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Abstract: The aim of the present study was to assess the commercial potential of the Origanum vulgare
ssp. hirtum essential oil (OEO) as a natural intrinsic hurdle against common spoilage and pathogenic
microbes in tomato juice. The main volatile compounds of the OEO identified by gas chromatography
mass spectrometry (GC/MS) analysis were thymol and carvacrol, accounting for approximately
48% and 27%, respectively. Its activity against common food spoilage and pathogenic microbes was
confirmed and the minimum inhibitory concentration (MIC), non-inhibitory concentration (NIC), and
minimum lethal concentration (MLC) values were determined. OEQ effectiveness was further vali-
dated in commercial tomato juice. Supplementation of tomato juice with OEO at concentrations lower
than the MIC (350 ppm) resulted in significant delay of food spoilage and extension of the product’s
shelf-life, as well as in inhibition of Listeria monocytogenes, Clostridium difficile, Saccharomyces cerevisiae,
and Aspergillus niger growth after deliberate inoculation in both room and refrigerated temperatures.
In conclusion, the results suggested that OEO may be used as an efficient intrinsic inhibitor of food
spoilage and growth of pathogenic microbes in tomato juice.

Keywords: food spoilage; pathogens; Origanum essential oil; tomato juice; biopreservatives; antimi-
crobials; hurdles

1. Introduction

Currently, there is a strong debate regarding the safety aspects of chemical preserva-
tives added widely in most manufactured foods to prevent the growth of spoilage and
pathogenic microbes. Hence, an increased interest in essential oils from various plant
origins as alternative antimicrobial natural supplements to harmful synthetic additives
is occurring [1,2].

The antimicrobial activity of essential oils isolated from plants of the Lamiaceae family
has been well established [3-5]. Among the Lamiaceae herbs, Origanum vulgare ssp. hirtum,
commonly known as oregano, is wildly grown and also cultivated in Mediterranean coun-
tries, and the essential oil has been previously tested for its antimicrobial properties [6,7].
However, the effectiveness of the oil may vary, depending on when the plant is harvested,
the cultivar, and environmental and climate factors, etc. [6,8]. Its properties are basically
attributed to the main constituents of the essential oil, thymol and carvacrol [9].

A properly designed strategy for incorporation of essential oils into foods (formulation
strategies, efficiency, and organoleptic quality issues) is a key factor in the development
of novel products. Their insertion into a food matrix is considered an additional inherent
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factor for the growth prevention of pathogens or delay of spoilage onset. In this context,
several attempts have been focused on the successful addition of essential oils and plant
extracts on various foods [10,11], but only a very limited number of products are available
in the market, mainly due to incompatibility with food taste, ineffectiveness owing to
interaction of bioactive substances with food components, and intense aroma [12].

Tomato juice spoilage and pathogenicity is mainly due to growth and activity of several
microbial species, including, among others, Listeria monocytogenes, Saccharomyces sp., and
Aspergillus niger [13,14]. L. monocytogenes is a tenacious microorganism that is ubiquitous in
the environment. This Gram-positive opportunistic bacterium is of very high public health
concern, as it is the cause of a life-threatening disease called listeriosis [14]. Saccharomyces
sp. are unicellular microorganisms that are frequently involved in food spoilage, especially
beverages and processed fruit juices [15]. A. niger is a fungus capable of producing ochra-
toxin, which is considered a potent hazard to human health [16]. Additionally, incidences
of Clostridium difficile infection have been increased lately, as different food types may act
as vectors for C. difficile strains. Considering that C. difficile spores are able to survive at
temperatures up to 85 °C and thus the pasteurization process, it is not unreasonable to
suggest C. difficle as a “foodborne pathogen” [17,18].

The aim of the present study was to assess the industrial potential of O. vulgare ssp.
hirtum essential oil (OEO) as a natural intrinsic hurdle against common spoilage and
pathogenic microbes in tomato juice. Data suggesting extension of the product’s self-life
and repression of microbial growth after deliberate inoculation are presented.

2. Materials and Methods
2.1. Extraction of OEO by Hydrodistillation

Dried leaves of OEO were obtained from the Institute of Plant Breeding and Genetic
Resources (Hellenic Agricultural Organization-DEMETER, Athens, Greece). The plant
was collected during the maximum blooming period from regions of North Greece, dried,
and screened by hand. A voucher sample of the material has been kept at the Laboratory
of Organic Synthesis of the Vioryl Chemical and Agricultural Industry, Research S.A.
(Vioryl). Hydrodistillation took place at Vioryl facilities in Eleonas, Thiva, Greece, in an
own-constructed apparatus. The dried leaves (9.6 kg) were mixed with 150 L water into
a glass enamel vessel (400 L), equipped with mechanical stirring and a two-stage glass
condenser. Saturated steam of 2 bars was introduced into the vessel. After hydrodistillation
for 16 h, the resulting essential oil (OEO) was separated from water, dried over anhydrous
sodium sulfate, and stored at 4 °C (412 g OEO was isolated, yield 4.29%).

2.2. Microbial Strains

Listeria monocytogenes NCTC 10527 (serotype 4b) and Clostridium difficile (kindly provided
by the Laboratoty of Clinical Microbiology of Sismanoglio Hospital, Athens, Greece), Saccha-
romyces cerevisiage uvaferm NEM (Lallemand, Montreal, QC, Canada), and Aspergillus niger
19111 (kindly provided by Prof. G.J.E Nychas, Agricultural University of Athens) were
used in the present study.

Both bacterial strains were grown in brain heart infusion (BHI) broth (LabM, Heywood, UK)
at 37 °C for 24 h, whereas YPD broth (yeast extract 10 g/L, peptone 20 g/L, and dextrose
20 g/L) or malt extract agar (LabM) were used for the growth of S. cerevisiae or A. niger at
28 °C for 3 days or at 37 °C for 7 days, respectively.

2.3. OEO Emulsion Preparation

Water emulsions containing OEO were prepared by stirring the 2 phases (water
phase (79.645% w/w): 0.25% w/w citric acid, 10.0% w/w Quillaia extract (Ingredion Inc.,
Westchester, IL, USA); oil phase (20.355% w/w): 10% w/w OEO, 0.005% w/w tocopherol
mix (Biotecnologias Aplicadas, S.L. Madrid, Spain)) at 5000 rpm for 20 min followed by
homogenization using an APV-2000 homogenizer (SPX Flow Technology Rosista GmbH,
Unna, Germany) as follows: first phase 50 bar, second phase 280 bar. For comparison,
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emulsions containing medium-chain triglycerides (Sternchemie, Hamburg, Germany)
instead of OEO were also prepared and used as controls.

2.4. Tomato Juice Supplementation with OEO

The OEO emulsion was added in commercial tomato juice with no preservatives
(Pummaro Passata, Unilever) in order to achieve a final concentration of 350 ppm. For
comparison reasons, tomato juice containing emulsions with medium-chain triglycerides
instead of OEO were also prepared and used as controls. The pH of the tomato juice
samples was approximately 4.90. The mixtures were homogenized at 8000 rpm for 15 min,
pasteurized at 90 °C for 30 min, and then either stored in glass containers at room or low
temperature (4 °C) or deliberately spiked with spoilage or pathogenic microorganisms, as
described below in Section of Antimicrobial Activity of OEO in Tomato Juice.

2.5. Analytical Procedures
2.5.1. GC/MS Analysis

Gas chromatography mass spectrometry (GC/MS) analysis was carried out by a
GC/MS system (GC: 6890A, Agilent Technologies, USA; MSD: 5973, Agilent Technologies,
Santa Clara, CA, USA) using a Factor Four VF 1 ms column (25 m, 0.2 mm i.d., 0.33 pm
film thickness, Agilent Technologies), as described recently [19]. Identification was carried
out by comparing the retention times and mass spectra of volatiles to Willey /NIST05 and
in-house-created libraries using authentic compounds (kindly provided by Vioryl) and by
determining linear retention indexes (LRI) and comparing them with those reported in
the literature (Nist Mass Spectral Search Program for the NIST/EPA /NIH EI and NIST
Tandem Mass Spectral Library, Version 2.3, build 4 May 2017).

2.5.2. Antimicrobial Assays
Screening of OEO Antimicrobial Activity by the Disc Diffusion Assay

The antibacterial activity of the OEO was initially tested using the disk diffusion
assay using BHI agar plates, as described previously [19]. Gentamycin (10 pg) (Oxoid Ltd,
Hampshire, UK) and metronidazole (5 ng) (Oxoid) were used as positive inhibitory con-
trols for L. monocytogenes and C. difficile, respectively, whereas sterile water was used as
negative control [19].

The same procedure was also followed for screening the activity against S. cerevisiae
and A. niger using YPD and malt agar plates, respectively [19]. Voriconazole (1 ug) (BioRad
Laboratories Inc., Hercules, CA, USA) and sterile water were used as positive inhibitory
and negative controls, respectively [19].

Determination of Minimum Inhibitory Concentration (MIC), Non-Inhibitory
Concentration (NIC), and Minimum Lethal Concentration (MLC)

Determination of minimum inhibitory (MIC) and non-inhibitory (NIC) concentra-
tions was carried out as recently described [19,20]. Briefly, BHI broths supplemented with
various OEO concentrations (ranging from 22 to 4628 mg/L) were inoculated with L. mono-
cytogenes or C. difficile and incubated at 37 °C for 24 h. Changes in optical density were
monitored using a microplate reader (Molecular Devices, VERSAmax, Hayward, CA, USA,
Softmaxprov.5.0 software). BHI broths supplemented with gentamycin (ranging from 2
to 20 mg/L) and metronidazole (ranging from 0.012 to 8 mg/L) were used as positive
inhibitory controls for L. monocytogenes and C. difficile, respectively. BHI broths with no
inoculum and inoculated BHI broths with no OEO were used as negative controls [19]. The
calculation of MIC and NIC values was based on the Lambert-Pearson model (LPM) [21,22].

As the LPM model was not applicable to S. cerevisiae and A. niger due to yeast cell
sedimentation and conidia flotation, the standard protocols described by The European
Committee on Antimicrobial Susceptibility Testing (EUCAST) were applied for MIC de-
termination [23,24], using voriconazole (ranging from 0.12 to 4 mg/L) as positive in-
hibitory control [25,26].
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Minimum lethal concentration (MLC) was defined as the lowest concentration, result-
ing in a negative subculture or presence of only 1 colony-forming unit after incubation
(99.9% of the inoculum was killed). It was determined by subculturing 100 uL from each
well at which no growth was observed onto BHI (for L. monocytogenes and C. difficile) and
YPD or malt (for S. cerevisiae or A. niger) agar plates [19].

Antimicrobial Activity of OEO in Tomato Juice

Spoilage of tomato juice supplemented with OEO or without OEO both at room
temperature (18-20 °C) and 4 °C was monitored by determining bacteria on BHI agar
(LabM) and yeast/mold counts on malt extract agar (LabM) after media incubation at 37 or
30 °C, respectively, for 2-5 days. Cell counts below 1 log colony forming units/mL were
determined by pour plating 1 mL of undiluted tomato juice directly to the culture medium.
Of note, all juices were pasteurized prior treatments, as described above.

Both tomato juice containing OEO and tomato juice without OEO were also deliber-
ately inoculated with L. monocytogenes (10* cfu/mL), C. difficile (10* cfu/mL), S. cerevisiae
(10* cfu/mL), or A. niger (100 spores/mL), separately, and microbial counts were monitored
both at room temperature (18-20 °C) and 4 °C. At various intervals, samples were collected
to monitor the levels of the inoculated strains. L. monocytogenes or C. difficile counts were
measured in BHI agar (LabM) and further verified in Palcam agar (LABM) supplemented
with Palcam Listeria selective supplement (LABM) or C. difficile agar (Oxoid) with selective
supplement (Oxoid) and egg yolk emulsion (Oxoid), respectively, after incubation at 37 °C
for 2448 h (anaerobic conditions provided by Genbox atmospheric generators (BioMerieux,
Athens, Greece) were applied for C. difficile). S. cerevisine counts were determined in YPD
agar after incubation at 28 °C for 3 days. Numbers of A. niger spores/mL were determined
by microscopic enumeration with a cell-counting hematocytometer (Neubauer chamber).

2.6. Preliminary Sensory Evaluation and Spoilage Determination

To determine the optimum amount of OEO that leads to acceptable organoleptic
characteristics, we conducted preliminary sensory analysis of tomato juice samples by 11
not trained consumers using locally approved protocols.

Spoilage was determined macroscopically and by sensory tests. Specifically, the
following scoring scale was applied: (i) class 1 for products corresponding to high quality
with no off odors or off flavors, (ii) class 2 for products corresponding to slight off odors or
off flavors but still acceptable, and (iii) class 3 for products corresponding to unacceptable
quality. Estimation of the shelf-life limit was based on definition of the time point at which
50% of the panelists rejected the tomato juice samples.

2.7. Statistical Analysis

All experiments were performed in 4 replicates and the mean values are presented.

Fig. P2.1 software (Fig.P Software Incorporated, Hamilton, ON, Canada) was used to
calculate standard deviation for MIC and NIC values.

The results were analyzed with analysis of variance (ANOVA) using Duncan’s mul-
tiple range test to determine significant differences (p < 0.05) among results (coefficients,
ANOVA tables, and significance (p < 0.05) were computed using Statistica v.10.0).

3. Results and Discussion
3.1. GC/MS Analysis of OEO

GC/MS analysis provided data about the percentage content of the volatile com-
pounds and not their actual concentration. In total, 51 compounds were identified (Table 1).
The main compounds detected were thymol and carvacrol, accounting for approximately
48% and 27% of the total area, respectively.
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Table 1. Gas chromatography mass spectrometry (GC/MS) analysis of Origanum vulgare ssp. hirtum
essential oil (OEO).

LRI Compounds % Area >
595 ethyl acetate 0.010
741 methyl isovalerate 0.047
743 methyl-2-methyl-butyrate Tr
820 methyl tiglate 0.022
821 cis-3-hexenol Tr
852 ethyl isobutylketone 0.015
919 thujene 0.250
926 x-pinene 0.263
937 camphene 0.058
959 oct-1-en-3-o0l 0.607
975 myrcene 1.026
988 a-phellandrene 0.125
994 unknown alkane (CnHppy2) 0.026
996 6-3-carene 0.053
1001 a-terpinene 1.103
1005 p-cymene 6.502
1012 B-phellandrene 0.132
1013 limonene 0.172
1020 cis-ocimene 0.022
1032 trans-ocimene 0.053
1045 7-terpinene 9.014
1048 cis-sabinene hydrate 0.065
1059 unknown 0.120
1075 terpinolene 0.079
1082 linalol 0.129
1097 unknown alkane (CpHjp40) 0.024
1115 unknown 0.130
1147 borneol 0.260
1158 terpin-4-ol 0.316
1169 a-terpineol 0.100
1194 unknown alkane (CnHypy0) 0.087
1212 citronellol 0.101
1213 thymyl methyl ether 0.033
1256 citronellyl formiate 0.027
1262 indol 0.020
1283 thymol 48.120
1294 carvacrol 27.190
1315 unknown 0.150
1388 unknown alkane (CnHypy0) 0.032
1398 unknown alkane (C,Hpn40) 0.059
1413 caryophellene 1.060
1423 unknown 0.100
1433 unknown sesquiterpene 0.050
1446 humulene 0.120
1488 vnknown sesquiterpene 0.070
1500 B-bisabolene 1.720

! Linear retention indices, 2 Tr: traces (<0.010%).

3.2. Antimicrobial Assays

Considering that composition and thus effectiveness of essential oils depends greatly
upon a number of cultivation, environmental, and climate factors [6,27,28], the antimi-
crobial activity of OEO against spoilage and pathogenic microbes of concern for tomato
juice (L. monocytogenes, C. difficile, S. cerevisiae, and A. niger) was initially confirmed by
the disk diffusion method (data not shown). Subsequently, MIC, NIC, and MLC values
were assessed, as their precise determination is crucial for the food industry, in order to
regulate the optimum amount of the antimicrobial agent to secure microbial safety. The
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effective growth inhibition of OEO against all microorganisms tested (Table 2) was verified,
although MIC, NIC, and MLC values were significantly (p < 0.05) higher compared to gen-
tamycin [19], metronidazole, and voricanozole [20], which were used as positive inhibitory
controls, since antibiotics have been used as food additives in the past [29]. Although
the antimicrobial activity of OEO is well documented [4-7,30-32], MIC, NIC, and MLC
values should be always determined, since chemical composition may vary greatly due to
environmental conditions, climate, and time of harvesting [6,8].

Table 2. Minimum inhibitory concentration (MIC), non-inhibitory concentration (NIC), and minimum lethal concentra-
tion (MLC) (mg/L) of Origanum vulgare ssp. hirtum essential oil (OEO) against Listeria monocytogenes, Clostridium difficile,
Saccharomyces cerevisiae, and Aspergillus niger. Gentamycin, metronidazole, and voriconazole were used as positive in-

hibitory controls.

Microbial Essential Oil Metronidazole Gentamycin Voriconazole
Species MIC NIC MLC? MIC NIC MLC? MIC NIC MLC? MIC? NIC MLC?
L. monocytogenes 1148 + 27 528 £37 5738 - - - 3.1214+0.002  3.001 + 0.002 16.0 - - -
C. difficile 1314 £+ 27 204+£27 7404  0.064 £ 0.001 0.032 + 0.001 4.0 - - - - - -
S. cerevisiae 1647° - 6590 - - - - - - 0.25 - 1.00
A. niger 21972 - 8786 - - - - - - 0.50 2.00

2 Standard deviation ranged in zero values.

3.3. Antimicrobial Activity in Tomato Juice Supplemented with OEO

Primarily, the effect of OEO on the extension of the preservation time was investigated.
OEO was introduced in tomato juice in an emulsion form to facilitate homogeneous dilution
at a concentration (350 ppm) lower than the MIC, as higher levels resulted in sensory faults.
However, at the concentration applied, no off flavors were detected according to the
preliminary sensory evaluation as the choice of an emulsifier depends greatly on the
properties of the component to be dissolved, the properties of the emulsifier and the food
matrix, Quillaia extract, an acid-stable and effective natural emulsifier, was chosen [33] in
order to achieve micelle stability and to replace synthetic surfactants usually applied in
foods and beverages [34]. Citric acid was added as a stabilizer at the emulsion (0.003 ppm
final concentration at the tomato juice), but at the pH of the juice (4.90), it is highly unlikely
to have any antimicrobial effect [35].

The results are presented in Figure 1. The OEO resulted in significantly (p < 0.05)
lower counts for bacteria and yeasts/molds compared to the control samples (without
OEO), suggesting an important extension of the product’s shelf-life, up to 48 h, at room
temperature. Importantly, no spoilage was noted in tomato juice with OEO at 4 °C.

Subsequently, the resistance of tomato juice supplemented with OEO against growth
of pathogenic microbes was further investigated. In this vein, tomato juice containing
OEO and tomato juice with no OEO were deliberately inoculated with L. monocytogenes,
C. difficile, S. cerevisiae, or A. niger, separately, and microbial growth was monitored both at
room temperature or at low temperature, specifically at 4 °C (Figure 2a—d). A relatively
high inoculum was tested in order to investigate the effectiveness of the oil in high microbial
counts. The results showed that in all cases microbial counts were significantly (p < 0.05)
lower in tomato juice containing OEO.
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Figure 1. Effect of O. vulgare ssp. hirtum essential oil (OEO) and storage temperature on tomato juice spoilage. (a) Bacteria

counts, (b) counts of yeasts/molds. Tj_OEO_rt: tomato juice containing OEO (350 ppm) stored at room temperature
(18-20 °C); Tj_rt: tomato juice with no OEO (medium chain triglycerides were used instead) stored at room temperature
(18-20 °C) (control); Tj_OEO_It: tomato juice containing OEO (350 ppm) stored at low temperature (4 °C); Tj_It: tomato
juice with no OEO (medium chain triglycerides were used instead) stored at low temperature (4 °C) (control).

Supplementation of the juice with OEO at concentration lower than NIC or only
slightly higher than the NIC determined for Clostridium difficile was sufficient to suppress
the growth of the deliberately inoculated microbes, suggesting a clear synergistic effect of
the oil and the refrigeration at 4 °C. Microorganisms are very often unable to overcome
the combination of several food preservation systems and hence the multiple hurdles can
result in a stable and safe product without any sensory quality deterioration [36]. The
use of essential oils can be thus considered an additional intrinsic determinant (hurdle)
to ensure food safety, although the limitations associated to their strong smell at effective
doses and the decrease in their effectiveness when added to complicated food ecosystems
compared with microbiological media [37].

Several efforts on extending the preservation time of tomato juice included the use
of natural volatile compounds (methyl jasmonate, ethanol, their combination, tea tree
oil, and garlic oil) [38]; investigation of antimicrobial activity of food-compatible plant
extracts and chitosan against naturally occurring micro-organisms in tomato juice [39];
dipping treatment in 2% ascorbic acid, citric acid, and calcium lactate solutions [40];
dipping treatment in calcium chloride and packaging in biocompostable materials or in
conventional plastics [41]; and introduction of fresh-cut tomato in nisin or in nisin in
combination with sodium citrate or sodium acetate solutions [17]. However, to the best
of the authors’ knowledge, the present study reports for the first time the effectiveness of
OEO in suppressing microbial growth in deliberately spiked tomato juice.
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Figure 2. Effect of O. vulgare ssp. hirtum essential oil (OEO) and storage temperature on Listeria monocytogenes (a),
Clostridium difficile (b), and Saccharomyces cerevisiae (c) counts and Aspergillus niger (d) spores in deliberately spiked tomato
juice. Tj_OEO_rt: tomato juice containing OEO (350 ppm) stored at room temperature (18-20 °C); Tj_rt: tomato juice

with no OEO (medium chain triglycerides were used instead) stored at room temperature (18-20 °C) (control); Tj_OEO_lt:

tomato juice containing OEO (350 ppm) stored at low temperature (4 °C); Tj_lt: tomato juice with no OEO (medium chain

triglycerides were used instead) stored at low temperature (4 °C) (control).

4. Conclusions

The results revealed that OEO may be used as an efficient intrinsic inhibitor (hurdle) of
food spoilage and as a protection shield against food pathogens, since fortification of tomato
juice with OEO, even at concentration below MIC, resulted in significant suppression of
L. monocytogenes, C. difficile, S. cerevisiae, and A. niger growth after deliberate inoculation.
Thus, its use as a biopreservative by the food industry is of utmost importance since the
demand for replacement of chemical preservatives with natural alternatives is increasing.
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