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Abstract: Banana peel, a little-used waste, contains a high amount of biologically active compounds.
The aim of the study is to demonstrate in vitro, the antioxidant, cytotoxic, and antimicrobial effects of
hydroalcoholic extracts from yellow (BP) and red (BPR) banana peels. The analysis of the extracts by
Capillary Zone Electrophoresis (CZE) has confirmed the presence of several bioactive compounds.
BPR has a higher in vitro antioxidant activity than BP, which correlates with a significant cytotoxic,
antimicrobial effect, with a UVA/UVB rate of 0.9. In the case of BPR, the results confirm the presence
of isoquercitrin and kaempferol in a 1:3 ratio. The bioactive compounds from the extracts have
shown a different interaction with HCT-8 cell lines and with tested bacterial strains with pathogenic
properties. The HCA analysis proved the biological value of BPR to reduce oxidative stress and its
potential use in natural products.
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1. Introduction

Byproducts (banana peel) are an important source of functional compounds that can
be harnessed due to their antioxidant, anti-inflammatory, cytotoxic, and antimicrobial
properties [1]. Alternative sources can be identified and characterized, ensuring the sustain-
able use of resources in a circular economy These effects that have been attributed to the
functional compounds depend on the bioavailability of these compounds. In the current
climatic context, the increase of UVB radiation causes an increasingly pronounced oxidative
pressure in keratinocytes [2]. Polyphenolic compounds have been shown to reduce the
risk of increased oxidative stress and are thus sought after to reduce the secondary risks
of prolonged exposure to UVB radiation [3]. They help in reducing cytotoxicity targets in
these studies that correlate the antioxidant action with the SPF index’s value.

The use of food waste in the extractive recovery of compounds of interest to the
biopharmaceutical and cosmetics industry is an innovative way of identifying valuable
substrates. This choice was determined by the presence of many functional compounds [4].
In the case of banana peels and other valuable substances, such as pectin, they could
be isolated by microwave-assisted extraction. Thus, the pectin obtained was used as a
stabilizing agent in the food industry and demonstrated a functional role by normalizing
digestive processes [5]. Other biotechnological uses of banana peel are to obtain protein for
farm animal nutrition, bioethanol, or enzyme isolation [6]. These are the main industrial
uses of banana peel, traditionally.

The use of alternative sources of biologically active compounds by multiple phar-
maceutical and cosmetic industries has led to the development of new products. Many
current products include previously untapped sources, which are obtained from food
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industry waste [6]. The recovery of this waste was based on its functional properties, which
led to an increase in antioxidant status. Banana peels extract has such use in reducing
oxidative stress, a major cause of many chronic diseases [7]. In direct relation with the
characterization of the biological effect and the phytochemical profile [8], will determine
the procurement of competitive products that help increase the products’ efficacy [9]. That
may include biopharmaceutical compounds integrated into the cosmetic products [10].
This study aims to characterize the yellow and red banana peel extracts available in the
Romanian market. These were phytochemically described as cytotoxic, antioxidant, and
antimicrobial, with anti-UVB effects demonstrated.

2. Materials and Methods
2.1. Samples

Banana peels (yellow -BP and red -BPR) were collected and frozen until used. The
samples (100 g) were mixed with 50% ethanol (1:20 g/v) and kept for a maximum of 48 h in
the dark. Next, the mixture was filtered under a vacuum. The final solution was preserved
in dark bottles [11].

2.2. Antioxidant Activities Determination—In Vitro

Two methods were used for in vitro antioxidant characterization: DPPH (2,2-Diphenyl-
1-picrylhydrazyl) radical scavenging activity [12] and reducing power [13]. Ascorbic acid
(AA) and TBHQ (Tert-butylhydroquinone) were the controls.

2.3. Quantitative Antibacterial Assay by Minimum Inhibitory Concentration (MIC)
Determination

The antimicrobial activity was assessed by the microdilution method (M07-CLSI
Clinical Laboratory and Standards Institute recommendations). Two Gram-positive strains
(S. aureus ATCC BAA 1026, S. aureus 1004, an MRSA phenotype) and two Gram-negative
strains (E. coli ACTCC 25922; E. coli B11, ESBL phenotype) were used. The MDR strains
were isolated from wound infections and characterized in the previous studies. Ethanol
50% was the control [14,15].

2.4. Solar Protection Factor (SPF) Determination—In Vitro

The UV-VIS method was used to evaluate the in vitro SPF value in the presence
of extracts, between 290–320 nm [16]. The same method determinates UVA/UVB to a
maximum of 450 nm.

2.5. Quantification of Polyphenolic Compounds by Capillary Zone Electrophoresis
2.5.1. Reagents

All standards and reagents were of analytical purity as follows: rutin trihydrate, narin-
genin, rhamnetin, isoquercitrin, umbelliferone, cinnamic acid, sinapic acid, chlorogenic
acid, syringic acid, ferulic acid, kaempferol, luteolin, p-coumaric acid, quercetin, rozmarinic
acid, caffeic acid, cichoric acid, caftaric acid, gallic acid, sodium tetraborate, sodium dodecyl
sulfate, they were purchased from Sigma-Aldrich (Steinheim, Germany). Ultrapure water
and 0.1 and 1 M sodium hydroxide solutions were purchased from Agilent Technologies
(Waldbron, Germany).

Methanol (Sigma, Steinheim, Germany) and solutions were filtered on 0.2-µm mem-
branes (Millipore, Bedford, MA, USA) and degassed prior to use in an ultrasonic bath.
Stock solutions for each standard were stored at +4 ◦C.

2.5.2. Equipment and Method

The Capillary Zone Electrophoresis (CZE) technique was used for the separation
of bioactive compounds. The experiments were performed using an Agilent 7100 CE
instrument with a diode array detector (DAD), a CE capillary electrophoresis device
(Agilent Technologies, Ratingen, Germany), and bare fused silica (ID 50 µm, 68 cm effective
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length). The following parameters were maintained: Voltage 30 kV, cassette capillary
temperature 30 ◦C, hydrodynamic injection for sample and standards (35 mbar/12 s). The
migration buffer (BGE) was 35 mM sodium tetraborate, 0.9 mM sodium dodecyl sulfate (SDS)
at pH = 9.15. The capillary electrophoresis device was washed between migrations, with
0.1 M NaOH and water for one minute, followed by two minutes of washing with BGE. The
ChemStation program was used for data interpretation. The standard and sample solutions
were diluted in methanol. The identification of the compounds was realized by the addition
of standards, and the retention times were compared at λ = 280 nm [8]. The linearity of
the response was established for each polyphenol by building the calibration curves. All
calibration curves expressed good linearity (r2 > 0.994) within the test range. Detection and
quantification limits varied between 0.34–2.27 µg mL−1 and 1.02—6.89 µg mL−1 respectively.

2.6. In Vitro Antiproliferative Assay

The Vybrant® MTT cell proliferation test kit (Thermo Fisher Scientific, Waltham, MA,
USA) was used to assess the cytotoxic effect of the extracts. The metabolic activity of HCT-8
cells (human ileocecal carcinoma—HCT-8 cell line, passage 43) was measured. The HCT-8
cells were cultivated in RPMI 1640 (Lonza, Switzerland), provided with 10% FBS (fetal
bovine serum) (Biochrom, Germany). The cultivation conditions were 37 ◦C and 5% CO2
until the cells reached a 60% confluence. A fresh medium was prepared, and extracts
in three different concentrations of 10%, 5%, and 0.1% were used. The HCT-8 cells were
washed twice with PBS (phosphate-buffered saline) after 24 h and incubated for 2.5 h with
the MTT solution. After the dye had dissolved in DMSO, the 96 plates were read at 540 nm
using Synergy HTX (BioTek, Winooski, VT, USA). Cell viability was calculated according to
the formula: % survival = (average experimental absorbance/average control absorbance)
× 100 [17]. 50% ethanol was the control [8].

2.7. Statistical Analysis

All the parameters were evaluated at least in triplicate, and the results were expressed
as the mean, standard deviation (SD) values of three independent determinations. The
statistical analysis and means/SD values were calculated using GraphPad Prism® version
9.1.0 (GraphPad Software, San Diego, CA, USA). For DPPH, radical scavenging activity,
and reducing power, the one-way ANOVA was used, followed by a Brown-Forsythe test,
while for the antiproliferative assay, we applied a two-way ANOVA test. The strength of
the correlation between all parameters was obtained by calculating the Pearson correlation
coefficient (r). The significance level for the calculations was p express.

3. Results

The phytochemical analysis by CZE demonstrated the presence, in considerable quan-
tities, of two flavonoids, Isoquercitrin and kaempferol, regardless of the analyzed banana
species. The latter compound was present in a high amount in the extract of red ba-
nana peel 28.80 ± 2.47 µg/mL, compared to the yellow peel banana, which showed a
value of 9.30 ± 0.8 µg/mL. Isoquercitrin had a more balanced distribution in the two
extracts of 14.54 ± 0.44 µg/mL in the common species, compared to 10.47 ± 0.32 µg/mL
in the red one. Kaempferol is a common occurrence in red products and is considered
the main flavonol [18]. Isoquercitrin has been identified to have effects associated with
anti-inflammatory protection and is reported as a secondary flavanol in banana extracts. It
has no other in vitro/in vivo experimental data in the banana samples [19]. Other polyphe-
nolic compounds identified in the two extracts were ferulic acid (34.97 ± 2.44 µg/mL
for BP and 63.55 ± 4.38 µg/mL for BPR), sinapic acid (19.44 ± 1.78 µg/mL for BP
and 35.17 ± 3.26 µg/mL for BPR) and quercetin (6.14 ± 0.65 µg/mL for BP and
1.14 ± 0.05 µg/mL for BPR; Supplementary Figure S1).

The different numbers of asterisks represent significant statistical differences (control
vs. samples; p ≤ 0.05), n = 3.
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Cytotoxicity tests have shown a dose-dependent effect on the BPR extract (Figure 1).
The cytotoxic effect has not been calculated for BP, which is a factor in stimulating the
proliferation of the tumor cells used in this study. The BPR extract, in a concentration of 5%,
exerts high cytotoxicity by reducing the proliferation of colon cancer cells by more than
50%. These data showed that BPR has an optimal effect for inhibiting the proliferation of
tumor cells when compared with the BP extract.
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Also, antimicrobial analysis has shown that it directly correlates with the antioxidant
effects previously demonstrated for other functional natural products [20]. The BPR extract
exerts the highest antimicrobial activity against all microbial strains with a MIC of 3.125%.
The BP sample stimulates the growth of microbial cells with a MIC of over 50% (Table 1).
These results demonstrated a direct relationship between the inhibitory activity exerted by
the BPR extract on both eukaryotic and prokaryotic cell proliferation. On the other hand,
the BP extract has the opposite effect by stimulating the proliferation of eukaryotic and
prokaryotic cells. The antagonistic effect of these two banana extracts could be associated
with the variation of the chemical composition of the active compounds present in these
two extracts. Along with microelements, flavonoids, phenolic compounds (galocatechin,
dopamine, catecholamines), polyunsaturated fatty acids, essential amino acids, red banana
peel is an important source of anthocyanins [21]. These in vitro data also show why certain
natural products do not confirm, in the case of long-term administration or even a series of
adverse reactions, to different population groups [16].

Table 1. MIC (%) of plant extracts against bacterial strains.

Samples BPR BP Control

S. aureus ATCC BAA 1026 3.125 50 12.5

S. aureus 1004 3.125 50 25

E. coli ACTCC 25922 3.125 >50 12.5

E. coli B11 3.125 >50 12.5

Previous tests have been supported by an in vitro evaluation of the antioxidant poten-
tial in vitro (Figures 2 and 3). Although no significant difference was demonstrated between
the two extracts, BPR had a higher potential to reduce oxidative stress in vitro. In scav-
enging the DPPH radical, the difference was approximately 20% for BPR and 40% for AA,
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however, it was similar to the second TBHQ control (p ≤ 0.001). In contrast, the reducing
power of the extracts was identical to AA, but 25% lower than TBHQ (BP—p ≤ 0.01 and
BPR—p ≤ 0.001). These data demonstrated the superior specificity of BPR compared to
BP, which was directly correlated with the cytotoxic effect (Figure 2) and phytochemical
composition.
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Also, the BPR extract had a high SPF value of 0.975. This value was similar to that
obtained for the Vitis vinifera extract ([16], at approximately 310 nm, being valid for UVB
radiation. The UVA/UVB rate was 0.9, similar to the Benitaka grape (Vitis vinifera L.) peel
extract [16].

In the Pearson correlation coefficient (r), the values showed that the presence of other
functional compounds was also possible, as demonstrated by the negative values of this
index (Figure 4). The in vitro analysis of the extracts showed negative values compared to
phenols/flavonoids or a weak correlation, as in cytotoxicity, compared to HCT-8.
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The significance of the study was to demonstrate a valuable method to anticipate the
commercial value of these by-products of the agricultural industry. Such studies show that
the circular economy’s principles yield superior natural compounds, ensuring maximum
food products [22]. The correlation of the antimicrobial effect with the antioxidant and
cytotoxic capacity demonstrated a new valorization possibility, for example, in controlling
recurrent infections with MDR pathogenic strains. The target could be the functional
product that could control microbial proliferation in hospitals [23].

Food waste valorization is a current concern, especially in emerging economies that
want to increase competitiveness through efficient waste management, impacting the envi-
ronment and human health. Inefficient extraction methods can slow down these targets.
The use of banana peel determined and maintained an average yield of 7.5% (p ≤ 0.05),
a result similar to previous research using the microwave extraction method. The values
differed depending on the temperature and the extraction time [24]. Differences of approxi-
mately 20% were determined for the antiradical effect (DPPH scavenging assay, Figure 2),
but not difference depending on the concentration of the reducing power (Figure 3). These
differences were considered to be the result of different extraction processes that led to
variations in the amount of bioactive compounds. From this, we can result in a potential
negative point of the research, which led to the decrease of the extractive yield and the
degree of capitalization of the substrate. The role of the extractive process was best seen
in the case of BPR where the in vitro values of antioxidant protection had results close to
BP, which has a direct result on the protection against stress caused by UV. The presence
of a high number of phenolic compounds does not mean a direct effect on antioxidant
protection. The effect was determined by the high number of bioactive molecules that can
provide protection in different ways and act convergently.

In addition, the cytotoxic effect was correlated in previous studies with an antimicro-
bial effect [25], which was demonstrated in the case of BPR extract compared to BP. This
relationship was present in the current study, confirming the aforementioned studies. In ad-
dition to the cytotoxic effect, an antiviral effect could also be demonstrated [26]. Analyzing
the results of the two studies, it was found that the concentration of bioactive compounds
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differs from one species to another, depending on the composition and geographical area
of origin. However, the pattern consists of the same main compounds, on which the
concentration depends.

Banana peel is a valuable raw material that can be exploited efficiently to alleviate
health problems associated with oxidative stress. The recovery of the bioactive compo-
nents of this food waste supports their use in obtaining cosmetics with antioxidant and
antimicrobial UV protection effects, by reducing the presence of free radicals and acute
inflammatory proliferation in the dermis [27].

4. Conclusions

In conclusion, the results obtained for red banana peels extract (antioxidant activity,
antimicrobial effect, and cytotoxic activity on tumor cells) showed a higher biological value
than that of the yellow banana peel extract. The highest polyphenol content in kaempferol
and its superior antioxidant capacity supported the high antimicrobial activity against
pathogenic bacterial strains. In the circular economy, this is a source of biologically active
compounds that can be recovered, demonstrating the added value of food waste products.
Future optimization studies will confirm that traditional extractive processes can also
increase the number of bioactive compounds. The temperature and correlation of the
applied methods have demonstrated the ability of banana peel extracts to combat oxidative
stress, being suitable for biopharmaceutical uses or to enrich UV protection creams.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/pr10020248/s1, Figure S1: Separation of polyphenols by CZE
from BP and BPR extracts. The extracts were concentrated 4 times for BP and 2 times for BPR.
Standards: 1—rutin; 2—naringenin; 3—rhamnetin; 4—isoquercitrin; 5—umbelliferone; 6—cinnamic
acid; 7—sinapic acid; 8—chlorogenic acid, 9—syringic acid; 10—ferulic acid; 11—kaempferol; 12—
luteolin; 13—p-coumaric acid; 14—quercetin; 15—rozmarinic acid, 16—caffeic acid; 17—cichoric acid;
18—caftaric acid; 19—gallic acid.
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