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In this work, deep eutectic solvents (DES-based menthol and cholinium chloride) and the ethanol, temperature,
and times were selected to extract bioactive compounds from the rhizome, leaves, and flowers Curcuma longa L.,
using ultrasound-assisted extraction. Analyzes antioxidant, flavonoids, antimicrobial, chelation Fe2+, inhibition
of the cholinesterase’s enzymes, cytotoxicity, and genotoxicity in Allium cepa cells were performed. The extracts
showed results of iron chelation and antibacterial. Curcuma flowers and leaves’ extracts inhibited food spoilage

bacteria with values above 45%, with substantial iron-chelating activity above 50%. Extracts obtained by DES
based on menthol and lactic acid exhibited a high percentage of inhibition of acetyl and butyryl cholinesterase. In
contrast, flower extracts obtained by menthol and acetic acid showed low inhibition of cholinesterase enzyme
activity. No extract showed cytotoxicity and genotoxicity. Biological activities showed a high potential for the
application of these extracts in the food and pharmaceutical industries.

1. Introduction

The Curcuma longa L., popularly called “turmeric”, is a plant that
originated in Asia that has been disseminated to several countries over
time (Scartezzini & Speroni, 2000). The plant has oblong or ovate
leaves, light green, and a pungent, spicy aroma, with flowers ranging
from lilac to white color (Chan et al., 2009). The rhizome powder is
yellowish-orange in color, with a characteristic odor and flavor (Soni,
Patel, & Pradesh, 2011). Curcuma longa L. rhizomes’ powder is widely
used as a food coloring in mustards, dehydrated soups, and formulations
for seasoning, such as curry.

There is currently a wide variety of products marketed with varying
concentrations of bioactive compounds extracted from turmeric (Chat-
zinasiou, Booker, Heinrich, Maclennan, & Mackonochie, 2019).
Numerous studies and review articles evidenced the high capacity of
bioactive compounds present in Curcuma longa L. to act as antioxidant,
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anti-inflammatory, antibacterial, and anti-carcinogenic agents. Also,
several studies report its use as herbal medicine, helping to prevent
diseases and premature aging (Bavarsad, Matbou, Saadat, & Barreto,
2019; Grover, Shah, Khullar, Gupta, & Behl, 2019; Kwiecien, Magier-
owski, Majka, & Ptak-belowska, 2019; Salehi et al., 2019).

The extraction of antioxidant compounds present in Curcuma longa
L. is usually carried out using conventional solvents such as ethanol,
methanol, and acetonitrile (Braga, Caroline, Vieira, & De Oliveira,
2018; Pal et al., 2020). To achieve a cleaner, non-toxic, and biocom-
patible extraction processes that generate less damage to the envi-
ronment and bioactive compounds, a new class of green solvents
known as deep eutectic solvents (DES) have emerged in recent years.
DES are formed by the combination of a hydrogen bond donor (HBD)
and a hydrogen bond acceptor (HBA), producing a mixture with a
substantial deviation from ideality (Abbott, Capper, Davies, Rasheed,
& Tambyrajah, 2003; Dai, Van Spronsen, & Witkamp, 2013; Martins,

Received 19 December 2020; Received in revised form 19 April 2021; Accepted 21 April 2021

Available online 24 April 2021
1466-8564/© 2021 Elsevier Ltd. All rights reserved.


mailto:marcos.mafra@ufpr.br
www.sciencedirect.com/science/journal/14668564
https://www.elsevier.com/locate/ifset
https://doi.org/10.1016/j.ifset.2021.102697
https://doi.org/10.1016/j.ifset.2021.102697
https://doi.org/10.1016/j.ifset.2021.102697
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ifset.2021.102697&domain=pdf

G. Oliveira et al.

Pinho, & Coutinho, 2018). The combination of HBD and HBA can be
tuned according to the required application (Makos, Stupek, & Gebicki,
2020). Thus, DES can be termed as a designer solvent, i. e. it can be
prepared according to the application of interest, such as the extraction
of bioactive compounds (Bajkacz & Adamek, 2017; Khezeli, Daneshfar,
& Sahraei, 2016).

Currently, choline chloride is still the most used quaternary
ammonium salt as HBA in the synthesis of DES (Vilkova, Justyna, &
Andruch, 2020; Zhang, Oliveira, Royer, Royer, & Jérome, 2012),
mainly for hydrophilic DES. However, recently, menthol and betaine
have appeared with important HBA due to the hydrophobic character
conferred to the produced solvent (Florindo, Branco, & Marrucho,
2017; Ribeiro, Florindo, Lucas, Coelho, & Marrucho, 2015). In com-
bination with HBAs, the HBDs can be alcohols, carboxylic acids, sugars,
and amines, or any other compound capable of creating hydrogen
bonds (Florindo et al., 2017; Ribeiro et al., 2015; Vilkova et al., 2020;
Zhang et al., 2012). In addition to the solvent characteristics, for effi-
cient extraction, some process parameters are critical in this scenario,
such as solute/solvent ratio, the temperature of extraction, and time
(Mandal, Dewanjee, Sahu, & Mandal, 2009; Patil & Rathod, 2020;
Shirsath et al., 2017).

Although some studies have already evaluated the extraction of
bioactive compounds from turmeric, the use of green solvents such as
DES is still little explored for this species (Altunay, Elik, & Giirkan,
2020; Aydin, Yilmaz, & Soylak, 2018; Liu et al., 2019). Consequently,
the application of these extracts in the development of products of
biological origin is still scarce. Thus, this work aims to evaluate the use
of hydrophilic (Cholinium chloride + Lactic acid and Cholinium
chloride + Acetic acid) and hydrophobic DES’s (Menthol + Lactic acid,
Menthol + Lauric acid, and Menthol + Acetic acid), a recent class of
green solvents, in the extraction of bioactive compounds present in
Curcuma longa L plant. Extraction using ethanol was carried out for
comparison. Evaluation of temperature (35, 45 and 55 °C) and
extraction times 0.5, 1, 1.5, 2, 2.5 and 3 h. Moreover, the extracts and
DES were tested for bioactivities: Antioxidant capacity (DPPH and
FRAP methods), flavonoid content, antibacterial and iron-chelating
activities, the inhibitory activity of the acetyl, and butyryl cholines-
terase enzymes, and cytotoxic and genotoxic potential in A. cepa root
meristems. Thus, this work should establish safer bases for the use of
these extracts in the development of new products in food, cosmetics,
and pharmaceuticals.

2. Material and methods
2.1. Material and preparation of sample and DES

2.1.1. Material
The details regarding all reagents used in this work are described in
the supplementary material.

2.1.2. Preparation of rhizomes, leaves, and flowers of Curcuma longa L.
samples

The rhizomes, leaves, and flowers of Curcuma longa L. were
collected from specimens grown in Piraquara, Parana State, Brazil (S
25° 503 ‘261" and W 49° 003’ 917”). The samples were cleaned with
deionized water and dried in an air circulation oven (FABBE®) with—
temperature control (45 + 3 °C) (Borah, Hazarika, & Khayer, 2015), for
a period of 24 h. Finally, the samples were ground in a knife mill, and
the powder produced was classified in 30 mesh sieves and stored in
vacuum packaging, kept under refrigeration (6 °C + 2 °C). The pow-
ders’ density, 2.691, 1.953 and 0.351 g.cm’3, rhizome, leaves, and
flowers, respectively, was measured according to the methodology
described by Kirikta and co-workers (Kirikta, Mehmet, Eslek, & Kirikta,
2018) with modifications (further details are described in the supple-
mentary material).
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2.1.3. Preparation of deep eutectic solvents (DES)

The preparation of the deep eutectic solvents (DES) was performed
by method described by Dai and co-workers (Dai et al., 2013). Choli-
nium chloride and menthol were used as HBAs and the lauric, acetic, and
lactic acids as HBDs. The reagents were weighed and kept under agita-
tion in a thermostatic bath (Dubnoff Ethik Technology) at a temperature
of 70 °C until a transparent and homogeneous solution was obtained.
Table 1 presents the information about the DES employed in this work.
Information regarding the reagents used in the preparation of DES are
shown in Table S1 (see supplementary material).

2.2. Selection of solvent, temperature, and time

2.2.1. Experimental design

The samples (dried and ground) were individually mixed in the
solvents (5 DES and ethanol) in a 1:20 ratio (w/w) and packed in dark
bottles. The mixtures were immersed in an ultrasonic bath at 50 to 60 Hz
(FS30D, Fisher Scientific Co.). The temperature range used was 35 to
55 °C, with a temperature deviation of +2 °C. The ultrasound bath
temperature was maintained with the aid of a thermostatic bath, using a
rotary pump, the temperature is measured by a thermometer during the
analyses. After all evaluations, the final extracts were centrifuged
(Thermo Scientific, Microcentrifuge Heraeus™ Fresco™ 21) at 9500
rpm for 3 min.

Initially, to select the outstanding solvents, a first CRD (Complete
Randomized Design) (Marques et al., 2020), was applied, with one
treatment or variable (solvent), in six levels, at the temperature of 35 °C
per 1 h. Considering the three replicates, there were 18 observations for
each part of the plant. Then, a second CRD was performed to assess the
extraction temperature. Two solvents (Men:Lac and Men:Ac) and four
temperatures (25, 35, 45, and 55 °C) at a fixed time (1 h) were evaluated
in this CRD, totaling 24 observations for each part of the plant. The
extraction temperature of 45 °C showed the best performance and was
selected for the last stage. Finally, a third CRD was applied to evaluate
the extraction time. For this, two treatments (solvent and time) were
used. Two solvents (Men:Lac and Men:Ac), one temperature (45 °C) and
six extraction times (0.5, 1.0, 1.5, 2.0, 2.5 and 3 h) were applied with 36
observations total.

2.2.2. DPPH, FRAP, and flavonoids total analyzes

DPPH, FRAP, and flavonoids analyses were performed to select the
optimal conditions of extraction. All analyses were carried in triplicate.
Details regarding the description of the methods can be found in the
supplementary material.

2.3. Biological activities

After selecting the optimal conditions of extraction, some bio-
activities were evaluated, are they: the iron-chelating, antibacterial
potentials, percentage of inhibition of acetyl and butyryl cholinesterase
enzyme’s activity, cytotoxicity, and genotoxicity in A. cepa cells.

2.3.1. Iron chelation

The chelating activity of the Fe>* ion was accessed in agreement with
Ak Tuba (2008) and Giilcin (2006) with slight modifications to adapt the
DES samples. The samples were diluted (1:5) in distilled water (1 mL

Table 1
Information related to the DES used in the work.

Abbreviation Mixture Molar ratio
Men:Lac Menthol + Lactic acid 1:2
Men:Lau Menthol + Lauric acid 2:1
Men:Ac Menthol + Acetic acid 1:1
[Ch]Cl:Lac Cholinium chloride + Lactic acid 1:2
[Ch]CL:Ac Cholinium chloride + Acetic acid 1:2
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total) and read at a wavelength of 562 nm. The iron-chelating activity
was determined in percentage, according to Eq. (1), moreover expressed
in mg EDTA.mL ..

Ab ontrol Ab‘sam e
Chelating capacity Fe’* % = [(M)} *100 (@)
AbsConlrol

2.3.2. Antibacterial activity

The methodology followed the instructions of CLSI et al. (2017). The
strains of bacteria were selected due to their importance in food pro-
cessing: (Listeria monocytogenes (ATCC® 7644™), Escherichia coli
(ATCC® 25922™), Clostridium perfringens (ATCC® 13124™), Salmonella
sp. (ATCC® 13076™), and Staphylococcus aureus (ATCC® 25923™). The
microbial inhibition was determined by measuring the inhibitory halos,
in millimeters, with a digital caliper. The percentage of inhibition was
calculated based on the antibiotic halos found for each bacteria. The
halos were labeled as S = susceptible >18 mm; [ = intermediate 13 to 17
mm and R = resistant <12 mm, according to the minimum inhibition
ranges.

2.3.3. Invitro cholinergic activity

The selected extracts were applied to evaluate the activity inhibition
of the enzymes acetylcholinesterase (AChE) and butyryl cholinesterase
(BChE) using the method described by Ellman and co-workers (Courtney
& Francisco, 1961), with modifications (Hammond & Forster, 1989;
Dohi Satomi & Terasaki Masanori, 2009), using Drosophila melanogaster
homogenate as enzyme source (S1) for BChE and electric eel for AChE.
The absorbance of samples (extracts diluted 100x in methanol) reading
was taken at 405 nm (for control), with posterior 30 min incubation in
dark conditions and final reading at 405 nm (Thermoplate TP-Reader).
The inhibition percentage was determined by Eq. (2).

ABS.&ample

Inhibition(%) = 100 —
nhi llUVl( 0) ABS conirol

x 100 (2)

Abssample is the absorbance of the sample containing DES + turmeric
rhizome, leaves, or flower, and Abs onsror is the absorbance of the control
without a sample (control).

2.3.4. Cytotoxicity and genotoxicity test in root meristem cells of Allium
cepa L.

The A. cepa assays were executed using pesticide-free seeds (Baia
Periforme variety) and purchased from Isla (Isla Sementes Ltda., Brazil),
according to Fiskesjo (1993) method. For each studied group, ten seeds
of A. cepa were continuously overexposed in an aqueous solution (n = 3).
The germination took place at 23 + 2 °C with a photoperiod of 12:12 h
during 96 h. Both seeds and radicles were exposed to the extracts and
DES. A negative control group based on seeds dipped in distilled water
was considered. The roots were collected every 24 h, and for each
exposure time, 3000 cells were evaluated, totaling 9000 cells per eval-
uated treatment group. Positive control was prepared with methyl
methane sulfonate (MMS), a known cytotoxic and genotoxic substance
to the A. cepa test system, at the concentration 4.10~% mol.L ™%,

All roots collected during the experiment were fixed in 3:1 Carnoy
solution (ethanol:acetic acid) up to 24 h. For estimates of the mitotic
index, cells in interphase, prophase, metaphase, anaphase, and telo-
phase were counted to determine the cytotoxic potential. The mitotic
index or cell division index was calculated via Eq. (3):

MI = 100 st (3)
Niotal

The genotoxic potential was assessed by frequency of cell alterations
such as micronuclei, colchicine metaphases, anaphase and telophase
bridges, gene amplifications, cells with adhesions, nuclear buds, and
multipolar anaphases. Analysis of variance (ANOVA) was applied as the
Fisher’s Least Significant Difference (LSD test), accessing mean differ-
ences (p < 0.05).
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3. Results and discussion
3.1. Effect of different parameters on ultrasound assisted-extraction

As previously described, the selection of optimal conditions was
carried out in three stages, presented below.

3.1.1. Selection of solvents

Initially, six solvents’ ability for the extraction of bioactive com-
pounds from the rhizomes, leaves, and flowers of Curcuma longa L. was
assessed. Three hydrophobic DES (menthol + lactic acid, menthol +
lauric acid, and menthol + acetic acid), two hydrophilic DES (cholinium
chloride + acetic acid and cholinium chloride + lactic acid), and ethanol
as a conventional solvent were evaluated (Table 1). The hydrophobic
and hydrophilic DES selected in this work was based on data already
established in the literature that guarantee that the solvents present the
simple synthesis and sufficient stability to be used in the evaluated
extraction processes. Moreover, pure solvents were analyzed by DPPH,
FRAP, and flavonoid analyses to evaluate possible interferences; how-
ever, no activities were noted.

In Fig. 1, the results of DPPH, FRAP, and flavonoids analyses of ex-
tracts from six different solvents can be observed. The outstanding sol-
vents, with a significant differences from others, were the hydrophobic
DES ones: Men:Lac and Men:Ac, as they alternated as better statistical
results for the three parts of the plant.

Ethanol, a conventional solvent widely used for the extraction of
bioactive compounds present in Curcuma longa L. (Liu et al., 2019; Patil
& Rathod, 2020; Soni et al., 2011), showed less capacity to extract
bioactive compounds (Fig. 1), differing statistically from the other sol-
vents. For rhizome, in the analysis of DPPH and flavonoids, ethanol
showed a superior extraction efficiency only concerning Men:Lau.
Referring to FRAP analysis, the values were higher only than the results
found for [Ch]Cl:Lac. Regarding the leaves, in the analyses of DPPH and
FRAP, ethanol showed a superior extraction efficiency only concerning
Men:Lau, and for flavonoids, it presented the lowest values. Through
ANOVA analysis, it was possible to notice that ethanol presented the
lowest extraction capacity for the flower compared to other solvents.

In the rhizomes of the Curcuma longa L., three main hydrophobic
curcuminoids are found: curcumin (65 wt%), desmethoxycurcumin (25
wt%), and bisdemethoxycurcumin (13 wt%) (Nelson et al., 2017). It can
help to understand the outstanding performance of hydrophobic sol-
vents. Based on the variance (ANOVA) analysis, the observed statistical
difference allows affirming that the two hydrophobic solvents evalu-
ated, Men:Lac and Men:Ac, present superior performances to the other
evaluated solvents. Regarding the main physical and chemical proper-
ties, it is important to note that both solvents have densities close to that
of water (1038.0 and 935.0 kg.m’3, respectively, at 25 °C) (Makos et al.,
2020). On the other hand, the viscosity of the two hydrophobic DES are
quite distinct from each other (370.9 and 11.3 mPa, Men:Lac and Men:
Ac, respectively), and both are considerably higher than that of water
(0.89 mPa) (Makos et al., 2020). This characteristic demonstrates the
nature and intensity of the molecular interactions between the DES
developers (HBA and HBD) on the solvent’s physicochemical properties.
Despite the high viscosity of the two DES, it is possible to observe that
the extraction process was not significantly affected. It should be noted
that the extraction temperature (35 °C) and the use of an adequate
stirring contributed to the minimization of mass transfer problems
resulting from the high viscosity of the solvent.

3.1.2. Selection of extraction temperature

In Fig. 3, it is noticeable the influence of the temperature used to
extract bioactive compounds in DPPH, FRAP, and flavonoids data,
highlighting 45 °C standing out as the highest statistical values for both
solvents. The influence of temperature during extraction can be noted in
rhizomes and leaves more intensely than in the flower data. Flower
extracts samples had the lower antioxidant capacity and flavonoid
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potential degradation already at 55 °C, clearly for DPPH (Fig. 2a) and
flavonoids (Fig. 2b). According to Skerget and co-workers (Skerget,
Perko, & Ravber, 2015), at temperatures higher than 50 °C, occurs
decomposition of curcuminoids and loses stability. Therefore, at this
stage, the temperature of 45 °C was selected to perform the time
kinetics.

3.1.3. Evaluation of extraction kinetics (time effect)

In the third part of this study, the extraction kinetics was carried out.
The extraction was evaluated at intervals of 30 min up to the limit of 3 h,
considering two solvents (Men:Lac and Men:Ac) and an extraction
temperature (45 °C). Fig. 3 shows the results of DPPH, FRAP, and fla-
vonoids, respectively, for rhizomes, leaves, and flowers, exhibiting the
kinetics profile.

In Fig. 3, for the three analyzes and two solvents, through ANOVA, a
maximum extraction in 3 h for rhizomes and 2 h for leaves, 3 h for
flowers extracted with Men:Lac and 2 h Men:Ac. The reductions in
DPPH, FRAP, and flavonoid values observed in the longest extraction
times (3 h), mainly for some extracts obtained from leaves and flowers,
are due to the possible degradation of bioactive compounds subjected to
long periods of exposure to ultrasound. Thus, the biological analyzes
presented below were performed using the following extraction pa-
rameters: Two DES (Men:Lac and Men:Ac); the temperature at 45 °C and
time from 2 to 3 h.

3.2. Biological potentials in vitro and in vivo

3.2.1. Iron chelating capacity

The iron-chelating activity is not usually performed in extracts,
although it is significant to food and cosmetic/pharmaceutical in-
dustries. The metal chelation means food enrichment, protection of the
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metabolism and skin against heavy metals, and the recovery of envi-
ronments (water, soil, industrial waste) contaminated by metals (Cunha
et al., 2019).

Fig. 4 presents the iron-chelating capacities for extracts using Men:
Lac and Men:Ac solvents, as well as for the pure DES, which showed high
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extracts of Curcuma longa L. and (.) pure DES. The extracts were obtained
using UAE at 45 °C and time of 2 to 3 h. *The letters above the columns
represent the ANOVA results (LSD test; p < 0.05) comparing the columns for
both solvents. Same letters mean no significant difference.
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performance for this analysis. Concerning extracts, Men:Lac ones
exhibited significantly superior results from those with Men:Ac DES. In
Fig. 4, it became evident that pure DES stood out in the activity of iron
chelation. As the solvents showed a greater chelating capacity when
compared to the extracts, there may be a relationship with the bioactive
compound’s occupation of chelating sites in the solvent, which conse-
quently reduced the iron’s chelating capacity. It can be highlighted the
extract containing DES + flower sample, even with the lowest antioxi-
dant activities and concentration of flavonoids.

Moreover, both pure DES achieved the highest results, with values
above 9529% [Men:Lac] and 90%% [Men:Ac] of Fe®* ions inhibition. Pure
DES have no other molecules than menthol and lactic acid; thus they
were able to form stable complexes with the metal from analysis, the
ferrozine. Also, the viscosity of DES reinforces the stability of the che-
lates formed, which are superior to conventional solvents.

Schimidt and co-workers (Schmidt Erich Bail et al., 2009) showed
that peppermint oil menthol was a scavenger of hydroxyl radicals and
manifested chelating properties. Begqvist and co-authors (Bergqvist,
Andlid, & Sandberg, 2006) found that carrot juices exhibited more Fe2t
soluble ions after lactic acid fermentation. Around one-third of it
remained after the in vitro digestion, suggesting protection of complexes
made by lactic acid.

3.2.2. Antibacterial activity

Determining the extracts’ ability to inhibit or reduce microbiological
growth allows us to evaluate its potential for application as an additive
in food for its preservation.

Table 2 presents the results of antibacterial activity for the extracts
obtained from rhizomes, leaves, and flowers of Curcuma longa L., and the
pure DES activity. The disk-diffusion method is a suitable visual method
to evaluate bacteria inhibition, as shown in the photos of Fig. S2 (see
supplementary material). Five bacteria of interest in the food industry
have been tested, suggesting possible applications of the extracts studied
in food preservation, edible coating, and biofilms.

From the forty essays performed, among samples of extracts and pure
DES, nineteen essays exhibited susceptibility (S >17 mm) (Table 2).
Twelve were for gram-positive bacteria (Listeria monocytogenes, Clos-
tridium perfringens, Staphylococcus aureus) and seven for gram-negative

Table 2
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(Escherichia coli and Salmonella sp.). This fact is quite normal due to
the circumstance that gram-positive bacteria do not present an external
membrane in their structure. Naturally, display less resistance to pre-
servative mechanisms and are reachable to small and bioactive mole-
cules (Brul & Coote, 1999), intrinsic to extracts.

To the best of our knowledge, there are no results in the literature for
the antibacterial activity of DES-based extracts from rhizomes, leaves,
and flowers of Curcuma longa L. and pure hydrophobic DES. Extract
obtained from leaves + Men:Ac DES showed activity that could be sta-
tistically compared to the antibiotic. Comparing the sample’s inhibition
with the antibiotic generated percentages above 50% for most of the
samples, except for DES (Men:Ac) and rhizome extracts for both DES,
within the C. perfringens bacteria. Observing the percentages, the most
inhibited bacteria was L. monocytogenes, by Men:Lac-DES samples (bold
values in Table 2), mostly from leaves and flowers, which was corrob-
orated by the high iron-chelating capacities found.

Although lactic acid is associated with the antibacterial activity
found for this specific DES, the menthol compound is responsible.
Trombetta and co-workers (Trombetta et al., 2005) stated menthol as
effective against E. coli than S. aureus. Its combination with lactic acid
gave a good results here, suggesting a synergic effect of both in the
hydrophobic DES Men:Lac.

3.2.3. Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)
inhibitory activity

To evaluate the ability of bioactive compounds to alter the activity of
cholinesterase enzymes can contribute to the treatment of diseases such
as Alzheimer’s and Parkinson’s. The inhibition of these enzymes be-
comes something interesting since studies suggest that this is how the
prevention of aging and dementia occurs, in addition to being involved
in some diseases like Alzheimer’s (Aratjo, Santos, & Gonsalves, 2016).

The effect of extracts on the activity of enzyme cholinesterase is
shown in Table 3. In the samples with the rhizomes, it is possible to
observe that the extracts with the Men:Lac showed an inhibition per-
centage of 84.32 and 99.24% for the enzyme BChE and AChE concerning
control values (100%). For those containing the Men:Ac extracts, this
percentage decreased in both enzymes, 20.85 and 37.84%, BChE and
AChE, respectively. In extracts containing leaves samples, the solvent

The antibacterial capacity of DES extracts (obtained using UAE at 45 °C and time of 2 to 3 h) from rhizomes, leaves, and flowers of Curcuma longa L. and pure DES.

Bacteria Men:Lac extract

Rhizome (mm) R/1/S % Leaf (mm) R/1/S % Flower (mm) R/1/S %
Listeria monocytogenes 21.4% + 0.4 S 77 23.7%¢ + 0.1 S 84 22.3% 4 0.3 S 79
Clostridium perfringens 13°+1 R 45 18>+ 1 I 63 18°+1 I 62
Staphylococcus aureus 20°+1 S 66 21 +1 S 71 21.6° £ 0.2 S 73
Escherichia coli 16.8°+ 0.3 I 59 15.19+ 0.2 I 52 18.7° + 0.2 S 65
Salmonella sp. 20° +1 S 69 18.8" + 0.4 S 63 20.2° + 0.4 S 68
Bacteria Men:Ac extract

Rhizome (mm) R/1/S % Leaf (mm) R/1/S % Flower (mm) R/1/S %
Listeria monocytogenes 14° +1 I 50 1815 + 0.1 S 64 21.5% + 0.4 S 76
Clostridium perfringens 8.3 + 0.2 R 30 14.9%€ + 0.3 I 53 15.5° + 0.3 I 55
Staphylococcus aureus 12.2¢+ 0.4 I 41 308+ 1 s 99 21.0% + 0.4 S 71
Escherichia coli 12¢+1 R 42 16% + 1 I 55 148 +1 I 50
Salmonella sp. 18.6% + 0.2 S 62 178 +1 I 57 19.4% + 0.4 S 65
BACTERIA Men:Lac R/1/S % Antibiotic R/1/S % Men:Ac R/1/S %
Listeria monocytogenes 25.0° + 0.4 S 88 284 +1 S 100% 188+ 1 I 62
Clostridium perfringens 16° £ 1 I 58 283 + 2 S 13+ 0.1 I 47
Staphylococcus aureus 22.6" + 0.2 S 76 30 4+ 1 S 12¢+1 R 39
Escherichia coli 159+ 1 I 52 29%A +1 S 11+ 1 R 36
Salmonella sp. 21.0° + 0.4 S 68 299 + 1 S 126+ 1 R 39

Lowercase letters referred to Menthol + Lactic acid DES samples compared to the antibiotic, and capital letters referred to Menthol + Acetic acid DES samples

compared to antibiotic (ANOVA; LSD test, p < 0.05).
S = susceptible >18 mm.

I = intermediate 13 to 17 mm.

R = resistant <12 mm.

Source: CLSI et al. (2017).
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Table 3

Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory ac-
tivity capacity of DES extracts (obtained using UAE at 45 °C and time of 2 to 3 h)
from rhizomes, leaves, and flowers of Curcuma longa L. and pure DES (all extracts
were diluted 100x in methanol).

Samples Rhizomes Leaves Flowers DES

Men: Men: Men: Men: Men: Men: Men: Men:

Lac Ac Lac Ac Lac Ac Lac Ac
BChE I 84 + 21 + 82 + 22 + 84 + 20 + 60 + 13 +
(%)° 18 of 4¢ 44 4P 98 5e 40
AChE I 99 + 38 + 99 + 30 + 98 + 6+ 96 + 95 +
(%)° 12 5¢ 12 4f 1° 18 1° 14

The letters above the lines represent the results of ANOVA (LSD test; p < 0.05).
Same letters mean no significant difference.

@ Percentage of Inhibition compared to control (media; standard deviation
(SD); n = 4).

changed the inhibition values; as for rhizomes, extracts with Men: Lac
showed more significant inhibition when compared with Men: Ac
(81.92% for BChE and 99.09% for AChE).

Regarding the samples containing the Curcuma longa L. flowers, for
the Men:Lac system, there was no significant difference in the percent-
age of inhibition, in both enzymes, with 83.79% (BChE) and 97.94%
(AChE). For Men:Ac, the extracts with flowers showed values of inhi-
bition of 21.82 and 30.43% for BChE and AChE, respectively.

The Men:Lac DES showed inhibition values for the enzymes of 59.24
and 96.30%, BChE, and AChE, respectively. The extracts containing
Men:Lac and all parts of the evaluated plant (rhizome, leaves, and
flowers) increased the potential for inhibition of both enzymes in this
solvent. For Men:Ac, the percentage of inhibition was 12.65% for BChE
and 95.14% for AChE. The inhibition potential of the BChE enzyme
increased with the addition of rhizome, leaves, and flowers. For the
AChE enzyme, all values decreased.

Abbasi et al. (2012) evaluated the effect of curcumin (extracted from
Curcuma rhizomes) on the activities of AChE and BChE. However, to
date, there are no reports in the literature investigating the effects of
extracts from these roots, leaves, and flowers composed of DES in the
activities of these enzymes. Cholinesterase enzymes, such as acetyl and
butyryl cholinesterase, hydrolyze the acetylcholine neurotransmitter
(ACh) in acetate and choline, being present in different parts of the
human body.

According to literature, curcumin, the most abundant curcuminoids
present in Curcuma longa L., has antioxidant and antibacterial activity
(Santos et al., 2020; S. Silva et al., 2019), in addition to the ability to
inhibit the enzymatic activity of acetylcholinesterase and butyr-
ylcholinesterase (Silva de Sa et al., 2019). Based on this characteristic
and the results presented, it is possible to conclude that the DES was able
to extract and preserve the biological activities of the extracts obtained
from the rhizome, leaves, and flowers of Curcuma.

3.2.4. Cytotoxicity and genotoxicity in Allium cepa L. cells

Analyzing the cytotoxic potential of extracts in Allium cepa cells aims
to ensure their safety for future applications in products for human
consumption.

Table 4 shows MI (%) results in root meristems of Allium cepa
exposed to DES (Men:Lac and Men:Ac) extracts of rhizome, leaves, or
flowers of Curcuma longa L., at 24 h and 48 h exposure times. There was
no difference between the mitotic indices for each exposure time within
the same treatment in all evaluated samples (extracts with rhizomes,
leaves, and flowers, in both solvents). There were no differences be-
tween the cell division indexes obtained for each exposure time for the
same treatment and the mitotic index observed for the exposure times
and the control. Therefore, none of the treatments evaluated for
rhizome, leaves, flowers, DES, and control caused cytotoxicity to the
meristematic cells of the meristem in the root of A. cepa.
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Table 4

Mitotic indices (%) and indices of cellular changes observed in root meristems of
A. cepa exposed to DES extracts (obtained using UAE at 45 °C and time of 2 to 3
h) from rhizomes, leaves, and flowers of Curcuma longa L. and pure DES.

Miototic indices (%)

Positive control MI (%)/SD

MMS (4.10~* mol.L 1) 5+1
MP (%)/SD
TR Co (0h) 24h 48 h
Rhizomes Men:Lac 29 4 2 &% 3541 %% 22 + 2 %%
Men:Ac 24 + 4 % 30 4+ 3 3% 31 £3%*
Leaves Men:Lac 31 £ 3 %% 23 4 4 ¥ 35 £ 3%
Men:Ac 36 4+ 2 &% 25 + 4 ¥ 20 + 4 ¥
Flowers Men:Lac 30 + 2 % 354 2 % 40 £ 2%
Men:Ac 32+£3%% 25 + 3 &% 20 £3 %%
DES Men:Lac 40 + 4 > 24 + 4 %% 28 £ 7 ¥
Men:Ac 3241 %% 36 4 2 &% 29 + 3 ¥*
Indices of cellular changes
Control 32427 28+2°7 21 +3?
Positive control MI (%)/SD
MMS (4.10~* mol.L ™) 5+1
MP (%) /SD
TR Co (0 h) 24h 48 h
Rhizome Men:Lac 0™ 7 o~* o~*
Men:Ac o»# ox* o**
Leaves Men:Lac o # o0& # o #
Men:Ac ox* ox? oa*
Flowers Men:Lac o®# ox* o®#
Men:Ac o # o0& # o #
DES Men:Lac ox* ox? oa*
Men:Ac o»* [ o*#
CONTROL ox* o7 ox*

Co: control; MI: mitotic index; TR: treatment; h: hour. FCC: frequency of cellular
changes. Analysis of variance (ANOVA), means compared by the Scott-Knott test
at 0.05. The same letters refer to similar results means between the exposure
times considered (Co-0 h, 24 h, and 48 h) at the same treatment. Different letters
refer to different means between the exposure times considered (Co-0 h, 24 h,
and 48 h) within the same treatment. SD: Standard deviations reported for each
analysis time evaluated for each concentration. *Mitotic index equal to the
mitotic index observed for the control for the same analysis time. *Indices of
cellular changes equal to the Indices of cellular changes for the control for the
same analysis time.

Worth noticing that none of the evaluated treatments (Men:Lac and
Men:Ac - extracts of rhizome, leaves or flowers and control) induced an-
eugenic changes and mitotic cell spindle meristemics of A. cepa root,
proving to be non-genotoxic, at all times of evaluation (0, 24 and 48 h).

For the cytotoxicity and genotoxicity evaluation tests, the roots of
Allium cepa L. were used, because this species is internationally accepted
for toxicogenetic tests of interest substances. The biomarkers applied in
this study were the mitotic index (cell division index) to assess different
cytotoxicity levels, and the frequency of chromosomal and mitotic
spindle changes, to assess genotoxicity (de Silva et al., 2020; Herrero
et al., 2012). The results obtained through the A. cepa bioassay have a
good correlation with the results observed in genetic tests carried out in
other bioassays, such as those with mammals and in cell culture (Herrero
et al., 2012; Sales et al., 2018). Within the same treatment - Rhizome,
flowers, leaves, or DES - the values of Men:Lac and Men:Ac - were the
same, considering the same exposure time. With the results of non-
toxicity for the extracts, there is an indication that these bio-based
materials can be applied safely in food, cosmetics, and pharmaceutical
products intended for humans.

Therefore, based on the biological activities presented, it is possible
to state that the DES were effective in the extraction and preservation of
bioactive compounds obtained from the rhizome, leaf, and flowers of
Curcuma longa L, and the extracts enhanced the capacity of the biological
activities of DES. Also, the results showed that both pure DES and ex-
tracts obtained are potentially safe for use in food.
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4. Conclusion

Unprecedented extracts from rhizomes, leaves, and flowers of Cur-
cuma longa L. with hydrophobic deep eutectic solvents (DES) were
successfully proposed and evaluated. All DES tested showed superior
extraction yield compared to the conventional solvent (ethanol) and the
hydrophobic DES (menthol + lactic acid and menthol + acetic acid, 2:1
and 1:1 M ratio, respectively), had a greater extraction capacity when
compared to the other DES. The outstanding extraction conditions were
temperature of 45 °C and times from 2 h to 3 h.

The biological activities for iron chelation and antibacterial activity
highlighted extracts of flowers and leaves, and pure DES Men:Lac. Pure
Men:Lac DES and its extracts showed inhibition values above 45% for all
bacteria tested compared to antibiotic capacity, and iron chelation ca-
pacities were superior to 50%. It was the first study to evaluate hydro-
phobic DES in antibacterial and iron-chelating abilities and
demonstrated substantial values.

Furthermore, the extracts of Men: Lac showed more significant
inhibitory potential in the enzymes AChE and BChE activities compared
with the extracts of Men: Ac. The pure DES Men: Lac and Men:Ac had the
same behavior. In general, there was a more significant inhibition of the
enzymatic activity of AChE than BChE of all samples evaluated. Most
important, no extracts were toxic to A. cepa cells, the first indication of
using hydrophobic DES-based extracts of turmeric in food for human
consumption in a safe way. Finally, the extracts from rhizomes, leaves,
and flowers of Curcuma longa L. and hydrophobic DES are bio-based
materials with great potential for application in the food, cosmetic
and pharmaceutical industries.
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