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Abstract

Melissa officinalis L., a medicinal herb, is a source of a large number of bioactive compounds, as well as orange peels, mainly owing to phenolic
compounds widely studied for their biological properties. The present investigation focused on studying the physicochemical, sensory and biological
characteristics of lemon balm leaf and orange peel infusions. The analysis was carried out through the quantification of total phenolic content (TPC),
antioxidant activity by DPPH and ABTS. In addition, the optimization of the best infusion was assessed by response surface methodology (RSM) and
analysis of variance (ANOVA). The results showed a TPC between 4.50-4.80 ug GAE/ mL, an antioxidant activity in the range of 53-74 % by DPPH and
73-83 % by ABTS. On the other hand, the RSM reported the optimal conditions of the infusion with the best sensory acceptability and desirability resul-
ted from combining 150 g of lemon balm leaves with 60 g of orange peel. Nevertheless, the extracts showed limited antioxidant activity, less than 80 %
inhibition and with halos of less than 8 mm by disk diffusion.

Keywords: Antimicrobial capacity. Antioxidant capacity. Infusion. Lemon balm. Orange peel.

Resumen

Melissa officinalis L., una hierba medicinal, es fuente de un gran nimero de compuestos bioactivos, al igual que las cdscaras de naranja, principalmente
debido a los compuestos fendlicos ampliamente estudiados por sus propiedades bioldgicas. La presente investigacion se centré en el estudio de las
caracteristicas fisicoquimicas, sensoriales y bioldgicas de las infusiones de hojas de toronjil y cdscaras de naranja. El andlisis se llevé a cabo mediante
la cuantificacién del contenido fendlico total (TPC), la actividad antioxidante por DPPH y ABTS. Ademas, se evalud la optimizacién de la mejor infusion
mediante la metodologia de superficie de respuesta (RSM) y el andlisis de varianza (ANOVA). Los resultados mostraron un TPC entre 4.50 — 4.80
pug GAE/ mL, una actividad antioxidante en el rango de 53 - 74 % por DPPH y 73 - 83 % por ABTS. Por otra parte, el RSM informé que las condiciones
6ptimas de la infusién con la mejor aceptabilidad y deseabilidad sensorial resultaron de combinar 150 g de hojas de melisa con 60 g de cascara
de naranja. No obstante, los extractos mostraron una actividad antioxidante limitada, inferior al 80 % de inhibicién y con halos de menos de 8 mm
por difusion en disco.

Palabras clave: Capacidad antimicrobiana. Capacidad antioxidante. Infusién. Toronjil. Cascara de naranja.
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1. Introduction

Plant biodiversity in Peruvian territory is vast, as evidenced
by the wide variety of medicinal plants and fruits’. On the
one hand, medicinal plants such as oregano (Origanum vul-
gare), lemon balm (Melissa officinalis L.), lemon verbena
(Aloysia citrodora), among many others, have long been
used in infusions as ancestral remedies for the prevention
and treatment of various diseases, and even as muscle
relaxants?. Today, however, they are also incorporated into
the food, cosmetic, pharmaceutical, and other industries
for their preservative and sensory properties, as well as for
their health benefits®. On the other hand, citrus fruits such
as orange, lemon, and grapefruit are consumed daily in
large quantities because they provide significant amounts
of vitamin C, minerals, and other micronutrients. However,
they also generate hundreds of tons of fruit peels, conside-
red a waste product, which is why there is growing interest
in transforming these residues into valuable products with
greater social and environmental benefits*°.

Many researchers have noted that, although orange peels
are not edible like lemon balm leaves, they exhibit signi-
ficant biological activities, including antibacterial, antioxi-
dant, and anticarcinogenic effects®¢. These properties
have been linked to the wide variety of bioactive com-
pounds they contain, such as flavonoids, phenolic acids,
pectins, and polysaccharides, which are also capable of
reducing oxidative stress. For centuries, orange peels have
likewise been used in the treatment of neurodegenerative,
cardiovascular, autoimmune, and respiratory diseases, as
well as the common cold, among others®7%,

Melissa officinalis, or lemon balm, is a traditional medici-
nal plant listed in several pharmacopoeias for its potential
therapeutic effects®’?. Recent pharmacological studies
have shown that it exhibits diverse biological activities,
including antibacterial, antioxidant, antidepressant, anti-
diabetic, antispasmodic, anxiolytic, anti-inflammatory, and
anti-Alzheimer effects’"'3. The literature also reports its
use in treating stress or insomnia associated with anguish,
melancholy, and sadness. Many of these pharmacological
activities have been attributed to its phenolic constituents
(such as rosmarinic acid, caffeic acid, thymol, and gallic
acid), as well as to terpenes and flavonoids—mainly pre-
sent in the leaves—along with vitamins and minerals °1314,

Many researchers argue that extracts and infusions of
plants or fruit residues such as peels and leaves possess
multiple metabolites (polyphenols, flavonoids, etc.) with
strong antimicrobial activity; however, this depends on the
extraction factors such as solvent, temperature, time, par-
ticle size, and pH'™". Moreover, there are various usable
forms for these bioactive compounds, such as those pre-
sent in lemon balm leaves and orange peels; however, one
of these forms is through infusions by direct contact with
water at boiling temperature™. Additionally, infusing dried
plant leaves combined with fruit peels in hot water helps to
release its bioactive components that promote relaxation
and relieve tension and anxiety'®. At the same time, sustai-
nability is emphasized, and agricultural by-products such as
fruit peels are valorized. In addition, the combination produ-
ces a synergy between its bioactive principles that, when are
consumed, help to release stress and improve sleep quality.

Moreover, extracts in different solvents, such as water, etha-
nol, or the combination of both, as referred to by Draginic
and coworkers, have shown slightly better phenolic and fla-
vonoid content, making them potential antioxidants andin-
flammatories™. Similarly, Abd El-Aziz and coworkers state
that orange peel extracts obtained by maceration in water
for 3 days may exhibit protective potential against neurode-
generative diseases such as Alzheimer's?.

Nowadays, considering the biological activities reported
for orange peels and lemon balm leaves, many researchers
have emphasized the study of antiviral effects against
several viruses, such as human papilloma, among others.
Moreover, the effects against gram-negative bacteria (e.qg.,
Escherichia coli, Salmonella, etc.) and gram-positive bac-
teria (e.g., Staphylococcus aureus, Bacillus cereus, etc.),
respectively. Moreover, the physiological and metabolic
effects of their infusions or extracts in food diet'"'32'. Thus,
the present work aims to study the physicochemical and
sensory characteristics, antioxidant activity (by DPPH and
ABTS), and antimicrobial activity of six different formula-
tions based on orange peel (Citrus sinensis (L.) Osbeck)
and lemon balm leaves (Melissa officinalis L.).

2. Materials and methods
2.1 Materials

2, 2 — diphenyl - 1- picrylhydrazyl (DPPH, Lt: STBH6773),
2,2’ - azino - bis (3 -ethylbenzothiazolin) — 6 - sulfonic acid
(ABTS, Lt: SLBV6099), Folin Ciocalteu reagent (2N), sodium
bicarbonate, gallic acid, methanol and analytical grade Tro-
lox (Lt: BCBW5446) purchased from Merck-Sigma Aldrich.
Likewise, lemon balm leaves (Melissa officinalis L.) and
orange peel (Citrus sinensis (L.) Osbeck) obtained from the
wholesale market of Caquetd, Lima-Peru.

2.2 Obtaining the material and preparing the
infusions

Lemon balm leaves (Melissa officinalis L.) and Valencia
orange peel (Citrus sinensis (L.) Osbeck) were previously
washed with abundant water. In the case of orange peel, they
were cut into thin strips, then into small pieces of 0.5 cm x
0.5 cm, and were dried in a food dehydrator (Boxa®, DH-20V)
for 8 h at 40 °C, whereas the lemon balm leaves were dried
for 5 h at 35 °C. After drying, the samples were ground using
an electric grinder (Oster® model BVSTBMH23), followed by
sieving through a 16-mesh sieve. Finally, the powders were
stored at room temperature under vacuum in a desiccator
and labeled until further use?.

From the previously dried samples, in the present study, a
2x3 factorial design was selected to evaluate the effect of
the factors: lemon balm leaves (X,) and orange peel (X)),
at different levels, especially on the functional and sensory
properties of the infusions. Nevertheless, this factorial
design is used to optimize the number of treatments gene-
rated, using the response surface methodology (RSM).
Likewise, the levels were determined from preliminary
trials, considering both the sensory acceptability and the
yield of bioactive compounds. Therefore, six formulations
were prepared by mixing lemon balm leaves and ground
orange peels (Table 1); these were packaged in small filter
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Table1. Infusions based on 2-factor factorial design: lemon balm leaves with orange peel.

Sample Lemon balm leaves Orange peel
g (%) g (%)
F1 100 (83.3 %) 20 (16.7 %)
F2 150 (88.2 %) 20 (11.8 %)
F3 100 (71.4 %) 40 (28.6 %)
F4 150 (78.9 %) 40 (21.1 %)
F5 100 (62.5 %) 60 (37.5 %)
F6 150 (71.4 %) 60 (28.6 %)

bags with a capacity of 1g. Subsequently, the infusions
were obtained by direct contact extraction, solid-liquid.
For this, the filter bags were placed inside a glass beaker
with 100 mL of bottled water at 98 °C and macerated for
5 minutes. The preparation process was carried out simul-
taneously for all six formulations.

2.3 Total phenolic content

Total phenolic content (TPC) was determined using the
Folin Ciocalteau colorimetric method described by Ordofiez-
Gomez et al.?®, with slight modifications. 100 pL of sam-
ple (filtering infusion) was mixed with 860 L of deionized
water, then added 40 pL of Folin Ciocalteau’s reagent (2N),
5 minutes later 100 pL of sodium carbonate (200 g L")
was added. Finally, 900 pL of deionized water was added
and left to stand for 1 h, then TPC was determined by
Uv-Visible spectroscopy at 725 nm. Polyphenol quantifica-
tion was done using the calibration curve of the standard
gallic acid (GA) (Y = 0.0039X + 0.0165, R? = 0.9902). The
results were expressed as micrograms equivalents of GA
per milliliter of filtering sample (u g GAE/ mL sample).

2.4 Antioxidant activity
2.4.1 DPPH method

The antioxidant activity of the extracts (infusions) was
carried out by the DPPH method described by Jurado
Teixeira et al.,>* and Mokoroane et al.,?> with some modi-
fications, using ascorbic acid as a reference standard. A
solution of DPPH 20 mg L in methanol with an absor-
bance adjusted to 0.693 at 517 nm was prepared. The
different samples were diluted by taking 1 mL of sample
and 2 mL of water. Subsequently, 100 pL of diluted sample
was mixed with 1.9 mL of the DPPH solution and left in
complete darkness for 30 minutes. Finally, the absorbance
was determined at 517 nm, and the antioxidant activity
was calculated as a percentage of the DPPH radical sca-
venging capacity using the equation (1).

Ai)uoo (1)

% DPPH radical scavenning activity = (1 -
DPPH

Where: Asp, the absorbance of the sample and ApppH, the
absorbance of the free radical DPPH.

2.4.2 ABTS method

The antioxidant activity of the infusions was determined
using the ABTS assay described by Ordofiez-Gémez et al.,
with some modifications and using Trolox® as a reference
standard®. The ABTS'* radical was prepared by oxidation
of 10 mL of ABTS (7 mmol L") with 176 uL of potassium
persulfate (0.14 mol L"), the mixture was left to react for
24 h in complete darkness at room temperature. Subse-
quently, the mixture was diluted to record an absorbance
between 0.634 and 0.638 at 734 nm. A 20-pL aliquot of the
diluted samples (1 mL of sample with 2 mL of water) was
blended with 2 mL of the ABTS'* radical prepared above
and allowed to stand for 6 minutes. Finally, absorbance
was measured at 734 nm, and the antioxidant activity was
calculated as a percentage of the ABTS radical scavenging
capacity using the equation (2).

Asp

* 100
AABTS) (2)

% ABTS radical scavenning activity = (1 -

Where: Asp, absorbance of the sampleand 4, ., the absor-

bance of the free radical ABTS.

ABTS’

2.5 Sensorial analysis

The overall acceptability of the infusions was assessed
using a 10-point scale anchored by the terms “unpleasant”
at the low, “Neither pleasant, nor unpleasant” at the middle,
and “very pleasant” at the high end. The evaluation was con-
ducted voluntarily on a group of 112 untrained panelists?®.
20 mL of a total of 6 samples were individually filled in
polypropylene cups, randomly coded, and served sequen-
tially to the panelists for evaluation at room temperature.

2.6 Antimicrobial activity

The antimicrobial activity was evaluated using the disc
diffusion method and broth microdilution, following the
guidelines of the Clinical and Laboratory Standards Ins-
titute (CLSI)¥, with certain modifications. The assays
were conducted against four types of microorganisms:
Staphylococcus aureus, Bacillus cereus, Escherichia coli,
and Salmonella spp. For the disc diffusion tests, inocula
were adjusted to 0.5 McFarland standard, equivalent
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to 1-2 x 108 CFU/mL. Subsequently, 100 pL of each ino-
culum was spread onto Mueller-Hinton (MH) agar plates.
Six wells were then made using a punch, and 50 pL of sam-
ple was placed in each well. The plates were incubated at
37 °C for 24 h, after which the inhibition diameters were
measured.

For broth microdilution assays, 90 pyL of MH was added
to the wells of the first column of a 96-well plate, to those
of the second column 180 pL of the extract was added.
From the latter, 1:1 serial dilution was performed, 90 pL
was transferred from one column to the other, up to the
eleventh column. On the other hand, the initial inoculum
was diluted to an equivalent concentration of 10° CFU M
of each strain and 10 pL was added to all wells except
the first column, having a final volume of 100 pL in each
well. Subsequently, it was incubated at 37 °C for 24 h and
the minimum inhibitory concentration was determined by
turbidity at 600 nm in a microwell reader (Biotek® Model
Power Wave XS2). Likewise, all absorbance values for the
first and twelfth column represent the blank and positive
control, respectively. Meanwhile, the values obtained for
the other columns represent the antimicrobial effect of
a concentration of 100 % to 0.20 % against a microorga-
nism. The assays were performed by triplicate and the
antibacterial activity was expressed as percentage inhibi-
tion through equation (3).

AS - ACB

% inhibition = (1 - —
Acp — Acs

) 100 3)

Where: A, A,y A, the average absorbance of the sample,
blank and positive control, respectively.

2.7 Statistical analysis

The formulated infusions (based on lemon balm leaves
and orange peel) were used to determine the optimum
combinations of the process variables on the response
variables, using the response surface methodology (RSM).
The selected process variables were: dry mass of lemon
balm leaves (X1) and orange peel (X2). The experimen-
tal design was carried out using Statgraphics Centurion®
19 statistical software at a confidence level of 95 % (P <
0.05). The experimental data were fitted to a second-de-
gree linear mathematical model, equation (4), considering
the parameters X1, X2 and their interactions. On the other
hand, the analysis of variance test (ANOVA) was performed
to evaluate the model fit considering the regression coeffi-
cients, probability values (P) and fit loss, on the response
variables: Total polyphenols (TPC), antioxidant capacity
(by DPPH and ABTS), acceptability and desirability.

Y= Bo+ PiXs+ BoXo+ BsXiXo + PuXo’ (4)

Where: Y is the response variable, B0 is a constant, 1, B2,
B3y B4 coefficients for the main effects and interactions,
respectively.

3. Results and discussions

Figure 1 (a) showsthe TPC of each formulated infusion, with
infusions F1 (4.80 uyg GAE/mL) and F4 (4.74 pg GAE/mL)

exhibiting the highest phenolic content. This is partly attri-
buted to the presence of caffeic acid derivatives, catechins,
and coumarin in both lemon balm leaves and orange peel,
which display greater thermal stability than more volatile
phenols such as cadinol and carvacrol?>?. The slight diffe-
rences observed between the samples and the values
reported in the literature are associated with the physico-
chemical conditions of the infusion, such as its pH of 7.18 +
0.08. According to some researchers, at alkaline or neutral
pH, polyphenols tend to undergo degradation reactions?.
Additionally, variations have been linked to the presence
of polyphenol oxidase in orange peel, as this enzyme can
degrade and oxidize polyphenols, thereby reducing their
phenolic content and biological activity?'2730, However,
during infusion processes using water at approximately
100 °C, the enzyme’s activity is inactivated, and therefore
its effect is disregarded in quantification®’.

The activity of plant-origin natural infusions is often
assessed by their antioxidant activity using established
methods such as DPPH or ABTS. Two methods that allow
to determine the antioxidant activity of a broad diversity
of substances, such as hydrogen-donating antioxidants or
scavengers of aqueous phase radicals and chain-breaking
antioxidants or scavengers of lipid peroxyl radicals®2. In
the DPPH method, Figure 1 (b), results have shown the
highest antioxidant activity in infusions F1 (73.3 %) and
F4 (69.1 %), a result consistent with the TPC found for the
same samples since both factors are directly correlated
(Figure 1c). On the contrary, by ABTS it was observed that
F5 (82.4 %) showed the highest radical scavenging capa-
city compared to the others of similar values (~ 76 %).
Moreover, an inverse statistical correlation, i.e., it shows a
tendency to decrease the antioxidant activity as the total
phenolic content increases. On the other hand, the diffe-
rence with the results by DPPH, is because of the better
consistency for polyphenols than ABTS®°, where the radi-
cal can also react with minerals and vitamins present in
the extracts. Nevertheless, with DPPH the reaction of the
antioxidant is faster and more stable, since it does not
cause subsequent lipid oxidation and does not lead to the
formation of unstable end products. In contrast, with ABTS
the reaction occurs mainly in terms of the reduction of the
ABTS+ radical with the antioxidants; which, contain both
hydrophilic and lipophilic compounds &', Results through
this method were slightly higher than those reported for
single infusions of lemon balm leaves and orange peel by
the same methods, since for the first a 39.5 % by DPPH
has been found, whereas for the second of 67.9 %, respec-
tively. Similar results have been determined by ABTS for
orange peel extracts of 60.48 %°'3.

The effects of the extraction factors, lemon balm leaves
(X1) and orange peel (X2), above the preparation of the
infusions, as well as the response surfaces obtained, were
studied in order to establish the optimal conditions of the
best infusion. Table 2 shows the regression coefficients
of the fitted quadratic polynomial model and the relevance
of the described factors on the response variables. The
results displayed that the TPC is directly dependent on the
combination of factors X1 and X2, since the associated
regression coefficient as well as that of the independent
term contribute significantly (P < 0.05), being corroborated
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Figure 1. a) Total polyphenolic content, b) antioxidant activity by DPPH and ABTS of the filtering infusion and c) correlation matrix.

Table 2. Estimated regression coefficients of the second-order polynomial equation and analysis of variance (ANOVA) of
the model for the response variables.

Regression TPC DPPH ABTS ACEPTABILITY
coefficients Effect P Effect P Effect P Effect P

B, 5.5083 0.0000%* 94.0488 0.0000* 59.4301 0.0000* 7.6658 0.0000*
B,(X,) -0.00677 0.5456 -0.24413 0.5985 0.14525 0.0385*  -0.00357 0.6101
B,(X2) -0.02025 0.1422 -0.34131 0.0553 0.46336 0.0732 -0.012 0.0105*
B,(X,X,) 0.00018 0.0049* 0.00505 0.3197 -0.00478 0.0042*  0.000102 0.1425
B,(X,2) -0.00005 0.5975 -0.00707 0.509 0.00240 0.3385 0.000059 0.6675
R? 0.7920 0.0304* 0.5612 0.2267 0.8456 0.0130* 0.7397 0.0568

X.: Lemon balm leaves, X,: Orange peel, * significant in a <= 0.05.
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by the analysis of the Pareto diagram and its standardized
effect (Figure 2 a). Furthermore, the model correlated and
properly explained 79.20 % of the data (R% 0.792). On the
other hand, the response surface plot (Figure 2 b) showed
that the most optimal combination contributing in higher
TPC (4.77 p g GAE/ mL) was the mixture of 100 g lemon
balm leaves with 20 g dried orange peel (F1). However,
the model response indicates a slight decrease in TPC
as the ratio between X1 and X2 is greater than 5, contras-
ting with what is reported in the literature and the pre-
sence of polyphenol oxidase commonly found in orange
peel extracts™. For antioxidant activity, it was found that

X2 has a partial effect on DPPH, a result that is corrobo-
rated by the standardized Pareto analysis (Figure 2 c-d),
likewise the model did not display a direct autocorrelation
between the parameters and the response variable, pre-
dicting values with a certainty of 56.12 %. It can also be
indicated that the optimum value was 70.10 %, obtained by
combining X1 and X2 in proportions similar to F1 and F4.
On the other hand, it has been seen that X1, as well as its
combination with X2 have a considerable influence on the
antioxidant activity, determined by ABTS, since the asso-
ciated regression coefficients and the independent term
showed a significant contribution (P < 0.05). Results that
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were demonstrated by the Pareto diagram (Figure 2 e),
in addition to a strong regression coefficient between the
antioxidant activity by ABTS and the factors (R% 0.8556),
corresponded with a significant model fit (P < 0.05). Never-
theless, the response surface (Figure 2 f) showed an opti-
mum value of 81.7 % antioxidant activity, similar to the F5
formulation. The results are comparable with what has
been reported in other investigations for orange peel and
lemon balm leaf extracts, as well as the strong correlation
observed between TPC and antioxidant capacity®32. On
the other hand, to understand the sensory acceptability of
the different infusions, a sensory study was conducted, and
the results were analyzed by surface response. The test
strongly suggested that the independent variable X2 has a
significant effect on acceptability, as well as the indepen-
dent term of the model (P < 0.05), which explains and pre-
dicts with an accuracy of 73.97 %. Moreover, the role pla-
yed by each factor on acceptability was also demonstrated
by the Pareto analysis (Figure 2 g). However, in Figure 2 (h)
it was observed that acceptability generally increases as
the amount of orange peel rises, obtaining an acceptable
optimum score of 7.55, corresponding to F6.

This result has been linked to compounds such as orga-
nic acids (oxalic, citric, gallic, ferulic, p-coumaric, etc.)
and flavonoids (e.g., narirutin, hesperidin, flavones) pre-
sent in orange peels (8,30), which are slightly more ther-
mally stable than certain compounds found in lemon
balm leaves. The latter contain monoterpenes, such as
citronellal; sesquiterpenes, such as B-caryophyllene and
B-caryophyllene oxide; monoterpene alcohols, such as
nerol, geraniol, and citronellol; as well as phenolic acids
(10,35). The optimization results were integrated using
the desirability function, as shown in Figure 2(i), revea-
ling that the optimal conditions were achieved in formu-
lation F6 (0.78), corresponding to the combination of 150
g of X1 with 60 g of X2. These findings highlight both the
influence of orange peels on the response variables and
their important role in the preparation of infusions when
combined with lemon balm leaves.

All analyses were conducted on infusions, each prepa-
red using 1 g of the corresponding formulation (F1-F6).
The formulations were designed following a 2x3 factorial

scheme, which allowed us to evaluate the individual and
combined effects of the two ingredients on the response
variables. Using the same amount for the infusion prepara-
tion ensured a more accurate comparison of the effects of
the independent variables.

In the present work, the antibacterial activity was evalua-
ted for the optimal infusion (F6), as well as for extracts
of lemon balm leaves and pure orange peels. The assays
were conducted against Gram-positive and Gram-negative
microorganisms. As shown in Table 3, the lemon balm
extract exhibited mild antimicrobial activity against E. coli
(26.73%), Salmonella spp. (32.37%), B. cereus (39.75%),
and S. aureus (40.46%). Although these values are below
the threshold considered significant (<80%) (27), some
researchers have reported that antimicrobial activity can
occur through several mechanisms, including disruption of
microbial cell membranes, inhibition of key enzymes, and
interference with DNA replication, among others. These
results are consistent with the literature, which indicates
that the antimicrobial properties of lemon balm are prima-
rily associated with its essential 0il®5%, showing notewor-
thy activity against these bacteria®.

In contrast, the orange peel extracts and the optimal for-
mulation (F6) showed no positive response against any
of the Gram-positive or Gram-negative bacteria. This may
be due to the solvent used for extraction, as literature
reports indicate that orange peel extracts better con-
centrate stable bioactive compounds in ethanol-based
media®. The disc diffusion assay revealed inhibition dia-
meters below 8 mm for all microorganisms, indicating a
lack of substantial inhibitory activity (Figure 3)?’. Never-
theless, these results are comparable to those reported
by other researchers for aqueous extracts of lemon balm
leaves and orange peels 2%,

Although lemon balm leaves and orange peel contain anti-
microbial compounds, the low activity observed in infu-
sions can be attributed to factors such as temperature
and preparation time, which limit the extraction of these
compounds in concentrations sufficient to exert a strong
effect. According to Hilal and Engelhardt®, infusions prepa-
red from commercial tea bags for 3 or 5 minutes at 100 °C
contain lower concentrations of phenolic compounds

Table 3. Antibacterial activity of lemon balm leaves, orange peel and the mixture extracts on Gram-positive and Gram-negative bacteria.

Methods Bacterial cultures ILemon balm Orange peel Mixture
eaves extract extract
Gram negatives E. coli 26.73 % 0.00 % 0.00%
Salmonella spp 32.37 % 0.00 % 0.00 %
Broth microdilution G am positives B. Cereus 39.75% 0.00 % 0.00 %
St. aureus 40.46 % 0.00 % 0.00 %
Gram negatives E. coli <5mm <5mm <5mm
Salmonella spp <5mm <5mm <5mm
Disc diffusion
Gram positives B. Cereus <5mm <5mm <5mm
St. aureus <5mm <5mm <5mm

223



D. Magallanes. Physicochemical, functional and sensory characteristics of a filtering infusion based on lemon balm leaves...

Figure 3. Disc diffusion assay of orange peel extracts and formulation F6 (a—d).

compared to infusions extracted for 15 minutes at 80 °C.
Therefore, the present results indicate that infusions do
not have strong antimicrobial effects. Nonetheless, they
remain valued and irreplaceable beverages due to their
carminative, digestive, and diuretic effects, as well as their
appealing sensory qualities.

4. Conclusions

The results of the present work revealed that the extracts
(infusions) have a maximum TPC of 4.80 y g GAE/ mL (F1),
while an antioxidant activity by DPPH of 73.30 % (F1) and
82.40 % (F5) by ABTS. On the other hand, ANOVA statisti-
cal analysis and response surface showed that the combi-
nation of lemon balm leaves and orange peel significantly
influence on TPC, as well as antioxidant activity by ABTS
(P < 0.05), with a high correlation coefficient (R? > 0.79).
Additionally, the concentration of orange peel had a sig-
nificant impact on sensory acceptability of the infusions,
as indicated by Pareto diagram. As revealed by the desi-
rability analysis, the optimal formulation was identified as
F6 (0.78), corresponding to a mixture of 150 g of lemon
balm leaves and 60 g of orange peel. Finally, the extracts
of lemon balm leaves displayed low activity against gram-
positive and gram-negative bacteria, whereas those of
orange peels and F6 did not inhibit bacterial growth. Ove-
rall, this work aimed to valorize citrus by-products such as
orange peels and its combination with lemon balm leaves as
a potential drinkable infusion, rich in bioactive compounds
with outstanding antioxidant activity and acceptability.

Acknowledgement

TThe authors thank to the Vicerrectorado de Investigacion
VRI) of Universidad Nacional de Ingenieria, Lima, Peru,
for the support to develop this work FIQT-PFR-36-2023.

Moreover, the engineer Carlos Alfredo Lopez Vega for the
technical support and Allinson Xiomara Marin Pingus and
Angie Castillo Barzola for their contributions to the develo-
pment of this work.

Funding

This article has not received any specific grant from funding
agencies in the public, commercial, or for-profit sectors.

Conflict of interest

The authors declare no conflicts of interest.

References

1. Cierto LEO, Quintana ED, Escalante CA, Dumont JRD,
Curo GG, Tito LPD, et al. Diversity, abundance and
ecological importance of plant species for medical
use in tropical forest of Tingo Maria, Peru. Bol Malariol
Salud Ambient. 2022; 62(5):1055-66.

2. Petrisor G,Motelica L, Craciun LN, Oprea OC, Ficai D, Ficai
A. Melissa officinalis: composition, pharmacological
effects and derived release systems—a review. Int J
Mol Sci. 2022; 23(7):1-18.

3. Sikora M, Ztotek U, Kordowska-Wiater M, Swieca M.
Spicy herb extracts as a potential improver of the
antioxidant properties and inhibitor of enzymatic
browning and endogenous microbiota growth in stored
mung bean sprouts. Antioxidants. 2021; 10(3):1-18.

4. Abou-Arab EA, Mahmoud MH, Abu-Salem FM.
Functional properties of citrus peel as affected by drying
methods. Am J Food Technol. 2017; 12(3):193-200.

5. Ashritha M, Girija S, Sankari Malaiappan. Comparative
analysis on the antimicrobial action of honey,
orange peel and chlorhexidine against E. faecalis,

224



Rev Chil Nutr 2025; 52(4): 217-226

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Streptococcus mutans and Staphylococcus aureus.
Volatiles Essent Qils. 2021; 8(5):5978-88.

Shehata MG, Awad TS, Asker D, El Sohaimy SA, Abd
El-Aziz NM, Youssef MM. Antioxidant and antimicrobial
activities and UPLC-ESI-MS/MS polyphenolic profile of
sweet orange peel extracts. Curr Res Food Sci. 2021;
4:326-35.

Hanafy SM, Abd El-Shafea YM, Saleh WD, Fathy HM.
Chemical profiling, in vitro antimicrobial and antioxidant
activities of pomegranate, orange and banana peel
extracts against pathogenic microorganisms. J Gen
Eng Biotechnol. 2021; 19(1):1-13.

Saleem M, Durani Al, Asari A, Ahmed M, Ahmad M,
Yousaf N, et al. Investigation of antioxidant and
antibacterial effects of citrus fruits peels extracts using
different extracting agents: phytochemical analysis
with in silico studies. Heliyon. 2023; 9(4):e14615.

Shakeri A, Sahebkar A, Javadi B. Melissa officinalis
L.—A review of its traditional uses, phytochemistry and
pharmacology. J Ethnopharmacol. 2016; 188:204—-28.

Zam W, Quispe C, Sharifi-Rad J, Lépez MD, Schoebitz M,
Martorell M, et al. An updated review on the properties
of Melissa officinalis L.: not exclusively anti-anxiety.
Front Biosci (Schol Ed). 2022; 14(2):1-21.

Behzadi A, Imani S, Deravi N, Mohammad Taheri Z,
Mohammadian F, Moraveji Z, et al. Antiviral potential
of Melissa officinalis L.: a literature review. Nutr Metab
Insights. 2023; 16:1-12.

Carocho M, Barros L, Calhelha RC, Ciri¢ A, Sokovié M,
Santos-Buelga C, et al. Melissa officinalis L. decoctions
as functional beverages: a bioactive approach
and chemical characterization. Food Funct. 2015;
6(7):2240-8.

Yaman C. Lemon balm and sage herbal teas: quantity
and infusion time on the benefit of the content. Ciénc
Agrotecnol. 2020; 44:1-11.

Javid AZ, Haybar H, Dehghan P, Haghighizadeh MH,
Mohaghegh SM, Ravanbakhsh M, et al. The effects of
Melissa officinalis on echocardiography, exercise test,
serum biomarkers, and blood pressure in patients with
chronic stable angina. J Herb Med. 2018; 11:24-9.

Chaves N, Santiago A, Alias JC. Quantification of
the antioxidant activity of plant extracts: analysis of
sensitivity and hierarchization based on the method
used. Antioxidants. 2020; 9(1):1-15.

Miguel AA, Andrés TC, Jenny SJ, Manuel PQ.
Formulacion y evaluacion de una infusién filtrante
y aromatizante en base a hierba luisa y naranja. The
Missionary of Agro. 2020; 21:1-15.

Vinci G, D’Ascenzo F, Maddaloni L, Prencipe SA,
Tiradritti M. The influence of green and black tea
infusion parameters on total polyphenol content
and antioxidant activity by ABTS and DPPH assays.
Beverages. 2022; 8(2):18.

Shah N, Talele C, Rathod F. A brief review on soothing
herbs: stress reducing botanicals. J Nat Remedies.
2024;24:1195-202.

Draginic N, Andjic M, Jeremic J, Zivkovic V, Kocovic A,
Tomovic M, et al. Anti-inflammatory and antioxidant

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

effects of Melissa officinalis extracts: a comparative
study. Iran J Pharm Res. 2022; 21(1):1-12.

Abd El-Aziz NM, Shehata MG, Alsulami T, Badr AN,
Elbakatoshy MR, Ali HS, et al. Characterization of
orange peel extract and its potential protective effect
against aluminum chloride-induced Alzheimer’s
disease. Pharmaceuticals. 2023; 16(1):1-16.

Chakma R. A study of antioxidant and antimicrobial
activity of orange peel extract on improvement of the
shelf life of chicken products [thesis]. Chattogram:
Chattogram Veterinary and Animal Sciences University;
2023.

Lopez Camelo A. Manual para la preparacién y venta
de frutas y hortalizas del campo al mercado. FAO.
2003; 151:4334. Available from: https://www.fao.
org/3/y4893s/y4893s00.htm#Contents

Ordofez-Gomez ES, Reategui-Diaz D, Villanueva-
Tiburcio JE. Total polyphenols and antioxidant
capacity of peel and leaves in twelve citrus. Scientia
Agropecuaria. 2018; 9(1):123-31.

Jurado Teixeira B, Aparcana Ataurima IM, Steffani
Villarreal IL, Ramos Llica E, Rosario Calixto Cotos M, et
al. Evaluation of the content of phenolic compounds
and antioxidant capacity of the ethanol extracts of
the fruits of aguaymanto (Physalis peruviana L.) from
different locations of Pert. Rev Soc Quim Perd. 2016;
82(3):24-32.

Mokoroane KT, Pillai MK, Magama S. 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity of
extracts from Aloiampelos striatula. Food Res. 2020;
4(6):2062-6.

Diby NAS, Deffan KP, Adinsi L, Bechoff A, Kanon AL,
Bouniol A, et al. Use of sensory and physico-chemical
parameters to understand consumer perception of
attiéké, a fermented cassava product. J Sci Food Agric.
2024;104(8):4596-605.

CLSI. M07-A10: Methods for dilution antimicrobial
susceptibility tests for bacteria that grow aerobically;
approved standard. 10th ed. Wayne (PA): Clinical and
Laboratory Standards Institute. 2015;1-110. Available
from: www.clsi.org

Fathy HM, Abd El-Maksoud AA, Cheng W, Elshaghabee
FMF. Value-added utilization of citrus peels inimproving
functional properties and probiotic viability of
acidophilus-bifidus-thermophilus (ABT)-type synbiotic
yoghurt during cold storage. Foods. 2022;11(17):1-21.
Farahmandfar R, Tirgarian B, Dehghan B, Nemati A.
Comparison of different drying methods on bitter
orange (Citrus aurantium L.) peel waste: changes in
physical (density and color) and essential oil (yield,
composition, antioxidant and antibacterial) properties
of powders. J Food Meas Charact. 2020; 14(2):862-75.
Lai C,Liang Y, ZhangL, Huang J, Kaliaperumal K, Jiang V,
et al. Variations of bioactive phytochemicals and
antioxidant capacity of navel orange peel in response
to different drying methods. Antioxidants. 2022;
11(8):1-18.

SikoraM,SwiecaM,FranczykM,Jakubczyk A,BochnakJ,
Ztotek U. Biochemical properties of polyphenol

225


https://www.fao.org/3/y4893s/y4893s00.htm#Contents
https://www.fao.org/3/y4893s/y4893s00.htm#Contents

32.

33.

34.

D. Magallanes. Physicochemical, functional and sensory characteristics of a filtering infusion based on lemon balm leaves...

oxidases from ready-to-eat lentil (Lens culinaris
Medik.) sprouts and factors affecting their activities:
a search for potent tools limiting enzymatic browning.
Foods. 2019; 8(5):1-17.

Radulescu M, Jianu C, Lukinich-Gruia AT, Mioc M, Mioc A,
Stana LG. Chemical composition, in vitro and in
silico antioxidant potential of Melissa officinalis
subsp. officinalis essential oil. Antioxidants. 2021;
10(7):1081. Available from: https://doi.org/10.3390/
antiox10071081

Akgura S. Optimum production conditions for the
preparation of lemon balm (Melissa officinalis) tincture
using response surface methodology. Biosyst Divers.
2020; 28(2):139-45.

Razola-Diaz MDC, Guerra-Hernandez EJ, Rodriguez-
Pérez C, GOmez-Caravaca AM, Garcia-Villanova B,
Verardo V. Optimization of ultrasound-assisted
extraction via sonotrode of phenolic compounds from
orange by-products. Foods. 2021; 10(5):1-15.

35.

36.

37.

38.

39.

Carvalho F, Duarte AP, Ferreira S. Antimicrobial activity
of Melissa officinalis and its potential use in food
preservation. Food Biosci. 2021; 44:101432.

Vélez R, D’Armas RH, Jaramillo-Jaramillo C, Vélez E.
Metabolitos secundarios, actividad antimicrobiana y
letalidad de las hojas de Cymbopogon citratus (hierba
luisa) y Melissa officinalis (toronijil). FACSALUD-UNEMI.
2018;2(2):31-9.

Zahr S, Zahr R, El Hajj R, Khalil M. Phytochemistry and
biological activities of Citrus sinensis and Citrus limon:
an update. J Herb Med. 2023;41:100-12.

Carvalho AM, Marques AP, Silva TH, Reis RL. Evaluation
of the potential of collagen from codfish skin as a
biomaterial for biomedical applications. Mar Drugs.
2018;16(12):1-14.

Hilal Y, Engelhardt U. Characterisation of white tea—
comparison to green and black tea. J Verbrauch
Lebensm. 2007; 2(4):414-21.

226


https://doi.org/10.3390/antiox10071081
https://doi.org/10.3390/antiox10071081

	_heading=h.tz940qb16vi9
	_heading=h.5jaxbyz7nswe
	_heading=h.b98j2wk1drrh

