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Green banana (Musa spp.) is a signifcant source of starch (resistant starch ∼50%), phenolics and favonoid compounds, and
minerals (K, Mg, Zn, and Fe). Te utilization of green bananas in their fresh form is limited, whereas the drying of bananas
provides the opportunity to use them for various purposes. Drying temperature and slice thickness are important to be optimized
for drying of bananas as they afect the quality parameters. Te present study was conducted using response surface methodology
to optimize tray-drying temperatures (50–80°C) and slice thicknesses (2–8mm) on the basis of phytochemical and physical
parameters of dried green banana slices. Te cubic model was found to be the best ft for most of the responses (R2 = 0.95–1), and
the quadratic model was ft for water activity (aw) (R

2 = 0.92). Te optimized drying conditions were found as drying temperature
of 50°C and slice thickness of 4.5mm. Experimental responses exhibited maximum L∗ (84.06), C∗ (13.73), and ho(83.53) and
minimum losses of total phenolic content (89.22mg GAE/100 g) and total favonoid content (3.10mg QE/100 g) along with lower
aw (0.25). Te optimized green banana four was rich in carbohydrates (77.25± 0.06%) and low in fat (1.79± 0.11%). Te four
obtained had good fowability with a mean particle size of 60.75± 1.99 µm. Flour’s gelatinization and decomposition temperatures
were 102.7 and 292°C, respectively. In addition, four’s water absorption, oil absorption, and solubility were 5.19± 0.01, 1.58± 0.01,
and 0.14± 0.02 g/g, respectively. Green bananas dried at optimized conditions resulted in a better product with less phytochemical
loss than dried with other methods.

1. Introduction

Te banana is the world’s most perishable tropical fruit crop.
It is cultivated in approximately 130 countries. It is the
fourth most important staple crop after rice, wheat, and
millet in terms of gross production value [1]. It is known as
“poor man’s fruit,” eaten by millions of people, and has an
essential impact on the economies of developing countries.
Asia is the largest producer of bananas, contributing ∼54%
of global production, followed by America (26%), Africa

(17%), and Oceania (1.4%) [2]. India and China have been
the world’s largest banana producers, representing more
than 40% of the world’s total banana production [1].

Green banana is a signifcant source of carbohydrates
(starch, resistant starch, and dietary fber), antioxidants,
vitamins (retinal (A), pyridoxine (B6), and ascorbic acid
(C)), and minerals, especially potassium, sodium, and cal-
cium [3]. Te postharvest losses in green bananas are a
signifcant issue infuencing the production of bananas ei-
ther quantitatively or qualitatively. Its climacteric nature
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brings physiological changes after harvests, such as softening
of the fesh, color change, and loss of weight. Te improper
handling, inappropriate cold storage, transportation, and
postharvest bio-deterioration (microorganisms, insects,
rodents, and birds) are responsible for bananas’ ∼30–50%
postharvest losses [4–6]. Also, the temperature and humidity
of storage or transport and cultivation are the main factors
that cause green bananas’ postharvest losses [4]. Terefore,
postharvest losses can be managed by taking care of the
harvest (using appropriate storage, cooling, packaging, and
market system) and its processing (value addition or making
perishable to nonperishable in nature). Nowadays, green
banana four is utilized as the functional ingredient in
preparing gluten-free foods such as biscuits, pizza, bread,
noodles, and spaghetti of low caloric value with partial or
complete replacement of the wheat four/maida [7]. It is the
main ingredient of weaning food and soups.

Drying is a better approach to reduce postharvest losses
by decreasing the banana moisture content and aw resulting
in declining rate of physical and biochemical reactions
which are prone to microbial growth on the ripening of
bananas. Phungamngoen et al. [8] reported that the Sal-
monella anatum contaminated cabbage tray drying at 50, 60,
and 70°C showed a 3-log reduction of Salmonella within 1.8,
3.3, and 6 h dried at 50, 60, and 70°C, respectively. Con-
vective tray drying is one of the most well-known drying
strategies that are promptly accessible, simple to use, and has
a lower initial installation cost than vacuum drying, freeze
drying, and spray drying [9]; however, the main disad-
vantages of tray drying are the higher drying temperature,
time, and energy consumption than the other advanced
drying techniques [10].

Most researchers have studied the optimization of
various drying techniques for ripe or semi-ripe banana
slices, such as solar drying [11], tray drying [12], oven drying
[13], vacuum drying [14], and microwave drying [15]. Tere
is a paucity of literature on optimizing green banana tray-
drying parameters too, with respect to the varying thickness.
Reported studies have been conducted to optimize the
drying parameters with respect to moisture content, drying
rate, drying efciency, moisture difusivity, water adsorp-
tion, color, and thermal properties (specifc heat, thermal
conductivity, and thermal difusivity) [16, 17]. Te drying
methods and conditions are product-specifc, and the equal
size of fruit slices is another essential prerequisite instead of
whole fruit drying [18]. Te whole process of fruit drying
causes uneven drying, lower drying rate, and longer drying
time, which negatively infuence the appearance, phyto-
chemicals, and nutritional value of dried fruit. Likewise,
Kumar et al. [19] reported that the relatively decreased
drying rates and longer drying times cause the degradation
of natural pigments, nutrients, and morphological structure
damage to food materials, constraining the utility of hot air
dryers. Tus, drying a particular food with sample dimen-
sions (thickness) must be optimized [18].

Te lower/higher drying temperature and sample slice
thickness other than the optimized conditions negatively
infuence the phytochemicals, color, nutritional content, and
other physical characteristics of dried food, which

necessitate the optimization of tray drying. To the best of our
knowledge, none of the existing studies have been consid-
ered for optimization based on the physical and phyto-
chemical quality characteristics of dried green bananas.
Terefore, the present study was conducted to determine the
infuence of a wide range of drying conditions and sample
thickness on the quality of green banana four using the
response surface methodology (RSM).Te criteria defned to
assess the quality of tray-dried banana four were color
(lightness (L∗), chroma (C∗), and hue angle (ho)), water
activity (aw), total phenolic content (TPC), and total fa-
vonoid content (TFC).

Fruits and vegetable powders rich in phytochemicals
are generally analyzed for their TPC and TFC through
spectrophotometric methods. Various fow properties of
the food powders, namely, bulk density, tapped density,
angle of repose, Carr index (CI) and Hausner ratio (HR),
compressibility index, and particle size play a major role
in industrial handling and application of food powders.
Variation in these properties creates problems in the
handling and storage of the powders. Similarly, thermal
analysis and Fourier transform infrared spectrophotom-
eter (FTIR) analysis of food powders are important to
understand their thermal behavior and the presence of
functional groups during processing. Proximate compo-
sitional analysis, total soluble solids (TSS), pH, titratable
acidity (TA), water absorption capacity (WAC), solubility
and, oil absorption capacity (OAC) are the important
characteristics to understand the application of the food
powder. Hence, in the present study, all these charac-
teristics of the green banana powder developed were
estimated.

2. Materials and Methods

2.1. Raw Material and Sample Preparation. Te green
cooking type banana fruit bunches with a totally green color
were hand-harvested around the maturity of 110–120 days
after fowering at Dinesh Farm, Manouli village, Sonipat,
Haryana, India. Te green banana bunches were washed
with a 100 ppm sodium hypochlorite solution to disinfect
and remove soil and dust matter adhered to the bunches as
practiced by Kamble et al. [20]. Ten, green banana bunches
were separated into hands using the knife, hand-peeled, and
mechanically sliced into diferent thicknesses using a slicer
(Lavish Professional®, Sandeep Instrument and Chemicals,
New Delhi, India). Te banana slices were dried in a hot air
tray dryer (Macro Scientifc Works Pvt. Ltd., New Delhi,
India) at varying temperatures as per the experimental
design.

2.2. ExperimentalDesign forOptimization of Convective Tray-
Drying Parameters. RSM is the statistical tool generally used
for optimization studies. Based on the preliminary experi-
ments, the wide range of tray-drying temperatures
(50–80°C) and banana slice thickness (2–8mm) were se-
lected as independent factors. Convective hot air-drying
conditions afect the color values (L∗, C∗, ho) due to
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enzymatic or nonenzymatic reactions. TFC and TPC are
thermo-sensitive and are destroyed by thermal processing,
and aw is essential to predict the presence of unbound water
responsible for the nonmicrobial and microbial reactions.
Hence, the quality characteristics of dried banana slices were
L∗ value, C∗ value, ho value, aw, TPC, and TFC were taken as
response parameters. Te experimental range and coded
levels of the independent factors are given in Table 1.

Forty-eight experimental runs were suggested by De-
sign-Expert 12.0, a statistical software package for two
factors at four levels in triplicate (Table 2). All the response
data from the proposed experiments were expressed in a
generalized polynomial equation to generate a model, as
shown in equation (1).Temodeling, statistical analysis, and
optimization were done with software support. Te model
output is shown in Table 3.
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<j�2
βijXiXj + ε, (1)

where Y represents the predicted variable response, βo is the
constant of ftted response at the center point, βi, βij, and βjj
are coefcients of linear terms, interaction efects, and
quadratic terms, ε is the random error, and Xi and Xj are
independent variables, respectively.

Te optimum convective tray-drying parameters were
predicted by applying the constraints on variable responses
in the RSM. Tus, the selected optimum drying condition
resulted in the development of good-quality green banana
slice four.

2.3. Flour Preparation. Te hot air tray-dried slices of dif-
ferent thicknesses were separately ground in a hammer mill
(2 in 1, Classic Atta Chaki™, Rajkot, Gujarat, India) to obtain
banana four. Te obtained four was characterized for
physicochemical characteristics to optimize the drying
parameters.

2.4. Determination of Response Parameters

2.4.1. Color. Te digital colorimeter (Chroma-400, Konica
Minolta, Japan) was used to determine the color values of
green banana four. It was precalibrated with black and white
tiles before the measurement. Te color parameters L∗, a∗,
and b∗ were measured. Te L∗ value represents the
brightness to blackness (0–100). Te a∗ value represents
greenness (−a∗) to redness (+a∗). Te b∗ value refers to
blueness (−b∗) to yellowness (+b∗). Te hue (ho) measures
the overall perception of the red, yellow, green, and blue
color of the banana four at an angle of 0°, 90°, 180°, and 270°.

Te C∗ measures its color in terms of purity, intensity, and
saturation. Te C∗ and ho values were calculated using
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2.4.2. Water Activity (aw). Banana four’s aw was measured
using the digital water activity meter (Aqua Lab, METER
Group, Inc. USA) to estimate the unbound water vapor
pressures, with an accuracy of ± 0.003. It was precalibrated
with milli-Q-water at 25°C.

2.4.3. Estimation of Total Phenolic and Total Flavonoid
Content

(1) Sample Extraction. Te banana four (1 g) was mixed with
25mL of ethanol. Te centrifuge tube containing the sample
was placed in a shaker incubator (Biosan SIA, Environmental
Shaker Incubator ES 20/60, Latvia) at 37°Cwith 240× g shaking
speed for 16h to solubilize the phenolic and favonoid com-
pounds in ethanol during incubation. Ten, it was centrifuged
(3–18KS, Sigma Laborzeatrifugen GmbH, Germany) at
6,000× g for 15min, and the collected supernatant was added
to a clean 50mL falcon tube to estimate TPC and TFC.

(2) Total Phenolic Content (TPC). TPC was estimated using
the Folin–Ciocalteu colorimetric method described by Padhi
and Dwivedi [22] with slight modifcations. Te sample
extract was added in 5mL of Folin–Ciocalteu reagent and
4mL sodium carbonate (7.5%), and it was mixed. Te
sample solution was incubated in a dark place at 25°C for
30min. Te amount of light absorbed by the sample was
taken against the reagent blank at 760 nm on a UV-VIS
spectrophotometer (Shimadzu, UV-1800, Japan) to deter-
mine the concentration of TPC in the sample. TPC was
calculated from the gallic acid standard curve as per equation
(4) (calibration equation: y= 6.0575x+ 0.0033; r2 = 0.99) and
expressed as mg of gallic acid equivalents (GAE) in 100 g of
green banana four (dry weight basis).

Total phenolic content
mgGAE
100g

 

�
X × volume of extract

weight of sample
× 100,

(4)

where X is the concentration of phenolic content (mg/mL).

(3) Total Flavonoid Content (TFC). Te aluminum chloride
colorimetric method was used to estimate the TFC as de-
scribed by Padhi and Dwivedi [22] with slight modifcations.
Te sample extract was added to 0.2mL of 10% aluminum
chloride (AlCl3) and mixed. After 2min, 0.2mL of 1M
potassium acetate and 5.6mL of distilled water were added.
Te sample mixture was incubated in a dark environment at

Table 1: Experimental independent factors and levels used in tray
drying of bananas.

Independent factors
Coded levels

−1 −0.33 0.33 1
A : temperature (°C) 50 60 70 80
B : thickness (mm) 2 4 6 8
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25°C for 30min.Te UV-Vis spectrophotometer (Shimadzu,
UV-1800, Japan) was used to read the amount of light
absorbed by the sample against the reagent blank at 415 nm
to estimate the concentration of TFC in the sample. Te
quercetin standard curve was prepared to calculate the TFC
in mg of quercetin equivalent (QE) in 100 g of green banana
four (dry weight basis) using equation (5) (calibration
equation: y= 0.3266x+ 0.0005; R2 = 0.9986).

Total f lavonoid content(TFC)
mgQE
100g

 

�
X × volume of extract

weight of sample
× 100,

(5)

where, X is the concentration of favonoid content (mg/mL).

Table 2: Experimental design for the tray-dried green banana slices and the response values.

Exp. no. Temperature (°C) Tickness (mm) L ∗ C ∗ h o Water activity Total phenolic content
(mg/100 g of GAE)

Total favonoid content
(mg/100 g of QE)

1 50 2 84.12 14.23 82.57 0.25 108.65 3.33
2 50 2 84.2 14.48 83.14 0.25 109.68 3.23
3 50 2 84.6 14.32 83.10 0.25 108.37 3.30
4 60 2 84.33 13.21 83.00 0.24 52.20 3.07
5 60 2 84.03 14.14 81.78 0.25 53.16 2.98
6 60 2 84.65 13.97 82.10 0.25 53.44 3.08
7 70 2 80.47 12.74 81.20 0.24 48.99 2.89
8 70 2 80.68 13.75 81.22 0.24 49.13 3.03
9 80 2 71.4 12.73 78.72 0.23 32.08 2.10
10 80 2 72.42 12.67 78.39 0.23 31.48 2.10
11 80 2 71.4 12.57 78.53 0.23 33.51 1.99
12 80 2 71.4 12.61 78.52 0.23 32.27 2.09
13 50 4 84.7 13.69 82.78 0.25 92.83 3.09
14 50 4 84.7 14.02 83.57 0.25 92.82 3.15
15 50 4 83.31 13.92 83.65 0.25 90.96 3.17
16 60 4 83.47 12.41 82.27 0.24 38.99 2.84
17 60 4 83.54 12.71 82.36 0.24 40.00 2.82
18 60 4 83.38 12.90 82.70 0.24 40.92 2.79
19 70 4 81.91 12.01 81.96 0.24 39.85 2.70
20 70 4 80.97 11.87 80.74 0.24 40.12 2.65
21 70 4 81.47 11.76 81.29 0.24 40.20 2.68
22 70 4 81.65 11.67 82.37 0.24 40.20 2.66
23 80 4 73.72 11.73 78.35 0.23 24.93 2.00
24 80 4 73.69 11.70 79.16 0.23 24.93 1.93
25 80 4 73.95 11.90 78.80 0.23 24.93 1.95
26 50 6 84.39 13.81 83.47 0.25 79.28 2.98
27 50 6 84.52 13.81 83.51 0.24 79.41 2.93
28 60 6 83.68 12.41 82.87 0.25 31.66 2.56
29 60 6 83.81 12.20 81.66 0.24 32.11 2.56
30 60 6 84.29 12.22 82.33 0.24 32.11 2.56
31 70 6 81.41 11.78 81.51 0.23 32.90 2.52
32 70 6 82.35 11.60 81.07 0.24 31.77 2.50
33 70 6 81.43 11.81 81.48 0.24 32.87 2.52
34 70 6 81.41 11.78 81.51 0.23 32.90 2.52
35 70 6 82.35 11.60 81.07 0.24 31.77 2.53
36 70 6 81.43 11.81 81.48 0.24 32.87 2.52
37 80 6 74.47 11.49 78.86 0.23 20.58 1.88
38 50 8 83.9 13.57 83.91 0.25 77.69 2.54
39 50 8 84.41 13.16 83.80 0.24 75.90 2.64
40 50 8 84.97 13.18 83.77 0.25 76.88 2.56
41 60 8 83.84 12.04 82.70 0.25 32.85 2.07
42 60 8 83.92 12.06 82.71 0.25 31.64 2.07
43 60 8 84.19 12.13 82.90 0.24 32.17 2.05
44 70 8 82.19 11.68 81.58 0.24 35.34 2.07
45 80 8 74.62 11.42 79.71 0.23 24.67 1.71
46 80 8 74.33 11.35 78.88 0.23 24.42 1.64
47 80 8 74.4 11.13 79.29 0.23 24.61 1.54
48 80 8 74.55 11.06 79.53 0.23 24.55 1.68
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2.5. Physicochemical Characterization of Optimized Green
Banana Flour

2.5.1. Proximate Compositional Analysis. Te proximate
analysis of banana four was determined according to the
methodology described in AOAC [23].Temoisture content
was analyzed via desiccating sample moisture in a hot air
oven at 105°C to achieve the constant sample weight re-
peatedly three consequent times. Te fat content was

estimated by the extraction of petroleum ether using the
Soxhlet apparatus. Te defatted sample was used to estimate
crude fber using acid-alkali hydrolysis (1.25% of sodium
hydroxide and 1.25% of sulfuric acid).Te crude protein was
estimated using the Kjeldahl method, and the conversion
factor used for protein estimation was nitrogen% × 6.25.Te
total carbohydrate percentage was calculated using [24]

Total carbohydrate(%) � 100 –[moisture(%) + fat(%) + protein(%) + crude fiber(%) + ash(%)]. (6)

2.5.2. Total Soluble Solid (TSS). Te TSS of the banana four
was estimated as per the method suggested by Rayo et al.
[25].Te four was dissolved in distilled water at a ratio of 1 :
10w/v.Te digital refractometer (RX-7000i, Atago Co., Ltd.,
Japan) was used to estimate the TSS content of banana four.
Before taking the measurements, the refractometer was
calibrated with distilled water at 20°C. Te test supernatant
was kept on the refractometer prism, and the TSS was
expressed in %.

2.5.3. pH. Te digital pH meter (pH Tutor, Euteck Instru-
ments, Cyber Scan, India) was used to measure the hydrogen
ion activity of the four (acidity or alkalinity) at 25± 2°C.Te
pH meter was calibrated with bufers of pH 4, 7, and 9.2
before the measurement.

2.5.4. Titratable Acidity (TA). Te alkali titration method
was used to estimate TA in terms of citric acid as practiced by
Padhi and Dwivedi [22]. Te aliquots were titrated with 0.1N
sodium hydroxide (NaOH) solution after adding 1-2 drops of
phenolphthalein as a color indicator. Te titrated solution
turned pink in color at the endpoint of the titration, and a
burette reading was noted. TA was calculated as given in

Titratable acidity(TA)(%) �
x × 0.1NNaOH × equivalent weight of citric aci d

weight of sample × aliquot taken × 1000
× 100, (7)

where, x is the titer value.

Table 3: Model statistics and regression coefcient for each response of tray-drying condition.

Regression
coefcient L∗ P value C∗ P value ho P value Water

activity P value

Total
phenolic
content

(mg/100 g GAE)

P value

Total
favonoid
content
(mg/100 g

QE)

P value

Intercept 83.27 12.11 82.02 0.24 33.00 2.67
A −3.18∗ <0.0001 −1.07∗ <0.0001 −1.40∗ <0.0001 −0.01∗ <0.0001 4.40∗ <0.0001 −0.06 0.0615
B 0.24 0.4360 −0.40∗ 0.0230 -0.28 0.2807 0.00∗ 0.02 −12.15∗ <0.0001 −0.32∗ <0.0001
AB 0.69∗ <0.0001 −0.08 0.1919 −0.03 0.7776 0.00 0.5724 5.98∗ <0.0001 0.07∗ <0.0001
A2 −4.17∗ <0.0001 0.47∗ <0.0001 −0.93∗ <0.0001 0.00∗ <0.0001 20.43∗ <0.0001 −0.17∗ <0.0001
B2 −0.26 0.0900 0.38∗ <0.0001 0.08 0.5479 0.00 0.0787 7.21∗ <0.0001 −0.12∗ <0.0001
A2B 0.55∗ 0.0094 0.25∗ 0.0332 0.25 0.1419 — — −1.57∗ <0.0001 0.20∗ <0.0001
AB2 −0.74∗ 0.0008 0.18 0.1152 0.05 0.7704 — — −0.72∗ 0.0284 0.03 0.1161
A3 −1.78∗ <0.0001 −0.06 0.7398 −0.89∗ 0.0024 — — −35.89∗ <0.0001 −0.51∗ <0.0001
B3 −0.08 0.8132 −0.47∗ 0.0128 0.47 0.0921 — — 3.79∗ <0.0001 −0.16∗ <0.0001
Lack of ft 2.35 0.0542 2.01 0.0940 0.16 0.9842 1.41 0.22 2.33 0.0562 0.93 0.48
F-value 554.27∗ <0.0001 81.50∗ <0.0001 112.74∗ <0.0001 92.37∗ <0.0001 7224.00∗ <0.0001 614.45∗ <0.0001
R2 value 0.99 — 0.95 — 0.96 — 0.92 — 1.00 — 0.99 —
CV (%) 0.54 — 1.91 — 0.45 — 0.91 — 1.45 — 1.77 —
Standard
deviation 0.44 — 0.24 — 0.36 — 0.00 — 0.69 — 0.04 —
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2.6. Functional Properties of Green Banana Flour

2.6.1. Water Absorption Capacity (WAC) and Solubility.
Te WAC measures the ability of banana four to absorb
water, which was determined according to the procedure
reported by Taiwo and Babalola [27] with slight modifca-
tions. Te banana four was dispersed in distilled water at a
ratio of 1 :10. It was mixed and centrifuged (3–18KS, Sigma
Laborzeatrifugen GmbH, Germany) at 4,000× g for 20min.
Te supernatant was decanted carefully by keeping the tube
at an angle of 45° for 10min.Te supernatant was desiccated,
and the residual solid content was weighed to calculate the
solubility of banana four using equation (9). Te solubility
was measured as the ability of four to form the homoge-
neous solution with water and was expressed in gram soluble
solids per gram of four. Also, the banana four containing
absorbed water was weighed to see the WAC and expressed
as a gram increase in sample weight per gram of four.

Water absorption capacity(WAC)
g
g

  �
W2 − W1

W1
, (8)

Solubility
g
g

  �
W3

W1
, (9)

where W1, W2, and W3 are the weight of the sample, the
weight of the sample absorbed by water after centrifugation,
and the weight of soluble solids in the supernatant after
evaporation, respectively.

2.6.2. Oil Absorption Capacity (OAC). Te OAC measures
the ability of any four to absorb the oil, which was esti-
mated according to the procedure reported by Taiwo and
Babalola [27]. Te banana four was dispersed in the
soybean oil at a ratio of 1 : 10 in a 50mL Falcon centrifuge
tube. It was mixed and centrifuged (3–18KS, Sigma
Laborzeatrifugen GmbH, Germany) at 4,000× g for 20min.
Te nonabsorbed oil was decanted carefully by keeping the
falcon tube at an angle of 45° for 10min. Ten, the oil
absorbed by the sample was weighed. Te OAC of four was
estimated by using

Oil absorption capacity(OAC)
g
g

  �
W2 − W1

W1
, (10)

where, W1, W2 and are the weight of the sample, the
weight of the sample absorbed by oil after centrifugation,
respectively.

2.7. Flow Properties of Banana Flour

2.7.1. Bulk Density. Te bulk density was determined as per
the method described by Taiwo and Babalola [27]. Te bulk
density was measured as the ratio of the mass of porous four
to the volume of porous four. Te banana four (5 g) was
flled in 25mL of a graduated measuring cylinder. Ten, the

volume occupied by the four was noted. Te bulk density of
four was expressed in g/cm3and calculated using

Bulk density ρb( 
g

cm3  �
mass of banana flour

volume of banana flour
. (11)

2.7.2. Tapped Density. Tapped density was determined as
per the method described by Taiwo and Babalola [27]. Te
banana four (5 g) was flled into a 25mL of graduated
measuring cylinder and tappedmanually on a rubber mat up
to 25 times. Te volume of banana four was noted, and the
tapped density of banana four was calculated using equation
(12). Te tapped density of four was expressed in g/cm3.

Tapped density ρt( 
g

cm3 

�
Mass of banana flour

Volume of compact banana flour
.

(12)

2.7.3. Angle of Repose. It is necessary to assess the fowability
of granular materials. Also, it is mainly used in the design of
industrial equipment such as hoppers, silos, and belt con-
veyors. Te angle of repose was estimated as per the method
suggested by Anuar et al. [28]. Te sample (50 g) was
weighed and passed through the funnel. Te angle of repose
of four at 25–30° means excellent fowability, 31–35° means
good fowability of four, 36–40° means fair fowability of
four, and 41–45° and 45–55° mean passable and poor
fowability of the four.Temaximum possible angle formed
between the surface of the heap of four and the fat surface
was calculated using

Angle of repose(α) � tan− 1 2h
r

 , (13)

where h is the height of the four heap (cm) and r is the
radius of the four heap (cm).

2.7.4. Carr Index (CI) and Hausner Ratio (HR). CI and HR
characterize the fowability and cohesiveness of four. It was
determined using the tapped density and bulk density.
According to Turchiuli et al. [29], HR of the four was
classifed as HR< 1.2 means free-fowing, HR 1.2<HR< 1.4
means intermediate free-fowing, and HR> 1.4 means very
cohesive. Te fowability of four is classifed according to
Rayo et al. [25] as very good fowability if CI< 15, good if CI
is 15–20, fair if CI is 20–35, and poorly fowable if CI is
35–45. Te HR and CI were estimated using

HR �
ρt
ρb

, (14)

CI �
ρt − ρb
ρt

× 100, (15)
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where, ρt is the tapped density of four
(g/m3) and ρb(g/m3), and ρb is the bulk density of four
(g/m3).

2.7.5. Compressibility Index. Tecompressibility index is used
to know the capability of four to be compacted. According to
Mirhosseini and Amid [30], the compressibility index of four
was classifed as <10 means very good, 11–15 means good,
16–20 means fair, 21–25 means passable, 26–31 means poor,
and 32–37 means very poor. It was calculated using the porous
and compacted green banana four volume as represented in

Compressibility index �
Vp − Vc

Vp
× 100, (16)

where, Vp is the volume of porous four (m3) and Vc is the
volume of compact four (m2)

2.8. Particle Size Analysis. Te dry laser difraction particle
size analyzer (PSA 1090 LD, Anton Paar, Austria) was used
to determine the particle size of four as suggested by Ahmed
et al. [31]. Te refractive index of water (1.32) and green
banana four (1.52) was used as the reference for mea-
surement. Te particle size distribution analysis based on 10,
50, and 90% of particle proportions was designed as D10,
D50, and D90. Also, the mean particle size D and the span
value of four were determined.

2.9.Termal Analysis. Te diferential scanning calorimetry
(DSC) (200F3, Maia, NETZSCH, Germany), thermogravi-
metric analysis (TGA), and diferential thermogravimetric
(DTGA) (NETZSCH TG 209F1 Libra TGA209F1D-0072,
Germany) were done to estimate the phase transition, si-
multaneous change in sample mass, and heat fow with
respect to the change in temperature, respectively. For DSC,
2mg of banana four and 7 µL of distilled water were taken in
an aluminum pan, mixed, and covered with a lid. Te sealed
sample pan was equilibrated for 60min at room tempera-
ture. Ten it was scanned at 30 to 250°C in DSC. For TGA
and DTGA, 5mg four was taken in the alumina ceramic
crucible and kept in the sample holder. Te TGA was run at
30 to 800°C.Te heating rate was constant (10°C/min) for the
DSC and TGA with a continuous supply of nitrogen at
20mL/min. Proteusnetzsch software (version 6.1.10) was
used to carry out the data analysis.

2.10. Fourier Transform Infrared Spectrophotometer (FTIR)
Analysis. Te presence of various bonds associated with a
functional group in four was investigated using FTIR (Carey
630, Agilent, USA). Te banana four was placed on an
attenuated total refection plate and scanned for spectra in
the range of 4,000–400 cm−1.Te entire attenuated refection
plate was cleaned before analysis by using isopropanol. Te
sample spectra were measured against the background
spectrum. Te sampling noise was removed by smoothing,
and all measured peaks were denoted by peaking functions
to know the absorption spectrum of the functional group.

2.11. Statistical Analysis. Te optimization, data analysis, and
response surface plots were created using Design-Expert 12.0
software (Stat-Ease Inc., Minneapolis, USA). Te accuracy and
ft statistics of the model were studied based on analysis of
variance (ANOVA) with a signifcant (p< 0.05) model F-value
and nonsignifcant lack of ft (p> 0.05), the highest coefcient
of determination (R2)), minimum coefcient of variation,
and standard deviation. Te regression coefcient of model
responses enabled us to predict the interactive efect of
diferent variables on dried banana four quality parame-
ters. Te model's efciency was validated by performing the
proposed preliminaries and comparing their output with
the predicted results. Te IBM SPSS program, version 26
(SPSS Inc., Chicago, Illinois, USA), was used for descriptive
statistical analysis, and results were expressed as mean
values ± standard deviation (SD).

3. Results and Discussion

3.1. Infuence of Tray-Drying Parameters on Responses and
Model Fitting

3.1.1. Lightness (L∗), Chroma (C∗), and Hue Angle (ho).
Te color of dried green banana slice four is an essential
parameter concerning consumer preference and the quality
of a fnal product. Te color of the tray-dried sample was
evaluated based on L∗, C∗, and ho. Te overall experimental
L∗, C∗, and ho values of tray-dried green banana four varied
from 71.4–84.97, 11.06–14.48, and 78.34–83.91, respectively
(Table 2). Te L∗, C∗, and ho values representing the
lightness, color intensity, and saturation, and color char-
acterization of four (shift from red to cream-yellow color),
were improved by reducing the drying temperature from 80
to 50°C and the sample thickness (8–2mm) (Table 2, Fig-
ure 1). Te polynomial equation was used to model ex-
perimental L∗, C∗, and ho values to predict the infuence of
drying parameters (independent factors) on the color value
of four.Te analysis of variance of the L∗, C∗, and homodels
indicate that the cubic model was signifcant (p< 0.05) with
F-values of 554.27, 81.50, and 112.74 (Equations (17)–(19).
Also, the nonsignifcant lack of ft (p> 0.05) F values were
2.35, 2.01, and 0.16, relative to pure error, showing good
model predictability (Table 3).Te interaction efect between
experimental independent factors on L∗, C∗, and ho value of
tray-dried four showed a three-dimensional response sur-
face plot (Figures 1(a)–1(c)). Te signifcant (p< 0.05)
negative reduction of L∗ and ho values were observed with an
increase in drying temperature, and the C∗ value was
negatively (p< 0.05) infuenced by the increase in drying
temperature and slice thickness. Te signifcant (p< 0.05)
infuence of linear (A and B), interaction (AB, A2B, and AB2

), quadratic (A2 and B2), and cubic efect of drying tem-
perature and thicknesses (A3 and B3), on L∗, C∗, and ho
models were predicted through the regression coefcient of
L∗, C∗, and ho models (Table 3). Tis signifcant variation in
the L∗, C∗, and ho values of banana four might be due to the
nonenzymatic and enzymatic reactions of polyphenols with
the oxygen and polyphenol oxidase enzyme resulting from
an increase in tray-drying temperature and sample thickness
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(independent factors). Several studies showed that various
factors negatively infuence the color characteristic of the
dried product, such as diferent drying temperatures, drying
methods, rate of airfow, drying time, slice thickness, poor
stability of pigmented compounds or thermal degradation,
oxidative reactions, Maillard reactions, and caramelization
of carbohydrates [12, 32–36]. A light yellowish color is
mainly associated with green banana polyphenolic, favo-
noid, lutein, α-carotene, and β-carotene compounds [37].
Te phenolic compounds in green bananas react with the
oxygen and polyphenol oxidase enzyme, causing enzymatic
browning reactions [38]. Similarly, Junqueira et al. [39]
described that the nonenzymatic or enzymatic browning
reaction could occur after cells collapse during the drying.

Various studies reported by the researchers found that
the signifcant reduction in L∗ and ho value of oven-dried

‘Luvhele’ and ‘Mabonde’ bananas might be due to the ox-
idative reaction and degradation of pigmented compounds
increased with an increase in the drying temperature
(40–60°C) [13]. Likewise, Tuwapanichayanan et al. [12]
reported a nonsignifcant reduction in dried banana slices’
L∗ and ho values with an increased tray-drying temperature
of 70–100°C. Also, Kohli et al. [35] reported that the diferent
drying temperatures (40–70°C) signifcantly infuenced the
ho and C∗ values of dried asparagus roots. Furthermore, the
convectively tray-dried spine gourd (Momordica dioica)
slices (2.5–3mm thick) dried at 40–70°C presented a sig-
nifcant (p< 0.05) diference in the L∗ value ranging from
78.55± 0.66 to 83.74± 0.14 [19]. In the same way, the drying
temperature of (45–75°C) and sweet potato slice thicknesses
(2–6mm) had a signifcant (p< 0.05) efect on the L∗, C∗,
and ho values of tray-dried sweet potatoes [34].

L
∗

� 83.27 − 3.18∗A1 + 0.24∗B2 − 4.17∗A2
1 − 0.26∗B2

2 + 0.69∗A1B2

+ 0.55∗A2
1B2 − 0.74∗A1B

2
2 − 1.78∗A3

1 − 0.08∗B3
2; R2

� 0.99 ,

C
∗

� 12.11 − 1.07∗A1 − 0.40∗B2 + 0.47∗
(17)

A2
1 + 0.38∗B2

2 − 0.08∗A1B2 + 0.25∗A2
1B2 + 0.18∗A1B

2
2 − 0.06∗A3

1 − 0.47∗B3
2; R2

� 0.95 , (18)

h
0

� 82.02 − 1.40∗A1 − 0.28∗B2 − 0.93∗A2
1 + 0.08∗B2

2 − 0.03∗A1B2

+0.25∗A2
1B2 + 0.045∗A1B

2
2 − 0.89∗A3

1 + 0.467∗B3
2; R2

� 0.96 .
(19)
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Figure 1: Infuence of tray-drying conditions on (a) L∗, (b) C∗, and (c) ho value of green banana four.
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3.1.2. Water Activity (aw). Te aw is an essential parameter in
arresting the nonmicrobial reactions and microbial growth.
Lowering the aw of food by drying is used in food preservation
and development of diferent types of shelf-stable foods.Te aw
of tray-dried green banana four was found between 0.227 and
0.252. Te interaction efect between independent factors on
tray-dried green banana four’s aw showed a three-dimensional
response surface plot for the quality characterization of banana
four (Figure 2).Te signifcant (p< 0.05) positive efect on the
linear decrease in aw of tray-dried banana four with increased
drying temperature triggers removal of unbound water (free
water molecules). Te experimental results of the aw were used
in a polynomial equation to obtain the water activity (aw)
model to interpret how the tray-drying parameters afect the aw

of banana four (Equation 20).Te analysis of variance showed
that the aw was better predicted in the quadratic model, with a
signifcant (p< 0.05) F-value of 92.37 (Table 3). Te model ft
in terms of coefcient of determination value was closer to 1,
and the lower coefcient of variance and deviation value
showed the aw model is suitable (Table 3, Equation 20). Te
main efect of tray-drying temperature and sample thickness (A
and B) and the quadratic efect of tray-drying temperature (A2)
signifcantly (p< 0.05) afected the aw of banana four (Ta-
ble 3). In the same way, Savas [34] reported that the convective
drying of sweet potato slices at diferent temperatures
(45–75°C) and sweet potato slice thicknesses (2–6mm) showed
a positive reduction in the aw with an increase in drying
temperature and a decrease in sample thickness.

Water activity aW(  � 0.24 − 0.01∗A1 − 0.00∗B2 − 0.0036∗A2
1 + 0.0013∗B2

2 − 0.00∗A1B2 ; R2
� 0.92 . (20)

3.1.3. Total Phenolic Content. Te phenolic compounds of
bananas have antioxidant activity and are decreased due to
thermal processing. TPC of tray-dried green banana four
ranged from 20.58 to 109.68mg GAE/100 g.Te infuence of
a wide range of tray-drying temperatures and sample
thickness on the TPC of banana four was better predicted by
modeling the experimental results of TPC as a polynomial
equation. Te cubic model best fts the experimental data,
and their analysis of variance showed the model is highly
signifcant (p> 0.05) with an F-value of 7224. Te F-value of
lack of ft was 2.33 (p> 0.05), showing the model's excellent
predictability. Te coefcient of determination of the model
(R2 0.99), the coefcient of variance (1.45%), and standard
deviation (0.68) values were obtained, suggesting that this
model is ft (Equation 21). Te interaction efect of tray-
drying temperatures and sample thickness on the TPC of
four showed the three-dimensional response surface plot
(Figure 3). Te main efect of tray-drying temperature and
sample thickness (A and B) and its interaction (AB, A2B,

and AB2), quadratic (A2 and B2), and cubic efects (A3 and
B3), had a signifcant impact on the TPC of tray-dried

banana four (Table 3). Although the banana is rich in
phenolics, the increase in tray-drying temperature (50–80°C)
and sample thickness (2–8mm) had a negative efect on
TPC. Tis decrease in TPC of banana four might be due to
the degradation of temperature-sensitive phenolic compo-
nents by convective tray drying. Some of the TPC and TFC
components are highly sensitive to convective drying, and
loss in TPC content can be minimized by optimization.

A study reported that a signifcant reduction in TPC
might be due to drying temperature and binding of phenolic
components with other components like protein, resulting
in structural changes in phenol [19]. Erbay and Icier [40]
reported that convective drying of olive leaves at 40–60°C
with air velocity of 0.5–1.5m/s and process time
240–480min increases the losses of percent TPC of olive
leaves (8.13–37.25%) with the increase in drying tempera-
ture, process time, and air velocity. Similarly, Onal et al. [41]
reported that the drying temperature releases the bound
phenolic compounds and their derivatives, causing the
partial breakdown of lignin and phenolic compounds.
Correspondingly, elephant foot yam was tray dried at
40–70°C and showed variation in the TPC (0.01–0.005mg/
100 g) [42].

Total phenolic content � 33 + 4.40∗A1 − 12.15∗B2 + 20.43∗A2
1 + 7.21∗B2

2 + 5.98∗A1B2

−1.57∗A2
1B2 − 0.72∗A1B

2
2 − 35.89∗A3

1 + 3.79∗B3
2; R2

� 1 .
(21)

3.1.4. Total Flavonoid Content (TFC). Te favonoids are
part of naturally occurring phenolic compounds which are
sensitive to thermal processing, and their losses are mostly
found on convective hot air drying [34, 43].Te TFC of tray-
dried green banana four was found in a range of

1.53–3.33mg QE/100 g (Table 3, Figure 4). Tese losses in
the favonoid content of banana four can be minimized by
optimization. Te efect of independent factors on the TFC
of four was interpreted by ftting the experimental result in
the polynomial equation. Te model ftting of TFC was
better interpreted in the cubic model with a signifcant value
of 614.45 (Table 3, Equation 22).Te ft statistic of the model
was predicted in terms of the highest R2 value and lowest

Journal of Food Quality 9



coefcient of variance and standard deviation (Table 3). Te
interaction efect of independent factors on the TFC is
represented in the three-dimensional response surface plot
(Figure 4). Te regression coefcient of the cubic model
represents the expected change in TFC per unit change in
independent factor (drying temperature and sample thick-
ness), and all remaining factors are held constant. Te linear
efect of sample thickness (B) and interaction (AB and A2B),
squared (A2 &B2), and cubic(A3 and B3) efects of drying
temperature and thickness were identifed as a signifcant
(P< 0.05) decrease in the TFC. Te lower drying temper-
ature and maximum thickness of the banana slice required
the maximum drying time resulting in more degradation of
TFC. Te lower drying temperature and moderate banana
slice thickness observed the minimum loss of TFC (Fig-
ure 4). Rababah et al. [43] reported that the convective hot
air drying of fresh mint, sage, thyme, and lemon balm at
40°C showed a signifcant decrease in TFC of 298.5–90.6,
273.5–101.3, 260.3–104.7, and 252.9–97.8mg of catechin
equivalent/100 g, respectively. Jha and Sit [44] observed a
signifcant increase in the TFC degradation rate of T. chebula
fruit with an increase in temperature from 60 to 80°C, and
degradation of TFC follows the frst order kinetic. In the

same way, the elephant foot yam was hot air tray dried at
40–70°C, and the diference in TFC ranges from
(1.4–−0.97mg/100 g) [42].

Total f lavonoi d content � 2.67 − 0.06∗A1 − 0.32∗B2 − 0.17∗A2
1 − 0.12∗B2

2 + 0.07∗A1B2

+0.20∗A2
1B2 + 0.03∗A1B

2
2 − 0.51∗A3

1 − 0.16∗B3
2; R2

� 0.99 .
(22)

3.2. Optimization and Validation of Drying Condition.
Green bananas’ tray-drying process parameters were opti-
mized based on fxed-set goals. Design-Expert software
generated the possible solution for independent factors and
their corresponding responses. Te model was validated by
performing triplicate experiments generated from Design-

Expert software and compared with the experimental value
(Table 4). Green banana’s ideal convective tray-drying
process parameters were viewed as tray-drying temperature
of 50°C and slice thickness of 4.29mm. Te predicted slice
thickness of 4.29mm was difcult to set in the automatic
slicer. Terefore, the sample slice thickness of 4.5mm and
drying temperature of 50°C were considered ideal process
parameters to validate the experiment. Te experimental
responses were obtained as L∗ 84.06, C∗ 13.73, ho 83.53, TPC
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89.22mg GAE/100 g, TFC 3.10mg QE/100 g, and aw 0.25,
respectively (Table 4). Te responses obtained at an opti-
mized condition showed minimum changes/losses in vari-
ables. Te experimental values were near the predicted
values showing that the optimized conditions (at 50°C with
slice thickness of 4.5mm) suggested by the software are
acceptable. Te parameters of experimental response were
condition dependent. Tey are afected by drying temper-
ature and time, air velocity, sample thickness, and varietal
diference. Because of this, experimental values of optimized
banana four showing the variation over the previously
reported fndings from non-optimized processing condition
are represented in Table 4. Tuwapanichayanan et al. [12],
who had dried the banana slices (3mm) at 70–100°C, re-
ported the maximum ho of 79.35o at 70°C compared to those
dried at 90 (ho 78.59o) and 100°C (ho 73.16o). Olusegun-
Omolola et al. [13] reported that the signifcant diference in
ho values of banana four (74.60 and 68.99°) obtained at 47.56
and 68.99°C might be due to the oxidation and degradation
of overall color with a rise in drying temperature. Te ob-
tained fndings of water activity agreed with Savas [34] who
reported the lowest aw of 0.36 of dried sweet potato slice at
an optimized drying condition of 75°C for 4.42 h with a
sample slice thickness of 6mm. Fatemeh et al. [45] reported
that slices of both varieties of green cavendish banana and
green dream banana dried under the same condition (50°C
with slice thickness of 2mm). Te total phenolic content
(373.88mg GAE/100 g) and favonoid content (281.18 cat-
echin mg/100 g) in green cavendish banana four was found
to be higher than those of green banana four (94.25mg
GAE/100 g and 82.64mg catechin/100 g).

3.3. Characterization of Optimized Convective Tray-Dried
Green Banana Flour

3.3.1. Proximate Composition. Te proximate composition
of green banana four obtained at optimized drying condi-
tions is given in Table 5.Te results revealed that the moisture
content of green banana four was 9.99± 0.04%. Te fat,
protein, total carbohydrate, ash, crude fber, TA (as citric
acid), pH, and TSS of four were 1.79± 0.11%, 1.23± 0.04%,
77.25± 0.06%, 5.10± 0.04%, 4.66± 0.04%, 0.55± 0.03%,
6.01± 0.00, and 0.72± 0.00%, respectively (Table 5). Kumar
et al. [46] reported that the physicochemical composition of
hot air-forced convectively dried fve diferent varieties of
green bananas namely, “Grand Naine”, “Monthan”, “Saba”,
“Nendran”, and “Popoulu” slices (4mm), obtained at 55°C
showed the fat contents, protein content, and TA were in the
ranges of 0.17± 0.01–0.61± 0.20%, 3.53 ± 0.41

–4.89 ± 0.21%, and 0.61 ± 0.03–0.85 ± 0.02%. Te com-
mercial banana four manufactured by Kunachia LLC,
Davie, FL, USA, had a pH of 5.07 [47]. Our fndings varied
with the reported composition of green banana four. It
might be due to the varietal diferences, maturity stage,
drying method, drying temperature, airfow rate, and fruit
dimension of green bananas.

3.3.2. Functional Properties. TeWAC, OAC, and solubility
of green banana four were obtained as 5.19± 0.01,
1.58± 0.01, and 0.14± 0.02 g/g, respectively (Table 5). Te
results were not in agreement with those of Huang et al. [47],
who reported WAC (3.08 g/g) and OAC (0.94 g/g) of
commercial green banana four manufactured by Kunachia
LLC, Davie, FL, USA. It might be due to variations in the
starch content in the fruit. Te starch contains more hy-
drophilic sites that enable more water absorption because of
interaction with the hydrogen bond of water molecules.
Banana four’s functional properties generally depend on its
composition (resistant starch, amylose content, dietary fber,
and protein) and the interaction condition of oil/water [46].
Also, these properties depend on the particle size of four,
morphology, and fow properties (porosity and density).
Tey are useful in new product formulation, mainly in
bakery and fortifed foods like baby food and snacks.

3.3.3. Particle Size Distribution and Flow Properties. Te
cumulative distribution curve represents the volume content
of particle size as D10, D50, and D90. Ten percent of banana
four was less than 11.45± 0.17 μm, 50% of banana four was
<49.70± 2.01 μm, and 90% of banana four was
119.19± 4.61 μm (Figure 5). Te cumulative particle size
distribution is the percent distribution of the undersized
particle.Tus, there is a large diference in the D10, D50, and
D90 distribution of the total percent of particles in banana
four. Te mean value of the particle size in banana four was
found to be 60.75± 1.99 μm. Te fnding was observed to be
lower than the value (222.89 μm) reported for commercial
banana four manufactured by Kunachia LLC, Davie, FL,
USA [47]. Te span value was 2.17± 0.05, which gives an
idea of how far 10% and 90% are apart and normalize with
the mid-point. Te diferent drying techniques (oven drying
and freeze drying), drying temperature, and grinding
methods (ball mill, pulverizer, and blade grinder) may afect
the particle size distribution and physicochemical properties
[47, 48]. Convective drying triggers rapid desiccation of
moisture and structural collapse, and furthermore, it varies
due to a rise in drying temperature and hot air fow rate. In

Table 4: Validation of predicted results at optimum tray-drying condition.

Response parameters Predicted values Experimental values Error (%)
L∗ 84.07 84.06± 0.16 −0.01
C∗ 13.75 13.73± 0.13 −0.16
ho 83.37 83.53± 0.23 0.19
Water activity (aw) 0.25 0.25± 0.00 0.54
Total phenolic content (mg GAE/100 g) 89.98 89.22± 0.99 −0.85
Total favonoid content (mg quercetin/100 g) 3.12 3.10± 0.01 −0.41
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the case of freeze-dried fruit fours, the quick sublimation of
moisture from the surface of fruit slices contributes to a
more porous structure and easy grinding that facilitates
uniform particle size distribution. Khoozani et al. [48] re-
ported that particle size uniformity is responsible for
functional properties (WAC, OAC, wettability, and solu-
bility), fowability in powder-based products, and mixing
behaviours of four in doughmaking and thermal properties.

Te bulk density and tapped density of banana four were
0.26±0.00 and 0.31±0.00 g/cm3.Te good fowability in terms
of CI and angle of repose was found at 16.51±1.02 and
34.12± 0.61°, respectively (Table 5). HR and compressibility
index of green banana four were 1.2±0.01 and 16.51±1.02,
representing the intermediate fowability and fair compactness,
respectively (Table 5). Te bulk density of oven-dried green
banana four at 50, 80, and 110°C were reported to be 0.43, 0.53,
and 0.66 g/cm3 by Khoozani et al. [48]. Te drying conditions
are fruit specifc. Tis is the reason behind optimizing drying
conditions for the four formulation with good fow properties,
particle size, and functional properties.Terefore, green banana
four from optimized tray-drying conditions might have better
application in product development.

3.3.4. Termal Properties. DSC curves express the glass
transition temperature (Tg) and phase changes with re-
spect to the change in temperature of banana four. Te
thermogram of green banana four showed gelatinization

onset, peak, end, and glass transition temperatures found
as 84.4, 102.7, 106.8, and 93.8°C (Figure 6a). Te peak
temperature of fve diferent varieties of green banana
four, namely, “Grand Naine”, “Monthan”, ‘Saba”, “Nan-
dran”, and “Populu” four, obtained after the hot air drying
of banana slices at 55°C was found to be 91.01, 111.86,
98.82, 95.02, and 95.13°C, respectively [46]. Te nonsig-
nifcant diference in peak temperature value of banana
four oven-dried at diferent temperatures of 50, 80, and
110°C was found to be 75.9, 74.60, and 75.86°C [49]. Te
higher melting temperature of diferent varieties of banana
four might be due to the high content of resistant starch
and dietary fbers [49].

Te enthalpy (∆H) is the energy needed to disintegrate
the molecular interaction within the starch structure
throughout gelatinization. Te ∆H value of green banana
four was 12,222 J/g. Te higher gelatinization tempera-
ture and enthalpy value indicate a good arrangement of
starch molecules with higher amylopectin [50]. Te
specifc heat of banana four was 63.14 Jg/g (°K). Te mass
change/loss in weight of the sample with temperature
ramp showed the thermal decomposition of the sample,
which was determined by TGA (Figure 6b). In the frst
step, the mass loss (6.39%) was probably due to the de-
hydration and loss of volatile compounds in green banana
four at 120°C. Te maximum mass loss temperature and
decomposition temperature of green banana four were
70 and 292°C, respectively. Between the frst and second
stages of mass loss showed the thermal stability period,
there was no loss in mass occurred (120–220°C). During
the second stage, mass loss occurs at 220–361 °C, showing
maximum mass loss (52.09%) and minimum derivative
value. Tese showed that the depolymerization of the
carbohydrate chain results in the decomposition of
amylose and amylopectin and released gaseous com-
pounds [32, 51]. Te present mass loss value was lower
than the value reported for the rejected plantain fruit,
which was 10.79 ± 0.04 and 59.3 ± 0.1% for frst- and
second-stage mass loss [51]. Similarly, Cordoba et al. [32]

Table 5: Characteristics of optimized green banana four.

Properties Content
Physicochemical properties
Moisture (%) 9.99± 0.04
Protein (%) 1.23± 0.04
Fat (%) 1.79± 0.11
Crude fber (%) 4.66± 0.04
Ash (%) 5.10± 0.04
Total carbohydrates (%) 77.25± 0.06
Acidity (% citric acid) 0.55± 0.03
TSS (%) 0.72± 0.00
pH 6.01± 0.00

Flow properties
Angle of repose (°) 34.12± 0.61
Bulk density (g/cm3) 0.26± 0.00
Tapped density (g/cm3) 0.31± 0.00
Carr’s index 16.51± 1.02
Hausner ratio 1.2± 0.01
Compressibility index 16.51± 1.02

Functional properties
WAC (g/g) 5.19± 0.01
OAC (g/g) 1.58± 0.01
Solubility (g/g) 0.14± 0.02

Particle size
D₁₀ (μm) 11.45± 0.17
D₅₀ (μm) 49.70± 2.01
D₉₀ (μm) 119.19± 4.61
Mean size (μm) 60.75± 1.99
Span 2.17± 0.05

Te values given are the mean of the triplicate readings with the standard
deviation.

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

-0.5

D
en

sit
y 

di
str

ib
ut

io
n 

(%
)

50 100 150 200 250
Partical size (µm)

100

80

60

40

20

0

Cu
m

ul
at

iv
e d

ist
rib

ut
io

n 
(%

)

Density distribution
Cumulative distribution

Figure 5: Particle size distribution (PSD) of optimized green
banana four.

12 Journal of Food Quality



reported a higher mass loss of green bananas in the frst
(12.65°C) and second stage of decomposition
(66.69–68.88°C). Tese diferences in thermal properties
might be due to the composition of the biomolecule in
raw material, drying techniques, and the maturity stage of
fruit [51]. Te third stage loss in mass was 32.25% at

361–660°C. Further yields the lowest residual mass at the
end of decomposition (8.57%). Te diference in crude
fber, ash, and protein content is responsible for higher
residual mass [52]. Tis four can be used in the appli-
cation of soup sausages to maintain the higher temper-
ature stability of gel.

Temperature (°C)

50

40

30

20

10

0

0 50 100 150 200

EXO

DSC (mW/mg)

To (°C)
Tp (°C)
Tc (°C)
Tg (°C)

Cp (J/g.°K)
ΔH (J/g)

84.4
102.8
106.8

93.8
63.14

12222

(a)

100

80

60

40

20

0
0 100 200 300 400 500 600 700 800 900

Temperature (°C)

0.0

-0.2

-0.4

-0.6

-0.8

-1.0

TG (%) DTG (%)

Peak Temperature 292 °C

Peak Temperature 70 °C

Mass loss 52.09 %

Mass loss 6.39 %

Mass loss 32.25 %

(b)

Figure 6: Termal analysis of green banana four: (a) Diferential scanning calorimetric (DSC). (b) Termogravimetric analysis (TGA) and
diferential thermogravimetric analysis (DTGA).
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Figure 7: Fourier transform infrared spectrophotometer (FTIR) spectrum analysis of green banana four dried at 50°C (a), 60°C (b), 70°C (c),
and 80°C (d).
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3.3.5. Fourier Transform Infrared Spectroscopy (FTIR).
Te main FTIR spectra of the tray-dried four at diferent
temperatures and thicknesses were 710, 766, 1008, 1146,
1321, 1436, 1623, 2830.90, 2945.81, and 32433, respectively
(Figures 7(a)–7(d)). Te stronger intensity of broadband
between 3300 and 3400 cm− 1 showed the symmetric and
asymmetric stretching of the O–H group of hydrogen bonds.
Tis is strongly evidenced by the presence of phenolic
compounds [24, 46].

Te peak at 2850–300 was related to the stretching vi-
bration of the C–H group of protein and polysaccharides
[24]. Te variable intensity between 2820 and 2850 cm− 1

showed the existence of�C–H stretching of the aldehyde
group. Te amide I band was found between 1550 and 1640
cm− 1showing the bending of the N–H group, indicating the
presence of an amide group of protein. Te medium-weak
band in between 1400 and 1600 cm− 1 showed the presence
of an aromatic (C�C) compound of four. Te peak at 1321
cm− 1 related to stretching of the C–N bond, indicating the
presence of aromatic amide group (amide III) [24].Te peak
is located in the region between 400 and 1200 cm− 1 that
originates mainly from the vibration of the functional group
of carbohydrates (Figure 7). In this region, the bands at 1146
cm− 1 showed the stretching of the C–O group of carbo-
hydrate polymer; the band at 1008 cm− 1 was attributed to
the stretching of the COH bond associated with the crys-
talline and amorphous structure of banana four containing
starch [53]. Te absorption band at 766 and 710 cm− 1

showed the bending of the C–H group of monosubstituted
and O-di substituted aromatic compound present in four.
No change in the chemical group was observed during
banana drying, but the intensity and accurate position
difered with diferent drying temperatures and slice
thicknesses (Figure 7). Tus, the tray-dried green banana
four exhibited the presence of phytochemicals with varying
compositions, as verifed by the analysis of total phenolic
and favonoid content.

4. Conclusions

Te convective tray-drying conditions for green banana
slices were successfully optimized at a drying temperature of
50°C and slice thickness of 4.5mm. Te experimental re-
sponses showed maximum L∗ (84.06), C∗ (13.73), and ho
(83.53) values and minimum TPC (89.22mg GAE/100 g)
and TFC (3.10mg quercetin/100 g) losses in dried green
banana slices. Te minimum changes in color values and
phytochemical compound losses in dried green banana four
were observed under the optimized conditions. Despite this,
lower aw (0.25) of optimized banana four facilitated posi-
tively to the four quality during processing as well as it
might be led to long-term preservation of banana four.
However, low water activity inhibits the several biochemical
reactions. Te lower aw of banana four makes it shelf-stable
from nonmicrobial reactions. Te results obtained by var-
ious other researchers during drying of green bananas under
diferent drying conditions are compared in Table 4. Tu-
wapanichayanan et al. [12] who had dried the banana slices
(3mm) at 70–100°C reported the maximum ho 79.35 at 70°C

compared to those dried at 90 (ho 78.59) and 100°C (ho
73.16). Olusegun-Omolola et al. [13] reported that the
signifcant diference in ho values of banana four (74.60 and
68.99°) obtained at 47.56 and 68.99°C might be due to the
oxidation and degradation of overall color with a rise in
drying temperature. Te obtained fndings of water activity
agreed with those of Savas [34]. It reported the lowest aw 0.36
of dried sweet potato slices at an optimized drying condition
of 75°C for 4.42 h with a sample slice thickness of 6mm,
which is higher than the present study reporting aw value at
an optimized condition. Erbay and Icier [40] reported an
increased percent loss of TPC of convectively dried olive
leaves (8.13–37.25%) at 40–60°C with air velocity of
0.5–1.5m/s and process time of 240–480min, which was
higher than present study’s TPC of the banana slice at an
optimized condition. Hence, in total, the drying conditions
optimized in this study can be observed to be better than the
previous studies.

Te green banana four obtained after pulverizing the
dried slices at optimized conditions was lower in fat and
protein and higher in total carbohydrate and had good
fowability, WAC, and OAC. Te FTIR analysis showed
intensity and accurate position of the functional group
difered with diferent drying temperatures and slice
thicknesses. Furthermore, the DSC and TGA analysis
revealed green banana four’s maximum gelatinization,
dehydration, and decomposition temperature and these
might be due to the compositional changes in banana
(maximum starch and dietary fber content). Te green
banana four obtained in this study can be useful for nu-
merous applications in food and nonfood processing in-
dustries such as to develop high temperature stable gel,
thickening, encapsulating agent, and binder in tablet for-
mulation [21, 26]
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