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Abstract

Different combinations of essential oils from cinnamon, cloves, oregano, and
thyme were evaluated in vitro for their bactericidal activity against entero-
toxigenic Escherichia coli (ETEC). The solutions containing cinnamon
(0.03%), oregano (0.16%), and thyme (0.08%) (P1); and clove (0.08%), ore-
gano (0.33%), and thyme (0.04%) (P2), exhibited high bactericidal activity,
and were selected for use as preservatives in ground beef inoculated with
ETEC and refrigerated. The two preservative solutions (P1 and P2) exhibited
significant bactericidal action (p < 0.05) on ETEC, with ETEC reductions of
1.03 and of 0.87 LogUFC/g in the beef samples treated with P1 and P2, re-
spectively. GC-MS analysis of the oil mixtures showed both preservatives to
contain significant concentrations of carvacrol. Chromatic degradation was
not observed in the samples treated with preservatives. Essential oil mixtures
thus concocted are therefore potential preservative candidates in ground beef,
as they are capable of controlling ETEC contamination while preserving the
products’ coloration.
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1. Introduction

Escherichia coliis a facultatively aerobic bacteria that can be found in the intes-
tinal microbiota of humans and warm-blooded animals. It is considered to be an
innocuous commensal bacterium; it can, however, cause a variety of infections.
There are three clinical syndromes resulting from infections with pathogenic

strains of E. coli: urinary tract infection, meningitis/sepsis, and diarrheal condi-
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tions [1].

These different syndromes are caused by different E. coli pathogens, among
which enterotoxigenic E. coli (ETEC) may be said to stand out. ETEC is known
for causing travelers’ diarrhea syndrome, a symptom of which is watery diarr-
hea, generally without mucus, pus, or blood. Fever or vomiting is not observed
as often. Although it is normally brief, self-limiting, and not very intense, the di-
arrhea can be intense [2].

The pathogenicity of the lines of ETEC is a result of the production of ther-
molabile and thermostable enterotoxins and of at least 25 different colonization
factors, which target the intestinal mucous membrane. Although food-borne
outbreaks in developed countries are few and sporadic, isolated ETEC strains at
the university of Gothenburg, Sweden from 1980 to 2011 showed distinct colo-
nization factors and enterotoxin profiles, with the appearance of emerging
strains that endow this bacterium with greater transmissibility and infectious
capacity [3], highlighting its importance as an emerging human pathogen and
now ETEC is recognized as a common cause of foodborne outbreaks in chil-
drens and adults [4].

Although various products have been associated with outbreaks of food-borne
diseases, infections caused by E. coli are mainly caused by consumption of con-
taminated meat and water. During animal slaughter, even with good manufac-
turing practices, microbiological contamination of bovine carcasses is often evi-
dent, and E. coli is the most frequently found microorganism. In addition to
contamination during slaughter, inadequate handling of meat further increases
contamination [2].

Consumption of ground beef stands out, as it is a popular product used in
meals in practical and diverse ways. Due to some of its intrinsic characteristics,
meat, and especially ground meat constitute a rich medium for microbial
growth.

Various strategies have been used and suggested for increasing the shelf-life
and safety of meat products in the food industry. The use of natural antimi-
crobial agents and antioxidants has been greatly cited, with essential oils pro-
gressively assuming a prominent role [5] [6].

Essential oils are formed by a number of plant species, and are derived from
secondary metabolic processes. They are complex mixtures of volatile, lipophilic,
generally odoriferous liquid substances that may contain up to 60 different
components in various concentrations. However, they are commonly found to
contain two or three predominant components (20% - 70%) [7].

Most essential oils consist of components from the class of phenylpropanoids
or terpenoids, with a predominance of the latter [8]. They have antimicrobial
properties on various microorganisms and have been shown to be antioxidants
(9] [10] [11] [12].

Essential oils derived from plants used for spice production are classified as
“generally recognized as safe (GRAS)” and widely accepted by consumers [13]

[14]. In addition, they are classified as natural flavorings and their permitted use
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in foods. Due to the food sector’s growing need of reducing the use of chemical
preservatives while maintaining food safety, the development of essential-oil-based
preservatives has come to attract great interest. However, few preservatives con-
taining essential oils are commercially available. “DMC Base Natural”, a preser-
vative produced by DOMCA S.A. (Alhendin, Granada, Spain), is composed of
essential oils of rosemary, sage, and citrus (50%) and glycerol (50%). “Protecta
One” and “Protecta Two” are mixtures of herb extracts produced by Bavaria
Corp. USA. These preservatives are seemed as GRAS (Generally recognized as
safe).

The essential oils of cinnamon (Cinnamomum cassia Nees ex Blume), clove
(Syzygium aromaticum Thumb.), oregano (Origanum vulgare L.), and thyme
(Thymus vulgaris L.), are known for exhibiting high antimicrobial activity.
However, for an essential oil to maintain its high antimicrobial activity when
added to foods, its concentration must normally be greater than the concentra-
tion required for antimicrobial activity in vitro. Jayasena & Jo [15], in a review
study, show that, in most antimicrobial evaluations of essential oils in meat
products, only one essential oil is used and usually at high concentration, as
shown in the study with ground beef, that was necessary more than 1% of essen-
tial oil of two species of Thymusto inhibit the growth of E. coli, Salmonella thy-
phimurium and Staphylococcus aureus [16]. This often leads to decharacteriza-
tion of the food products and therefore to difficulty in using essential oils as food
preservatives. An alternative to this problem is the study of the synergistic anti-
microbial activity of diverse essential oils.

In this sense, the aim of this study was to evaluate the antimicrobial effect of
two preservatives, prepared from the essential oils of 7Thymus vulgaris, Cinna-
momum cassia, and Origanum vulgare L., and from those of 7. vulgaris, Syzy-
gium aromaticum, and O. vulgare, on enterotoxigenic Escherichia coli inocu-
lated in refrigerated ground beef, as well as the oil blends’ influence over the

chromatic characteristics of the meat.

2. Materials and Methods
2.1. Essential Oils

The essential oils used were acquired from Ferquima Industria e Comércio Ltda
(Vargem Grande Paulista, Sdo Paulo, Brazil). Essential oils from the leaves and
bark of Cinnamomum cassia Nees exBlume (cinnamon), flower buds of Syzy-
gium aromaticum Thumb. (Cloves), leaves of Origanum vulgare L. (oregano),
and leaves and flowers of Thymus vulgaris L. (thyme) were used. These oils were
chosen based on the best results observed for minimum inhibitory concentration
in vitroon ETEC [17].

2.2. Microorganism, Maintenance, Standardization, and
Acquisition of the Inoculum

Enterotoxigenic Escherichia coli (ETEC) ATCC 35401 was provided by the En-
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terobacteria Laboratory (Laboratério de Enterobactérias—LABENT) of the In-
stituto Oswaldo Cruz (IOC/FIOCRUZ). The stock culture, stored in a frozen
medium (glycerol—15 mL; bacteriological peptone—0.5 g; yeast extract—0.3 g;
NaCl—0.5 g; distilled water—100 mL; pH between 7.2 and 7.4), was activated by
transfer of culture aliquots to tryptone soy broth (TSB) and incubated at 37°C
for 24 hours. Inoculum standardization (approximately 10* CFU/mL) was ac-
complished with a growth curve. Optic density (A600 nm) was monitoredalong
with plate counting, on trypticase soy agar (TSA) with incubation at 37°C for 24

hours.

2.3. In Vitro Bactericidal Action of the Combinations of Essential
Oils on ETEC

The antimicrobial activities of different combination of essential oils of cinna-
mon, cloves, oregano, and thyme on ETEC were evaluated.

The essential oils, combined three by three, were evaluated at different pro-
portions (Table 1).

The minimum bactericidal concentration (MBC) of the essential oil combina-
tions was determined on 96-well plates. The oil combinations were prepared in
TSB with the addition of 0.5% Tween 80 in the proportions shown in Table 1.
150 uL of the prepared solutions were subsequently added to the microplate
wells, along with 10 uL of the standardized culture. The microplates were sealed
and incubated in a B.O.D. chamber at 37°C for 24 hours and subsequently plated
by microdrop on TSA, which was then followed by incubation at 37°C for 24
hours.

The experiment was conducted in triplicate with three replications, using positive

Table 1. Proportions used for preparation of the combinations of essential oils for evalu-
ation of bactericidal activity in vitro on enterotoxigenic Escherichia col.

Combinations of essential oils (%)

Proportions*
T:Ci:O T:CL:O
100:0:0 0.25:0:0 0.25:0:0
0:100:0 0:0.12:0 0:0.50:0
0:0:100 0:0:0.50 0:0:0.50
50:50:0 0.12:0.06:0 0.12:0.25:0
50:0:50 0.12:0:0.25 0.12:0:0.25
0:50:50 0:0.06:0.25 0:0.25:0.25
67:17:17 0.16:0.02:0.08 0.16:0.08:0.08
17:67:17 0.04:0.08:0.08 0.04:0.33:0.08
17:17:67 0.04:0.02:0.33 0.04:0.08:0.33
33:33:33 0.08:0.03:0.16 0.08:0.16:0.16

*Percentage in relation to the minimum bactericidal concentration (MBC) of 0.12% oil of cinnamon, 0.25%
oil of thyme, and 0.50% oils of cloves and oregano. T:Ci:O—Thyme:Cinnamon:Oregano; T:Cl:0—
Thyme:Cloves:Oregano.
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controls (TSB with the addition of 0.5% Tween 80 and culture) for each replica-

tion.

2.4. Bactericidal Action of the Combinations of Essential Oils on
ETEC Inoculated in Ground Beef

The two combinations that showed the best bactericidal action with the lowest
concentrations of essential oils, based on greater in vitro bactericidal activity,
were then selected: preservative 1 (P1) containing 0.03%; 0.16% and 0.08% of the
cinnamon, oregano and thyme, respectively and preservative 2 (P2) containing
0.08%; 0.33% and 0.04% of the clove, oregano and thyme, respectivaly. The es-
sential oil blends were prepared in glycerol, based on 1% solutions of the oils.

The quadriceps femoris beef muscle was used for preparation of the fresh
ground bovine meat (acquired in the market city of Lavras, Minas Gerais, Bra-
zil). After disinfecting the surface of the packaging with 70% alcohol, the pack-
age was opened, and around 1 cm of the entire surface area was removed so as to
use only the inner part. In an aseptic manner, the meat was cut in pieces of ap-
proximately 16 cm® and ground in a previously sanitized multiprocessor.

Portions of 25 g of ground beef were placed in sterile plastic bags, and 2.5 mL
of the preservatives were added (final concentration of 0.27% and 0.45% for
preservative 1 and 2, respectively). The samples were homogenized in a Sto-
macher homogenizer (490 strokes/min) for 3 minutes. After homogenization,
the portions were inoculated with 25 pL of standardized ETEC culture (5
LogCFU/g), the plastic bags were sealed, and once more homogenized. A nega-
tive control was prepared, containing only ground beef, and a positive control,
with ground beef and inoculum.

The samples were stored at 7°C for 120 hours. Samplings were made after 6,
24, 72, and 120 hours of storage. The experiment was performed in triplicate,

with three replications.

2.5. Quantification of ETEC in Ground Beef

Quantification of ETEC in ground beef was performed by adding 225 mL of
0.1% peptone water (w/v) to the plastic bags containing the 25g portions of
ground beef, followed by homogenization in a Stomacher blender (490
strokes/min) for 3 minutes. After that, decimal dilutions in 0.1% peptone water
(w/v) were prepared. Aliquots of 0.1 mL of the appropriate dilutions were in-
oculated in Hecktoen Enteric Agar and incubated at 37°C for 24 hours, and the

typical colonies quantified.

2.6. Chemical Analysis of the Combinations of Essential Oils

Chemical analyses of the volatile oils were carried in a gas chromatography sys-
tem using the Agilent® 7890° chromatograph, operating with an HP GC ChemSta-
tion Ver. A.01.14 data processing system, equipped with an automatic injec-
tor/sampler CombiPAL Autosampler System (CTC Analytic AG, Switzerland)
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and a Flame Ionization Detector (FID). A fused silica capillary column HP-5MS
(30 m length x 250 um inner diameter x 0.25 um film thickness) (AGILENT®,
California, USA) was used for separation with a heating interval from 60°C to
200°C, using a temperature ramp rate of 3°C/min, followed by a ramp rate of
10°C/min up to 270°C, remaining in isothermal condition for 1 minute. Samples
were prepared in the same trial solution in situ in ethyl acetate. The injection
volume was 1.0 pL in the split mode at an injection ratio of 50:1. Helium was
used as a carrier gas with a flow of 1.0 mL/min; the temperatures of the injector
and of the detector were kept at 240°C. The combined oils were analyzed in trip-
licate and constituent concentrations were expressed by the mean of the percen-
tages of the relative area of the chromatographic peaks * the standard deviation.
Results were provided only for the ten constituents of greatest relative area.

Qualitative analyses were carried out on an Agilent® 7890A chromatograph
coupled to a mass selective detector Agilent® MSD 5975C (Agilent Technologies,
California, USA), operating by electronic impact ionization at 70 ev, in scan
mode, at a speed of 1.0 scan/s, with a mass acquisition range of 40 - 400 m/z.
Operating conditions were the same used in the GC-FID analyses.

Identification of volatile constituents was performed via parallel comparison
of retention indices and mass spectra with data stored in the NIST/EPA/NHI li-
brary (NIST, 2008) and from the literature [18]. The calculation of the retention
indices was made through co-injection with C,4-C;, n-alkanes series in line with
Van den Dool & Kratz [19].

2.7. Physical-Chemical Analyses of the Meat
2.7.1.pH

Readings of pH were made on the piece of chuck meat before grinding with the
aid of a portable potentiometer (Digimed®, model DM 20) equipped with a pe-
netration electrode with resolution of 0.01 units of pH. Three readings were
made per piece, for a total of nine readings. The result was expressed by the

mean + standard deviation of all the readings.

2.7.2. Color

Objective determination of the final color of the ground beef was made through
use of the Konica Minolta® CM-600D portable spectrophotometer. For calcula-
tion of color indexes, a 10° observer angle, D65 illuminant, and the CIELAB
color system were established. The color parameters lightness (Z*), redness (a*)
and yellowness (5*) were obtained considering the mean value of three readings
made at different points of the ground beef of approximately 2 mm thickness.
The saturation indexes (C*) and hue angle (A#*) were calculated by the formulas
C = (272 + b*H)Y2 i =tan™! (B*/a%) [20].

2.8. Statistical Analyses

The experiment was set up in a completely randomized design (CRD) in a 3 x 4

factorial arrangement (3 treatments and 4 storage times). Regression analyses
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over time were carried out for each treatment. Results were then subjected to va-
riance analysis (ANOVA), and comparison of means was performed through the
Scott Knott test at 5% significance. Statistical analyses were made using the
STATISTICA 5.0 software from STATSOFT. All data were obtained from the

three independent experiments in triplicate.

3. Results and Discussion

The data on the antimicrobial action of the different oil combinations tested in
vitro on ETEC are shown in Table 2.

Based on these results, two combinations that joined the triads with the lowest
percentages of essential oils and high bactericidal action in vitro on ETEC were
selected for preparing the preservatives. Preference for the lowest concentrations
was based on general knowledge that the application of essential oils at high
concentrations in food, and specifically in meat, may lead to undesirable sensory
changes [21] [22].

Two combinations of essential oils were selected: thyme/cinnamon/oregano
(33:33:33) and thyme/cloves/oregano (17:17:67) for analysis in ground beef Ta-
ble 3. These were designated as preservative 1 (P1) and preservative 2 (P2), re-
spectively.

The action of the essential-oil-based preservatives on ETEC inoculated in
ground beef can be observed in Figure 1.

Figure 1 shows that after one day of refrigeration viable ETEC numbers de-
clined in all treatments (control and essential oils treatments), with no signifi-
cant difference among them. The change of incubation temperature (37°C to

7°C) and of culture medium (TSB inoculum to meat micce) induces bacteria to

Table 2. Antimicrobial activity in vitro of the combinations of essential oils at different
proportions on enterotoxigenic Escherichia coli.

Combinations of the essential oils

Proportions*
T:Ci:O T:CL:O
100:0:0 - -
0:100:0 - -
0:0:100 - -
50:50:0 - +
50:0:50 - -
0:50:50 - +
67:17:17 + +
17:67:17 + +
17:17:67 + -
33:33:33 - +

*Percentage in relation to the minimum bactericidal concentration (MBC) of the essential oils. Cinnamon:
0.12%; thyme: 0.25%; cloves and oregano: 0.50%. T:Ci:O—Thyme:Cinnamon:Oregano; T:Cl:O—
Thyme:Cloves:Oregano. (-) Inhibition of growth. (+) Growth.
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Table 3. Predominant chemical constituents of the combinations of essential oils used in
the trials of growth inhibition of enterotoxigenic Escherichia coli in refrigerated ground

beef.

Combination/Proportion Main constituents (%)

Carvacrol (46.23 + 0.04); Thymol (16.86 + 0.31); p-Cymene
(10.61 + 0.02); E-Cinnamaldehyde (9.15 + 0.09); Linalool (3.03
+ 0.21); y-Terpenine (2.75 + 0.58); E-Caryophyllene (2.10 +
0.33); Borneol (1.02 + 0.07); Camphor (0.98 + 0.14); 1.8-Cineol
Thyme:cinnamon:oregano (0.88 + 0.03)
0.08%:0.03%:0.16%

Total monoterpenes: 82.36%
Total sesquiterpenes: 2.10%
Total phenylpropanoids: 9.15%
Total constituents identified: 93.61%

Carvacrol (56.99 + 0.08); Eugenol (12.72 + 0.61); Thymol (6.73
+0.26); p-Cymene (6.18 + 0.04); E-Caryophyllene (3.29 + 0.42);
Linalool (2.30 % 0.12); y-Terpenine (2.03 + 0.06); Eugenol ace-

Thyme:cloves:oregano tate (1.42 % 0.20); S-Pinene (1.01 + 0.04); Borneol (0.88 + 0.06).

0.04%:0.08%:0.33% Total monoterpenes: 76.12%
Total sesquiterpenes: 3.29%
Total phenylpropanoids: 14.14%
Total constituents identified: 93.55%

6.00
A
A is OP1
550 & B
mp2
A
2 500 Q N A AC
S A A
2 :A
= 450 A
4.00
0 1 2 3 4 5 6

Time (days)

Figure 1. Antimicrobial effect of the blends of essential oils on enterotoxigenic Escheri-
chia coli in ground beef during storage at 7°C. P1 (thyme 0.08%; cinnamon 0.03%; ore-
gano 0.16%). P2 (thyme 0.04%; cloves 0.08%; oregano 0.33%). C (without essential oil).
Values (Log CFU/g) with the same capital letters, in the same time, do not differ among
themselves (p < 0.05).

alter their metabolism, entering the lag phase, wherein it’s often difficult to in-
duce recovery under culture mediums, mainly because ETEC is mesophilic.
However, starting on second day, there were significant differences among the
number of colonies obtained under control treatment and under essential oils

treatments that had previously not differed amosng themselves. This result
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shows the action of the essential oils employed. After the fifth day of storage at
7°C, the difference between the number of colonies obtained from control sam-
ples and those obtained from essential oils treatments increased, with no signifi-
cant difference among them. Another factor that influences essential oils’ anti-
microbial activity is incubation temperature. 7°C is inappropriate for ETEC
growth, as it promotes the decline of cytoplasmatic membrane fluidity—a de-
cline which account for a decrease of interation between the bacteria and the es-
sential oils.

The two preservatives (P1 and P2) used, exhibited significant bactericidal ac-
tion (p < 0.05) on ETEC in relation to the control (ground beef with ETEC, and
without essential oil). Although ETEC was not eliminated from the ground beef,
there was a reduction of ETEC of 1.03 and of 0.87 LogCFU/g in the samples with
the addition of P1 and P2, respectively.

As for the meat samples without addition of preservatives, a practically con-
stant number for ETEC (increase of 0.01 LogCFU/g) was observed throughout
the time of storage. The storage temperature of 7°C only inhibited the growth of
the bacteria on the meat, but did not act as a bactericide. Growth of ETEC on the
non-inoculated and witout essential oils samples was not observed.

Although there was a significant effect of the preservatives on ETEC in meat,
the bactericidal action was less than that observed in vitro. This reduction in an-
timicrobial activity is widely known, and was compiled in a review article on the
use of essential oils as antimicrobial agents in meat and meat products carried
out by Jayasena & Jo [15]. Studies show that foods with higher fat contents need
greater concentrations of essential oils for antimicrobial activity to be effective,
because the oils may migrate toward the fat. In addition, meat proteins exercise a
protective effect on the microorganisms, lowering essential oil efficiency [23]
[24].

Analyses by GC-MS of the preservatives show 21 and 24 constituents in ref-
erence to the combinations of the oils of thyme/cinnamon/oregano (P1) and
thyme/cloves/oregano (P2), respectively.

Table 4 describes the ten constituents of greatest relative area from analysis of
the combinations, which represented 93.61% and 93.55% of the total chemical
composition. Both combinations of oils consisted mainly of monoterpenes
(more than 76% of the total chemical composition). In both preservatives there
was a predominance of carvacrol, a constituent of the essential oil of O. vulgare
(73.11%), employed in this study [17], as well as a high concentration of thymol.

The bactericidal action of preservatives P1 and P2 on ETEC in ground beef
may be related to the synergistic action of carvacrol and thymol.

Carvacrol and thymol are terpenoids that have a high capacity for disrupting
the external membrane of Gram negative bacteria, probably due to the presence
of hydroxyl groups in the phenolic molecule. Studies with carvacrol have shown
that its presence in a culture medium promotes the release of lipopolysaccha-
rides from the external membrane and interferes with the permeability of the

cytoplasmic membrane to ions [8].
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Table 4. Objective Variation in Color of Ground Beef Containing Blends of Essential Oils
over Five Days of Storage at 7°C.

Treatments**
Parameter  Time (days)
P1 P2 C
a* 0 10.0734 9.8274 12.393
1 11.2334 11.650% 11.313%
3 11.0274 13.080%" 9.430%
5 9.7674° 11.783% 5.6674*
b* 0 13.56340 11.347% 15.637%¢
1 13.380%¢ 13.617% 14.277%
3 14.790% 16.310% 14.610%
5 12.7104 13.673% 12.19742
* 0 16.9174° 15.01342 19.970%
1 17.473% 17.920% 18.223%
3 18.46342 20.807<° 17.390%
5 16.053%" 17.093% 13.4504%
I 0 53,3074 49.1074 51.6034%
1 50.1074 49.4534 51.580%°
3 53.3774° 49,5474 57.200%°
5 524774 52.1074* 65.083°
* 0 45313 39.240% 443674
1 40.7174 39.75742 42.847A°
3 43,8335 42.363% 44,9507
5 39.7404° 43.203% 46.770"

**P1: thyme 0.08%; cinnamon 0.03%; oregano 0.16%. P2: thyme 0.04%; cloves 0.08%; oregano 0.33%. C:
Control (without essential oils). For each colour indice, means with different capital letters (A-C) in the
same column are significantly different between storage duration (p < 0.05). For each colour indice, means
with different lowercase letters (a-c) in the same line are significantly different between treatments (p <
0.05).

Carvacrol (30 mg/mL) proved to be effective in inhibiting the growth of E. coli
inoculated in beef carcass [25]. However, the presence of other components, in
addition to carvacrol and thymol, even at low concentrations, may promote
synergistic, additive, or antagonistic interactions [26]. In this study, the mixtures
of the essential oils of thyme, oregano, and cinnamon (P1) and thyme, cloves,
and oregano (P2) led to a reduction in ETEC in ground beef even at low final
concentrations(0.27% and 0.45%, respectively) in the product, suggesting syner-
gistic action.

Nevertheless, the two preservatives showed similar performance on inhibiting
ETEC growth in ground beef, the essential oil concentration of preservative P1
(0.27%) was 60% of the concentration of preservative P2 (0.45%). This shows

that the combination of oils of thyme, cinnamon, and oregano exhibited a great-
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er antimicrobial effect than the combination containing thyme, cloves, and ore-
gano. This result may have occurred due to greater concentration of terpenes in
preservative P1 than in P2.

The mean pH of the meat used in the experiment was 5.74 £ 0.02, within
normal values.

The preservatives added did not compromise the color of the ground beef,
and the product remained with good appearance over the five days of storage
(Table 4). This result is important, given that color is the first sensory characte-
ristic appraised by the consumer, and its acceptance or rejection determines
whether the meat pleases consumers or not [27].

The red index (&) is one of the fundamental parameters in the evaluation of
the characteristic color of cured meat products, since it denotes the variation
from green to red. A sharp decline in the values of a* of the meat without essen-
tial oils can be observed in Table 4, showing the change of its hue from red to
greenish. However, in meat with the addition of essential oils, an increase was
observed in the values of a* up to the third day of storage, followed by a small
decline. The results show that the pigments associated with coloring of the meat
were probably not oxidized during the storage period. The addition of essential
oils to the meat did not significantly change the values of 5* (yellowness) over
time; however, in the control, the values of this parameter decreased over the
time of storage, tending toward blue. The yellow index (&*) represents shades
ranging from blue (negative values) to yellow (positive values).

The chroma (C*) and the hue angle (#*) parameters, both based on the a* and
b* values, were significantly affected by the time of storage of the meat without
addition of essential oils. The reduction in the values of C* and the increase in A*
indicate that the meat lost its intense red coloring. However, the addition of the
preservatives had a positive influence on the color of the meat, without signifi-
cant variation in these values during storage of the ground beef with the addition
of P1 and slight variation only in A* in the meat with the addition of P2.

Preservative P1 led to a reduction in I* values, indicating that the meat dar-
kened during the time of storage. In contrast, preservative P2 led to an increase
in lightness (Z*), and the appearance was better than at the beginning of the ex-
periment. However, the control, which did not have essential oils, showed a pos-
itive difference only in regard to lightness (Z*).

The antioxidant activity of essential oils is widely known, and this activity is
an important factor in maintaining the color of meat and meat products [28]. It
is known that one of the factors that causing degradation of the coloring of meat
is associated with the presence of free radicals that lead to production of alde-
hydes. They promote oxidation of myoglobin and oxymyoglobin, leading to the
formation of metmyoglobin, imparting a brown color to the meat [29].

The combinations of essential oils had synergistic antimicrobial effects on
ETEC in the study in vitro and, when added to ground beef, this effect contin-
ued, although in a reduced manner. The use of combinations of essential oils
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promoted conservation of the color of the ground beef. New studies are neces-
sary to ascertain whether other combinations of essential oils would be more ef-
fective against ETEC at the same, or lower, concentrations than those used in
this study.

4. Conclusion

Preservative P1 containing oils of thyme, cinnamon, and oregano had better
performance than preservative P2 against ETEC. The two blends of essential oils
used in ground beef showed significant action both as preservatives and anti-

oxidants, maintaining the color of ground beef at 7°C for 5 days.
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