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Abstract
The essential oil from Callistemon viminalis (EOC) is rich in monoterpenes, with a variety of biological properties: anti-
bacterial, antifungal, insecticide, and antioxidant. Inclusion complexes (ICs) with cyclodextrins (CDs) is an alternative 
to prevent toxicity, improve the activity, and reduce the concentration to be used. Thus, the objective of this work was to 
prepare an IC (EOC/β-CD) and evaluate the antibacterial, antifungal and phospholipase activities, as well as the toxicity. 
Antimicrobial activity used the agar diffusion test and antifungal activity the disc diffusion test. Toxicity tests were carried 
out using Lactuca sativa L. The inhibition of phospholipase activity using the venom of Bothrops atrox as an inducer was 
performed. Antibacterial and antifungal tests demonstrated a decrease in the minimum inhibitory concentration (MIC) of 
the IC. It was most significantly observed for the bacterium Listeria monocytogenes, for which there was a decrease in the 
MIC from 250 µg  mL−1 to 62.5 µg  mL−1 after complexation, and for the fungus Aspergillus flavus, with a decrease in MIC 
from 125 µg  mL−1 to 62.5 µg  mL−1 after complexation. Toxicity tests with Lactuca sativa showed a decrease in toxicity after 
complexation in all parameters analyzed, with no statistical difference from the negative control. Inhibition of phospholipase 
activity induced by Bothrops atrox venom was more expressive in the highest proportion studied (1:10 m:m), exerting 23% 
inhibition. The assays demonstrated that the complexation between the EOC and β-CD is a promising alternative for use in 
different branches, especially in food industry, to fully exploit its application potential.

Introduction

Essential oils (EO) belong to the class of secondary metabo-
lites. They have various chemical structures and biological 
properties, being colorless or slightly yellow and volatile. 
They are present in low concentrations, and in certain groups 
of plants, they are very unstable, especially in the presence 
of air, light, heat, humidity, and metals. They play an impor-
tant role in the adaptation of plants to their environments, 
and they also represent an important source of biologically 
active substances [1].

The use of EOs as medicine or in food has increased 
in recent years, but some of their characteristics might be 

considered undesirable, such as high volatility, strong odor, 
insolubility in water, low physicochemical stability and high 
toxicity when used in high concentrations, so they can be 
highly harmful to human health [2]. Thus, it is extremely 
important to perform studies of the toxicity of these natural 
products, as well as to evaluate their biological properties to 
obtain a reasonable margin for their safe use [3].

Assays of superior plants such as Lactuca sativa L. have 
been used to evaluate the toxicity of various compounds by 
associating the effects that a given substance can cause on 
plant germination, initial development and cell cycle. The 
advantages of using plant models in toxicity study environ-
ments are their low cost, easy handling and sensitivity, as 
well as their similarity to animal models, including human 
cells [4].

Snake venoms have also been widely used as laboratory 
tools in physiological studies for evaluating the toxicity of 
various naturally occurring compounds. The venoms consist 
mainly of proteins (phospholipases A2 and proteases) that 
have various biological activities such as enzymatic, myo-
toxic, cardiotoxic and cytotoxic activities. Phospholipases 
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A2 (PLA2) and proteases present in Bothrops snake venoms 
can act directly on erythrocytes, myocytes, blood coagula-
tion cascade factors, epithelial cells and vascular endothe-
lium to cause physiological disorganization that result in 
intravascular coagulation or hemolysis [5].

As a means of circumventing undesirable characteristics 
and improving the applicability of EOs, several studies have 
been conducted to complex EOs with cyclodextrins (CDs) 
[6]. CDs are glucose polysaccharides, joined by α-1,4 gly-
cosidic bonds. They have a conical trunk or hollow cylindric 
shape with a hydrophilic exterior and hydrophobic cavity. 
The widely used natural CDs are α-, β- and γ-CD, consisting 
of 6, 7 and 8 glucose units, respectively. CDs are capable of 
forming inclusion complexes (ICs) with a wide variety of 
molecules to modify their physicochemical properties, such 
as solubility, instability to light, heat and humidity, as well as 
enabling controlled release of the complexed compound [7].

This research focused on the study of the EO from the 
leaves from Callistemon viminalis, an ornamental plant 
belonging to the Myrtaceae family, popularly known as the 
bottle brush [5]. It is a medium-sized tree with persistent 
foliage found worldwide, being distributed mainly in tropi-
cal regions. Several authors report that the essential oil from 
C. viminalis (EOC) is rich in several chemical components. 
1, 8-cineol (50–80%), α-pinene (10–20%) and α-terpineol 
(2–15%) are the most commonly found compounds, and 
they are the principal components [5, 8–10]. These compo-
nents have insecticidal, fungicidal, antimicrobial, antifungal 
and allelopathic properties, and they have previously been 
reported in the literature by various authors [5, 11–13].

Thus, the IC between the EOC and β-CD was prepared, 
and the antibacterial, antifungal and phospholipase activi-
ties were evaluated. Toxicity tests using the Lactuca sativa 
L. model were performed before and after complexation of 
EOC with β-CD.

Experimental Section

Material

The leaves of C. viminalis (Myrtaceae) plant were collected 
at the Federal University of Lavras (UFLA) campus, located 
in Lavras, MG, Brazil. The species were identified in the 
Department of Biology of UFLA, with number 26,624 exsic-
cata. The cyclodextrin used was β-cyclodextrin from Sigma 
Aldrich (97%). All solutions were prepared using Milli-Q 
ultrapure water (Millipore®, Bedford, MA, USA) and 99.8% 
HPLC grade ethanol (Merck®) was used.

Antibacterial and antifungal activities were determined 
at the Laboratory of Mycotoxins and Food Mycology of the 
UFLA Department of Food Science. The bacteria evaluated 

were gram-positive: Staphylococcus aureus ATCC 13,565, 
Listeria monocytogenes ATCC 19,117 and gram-negative: 
Escherichia coli ATCC 11,229, Salmonella cholerasuis 
ATCC 6539. The fungi tested were: Aspergillus carbonar-
ius (CCDCA 10,507), Aspergillus flavus (CCDCA 10,508) 
and Aspergillus ochraceus (CCDCA 10,506). They were all 
obtained from the microorganism culture collection of the 
UFLA Department of Food Science. Lactuca sativa L. seeds 
of the Butter variety obtained from the local commerce of 
Lavras were used for the toxicity test. Egg yolk, which is 
rich in phospholipids, was used to prepare the gel in which 
the treatments were incubated for the phospholipase assay.

Methods

Extraction of the Essential Oil from C. viminalis

300 g of C. viminalis plant material were weighed and dis-
tilled water was added until the leaves were completely cov-
ered (approximately 3 L). The process took pace in 3 h and 
the hydrodistillation technique using a modified Clevenger 
apparatus connected to a six-liter round bottom flask [14] 
was employed to extract the essential oil from C. viminalis. 
The essential oil was identified by gas chromatography using 
a mass spectrometer detector (GC/MS-Shimadzu, model 
GCMS-QP 2010), according to the conditions described by 
Martins [15].

Preparation of the Inclusion Complex

The kneading technique was used to prepare the inclusion 
complex (IC) according to the method described by Men-
ezes et al. [16], with modifications. A 100 µL aliquot of the 
EOC was initially mixed with 1000 mg of β-CD, followed 
by the addition of 5 mL of a hydroalcoholic solution, and the 
mixture was homogenized manually in a mortar for 20 min 
until it formed a homogeneous paste, which was allowed to 
dry in a desiccator at 25 °C for 24 h. The resulting powder 
was stored in a microtube until its use.

Antibacterial Activity

The antibacterial activity was determined using the agar 
diffusion technique according to the method described by 
Camargo et al. [17]. The cultures were enriched with brain 
and heart infusion broth (BHI), incubated at 37 °C for 24 h 
and transferred to a tube containing 5 mL of tryptic soy 
broth (TSB), which was incubated again under the same con-
ditions until it reached the turbidity of a standard McFar-
land solution of 0.5, which corresponds to a concentration of 
 108 CFU  mL−1. Inoculum were then diluted to a concentra-
tion of  106 CFU  mL−1 and incorporated into Mueller–Hinton 
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(MH) agar. A thin layer of pure MH agar was poured into the 
Petri dishes, and sterile glass beads were placed on the gel. 
The agar on which the bacteria was inoculated was decanted 
onto the first layer. After solidification, the glass beads were 
removed, and 10 μL of EOC and IC at concentrations of 500; 
250; 125; 62.5; 31.25; 15.62; 7.81; 3.90, 1.95 and 0 µg  mL−1 
in DMSO were added to each well. The experiment was per-
formed in triplicate using chloramphenicol (CP) antibiotic 
as a positive standard and DMSO as the negative standard. 
Plates were maintained in BOD incubator chamber at 37 °C, 
and inhibition zone diameters were measured after 24 h. The 
minimum inhibitory concentration (MIC) was defined as the 
lowest concentration capable of inhibiting the growth of the 
bacteria under study.

Antifungal Activity

Analysis of the inhibitory effect on the growth of fila-
mentous fungi was performed using the disc diffusion test 
accepted by the Food and Drug Administration (FDA) and 
established by the Clinical and Laboratory Standards Insti-
tute [18]. An inoculum was used at a concentration of  106 
spores  mL−1, counted with a Newbauer chamber. The inocu-
lum was transferred to the plate containing malt agar extract 
(MAE) medium by the surface spreading technique. Sterile 
5-mm-diameter discs of filter paper were soaked with 10 μL 
of EOC and IC diluted with DMSO to give final concentra-
tions of 500; 250; 125; 62.5; 31.25, 15.62 and 7.81 µg  mL−1 
and placed on the culture medium, as described by Andrade 
et al. [19]. DMSO was used as the negative control and the 
synthetic fungicide fludioxonil (2 µg  mL−1) was employed 
as the positive control. The plates were maintained in BOD 
incubator chamber at 25 °C for a period of 72 h. The test was 
performed in triplicate. The inhibition halo was measured 
from the circumference of the paper disk to the microorgan-
ism growing edge. Orthogonal measurements were obtained, 
each corresponding to the average of two diametrically 
opposite measurements. The minimum inhibitory concentra-
tion (MIC) was defined as the lowest concentration required 
for inhibition of fungal growth. The inhibition percentage 
(%I) was calculated using Eq. 1.

where dc is the control mycelial growth diameter (fludiox-
onil) and dt is the treatment mycelial growth diameter.

(1)(% I) = (dc − dt)/dc × 100

Bioassays Using the Lactuca sativa L Model

The protocol described by Aragão et al. [20] was followed 
for the macroscopic analysis: germination rate (%GR), ger-
mination speed index (GSI) and root growth (RG). EOC 
and ICs were tested at a concentration of 5 ×  10–3 g  L−1. The 
negative and positive controls were pure water and noncom-
plexed EOC, respectively. L. sativa seeds (Butter variety) 
were placed on filter paper in Petri dishes (9 cm diameter) 
with 3 mL of the treatment solutions. Each Petri dish con-
tained 30 seeds, and there were 5 Petri dishes per treatment. 
The number of germinated seeds was counted every 8 h, 
for a total of 48 h of exposure, and the GSI was calculated 
according to Eq. 2.

where  Ny: Number of germinated seeds in a given period, y: 
Total numbers of evaluation times (5-in this study).

The %GR was calculated according to Eq. 3, after 48 h 
of exposure. The root length was measured with a digital 
caliper (LEE Tools, China) after 120 h of exposure to fur-
nish the RG.

where GS is the total number of germinated seeds and GT 
is the total number of seeds per treatment.

Phospholipase Activity

Phospholipase activity was evaluated as described by Gutié-
rrez et al. [21]. A gel was prepared (0.01 mol  L−1  CaCl2; 
egg yolk diluted 1:3 v/v in PBS; 0.005% sodium azide with 
1% agarose, pH 7.2). After solidification of the gel, holes of 
approximately 0.5 cm diameter were drilled. The final con-
centration of EOC and IC solutions was 5 µL  mL−1 in a final 
volume of 30 µL. The inhibition of phospholipase activity 
induced by Bothrops atrox snake venom at a concentration 
of 10 μg  mL−1 was evaluated. The samples were incubated 
in a water bath at 37 °C for 30 min. The ratios of venom/
EOC or IC for determining the phospholipase activities were 
1:0.1; 1:0.5; 1:1; 1:2.5; 1:5 and 1:10 (m:m). Assays were 
performed in triplicate. The gels containing the samples 
were kept in a cell culture chamber at 37 °C for 24 h, and 
the formation of a translucent halo around the orifice in the 
gel characterizing the phospholipase activity was quantified 
by measuring the diameter of the halo [22, 23].

(2)GSI =
(

N1 × 1
)

+
(

N2 − N1

)

× 1∕2+
(

N3 − N2

)

× 1∕3+…
(

N
y
− N(y−1)

)

× 1∕y

(3)% GR = (GS∕GT) × 100
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Results and Discussion

Characterization of the EOC by Gas Chromatography

Identification of the EOC constituents employed a gas chro-
matograph coupled to a mass spectrometer. Twelve com-
ponents were identified, with the major compounds being 
1,8-cineole (67.70%), α-pinene (15.01%), and α-terpineol 
(7.72%). Other informations such as the peaks and retention 
times of the constituents are described in Martins et al. [24].

Antibacterial and Antifungal Activities

The minimum inhibitory concentrations (MIC) of EOC, 
β-CD and IC obtained for the bacteria and fungi under study 
are presented in Table 1, and the percentage inhibition (%I) 
for fungi is shown in Fig. 1.

The antibacterial activity of pure EOC was determined 
for gram-positive S. aureus and L. monocytogenes bacteria, 
obtaining a MIC of 250 µg  mL−1. A MIC of 500 µg  mL−1 
was obtained for the gram-negative E. coli. Salem et al. [25] 
evaluated the antimicrobial activity of EOC against different 
gram-positive and gram-negative bacteria. They observed a 
high MIC value for gram-positive bacteria and a low value 
for gram-negative bacteria. A lower MIC of 62.5 µg  mL−1 
was observed for L. monocytogenes in the presence of the 
IC, followed by S. aureus, which was inhibited with a MIC 
of 125 µg  mL−1. For E. coli, the same MIC was observed as 
with the pure EOC. The S. cholerasuis bacterium was not 
inhibited by either ICs or the pure 500 µg  mL−1 EOC.

The microbiological results obtained for β-CD do not 
indicate the formation of inhibition halos. Hanci et al. [26] 
also observed no inhibition for Staphylococcus aureus 
ATCC 29,213, Enterococcus fecalis ATCC 29,212, Escheri-
chia coli ATCC 25,922 or Pseudomonas aeruginosa ATCC 

27,853 in their study with modified γ-CD (sugammadex) at 
any of the concentrations tested. When the MIC of the IC 
was compared with that of pure EOC, the antibacterial activ-
ity of the complex was equal to that of the free compound, 
but the minimum concentration required for inhibition was 
lower for the IC.

The antimicrobial activity of guava leaf oil complexed 
with hydroxypropyl-β-cyclodextrin against S. aureus and 
E. coli bacteria was evaluated by Rakmai et al. [27]. The 
oil contained 34% of 1,8-cineol. The MIC observed for 
S. aureus bacteria was higher (500 µg  mL−1) for the pure 
oil than that observed with the IC (125 µg  L−1). The MIC 
observed for E. coli with the pure oil was 500 µg  mL−1, 
whereas that observed with the IC was 125 µg  mL−1. Results 
similar to those found in this study for S. aureus bacteria 
were obtained, in which a lower MIC was observed. In the 

Table 1  Minimum inhibitory concentrations (MIC, µg  mL−1) of essential oil from C. viminalis (EOC), inclusion complex (IC), β-cyclodextrin 
(β-CD) and negative (DMSO) and positive controls (CP and FL) determined for the bacteria and fungi studied

NI no inhibition, CP chloramphenicol (positive control), FL fludioxonil (positive control)

MIC

Bacteria Gram EOC IC β-CD DMSO CP

S. aureus  + 250 125 NI NI 100
L. monocytogenes  + 250 62.5 NI NI 100
E. coli − 500 500 NI NI 100
S. cholerasuis − NI NI NI NI 100

Fungus FL

A. flavus 125 62.5 NI NI 3
A. carbonarius 500 500 NI NI 3
A. ochraceus 62.5 15.62 NI NI 3

Fig. 1  Percent inhibition of the growth of A. flavus, A. carbonarius 
and A. ochraceus fungi resulting from exposure to the essential oil 
from C. viminalis (EOC) and the inclusion complex (IC)
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same research, the authors report that the IC produced with 
CDs can increase the aqueous solubility of apolar molecules 
that are encapsulated, thereby improving the antimicrobial 
efficiency of EOs. Lower concentrations can be used because 
of the better accessibility of the active compounds to cells.

Gram-positive bacteria were more sensitive than gram-
negative bacteria when they were compared using pure 
EOC. The greater sensitivity of gram-positive bacteria is 
a feature reported in most studies performed with EOs, and 
it is explained by the differences in the cell wall of these 
two groups of bacteria [17]. In gram-positive bacteria, 90 to 
95% of the cell wall is composed of peptide glycans, which 
facilitates the penetration of hydrophobic components. 
Gram-negative bacteria, on the other hand, have a double 
hydrophilic outer layer, which helps prevent the penetration 
of hydrophobic components, making them more resistant 
to EOs and other natural extracts [28]. Thus, according to 
Santos et al. [29], antibacterial activity against gram-positive 
bacteria was higher because the IC probably improves EOC 
access in the regions where it will act and facilitates their 
passage through the plasma membrane and entry into the 
cell cytoplasm. It promotes irreversible damage, leading to 
the death of the bacteria.

For all fungi studied, pure EOC showed a higher percent-
age of inhibition, being the highest for A. flavus, for which 
the inhibition was 73.3%. For the A. flavus fungus, the IC 
had a lower MIC of 62.5 µg  mL−1 with 60% inhibition. For 
the fungus A. carbonarius, the same MIC of 500 µg  mL−1 
was observed for EOC and IC, but a difference in percent 
inhibition was observed. A 66.7% inhibition was observed 
in the presence of EOC, whereas that observed with IC was 
40%. For the fungus A. ochraceus, the MIC for the IC was 
15.62 µg  mL−1 with 46.7% inhibition, whereas the MIC 
observed in the presence of the EOC was 62.5 µg  mL−1, 
with 50% inhibition.

Sales et al. [5], evaluating the antifungal activity of the 
EO from C. viminalis leaves, observed that the growth of F. 
oxysporum and B. cinerea fungi was inhibited at concentra-
tions of 250 µg  mL−1 and 100 µg  mL−1, respectively. The 
antifungal activity of the IC of eugenol with β-CD on the 
mycelial growth of the fungi present in litchi was evalu-
ated by Gong et al. [30]. The authors observed that mycelial 
growth was 92.6% inhibited by IC after 30 days of storage.

The β-CD was evaluated separately at the same concen-
tration used in the IC, and no growth inhibitory activity 
against the fungi was observed. Munhuwey et al. [31] stud-
ied the effect of β-CD complexation with EOs from cinna-
mon and oregano and observed no antifungal activity against 
the growth of Botrytis sp. This observation was attributed 
to the action of β-CD as a source of carbohydrates for the 
fungus. The chemical structure of CDs (hydrophilic nature 
and volume) does not allow them to permeate biological 
membranes. ICs can release the guest molecule slowly, so 

any observed effect could only be attributed to the activity of 
the guest molecule and not to the CD molecule [32].

The components present in the EOs act on the fungal 
mycelium hyphae. Consequently, they cause loss of rigid-
ity and integrity of the cell wall and the consequent loss 
of cytoplasmic components that result in cell death. More 
hydrophobic compounds such as EOs have a greater ability 
to interact and accumulate in the fungal hydrophobic cell 
membrane, which ultimately induces membrane destabiliza-
tion. Thus, the cell membrane can be considered to be the 
main site of action of these molecules [32].

The antibacterial and antifungal activities of EOC can be 
attributed to the presence of monoterpenes such as 1,8-cin-
eol, α-pinene and α-terpineol [15]. The intensity of activity 
of an EO depends on its origin, the environmental conditions 
and its composition [33]. The antimicrobial and antifungal 
activities of these compounds result from a combination of 
processes that cause disorders in pathogenic cells and, ulti-
mately, their lysis. A very important stage in the mechanism 
of activity is its incorporation into the membrane, which 
leads to changes in integrity and permeability and causes 
the loss of cellular material [34].

Bioassay with Lactuca Sativa L

The results of the germination rate (%GR), germination 
speed index (GSI) and root growth (RG) of Lactuca sativa 
L. seeds are presented in Table 2.

The %GR and GSI results for the IC were significant 
when compared with those of the EOC. There was a reduc-
tion in EOC toxicity after complexation because L. sativa 
seeds germinated in the presence of the IC, unlike the posi-
tive control (EOC) for which no germination was observed. 
The IC presented 91% GR and 10.04 GSI, and this treatment 
did not differ statistically from the negative control (distilled 
water) (Fig. 2). Thus, the toxicity of the IC was lower than 
that of the EOC, and it can be considered to be an alternative 
of lower toxicity.

Table 2  Variation of germination rate (%GR), germination speed 
index (GSI) and root growth (RG) of L. sativa seeds as a function 
of different treatments: inclusion complex (IC), essential oil from C. 
viminalis (EOC) and negative control  (H2O)

Means followed by the same letter in the same column do not differ 
statistically from one another by the Tukey test at 5% probability

Treatment Analyzed variables

%GR GSI RG (cm)

IC 91.3 b 10.04 a 0.23 a
EOC 0.00 a 0.00 b 0.00 b
H2O 92.00 b 9.41 a 0.22 a
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The RG of the lettuce seeds was directly affected by the 
EOC, in contrast to that observed with the IC that was sta-
tistically equal to water. The RG parameter is more effective 
in indicating the toxicity of the tested compound as it is 
directly affected by late germination, which is reflected in a 
lower GSI [4]. Oliveira et al. [8] studied the toxicity of EOC 
obtained from flowers on L. sativa seeds and observed that 
the toxicity of this EO increased with increasing concentra-
tion. These same authors reported that the EOC toxicity was 
due to the presence of the principal components 1,8-cineol 
(66.93%), α-pinene (16.0%) and α-terpineol (10.04%) or the 
chemical synergism between all the compounds present. In 
the present study, the principal components identified by gas 
chromatography coupled with mass spectrometry (GC/MS) 
were 1,8-cineol (67.7%), α-pinene (15.01%) and α-terpineol 
(7.72%), results similar to those found by Oliveira et al. [8]. 
This fact corroborates the results obtained for the EOC in 
this paper [15].

Bali et al. [35] studied the phytotoxicity of the leaf extract 
from C. viminalis on the germination and initial growth of 
rice (Oryza sativa L.). The study concluded that the extract 
from C. viminalis retarded the germination and growth of 
rice-associated weeds under laboratory and greenhouse con-
ditions. Venceslau et al. [4] evaluated changes in atrazine 
toxicity when it was complexed with silica-anchored CDs. 
They used L. sativa seeds as a plant model and observed 
that free atrazine-induced genotoxic effects in the roots. The 
use of the IC between atrazine and γ-CD/silica consider-
ably reduced atrazine’s genotoxic effects, making it a viable 

option for reducing the toxicity of this herbicide in non-
target plants.

Phospholipase Activity

Phospholipase activity (%) induced by Bothrops atrox snake 
venom previously incubated with EOC is shown in Fig. 3. 
The EOC previously incubated with venom (EOC + P) in the 
largest proportions (1:2.5, 1:5 and 1:10 venom/EOC m:m) 
lead to a significant 4% to 13% potentiation of the action 
of the phospholipases A2 present in the venom when com-
pared to the positive control (venom). Rezende et al. [36] 
reported that the phospholipids that make up the membranes 
can be degraded by natural compounds, and they can interact 
with different compounds, resulting in the destabilization of 
the membranes and changes in the flow of liquids and ions 
across the membranes.

A significant inhibition of approximately 12.5% was 
observed for the IC in the smallest proportions (1:0.1; 1:0.5; 
1:1 and 1:2.5 venom/IC m:m) and 23% inhibition of B. atrox 
venom-induced phospholipase activity was observed in the 
highest proportion (1:10 m:m). The action of phospholipases 
A2 present in the venom result in breakdown of cell mem-
brane components causing lysis of red blood cells. In addi-
tion, the breakdown of membrane phospholipids results in 
the generation of arachidonic acid, which is a precursor of 
eicosanoids, acting mainly on the inflammatory response 
and blood coagulation process. Thus, the inhibition of 

Fig. 2  Percentage of L. sativa seed germination in the presence of 
the inclusion complex (square) and distilled water (circle), evaluated 
every 8 h for a period of 48 h. Note: The EOC treatment is not repre-
sented in this graph because no germination was observed

Fig. 3  Evaluation of the enzymatic activity of phospholipase A2 pre-
sent in Bothrops atrox (P) venom in the presence of the essential oil 
from C. viminalis (EOC) and the inclusion complex (IC). *Statisti-
cally different from the respective positive control by the Tukey test 
(p < 0.05)
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phospholipases A2 by natural compounds highlights their 
potential use as anti-inflammatory and anticoagulant agents, 
which is of great importance in the medical-scientific con-
text [37]. The inhibition of phospholipase activity caused by 
the IC probably occurred because β-CD trapped the EOC in 
its cavity, leaving it partially unavailable to interact with the 
venom, so the toxicity of the IC was lower.

Conclusion

The complexation between EOC and β-CD was proven to be 
a promising alternative for its use in pharmaceutical, food 
or even agricultural products. Antibacterial and antifungal 
tests have shown the potential of this complex for reducing 
the minimum inhibitory concentration required to inhibit 
bacterial and fungal growth, thus being an advantage over 
pure essential oil. So, with less concentration, the activity 
increased. Further studies regarding the concentrations to be 
used should be performed to obtain a safe margin for use. 
The toxicity tests with L. sativa L. seeds and the phospho-
lipase tests revealed that, after formation of the inclusion 
complex, the EOC had a lower toxicity, demonstrating that 
the use of complexed EOC in β-CD can improve its safety. 
Thus, the results of this work support the application of EOC 
complexed with β-CD for use in different systems, such as 
prevention of food spoilage and plant pathogenicity.
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