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application†
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Pineapple is a tropical fruit consumed fresh or processed into various food products. However, the peel

and crown of this fruit are not industrially exploited, thus generating tons of by-products that represent an

economic and environmental concern. In order to promote the upcycling of these by-products, this

work aimed to characterize the phenolic profile of its hydroethanolic extracts obtained from pineapple

peel and crown leaves and to evaluate their in vitro bioactivity. The HPLC-DAD-ESI/MS analysis allowed

the identification of 25 phenolic compounds, including phenolic acids and flavonoids. The antioxidant,

cytotoxic, and antimicrobial activity assays highlighted the peel extract as the most promising and, there-

fore, it was incorporated into a traditional Portuguese pastry cake as a functional ingredient. The nutri-

tional parameters of the developed food were not affected by the incorporation of the extract, but it pro-

moted the antioxidant activity during its shelf-life. Overall, pineapple peel and crown appeared as promis-

ing by-products to be exploited by the food industry, which can be achieved through a circular economy

approach.

1. Introduction

In recent years, the beneficial effects shown by bioactive com-
pounds present in different plant matrices have aroused great
interest of the world scientific community.

As a result of this scientific evidence, these compounds
have been incorporated into the formulation of new food pro-
ducts in order to offer more natural and healthier choices for
consumers who are increasingly concerned about their health
and well-being.1 The benefit of these bioactive compounds
upon frequent food consumption or even with direct sup-
plementation of these compounds generated multiple health
effects, such as anti-aging effects, protection against cardio-
vascular diseases, control and prevention of metabolic dis-
eases, prevention and treatment of cancer, and also protection
against neurodegenerative diseases.2 Concerning bioactive

compounds, phenolic compounds are one of the main groups
within the phytochemicals existing in medicinal and aromatic
plants.3 These compounds are secondary metabolites, which
have a very diverse chemical structure and activity, and some
of these phenolic compounds can contribute to colour, flavour
and astringency which are the typical organoleptic character-
istics of foods.4

Being found in foods such as fruits, cereals, vegetables and
food processing by-products, bioactive ingredients preserve
their characteristics even after extraction.5 Pereira-Netto6 and
Cádiz-Gurrea et al.7 reported several tropical fruits as having a
wide variety of unique characteristics such as shapes, size,
flavour, colour, and texture, but especially high contents of
bioactive compounds with functional properties for the pre-
vention or improvement of some diseases. Among them is pine-
apple (Ananas comosus (L.) Merr.), one of the most important
and cultivated tropical fruits worldwide, followed by avocado,
mango, and papaya.8 According to Alexandre et al.9 pineapple
can be used for both fresh consumption and industrial use;
since most of the fruit is not consumed, generating by-pro-
ducts, found in the crown, peel, bottom, stem, and trimmings,
representing almost 60% of the total fresh weight.10,11

In order to add value these products, has economic and
environmental interest, requiring scientific and technological
research, allowing efficient, economical, and safe use.12 In
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addition, the demand for products containing natural addi-
tives that promote health rather than synthetic substances has
been increasingly growing over the past few years in the food,
cosmetic and pharmaceutical industries.13 Therefore, this
work intends to valorise pineapple by-products, aiming at its
application as a potential natural ingredient for the food
industry, thus promoting an improvement in human health,
as well as a reduction of the impact on the environment.

2. Materials and methods
2.1. Preparation of the samples

Pineapple (Ananas comosus (L.) Merr.) peel and crown by-pro-
ducts were kindly provided by the company ALITEC, S.A. from
Valado dos Frades, Portugal. All the by-product samples were
the result of fruit processing for second-range products. Both
samples were frozen and lyophilized (FreeZone 4.5, Labconco,
Kansas City, MO, USA), reduced to a fine powder, and stored
protected from moisture and light until further analysis.

2.2. Extracts preparation

Each lyophilized sample obtained in section 2.1. (2 g) was sub-
jected to maceration with 50 mL of ethanol/water (80 : 20, v/v)
for 1 h at room temperature with stirring at 150 rpm (x).
Subsequently, the mixture was filtered through filter paper
(Whatman No. 4) and the process was repeated. The ethanolic
fraction of the combined extracts was evaporated under
reduced pressure (100 rpm, 40 °C; rotary evaporator, Heidolph,
Schwabach, Germany) and the aqueous phase was frozen and
lyophilized (Labconco Freeze Zone 6, USA) for further analysis.

2.3. Identification and quantification of phenolic
compounds

For phenolic profile analysis, the extract described was redis-
solved in 2 mL of EtOH/H2O solution (20 : 80, v/v). The pheno-
lic compounds’ composition was determined by high-perform-
ance liquid chromatography coupled with photodiode array
detection (280, 330 and 370 nm as preferred wavelengths)
and mass spectrometry with electrospray ionization
(HPLC-DAD-ESI/MS), previously described by the authors
Bessada et al.14 and Gonçalves et al.15 The identification of
compounds was based on the comparison with commercial
standards and the available literature information. The quanti-
fication was performed using the calibration curve of the most
similar available standard. The results were expressed as mg
g−1 of extract.

2.4. Bioactivity evaluation

2.4.1. Evaluation of antioxidant activity. The lipid peroxi-
dation inhibition was evaluated by the extract’s capacity to
inhibit the formation of thiobarbituric acid reactive substances
(TBARSs) using porcine (Sus scrofa) brain tissues as oxidizable
substrates, according to the methodology described by Barros
et al.16 The results were expressed as IC50, which corresponds

to the extract concentration responsible for inhibiting 50% of
oxidation (µg mL−1). Trolox was used as a positive control.

The antihaemolytic activity of the extracts was evaluated as
previously described by Lockowandt et al.17 This assay was per-
formed using sheep blood erythrocytes and the results were
expressed as IC50 values (μg mL−1) for Δt of 60 and 120 min,
which translate the extract concentration needed to protect
50% of the erythrocyte population from the haemolytic action
of 2,2′-azobis(2-amidinopropane) dihydrochloride (AAPH) for
specific time periods. Trolox was used as a positive control.

2.4.2. Evaluation of cytotoxic activity. For the cytotoxicity
activity, the effect of the extracts (8 mg mL−1) on the growth of
human tumour cell lines was evaluated by sulforhodamine B
(SRB) assay to determine cell growth inhibition.18 Four tumour
cell lines were used in this assay: MCF-7 (breast carcinoma),
NCI-H460 (lung carcinoma), AGS (gastric adenocarcinoma)
and CaCo-2 (colon adenocarcinoma). The non-tumour cell line
VERO (fibroblast-like kidney cell line from African green
monkey) was also tested. Ellipticine was used as a positive
control and the results were expressed as GI50 values (μg
mL−1), which correspond to the extract concentration that
inhibits 50% of cell growth.

2.4.3. Evaluation of antimicrobial activity. The method-
ology of antibacterial activity was previously described by
Carocho et al.19 The extracts at a concentration of 20 mg mL−1

were evaluated against six strains of bacteria, three being
Gram-positive: Staphylococcus aureus (ATCC 11632), Bacillus
cereus (food isolate), Listeria monocytogenes (NCTC 7973)
and three Gram-negative: Escherichia coli (ATCC 25922),
Enterobacter cloacae (ATCC 35030) and Salmonella typhimurium
(ATCC 13311). The minimum inhibitory (MIC) and minimum
bactericidal (MBC) concentrations were determined using two
food additives, sodium sulphite (E221) and potassium metabi-
sulphite (E224), as a positive control. The results were
expressed in mg mL−1.

For antifungal activity, the methodology described by
Carocho et al.19 was followed. Six fungal strains were used:
Aspergillus fumigatus (ATCC 9197), Aspergillus versicolor (ATCC
11730), Aspergillus niger (ATCC 6275), Penicillium funiculosum
(ATCC 36839), Penicillium aurantiogriseum (food isolate), and
Trichoderma viride (IAM 5061). These organisms were acquired
in the Mycology Laboratory of the Department of Plant
Physiology of the Institute of Biological Research “Siniša
Stanković” at the University of Belgrade in Serbia. The MIC
and minimum fungicidal concentration (MFC) were deter-
mined and compared with the values of commercial food pre-
servatives sodium sulphite (E221) and potassium metabisul-
phite (E224).

2.5. Formulation of “súplicas”, a pastry food product

The “súplicas” are a typical pastry food product from Bragança
(Portugal) and were prepared following the traditional recipe.
The dough was prepared by mixing 8 eggs, 1 yolk, 600 g of
wheat flour, and 500 g of sugar. The dough was then divided
into two groups, one without addition of extract (control) and
other for incorporation of pineapple peel extract. The amount
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of lyophilized extract for addition to the dough was deter-
mined from the tests previously performed to achieve 50% of
the bioactivity effectiveness. Thus, 2.8 g of extract were added
to the dough to prepare the “súplicas”. Thereafter, the doughs
were used to prepare small dumplings that were baked in the
oven at 180 °C for 12 min.

2.6. Evaluation of quality parameters of “súplicas” during
shelf-life

The prepared “súplicas” were lyophilized, finely crushed, and
analysed in triplicate immediately after cooking (T0) and after
three (T3) and seven (T7) days of storage at room temperature.

2.6.1. Colour parameters. The surface colour of the
“súplicas” was measured in triplicate by each group of
samples, at three different points using a colorimeter (model
CR-400, Konica Minolta Sensing Inc., Tokyo, Japan).
Illuminant C and an 8 mm diaphragm aperture were used,
with previous calibration on a white tile.20

2.6.2. Proximate composition. The nutritional profile of
the “súplicas” was determined according to the official food
analysis methodologies.21 The quantification of macronutri-
ents was done analysing the content of proteins, fats, and
carbohydrates, as well as the amounts of ash, moisture and
total energy. The total protein content (N × 5.70) was calcu-
lated as the nitrogen content by the Kjeldahl method (AOAC
991.02).

2.6.3. Free sugars. A high-performance liquid chromato-
graphy (HPLC) system coupled to a refraction index (RI) detec-
tor was used to determine the soluble sugar composition,
following a previously described procedure.22 Melezitose was
used as the internal standard at 25 mg mL−1. For the identifi-
cation of the compounds, Clarity 2.4 Software DataApex 4.0
Software (Prague, Czech Republic) was used, from which the
relative retention times of the sample peaks were compared
with known patterns. The results were obtained by the internal
pattern method and expressed in gram of composed of 100 g
of fresh weight (fw).

2.6.4. Fatty acids. Fatty acids were determined by gas
chromatography with flame ionization (GC-FID) design, as pre-
viously described by Pereira et al.23 The identification and
quantification were performed by comparing the relative reten-
tion times of FAME peaks from samples with standards (stan-
dard mixture 47885-U, Sigma, St Louis, USA) and results were
recorded and processed using the Clarity software and
expressed in relative percentage of each fatty acid.

2.6.5. Antioxidant activity. The 2,2-diphenyl-1-picryl-hydra-
zyl (DPPH) radical scavenging activity was evaluated according
to a methodology described by Barros et al.24 The extract con-
centration providing 50% of radicals scavenging activity (RSA)
was calculated by interpolation from the graph of RSA percen-
tage against extract concentration, and the results were
expressed as EC50 values (mg mL−1). Trolox was used as a posi-
tive control.

The reducing power was evaluated according to a method-
ology described by Barros et al.25 This methodology was per-
formed using a microplate reader and by measuring the absor-

bance at 690 nm. The different concentrations of the extract or
Trolox (0.5 mL) were mixed with sodium phosphate buffer
(200 mmol L−1, pH 6.6, 0.5 mL) and potassium ferricyanide
(1% w/v, 0.5 mL) and the mixture was incubated at 50 °C for
20 min, and trichloroacetic acid (10% w/v, 0.5 mL) was added.
The mixture (0.6 mL) was poured in a 48-well plate, as also
ferric chloride (0.1% w/v, 120 μL) and deionized water
(0.8 mL). The results were expressed as EC50 values (mg mL−1).

2.7. Statistical analysis

The results are expressed as mean values ± standard deviation
(SD). Furthermore, to better understand the effects of the pine-
apple peel extract incorporation (I) and the storage time (ST)
on “súplicas” quality parameters, a two-way ANOVA with type
III sums of squares was applied using SPSS Software, version
25. All analyses were carried out using a p-value of 0.05.

3. Results and discussion
3.1. Phenolic composition of pineapple peel and crown
extracts

Fruit by-products are of great importance to provide nutraceu-
tical and biological properties such as anticancer, antimuta-
genicity, antiallergy and anti-aging activity due to the presence
of phenolic compounds, which have been reported both for
natural and synthetic antioxidants.26 According to the litera-
ture, pineapple by-products have considerable levels of pheno-
lic compounds, among them gallic, ferulic and caffeic acids,
as well as high antioxidant activity and high fibre content, pre-
senting potential to be applied as a food ingredient in the
development of new affordable products.27

In this way, it is necessary to search for bioactive molecules,
such as phenolic compounds that are present in many agri-
food by-products, such as those from pineapple. Twenty-five
phenolic compounds were identified in the peel and crown
extracts, such as, phenolic acids and glycosidic flavonoids. The
main detected compounds were caffeic acid derivatives,
namely caffeic acid hexosides and flavones such as apigenin
6,8-C-diglucoside. Table 1 shows the phenolic compounds
profile details regarding the retention time, maximum absorp-
tion wavelength in the UV-Vis region (λmax), pseudomolecular
ion ([M − H]−) and molecular ion fragmentation (MS2), as well
as their quantification.

Based on their mass spectra, the peel presented thirteen
molecules, nine phenolic acids (peaks 1, 2, 3, 5, 11, 15, 17, 19
and 21), one phenylpropane monoglyceride (peak 12), three
flavonoids, among them, one flavan-3-ol (peak 18) and two fla-
vones (peak 8 and 9). Peaks 1, 2, 3 and 5 ([M − H]− at m/z
341), were identified as caffeic acid hexoside; these com-
pounds were described by Steingass et al.28 in A. comosus. In
another study performed by Lourenço et al.,29 demonstrated
that the intensity of all the peaks was higher in the ethanolic
extract instead of the water extract. Peak 9 showed a pseudo-
molecular ion [M − H]− at m/z 593, being identified as api-
genin 6,8-C-diglucoside (vicenin-2); the same was also reported
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by Steingass et al.28 in pineapple crown and peel. Peak 8 was
identified as diosmetin 8-C-glucoside ([M − H]− at m/z 461),
considering its fragmentation pattern. This compound was
also reported in sugarcane leaves30 and in mandarin juice
(Citrus reticulata Blanco).31

Compound 11 ([M − H]− at m/z 597) was identified as yun-
naneic acid F that is a biogenetically derivative of yunnaneic
acid C and normally detected in Salvia yunnanensis.32 This
compound was also found in lemon balm extract (Melissa
officinalis L.) by Pérez-Sánchez et al.33 Yunnaneic acid is also
considered a phenolic compound derived from rosmarinic
acid (RA) as lithospermic acid, salvianolic acid, and melitric
acid, which have all a diverse biological function.34 Peak 12
([M − H]− at m/z 399) was identified as p-coumaroyl-caffeoylgly-
cerol, this compound was previously found ‘Phulae’ Pineapple
peel.35 p-Coumaroylglycerol and caffeoylglycerol have been
described in the pineapples stems and crown leaves, indicating
that they were the primary forms of phenolic glycerides.36,37

Compound 15 ([M − H]− at m/z 771) was identified as 3,5-
di-O-caffeoyl-4-O-(3-hydroxy, 3-methyl) glutaroylquinic acid,
this compound was also identified in Gardenia jasminoides
Ellis fruits by Wang et al. (2016).38 Compound 17 ([M − H]− at
m/z 337) was identified as p-coumaroylisocitrate, based on
their UV and mass characteristics as reported by Steingass
et al.39 and by Difonzo et al.40 in the pulp and peel of
A. comosus.

Peak 18 ([M − H]− at m/z 305) was identified as (epi)galloca-
techin, a flavan-3-ol that has been previously identified in
cabbage stalk flour.41 Peak 19 ([M − H]− at m/z 537), was
identified as vanilloyl dihexoside (formic acid adduct) being
previously identified in pineapple pulp by Steingass et al.28

Compound 21 ([M − H]− at m/z 577) was identified N-L-
γ-glutamyl-S-sinapyl-L-cysteine, a sinapyl derivative revealing a
standard fragmentation in m/z 249, this assumption was made
taking into account the study performed by Wen et al.,42 which
also reported the presence of this molecule in A. comosus juice.

Regarding the pineapple crown leaves, twelve phenolic com-
pounds were identified, compromising nine flavonoids and
two phenolic acids. Among them two flavonols (peaks number
23 and 25), one phenylpropane diglyceride, (4), two hydroxy-
cinnamic acids (7 and 13) and seven flavones (6, 9, 14, 16, 20,
22 and 24). Peak 4 ([M − H]− at m/z 451) was tentatively identi-
fied as dicaffeoylglycerol, a glycerol ester, which was previously
identified by Steingass et al.28 in pineapple peel, crown, and
pulp. Compound 6 ([M − H]− at m/z 517) was tentatively identi-
fied as an apigenin-O-malonyl-hexoside, this flavone was
identified taking into account the findings reported in a study
regarding cardoon (Cynara cardunculus var. altilis) bracts
describe preciously by Mandim et al.43 Peaks 7 and 13 ([M −
H]− at m/z 385) were identified as a typical pineapple glycosy-
lated polyphenol, called feruloyl aldarate, found by Steingass
et al.28 and Campos et al.44 in the peel and crown of this fruit.
Compounds 6, 9, 14, 20 and 24 were identified as apigenin
derivatives, linked to different sugars and typical C-glycosyl
fragments. All the mentioned compounds were tentatively
identified as apigenin-malonyl-hexoside (peak 6; λmax, 321 nm;

[M − H]− at m/z 517), apigenin-6,8-C-diglucoside (peak 9 and
14; λmax, 328 nm; [M − H]− at m/z 593), apigenin-6-C-hexoside-
8-C-pentoside (peak 20; λmax, 322 nm; [M − H]− at m/z 563),
and apigenin-C-dipentoside (peak 24; λmax, 327 nm; [M − H]−

at m/z 533), being all previously found in Ananas sp. by Franke
et al.45 and Harnly et al.46

Compound 16 was identified as an eriodictyol-4′-O-neohe-
speridoside-7-O-glucoside ([M − H]− ion at m/z 757 and MS2

ions at m/z 595 (M-glucose), 449 (M-308, neohesperidose), and
287 (M-glucose and neohesperidose). Compound 22 ([M − H]−

ion at m/z 537) revealed a single fragment ion at m/z 375,
derived from the loss of a dehydrated hexose, and was tenta-
tively identified as ananaflavoside B, sub classified as a
metoxylated flavone, that can be synthetized from subsequent
hydroxylations, methylations and glycosylation of luteolin.47

Ananaflavoside B was reported previously by Steingass et al.28

in pineapple crown and peel by-products.
Peak 23 was identified as quercetin-3-O-rutinoside (rutin)

considering the chromatographic characteristics in compari-
son to the commercial standard. Two derivatives of quercetin
were reported by Steingass et al.28 in pineapple crown, being
quercetin dihexoside ([M − H]− at m/z 625) and quercetin hexo-
side ([M − H]− at m/z 463). Compound 25 ([M − H]− at m/z
623) was identified as isorhamnetin-O-rhamosyl-hexoside also
reported by Steingass et al.28 in pineapple peel and in the
palm fruit peel (Phoenix dactylifera L.) by Farag et al.48

Comparing the total phenolic composition of pineapple
crown and peel extracts, the highest content was detected in
the crown with 4.7 ± 0.1 mg g−1 of extract, with predominance
of flavonoids. In contrast, the peel only yielded 2.48 ± 0.03 mg
g−1 of extract, with similar amounts of phenolic acids and fla-
vonoids. The main compounds in the peel extract were (epi)
gallocatechin (0.59 ± 0.02 mg g−1) and apigenin-6,8-C-digluco-
side (0.46 ± 0.01 mg g−1), while apigenin-O-malonyl-hexoside
and apigenin-6,8-C-diglucoside (1.1 ± 0.1 mg g−1 and 0.56 ±
0.01 mg g−1, respectively) were predominant in the crown
extract. These compounds may be responsible for the bioactiv-
ities found since PCs are considered great antioxidants,
decreasing the generation of free radicals that attack the cells
and maintaining good health.

The present work presented some phenolic compounds
that differ slightly from those described in the literature. This
is because fruits and vegetables have different pre-harvest and
post-harvest treatments that can change the phenolic com-
pound content, which may induce the accumulation or degra-
dation of these compounds.49 Conditions such as temperature,
soil properties, light irradiation, irrigation, fertilizers, harvest-
ing stage, wounding, modified atmosphere, and elicitor treat-
ments, are known to regulate the content of PCs in fruits and
vegetables. According to De la Rosa et al.,49 these technologies
induce oxidative stress (formation of reactive oxygen species
(ROS) in fruits and vegetables), triggering the plants defense
system, which involves the synthesis of antioxidant secondary
metabolites such as PCs, and the activation of antioxidant
enzymes. In contrast, this highlights that obtaining PC from
residues and byproducts of the food production chain, specifi-
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cally the pineapple, is a cheap natural source of these com-
pounds. It has no economic value, contributing to reducing
waste that represents a significant percentage in industries.

3.2. Bioactive properties of pineapple peel and crown extracts

3.2.1. Antioxidant activity. The antioxidant activity of the
hydroethanolic extracts obtained from pineapple peel and
crown was evaluated through the inhibition of lipid peroxi-
dation using the TBARS and the oxidative haemolysis inhi-
bition (OxHLIA) assays. The results, expressed as IC50 values,
are presented in Table 2. Considering that the lower IC50 value
indicates higher antioxidant activity, the extract that revealed
the best activity in both assays was pineapple peel, with an
IC50 of 4.3 ± 0.1 μg mL−1 for the TBARS assay and 190 ± 7 μg
mL−1 for the OxHLIA assay at a Δt of 60 min. For the TBARS
assay, the IC50 obtained for the peel extract is lower than that
presented by Trolox, making these extracts an important
source of compounds with antioxidant potential.

According to Le,50 lipid peroxidation is considered a bio-
marker for the evaluation of oxidative stress where free radicals
such as radical hydroxyl, being the most reactive form of reac-
tive oxygen species (ROS), can initiate lipid peroxidation by
attacking polyunsaturated fatty acids. In the work conducted
by Selani et al.,51 the treatment with the by-product of pineap-
ple delayed lipid oxidation in raw hamburgers and cooked in
relation to other treatments. This fact is probably due the phe-
nolic compounds composition of pineapple peel (3.78 mg
gallic acid equivalent per g peel), with antioxidant activity that
could have helped protect hamburgers from lipid oxidation.

According to Gómez and Pablos,27 pineapple peel extract
reduces secondary oxidation formation by 45.92%, showing
that polyphenols in extracts reduce the formation of secondary

oxidation products, despite the presence of high concentration
of primary oxidation products. The significant antioxidant
capacity of pineapple extracts has been proven by Jovanović
et al.,52 where the highest antioxidant activity was detected in
pericarp extract prepared with absolute methanol (IC50 = 1.74
± 0.05 mg mL−1) against the lowest, detected in pineapple
juice (IC50 = 88 ± 2 mg mL−1). Regarding the DPPH radical
scavenging activity assay, the highest percentage of inhibition
presented by the pineapple by-products was attributed to the
crown extract with 100% ethanol ratio (75.57%), followed by
the peel (72.67%) and core (49.14%) extracted with 50%
ethanol ratio. Based on the results obtained by this study, it
shows that the antioxidant activities showed greater inhibition
capacity were in samples with a higher percentage of ethanol,
concluding that the solubility of metabolites was lower in
water compared to ethanol.53

3.2.2. Cytotoxic activity. The results obtained for the cyto-
toxic activity testing four human tumour cell lines and one
non-tumour cell line are also listed in Table 2 and are
expressed in values of the concentration of extract responsible
for inhibiting cell proliferation by 50% (GI50), values in μg
mL−1. The lower GI50 values represent a higher cytotoxic poten-
tial of the tested samples, the extract that most demonstrated
no cytotoxicity was the pineapple crown leaves with the GI50
values higher than 400 μg mL−1 for all tested cancer cell lines.
Both extracts did not express cytotoxicity against non-tumour
cell line, VERO (GI50 > 400 μg mL−1). Sah et al.54 reported
other cytotoxic activity against HT29 colon cancer cells, where
probiotic yogurt with pineapple peel powder significantly was
higher than in nonsupplemented probiotic yogurt. The pineap-
ple peel powder-supplemented probiotic yogurt presented a
stronger cytotoxic activity of 56.36% against the nonsupple-
mented control probiotic yogurt with 40.52% and plain yogurt
with 35.71% after 28 days of refrigerated storage.

3.2.3. Antimicrobial activity
3.2.3.1. Antibacterial activity. The antibacterial activity of

hydroethanolic extracts obtained from pineapple peel and
crown leaves was tested against a panel of six bacteria, includ-
ing three Gram-positive bacteria (Staphylococcus aureus,
Bacillus cereus and Listeria monocytogenes) and three Gram-
negative bacteria (Escherichia coli, Salmonella Typhimurium
and Enterobacter cloacae). Table 3 presents the results obtained
for each extract in MIC and MBC values.

The results presented showed that the bacteria E. coli was
the most sensitive bacteria for both tested extracts with a lower
MIC value, followed by S. aureus and E. cloacae. Both analysed
extracts showed similar antibacterial performance for all
strains tested; however, it is important to highlight the better
performance when compared to positive controls (E211 and
E224).

Regarding MBC values, it is possible to highlight E. coli and
E. cloacae as the most sensitive bacteria for both pineapple
extracts. In this case, it is interesting to note that the perform-
ance of the extracts was more efficient than the E211 control
and similar to that presented by the E224 control. These posi-
tive controls are used as a food preservative in the food indus-

Table 2 Antioxidant and cytotoxic activities of pineapple peel and leaf
crown extracts

Peel
extract

Crown
extract

Positive
control

Antioxidant activity (IC50, µg
mL−1)

Trolox

TBARS formation inhibition 4.3 ± 0.1* 6.6 ± 0.3 5.4 ± 0.3
OxHLIA Δt 60 min 190 ± 7* 395 ± 19 21.8 ± 0.3

Δt
120 min

333 ± 9* 714 ± 33 43.5 ± 0.8

Cytotoxic activity (GI50, μg
mL−1)

Ellipticine

Tumour cell
lines

AGS >400 >400 0.9 ± 0.1
CaCo-2 378 ± 7* >400 0.8 ± 0.1
MCF-7 322 ± 3* >400 1.020 ± 0.004
NCI-H460 >400 >400 1.01 ± 0.01

Non-tumour
cell line

VERO >400 >400 0.6 ± 0.1

GI50 values correspond to the concentration that causes 50% inhi-
bition of cell proliferation; AGS – human gastric adenocarcinoma;
CaCo-2 – human colon adenocarcinoma MCF-7 – human breast adeno-
carcinoma; NCI-H460 – human lung carcinoma. An * in each line
corresponds to a significant statistical difference with a p-value of 0.05
using a Student’s T test.
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try, applied in most of the fruits and vegetables to extend the
shelf life by shielding them against deterioration caused by
microorganisms, being effective bleaching agents, antimicro-
bials, oxygen scavengers, reducing agents, and enzyme
inhibitors.55–57 The work presented by Wijayati et al.58 showed
good results for pineapple peel extract against E. coli and
S. aureus, proving to be effective as an antibacterial agent.
According to Wijayati et al.,58 the hand sanitizer formulation
with pineapple peel extract at concentrations 0.5%, 1% and
1.5% extract produced an inhibition zone against E. coli that is
9 mm, 13 mm, and 15 mm, while against S. aureus produced
inhibition zone of 10 mm, 15 mm and 15.5 mm. In con-
clusion, the higher the concentration of extract added, the
greater the zone will be.

In a study developed by Goudarzi et al.,59 pineapple peel
extract presented the strongest antibacterial activity with
highest inhibition zones (30 and 28 mm) and the lowest MIC
(1.56 and 6.26 mg mL−1) against Streptococcus sanguinis and
S. mutans, respectively. The hydroethanolic extracts of pineap-
ple peel showed better results for the minimum bactericidal
concentration for both bacteria (3.12 mg mL−1 for S. sanguinis;
12.5 mg mL−1 for S. mutans) against, 25 mg mL−1 (S. sanguinis)
and 100 mg mL−1 (S. mutans) for the pulp. This also was con-
firmed by Ogwu et al.60 and Okoh et al.,61 where the peel
extracts revealed stronger antibacterial activity than the pulp
against E. coli, S. aureus, Streptococcus faecalis and
Pseudomonas aeruginosa.

In the work conducted by Punbusayakul,62 the antibacterial
activity of the pineapple peel was tested against four foodborne
pathogens, and the results revealed that B. cereus exhibited the
most sensitive strain with a minimum inhibition concen-
tration (MIC) of 0.0675 g mL−1, followed by S. aureus and
E. coli (0.1349 g mL−1) and S. Typhimurium (0.2699 g mL−1),
respectively. Regarding pineapple crown leaves, Brito et al.41

reported that the essential oil of pineapple-crown flour showed
to be active against B. cereus, E. coli and L. monocytogenes. The

same result obtained by this study, except for L. monocytogenes
which demonstrated higher or similar indices of MIC and
MBC in relation to positive control. In the research presented
by Dutta & Bhattacharyya,63 it was proved that the crown leaves
extract possessed bacteriostatic and fungistatic components,
exhibiting 70–95% inhibition of microbial growth with a
minimum inhibitory concentration range of 1.65–4.95 mg
mL−1 against Saccharomyces cerevisiae, Escherichia coli, Bacillus
subtilis, Candida albicans and Staphylococcus aureus.

According to Zharfan & Mustika,64 previous studies
suggested that the bioactive compounds that act against Gram-
negative bacteria are majorly bromelain and saponin, while
flavonoids and polyphenols are more potent in inhibiting
Gram-positive bacteria. In the case of flavonoids and polyphe-
nols, they work mainly in the peptidoglycan layer in Gram-
positive bacteria by having polar properties.65

The bromelain is a proteolytic enzyme, and it is suggested
that operate in weakening of the outer membrane of Gram-
negative bacteria by proteins, thus leading to cellular
damage.64 On the other hand, saponin causes a change in
membrane structure and function, increasing the permeability
of the bacterial cell membrane, thus allowing antibacterial
substances to easily enter cells, causing an interference in cel-
lular metabolism while denaturing proteins in the membrane
so that it is disintegrated.66

3.2.3.2. Antifungal activity. The antifungal activity of the
hydroethanolic extracts obtained from pineapple peel and
crown leaves was tested against a panel of six fungi (Aspergillus
fumigatus, Aspergillus niger, Aspergillus versicolor, Penicillium
funiculosum, Penicillium aurantiogriseum and Trichoderma
viride), and the results expressed in MIC and MFC values,
being presented in Table 3.

The results obtained demonstrate that pineapple hydro-
ethanolic extracts presented antifungal activity against the six
tested fungi. The results presented showed that A. niger,
P. funicolosum and T. viride were the most sensitive fungi for

Table 3 Antimicrobial activity of pineapple peel and crown extracts against foodborne bacterial and fungal strains

Peel extract Crown extract E211 E224

Antibacterial MIC MBC MIC MBC MIC MBC MIC MBC
S. aureus 1.00 2.00 1.00 1.00 4.00 4.00 1.00 1.00
B. cereus 1.00 2.00 1.00 2.00 0.50 0.50 2.00 4.00
L. monocytogenes 2.00 2.00 2.00 4.00 1.00 2.00 0.50 1.00
E. coli 0.50 1.00 0.50 1.00 1.00 2.00 0.50 1.00
S. Typhimurium 1.00 2.00 1.00 2.00 1.00 2.00 1.00 1.00
E. cloacae 1.00 1.00 1.00 1.00 2.00 4.00 0.50 0.50

Antifungal MIC MFC MIC MFC MIC MFC MIC MFC
A. fumigatus 0.50 1.00 0.50 0.50 1.00 2.00 1.00 1.00
A. niger 0.25 0.50 0.25 0.50 1.00 2.00 1.00 1.00
A. versicolor 1.00 2.00 0.50 1.00 2.00 2.00 1.00 1.00
P. funiculosum 0.25 0.50 0.25 0.50 1.00 2.00 0.50 0.50
P. aurantiogriseum 2.00 4.00 1.00 2.00 2.00 4.00 1.00 1.00
T. viride 0.25 0.50 0.25 0.50 1.00 2.00 0.50 0.50

MIC: Minimum inhibitory concentration; MIC: Minimum inhibitory concentration (mg mL−1); MBC: Minimum bactericidal concentration (mg
mL−1); MFC: Minimum fungicidal concentration (mg mL−1). Sodium sulphite (E221) and potassium metabisulphite (E224) were used as positive
controls.
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both extracts analysed with lower MIC values. It was even poss-
ible to verify that, for most of the fungi tested, the extracts
showed better antifungal performance than the used controls
(E211 and E224).

A study developed by Olakunle et al.,67 compared the anti-
fungal activity of four fruit peels (banana, pineapple, cashew,
and orange) and the results showed a greater antifungal
activity of pineapple peel when tested against A. niger and
Alternaria alternata. In turn, Chanda et al.68 intended to verify
the influence of different solvents on the antimicrobial
capacity of extracts, demonstrating that polar solvents (acetone
and methanol) are more effective than nonpolar solvents
(hexane and chloroform). In this study methanol extracts of
A. comosus showed the best results against Candida albicans,
C. glabrata, Cryptococcus luteoluscom and C. tropicalis with
inhibition zones of 12, 11.5, 10.5, and 9.5 mm, respectively. As
for nonpolar solvents, only chloroform showed activity against
pathogenic fungi.

3.3. Characterization of the developed “súplicas”

3.3.1. Proximate composition and energy. For a better
interpretation of the results, the following tables result of a
two-way ANOVA, being divided in two sections, the upper rep-
resents the incorporation (control and pineapple peel) (I) but,
included in the standard deviation of each incorporation are
both the three storage times (0, 3 and 7 days), and, in the
bottom section for each storage time (ST) both incorporations
are included. Using this statistical tool, each factor can be ana-
lysed independently. When p-value I × ST > 0.05, a post-hoc
classification was used, namely student’s t-test for I and
Tukey’s test for ST. However, when p-value I × ST < 0.05, then,
a significant interaction between both factors hinders an inde-
pendent classification, and thus, for some cases, only general
trends can be obtained through the estimated marginal means
plots (EMM).

Table 4 shows the influence of incorporation (I) and shelf
life (ST) in each of the nutritional components analysed in the
“súplicas”. Carbohydrates were the macronutrients that stood
out as the main macronutrient in “súplicas”, followed by pro-
teins. Regarding free sugars, only sucrose was detected in the
samples, which would be expected considering that sugar was
one of the ingredients used in making the cakes. Overall, for
all components except moisture, proteins and sucrose, a sig-
nificant interaction was found for ST and I, and thus no post-
hoc classification could be performed. For moisture, the effect
of ST did not induce statistically significant changes, although
the incorporation did induce significant changes, revealing a
higher amount of moisture in the “súplicas” with pineapple
peel, meaning that the peel was responsible for increasing the
moisture content in those samples. Regarding proteins, once
again the pineapple peel was responsible for a statistically sig-
nificant increase when compared to the control samples. Once
again, ST did not show statistical influence on the protein frac-
tion. Regarding sucrose, the incorporation of the pineapple
peel did not show any significant effect, but the passage of
time did show a significant statistical decrease in sucrose from T
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T0 to T3 days, probably due to the breakdown of sucrose into
fructose and glucose.

A study developed by Oliveira69 showed a higher moisture
content in the cake incorporated with 80% of pineapple peel
flour and 20% of core (27.10%) than in cake with pulp flour
(24.38%), this being justified due to the high fibre contents in
the peel and core that together preserve the water during the
supply in its structure. Likewise, the protein content was also
higher in the cake with the pineapple by-products (5.51%)
when compared to the cake prepared with pulp flour (5.43%).
Silva et al.70 reported a higher moisture content with 25.13%
in muffins with pineapple peel, being above the stipulated
standard, which should be a maximum of 14%. One of the
reasons that may explain the maintenance of moisture in the
“súplicas” in storage time, would be that glucose and fructose
can absorb more water than sucrose (non-reducing sugars), by
breaking the molecules over time.69 In relation to proteins,
Adeoye et al.71 showed the highest protein value in cookies
contained 50 and 40% of pineapple peel flour (2.45%) compar-
ing with traditional cookies (2.19%). In the work presented by
de Toledo et al.,72 the protein values were higher than this
study, containing 8.14% in cookies with 5% of pineapple
central axis.

Ash content is considered an important parameter to be
analysed in foods, as it is related to the minerals presented in
the food composition.72 Damasceno et al.73 reported a signifi-
cant difference in ash content when comparing cereals bars
containing 3% of pineapple peel flour (3.19%) when compared
to traditional bars (2.81%). In turn, Oliveira69 highlighted a
higher ash content in cakes prepared with pineapple peel flour
(4.41%) when compared to cakes prepared with pulp flour
(2.66%) or with central part of the fruit (2.42%).

Regarding the crude fat content, a study by Reis Junior74

showed a significant difference in the reduction of lipids in
hamburgers containing pineapple peel flour at concentrations
of 5, 10, 15, 20 and 25% when compared to the control, con-
cluding that the reduction in lipids was proportional to the
addition of flour. Oliveira75 obtained similar results and con-
clude that pineapple peel flour could be considered a healthy
ingredient that improves the nutritional aspect of hamburgers.

3.3.2. Composition in fatty acids. Table 4 shows the effect
of incorporation and storage time on the fatty acid content of
the “súplicas”. Eleven individual fatty acids were identified
and in Table 4 only the majority are presented (with represen-
tation greater than 1%). Oleic acid (C18:1) was the most abun-
dant individual fatty acid, followed by palmitic acid (C16:0).
Monounsaturated fatty acids (MUFA) prevailed followed by
saturated fatty acids (SFA) and polyunsaturated fatty acids
(PUFA) with very similar percentages. For all fatty acids a sig-
nificant interaction was sought and thus no post-hoc classifi-
cation was performed. Still, some general tendencies can be
extracted from the EMM plots, shown in Fig. 1. For C18:1
(Fig. 1A), the amount of oleic acid in the control samples was
overall higher than the samples with pineapple peel, probably
due to the degradation of fats by enzymes present in the peel.
Still, over the first three days there is an increase for the

control sample that then decreases from T3 to T7, while all the
amount in the incorporated samples remains mostly constant
during the whole seven days. Fig. 1B shows the EMM for SFA,
revealing that pineapple peel samples showed higher SFA
amounts, which gradually decreased over time while the
control sample increased from T0 to T3 and then decreased
from T3 to T7.

This variation could be due to oxidation of fats in the
control samples which did not have any compounds to protect
them (contrarily to the samples with pineapple peel), and thus
they decreased from T0 to T3. Then from T3 to T7, the increase
could be explained by the degradation of MUFA to SFA by oxi-
dation. Finally, this phenomenon is also reported in Fig. 1C
where there is a very high variation of MUFA over time in the
control samples, while the samples with pineapple peel show a

Fig. 1 EMM plots of (a) C18:1, (b) SFA and (c) MUFA.
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slight decreasing tendency. The control samples increased
from T0 to T3 probably due to the degradation of PUFA to
MUFA and then decrease from T3 to T7, due to the breakdown
of MUFA to SFA.

Consisting of fatty acids, lipids are important components
in the food industry because they confer desirable sensory
characteristics to food, where the conversion of long-chain
fatty acids into short-chain organic fatty acids, give unpleasant
flavour and odour to products.70,75 Fats can affect the food
texture by forming structures of crystalline networks and by
the disruption of structure by interfering with non-fat
networks.75,76 In baked products, fat has numerous functions
being responsible for the improve gas retention, lubrication,
aeration, heat transfer in dough, and desirable texture in the
final product (in breads), incorporation of air, softness, lubri-
cation, mouthfeel, and structural and sensory properties (in
cakes and biscuits).76

3.3.3. Colour and antioxidant activity. Table 4 shows the
results of the effect of extract incorporation and shelf life on
antioxidant potential (through DPPH and RP assays) and on
colour parameters (defined by CIE Lab coordinates of L*, a*
and b*) of the “súplicas”. Regarding the antioxidant activity
analysis, there was a significant interaction for RP but for
DPPH, the pineapple peel did seem to statistically improve the
antioxidant activity of the “súplicas” reducing the EC50 from
over 400 mg mL−1 to 134. ST did not show any effects on the
antioxidant activity of the snacks, probably due to a very low
amount of moisture.

For the colour parameter b*, the coordinate that defines
blue as negative and yellow values for positive values, where,
over storage time, a decrease in yellow colour was evidenced in
the samples and, for the seventh day, there was an increase in
the red colour (a*) in the “súplicas”. Colour is an important
feature of pastry products, not only by consumer preference,
but also, depends on the physical–chemical characteristics of
the mass and processes such as sugars, amino acid content,
oven temperature, relative humidity, and pH.77

In the work carried out by Oliveira,69 values of the colour
parameters in cakes prepared with peel flour and core pineap-
ple were higher than those presented by cakes prepared with
pulp flour. This can be justified due to the high amount of
reducing sugars present in the pulp flour when compared to
the peel and core. The effects of colour parameters L*, (+a*)
and (+b*) caused differences in behaviour in the cakes during
storage possibly as a function of the water content as well as in
this work, which could be justified by the association with the
levels of sugars present in the flours, which enable greater
water absorption and, therefore, the intensification or restric-
tion of colour.69

In the research conducted by Silva et al.,70 the muffins pre-
pared with pineapple peel by-products showed a low lightness
(38.77) and the yellow intensity (30.87) was out of the intensity
of red (11.00), consequently a low chroma index (32.77),
meaning that the chroma closer the material is to the gray
colour. Adeoye et al.71 reported that the pineapple peel flour
gave smooth texture to cookies, but brown colour was

imparted, and the colour gets darker as the levels of pineapple
peel flour increases. However, in food formulations it is desir-
able that flour be lighter because flours with dark colours may
limit possible food applications.78 For this reason and all para-
meters evaluated, the biscuits made from wheat–pineapple
(90 : 10) peel flour were indicated having the highest mean
scores and were close to 100% wheat cookies.71

In relation to the antioxidant analysis, one of the objectives
of this work was to add value to a pastry product that normally
has no functionality, being able to transfer to it, bioactive com-
pounds of the by-products that present antioxidant activity.
The same proposal was done by Toledo et al.,79 where the use
of fruit by-products (pineapple central axis, apple endocarp,
and melon peels) in the formulation of cookies contributed to
an increase of more than 100% in the phenolic compound’s
contents from 7.80 ± 0.13 up to 16.91 ± 0.19 mg of gallic acid
equivalents per g of sample, being the cookies made with
apple by-product the most promising formulation. For the
DPPH assays, the pineapple central axis values showed great
capacity of antioxidant activity, being 7.14 ± 0.34 µmol of
Trolox equivalents (TE) per g of sample against 3.94 ±
0.70 µmol TE per g for the cookies control. The ABTS assays
also reinforced the promising results, with 7.24 ± 0.16 µmol TE
per g for the pineapple by-product and 5.39 ± 0.33µmol TE per
g for the control.

Also, Sah et al.80 reported stronger antimutagenic and anti-
oxidant activities (evaluating the reducing power and scaven-
ging capacity of DPPH; 2,2′-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid), and hydroxyl radicals), in crude water-soluble
peptide extract of the probiotic yogurt with pineapple peel
than control during storage time. All yogurt samples exhibited
varying degrees of reducing power, scavenging capacities for
DPPH, ABTS, and hydroxyl radicals. On the first day, the
sample containing pineapple peel showed a reduction power
of 0.39 versus 0.36 compared to the control and, for the last
day (28th), 0.58 against 0.48 for the control only with starter
culture (Streptococcus thermophilus + Lactobacillus bulgaricus).
For the DPPH analysis expressed great results in the first day
with the probiotic culture (Lactobacillus acidophilus +
Lactobacillus casei + Lactobacillus paracasei), being 43.90 for the
pineapple peel against 36.96 evaluated in the control. The
results showed that pineapple peel could be used as a prebiotic
ingredient in the manufacture of yogurts that would improve
food nutrition and functionality.80

The work conducted by Barros et al.,81 presented significant
values for antioxidant activity in cookies prepared with pineap-
ple peel through ferric reducing antioxidant power assay,
where the activity was proportional to the increase in the con-
centration of the peel flour.

4. Conclusions

In the characterization of pineapple peel and crown leaves,
twenty-five phenolic compounds were identified in both
extracts divided into phenolic acids and flavonoids. The main
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detected compounds were caffeic acid derivatives (namely
caffeic acid-O-hexoside) and flavones (such as apigenin 6,8-C-
diglucoside). Eleven phenolic acids and two flavonoids were
identified in pineapple peel while on the crown leaves were
identified twelve phenolic, nine flavonoids and two phenolic
acids. None of the extracts showed toxicity and both showed
antioxidant, cytotoxic and antimicrobial potential, with the
pineapple peel extract standing out with the best results.

Due to its greater bioactive potential, the pineapple peel
extract was selected to incorporate in a typical pastry product
from the northeast of Portugal, the “súplicas” in order to study
the potential of this residue as a natural ingredient. Thus, the
effects of the incorporation of the extract on colour, nutritional
profile, content in sugars and fatty acids, as well as the anti-
oxidant activity were evaluated over the shelf life and by
comparison with the traditional product. The results obtained
show that no significant changes in the profile, only changes
in proteins and moisture where, it can be explained by the
high fibre content in the peel that preserved that water during
the supply in its structure and the breakdown of the molecules
in glucose and fructose that can absorb more water than
sucrose. In fatty acids the alterations were little noticeable, but
the extract allowed reducing the variations between PUFA,
MUFA and SFA. At the colour level, the variations were not sig-
nificant and, as expected, the extract was able to statistically
improve the antioxidant activity of the “súplicas” proving that
pineapple peel extract can be used in the food industry as a
functionalizing agent with antioxidant activity without modify-
ing the nutritional profile, colour, and composition of fatty
acids in food.

With the results obtained by this research, we can conclude
that many fruit and vegetable by-products have valuable com-
pounds for human health and that could be used to remove
them from the environment to reduce the damage caused,
adding value and return these wastes back into the economy.
The incentive to research, through the dissemination of scien-
tific work in the area, becomes extremely important and can
give these wastes that would be discarded, a nutritional and
market value, causing an increase in these foods and a greater
generation of jobs for families that survive from agriculture.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

The authors are grateful to the Foundation for Science and
Technology (FCT, Portugal) for financial support by national
funds FCT/MCTES to CIMO (UIDB/00690/2020). R. C. Calhelha
and L. Barros acknowledge the national funding by FCT, P. I.,
through the institutional scientific employment program-con-
tract, and J. Pinela and M. Carocho through the individual
scientific employment program-contract (CEECIND/01011/

2018 and CEECIND/00831/2018, respectively). C. Caleja is
thankful for her contract through the project Healthy-
PETFOOD (POCI-01-0247-FEDER-047073). Conducted under
the project “BIOMA – Bioeconomy integrated solutions for the
mobilization of the Agro-food market” (POCI-01-0247-
FEDER-046112), by “BIOMA” Consortium, and financed by
European Regional Development Fund (ERDF), through the
Incentive System to Research and Technological development,
within the Portugal2020 Competitiveness and
Internationalization Operational Program. This work has been
supported by the Ministry of Education, Science and
Technological Development of Republic of Serbia (451-03-9/
2021-14/200007).

References

1 M. Battino, T. Y. Forbes-Hernandez and F. Giampieri,
Plant-based bioactive compounds: healthy promoters and
protective agents, Trends Food Sci. Technol., 2021, ISSN
0924-2244.

2 A. M. Martín Ortega and M. R. Segura Campos, Bioactive
compounds as therapeutic alternatives, Bioact. Compd.,
2019, 13, 247–264.

3 N. Manousi, I. Sarakatsianos and V. Samanidou, Extraction
techniques of phenolic compounds and other bioactive
compounds from medicinal and aromatic plants,
Engineering Tools in The Beverage Industry, 2019, vol. 3, pp.
283–314.

4 H. B. Rashmi and P. S. Negi, Phenolic acids from veg-
etables: A review on processing stability and health
benefits, Food Res. Int., 2020, 109298.

5 S. S. Fernandes, M. S. Coelho and M. de las Salas-Mellado,
Bioactive compounds as ingredients of functional foods,
Bioact. Compd., 2019, 129–142.

6 A. B. Pereira-Netto, Tropical fruits as natural, exceptionally
rich, sources of bioactive compounds, Int. J. Fruit Sci.,
2018, 18(3), 231–242.

7 M. de la L. Cádiz-Gurrea, M. del C. Villegas-Aguilar,
F. J. Leyva-Jiménez, S. Pimentel-Moral, Á. Fernández-
Ochoa, M. E. Alañón and A. Segura-Carretero,
Revalorization of bioactive compounds from tropical fruit
by-products and industrial applications by means of sus-
tainable approaches, Food Res. Int., 2020, 138, 109786.

8 Food and Agriculture Organization of the United Nations,
Major tropical fruits preliminary results 2019, Rome, Italy,
2020, Retrieved from: https://www.fao.org/3/ca7566en/
CA7566EN.pdf, Accessed: 6th September, 2021.

9 H. V. Alexandre, F. L. H. Da Silva, J. P. Gomes, O. S. Da
Silva and J. P. Carvalho, Isotermas de dessorção de
resíduos de abacaxi, in XX Congresso Brasileiro de
Engenharia Química – COBEQ, Blucher, São Paulo, 2014, pp.
3472–3479.

10 D. I. Silva, G. D. Nogueira, A. G. Duzzioni and
M. A. Barrozo, Mudanças nos constituintes antioxidantes

Food & Function Paper

This journal is © The Royal Society of Chemistry 2022 Food Funct., 2022, 13, 9959–9972 | 9969

Pu
bl

is
he

d 
on

 0
3 

Se
pt

em
be

r 
20

22
. D

ow
nl

oa
de

d 
by

 I
ns

tit
ut

o 
Po

lit
ec

ni
co

 d
e 

B
ra

ga
nc

a 
on

 5
/2

9/
20

23
 3

:2
1:

07
 P

M
. 

View Article Online

https://www.fao.org/3/ca7566en/CA7566EN.pdf
https://www.fao.org/3/ca7566en/CA7566EN.pdf
https://www.fao.org/3/ca7566en/CA7566EN.pdf
https://doi.org/10.1039/d2fo00657j


no resíduo de abacaxi (Ananas comosus) durante o processo
de secagem, Ind. Crops Prod., 2013, 50, 557–562.

11 D. A. Campos, E. R. Coscueta, N. W. Valetti, L. M. Pastrana-
Castro, J. A. Teixeira, G. A. Picó and M. M. Pintado,
Optimization of bromelain isolation from pineapple by-
products by polysaccharide complex formation, Food
Hydrocolloids, 2019, 87, 792–804.

12 A. Schieber, F. C. Stintzing and R. Carle, By-products of
plant food processing as a source of functional com-
pounds: recent developments, Trends Food Sci. Technol.,
2001, 12(11), 401–413.

13 A. Karimi, M. Kazemi, S. A. Samani and J. Simal-Gandara,
Bioactive compounds from by-products of eggplant:
Functional properties, potential applications and advances
in valorization methods, Trends Food Sci. Technol., 2021,
112, 518–531.

14 S. M. Bessada, J. C. M. Barreira, L. Barros,
I. C. F. R. Ferreira and M. B. P. P. Oliveira, Phenolic profile
and antioxidant activity of Coleostephus myconis (L.) Rchb.
f.: An underexploited and highly disseminated species, Ind.
Crops Prod., 2016, 89, 45–51.

15 G. A. Gonçalves, A. A. Soares, R. C. G. Correa, L. Barros,
C. W. I. Haminiuk, R. M. Peralta, I. C. F. R. Ferreira and
A. Bracht, Merlot grape pomace hydroalcoholic extract
improves the oxidative and inflammatory states of rats with
adjuvant-induced arthritis, J. Funct. Foods, 2017, 33, 408–
418.

16 L. Barros, E. Pereira, R. C. Calhelha, M. Dueñas,
A. M. Carvalho, C. Santos-Buelga and I. C. F. R. Ferreira,
Bioactivity and chemical characterization in hydrophilic
and lipophilic compounds of Chenopodium ambrosioides L.,
J. Funct. Foods, 2013, 5, 1732–1740.

17 L. Lockowandt, J. Pinela, C. L. Roriz, C. Pereira,
R. M. V. Abreu, R. C. Calhelha, M. J. Alves, L. Barros,
M. Bredol and I. C. F. R. Ferreira, Chemical features and
bioactivities of cornflower (Centaurea cyanus L.) capitula:
The blue flowers and the unexplored non-edible part, Ind.
Crops Prod., 2019, 128, 496–503.

18 R. M. V. Abreu, I. C. F. R. Ferreira, R. C. Calhelha,
R. T. Lima, M. H. Vasconcelos, F. Adega, R. Chaves and
M. J. R. P. Queiroz, Anti-hepatocellular carcinoma
activity using human HepG2 cells and hepatotoxicity
of 6-substituted methyl 3-aminothieno [3,2-b] pyridine-2-
carboxylate derivatives: In vitro evaluation, cell cycle ana-
lysis and QSAR studies, Eur. J. Med. Chem., 2011, 46, 5800–
5806.

19 M. Carocho, L. Barros, R. C. Calhelha, A. Ćirić, M. Soković,
C. Santos-Buelga, P. Morales and I. C. F. R. Ferreira, Melissa
officinalis L. decoctions as functional beverages: a bioactive
approach and chemical characterization, Food Funct., 2015,
6, 2240–2248.

20 Â. Fernandes, A. L. Antonio, J. C. M. Barreira,
M. B. P. P. Oliveira, A. Martins and I. C. F. R. Ferreira,
Effects of gamma irradiation on physical parameters of
Lactarius deliciosus wild edible mushrooms, Postharvest
Biol. Nanotechnol., 2012, 74, 79–84.

21 AOAC, Official methods of analysis of AOAC International,
Association of Official Analytical Chemists International,
Arlington, USA, 20th edn, 2016.

22 L. Barros, C. Pereira and I. C. F. R. Ferreira, Optimized ana-
lysis of organic acids in edible mushrooms from Portugal
by ultra-fast liquid chromatography and photodiode array
detection, Food Anal. Methods, 2013, 6, 309–316.

23 E. Pereira, L. Barros, A. Martins and I. C. F. R. Ferreira,
Towards chemical and nutritional inventory of Portuguese
wild edible mushrooms in different habitats, Food Chem.,
2012, 130, 394–403.

24 L. Barros, S. Falcão, P. Baptista, C. Freire, M. Vilas-Boas
and I. C. F. R. Ferreira, Antioxidant activity of Agaricus sp.
mushrooms by chemical, biochemical and electrochemical
assays, Food Chem., 2008, 111, 61–66.

25 L. Barros, L. Cabrita, M. Vilas Boas, A. M. Carvalho and
I. C. F. R. Ferreira, Chemical, biochemical and electro-
chemical assays to evaluate phytochemicals and anti-
oxidant activity of wild plants, Food Chem., 2011, 127,
1600–1608.

26 T. Varzakas, G. Zakynthinos and F. Verpoort, Funct. Foods,
2016, 5, 1–32.

27 F. S. Gómez and M. P. A. Pablos, Pineapple waste extract for
preventing oxidation in model food systems, J. Food Sci.,
2016, 81(7), 1622–1628.

28 C. B. Steingass, M. P. Glock, R. M. Schweiggert and
R. Carle, Studies into the phenolic patterns of different
tissues of pineapple (Ananas comosus [L.] Merr.) infructes-
cence by HPLC-DAD-ESI-MS n and GC-MS analysis, Anal.
Bioanal. Chem., 2015, 407(21), 6463–6479.

29 S. C. Lourenço, D. A. Campos, R. Gómez-García,
M. Pintado, M. C. Oliveira, D. I. Santos, L. C. Corrêa-Filho
and V. D. Alves, Otimização da extração de antioxidantes
naturais da casca de abacaxi e sua estabilização por spray
drying, Foods, 2021, 10(6), 1255.

30 R. Colombo, J. H. Yariwake, E. F. Queiroz, K. Ndjoko and
K. Hostettmann, LC-MS,/MS Analysis of sugarcane extracts
and differentiation of monosaccharides moieties of flavone
C-glycosides, J. Liq. Chromatogr. Relat. Technol., 2013, 36(2),
239–248.

31 L. Testai, M. De Leo, L. Flori, B. Polini, A. Braca, P. Nieri,
L. Pistelli and V. Calderone, Contribution of irisin pathway
in protective effects of mandarin juice (Citrus reticulata
Blanco) on metabolic syndrome in rats fed with high fat
diet, Phytother. Res., 2021, 35(8), 4324–4333.

32 T. Tanaka, A. Nishimura, I. Kouno, G. I. Nonaka and
C. R. Yang, Four new caffeic acid metabolites, yunnaneic
acids EH, from Salvia yunnanensis, Chem. Pharm. Bull.,
1997, 45(10), 1596–1600.

33 A. Pérez-Sánchez, E. Barrajón-Catalán, M. Herranz-López,
J. Castillo and V. Micol, Lemon balm extract (Melissa offici-
nalis, L.) promotes melanogenesis and prevents UVB-
induced oxidative stress and DNA damage in a skin cell
model, J. Dermatol. Sci., 2016, 84(2), 169–177.

34 G. D. Kim, Y. S. Park, Y. H. Jin and C. S. Park, Production
and applications of rosmarinic acid and structurally related

Paper Food & Function

9970 | Food Funct., 2022, 13, 9959–9972 This journal is © The Royal Society of Chemistry 2022

Pu
bl

is
he

d 
on

 0
3 

Se
pt

em
be

r 
20

22
. D

ow
nl

oa
de

d 
by

 I
ns

tit
ut

o 
Po

lit
ec

ni
co

 d
e 

B
ra

ga
nc

a 
on

 5
/2

9/
20

23
 3

:2
1:

07
 P

M
. 

View Article Online

https://doi.org/10.1039/d2fo00657j


compounds, Appl. Microbiol. Biotechnol., 2015, 99(5), 2083–
2092.

35 L. Sari, L. Angraeni, Y. Hamauzu, S. Setha and
M. Naradisorn, Effect of UV-C on phenolic compound con-
tents in ‘phulae’ pineapple (Ananas comosus L cv. Phulae),
Sci. Hortic., 2017, 213, 314–320.

36 R. H. Takata and P. J. Scheuer, Solation of glyceryl esters of
caffeic and p-coumaric acids from pineapple stems,
Lloydia, 1976, 39(6), 409–411.

37 W. Wang, Y. Ding, D. M. Xing, J. P. Wang and L. J. Du,
Studies on phenolic constituents from leaves of pineapple
(Ananas comosus), Zhongguo Zhongyao Zazhi, 2006, 31(15),
1242–1244.

38 L. Wang, S. Liu, X. Zhang, J. Xing, Z. Liu and F. Song, A
strategy for identification and structural characterization of
compounds from Gardenia jasminoides, by integrating
macroporous resin column chromatography and liquid
chromatography-tandem mass spectrometry combined
with ion-mobility spectrometry, J. Chromatogr., A, 2016,
1452, 47–57.

39 C. B. Steingass, M. P. Glock, V. M. Lieb and R. Carle, Light-
induced alterations of pineapple (Ananas comosus [L.]
Merr.) juice volatiles during accelerated ageing and mass
spectrometric studies into their precursors, Food Res. Int.,
2017, 100, 366–374.

40 G. Difonzo, K. Vollmer, F. Caponio, A. Pasqualone, R. Carle
and C. B. Steingass, Caracterização e classificação do suco
de abacaxi (Ananas comosus [L.] Merr.) Da polpa e da casca,
Food Control, 2019, 96, 260–270.

41 T. B. N. Brito, L. R. S. Lima, M. C. B. Santos,
R. F. A. Moreira, L. C. Cameron, A. E. C. Fai and
M. S. L. Ferreira, Antimicrobial, antioxidant, volatile and
phenolic profiles of cabbage-stalk and pineapple-crown
flour revealed by GC-MS and UPLC-MSE, Food Chem., 2021,
339, 127882.

42 L. Wen, R. E. Wrolstad and V. L. Hsu, Characterization of
sinapyl derivatives in pineapple (Ananas comosus [L.]
Merill) juice, J. Agric. Food Chem., 1999, 47(3), 850–853.

43 F. Mandim, S. A. Petropoulos, M. I. Dias, J. Pinela,
M. Kostic, M. Soković, C. Santos-Buelga and L. Barros,
Seasonal variation in bioactive properties and phenolic
composition of cardoon (Cynara cardunculus var. altilis)
bracts, Food Chem., 2021, 336, 127744.

44 D. A. Campos, E. R. Coscueta, A. A. Vilas-Boas, S. Silva,
J. A. Teixeira, L. M. Pastrana and M. M. Pintado, Impact of
functional flours from pineapple by-products on human
intestinal microbiota, J. Funct. Foods, 2020, 67, 103830.

45 A. A. Franke, L. J. Custer, C. Arakaki and S. P. Murphy,
Vitamin C and flavonoid levels of fruits and vegetables con-
sumed in Hawaii, J. Food Compos. Anal., 2004, 17(1), 1–35.

46 J. M. Harnly, R. F. Doherty, G. R. Beecher, J. M. Holden,
D. B. Haytowitz, S. Bhagwat and S. Gebhardt, Flavonoid
content of US fruits, vegetables, and nuts, J. Agric. Food
Chem., 2006, 54(26), 9966–9977.

47 C. Ma, S.-y. Xiao, Z.-g. Li, W. Wang and L.-j. Du,
Characterization of active phenolic components in the

ethanolic extract of Ananas comosus L. leaves using high-
performance liquid chromatography with diode array
detection and tandem mass spectrometry, J. Chromatogr. A,
2007, 1165(1), 39–44.

48 M. A. Farag, H. Handoussa, M. I. Fekry and
L. A. Wessjohann, Metabolite profiling in 18 Saudi date
palm fruit cultivars and their antioxidant potential via
UPLC-qTOF-MS and multivariate data analyses, Food
Funct., 2016, 7(2), 1077–1086.

49 L. A. De la Rosa, J. O. Moreno-Escamilla, J. Rodrigo-García
and E. Alvarez-Parrilla, Phenolic compounds, Postharvest
Physiol. Biochem. Fruits Veg., 2019, 253–271.

50 N. A. Le, Lipoprotein-associated oxidative stress: A new
twist to the postprandial hypothesis, Int. J. Mol. Sci., 2014,
16, 401–419.

51 M. M. Selani, G. A. Shirado, G. B. Margiotta, M. L. Rasera,
A. C. Marabesi, S. M. Piedade, C. J. Contreras-Castillo and
S. G. Canniatti-Brazaca, Pineapple by-product and canola
oil as partial fat replacers in low-fat beef burger: Effects on
oxidative stability, cholesterol content and fatty acid
profile, Meat Sci., 2016, 115, 9–15.

52 M. Jovanović, M. Milutinović, M. Kostić, B. Miladinović,
N. Kitić, S. Branković and D. Kitić, Antioxidant capacity of
pineapple (Ananas comosus (L.) Merr.) extracts and juice,
J. Lek. Sirovine, 2018, 38, 27–30.

53 A. Azizan, A. X. Lee, N. A. Abdul Hamid, M. Maulidiani,
A. Mediani, S. Z. Abdul Ghafar, N. K. Z. Zolkeflee and
F. Abas, Potentially bioactive metabolites from
pineapple waste extracts and their antioxidant and
α-glucosidase inhibitory activities by 1H NMR, Foods, 2020,
9(2), 173.

54 B. N. P. Sah, T. Vasiljevic, S. McKechnie and O. N. Donkor,
Antibacterial and antiproliferative peptides in synbiotic
yogurt-release and stability during refrigerated storage,
J. Dairy Sci., 2016, 99(6), 4233–4242.

55 A. R. Garcia-Fuentes, S. Wirtz, E. Vos and H. Verhagen,
Short review of sulphites as food additives, Eur. J. Nutr.
Food Saf., 2015, 113–120.

56 M. M. Silva and F. Lidon, Food preservatives–An overview
on applications and side effects, Emir. J. Food Agric., 2016,
366–373.

57 D. Mandal, Food preservative chemistry: Effects and side
effects, J. Indian Chem. Soc., 2019, 96(12), 1519–1528.

58 N. Wijayati, A. R. S. Rini and S. Supartono, Hand sanitizer
with pineapple peel extract as antibacterial against
Staphylococcus aureus and Escherichia coli, Proc. ICMSE,
2016, 3(1), C-40.

59 M. Goudarzi, M. Mehdipour, B. Hajikhani, S. Sadeghinejad
and B. Sadeghi-Nejad, Antibacterial properties of citrus
limon and pineapple extracts on oral pathogenic bacteria
(Streptococcus mutans and Streptococcus sanguis),
Int. J. Enteric Pathog., 2019, 7(3), 99–103.

60 M. C. Ogwu, F. O. O. Omorotionmwan and H. I. Ogwu,
Antibacterial characteristics and bacteria composition of
pineapple (Ananas comosus [Linn.] Merr.) peel and pulp,
Food Health, 2019, 5(1), 1–11.

Food & Function Paper

This journal is © The Royal Society of Chemistry 2022 Food Funct., 2022, 13, 9959–9972 | 9971

Pu
bl

is
he

d 
on

 0
3 

Se
pt

em
be

r 
20

22
. D

ow
nl

oa
de

d 
by

 I
ns

tit
ut

o 
Po

lit
ec

ni
co

 d
e 

B
ra

ga
nc

a 
on

 5
/2

9/
20

23
 3

:2
1:

07
 P

M
. 

View Article Online

https://doi.org/10.1039/d2fo00657j


61 M. Okoh, H. Obadiah and J. Aiyamenkue,
Antimicrobial activities of pineapple peel, Biol. Rep., 2019,
4, 11.

62 N. Punbusayakul, Antimicrobial activity of pineapple peel
extract, Functional foods: trends in research and markets,
Department of food science, Faculty of Science, Burapha
University, 2018.

63 S. Dutta and D. Bhattacharyya, Enzymatic, antimicrobial
and toxicity studies of the aqueous extract of Ananas
comosus (pineapple) crown leaf, J. Ethnopharmacol., 2013,
150(2), 451–457.

64 R. Zharfan, P. Purwono and A. Mustika, Antimicrobial
activity of pineapple (Ananas comosus L. Merr) extract
against multidrug-resistant of Pseudomonas aeruginosa: an
in vitro study, Indones. J. Trop. Infect. Dis., 2017, 6(5), 118–
123.

65 E. Suerni, M. Alwi and M. M. Guli, Uji daya hambat ekstrak
buah nanas (Ananas comosus L.Merr.), salak (Salacca edulis
Reinw.) dan mangga kweni (Mangifera odorata Griff.) terha-
dap daya hambat Staphylococcus aureus, Jurnal Biocelebes,
2013, 7, 1.

66 C. Y. Karlina, I. Muslimin and G. Trimulyono, Aktivitas
antibakteri ekstrak herba krokot (Portulaca oleraceae L.) ter-
hadap Staphylococcus aureus dan Escherichia coli, Jornual
LenteraBio, 2013, 2(1), 87–93.

67 O. O. Olakunle, B. D. Joy and O. J. Irene, Antifungal activity
and phytochemical analysis of selected fruit peels, J. Biol.
Med., 2019, 3(1), 040–043.

68 S. Chanda, Y. Baravalia, M. Kaneria and K. Rakholiya,
Current research technology and education topics in applied
microbiology and microbial biotechnology, ed. A. Mendez-
Vilas, 2010, pp. 444–450.

69 A. D. S. Oliveira, Elaboração de farinha de polpa, casca e
cilindro central de abacaxi cv. pérola para produção de bolo,
2016.

70 N. F. I. Silva, A. R. C. de Lima, F. S. Santos, P. K. G. Pereira
and M. J. S. Silva, Aproveitamento de resíduos de abacaxi
(Ananas comosus) para elaboração de muffins, Gestão
Integrada de Resíduos, 2018, 53, 1–10.

71 B. K. Adeoye, A. I. Alao and J. A. V. Famurewa, Quality evalu-
ation biscuits produced from wheat and pineapple peel
flour, Appl. Trop. Agric., 2017, 22(2), 210–217.

72 N. M. V. De Toledo, L. P. Nunes, P. P. M. da Silva,
M. H. F. Spoto and S. G. Canniatti-Brazaca, Influence of
pineapple, apple and melon by–products on cookies:
physicochemical and sensory aspects, Int. J. Food Sci.
Technol., 2017, 52(5), 1185–1192.

73 K. A. Damasceno, C. A. A. Gonçalves, G. D. S. Pereira,
L. L. Costa, P. C. B. Campagnol, P. L. De Almeida and
L. Arantes-Pereira, Development of cereal bars containing
pineapple peel flour (Ananas comosus L. Merril), J. Food
Qual., 2016, 39(5), 417–424.

74 W. J. D. Reis Junior, Utilização de farinha da casca do
abacaxi (Ananas comosus (L.) Merr.) para desenvolvimento de
hambúrguer bovino com teor reduzido de gordura, 2017.

75 A. A. N. Oliveira, Avaliação da oxidação lipídica em
hambúrguer de carne bovina adicionado de farinha da casca
do abacaxi (Ananas comosus (L.) Merril) como antioxidante
natural, 2018.

76 R. V. Rios, M. D. F. Pessanha, P. F. de Almeida, C. L. Viana
and S. C. da S. Lannes, Application of fats in some food
products, Food Sci. Technol., 2014, 34(1), 3–15.

77 M. S. Esteller and S. C. S. Lannes, Production and charac-
terization of sponge-dough bread using scalded rye,
J. Texture Stud., 2008, 39(1), 56–67.

78 J. D. C. Miri, Desenvolvimento de mistura para bolo com
adição de farinha da casca do abacaxi (Ananas comosus
L. Merril) e farinha de banana verde (Musa spp), 2020.

79 N. M. V. Toledo, J. Mondoni, S. S. Harada-Padermo,
R. S. Vela-Paredes, P. R. A. Berni, M. M. Selani and
S. G. Canniatti-Brazaca, Characterization of apple, pineap-
ple, and melon by-products and their application in cookie
formulations as an alternative to enhance the antioxidant
capacity, J. Food Process. Preserv., 2019, 14100.

80 B. N. P. Sah, T. Vasiljevic, S. McKechnie and O. N. Donkor,
Effect of refrigerated storage on probiotic viability and the
production and stability of antimutagenic and antioxidant
peptides in yogurt supplemented with pineapple peel,
J. Dairy Sci., 2015, 98, 5905–5916.

81 L. D. S. Barros, A. L. M. Magalhães, P. S. L. Filho,
C. J. Steel, M. R. M. Júnior and L. X. Pinho, Potencial nutri-
cional e tecnológico de cookies elaborados com farinha de
casca de abacaxi, Dans CBCP – Congresso On-line Brasileiro
de Tecnologia de Cereais e Panificação, 2020, Even3.

Paper Food & Function

9972 | Food Funct., 2022, 13, 9959–9972 This journal is © The Royal Society of Chemistry 2022

Pu
bl

is
he

d 
on

 0
3 

Se
pt

em
be

r 
20

22
. D

ow
nl

oa
de

d 
by

 I
ns

tit
ut

o 
Po

lit
ec

ni
co

 d
e 

B
ra

ga
nc

a 
on

 5
/2

9/
20

23
 3

:2
1:

07
 P

M
. 

View Article Online

https://doi.org/10.1039/d2fo00657j

	Button 1: 


