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Abstract The food product industry is increasingly look-

ing for foods with nutritional properties that can provide

health benefits. Additionally, a challenge for the food

industry is the use of all raw materials. For these reasons,

banana peel that is a raw material from Banana (Musa spp.)

fruit emerges as potential for new food product develop-

ment. Here, we developed powder blends using a

lyophilization process for the preparation of flour to

potential use in cookies, bread, and pasta products. Three

formulations were designed; the main difference in the

formulations was the use of banana peel concentration. Our

results showed that blends produced with banana peel

presented physical–chemical properties considered suit-

able for use in food industry. Moreover, the evaluated

morphological parameters reveal the properties of the

powders. The blends formulated with banana peel have

more antioxidant properties, showing that the banana peel

may be an attractive option to generate powders with high

antioxidant properties.

Keywords Banana peel � Food industry � Blends �
Antioxidant � Powder

Introduction

Banana (Musa spp.) is widely consumed in the world, and

the market for this food crop economically is one of the

most significant in the world. Although economically

rentable, the consumption of banana also generates more

than 26 million tons of dry matter residue per year

worldwide principally due to discarding its peels (Ahmad

and Danish 2018; Coltro and Karaski 2019). Therefore,

new economic strategies should be evaluated to reduce the

discards and postharvest losses and increase the aggregate

value of this food crop (Petsakos et al. 2019). In these

terms, flour production with blends formulated with dif-

ferent groups of compounds and using residues for sub-

stitution in food products such as cookies, pasta, and bread

represent a challenge for the food industry (Morone et al.

2019).

Despite the diversity of products made from banana,

there are few studies in the literature related to product

development with the complete substitution of wheat for
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banana biomass, particularly biomass processed by freeze

drying. A few comparative studies with different propor-

tions of peels and pulp substituting for wheat in products

have been published (Khoozani et al. 2019a, b; Soto-

Maldonado et al. 2018). Studies considering the develop-

ment of innovative food products have suggested the use of

blends derived from different food crops. The use of blends

can offer versatility to improve the nutritional and sensory

characteristics of the food products (Okpala and Egwu

2015; Tomasula et al. 2016). Additionally, blends can

improve the physical–chemical properties of processed

food (Pereira et al. 2019).

The use of blends from banana pulp and peels for cake

production is an innovative development that can align

with the use of the peels discarded for the improvement of

quality in food production (Morone et al. 2019).The use of

banana peels can increase the economic development for a

value-add in this food chain. Additionally is known that

banana peel have antioxidant properties, principally due de

secondary metabolites such as phenolic compounds present

in the peel (Vu et al. 2018; Kamel et al. 2017). Those

antioxidant properties make the use of banana peel

attractive, and with higher potential for development of

new products (Ortiz et al. 2017). In this way, here we

describe the development and evaluation of the physical–

chemical characteristics of different lyophilized blends

produced with banana pulp and banana peel. The analyses

of the blends produced provided insights into their inno-

vative use in cookie and dessert products.

Materials and methods

Plant material

Fresh banana (Musa acuminata Colla 9 Musa balbisiana

Colla) fruit obtained at the local market was used in this

study. Fruits were harvested at the stage of green maturity

(color index 2 = entirely green) according to the com-

mercial color scale of the peel as previously described

(Aurore et al. 2009).

Pulp extraction and blend production

Fresh bananas were sanitized with chlorine-base 200 p.p.m.

and cooked for 10 min. Then, they were separated into

three formulations: the first composed only of the pulp

(E1), the second used the whole banana (34% peel and 66%

pulp) (E2), and the third composed of 50% peel and 50%

pulp (E3). To finish the preparation of formulations, E1,

E2, and E3 were dissolved in water (formulation/water,

1:0.5, w/v); subsequently, they were homogenized with an

industrial blender. At room temperature, blends were

prepared as shown in Table 1, distinguished as BLE1,

BLE2, and BLE3 and then homogenized. After homoge-

nization, the blends were frozen at - 18� C for 48 h. After

this, the material was lyophilized at - 40 ± 3� C for 48 h.

After the lyophilization process, the powder mixture was

disintegrated for 3 min with an industrial blender and

sieved through a 0.39 mm mesh.

Characterization of blends

Blends were characterized as previously described (Zene-

bon and Pascuet 2005) for water content, ash, total fiber,

total starch content, total sugars, and reducing sugars.

Nonreducing sugars were determined according to the

method based on multiplying the difference between the

percentages of total sugars and reducing sugars with the

factor 0.95 (Zenebon and Pascuet 2005). The total protein

content was quantified according to method 981.10 of the

AOAC International and pH was quantified according to

method 981.12 of the AOAC International (Lee et al.

2005). The lipid content was determined by extraction with

cold solvent mixture according to a published method

(Bligh and Dyer 1959). The water activity was determined

by direct measurement in a Labswift water activity ana-

lyzer (Novasina, Switzerland) at 25� C. The morphology of

the particles of the powder blends was evaluated by scan-

ning electron microscopy (SEM) (TESCAN VEGA 3),

operated at 5 kV and with magnifications ranging from

250 9 to 1000 9. No coating was required. Briefly, the

samples were deposited in small amounts in metallic stubs

with conventional double-sided adhesive tape. The samples

were analyzed using the images acquired through LEO

software, version 30.01.

Color determination

For color measurements, a MiniScan XE Plus colorimeter

was used in the powder function. The values of L�, a�, and
b� were determined. The coordinate C� is the chroma and

Table 1 Blends formulations

Formulations

BLE1 BLE2 BLE3

Extract 1—E1 (g) 300 – –

Extract 2—E2 (g) – 300 –

Extract 3—E3 (g) 300

Refined sugar (g) 100 100 100

Cocoa (g) 50 50 50

Maize starch (g) 30 30 30
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was determined in accordance with Eq. 1. The coordinate

H� is the hue angle and was determined in accordance with

Eq. 2 (Hutchings 2011).

ChromaC � ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a�ð Þ2þ b�ð Þ2
q

ð1Þ

H� ¼ tan�1 b
�

a�
ð2Þ

Bulk density and tap density

Bulk density was determined by pouring 3 g powder blend

into an empty 10 mL graduated cylinder. The volume was

registered, and the ratio of mass to the occupied volume in

cylinder gives the bulk density. Tap density was deter-

mined similarly, but the powder blends were tapped 100

times until the new volume was registered.

Carr index and Hausner ratio

The fluidity and compactibility of the powder blends were

expressed in terms of the Carr index (CI) (Eq. 3) and the

Hausner ratio (HR) (Eq. 4), respectively. The CI and HR

were determined from the apparent density and compacted

density of the mixtures, respectively.

Carr index ¼
ðqcompact � qapparentÞ

qcompact

� 100 ð3Þ

Hausner ratio ¼
ðqapparentÞ
qcompact

ð4Þ

Water solubility index and water absorption index

The water solubility index (WSI) and the water absorption

index (WAI) were determined according to the methodol-

ogy briefly described with modifications (Khoozani et al.

2019a). Briefly, 1 g each sample blend was added to a

Falcon centrifuge tube and 35 mL distilled water was

added. The mixture was homogenized on a microprocessor

shaker (Vortex Q220M; Quimis, Brazil) at level 10 for

5 min. Then, the tube was incubated at room temperature

for 1 h and the samples were centrifuged at 21909g for

20 min. The tube was drained to a plate dish and the

supernatant dried for 5 h at 105 �C until the weight was

constant. The residue mass (soluble blend mass, g) com-

pared to the total mass (total blend mass, g) was used to

determine WSI. The WAI was calculated as the mass of

precipitate in the Falcon tube compared to the total mass

(total blend mass, g) used for analysis.

Oil-holding capacity (OHC)

Twenty-five milliliters commercial olive oil was added to

1 g dry sample, stirred and incubated at 40, 60 or 80 �C for

1 h. After centrifugation, the residue was weighed, and

OHC was calculated as g oil per g of dry sample (Resende

et al. 2019).

Total reactive antioxidant potential (TRAP)

and total antioxidant reactivity (TAR)

Total reactive antioxidant potential (TRAP) is an in vitro

nonenzymatic method that is based on the action of

antioxidants on the fluorescence decay of luminol-en-

hanced chemiluminescence generated by the reaction of

luminol (o-aminophthaloylhydrazide) with the peroxyl

radicals produced by thermal decomposition of the free

radical generator AAPH (Moresco et al. 2017). First, the

AAPH solution (120 mM final concentration) was prepared

by adding the AAPH reagent in 100 mM glycine buffer,

pH 8.6 (20 mL final volume), followed by addition of

luminol (4 lL, 0.001 mM final concentration) in the dark.

The system was then allowed to stabilize for 2 h before the

first reading. Different concentrations of blends were

added, and the luminescence produced by the free radical

reaction was quantified in a liquid scintillator counter

(Wallac 1409, Perkin–Elmer, Boston, MA, USA) for 2 h.

The system measured the chemoluminescence emitted by

AAPH thermolysis alone. The data were transformed into

the area under curve (AUC) using software (GraphPad

software� San Diego, CA, USA; version 5.0) as previously

described (Moresco et al. 2017). Total antioxidant reac-

tivity (TAR) readings were obtained in the same experi-

ment. These results were calculated as the ratio of light

intensity in the absence of samples (I0)/light intensity after

blend addition.

Statistical analysis

The experiments were set up in a completely randomized

design with three replicates. The results were expressed as

the mean and standard deviation. Comparison of means

was performed by one-way analysis of variance (ANOVA)

followed by Tukey’s test (p\ 0.05). Statistical analysis

was performed using the software ASSISTAT 7.7 beta (de

Assis Santos and de Azevedo 2016).

Results

The physicochemical compositions of BLE1, BLE2, and

BLE3 are presented in Table 2. The water content, pH, ash,

total protein, total fiber, total carbohydrate and reducing
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carbohydrates did not differ significantly between the

BLE1 and BLE2 samples. However, in terms of water

activity, lipid, starch content, total carbohydrates, and

nonreducing sugars, differences were observed between the

BLE1 and BLE2 samples. BLE2, which is formulated with

banana peel and pulp, had higher values for water activity,

lipid, and starch content when compared to the BLE1

sample. Lower values were found in the BLE2 sample for

nonreducing sugars and total carbohydrates compared to

the BLE1 sample.

The BLE1 sample had differences in total carbohy-

drates, reducing carbohydrates and nonreducing carbohy-

drates compared to the BLE3 sample. Lower values of

these parameters were observed in the BLE3 sample that

was formulated with peel and pulp, while the BLE1 sample

was formulated with only pulp. In terms of water content,

water activity, lipids, total fiber and starch content, the

BLE3 sample had higher values compared to the BLE1

sample. Analysis of the BLE2 sample compared to the

BLE3 sample showed that the BLE2 sample had higher

values for total carbohydrates and nonreducing

carbohydrates.

The photomicrographs (Fig. 1) obtained by scanning

electron microscopy (SEM) for the blends formulated in

our study reveal the morphological characterization of the

powder produced from the banana pulp and peel. By

comparing the blends, no significant differences were

visually identifiable. All the samples had the same powder

size variability, suggesting that the use of the banana peel

in the BLE2 and BLE3 samples did not significantly

interfere with the morphology of the blends.

Color is an important parameter, principally because of

its influence on the visual attractiveness of a product

(Dantas et al. 2018). Here, the blends produced from the

banana pulp and banana peel had similar averages for the

a�, b�, C�, and H� parameters (Table 3). However, the

BLE3 sample had lower values for the L� parameter than

the BLE1 and BLE2 samples. Decreases in values for the

L� parameter in color are related to changes in the size of

powder particulates. In terms of bulk density and tap

density, we found that BLE3 had a higher value for bulk

density and tap density compared to BLE1 and BLE2

samples (Table 4). The Carr index and Hausner ratio were

not different between the blends.

The water solubility index (WSI) was evaluated in the

blends here formulated and was not different between the

blends (Table 2). However, for the water absorption index

(WAI), BLE3 had higher values compared to the BLE1 and

BLE2 samples (Table 2). The values for WAI in BLE2

were also higher compared to BLE1. In these terms, it is

possible to suggest that the higher values for WAI in the

BLE2 and BLE3 samples compared to BLE1 may be due to

the presence of banana peels in the formulations of BLE2

and BLE3. Additionally, the oil-holding capacity (OHC)

was evaluated. Interestingly, it was observed that BLE1

had higher values for OHC compared to the BLE2 and

BLE3 samples (Table 2).

The total-radical trapping antioxidant potential (TRAP)

and total antioxidant reactivity (TAR) were evaluated;

BLE3 had a higher TRAP and TAR than the BLE1 and

BLE2 samples. Our findings also showed that BLE2 had

higher values for TRAP and TAR compared to BLE1

Table 2 Physicochemical

characterization of blends

produced from pulp and peel of

banana

Formulations

BLE1 BLE2 BLE3

Water content (%) 2.43 ± 0.081a 2.51 ± 0.072ab 2.64 ± 0.037b

aw (25 �C) 0.16 ± 0.003a 0.23 ± 0.009b 0.24 ± 0.004b

water solubulity index (WSI) (%) 51.86 ± 0.598 52.04 ± 0.085 51.09 ± 0.316

water absorption index (WAI) (g/g) 0.79 ± 0.040a 1.31 ± 0.013b 1.43 ± 0.012c

oil-holding capacity (OHC) (g/g) 1.14 ± 0.011a 0.94 ± 0.028b 0.97 ± 0.017b

pH 6.44 ± 0.042 6.39 ± 0.017 6.37 ± 0.046

Total protein (%) 5.91 ± 0.286 6.10 ± 0.116 6.03 ± 0.178

Lipid (%) 1.80 ± 0.059a 1.99 ± 0.013b 2.58 ± 0.018c

Total fiber (%) 2.40 ± 0.157a 2.65 ± 0.500a 4.08 ± 0.229b

Total starch (%) 4.51 ± 0.095a 5,85 ± 0.117b 6.28 ± 0.084c

Total carbohydrates 87.00 ± 0.325 86.60 ± 0.235 85.91 ± 0.186

Reducing carbohydrates (%) 42.13 ± 0.146a 40.37 ± 0.234b 39.68 ± 0.116c

Non-reducing carbohydrates (%) 40.93 ± 0.202a 39.12 ± 0.227b 38.46 ± 0.078c

Ash (%) 2.85 ± 0.129 2.80 ± 0.022 2.83 ± 0.024

The differences are expressed in letters, different letter represent significant differences between the blends

p\ 0.05
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(Fig. 2). Taken together, these data reveal the antioxidant

properties of the formulations of the blends developed in

this study.

Discussion

The banana is a fruit that is widely used in different ways

in food technology processing. The richness of biocom-

pounds with certain chemical and physical properties has

stimulated the development of new products using both

banana pulp and banana peel (Vu et al. 2019). In these

Fig. 1 The photomicrographs obtained by scanning electron microscopy (SEM) for the blends formulated. Representative images (9 100, and

9 1000 respectively) (MPB1 = BLE1; MPB2 = BLE2; and MPB3 = BLE3)

Table 3 Summary of color parameters

Formulations

BLE1 BLE2 BLE3

C� 25.39 ± 0.499 25.94 ± 0.487 26.30 ± 0.244

H� 1.12 ± 0.022 1.13 ± 0.012 1.11 ± 0.006

a� 11.13 ± 0.287 11.14 ± 0.110 11.62 ± 0.144

b� 22.81 ± 0.696 23.42 ± 0.572 23.60 ± 0.250

L 45.66 ± 0.121a 43.84 ± 0.115b 42.04 ± 0.026c

The differences are expressed in letters, different letter represent

significant differences between the blends p\ 0.05

Table 4 Carr index and

Hausner ratio
Bulk density (g/cm3) Tap density (g/cm3) Carr index (%) Hausner ratio

BLE1 0.56 ± 0.008a 0.77 ± 0.011 26 0.73 ± 0.012

BLE2 0.57 ± 0.004b 0.77 ± 0.006 26 0.75 ± 0.012

BLE3 0.58 ± 0.008c 0.80 ± 0.020 26 0.73 ± 0.012

The differences are expressed in letters, different letter represent significant differences between the blends

p\ 0.05
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terms, our study evaluates the use of banana peel together

with banana pulp in the production of a powder blend to be

used in innovative cake and dessert products.

We found that powder blend samples produced through

lyophilization that contain banana peel in the formulation

chemically have higher water content and water activity.

Others have shown that the presence of water in powdered

products can influence different properties of the product

(Calo et al. 2015). Different studies have related the effect

of water activity in the flowability of powders (Juarez-

Enriquez et al. 2017, 2019; Shenoy et al. 2015). The

presence of water can alter the complex interactions

between intermolecular forces of the particles. These

alteration play directly in the powder flowability and

influence the bulk and tap density (Althaus and Windhab

2012). Moreover, water activity represents a challenge for

the food industry, principally during storage (Shenoy et al.

2015). The presence of water in powdered products can

provide environmental conditions for microbial growth

(Syamaladevi et al. 2016). The results for water activity in

the blends formulated in our study are considered safe for

powdered products principally because the values varied

between 0.16 and 0.24 (Xu et al. 2019). Additionally, the

variation in water activity between the blends suggests that

the use of banana peels influenced this parameter in the

powder produced.

Banana peels are an important source of soluble and

insoluble fibers (Ferrante et al. 2019). Different authors

have shown that the fiber present in both banana pulp and

banana peels has a higher quality, which is associated with

both water and oil holding capacities (Eshak 2016; Ferrante

et al. 2019; Tibolla et al. 2019). In banana peel, studies

have found high amounts of lignin, cellulose, and hemi-

celluloses (Eshak 2016). These compounds are insoluble

fibers, and consequently, the presence of these compounds

in the formulation modulated the water activity and oil-

holding capacity. In terms of insoluble and soluble fibers, it

is suggested that in cookies or dessert products, the crumb

structure can be improved in a manner dependent on

hydrocolloid composition (Mir et al. 2016). The blends

formulated in our study with banana peel showed an

increase in water retention, suggesting that fiber content in

the powder affected this parameter. Some authors have

suggested that the polarity present on surfaces of different

fibers can interact with water structure and consequently

alter the water retention (Dı́az et al. 2017; Pelissari et al.

2017). Interestingly, oil-holding capacity decreases in for-

mulated blends that contain banana peels. This result can
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Fig. 2 Analysis of total-radical trapping antioxidant potential

(TRAP) and total antioxidant reactivity (TAR) from the blends

formulated with banana pulp and banana peel. a TRAP of BLE1

sample; b TRAP of BLE2 sample; c TRAP of BLE3 sample; d TAR

of BLE1 sample; e TAR of BLE2 sample; f TAR of BLE3 sample.

Mean of three replicates (n = 3) and the values are expressed as the

mean ± SEM
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be associated with the low level of treatment that banana

peels received before being added to the formulation. It is

known that soluble and insoluble fibers, when submitted to

different treatments, alter the surface and consequently the

physiochemical properties of the product. The hydrophilic

group of the fibers, when exposed on the surface, can

cooperate with the low oil-holding capacity (Yan et al.

2015). Here, the results suggest that the composition and

structure of the fibers present in the banana peels were able

to modulate the water retention and oil-holding capacity.

The microscopic structure of the lyophilized powders

produced from blends was analyzed by SEM. The powders

of all blends had an agglomerated structure. Additionally,

the agglomerates had a gelatinous structure, which suggests

that the starch present in the blends has low crystallinity. It

is known that the type of starch also influences the crys-

tallinity (Kiatponglarp et al. 2015). Starch type B, which is

present in fruits, is less susceptible to enzymatic attacks.

Starch type B has also been related to the agglomerate

morphology of powders. Therefore, our results suggest that

the structure of the blend powders here studied contain

starch type B, principally due to the use of banana pulp in

the formulations. Additionally is recognized that banana

starch can present both starch type A and starch type B,

which can collaborate to morphology structure of the

powders (Zhang et al. 2005).

The color characteristic is an important feature for

attractiveness in food products. The L� parameter evaluates

the black-white color scale. Our results reveal a significant

decrease in the L� parameter in the blends produced with a

banana peel in the formulation. The low values for L�

observed in the blends produced with banana peel suggest

that the dark color present in the peel contributes to color in

the powder. Additionally, the morphology of the powder

can modulate the L� parameter (Dantas et al. 2018).

However, the agglomeration observed in blend samples,

according to the SEM results, reveals that in terms of

powder, our blends have a similar morphology. Therefore,

we believe that the presence of banana peel was the main

factor influencing the L� parameter. For the a� and b�

parameters, no differences were observed in the powder

blends. These results suggest that the powder blends BLE2

and BLE3 did not suffer alterations due to the presence of

banana peel. In terms of product, this feature is relevant

because it maintains the physical appearance. The chroma

C� was determined using both the a� and b� parameters.

Similar to the results for the a� and b� parameters, the

chroma C� of the blend powders were not different.

Powder flowability and cohesiveness as evaluated by the

Carr index (CI) and the Hausner ratio (HR) reveal that the

blends did not differ in these parameters. In terms of CI, the

powder values obtained have CI values considered fair for

flowability. These results suggest the easy feasibility for

industrial packaging of the powders produced (Assumpção

et al. 2016; Jange and Ambrose 2019). Moreover, the

banana peel composition did not alter this important

property of the powders. The HS cohesiveness showed that

blends did not differ in this parameter. Additionally, the HS

also indicate that the powders presented a low level of

cohesiveness. These results corroborate the data for CI

values.

The total-radical trapping antioxidant potential (TRAP)

is an assay commonly used to test the antioxidant activity

of compounds or group of compounds present in different

types of products. Here, we evaluated the levels of TRAP

in the blends and observed that the BLE2 and BLE3

samples had significant higher levels of antioxidant com-

pounds compared to BLE1. These results suggest that

secondary metabolites present in the banana peels can

collaborate to increase the antioxidant capacity of the

powder blends formulated. Interestingly, for the total

antioxidant reactivity (TAR), the BLE3 sample has an

increased TAR. This result indicates that the BLE3 sample

had more antioxidant compounds and, most importantly,

those antioxidants were more reactive. In terms of

antioxidants, it is known that banana has a higher number

of secondary metabolites that can demonstrate antioxidant

activity when submitted to determined redox conditions

(Moresco et al. 2017). Our results reveal that the use of

banana peel can improve the antioxidant properties of

powders produced by lyophilization. Additionally is

important to relate that banana peel is considered safe to

health. In terms of challenges for the industry, today, most

products have been explored commercially for their

antioxidant properties principally because of the potential

health benefits.

In conclusion, our data reveal that powder blends for-

mulated with banana peel presented similar physicochem-

ical characteristics to powder blend formulated alone with

banana pulp. Additionally, our blends had properties that

strongly support their use in the food industry, principally

in the manufacturing of cookies and dessert products.

These reinforce the importance for food industry invest-

ments in the development of innovative products, princi-

pally through effective methods to recycle or use residues,

such as banana peel, in formulations. Economically, these

attempts may result in gains for both agricultural practice

and the food industry.
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