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A B S T R A C T   

The potential of green banana biomass (GBB) as a natural ingredient and its impact as a fat replacer in chicken 
mortadella on sensory perception were investigated. The GBB was assessed for physicochemical characterization, 
antioxidant capacity and antimicrobial activity. Five chicken mortadella formulations were developed with fat 
replacement of 25, 50, 75 and 100% by GBB. Microbiological stability of the formulations was assessed, and the 
sensory profiling was evaluated by Preferred Attribute Elicitation (PAE). The dietary fiber, resistant starch, total 
phenolic compounds and antioxidant capacity in GBB were 3.99%, 4.16%, 518.39 mg GAE/100 g (GAE: Gallic 
acid equivalent) of dry sample, 5307.62 μmol of trolox equivalent (TE)/100 g of dry sample and 3583.12 μmol of 
trolox equivalent (TE)/100 g of dry sample, respectively. GBB contained potassium (1121 mg/100 g), phos
phorus (183.6 mg/100 g), magnesium (77.4 mg/100 g), copper (0.53 mg/100 g) and iron (7.21 mg/100 g). The 
microbial counts in the formulations after 90 days of chill storage were within the safe limit. The results 
concluded that GBB showed desirable functional and technological proprieties to be used in chicken mortadella 
without affecting the characteristic flavor of these products. Besides, PAE proved to be a potential method to 
characterize chicken mortadella.   

1. Introduction 

Poultry meat is among the animal source foods most widely eaten at 
global level and the consumption and processing of poultry meat have 
increased rapidly in past decades (FAO, 2019), primarily due to their 
convenience, variety, lower price, low levels of fat and faces few reli
gious and cultural barriers, as compared to that of beef and pork 
(Chmiel, Roszko, Adamczak, Florowski, & Pietrzak, 2019). Among the 
poultry products, the mortadella is appreciated by all social classes, with 
high popularity in the lunch meat market, it is attractive due to its low 
cost, pleasant flavor, and characteristic aroma (Júnior et al., 2019). 
However, due to the high lipids content, the high consumption of this 
product is associated with obesity, and an increased risk of cardiovas
cular diseases and cancer (Fernández-López et al., 2020). 

Consumers’ preference for healthier meat products with a nutritional 

or functional claim, such as lower content of fats, sodium and nitrite, 
fatty acids improvement and addition of functional ingredients are 
continually increasing all over the world (Zhang, Xiao, Samaraweera, 
Lee, & Ahn, 2010). However, reducing the fat content in the preparation 
of this type of product can affect the flavor and texture characteristics, 
leading to a decrease in consumer acceptance (Saldaña et al., 2018). 

The reformulation of meat products with simultaneous replacement 
of compounds considered harmful to health by natural and functional 
ingredients is a potential alternative for the improvement of their 
nutritional characteristics and aligns with a growing demand from 
consumers, increasingly aware of their food (Hung, de Kok, & Verbeke, 
2016). Thus, ingredients derived from fruits and vegetables as fat sub
stitutes in mortadella products have been investigated (Alves et al., 
2016; Auriema et al., 2019; Pires, dos Santos, Barros, & Trindade, 2019; 
Santos et al., 2020). 
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The green banana biomass (GBB) is a product from banana pro
cessing, being obtained by cooking the green bananas (maturation 
stages 1 and 2), according to the maturation scale of Von Loesecke 
(1950). The green banana pulp does not present flavor or aroma when 
cooked, and can be employed as a technological ingredient in different 
food preparations (Ranieri & Delani, 2014), besides its nutritional 
contribution (Izidoro, Scheer, Sierakowski, & Haminiuk, 2008). Despite 
this, there are scarce studies related to GBB application as a fat replacer 
of meat products (Alves et al., 2016; Bastos et al., 2014; Dinon, Devitte, 
Canan, Kalschne, & Colla, 2014) Additionally, there are no reports of the 
partial/total fat replacement by GBB in chicken mortadella. 

Therefore, this study aimed to evaluate the physicochemical, tech
nological, and functional characteristics of the GBB, as well as its 
effectiveness as a fat replacer in chicken mortadella through its impacts 
on microbiological and sensory properties. 

2. Material and methods 

2.1. Raw material characterization 

The green bananas (Musa spp., AAAB, var. Prata BRS Platina) were 
obtained at Embrapa Agrobiology, Seropédica, RJ, Brazil (geographic 
coordinates: 220 48′00′′ south latitude and 430 41′00′′ west longitude), 
through the integrated system of agroecological production (SIPA) with 
organic management and harvested in maturation stage 1 (peel full 
green), according to the maturation scale of Von Loesecke (1950). 

The bananas’ ripeness degree was determined by total soluble solids 
(TSS) content, titratable acidity (TA), and pH. For TSS, a refractometer 
(Instrutherm, RT-280) was used according to the method described by 
Yap, Fernando, Brennan, Jayasena, and Coorey (2017), and the results 
were presented in Brix degree (◦Brix). The TA was quantified by titration 
with NaOH 0.1 N and the results were expressed in g of malic acid/g of 
the sample, as described by method 13.6.2 by IAL (1985). The pH was 
determined using a digital pH meter (MS - Tecnopon, RS 232), according 
to the Association of Official Analytical Chemists, AOAC (AOAC, 2019a). 

2.2. Green banana biomass (GBB) processing 

GBB was processed according to Dinon et al. (2014) and Riquete 
et al. (2019) methodologies, with modifications. The unpeeled green 
bananas were washed with running water, placed in a pressure cooker at 
a proportion of 1.800 g of green bananas for 1.750 ml of water, and 
subjected to cooking (1.8 Pa, 120 ◦C) for 15 min. Then the peels were 
removed, and the pulps milled in a grinder (BECKER go®, SC, Brazil), 
using a stainless-steel plate of 5 mm holes. 

2.3. Macronutrients characterization (proximate chemical composition) 

The chemical composition of the GBB was determined according to 
the AOAC methods (AOAC, 2019b; AOAC, 2019c; AOAC, 2019d; AOAC, 
2019e): moisture by the oven method (Solab - SL 100) at 105 ◦C; ashes 
by using the muffle (Solab - SL 102) at 550 ◦C; total proteins by the 
micro-Kjeldahl method using a nitrogen conversion factor of 6.25, and 
total lipids by the Soxhlet method. Although the nitrogen conversion 
factor in vegetable origin products ranged from 5.30 to 6.31, the value 
used was based on previous studies using green banana and fruit de
rivatives (Costa, Alencar, Rullo, & Taralo, 2017; Damasceno et al., 2016; 
Peris-Felipo, Benavent-Gil, & Hernández-Apaolaza, 2020; Salih et al., 
2017). 

The total carbohydrate content was obtained by subtracting the 
moisture, protein, lipid, and ash values from 100. The total dietary fiber 
was quantified according to the enzymatic-gravimetric method (AOAC, 
1995, p. 474), and the resistant starch according to the method of 
Ovando-Martinez, Sáyago-Ayerdi, Agama-Acevedo, Goñi, and Bel
lo-Pérez (2009), with modifications. 

2.4. Mineral profile 

The mineral content was determined according to the USEPA 3052 
method, using concentrated HNO3

− in digestion procedure. Phosphorus 
(P) was determined by colorimetry, potassium (K) by flame emission 
photometry, and the other elements (Ca, Mg, Fe, Mn, Al, Cu, Ni, Co, Cr, 
Zn, Ba, Pb, and Cd) by flame atomic emission spectrometry (Varian 606, 
model OPTIMA 3000). 

The contents of carbon and total nitrogen were determined by the 
dry combustion in the elemental analyzer (LECO Corporation, model 
TruSpec CHN). 

2.5. Ascorbic acid content 

The ascorbic acid was determined following the method described by 
Strohecker and Henning (1967, p. 428). One gram of GBB was added in 
50 ml of oxalic acid (0.5%) and shaken in a shaker table (Orbital SL 180) 
at 2500 rpm for 30 min. After, 10 ml of the solution was added to an 
Erlenmeyer flask with 40 ml of distilled water. Then, the samples were 
titrated with 2,6-dichloro-phenol indophenol solution (DCPIP). The 
concentration of ascorbic acid was expressed in mg. 100 g− 1 of sample. 

2.6. Preparation of the GBB extract for determination of total phenolic 
compounds (TPC), antioxidant capacity (based on the evaluation of DPPH 
scavenging activity and ferric reducing antioxidant potential) and 
antimicrobial activity 

The GBB extract was obtained according to Ovando-Martinez et al. 
(2009), with modifications. One gram of sample was added to a tube 
with 50 ml of acetone solution (70%) and shaken in a shaker table 
(Orbital SL 180) at 2500 rpm for 60 min. The solution was centrifuged at 
3000 rpm for 15 min. The supernatant was collected, and the extraction 
repeated one more time. The supernatants of the two extractions were 
combined in a volumetric flask of 100 ml and filled with distilled water. 

2.7. Total phenolic compounds (TPC) 

The TPC was determined following the method described by Swain 
and Hillis (1959). One ml of the extract and 1 ml of Folin-Ciocalteu 
reagent 0.25 N were added to 10 ml of distilled water. After 3 min, 
1.5 ml of Na2CO3 at 10% was added and the solution was kept at room 
temperature (25 ± 1 ◦C) for 2 h in the dark. Then, the measurement was 
carried out in a spectrophotometer (Spectrophotometer Model NOVA 
2000 UV, São Paulo, Brazil) at 725 nm and the result was expressed in 
mg GAE/100 g (GAE: Gallic acid equivalent) of dry sample. 

2.8. Antioxidant capacity by the methods of ferric reducing power 
(FRAP) and free radical scavenging (DPPH) 

The antioxidant capacity was evaluated by FRAP (method based on 
the reduction of iron ions) according to the method proposed by Thai
pong, Boonprakob, Crosby, Cisneros-Zevallos, and Byrne (2006). The 
extract (90 μL) was diluted in distilled water (270 μL) and reacted with 
2.7 ml of FRAP reagent. The solution was shaken and kept in water bath 
(37 ◦C) for 30 min. The absorbance was measured by a spectropho
tometer (Model NOVA 2000 UV, São Paulo, Brazil) at 595 nm, and the 
result expressed in μmol of trolox equivalent per 100 g of dry sample 
(μmol TE/100 g). 

The antioxidant capacity by DPPH (method based on the seques
tration of the stable free radical 1,1-diphenyl-2-picrylhydrazyl) was 
determined according to the method of Rufino et al. (2010), with 
modifications. The GBB extract (150 μL) was mixed with 2.85 ml of 
DPPH* (60 μmol/L) and shaken in a vortex for 30 s. Then, the solution 
rested for 1 h in the dark and the measurement was carried out by 
spectrophotometry at 515 nm (spectrophotometer Model NOVA 2000 
UV, São Paulo, Brazil), with the result expressed as μmol of trolox 
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equivalent per 100 g of dry sample (μmol TE/100 g). 

2.9. Antimicrobial activity 

The antimicrobial activity was determined according to the method 
of diffusion in agar described by Bauer, Kirby, Sherris, and Turck (1966). 
The tests were carried out using Salmonella typhimurium and Staphylo
coccus aureus strains. The inoculum of each microorganism was obtained 
after activation for three successive transferences in BHI (brain heart 
infusion) broth, incubation at 35 ◦C for 20 h, and subsequent superficial 
inoculation on BHI agar. The colonies were suspended until reaching 1 
× 108 UFC/ml, corresponding to the turbidity 5 in the MacFarland scale. 
It was carried out to obtain a work suspension containing approximately 
1 × 106 UFC/ml according to the Clinical and Laboratory Standards 
Institute (CLSI, 2003). Aliquots of 0.1 ml of this suspension were spread 
using Drigalsky handle, on Petri dishes containing 20 ml of MH (Mueller 
Hinton) agar. Two wells were made using a sterile 6 mm hole punch, 
which were filled with 50 μL of GBB extract and control (containing 
acetone 70%). Ampicillin discs for Gram-positive and Gentamicin discs 
for Gram-negative bacteria were added as well. The plates rested until 
complete absorption of the extract by the agar. Then, they were incu
bated for 24 h at 36 ◦C. The inhibition zones’ diameter was measured in 
mm (including the 6 well diameter). 

2.10. Water retention capacity (WRC) and oil retention capacity (ORC) 

The WRC and ORC of the GBB were carried out according to the 
method of Salih et al. (2017). In a tube containing 25 ml of distilled 
water or soy oil, 1 g of the sample was added and kept in water bath at 
80 ◦C for 1 h. The tubes were centrifuged at 3000 x rpm for 20 min. The 
supernatant was discarded, and the residue was weighed. The WRC and 
ORC were calculated as g of water or oil/g of sample, as described in 
equation (1). 

WRC or ORC = (
(final weight – initial weight)

initial weight
) (1)  

2.11. Chicken mortadella preparation 

The chicken breast meat, skin and mechanically separated chicken 
meat (MSCM) were provided by Reginaves Indústria e Comércio de Aves 
Ltda (RICA) (Rio de Janeiro, RJ, Brazil) and the additives [cure salt 
(nitrite/nitrate), sodium erythorbate, carrageenan, soy isolated protein, 
condiment for mortadella, flavor enhancement, sugar, cassava starch, 
and sodium polyphosphate] were provided by IBRAC additives and 
condiments (Rio Claro, SP, Brazil). 

Mortadella samples were prepared in the meat processing plant at 
the Department of Food Technology at the Federal Rural University of 
Rio de Janeiro (DTA/UFRRJ). Five different formulations of chicken 
mortadella were processed, and two replicates were made for each 
formulation, totaling ten experimental units. The formulations were: 
Control (FC) without fat reduction, and those with fat replacement by 
GBB at 25% (F1), 50% (F2), 75% (F3) and 100% (F4). For the prepa
ration of the product mass, the cold (0 ◦C) chicken breasts (21.57%) 
were initially minced in the grinder. Then, the mass was taken to the 
cutter along with ice cubes (15%) and MSCM (30%), where everything 
was finely comminuted. 

After homogenization of the mass, the chicken skin (FC-23%, F1- 
17.25%, F2-11.5%, F3-5.75% and F4-0%) and salt were added, and 
subsequently, comminuted for 30 s. Then, the GBB (FC-0%, F1-5.5%, F2- 
11.5%, F3-17.25% and F4-23%), cure salt (nitrite/nitrate) (0.13%), 
sodium erythorbate (0.30%), carrageenan (1.0%), isolated soy protein 
(4.0%), mortadella condiment (0.30%), flavor enhancer (0.40%), sugar 
(0.20%), cassava starch (3.5%), and sodium polyphosphate (0.30%) 
were mixed with the mass. Afterward, the mass was stuffed in a 90 mm 
caliber artificial casing made of polyamide, with portions of 400 g. 

The mortadella cooking was carried out in a water bath, according to 
the following program: 45 ◦C/30 min, 55 ◦C/30 min, 65 ◦C/30 min, 
75 ◦C/30 min and 85 ◦C until the internal temperature of the center of 
the mass reached 72 ◦C. After cooking, they were submerged in cold 
water and stored at 4 ◦C until analysis. 

2.12. Microbiological analysis of the chicken mortadella samples 

To evaluate the effect of the green banana biomass addition on the 
microbiological quality of the chicken mortadella samples, analyses 
were carried out after 1, 15, 30, 45, 75 and 90 days of cold storage (4 ◦C) 
for Salmonella sp., Staphylococcus coagulase-positive, Clostridium sulfite 
reducers, and total coliforms, as established by Brazilian legislation 
(Brasil, 2001). 

2.13. Sensory evaluation 

Sensory characterization of mortadella samples was performed using 
Preferred Attribute Elicitation (PAE) as described by McSweeney, Siso
pha, T’ien, Rector, and Duizer (2017) and Soares et al. (2019). The 
participants comprised students, employees, and visitors, aged between 
22 and 60 years old and were recruited through email, posters and social 
media and selected according to interest, availability, and consumption 
profile (at least once a week). 

The total number of panelists who agreed to participate in the PAE 
was 27 people (65% female), randomly divided into two homogeneous 
groups in two distinct sessions. The sample size used was based on 
previous studies (Muggah & McSweeney, 2017; Popoola, Bruce, 
McMullen, & Wisme, 2019) and in line with the recommendations of 
McSweeney et al. (2017). The first session (PAE1) comprised 14 pan
elists, while the second (PAE2) was composed of 13 panelists. There 
were no significant differences between the age and sex distribution 
between the groups. 

Initially, panelists received 30 g of each sample at once, identified 
with 3-digit random numbers, and served at 15 ◦C in white plastic 
dishes. Water and cream crackers were served to clean the palate be
tween testing samples. Firstly, they were asked to describe the attributes 
that they liked and disliked the most, and then participants were asked 
to think and nominate all the sensory descriptors that differed between 
the samples. In a round table discussion moderated by the responsible 
researcher, the elicited descriptors were listed on a board so that the 
participants could see them. The participants were asked to group the 
descriptors according to their similarity (for example: spice flavor, spicy, 
and seasoning were grouped in spicy). 

Next, 9-point intensity scales were created for each mentioned 
descriptor, being the anchors defined by the panelists (for example: not 
salty and extremely salty), considering the attribute intensity. In addi
tion, participants were informed that if the scale did not include all the 
attributes considered important by them, they could add a new scale 
(Grygorczyk, Lesschaeve, Corredig, & Duizer, 2013). Participants were 
also asked to order the attributes according to their preference in the 
form, and a tie was allowed between attributes that they had perceived 
as equally important. After a short break, panelists received the forms 
that were previously designed by themselves, and chicken mortadella 
samples were presented monadically to run the sensory test. 

Tests were carried out at the sensory analysis laboratory and each 
session lasted approximately 90 min. For this study, the approval was 
obtained from the ethics committee (CAAE: 16784119.0.0000.5285) of 
the Federal University of the State of Rio de Janeiro (UNIRIO), Brazil. 

2.14. Data analysis 

All the analyses on green banana biomass were performed in tripli
cate and the results were expressed as average ± standard deviation. 
Data of the PAE method were submitted to Generalized Procrustes 
Analysis (GPA) (Dijkterhuis, 1995) through a matrix of 5 rows 
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(mortadellas samples) and 150 columns for PAE1 and 180 columns for 
PAE2 (attributes x consumers). The comparison of similarity in sample 
characterization between the PAE sessions (PAE1 x PAE2) was per
formed using Multiple Factor Analysis (MFA) (Pagès, 2004) through a 
matrix of 5 rows (mortadella samples) and two groups of columns (GPA 
coordinates of the samples corresponding to data from the PAE1 and 
PAE2), and the RV coefficient (Santos et al., 2013). All the analyses were 
done using the statistical software XLSTAT (version 2018.2). 

3. Results and discussion 

3.1. Green banana analysis 

TA, TSS content and the pH of the green banana were 0.18 (±0.00) g 
of malic acid/g of sample, 4 (±0.00) ◦Brix and 5.48 (±0.04), respec
tively. Similar values were found by Youryon and Supapvanich (2017) 
(TSS = 3.6 ◦Brix, TA = 0.10 g of malic acid/g of sample) and Izidoro 
et al. (2008) (TSS = 5.2 ◦Brix, TA = 0.15 g of malic acid/g of sample and 
pH = 5.2), in studies using green banana at maturation stage 1. 

3.2. GBB characterization 

3.2.1. GBB chemical composition 
The proximate chemical composition of the GBB is presented in 

Table 1. Fat, ash, protein, and carbohydrate content of GBB were 0.40, 
0.65, 0.84, and 19.59, respectively. Similar results were found for GBB 
characterization (Costa et al., 2017; Dinon et al., 2014). 

The GBB presented resistant starch and the dietary fiber content of 
3.99% and 4.16%, respectively, which according to FAO (2013), may be 
considered a “source of fiber” food once it has a content of fibers above 
the minimum of 3 g of fibers/100 g of food. Resistant starch and dietary 
fiber present similar functional characteristics since both are 
non-digestible by the small intestine and are fermented in the large in
testine. These characteristics confer physiological benefits such as 
reduction of glycemic response, short-chain fatty acid production, which 
contributes to colon health, among other nutritional benefits (Ranieri & 
Delani, 2014). Thus, the addition of GBB in frequently consumed foods, 
such as meat products, may help improve the daily fiber intake. 

3.2.2. GBB mineral composition 
Macro and micro mineral content of GBB are shown in Table 2. 

Among the macro minerals, the carbon content was the highest (37,900 
mg/100 g), followed by potassium (1121 mg/100 g), nitrogen, phos
phorus, magnesium, calcium, and sodium (752, 183.6, 77.40, 78 and 
76.70 mg/100 g, respectively). 

The potassium concentration represents 23.85% of the Recom
mended Daily Intake (RDI) for adults (31–50 years old) (Table 2), ac
cording to the Institute of Medicine (IOM) (IOM, 2005). The phosphorus 
represents 18.4% of the RDI, the magnesium 24.2% of the RDI for 
women, and 18.4% for men, and the calcium and sodium represent 10% 
of the RDI (Table 2) (IOM, 1997). 

Regarding the micro minerals, the iron content was the highest (7.21 
mg/100 g), representing 40% of the RDI for women and 93.8% for men, 

followed by manganese (2.32 mg/100 g), copper (0.53 mg/100 g), zinc 
(0.49 mg/100 g), nickel (0.09 mg/100 g), cobalt (0.06 mg/100 g) and 
cadmium (0.03 mg/100 g). The manganese concentrations were higher 
than the RDI for women (28%) and 100% of the RDI for men; Whereas 
the copper content represents 58.9% of the RDI for both gender; while 
zinc contents represent less than 10% of the RDI (Table 2) (IOM, 2001; 
IOM, 2005). 

According to the Food and Drug Administration (FDA) (FDA, 2016), 
to be considered a “good source”, a nutrient must have a content be
tween 10 and 19% of the RDI, whereas to be an “excellent source”, it 
must contain at least 20% of the RDI. As such, the GBB may be 
considered as an excellent source of potassium, phosphorus, magne
sium, copper, and iron. Based on these results, the application of GBB in 
foods can contribute to the enrichment of minerals. 

3.2.3. Ascorbic acid, total phenolic compounds content and antioxidant 
capacity (FRAP and DPPH) 

The GBB presented an ascorbic acid content of 42.98 mg/100 g of 
sample whereas the GBB extract presented a total phenolic content of 
518.39 mg GAE/100 g of dry sample and the FRAP and DPPH values 
were of 5307.62 μmol TE/100 g and 3583.12 μmol TE/100 g of dry 
sample, respectively (Table 3). The phenolic compounds and the 
ascorbic acid are related to several health benefits such as antioxidant, 
anti-inflammatory, antimicrobial and anticarcinogenic activities 
(Rodrigues et al., 2020; Varvara et al., 2016). The antioxidant capacity 
present in the GBB extract may be attributed to both the phenolic 
compounds and the ascorbic acid content, but the phenolic compounds 
seem to contribute more to the total antioxidant capacity of the food 
(Guimarães et al., 2019). The phenolic compounds can remove free 
radicals by donation of hydrogen atoms, and the ascorbic acid can 
chelate metals, removing reactive oxygen species, as well as regenerate 
phenolic antioxidants (Brewer, 2011). 

Table 1 
Proximate chemical composition of the green banana biomass (GBB).  

Parameters Experimental Value* 

Moisture (%) 78.58 ± 0.20 
Lipid (%) 0.40 ± 0.03 
Proteins (%) 0.94 ± 0.04 
Ash (%) 0.65 ± 0.04 
Total Carbohydrates (%)** 19.43 ± 0.47 
Resistant Starch (%) 3.99 ± 0.04 
Dietary Fiber (%) 4.16 ± 0.20  

* Mean ± standard derivation (n = 3). 
** Obtained by difference. 

Table 2 
Composition of macro and micro mineral and Recommended Daily Intake (RDI) 
of essential minerals (IOM, 1997, 2001 and 2005).   

GBB Contents (mg.100 g-1) RDI (mg.dia− 1) W*– M** 

Macrominerals 
Na 76.70 ± 23.50 1500 
K 1121 ± 37.00 4700 
Ca 78 ± 4.90 1000 
Mg 77.4 ± 6.40 320–420 
P 183.6 ± 1.10 700 
N 752 ± 29.50 Nd*** 
C 37,900 ± 843.00 Nd*** 
Microminerals 
Fe 7.21 ± 0.29 18–8 
Cu 0.53 ± 0.03 0.9 
Mn 2.32 ± 0.30 1.8–2.3 
Zn 0.49 ± 0.02 8–11 
Ni 0.09 ± 0.03 Nd*** 
Co 0.06 ± 0.01 Nd*** 
Cd 0.03 ± 0.00 Nd***  

* W: women from 35 to 50 years old. 
** M: men from 35 to 50 years old. 
*** Nd: not declared. 

Table 3 
Ascorbic acid (AA), total phenolic compounds (TPC) and antioxidant capacity by 
the methods of ferric reducing power (FRAP) and free radical scavenging 
(DPPH) of GBB.  

AA* (mg/ 
100 g) 

TPC* (mg GAE/ 
100 g)a 

FRAP* (μmol TE/ 
100 g)b 

DPPH* (μmol TE/ 
100 g)b 

42.98 ± 0.10 518.39 ± 9.92 5307.62 ± 39.40 3583.12 ± 166.68b  

* Data are mean ± standard deviation (n = 3). 
a Results were expressed as mg of gallic acid equivalent (GAE)/100 g. 
b Results were expressed as μmols trolox equivalent (TE)/100 g. 
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In meat processing industries, the use of synthetic antioxidants to 
reduce or inhibit the lipid oxidation of food is common, being an 
important factor to be considered in determining the shelf life of the 
products (Oswell, Thippareddi, & Pegg, 2018). However, the con
sumers’ demand for natural ingredients led industries to seek alternative 
natural antioxidants (Nikmaram et al., 2018). Thus, GBB can emerge as 
an opportunity for the food industry due to the presence of antioxidant 
compounds, requiring studies related to the oxidative stability of meat 
products added with GBB. Additionally, it should be taken into account 
that despite the presence of high content of antioxidant compounds, the 
concomitant presence of dietary fibers, which interact with the poly
phenols, may reduce their bioaccessibility and antioxidant activity 
(Guimarães et al., 2020; Tomas et al., 2018). 

Previous studies have evaluated the functional potential of the green 
banana pulp flour and found lower phenolic compounds content (16.54; 
32.9; 373.88 and 91.24 mg EAG/100 g of dry sample) than the GBB 
(Campuzano, Rosell, & Cornejo, 2018; Castelo-Branco et al., 2017; 
Fatemeh, Saifullah, Abbas, & Azhar, 2012). During the green banana 
drying process, the phenolic compounds may be gradually oxidized by 
polyphenol oxidase enzymes, which reduce their concentration (Pico 
et al., 2019). Therefore, the green banana processing to produce GBB 
may be beneficial to preserve the phenolic compounds in compared to 
the flour. 

3.2.4. Antimicrobial activity 
The antimicrobial properties of GBB are shown in Fig. 1. At the 

concentration of 0.01 g/ml, the GBB extract exhibited an inhibition halo 
of 10.5 mm for S, typhimurium and of 11.5 mm for S, aureus, which may 
be considered effective at this concentration, but less effective than the 
standard antimicrobials evaluated. It is suggested that in the studied 
concentration, the antimicrobial compounds present in the extract are at 
very low levels and that an increase in the concentration may bring more 
positive and promising results. 

The antimicrobial effect of GBB is probably related to the phenolic 
compounds, which cause protein precipitation and affect bacterial 
peptidoglycan (Chabuck, Al-Charrakh, Hindi, & Hindi, 2013). It was 
also observed that the GBB extract showed a greater inhibition zone for 
Gram-positive bacteria (S, aureus) compared to Gram-negative bacteria 
(S, typhimurium). Some studies reported that this difference may be due 
to the morphological constitution of the bacteria, once Gram-negative 
bacteria have an outer membrane constituted of lipoprotein and lipo
polysaccharide, which is selectively permeable, making them less sus
ceptible to the extracts than Gram-positive bacteria (Chan, Lim, & Omar, 
2007). 

Some studies found antimicrobial activity in banana peel (Audu 
et al., 2015; Chabuck et al., 2013; Ibrahim, 2015; Mordi et al., 2016), 
green banana (Fagbemi, Ugoji, Adenipekun, & Adelowotan, 2009) and 
ripe banana (Kusuma, Soraya, Indah, & Resmi, 2017). Therefore, further 

studies evaluating different concentrations of GBB extract and their use 
to inhibit different microorganisms are suggested. 

3.2.5. Water retention capacity (WRC) and oil retention capacity (ORC) 
WRC and ORC presented values of 2.04 g/g and 1.41 g/g, respec

tively, and represent the ability to immobilize water and oil during food 
processing and storage, and are parameters of great importance in 
improving the stability, texture, flavor and performance of food prod
ucts, especially in emulsified meat products (Kamruzzaman, Makino, & 
Oshita, 2016; Pérez-Andrés, Álvarez, Cullen & Tiwar, 2019). Thus, GBB 
can significantly contribute to the technological properties of emulsified 
meat products. 

Similarly, according to Bastos et al. (2014), the fat replacement of 
hamburgers by green banana-based substitutes showed higher WRC 
compared to other substitutes such as oatmeal and apple peel flour. 

3.3. Microbiological analysis of the chicken mortadella samples 

After 90 days of cold storage (4 ◦C), all the formulations presented 
microbiological counts (Salmonella spp., Staphylococcus coagulase- 
positive, Clostridium sulfite reducers, and total coliforms) allowed by 
Brazilian standard for mortadella (Brasil, 2001). Meat products are 
highly perishable, and the reformulation of these products implies 
guaranteeing the microbiological quality during processing and shelf 
life. In this regard, the replacement of chicken skin by GBB in mortadella 
did not affect the microbiological quality during 90 days of storage, 
being in accordance with the commercial expiration date of the morta
della found in the Brazilian market, which varies from 60 to 90 days. 

3.4. Sensory evaluation 

The sensory terms of chicken mortadellas described by PAE1 session 
were pink color and fibrous aspect, chicken mortadella and spicy aroma, 
chicken mortadella, salty, pungent and spicy residual flavor, fibrous and 
firm. Meanwhile, PAE2 session described the greatest amount of sensory 
descriptors, being pink color, homogeneous and bright, smoked, chicken 
mortadella and spicy aroma, spicy, salty, smoked, pungent, chicken 
mortadella and fat flavor, chewability, juicy and firm. The similar at
tributes among the sessions were pink color, chicken mortadella aroma, 
spicy aroma, salty taste, pungent flavor, and firmness. 

According to Fig. 2a, it was observed that the first dimension D1 
(40.44%) was more related to the texture, color, salty taste, and 
mortadella flavor attributes, while the second dimension D2 (27.48%) 
was associated mainly to the mortadella aroma and pungent flavor. For 
PAE2 session (Fig. 2b), the D1 (40.02%) was associated mainly to the 
texture, fat flavor and mortadella flavor attributes, while the D2 
(33.39%) was represented mainly by the appearance (bright and color), 
mortadella aroma and flavor (smoked, spicy and pungent) attributes. 

In PAE1 session, sample FC was characterized mainly by the attri
butes of pink color and spicy aroma. Meanwhile, sample F1 presented 
fibrous appearance and fibrous and firm texture. Sample F2 presented 
higher association to chicken mortadella aroma, residual spicy flavor, 
salty taste, and chicken mortadella flavor, while in the same quadrant 
samples F3 and F4 were related to pungent flavor, chicken mortadella 
flavor, and salty taste. 

In PAE2 session, sample F4 was characterized by presenting in higher 
intensity the attributes homogeneity, smoked aroma, spicy aroma, salty 
taste, pungent flavor, and spicy flavor. F1 was described mainly by 
firmness, juiciness, and chewability, and also by chicken mortadella 
aroma and pink color. Samples F2 and F3 were in the same quadrant and 
were related to chicken mortadella flavor, smoked flavor, pungent fla
vor, and spicy. Meanwhile, the control sample (FC) was related mainly 
to the attributes bright and fat flavor. In both sessions, sample F2 (50% 
fat replacement by GBB) was attributed to the highest chicken morta
della flavor and F1 (25% fat replacement by GBB) was characterized as 
the firmest. 

Fig. 1. Inhibition zone (mm) of GBB extracts, acetone 70% and antibiotics 
against pathogenic microorganisms. 
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The comparison of the results from PAE sessions can be seen in the 
MFA (Fig. 3). It was observed that PAE1 and PAE2 sessions presented 
high similarity in the positioning of the formulations FC, F1, and F2, 
observed by the distance from the analysis points to their centroid. 
Whereas the F3 and F4 formulations showed a little more distinct 
positioning between sessions in the sensory space, despite its constancy 
in samples evaluation in both sessions. This difference in results between 
sessions may be due to a wrong interpretation by the participants or the 
disagreement of some participants with the attribute definition, being an 

inherent limitation of the method, which does not invalidate the 
importance and relevance of the results found (McSweeney et al., 2017). 

The RV is a correlation coefficient between two spaces, ranging from 
0 (total disagreement) to 1 (perfect agreement), and in the present study, 
this value was of 0.6 (p < 0.001), showing a significant agreement be
tween sessions. Therefore, the use of PAE method may be a potential tool 
for sensory characterization of reformulated products by meat products 
industry, without the need of using classical methods of sensory char
acterization, especially the ones with training steps. 

Fig. 2. Sensory attributes generated in the PAE 1 session (a) and PAE 2 session (b). The descriptive data from the PAE sessions was then combined and normalized 
using Generalized Procrustes Analysis. 
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It is noteworthy that the results demonstrate a great technological 
potential of GBB to replace fat in chicken bologna, without negatively 
impacting the sensory characterization of the product. This is in line 
with the demands of the modern consumer who is increasingly looking 
for healthier products made with less fat and added with natural and 
functional ingredients and can be a promising alternative for the meat 
industry. In this sense, it is expected that this work will be the starting 
point for further studies on the application of this ingredient in meat 
products, evaluating its impact on physical-chemical quality (volatile 
and fatty acid profiles), for example, functional (bioaccessibility of GBB 
micronutrients) and hedonic parameters. 

4. Conclusions 

The results showed that GBB has the potential to be used as a func
tional ingredient, source of dietary fiber, resistant starch, minerals, and 
ascorbic acid. Besides that, GBB extract showed antimicrobial, antioxi
dant activities and may contribute to the water retention capacity and 
stability of the emulsion, which are required properties in emulsified 
meat products. In addition, PAE showed to be efficient and suitable for 
the sensory profiling of the chicken mortadella samples, highlighting the 
differences between the formulations. 

For future studies, it is recommended that evaluations on the effect of 
GBB on physical-chemical and functional characteristics of the emulsi
fied product be carried out, as well as its sensory acceptance and the 
microbiological stability with other microorganisms and for longer 
storage periods. 
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