equations (4)-(6) present the
regression coefficient model of pretreatments A, B, and C, respectively, for the several
variables that contribute to the MC of cassava flour:
Ypce = 11.0887 — 0.7618(Ty) — 0.7415(T5) + 0.5230(T1)2 + 0.4805(]“2)2 —0.5250(Ty ) (T3) 4)
Yyme = 11.6787 — 0.7562(Ty ) + 0.9402(Ty) + 0.5959(7"1)2 + 0.6559(T2)2 —0.6708(T)(T») 5)

Yaic = 7.7473 — 0.7878(Ty) + 0.8175(Ty) + 0.4430(Ty )* + 0.4938(Ty)* — 0.6725(T; ) (T») (6)
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Pretreatment A - MC (%)

where Yc represents MC as the response, whereas T and T3 are the temperature and
drying time, respectively. This mathematical model can be used to determine and assess
the impact of variables on the MC of cassava flour.

3.2. Effect of Factors on MC

The impact of T1 and T, on the MC of cassava flour was determined using ANOVA
and regression coefficient models based on statistical analysis. Figure 1 illustrates the effect
of temperature and drying time on the MC of cassava flour with a 3D surface graph. Drying
conditions with low MC were detected at drying temperatures of 70 °C for 10 h for all
pretreated samples. The lowest observed concentration of MC in cassava flour treated with
C was 6.22%. Temperature and time are among the most critical elements that directly
influence the drying kinetics during thermal drying.

S
LA L7 T TR
£

L7
S Nl

A

S Pl AT "'*"..

TS
L AL T
A.OAO‘..!'.'.'{’A.

Pretreatment B - MC (%)

S Vi
AT AT T T .

L .

S s ‘72
SLALL T

Pretreatment C - MC (%)

T2: drying time (hours)

(0)

Figure 1. Response surface plot for MC of cassava flour with pretreatment (a) A; (b) B; (c) C. The
blue, green, yellow, and red colors on the surface represent the gradient range from the lowest to the
greatest response value, respectively. The red dot represents the response value above the surface,
while the pink dot represents the response value below the surface.

Blanching is accomplished by applying an instant and modest thermal treatment to
the sample. Enzymatic inactivation, physical structure alteration, and flavor and nutritional
content preservation are all targets [26,27]. The serial soaking—blanching-boiling of cassava
chips produced a higher drying rate and lower moisture desorption [27]. The MC of
cassava flour ranged from 10.07% to 13.29% in samples with pretreatment A, between
11.07% and 14.07% in samples with pretreatment B, and between 6.22% and 10.13% in
samples with pretreatment C. The MC of samples prepared with blanching was higher
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than that of samples not pretreated with blanching under the same drying conditions.
This phenomenon arises due to the fact that blanching promotes starch gelatinization
and that during the subsequent drying process, a barrier layer forms on the surface of
the sample, which minimizes the amount of water that is transferred from the sample
to the atmospheric air [28,29]. Ai et al. [30] also reported that higher heating slowed the
drying process and lengthened the dehydration period. Similar findings were discovered by
Chen et al. [31], who discovered that the MC in unblanched samples of yam flour was lower
than blanched samples of the flour. They found that the water-binding capacity (WBC)
value of the blanched samples was higher compared to the unblanched samples of yam
flour. According to Tacer-Caba et al. [32], higher blanching temperatures and other thermal
operations lead to a greater degree of starch gelatinization. The degree of gelatinization and
starch fragmentation are the two most important factors influencing WBC [33].

Figure 2 depicts a microscopic picture of the A, B, and C samples, which were pro-
cessed at 70 °C for 10 h. Oval and spherical granules were observed in samples treated
with C. The sample granules that followed the blanching procedure presented a variety of
forms and sizes, with some of them having been gelatinized. The granules represented in
Figure 2c are non-gelatinized and relatively homogeneous in size and shape. Figure 2a,b
show some of the granules that have been gelatinized into enormous masses with block-like
and irregular structures as well as voids and rough surfaces. These results are the conse-
quence of the partial gelatinization and subsequent retrogradation of starch appearing to
be held together by binding factors such as water and gelatinized starch [34,35].

(a)

(b) (c)

Figure 2. Microstructure of cassava flour with pretreatment: (a) A; (b) B; and (c) C at 1000 x magnifi-
cation after being dried at 70 °C for 10 h.

3.3. Statistical Analysis of WI

As can be seen in Table 5 of the results of the analysis of variance (ANOVA), the
findings revealed that all of the primary factors (T and T;) were extremely significant with
a p-value of 0.000. The coefficients of determination of the samples with pretreatments A, B,
and C, respectively, are 0.9774, 0.9772, and 0.9657. They indicate that the WI in each sample
A, B, and C is correlated to T1 and Ty by 97.74%, 97.72%, and 96.57%, respectively. If the
value of R? is 1.0000, then this can be taken as the ability of the regression coefficient model
to accurately predict the optimum value.

Factor interactions (T1*T7) and all squared components (T1*T; and T,*T,) are statisti-
cally significant at a p-value less than 0.050. The squared factors (T1*T7 and T»*T5) had the
most impact on the response, as indicated by the highest absolute coefficient value of 0.9171
to 1.4396. T1*T; obtained a p-value of 0.003, 0.029, and 0.004, respectively, for the samples
with pretreatment A, B, and C for the interaction between the two factors, indicating that
there is a significant association between the two factors. The squared term reveals that the
relationship between the factors and the responses forms a curved line, and its significance
is demonstrated by the fact that the p-value is less than 0.050. The regression coefficient
model for the parameters influencing the WI of cassava flour is shown in Equations (7)—(9)
for the sample with pretreatments A, B, and C, respectively.
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Table 5. WI for different T; and T5.
Source Notation SS um of Mean Coefficient Standard p R? R? (adj)
quares Square Error
Pretreatment A
Constant 80.8053 0.0529 0.000
Temperature T1 3.29 3.29 0.3702 0.0418 0.000
Time T> 1.73 1.73 —0.2683 0.0418 0.000
Temperaturestime )T, 0.4219 0.4219 0.1875 0.0592 0.003 09774 09739
Temperaturextemperature T1*Tq 19.42 19.42 0.9646 0.0449 0.000
Timextime T2*Ty 41.47 41.47 1.4096 0.0449 0.000
Lack of fit 0.1154 0.0385 0.449
Error 1.27 0.0424
Total 61.24
Pretreatment B
Constant 77.8273 0.0547 0.000
Temperature T4 413 413 0.4150 0.0432 0.000
Time Tp 2.08 2.08 —0.2942 0.0432 0.000
Temperaturetime T1*T, 0.2324 0.2324 0.1392 0.0611 0.029 0.9772 09737
Temperaturextemperature T1*T 21.15 21.15 1.0068 0.0463 0.000
Timextime T>*T, 42.53 42.53 1.4276 0.0463 0.000
Lack of fit 0.0798 0.0266 0.639
Error 1.40 0.0466
Total 64.75
Pretreatment C
Constant 88.79 0.0656 0.000
Temperature Ty 3.43 3.43 0.3782 0.0519 0.000
Time T 0.9848 0.9848 —0.2026 0.0519 0.004
Temperaturestime T,*T, 0.9919 0.9919 0.2875 0.0734 0.004 09657 0.9605
Temperaturextemperature T1*Tq 17.55 17.55 0.9171 0.0556 0.000
Timextime T,*T, 43.25 43.25 1.4396 0.0556 0.000
Lack of fit 0.3597 0.1199 0.130
Error 1.77 0.0591
Total 62.08
Yivr = 80.8053 + 0.3702(Ty ) — 0.2683(T5) + 0.9646(Ty)? + 1.4096(T)* + 0.1875(Ty ) (T») @)
Yy = 77.8273 4 0.4150(Ty ) — 0.2942(T,) + 1.0068(Ty)? + 1.4276(T»)* + 0.1392(Ty ) (T») ®)
Yy = 88.79 4 0.3782(Ty ) — 0.2026(Ty) + 0.9171(Ty)? + 1.4396(T)? + 0.2875(T; ) (T») )

Ywr represents the response for WI, whereas T and T, represent the temperature and
drying time, respectively. Calculating and analyzing the influence of various factors on the
WI of cassava flour is possible with the help of these regression coefficient models. The
mathematical model demonstrates that the p-value of the lack of fit test and the regression
value of the model are progressively high and insignificant. The non-significant lack of fit
and high regression value indicate that the implemented model is well-fitting.

3.4. Effect of Factors on WI

In terms of customer preference for the physical quality of food, color is a cru-
cial component, particularly with regard to flour-based products. Morrot et al. and
Zellner & Durlach [36,37] reported that drying circumstances altered the color of various
agricultural products. Temperature and drying time are responsible for the discoloration
caused by thermal and oxidation reactions during drying [38—40].

Cassava flour with acceptable physical and color qualities is white flour. Akintunde
and Tunde-Akintunde [41] similarly reported low a* values (—0.07-7.50) and b* values
(4.92-8.99) and high L* values (52-80.02) for cassava starch and yam flour, which is consis-
tent with the findings of this study. However, the modest variances in L*, a*, and b* values
can be related to changes in the varieties that were utilized and the drying procedures that
were used. WI reflects the degree of whiteness of food products and the extent of color
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Pretreatment A - Wi

T2: drying time (hours)

transformation during food processing [42]. The analysis of the 3D surface graph depicting
variations in WI angles under different drying conditions of flour indicates that cassava
drying at the temperatures and time ranges used in this study can assist in preserving the
color of cassava flour, thereby increasing consumer acceptance, utilization, and application
in the food industry.

Figure 3 depicts the 3D surface graphs illustrating the impact of T; and T, on WL
The WI of cassava flour ranged from 80.48 to 84.05 in samples with pretreatment A, be-
tween 77.62 and 81.27 in samples with pretreatment B, and between 88.56 and 92.07 in
samples with pretreatment C. The highest WI values were found in samples pretreated
with C that dried at 60 °C for 3.96 h. This could imply that blanching cassava tubers
for 5 min at 80 = 2 °C in hot water was sufficient to drive an increasing non-enzymatic
browning reaction. Quayson et al. [43] reported that non-enzymatic browning intensi-
ties of yam decreased as soaking time increased. They also discovered that as blanching
time increased, non-enzymatic browning levels increased. According to a study done by
Sanful et al. [44], samples that were not pretreated showed higher L* values than those that
had been blanched in yam flour. Figure 4 displays the cassava flour produced under drying
conditions of 70 °C for 10 h. As seen in the picture, cassava flour treated with pretreatment
C is whiter than cassava flour treated with pretreatments A and B. The photos represent the
WI value, which indicates that cassava flour with pretreatment C has the highest WI value
among the others.

>

AL
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LIS 7 7%

/7
7/
77

o
()

Pretreatment B - W1

Pretreatment C - W1

T2: drying time (hours)

Figure 3. Response surface plot for WI of cassava flour with pretreatment (a) A; (b) B; (c) C. The
blue, green, yellow, and red colors on the surface represent the gradient range from the lowest to the
greatest response value, respectively. The red dot represents the response value above the surface,
while the pink dot represents the response value below the surface.
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Figure 4. The pretreated cassava flour after being dried at 70 °C for 10 h.

3.5. Optimization of MC and WI

The optimization process was conducted to determine the optimal temperature and
drying time for producing cassava flour with the lowest MC and highest WI values. All
factors were within the workable range because the desired composite value, D, was
calculated to be close to 1. The D values of cassava flour with pretreatments A, B, and C,
respectively, were 0.90, 0.89, and 0.89. Figure 5 displays the cassava flour optimization
plot for all pretreated cassava flour. The optimal values for Ty and T for all pretreated
cassava flour were 70 °C and 10 h, respectively. Cassava flour with pretreatment A had
an MC of 10.06% and a WI of 83.47 in the optimum drying parameters, whereas cassava
flour with pretreatment B had an MC of 10.63% and a WI of 80.52. Cassava flour with
pretreatment C had the lowest MC (6.41%) and the highest WI (91.61) compared to the
other pretreatments in the optimum drying conditions. These findings are consistent with
those obtained in other investigations, which found a minimum MC and maximum WI in
each type of processed cassava flour. Omolola et al. [18] reported that the WI and L* of the
cassava flour samples were relatively high. Flour typically has an MC of less than 12% [45].
Furthermore, a low moisture content is required to limit microbial growth in food [46].

Ty: Drying time (hours) Ty: Drying time (hours) Ty: Drying temperature (C)
65 70 s 6 7 8 9 10 50 S5 60 65 70 S 6 7 8 9 10 50 S5 60 65 70 s
1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ty: Drying temperature (C)
7 8 9 10

T2: Drying time (hours)
6
T Y T S|

Pretreatment A Pretreatment B Pretreatment C

Figure 5. Optimization plot for the optimum T; and T».
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3.6. Experimental Verification

Experimental verification is the final phase in the modelling procedure and is used
to check that the predicted model (the regression coefficient model) is accurate [47]. The
experiment was conducted under optimal conditions derived from the optimization plot,
with three replicates of each sample. According to the data presented in Table 6, the
mean relative deviations for MC and WI were, respectively, 1.48% and 0.12% for samples
that had been subjected to pretreatment A; 1.48% and 0.16% for samples that had been
subjected to pretreatment B; and 1.29% and 0.16% for samples that had been subjected to
pretreatment C. By comparing the experimental (actual) value to the predicted figures, this
verifies the predictability of the model and indicates that the RSM-based empirical model
can accurately explain the correlation between the variables and the goal response, thereby
successfully confirming the optimal process conditions. The MC of cassava flour samples
processed under varied drying validation conditions ranged from 7.43% to 10.50%, whereas
WI values ranged from 80.38 to 91.83. According to Onitilo et al. [48], the percentage MC of
cassava flour ranges from 3.59% to 11.53%, and these results fall within that range. Similarly,
the WI follows the same pattern as the L* value. Omolola et al. [18] recorded cassava flour
WI values between 82.88 and 89.42.

Table 6. Experiment Verification.

MC (%) WI
Sample . Relative . Relative
Predicted Actual Deviation (%) Predicted Actual Deviation (%)

Pretreatment A
AV1 10.06 10.12 0.59 83.47 83.62 0.18
AV2 10.06 10.23 1.68 83.47 83.35 0.14
AV3 10.06 10.28 2.16 83.47 83.43 0.05
Mean 1.48 Mean 0.12

Pretreatment B
BV1 10.56 10.36 1.91 80.52 80.68 0.20
BV2 10.56 10.71 1.68 80.52 80.38 0.17
BV3 10.56 1047 2.16 80.52 80.61 0.11
Mean 1.48 Mean 0.16

Pretreatment C
CV1 6.41 6.37 0.63 91.61 91.42 0.21
CV2 6.41 6.54 2.01 91.61 91.57 0.04
CV3 6.41 6.49 1.24 91.61 91.83 0.24
Mean 1.29 Mean 0.16

3.7. Contour Plots Superimposition

The superimposition of contour plots is the approach used to plot overlay graphs for
diverse response surfaces. This technique is superior to the conventional OFAT approach,
which does not account for the interaction between the selected variables and involves
complex experiments [49]. The overlay contour plot functions as a convenient template
for evaluating the response for every given factor value within the defined range. The
optimal range of achievable drying settings for pretreating cassava flour is represented
in Figure 6. Based on the contour plots that were superimposed, the ideal range for the
minimum MC values and the maximum WI values was determined to be 70 °C and 10 h
for all pretreatments. The grey areas represent the optimal drying area for all pretreated
cassava flour samples.
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Figure 6. Superimposition of the contour plots for the optimum drying conditions for cassava flour
with (a) A, (b) B, and (c) C pretreatments.

4. Conclusions

The impact of temperature and drying time on the moisture content and whiteness
index of each pretreated cassava flour has been examined. Temperature and drying time
had a substantial impact on pretreated cassava flour’s MC and WI, as shown by statistical
analysis utilizing RSM and CCD. In all experimental designs, the lowest MC of cassava
flour was between 6.22% and 11.07%, whereas the greatest observed WI in cassava flour
ranged from 72.62 to 92.67 in all pretreated cassava flour samples. The microstructure
revealed that the highest MC sample featured starch gelatinization, and a barrier layer
formed on the surface of the sample during the drying process. The thermal processing of
cassava tubers led to a greater degree of starch gelatinization.

The constructed prediction models, or the regression coefficient models, proved to be
highly accurate. The superimpositions of the contour plots were successfully expanded
to pinpoint the optimum area of drying parameters for the minimum MC and maximum
WI values, which were identified under process conditions of 70 °C and a drying duration
of 10 h for all pretreated cassava flour samples. According to the validation results, the
average relative deviation for the MC and WI ranged from 0.12% to 1.48%.
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There are a number of possible research projects that have been explored, including
the cassava flour drying kinetics model. Furthermore, studies on the interaction between
pretreatment and drying conditions, in addition to other drying methods, have the potential
to increase the quality of cassava flour.

Author Contributions: Conceptualization, E.A.N. and K.U.; methodology, E.A.N.; software, E.AN.;
validation, E.A.N., ].B. and K.U.; formal analysis, E.A.N.; investigation, E.A.N.; resources, E.A.N.;
data curation, E.A.N.; writing—original draft preparation, E.A.N.; writing—review and editing,
E.A N, ].B. and K.U,; visualization, E.A.N.; supervision, ].B. and K.U.; project administration, J.B. and
K.U; funding acquisition, ].B. and K.U. All authors have read and agreed to the published version of
the manuscript.

Funding: The study was supported by the Internal Grant Agency (IGA) of the Faculty of Tropical
AgriSciences, Czech University of Life Sciences [grant number IGA20223109].

Data Availability Statement: Data are contained within the article.

Acknowledgments: The authors thankfully acknowledge the laboratory facilities of the Faculty of
Biotechnology, Institut Teknologi Del for this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. DTP. Laporan Tahunan Tahun 2020; Direktorat Jenderal Tanaman Pangan: Daerah Khusus Ibukota Jakarta, Indonesia, 2020.

2. FAOSTAT. Crops and Livestock Products. In Statistics Division Food and Agriculture Organization of the United Nations; FAOSTAT:
Rome, Italy, 2020. Available online: https://www.fao.org/faostat/en/#data/QCL (accessed on 10 October 2022).

3. Maieves, H.A.; Oliveira, D.C.; De Bernardo, C.; Miiller, CM.D.O.; Amante, E.R. Microscopy and texture of raw and cooked
cassava (manihot esculenta crantz) roots. J. Texture Stud. 2012, 43, 164-173. [CrossRef]

4.  Montagnac, J.A.; Davis, C.R.; Tanumihardjo, S.A. Nutritional value of cassava for use as a staple food and recent advances for
improvement. Compr. Rev. Food Sci. Food Saf. 2009, 8, 181-194. [CrossRef] [PubMed]

5. Cazumba da Silva, I.R.; de Cardoso, R.C.V.; Gées, J.A.W.; Druzian, J.I.; Vidal Junior, PO.; de Andrade, A.C.B. Food safety in
cassava “flour houses” of Copioba Valley, Bahia, Brazil: Diagnosis and contribution to geographical indication. Food Control 2017,
72,97-104. [CrossRef]

6. Salcedo, A. Insights into the Physiological, Biochemical and Molecular Basis of Postharvest Deterioration in Cassava (Manihot
esculenta) Roots. Am. J. Exp. Agric. 2011, 1, 414-431. [CrossRef]

7. Sowmyapriya, S. Assessment of Biochemical Changes during Postharvest Physiological Deterioration in Cassava Tubers. Int. |.
Pure Appl. Biosci. 2017, 5, 732-739. [CrossRef]

8. Akubor, PI. Effect of ascorbic acid and citric acid treatments on the functional and sensory properties of yam flour. Int. |. Agric.
Policy Res. 2013, 1, 103-108.

9. Buckman, E.; Plahar, W.; Oduro, L.; Carey, E. Effects of Sodium Metabisulphite and Blanching Pretreatments on the Quality
Characteristics of Yam Bean (Pachyrhizus erosus) Flour. Br. J. Appl. Sci. Technol. 2015, 6, 138-144. [CrossRef]

10. Ngoma, K; Mashau, M.E.; Silungwe, H. Physicochemical and Functional Properties of Chemically Pretreated Ndou Sweet Potato
Flour. Int. ]. Food Sci. 2019, 2019, 4158213. [CrossRef]

11. Ulfa, Z,; Julianti, E.; Nurminah, M. Effect of pre-treatment in the production of purple-fleshed sweet potato flour on cookies
quality. IOP Conf. Ser Earth Environ. Sci. 2019, 260, 012095. [CrossRef]

12. Coelho, D.G.; de Andrade, M.T.; de Mélo Neto, D.F,; Ferreira-Silva, S.L.; do Simodes, A.N. Escurecimento em mandioca de mesa
minimamente processada com uso de antioxidantes e revestimento de amido. Rev. Caatinga 2017, 30, 503-512. [CrossRef]

13. Coelho, D.G.; Fonseca, K.S.; de Mélo Neto, D.E; de Andrade, M.T.; Junior, L.E.C.; Ferreira-Silva, S.L.; Simoes, A.D.N. Association
of preharvest management with oxidative protection and enzymatic browning in minimally processed cassava. J. Food Biochem.
2019, 43, e12840. [CrossRef]

14. Box, G.E.P; Wilson, K.B. On the Experimental Attainment of Optimum Conditions. J. R. Stat. Soc. Ser. B 1951, 13, 1-38. [CrossRef]

15.  Khuri, A.I; Mukhopadhyay, S. Response surface methodology. Wiley Interdiscip. Rev. Comput. Stat. 2010, 2, 128-149. [CrossRef]

16. Myers, R.H.; Montgomery, D.C.; Anderson-Cook, C.M. Response Surface Methodology: Process and Product Optimization Using
Designed Experiments; Wiley and Sons Inc.: Hoboken, NJ, USA, 2016.

17.  Pornpraipech, P.; Khusakul, M.; Singklin, R.; Sarabhorn, P.; Areeprasert, C. Effect of temperature and shape on drying performance
of cassava chips. Agric. Nat. Resour. 2017, 51, 402-409. [CrossRef]

18.  Omolola, A.O.; Kapila, P.F.; Anyasi, T.A,; Jideani, A..O.; Mchau, G.A. Optimization of Color and Thermal Properties of Sweet

Cassava (Manihot esculenta Crantz Var. UVLNR 0005) Flour Using Response Surface Methodology. Asian J. Agric. Res. 2017,
11, 57-65. [CrossRef]


https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.1111/j.1745-4603.2011.00327.x
https://doi.org/10.1111/j.1541-4337.2009.00077.x
https://www.ncbi.nlm.nih.gov/pubmed/33467798
https://doi.org/10.1016/j.foodcont.2016.07.034
https://doi.org/10.9734/AJEA/2011/784
https://doi.org/10.18782/2320-7051.2514
https://doi.org/10.9734/BJAST/2015/14773
https://doi.org/10.1155/2019/4158213
https://doi.org/10.1088/1755-1315/260/1/012095
https://doi.org/10.1590/1983-21252017v30n226rc
https://doi.org/10.1111/jfbc.12840
https://doi.org/10.1111/j.2517-6161.1951.tb00067.x
https://doi.org/10.1002/wics.73
https://doi.org/10.1016/j.anres.2017.12.004
https://doi.org/10.3923/ajar.2017.57.65

Foods 2023, 12,2101 150f 16

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Udoro, E.O.; Anyasi, T.A.; Jideani, A.I.O. Interactive Effects of Chemical Pretreatment and Drying on the Physicochemical
Properties of Cassava Flour Using Response Surface Methodology. Int. J. Food Sci. 2020, 2020, 7234372. [CrossRef]

Savas, E. The Modelling of Convective Drying Variables’ Effects on the Functional Properties of Sliced Sweet Potatoes. Foods 2022,
11, 741. [CrossRef]

Senevirathna, S.S.J.; Ramli, N.S.; Azman, E.M.; Juhari, N.H.; Karim, R. Optimization of the drum drying parameters and citric
acid level to produce purple sweet potato (Ipomoea batatas L.) powder using response surface methodology. Foods 2021, 10, 1378.
[CrossRef]

Tabaraki, R.; Nateghi, A. Optimization of ultrasonic-assisted extraction of natural antioxidants from rice bran using response
surface methodology. Ultrason. Sonochem. 2011, 18, 1279-1286. [CrossRef]

BLP. Processing of Cassava Flour and Tapioca. Badan Litbang Pertanian, Agroinovasi. Published. 2011. Available online:
http:/ /www.litbang.pertanian.go.id/ (accessed on 15 October 2022).

Association of Official Analytical Chemists. Official Methods of Analysis, 17th ed.; AOAC: Arlington, VA, USA, 2000.

Torbica, A.; Hadnadev, M.; Dapcevi¢, H.T. Rice and buckwheat flour characterisation and its relation to cookie quality. Food Res.
Int. 2012, 48, 277-283. [CrossRef]

Birch, G.G.; Blakebrough, N.; Parker, K.J. Enzymes and Food Processing; Springer: Dordrecht, The Netherlands, 2012. [CrossRef]
State, O. Modeling of hot-air drying of pretreated cassava chips. Agric. Eng. Int. CIGR J. 2010, 12, 34-41.

Xiao, H.W.; Yao, X.D.; Lin, H.; Yang, W.X.; Meng, ].S.; Gao, Z.]. Effect of SSB (Superheated Steam Blanching) time and drying
temperature on hot air impingement drying kinetics and quality attributes of yam slices. J. Food Process. Eng. 2012, 35, 370-390.
[CrossRef]

Fernandez, C.; Alvarez, M.D.; Canet, W. The effect of low-temperature blanching on the quality of fresh and frozen/thawed
mashed potatoes. Int. |. Food Sci. Technol. 2006, 41, 577-595. [CrossRef]

Ai, Z.; Xie, Y.; Li, X.; Lei, D.; Ambrose, K,; Liu, Y. Revealing color change and drying mechanisms of pulsed vacuum steamed
Cistanche deserticola through bioactive components, microstructural and starch gelatinization properties. Food Res. Int. 2022,
162,112079. [CrossRef] [PubMed]

Chen, X,; Ly, J.; Li, X.; Wang, Y.; Miao, J.; Mao, X.; Zhao, C.; Gao, W. Effect of blanching and drying temperatures on starch-related
physicochemical properties, bioactive components and antioxidant activities of yam flours. LWT 2017, 82, 303-310. [CrossRef]
Tacer-Caba, Z.; Nilufer-Erdil, D.; Boyacioglu, M.H.; Ng, PK.W. Evaluating the effects of amylose and Concord grape extract
powder substitution on physicochemical properties of wheat flour extrudates produced at different temperatures. Food Chem.
2014, 157, 476-484. [CrossRef]

Rayas-Duarte, P.; Majewska, K.; Doetkott, C. Effect of extrusion process parameters on the quality of buckwheat flour mixes.
Cereal Chem. 1998, 75, 338-345. [CrossRef]

Dhanalakshmi, K.; Bhattacharya, S. Agglomeration of turmeric powder and its effect on physico-chemical and microstructural
characteristics. J. Food Eng. 2014, 120, 124-134. [CrossRef]

Kuttigounder, D.; Lingamallu, J.R.; Bhattacharya, S. Turmeric Powder and Starch: Selected Physical, Physicochemical, and
Microstructural Properties. J. Food Sci. 2011, 76, C1284—-C1291. [CrossRef]

Morrot, G.; Brochet, F.; Dubourdieu, D. The color of odors. Brain Lang. 2001, 79, 309-320. [CrossRef]

Zellner, D.A.; Durlach, P. Effect of color on expected and experienced refreshment, intensity, and liking of beverages. Am. .
Psychol. 2003, 116, 633-647. [CrossRef]

Jimoh, K,; Olurin, T.O.; Aina, ].O. Effect of drying methods on the rheological characteristics and colour of yam flours. African J.
Biotechnol. 2009, 8, 2325-2328.

Omolola, A.O.; Jideani, A.I.O.; Kapila, PE; Jideani, V.A. Optimization of microwave drying conditions of two banana varieties
using response surface methodology. Food Sci. Technol. 2015, 35, 438—444. [CrossRef]

Thuwapanichayanan, R.; Prachayawarakorn, S.; Kunwisawa, J.; Soponronnarit, S. Determination of effective moisture diffusivity
and assessment of quality attributes of banana slices during drying. LWT 2011, 44, 1502-1510. [CrossRef]

Akintunde, B.; Tunde-Akintunde, T. Effect of drying method and variety on quality of cassava starch extracts. Afr. J. Food Agric.
Nutr. Dev. 2013, 13, 8351-8367. [CrossRef]

Anyasi, T.A.; Jideani, A.1.O.; McHau, G.R.A. Effect of organic acid pretreatment on some physical, functional and antioxidant
properties of flour obtained from three unripe banana cultivars. Food Chem. 2015, 172, 515-522. [CrossRef]

Quayson, E.T.; Ayernor, G.S.; Johnson, PN.T.; Ocloo, E.C.K. Effects of two pre-treatments, blanching and soaking, as processing
modulation on non-enzymatic browning developments in three yam cultivars from Ghana. Heliyon 2021, 7, €07224. [CrossRef]
Sanful, R.E.; Oduro, L; Ellis, W.O. Effects of pre-treatment and drying methods on the pasting characteristics, amylose content
and colour of Aerial Yam (Dioscorea bulbifera) flour. Int. J. Food Sci. Nutr. 2017, 2, 23-28.

Adedeji, O.; Jegede, D.; Abdulsalam, K.; Umeohia, U.; Ajayi, O.; Iboyi, ]. Effect of Processing Treatments on the Proximate,
Functional and Sensory Properties of Soy-Sorghum-Roselle Complementary Food. Br. J. Appl. Sci. Technol. 2015, 6, 635-643.
[CrossRef]

Makinde, EM.; Ladipo, A.T. Physico-chemical and microbial quality of sorghum-based complementary food enriched with
soybean (Glycine max) and sesame (Sesamum indicum). J. Food Technol. 2012, 10, 46—49. [CrossRef]

Thacker, B.H.; Doebling, S.W.; Hemez, EM.; Anderson, M.C.; Pepin, J.E.; Rodriguez, E. Concepts of Model Verification and Validation;
Los Alamos National Lab.: Los Alamos, NM, USA, 2002.


https://doi.org/10.1155/2020/7234372
https://doi.org/10.3390/foods11050741
https://doi.org/10.3390/foods10061378
https://doi.org/10.1016/j.ultsonch.2011.05.004
http://www.litbang.pertanian.go.id/
https://doi.org/10.1016/j.foodres.2012.05.001
https://doi.org/10.1007/978-94-011-6740-6
https://doi.org/10.1111/j.1745-4530.2010.00594.x
https://doi.org/10.1111/j.1365-2621.2005.01119.x
https://doi.org/10.1016/j.foodres.2022.112079
https://www.ncbi.nlm.nih.gov/pubmed/36461329
https://doi.org/10.1016/j.lwt.2017.04.058
https://doi.org/10.1016/j.foodchem.2014.02.064
https://doi.org/10.1094/CCHEM.1998.75.3.338
https://doi.org/10.1016/j.jfoodeng.2013.07.024
https://doi.org/10.1111/j.1750-3841.2011.02403.x
https://doi.org/10.1006/brln.2001.2493
https://doi.org/10.2307/1423663
https://doi.org/10.1590/1678-457X.6700
https://doi.org/10.1016/j.lwt.2011.01.003
https://doi.org/10.18697/ajfand.60.9965
https://doi.org/10.1016/j.foodchem.2014.09.120
https://doi.org/10.1016/j.heliyon.2021.e07224
https://doi.org/10.9734/BJAST/2015/14707
https://doi.org/10.3923/jftech.2012.46.49

Foods 2023, 12, 2101 16 of 16

48. Onitilo, M.O.; Sanni, L.O.; Oyewole, O.B.; Maziya-Dixon, B. Physicochemical and functional properties of sour starches from
different cassava varieties. Int. J. Food Prop. 2007, 10, 607-620. [CrossRef]

49. Jampala, P,; Tadikamalla, S.; Preethi, M.; Ramanujam, S.; Uppuluri, K.B. Concurrent production of cellulase and xylanase from
Trichoderma reesei NCIM 1186: Enhancement of production by desirability-based multi-objective method. 3 Biotech 2017, 7, 14.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/10942910601048994
https://doi.org/10.1007/s13205-017-0607-y
https://www.ncbi.nlm.nih.gov/pubmed/28391478

	Introduction 
	Materials and Methods 
	Design of Experiment Based on RSM 
	Experiment Design 
	Raw Materials 
	Processing of Pretreated Cassava Flour 
	MC Analysis 
	Color Measurement 
	Microstructure Analysis 

	Results and Discussion 
	Statistical Analysis of MC 
	Effect of Factors on MC 
	Statistical Analysis of WI 
	Effect of Factors on WI 
	Optimization of MC and WI 
	Experimental Verification 
	Contour Plots Superimposition 

	Conclusions 
	References

