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In this study, the infuence of drying temperature and pretreatment on the drying kinetics and quality metrics of green banana
slices was investigated.Te present investigation included the drying of 4± 1mm green banana slices with potassiummetabisulfte
(KMS) at levels of 0 (control), 0.5%, 1%, and 1.5% in a tray dryer. A numerical optimization method was utilized to optimize the
drying rate, color, water activity, rehydration ratio, and attractiveness of the banana slices, using a variety of input factors such as
drying temperature and pretreatment. Te results revealed that the untreated samples and those treated with 1.0% and 1.5% KMS
required a longer drying time than the samples treated with 0.5% KMS. Te process parameters were optimized using response
surface methodology, adopting an I-optimal design for this investigation. Te best solution yielded a drying air temperature of
60.62°C and a pretreatment level of 0.786% KMS, resulting in a drying time of 346.28min, a color (L∗) value of 76.23, a water
activity (aw) of 0.299, and a rehydration ratio of 2.81. Similar outcomes were obtained when the optimized conditions were tested
and compared with experimental data using an experimental validation process.
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1. Introduction

Banana (Musa paradisiaca) is an herbaceous tropical plant
belonging to the Musaceae family. Among all fruits, bananas
are the most abundant, inexpensive, and nutrient-dense
[1–3]. Tey are widely regarded as the most important
tropical fruit in the global market, and people of all ages
enjoy them in various forms (both dried and fresh) [4]. Te
banana is the fourth most important crop in the world,
following rice, wheat, and maize. Besides this, postharvest
losses represent a major concern for green bananas due to
improper handling. As a perishable fruit, such losses can be

minimized through the processing of green bananas and
conversion of dried green bananas into various products
[5–7]. While processing fruits, preservation and processing
techniques become crucial. Tese techniques include can-
ning, frying, and drying, which encompasses methods such
as osmotic dehydration and convection drying. Drying is
regarded as the best method for preserving fresh produce, as
it reduces not only the volume of raw material but also its
weight. It involves reducing moisture to a predefned level
under controlled conditions through a simultaneous heat
and mass transfer process. Drying is one of the earliest
methods of preservation and is particularly suited for
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bananas because of its simplicity, afordability, and ease of
use [8]. Apart from these advantages, drying reduces the
weight of food, which lower costs associated with packing,
handling, storing, and shipping. It also facilitates handling
and processing procedures. A lower moisture content in-
creases shelf life and reduces postharvest losses [9, 10].
However, there are some disadvantages to drying, including
high energy cost, low efciency, and undesirable changes in
the fnal products.

Adding value is crucial for lowering losses and boosting
the economic benefts of green bananas. Both green and
mature bananas can be dried using various types of dryers,
including solar, mechanical, and sun drying methods.
However, the slow and uncontrolled nature of the solar
drying process can lead to a product with undesirable color,
texture, taste, and changing favors, signifcantly afecting
market acceptance. Over the years, several drying methods
have been developed. Hot air drying, whether in convec-
tional tray, cabinet, or vacuum dryers, is the most basic and
cost-efective method for dehydrating products. Pre-
treatments play an important role in food processing by
reducing the negative efects of drying, as suggested by some
researchers [11–13]. To improve the drying system, pre-
treatments are commonly used prior to hot air drying. An
appropriate pretreatment shortens processing times, con-
sumes less energy, and boosts the quality of fnal products.
Terefore, optimizing the drying processes is aimed at
minimizing these issues in order to accomplish rapid and
efcient drying.

Consumers prefer for dried fruit over fresh fruit,
according to several studies, and they try to fnd out the
factors infuencing their selection [14]. For the preparation
of green banana four, dried green banana slices are essential.
Te demand for green banana four is steadily increasing due
to its many health benefts. It contains diferent types of
starches, bioactive compounds, cellulose, phenolics, carot-
enoids, favonoids, and other phytochemicals. Dried green
banana slices are used in the preparation of various foods,
especially during fasting periods. Some researchers have
reported that people preferred dried foods for their con-
venience [14]. Preliminary studies showed that dried green
banana slices prepared without any pretreatment have
a shorter shelf life. Over time, the color of these slices fades,
changing from white to black. Furthermore, very few studies
are available on the optimization of dried green banana slices
using various pretreatments, and no material is available
pertaining to the Nendran variety. Preparing dried green
banana slices using a tray drier is a convenient and low-cost
method. Tis investigation focuses on improving the tray
drying of green banana slices, concentrating on drying time,
color, rehydration characteristics, and water activity.

Optimization is one of the most crucial elements of
drying technology. In order to have greater infuence over
the characteristics, productivity, and cost of the processes,
the parameters were optimized. Additionally, the consumer
demand for healthier products necessitates the modeling
and further improvement of drying conditions to reduce the
negative quality changes during the drying process. A set of
statistical and mathematical methods for creating empirical

models, collectively referred to as response surface meth-
odology (RSM), is becoming increasingly well known as an
efective strategy for process optimization and product
enhancement. In situations where an output or a response of
interest is impacted by several factors, RSM is regarded as
a valuable modeling and analytical tool [15, 16]. Tis ap-
proach has been extensively employed in the food processing
industry to optimize several processes, including enzymatic
hydrolysis, extraction, drying, blanching, and the generation
of microbial metabolites [17].

Te current research aims to establish optimal drying
conditions for producing dehydrated green banana slices.
Te study investigates how hot air temperature, pre-
treatment methods, and water activity afect the color, water
activity, rehydration ratio, and drying duration of green
banana slices. However, there is limited information
available regarding the drying temperature and pretreatment
of these slices. RSM is a robust and efective method for
determining the ideal circumstances to achieve desired re-
sults, optimizing numerous variables, andmodeling intricate
processes. It allows for precise control of the drying process,
minimizes the number of required tests, and ofers insightful
information into parameter interactions, all of which im-
prove product quality and lower costs. At present, there is no
specifc standard defned for assessing the quality of banana
varieties. Terefore, standardizing the drying procedure for
these varieties is vital to achieve the optimum drying con-
ditions for ultimate output in terms of quality aspects. Te
efectiveness of the drying process directly impacts the
product quality, nutrient retention, shelf life, energy ef-
ciency, and environmental sustainability of green banana
slices. Both major industrial companies and small-scale
businesses that wish to supply wholesome, high-quality
products while cutting waste and operating expenses must
use this approach. Tis study was conducted to investigate
variations in the drying behavior of the slices in relation to
factors such as drying time, water activity, color, and re-
hydration ratio. It also aims to maximize hot air drying
parameters, including temperature and pretreatment con-
centration, for infused green banana slices. Te main pa-
rameters of the experiment for hot air drying green banana
slices were optimized using the RSM approach.

2. Materials and Methods

Fresh green bananas, harvested at maturity stage 2 and
physiologically developed and farmed under the cv.Nendran
(variety), were sourced from the Savina market in Udaipur,
Rajasthan, India. Washing the bananas with running water
eliminated dust, grime, and other foreign particles. Figure 1
shows the process fowchart for the green banana slices.

2.1. Sample Preparation. Te green banana fruits were
peeled using a hand peeler, as there are no appropriate
machines available for peeling green bananas. Te peeled
bananas were then sliced longitudinally into pieces ap-
proximately 4± 0.5-mm thick using a hand slicer. A solution
of KMS at concentrations of 0.5%, 1.0%, and 1.5% was
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prepared [11, 18, 19]. After that, these slices were immersed
in the KMS solution for 10 minutes. A tray dryer was utilized
to dry the pretreated and control green banana slices at four
diferent temperatures: 40°C, 50°C, 60°C, and 70°C [20–22].

2.2. Drying Experiment. Afterward, a tray dryer (Figure 2)
was used to dry the control and pretreated green banana slice
samples (Make: Lab Line, Gujarat; Model: 12 TD, loading
density: 1.089 kg/m2, no. of heaters: 4, air velocity: 2.5m/s).
After approximately 30 minutes of adjustments to maintain
the desired temperature within the drying chamber, the drying
process for the banana slices commenced. Te slices were
spread out on a preweighed tray and placed into the tray dryer.

2.3. Response Surface Experimental Design. To produce dried
goods of superior quality, optimization techniques are fre-
quently used. Te RSM is an efective solution for process
optimization and product enhancement, which consists of
a set of statistical andmathematical technologies for empirical
modeling [23]. To achieve optimal system efectiveness and
dried product quality at an afordable price as well as time is
the aim of optimizing the food drying technique [16].

Design Expert Software Stat Ease v 11 is used to create
the experiments. Te design consists of two factors viz.
temperature (A) and pretreatment (B). Factor A has a range
from 40 to 70°C, while pretreatment was from 0% to 1.5%
KMS. In this design, a quadratic model with four levels for
each variable was utilized, as shown in Table 1. Te design
includes a total of 16 experimental runs.

Te numerical optimization system is applied to the
convective drying of green banana slices in order to optimize
a variety of input parameters such as drying temperature and
pretreatment, as well as optimize responses such as water
activity, color, and rehydration ratio.

2.4. Drying Characteristics

2.4.1. Moisture Content. Te moisture content of green
banana slices was determined by using the hot air oven
method. Te green banana slices were placed in a hot air
oven maintained at 105°C for 3 h. After 3 h, green banana
slices were weighted again to calculate moisture
content [24].

2.4.2. Moisture Ratio. Te moisture ratio is the ratio of the
initial moisture content to the moisture content at any given
time. Equation (1) was used to compute it as recommended
by [25]

MR �
M − Me

Mo − Me

, (1)

Green banana
fruit Washing

Drying of
slices

Peeling Peeled green
banana

Green
banana peel

Quality of
dried slices Pretreatment Slicing

4 mm

• 40°C
• 50°C
• 60°C
• 70°C

• Control
• 0.5% KMS
• 1.0% KMS
• 1.5% KMS

Optimization
using RSM

• Color
• Water activity
• Rehydration

ratio

Figure 1: Process fowchart for the preparation of green banana slices.

Figure 2: Experimental tray dryer.
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where M�moisture content at time, t (% db), Mo � initial
moisture content (% db), Me � equilibrium moisture con-
tent (% db).

For a longer drying time, M/Mo can be interpreted as the
moisture ratio since the equilibrium moisture (Me) content
is very small when compared to M and Mo.

2.4.3. Drying Rate. To determine the amount of moisture
lost from the banana slice samples during a certain time
period, the moisture content data collected throughout the
tests were examined. Te following mass balance equation
(equation (2)) was used to determine the drying rate of slices
of green banana pulp [4]:

R �
Weight of moisture loss

Time interval × DryMatter
, (2)

where R� drying rate, g, of moisture evaporated per g of
bone-dry matter per min, weight of moisture loss� initial
mass of sample–mass of sample after time, θ.

2.5. Quality Parameters

2.5.1. Water Activity. An automated device (Novasina—Lab
Swift-aw, Lachen, Switzerland) (Figure 3) was used to
measure the water activity of dried green banana pulp
slices [24].

2.5.2. Color. One of the most important qualitative factors
in determining whether customers will accept a product is its
color. Green banana slices were tested for color using
a Hunter colorimeter (Color Flex, CFLX-45-2, Hunter lab,
Reston, VA, USA) as shown in Figure 4 using a D-65 il-
luminant and a 10° observer. Initially, a standard white plate
was used to calibrate the device, followed by a black plate.
Te L∗ displays a lightness coefcient on the vertical axis that
ranges from 0 (black) to 100 (white). Since lightness is

essential for slicing banana pulp, the process only takes L∗

into consideration [26]. Te total color diference (ΔE) was
calculated using the following equation (3):

ΔE
∗

�

����������������

ΔL
∗2

+ Δa
∗2

+ Δb
∗2

􏽱

. (3)

2.5.3. Rehydration Ratio. A 100-mL beaker containing
a dried sample was submerged in 50mL of distilled water at
60°C for 30min. After draining the extra water, samples were
removed. Before weighing, surface moisture was absorbed
using paper towels. Te rehydration ratio of the dried
samples was determined by equation (4) [23, 27, 28]:

Rehydration ratio �
Mass of rehydrated samples (g)

Mass of dehydrated samples (g)
.

(4)

2.6. Statistical Analysis. Te process parameters of green
banana pulp slices were optimized with quality in mind.
Design Expert Software Stat Ease v 11 was utilized for the
process parameter optimization and for statistical analysis.
ANOVA was used to see whether factors had a signifcant
infuence on the replies.Te estimated F-value and tabulated
values for various degrees of freedom were used to assess
signifcance. Te regression model was estimated for each
answer, and the appropriate R2, adjusted R2, and CV values
were computed [29].

3. Results and Discussion

3.1. Drying Characteristics of Green Banana Pulp

3.1.1. Efect of Drying Air Temperature on Drying Charac-
teristics of Green Banana Slices. Figure 5 shows the variation
in moisture content, % (db), with the drying time. Early in
the drying process, moisture loss was high; however, as the
drying time increased, the moisture loss decreased. A de-
creasing drying rate was seen during the drying process [30].
Te lack of a steady rate period suggested that green banana
slices had no surface moisture. Comparable outcomes were
also attained by [30] for banana slices.

Te efects of air temperature and pretreatment on the
drying time of banana slices are shown in Table 2. Te initial
moisture content of the green bananas, which ranged from
378.86% to 395.71% (db), remained essentially unchanged
after soaking in a KMS solution for 10min. Dried banana
slices had an ultimate moisture content of 5.95–8.95% (db).
Table 2 demonstrates how the temperature of the drying air
afected the drying time of the banana slices. Te control
samples of green banana slices took longer to dry than the
samples treated with KMS (0.5%, 1.0%, and 1.5%). For the
control banana slice samples, the drying time decreased
from 480 to 420min at a temperature of 40–50°C, marking
a reduction of 12.50%. However, the drying time decreased
to 360 and 330min at a temperature of 60°C and 70°C, as well
as a 25.00% and 31.25% reduction, respectively, compared to
the drying time at 40°C.

Table 1: Design of an experiment for drying slices of green banana.

Run
Coded Factor 1 Factor 2

A B A: Temperature (°C) B:
Pretreatment % KMS

1 1 1 70 1.5
2 −0.33 1 50 1.5
3 1 −0.33 70 0.5
4 0.33 −1 60 0
5 1 0.33 70 1.5
6 −0.33 0.33 50 1
7 1 −0.33 70 0
8 −1 0.33 40 1
9 −1 0.33 40 1
10 −1 −1 40 0
11 −0.33 1 50 1.5
12 0.33 −0.33 60 0.5
13 −0.33 −0.33 50 0.5
14 0.33 −0.33 60 0.5
15 −1 −0.33 40 0.5
16 0.33 −0.33 60 0.5

4 Journal of Food Quality
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For banana slice samples treated with 0.5% KMS, the
drying time decreased by 7.69%, 15.38%, and 23.08% when
the temperature was raised from 40°C to 50°C, 60°C, and
70°C, respectively. Similarly, the drying time for banana
slices treated with 1% KMS decreased by 7.14%, 21.43%, and
28.57%, respectively, when the temperatures were increased
from 40°C to 50°C, 60°C, and 70°C. Table 2 further dem-
onstrates that for banana slice samples treated with 1.5%
KMS, raising the temperature to 40°C, 50°C, 60°C, and
eventually 70°C shortened the drying time by 7.69%, 23.08%,
and 30.77%.

Figure 5 shows an inverse relationship between the
drying air temperature and drying time, meaning that the
drying time increases as the drying air temperature rises.
Tis indicates that the rate of moisture removal increases
with the drying air temperature. Higher drying air tem-
peratures provide better drying potential and heat transfer
capacity, which improves moisture removal from the
product. Drying is a simultaneous heat and mass transfer
process.

As seen in Figure 2, green banana slices dried more
slowly at 40°C and 50°C than at 60°C and 70°C. Te fnal
moisture content was reached at a greater drying air tem-
perature in a shorter amount of time, which is in line with

fndings from prior research that dried a variety of fruits and
vegetables, including banana slices [31–34], blanched
pumpkin slices [35], and lotus pollen [36].

3.1.2. Infuence of Pretreatment on Drying Green Banana
Slices. Te drying properties were clearly altered by pre-
treatment with various concentrations of KMS, as shown in
Figure 6 and Table 2. When compared to other levels of
pretreatment and control samples, the 0.5% KMS pre-
treatment samples dried faster. Furthermore, it was dis-
covered that samples treated with 1.0% and 1.5% KMS
required a greater drying time than those treated with 0.5%
KMS. Similar fndings were recorded by [37] for carrot slices
and [38] for mango slices. One of the possible reasons is that
the chemical treatment may vary the mass transfer rate from
the product [39].

Te drying time was reduced following pretreatment
with the KMS solution (Table 2), which may be attributable
to diferences in the cell wall of banana slices, which
infuenced the resistance of moisture migration from the
product’s interior to the surface. Tese results are also in
confrmation of fndings reported by [40] for citric acid and
potassiummetabisulfte pretreatment of banana slices before
drying and by [39] for potassium metabisulfte and ascorbic
acid pretreatment to peach slices before drying.

3.1.3. Efect of Air Temperature and Pretreatment on Drying
Rate of Green Banana Slices. When a 0.5% KMS treated
material was initially dried at 70°C air temperature, the
maximum drying rate was 0.046 g w/g-dm-min. According
to the statistics, the drying rate was greater at the start of the
drying process and then reduced as the moisture content of
the product decreased. Te drying rate for diferent air
temperatures likewise fuctuated during the frst 90–120min,
but as the drying advanced, the rate of drying remained
constant for all temperatures.

Figure 7 clearly shows that a constant rate of drying was
completely absent and that full drying of green banana slices
occurred in a decreasing rate period at all temperatures and
pretreatments used in this study. Other studies indicated
that the usual drying curve for food products was in a de-
creasing phase. It is readily evident that the initial drying rate
was high and thereafter decreased signifcantly [41].

As the moisture content decreased, the corresponding
drying rate also reduced; this might be due to the availability
of free moisture at the onset of the drying process [42], and
afterward, inner layers of the slices were not able to supply
a sufcient amount of moisture. Similar results were ob-
tained and reported by [30, 43, 44] for green banana slices.

3.2. Optimization of Process Technology of Drying of Green
Banana Slices. Regression equations are generated with
RSM for analyzing the relationships between the in-
dependent variables (input) and dependent variables (re-
sponse) [16]. In this regard, I optimum design’s response
surface technique (RSM) was employed to improve the
drying process parameters of green banana slices. Design

Figure 3: Water activity meter.

Figure 4: Hunter lab colorimeter.

Journal of Food Quality 5
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Figure 5: Variation in the moisture content with drying time for (a) untreated (control) and KMS-treated green banana slices, i.e., (b) 0.5%
KMS, (c) 1.0% KMS, and (d) 1.5% KMS at various drying air temperatures.

Table 2: Drying time of green banana slices drying under diferent temperatures and pretreatments.

Pretreatment, %,
KMS Temperature (°C)

Initial moisture
content, %

(db)

Final moisture
content, %

(db)

Drying time
(min)

Reduction in
drying time

(%)

0 (control)

40 378.86 6.80 480 —
50 395.19 6.66 420 12.50
60 395.71 7.42 360 25.00
70 382.38 6.76 330 31.25

0.5

40 396.71 8.47 390 —
50 392.62 8.95 360 7.69
60 397.67 8.57 330 15.38
70 389.86 8.85 300 23.08

1.0

40 399.33 6.71 420 —
50 394.71 5.95 390 7.14
60 392.05 6.52 330 21.43
70 390.19 6.67 300 28.57

1.5

40 394.71 6.19 390 —
50 382.19 6.90 360 7.69
60 389.71 6.52 300 23.08
70 380.76 7.14 270 30.77
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Expert Software was used to do many response improve-
ments. Te drying duration, color, water activity, and re-
hydration ratio were all standardized across four
temperature levels (A) and four pretreatment levels (B).

3.2.1. Regression Analysis of the Responses. Table 3 displays
the observed results for all 16 drying trials. Te experiments
were replicated thrice, and average values were represented.
Tese observed data were utilized to investigate the impact of
several independent factors on the drying of green banana
slices. For the observed results, second-order multiple re-
gression models were created.

3.2.2. Efect of Process Parameters on the Drying Time of
Green Banana Slices. Te time required to dry control and
treat green banana slices was found to be between 480 and
270min. Table 4 shows the ANOVA for the efect of tem-
perature and pretreatment on the drying time. Te antici-
pated model was chosen due to an insignifcant lack of ft.

Te model F value of 49.96 suggests that the chosen model is
signifcant. p values < 0.05 suggest that model terms are
signifcant. Te important model terms in this example are
A, B, AB2, and B3. Values above 0.1 indicate that the model’s
terms are irrelevant.

When compared to the pure error, the F value of 0.47
indicates that the lack of ft is not signifcant. A non-
signifcant lack of ft is required since it indicates that the
model is ft to link the expected and observed values and that
the number of experimental permutations generated in the
experiment design is sufcient to determine the efect of
independent factors on the drying time. Table 5 shows the
fndings of the second-order cubic model for the efect of
process variables on the drying time. Te projected R2 of
0.8500 is similar to the updated R2 of 0.9514, indicating that
both the model and the data are sufcient. As a consequence,
the model is handy for exploring the design area.

Equation (5) was generated using the step-down re-
gression technique, and terms with F values less than one
were deleted [45].
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Figure 6: Variation in the moisture content with drying time for various pretreatments of green banana slices at (a) 40, (b) 50, (c) 60, and (d)
70°C drying air temperatures.
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Te fnal equation of actual factors is given by

Drying time � 680.78 − 5.13T − 625.74P + 5.28TP

+ 720.62P
2

− 2.91TP
2

− 246P
3
,

(5)

where T� temperature, °C, and P� pretreatment, % KMS.
Te infuence of temperature, pretreatment, and their

interactions on the drying time is shown in equation (5).Te
linear positive terms demonstrated that when pretreatment
was lowered, the drying time increased. Te linear negative
term suggested that drying time reduced as temperature
increased.

Te response surface and contour plots were created as
a function of two independent parameters (temperature and
pretreatment) to simulate the combined efect of the two
independent variables on the response. Te drying time
decreases as the drying air temperature rises, as shown in
Figure 8(a). Control samples needed longer drying times.
When the percentage KMS was increased from 0.5 to 1.0 and

1.5, the drying time increased in comparison to the drying
time needed for banana slices treated with 0.5% KMS.

3.2.3. Efect of Process Parameter on the Color (L∗ Value) of
Green Banana Slices. Te color (L∗ value) of untreated and
pretreated green banana slice samples ranged from 56.26 to
81.79. Te values for ΔE (color diference) were found to be
in the range of 1.30–16.20. From Table 3, it can be observed
that the control samples are having higher ΔE (color dif-
ference) values as compared to others. At lower tempera-
tures, ΔE values might be more due to the fact that the efect
of drying time taken by the samples is more as compared to
that of the other samples. A similar efect of temperature on
the color diference for basil leaves was observed by [46].
Engin reported that long drying time increases color dif-
ference in dried foods [47]. Pretreated green banana slices
dried at higher temperatures have low color diference
values. Table 5 shows the ANOVA for the infuence of
temperature and pretreatment on the color (L∗ value) of
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Figure 7: Variation in the drying rate with moisture content at diferent air temperatures for (a) untreated (control) and KMS-treated green
banana slices, i.e., (b) 0.5% KMS, (c) 1.0% KMS, and (d) 1.5% KMS.
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dried banana slices. Te model was picked because of a little
lack of ft.

Te selected algorithm’s F value of 142.51 indicates that it
is signifcant. Signifcant model terms have p values < 0.05.
In this case, the important model terms are A, B, AB, and B2.
Values above 0.1 indicate that the model’s terms are useless.
When compared to pure error, the lack of ft has an F-value
of 1.33, suggesting that it is not statistically signifcant. A
high F-value for the lack of ft indicates that noise is 38.46%
likely to be the reason. A nonsignifcant lack of ft is required
since it indicates that the model is ft to link the anticipated
and observed values and that the number of experimental
possibilities generated by the experiment design is adequate
to determine the efect of independent parameters on color
(L∗ values).

Table 5 also includes statistics for the second order cubic
model for color efect. Based on the high coefcient of
determination (R2 � 0.9811), the suggested color model
explained 98.11% of total variation. Te anticipated R2

(0.9354) is nearly identical to the modifed R2 (0.9742),
indicating that the model and data are adequate. As a result,
the model may be utilized to explore the design space. Te
fnal equation (equation (6)) of actual factors is given by

Color � 80.46 − 0.35T + 27.39P + 0.143TxP–18.71P2
,

(6)

where T� temperature, °C, and P� pretreatment, % KMS.

Te color (L∗ value) is infuenced by temperature,
pretreatment, and their interactions, as illustrated in
equation (6). When all other variables are maintained
constant, the coefcient of the regression equation is the
expected change in response per unit change in the factor
value. Te coefcients were adjusted around the average
using the factor settings.

Te response surface and contour plots were created as
a function of two independent variables in order to duplicate
the combined efect of the two independent factors on the
response. Figure 8(b) depicts the combined impact of
temperature and pretreatment on the color values (L∗) of
green banana slices. It shows that when the temperature of
the drying air was reduced, the color improved. When
compared to treated samples, the color (L∗ values) of un-
treated samples was found to be low. When the percentage
KMS treatment was increased from 0.5 to 1, the L∗ values
grew from 68.12 to 81.79, but when the percentage KMS was
increased from 1 to 1.5, the L∗ values declined from 81.79 to
70.54. Similar results were reported by [48] for dried banana
slices.

3.2.4. Efect of Process Parameter on the Water Activity of
Green Banana Slices. Te water activity plays an important
role in the storage of any fruits and vegetables [49]. Te
water activity of the dried product should be less as it directly
afects the shelf life of processed/dried food products [50]. A
higher water activity results in microbial growth in dried

Table 3: Te I optimal design matrix with measured values of responses for green banana slices.

Independent variables Dependent variables

Run A B Temperature
(°C)

Pretreatment, %
KMS

Drying time
(min)

Color
(L∗ value) ΔE Water activity Rehydration ratio

1 1 1 70 1.5 270 70.54 2.50 0.314 2.53
2 −0.33 1 50 1.5 360 71.26 1.41 0.349 2.25
3 1 −0.33 70 0.5 300 68.12 4.52 0.302 2.81
4 0.33 −1 60 0 360 60.21 12.13 0.386 2.28
5 1 0.33 70 1.5 270 71.00 2.60 0.319 2.60
6 −0.33 0.33 50 1 390 78.52 6.48 0.341 2.41
7 1 −0.33 70 0 330 56.26 16.20 0.332 2.39
8 −1 0.33 40 1 420 80.44 8.46 0.370 2.26
9 −1 0.33 40 1 420 81.79 9.83 0.368 2.24
10 −1 −1 40 0 480 65.26 7.81 0.412 2.03
11 −0.33 1 50 1.5 330 74.18 2.21 0.356 2.28
12 0.33 −0.33 60 0.5 330 73.19 1.34 0.321 2.74
13 −0.33 −0.33 50 0.5 360 75.56 3.66 0.357 2.39
14 0.33 −0.33 60 0.5 300 73.21 1.30 0.315 2.76
15 −1 −0.33 40 0.5 390 79.54 7.60 0.365 2.07
16 0.33 −0.33 60 0.5 330 73.60 1.66 0.320 2.69

Table 4: ANOVA of drying air temperature and pretreatment on the drying time of green banana slices.

S. V. SS df MS F-value p value F-value (1%) Test
Pretreatment 7875 3 2625 9.545 0.003709 6.99 ∗

Temperature 38,025 3 12,675 46.09 8.7×10−6 6.99 ∗

Error 2475 9 275
Total 48,375 15
∗Signifcant at 1% level.
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products. Tis is important in any product formulation. Te
water activity varied from 0.302 to 0.412 for the dried control
and treated green banana slices. Table 5 shows the statistical
analysis (ANOVA). Te chosen model’s signifcance is in-
dicated by its model F value of 63.18. p values of less than
0.05 are considered signifcant for model terms. In this case,
the key model terms are A, B, B2, A2B, and A3.

Te F value of 5.17 indicates that the lack of ft is low in
comparison to the pure error. A nonsignifcant lack of ft is
required because it indicates that the model is ft to relate the
predicted and observed values of water activity and that the
number of experimental combinations generated in the
experiment design is adequate to determine the efect of
independent parameters on water activity.

Table 5 also displays data from the second-order
cubic model for the impact of process variables on wa-
ter activity. According to the high coefcient of de-
termination (R2 � 0.9822), the built model of water
activity in dried green banana slices adequately described
98.22% of total variation. Te predicted R2 (0.8482) is
close to the adjusted R2 (0.9667), suggesting that the
diference between the two is less than 0.2, implying that
the model and data are appropriate. Te accuracy of 29.37
indicates that the signal is appropriate. As a result, the
model may be used to investigate the design options for
aquatic activities.

Te fnal equation (equation (7)) of real components is as
follows:
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Figure 8: Combined efect of process parameters (temperature and pretreatment) on dependent variables of green banana slices, i.e., (a)
drying time, (b) color (L∗ value), (c) water activity, and (d) rehydration ratio.
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water activity � −1.0635 + 0.08T + 0.4409P − 0.021TP

− 0.0014T
2

+ 0.074P
2

+ 0.00019T
2
P

+ 7.46 × 10−6
T
3
,

(7)

where T� temperature, °C, and P� pretreatment, % KMS.
Equation (7) depicts how temperature, pretreatment,

and their interactions afect the water activity of dried ba-
nana slices. In an orthogonal design, the constant or in-
tercept represents the average response of all runs.

Te response surface and contour plots were generated
as a function of two independent variables (temperature
and pretreatment) in order to duplicate the combined
efect of the two independent factors on response.
Figure 8(c) shows how temperature and pretreatment
afect the water activity of dried green banana slices. As
drying air temperature increased, the water activity (aw)
decreased. Te authors of [33] showed similar results for
banana slices. Control samples had the highest water
activity after drying as compared to treated samples. Te
water activity (aw) was found to be the lowest at all
temperatures in 0.5% KMS-treated samples, but as the
percentage KMS increased from 0.5 to 1.5, the water
activity (aw) increased.

3.2.5. Efect of Process Parameters on the Rehydration Ratio of
Green Banana Slices. Te rehydration ratio of green banana
slices from control and treatment groups was determined to
be 2.03–2.81. Te authors of [14] reported similar range for
dried control and pretreated green banana slices in sum
drying. Table 5 uses ANOVA to illustrate the infuence of
temperature and pretreatments on the rehydration ratio.Te
chosen model’s F value of 41.27 suggests that it is signifcant.
Signifcant model terms have p values less than 0.05. In this
scenario, the key model terms are A, B, B2, and AB2.

Te F value for the lack of ft appears 5.35, indicating that
the lack of ft is insignifcant when compared to the pure
mistake. A nonsignifcant lack of ft is necessary because it
implies that the model is ft to connect anticipated and
observed values and that the number of experimental
possibilities created in the experiment design is adequate to
identify the infuence of independent factors on the
rehydration ratio.

Table 5 also shows the ft statistics for the second-order
cubic model’s efect on the rehydration ratio of dried banana
slices. According to the high coefcient of determination
(R2 � 0.9731), the rehydration ratio model accurately rep-
resented 97.31% of the entire variance.Temeasured ratio of
22.07 indicated an adequate signal in this circumstance. As
a consequence, the model may be used to explore the design
space and predict the rehydration ratio of dried banana
slices.

Te acquired data were ftted using a second-order
polynomial multiple regression equation to characterize
the efect of temperature, A, and pretreatment, B, on the
rehydration ratio. Te fnal real factor equation (Equation
(8)) may be found by

Rehydration ratio � 10.88 − 0.5338T − 0.9P + 0.033TP

+ 0.01033T
2

+ 0.6777P
2

− 0.02186TP
2

− 0.000063T
3
,

(8)

where T� temperature, °C, and P� pretreatment, % KMS.
Te response surface and contour plots as functions of

two independent variables were created to investigate the
combined efect of the two independent factors on the re-
sponse. Figure 8(d) shows that as the drying air temperature
increased, so did the rehydration ratio. Untreated samples
had a lower rehydration ratio than pretreated samples. In the
case of pretreatment, the rehydration ratio increased as the
percentage of KMS increased.

Te authors of [51] reported that water absorption was
higher at temperatures, resulting in faster water difusion
through the substance due to swelling and plasticization of
cell membranes for apple slices. Similar results were also
reported by [30] for culinary banana slices [42], for carbada
bananas [52], and for apple slices.

3.3. Optimization and Experimental Validation of Drying of
Green Banana Slices. Numerical optimization studies were
used to anticipate the optimal level of process parameters
for a certain set of variables that produced the desired
results. Desirable targets were selected for each variable
and response, and diferent weights were assigned to each
target to change the shape of its unique desirability
characteristic [32]. For mathematical optimization of
process parameters, the desirability for maximum func-
tion was assigned to all process parameters (temperature
and pretreatment) and four responses (drying time, color
(L∗) value, water activity, and rehydration ratio), as shown
in Table 6.

Te constraints’ optimization criteria were addressed.
Te optimal solution has a drying air temperature of 60.62°C,
a pretreatment (% KMS) of 0.786, a drying time of
346.28min, a color (L∗ value) of 76.23, a water activity (aw)
of 0.299, a rehydration ratio of 2.81, and a desirability of
0.927. In actuality, it is impossible to maintain optimum
processing conditions, and there was signifcant variation in
responses. To get the optimum results, the process tem-
perature was adjusted to 60°C and the pretreatment was set
to 0.8%. Figure 9’s contour plot reveals a similar overlaid
point for all replies.

3.4. Verifcation of the Model. Te optimal condition was
validated experimentally in order to test and compare ex-
pected values with experimental outcomes. For experiment
validation, the frst of the top three software-generated
solutions with the highest attractiveness was picked. Te
experiment was conducted under ideal conditions (tem-
perature, 61°C; pretreatment, 0.8% KMS) to evaluate the
model’s accuracy. A similar drying temperature and pre-
treatment level are found signifcant for mango slices [53]
and Russian olive fruit [50].
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A validation test of the ideal conditions was carried
out to confrm the regression equation’s validity and
accuracy more thoroughly [23]. Considering the results
obtained theoretically, practical operations were carried
out for temperature 61°C and pretreatment 0.8% KMS,
which resulted in a drying time of 360min, a color (L∗) of
78.41, the water activity as 0.294, and the rehydration ratio
as 2.97. Te experimental values were very close to the
predicted one.

Table 7 shows that the experimental results were sub-
stantially equal to the expected values.Te experimental data
for the answers were found to be in close agreement with the
solution produced via RSM.

As a result, it is possible to conclude that the model
equations are quite adequate for accessing the performance
of all four responses (drying time, color (L∗ value), water
activity, and rehydration ratio).

4. Conclusions

Te study investigated the drying characteristics and opti-
mization of process parameters for green banana slices using
RSM. Un-pretreated and 0.5%, 1%, and 1.5% KMS pre-
treated green banana slices, cut to a thickness of 4± 0.5mm,
were dried in a tray dryer at temperatures of 40°C, 50°C,
60°C, and 70°C, respectively. Te results showed that the
samples treated with 0.5% KMS dried more rapidly than the
control samples. Te entire drying process took place in
a decreasing amount of time. Temperature was noted to have
an impact on color values; nevertheless, samples treated with
1% KMS demonstrated better color preservation. It was
discovered that green banana slices needed between 270 and
480min to dry. Te pretreated samples demonstrated lower
water activity, while those pretreated with 0.5%KMS showed
acceptable rehydration ratios with good color preservation

40 46 52 58 64 70
0

0.3

0.6

0.9

1.2

1.5 Overlay plot

A: Temperature (C)

B:
 P

re
tre

at
m

en
t (

%
KM

S)

Water activity: 0.412

Rehydration ratio: 2.81

3

2

2 2

Drying time: 346.286
Color: 76.2315
Water activity: 0.299312
Rehydration ratio: 2.80993
X1 60.6289
X2 0.786273

Design-Expert®Software
Factor coding: actual

Overlay plot
Drying time
Color
Water activity
Rehydration ratio

Design points

X1 = A: Temperature
X2 = B: Pretreatment

Figure 9: Superimposed contour plot for the drying time, color, water activity, and rehydration ratio.

Table 7: Final optimized results for the production of dried green banana slices.

Parameter Temperature (°C) Pretreatment, %
KMS Drying time Color

(L∗ value) Water activity Rehydration ratio

Teoretical 60.62 0.786 346.28 76.23 0.299 2.81
Experimental 61 0.8 360 78.41 0.294 2.97

Table 6: Goal and importance of processing variables and responses.

Parameter Goal Lower limit Upper limit Importance
A: Temperature In the range 40 70 3
B: Pretreatment In the range 0 1.5 3
Drying time Minimize 270 480 3
Color (L∗ value) Maximize 56.26 81.79 3
Water activity Minimize 0.302 0.412 3
Rehydration ratio Maximize 2.03 2.81 3
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and low water activity. Te study revealed that drying
temperature afected drying time, while pretreatment had an
efect on quality parameters. In the current investigation,
process parameter optimization was done using the Design
Expert Software. Teoretical optimization produced the best
results at a drying temperature of 60.62°C and a pre-
treatment of 0.786% KMS, leading to a drying time of
346.28min, a color (L∗) value of 76.23, a rehydration ratio of
2.81, and a water activity of 0.299. Te experiment dem-
onstrated that the actual fndings closely aligned with the
theoretical results. Since it was difcult to maintain a tem-
perature of 60.62°C with a pretreatment of 0.786% KMS, it is
advised to dry green banana slices at 61°C with a 0.8% KMS
treatment to produce high-quality dried green banana slices.
Future recommendations include increasing the size of
banana slices to study the impact of slice size on drying
kinetics and to evaluate the efect on nutrient quality.
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