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Abstract: In the present study, the effect of oregano essential oil, which is contained in xanthan gum
and guar gum edible coating, was investigated in regard to its ability to assist with the preservation
and the extension of the shelf life of minced beef meat when stored at 4 ◦C. Minced beef meat
samples were coated with a mixture of xanthan gum and guar gum containing oregano essential oil
at various levels (1–3%). The coated samples were compared with the control sample (uncoated) for
bacteriological (i.e., total viable count, coliforms, and Enterobacteriaceae), physicochemical (pH), and
sensorial properties (color and odor) on specific storage days (0, 3, 6, 9, and 12). There was greater
microbial growth noted in the uncoated minced beef meat in comparison to the coated ones. Odor,
color, and overall acceptability were significantly improved in the coated samples (p < 0.05). The
chemical, bacteriological, and sensory analyses that were performed, evidenced the benefits that
edible coating with oregano essential oil may have on the shelf life and quality of minced beef meat.
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1. Introduction

Minced beef meat is one of the most perishable food products. Therefore, an extension
of its shelf life for a further 2–3 days would allow for a significant economic impact
generated by a possible expansion of the market, as a result. Minced beef meat shelf
life is generally shorter than that of the whole meat and is limited by several factors,
such as discoloration or microbiological deterioration [1]. The minced meat shelf life can,
however, be naturally increased by using an edible coating with the addition of essential
oils—which is an efficient and eco-friendly method to maintain and enhance its quality
and safety. Edible coating films are developed from proteins, polysaccharides, etc. and
have proven to be excellent moisture barriers [2]. Edible proteins, such as gelatin films are
used for the packaging of meat products [3–6]; this is because their use on meat products
leads to minimizing effects related to moisture loss, lipid oxidation, discoloring, and
water drippage [7]. Additionally, edible coatings using polysaccharides are generally very
hydrophilic, thereby leading to poor water vapor and gas barrier properties; as such, coating
films can prevent the exchange in the transfer of gasses (O2 and CO2) as well [8]. Nowadays,
carrageenan and alginates are used for producing edible films and coatings for various
meat products, such as in meat, poultry and fish, thereby utilizing their ability to improve
the end product and consequently in satisfying the demanding consumer preferences [9].
Generally, polysaccharide films also have a structural stability advantage and adhesiveness,
which is why researchers also direct great attention to other polysaccharide films, such as
gums [10].
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Guar gum is a water-soluble polysaccharide that is extracted from Cyamopsis tetragonol-
bus. It is characterized by its high viscosity in an aqueous solution even at low concen-
trations [11]. Xanthan gum is an exopolysaccharide, which is produced by Xanthomonas
campestries, and is characterized by its high viscosity in cold and hot water at low con-
centrations; further, it presents high stability over a wide range of pH and temperatures.
Additionally, it also presents a resistance to enzymatic degradation [12]. However, such
edible coating films do not confer antimicrobial properties to the final product, therefore
they do not extend its shelf life.

The addition of essential oils with antioxidant and/or antimicrobial properties in the
edible coatings may maintain product quality [13,14]. Further, different edible coating
films with extracts and/or essential oils (such as ginger, green tea, cloves, bilberry, etc.)
have been used in meat and meat products (i.e., poultry, beef, fish, and sausages) with
satisfactory results in terms of extending their shelf life [15–19]. The films that have been
previously used presented high antimicrobial and antioxidant activity, therefore leading to
an extended shelf life for the end products [20].

The antimicrobial activity of oregano essential oil against food-borne pathogens is due
to its high content in phenolic compounds, such as thymol and carvacrol [21]. Oregano
essential oil at various concentrations (0.05%, 0.5%, and 1%) may delay the growth of
microorganisms and therefore minimize the microbial spoilage profile of the product [22].

The aim of this study was to evaluate the effect of coating with guar gum, xanthan gum,
and oregano essential oil on the physicochemical, bacteriological, and sensorial changes
in minced beef meat when it is stored at 4 ◦C. Further, the study aimed to also evaluate
the possibility of these coatings extending the minced beef meat’s shelf life. So far, there
are studies related to edible coatings with various antimicrobial agents on various food
products. However, there has not been as many for minced beef meat specifically or on the
use of guar gum and xanthan gum as a coating material in combination with essential oils.
As such, the contribution of this study is to highlight the use of a low cost, biodegradable,
and antimicrobial coating, based on guar gum and xanthan gum with oregano essential oil,
as an alternative to extending the shelf life of minced beef meat.

2. Materials and Methods
2.1. Materials

The guar gum and xanthan gum, used in this study, were purchased from Sigma-
Aldrich Greece and the Origanum vulgare subsp. hirtum essential oil was purchased from
Bioland Greece. The minced beef meat was purchased from a local market in the city of
Karditsa in Thessaly, Greece and was stored at 4 ◦C.

Preparation of Coating Solution, Treatment, and Storage of Samples

The coating solution was prepared by dissolving 0.2% xanthan gum and 0.2% guar
gum (w/v) in distilled water at 20 ◦C, while stirring at 800 rpm in a magnetic stirrer/hot
plate at 60 ◦C for 5 min. Then, the coating solution was heated to 90 ◦C in a water bath for
30 min followed by cooling. Essential oil from Origanum vulgare subsp. hirtum was added
into the solution at various concentrations of 1–3% (v/v).

The whole of the minced meat was divided into twenty portions of 50 g and stored
individually in sterile, plastic Petri plates. Five portions were kept as control samples and
each of the other portions were further dipped in the edible film with the appropriate
volume of oregano essential oil, leading to three samples per concentration. The dipping
process lasted 1 min and the final quantity of the formulation of edible coating was ~10 g.
The coated samples were sealed with polyamide film and stored at 4 ◦C. All physicochemi-
cal and microbiological measurements were performed at equal time intervals over a period
of 12 days (i.e., 0, 3, 6, 9, and 12 days).
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2.2. Physicochemical Analysis
2.2.1. pH Value of Minced Beef

The pH value was measured by homogenizing a 10 g of sample with 100 mL distilled
water for 1 min using an Ultra Turrax® T25 (IKA, Staufen, Germany) and measuring the
pH by a Hanna pH-meter 211. The pH measurements were performed on days 0, 1, 3, 6, 8,
10, and 12 of the refrigerated storage samples.

2.2.2. Sensory Evaluation of Minced Beef

For the sensory evaluation (SE), 50 g of the previously prepared raw minced beef
meat samples, which were stored at 4 ◦C, were assessed by 20 trained panelists—according
to International Organization for Standardization (ISO) Standards, more specifically ISO
11037:2011 and ISO 5496:2006 [23,24]—in relation to color and odor assessment, respectively.
The sensory analysis was performed in the Sensory Analysis Laboratory of the Food
Technology Department of the University of Thessaly, which is designed according to ISO
8589:2007 [25]. The testing cabinet had a room temperature of 21 ◦C and cold light (daylight)
with a color temperature of 5600–6200 kelvin. For each quality attribute according to certain
descriptions, scores ranged from 0 to 5 on days 0, 3, 6, 9, and 12 of storage. Minced beef
meat received a score between fresh (SE = 5) and completely deteriorated (SE = 1) [26].
Specifically, odor and color acceptability were evaluated immediately after opening the
package by using a five-point scale as follows—for odor 1: very unpleasant, 2: unpleasant,
3: acceptable, 4: pleasant, and 5: very pleasant; and for color 1: pale pink, 2: pink, 3: pinkish
red, 4: bright red, and 5: reddish brown [26].

2.2.3. Color Measurements

Color analysis was carried out using a colorimeter Konika Minolta CR410r (Konica
Minolta, Tokyo, Japan) by assessing L*, a*, and b* values as defined by the Commission
Internationale de l’Eclairage (CIE, International Commission on Illumination). The in-
strument was calibrated with black and white standard plates before the analysis. The
lightness (L*, estimates from black to white on a 0–100-point scale), redness (a*, estimates
positive values corresponding to red and negative values to green), and yellowness (b*,
estimates positive values for yellow and negative values for blue) were recorded. The color
parameters of the minced beef meat were measured in triplicate.

2.3. Microbiological Analysis of Minced Beef

Twenty-five (25) g of each sample was diluted in 225 mL sterile 0.1% peptone water
and homogenized in a stomacher for 2.5 min at room temperature. A serial 10-fold dilution
series was prepared in 0.1% peptone water. Total viable count (TVC) was determined
on a plate count agar (PCA) after incubation at 35 ◦C for 48 h, according to ISO 4833-
2:2013 [27]. Enterobacteriaceae were determined on violet red bile dextrose agar (VRBG)
after incubation at 37 ◦C for 24 h, according to ISO 21528-2:2017 [28] and E. coli were
determined on Chromocul® TBX agar after incubation at 44 ◦C for 18–24 h, according
to ISO 16649-1:2018 [29]. Microbiological data were transformed into logarithms that
represented the number of colony-forming units (CFU/g).

2.4. Statistical Analysis

Data are expressed as a mean value ± standard deviation of three replicate analyses.
One way analysis of variance (ANOVA) was used to determine the statistical significance
of the differences between mean values using the Minitab 17 software (Minitab Inc., State
College, PA, USA); further, statistical differences were declared at p < 0.05.

3. Results and Discussion

During refrigeration storage, the pH values increased in different degrees according to
whether they were uncoated and coated minced beef samples due to endogenous enzymes,
bacterial metabolites (such as hydrogen sulfides, organic sulfides, etc.), and other volatile
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organic compounds, such as amines [30,31]. In the present study, the initial pH of the
control increased from 5.58 to 7.67 by the end of storage, and the pH values of the coated
samples also changed noticeably during storage (Figure 1). As such, the pH values showed
a significant difference (p < 0.05) over the storage period. The statistical tests also showed
that the bioactive-coated samples significantly affected the pH value (p < 0.05). The control
sample was significantly different from the bioactive-coated samples, on average. Although
the pH of the sample treated with a bioactive coating of 1% showed slightly lower values,
the coated sample with 3% oregano essential oil showed the best pH value of 6.91, due
to the antimicrobial activity that oregano essential oil has [32,33]. Moreover, during the
storage period the pH value maintained at a safe level.
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°C for 12 days. OEO: Oregano essential oil. 

Figure 1. (a) pH values; (b) sensorial properties color scale: 5 reddish brown, 4 bright red, 3 pinkish
red, 2 pink, 1 pale pink; and (c) sensorial properties odor scale: 1 very unpleasant, 2 unpleasant,
3 acceptable, 4 pleasant, 5 very pleasant on minced beef meat treated with edible coating stored at
4 ◦C for 12 days. OEO: Oregano essential oil.

According to the sensory analysis, all samples had an effect on the panelists in regard to
odor. In particular, all 3% oregano essential oil coated samples had higher odor acceptability
than the other coated samples, which showed intermediary odor values between them. The
lowest acceptability was for the uncoated sample (control). Color is one of the main factors
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in determining meat quality. In Table 1, L*, a* and b* values of the samples are presented.
During the storage time from 1 to 12 days, there was a significant increase (p < 0.05) in
L* values, especially in the control sample as it became lighter. The samples coated with
the edible biofilm were significantly darker at the end of storage period when compared
with the control, and the best results were found in the samples with the edible film at
3% concentration of oregano essential oil. A significant decrease (p < 0.05) in a* value was
also observed in the control sample as a result of the storage time. Further, the control
samples became less red than the coated ones, due to the oxidation of oxymyoglobin to
metmyoglobin [34]. It is also noteworthy to state that although the coated samples had
initially higher b* values than the non-coated control due to the coating film, there was no
significant change (p < 0.05) in b* values of the coated samples during storage; in contrast,
the b* value of the control sample increased significantly from 5.9 to 17.32. The color change
generally was confirmed also by the sensory analysis (Table 1). The panelists reported that
the coated minced beef meat was significantly redder (p < 0.05) than the control at days
6, 9, and 12. The edible coating with the addition of oregano essential oil reduces color
deterioration by acting as a barrier to oxygen. This is because oxygen is a promoter of
oxidation, thus preventing exposure to oxygen we can maintain the color of minced beef
meat. Regarding the odor, there was a significant difference (p < 0.05) among samples. At
the beginning all scores are alike, but as the days passed, the scores decreased (p < 0.05) for
the uncoated minced meat; however, this tendency did not show up in the bioactive-coated
samples. The odor was maintained in acceptable to pleasant levels in bioactive-coated
samples. In particular, the sample with the +3% concentration of oregano essential oil
edible coating had the best results.

Table 1. Instrumental color assessment.

L* (Lightness) a* (Redness) b* (Yellowness)
Control 0 days 36.10 18.70 5.90

OEO1% 0 days 37.50 23.70 12.15

OEO2% 0 days 38.10 25.62 8.93

OEO3% 0 days 36.90 26.15 11.56

Control 3 days 42.44 36.17 15.78

OEO1% 3 days 38.43 18.87 11.43

OEO2% 3 days 37.15 28.53 10.54

OEO3% 3 days 37.34 26.30 6.78

Control 6 days 52.60 18.32 12.75

OEO1% 6 days 44.56 22.87 13.76

OEO2% 6 days 42.67 26.54 13.65

OEO3% 6 days 38.65 28.76 14.56

Control 9 days 61.70 15.53 7.87

OEO1% 9 days 51.45 17.56 12.65

OEO2% 9 days 42.76 18.87 12.65

OEO3% 9 days 40.65 27.65 13.87

Control 12 days 69.10 11.54 17.32

OEO1% 12 days 56.32 15.32 14.50

OEO2% 12 days 49.68 22.45 9.32

OEO3% 12 days 43.36 26.32 12.56

Due to the importance of microbial growth in the quality decay of meat, coating them
with antimicrobial activity films is a strategy that can be used to improve the shelf life of
them [6]. A limitation in our study was that a coated sample with 0% oregano essential
oil was not used in the experiments so that to assess the effects of the coating separately;
however, the aim of the study was to assess the effect of the combination of coating with
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an active antimicrobial substance incorporated in it and not the effect of coating or the
active antimicrobial substance separately. According to the microbiological results, which
are shown in Figure 2, we can see the effect of the edible coatings loaded with different
concentrations of oregano essential oil in minced meat during storage at 4 ◦C. The TVC
increased in all samples during the storage time (p < 0.05); however, the control sample had
the highest TVC increment (1.34 × 109 CFU/g) during storage, and the minced beef meat
coated with edible film + 3% oregano essential oil presented the lowest increase in TVC
(1.40 × 106 CFU/g). It is reported that 5 × 106 CFU/g is the maximum recommendation
limit of TVC for minced beef meat according to EC regulation [35]. According to this
same regulation, the samples coated with edible film + 2% and 3% oregano essential
oil were within limits for the whole duration of storage (12 days). On the contrary, the
bacteriologically acceptable shelf lives for the non-coated minced beef meat and for the
coated sample with 1% oregano essential oil were reached at 6 days of storage.
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Figure 2. (a) Total viable counts (TVC), (b) E coli count, and (c) Enterobacteriaceae count in minced 
beef meat packaged with edible coating with the addition of oregano essential oil 1–3% and control Figure 2. (a) Total viable counts (TVC), (b) E coli count, and (c) Enterobacteriaceae count in minced
beef meat packaged with edible coating with the addition of oregano essential oil 1–3% and control
sample without edible coating both at storage time 0, 3, 6, 9, and 12 days. OEO: oregano essential oil.
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The Enterobacteriaceae and E. coli count in minced beef meat packaged with an
edible coating, with the addition of oregano essential oil 1–3%, and the control sample
without edible coating at storage time 0, 3, 6, 9, and 12 days are shown in Figure 2. The
initial E. coli and Enterobacteriaceae counts in all samples were in the range of 10–45
and 1.12 × 103–5.75 × 103 CFU/g, respectively. All the coated samples showed a lower
increase in the population of E. coli and Enterobacteriaceae compared to the control sample
at the end of storage time (p < 0.05); further, the maximum count of E. coli (128 CFU/g)
and Enterobacteriaceae (1.46 × 108 CFU/g) were found in the non-coated minced beef
meat, and the coated sample with 3% oregano essential oil showed the lowest E. coli
and Enterobacteriaceae count. Our findings agree with many studies demonstrating the
potential of oregano essential oil in edible coating in order to control and inhibit the
growth of microorganisms, as well as improve consumer acceptance [14,36–39]. However,
regarding essential oil use in the food industry, it is important to always perform in vitro
and in vivo toxicity research as well as bioaccessibility and bioavailability assays in order
to understand behavior in the human body. In the case of oregano, the lack of toxicity has
already been proven in doses much higher than those expected for the consumer to be
exposed at, even in the worst-case scenarios [40].

4. Conclusions

In this study we analyzed the effect of an edible coating with three different percent-
ages of oregano essential oil on the physicochemical and microbiological properties of
minced beef meat.

The edible coating, which was based on xanthan gum and guar gum with the addition
of oregano essential oil, effectively decreased the microbial growth in minced beef meat
during cold storage. The coated minced meat also had a higher consumer acceptance
compared to the control sample. Therefore, an edible coating with oregano essential oil
has the potential to improve the characteristics of minced beef meat during storage and to
extend the shelf life of it. This specific combination of edible coating and oregano essential
oil shows the potential to be the focus of future studies for use in various meat products.
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