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Abstract. The essential oil (EO) obtained from the leaves of thyme (Thymus vulgaris L.) grown
in Vietnam was found to contain thymol (39.79 %), cymene (17.33 %), and y-terpinene
(13.45 %) as the main volatile components. The antimicrobial activities of this oil were screened
against several food-borne bacteria and fungi species. Significant growth inhibition effects
against food-borne bacteria Escherichia coli (E. coli), Staphylococcus aureus (S. aureus),
Bacillus cereus (B. cereus), and Salmonella Typhimurium were observed using the standard disc
diffusion method. Thyme EO exhibited the antibacterial effect against all the tested pathogenic
strains. The inhibition zones were 23.3 £ 0.4 mm, 24.7 £ 0.4 mm, 29.0 £ 0.7 mm, 32 £ 0.7 mm
in diameter against B. cereus, E. coli, S. Typhimurium and S. aureus, respectively. The
minimum inhibitory concentration (MIC) determined by the micro-dilution method in MHB
liquid medium was 1.56 pl/mL. The bactericidal concentrations (MBC) was 3.13 pl/mL for
three isolates from B. subtilis, E. coli, and S. aureus, while the MBC tested for S. Typhimurium
was 1.56 pl/mL. The antifungal properties of the thyme EO were also determined in this study
against three important pathogenic fungi (Candida albicans, Rhizoctonia solani and Fusarium
oxysporum) with the inhibition zones ranging approximately from 23.20 + 0.06 to 44.10 + 0.03
mm. On the other hands, the results also showed the antioxidant activity of Vietnamese thyme
EO and suggested that thyme EO can be applied in food industries as natural flavoring
preservatives/additives to control food spoilage and food-borne bacteria and fungi.
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1. INTRODUCTION

Microbial food safety is an increasing public health concern worldwide. Each year, as many
as 600 million, or almost one in 10 people in the world, fall ill after consuming some form of
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contaminated food. Of these, 420,000 people die, including 125,000 children under 5 years of
age as stated in the World Health Organization’s estimates on the global burden of food-borne
diseases. Since ancient times, commercial antimicrobial agents have been applied as a way to
manage food deterioration or contamination. Nowadays, user concerns towards synthetic
preservatives have resulted in increasing focus on various natural antimicrobials such as
essential oils. Aromatic and medicinal plant essential oils and their components demonstrate
antibacterial, antifungal, and food preservative activities against a wide range of microbial
pathogens [1].

Thyme (Thymus vulgaris L.) is a flowering, aromatic perennial evergreen herbs in the mint
family Lamiaceae, originating from the Western Mediterranean to southern Italy but has now
acclimated all over the world. In Vietnam, thyme has been used for many years as a food
additive and traditional folk medicine. This herb is mainly grown in Da Lat and Sa Pa, sold both
fresh and dried but is able to retain its flavor upon drying better than many other herbs. The fresh
form is more flavorful, but also less convenient due to short storage life being rarely more than a
week. Many pharmacological studies demonstrated that Thymus wvulgaris L. possesses
antimicrobial functions, and thymol, a major compound in its essential oil, is an antiseptic
ingredient in various commercially produced mouthwashes such as Listerine [2, 3].

A number of reports on the essential oil composition of thyme leaves have been published.
K. Chetehouna et al. [4] identified and categorized the volatile compounds in thyme essential oil
into 6 main groups: monoterpene, sesquiterpene, and oxygen derivatives composed of
monoterpenic alcohol, monoterpenic phenol and monoterpenic ether. In addition, regardless of
any variations in temperature and duration of the conducted experiments, the three main
identified volatile components always were thymol, p-cymene and y-terpinene. In other studies,
essential oils from Romania [5], Brazil [6] and India [7] were found to be quite rich in thymol
(30.82 %); 44.7 % and 61.63 %, respectively). Additionally, p-cymene was reported as one of the
main components in Romanian and Indian essential oils (30.53 % and 11.28 %, respectively) but
only played a minor role in the Brazilian sample (accounting for only 0.1 %). Finally, vy-
terpinene appeared only in EOs from Brazil and India, and was absent in Romanian essential
oils.

A number of studies have focused on the chemical characteristics and antimicrobial
activities of EOs from natural flora in a specific region or country. However, research about
essential oil composition and the antimicrobial activities of EO from Vietnamese Thymus
vulgaris L. has not been previously reported yet. The purpose of this study was to determine the
EO chemical composition and also to investigate the antimicrobial activities of Thymus vulgaris
L. essential oil against several food-borne, pathogenic bacteria and fungi.

2. MATERIALS AND METHODS
2.1. Materials, reagents, bacterial strains and culture conditions

Fresh leaves of Vietnamese thyme were collected from the cultivated plants during April
and May 2018 in Dai Yen village, Doi Can, Hanoi. The samples were collected and preserved
according to the method of Trang et al. [8]. Plants were confirmed as Thymus vulgaris L. at the
Department of Plant, Faculty of Agronomy, Vietnam National University of Agriculture.
Mueller-Hinton broth (MHB), commercial standard discs (¢ = 6 mm) and other discs were
purchased from Becton, Dickinson and Company (New Jersey, USA). DPPH and MeOH were
imported from Sigma-Aldrich, USA (Sigma-Aldrich, St. Louis, MO, USA). All other reagents
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were of the highest commercial grade available. Milli-Q water or sterilized water was used in all
procedures.

Seven food-related species: Escherichia coli ATCC 25923™ (E.coli), Bacillus cereus
ATCC 13061™ (B. cereus), Staphylococcus aureus sub sp. ATCC 25022™ (S, aureus),
Salmonella Typhimurium ATCC 14028 (S. Typhimurium), Candida albicans ATCC 10231 (C.
albicans), Rhizoctonia solani, Fusarium oxysporum obtained from the American Type Culture
Collection were used in this study. All strains were grown on MHB agar plates supplemented
with 1.4 % agar and incubated at 37 °C under aerobic conditions for 24 hrs.

2.2. Essential oil preparation

One hundred g of fresh thyme leaves were cut into 1 cm pieces and then transferred
immediately into a Clevenger-type apparatus, to which 400 mL of deionized water was added.
The essential oil was obtained by distillation for 3 hrs according to the Vietnamese standard
TCVN 7039:2002, its physical properties were determined according to TCVN 8450:2010. The
essential oils were preserved in a sealed vial at 4 °C.

2.3. Assay for antimicrobial activity

Using the filter paper disc diffusion method on MHB agar plate, the bacterial growth
inhibition by EO was assessed. Sterile standard discs (9= 6 mm) containing essential oils were
placed on the MHB agar plates previously spread with 0.1 mL of bacterial suspension (cell
density = 10° CFU/mL) in MHB liquid medium. The plates were kept in the refrigerator for 4
hrs for the diffusion of EO in the plate and incubated at 37 °C for 24 hrs under aerobic
conditions. The diameters of the zones of inhibition were measured and recorded in millimeters
and the values were given as the average of three replicates at least. The inhibition zones were
measured and recorded in millimeters. An inhibition zone greater than 6 mm is defined as
antibacterial active [8].

The minimum inhibitory and bactericidal concentrations (MICs and MBCs) were
determined by microbroth dilution assay in 96-well microtitre plates, according to the previous
report [9]. EO is dissolved in sterile water containing 0.5% Tween 80 to achieve the final
concentration ranging from 0.39 pl/mL to 50 pl/mL. Each well (200 pl) contained 20 pL of
sample; and 20 pl of bacterial suspension (10° CFU/mL) and 160 pl of MHB medium. After
incubation at 37 °C for 24 hrs, the optical density was measured at 600 nm using an Elisa reader
(Bio-rad Model 680, Japan). The MIC was determined as the lowest concentrations showing no
growth. The MBCs were determined by spreading 10 ul of the culture on MHB agar plate,
followed by inoculation at 37 °C for 24 hrs. The lowest concentration with no visible growth was
defined as the MBC, indicating death of 99.5% of the original inoculums. All tests were
performed in triplicates.

2.4. Preliminary evaluation of antioxidant evaluation with 1,1-Diphenyl-2-Picrylhydrazyl
(DPPH)

DPPH measurements were used based on the method of Brand-Williams and co-workers
and Lee and co-workers [10, 11], in which the determination of antioxidant potency is based on
the scavenging activity of the stable DPPH free radical. DPPH was mixed with methanol to form
a 0.25 puM solution. Trolox mixed in methanol 80 % with concentrations of 31.25 -500 pg/mL,
using as the positive control. To conduct the experiment, the sample was dissolved in methanol
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80 %. Then, 180 pL of the prepared DPPH solution was added to 120 pL of the sample solution.
The resultant was shaken, and stored in darkness at 30 °C for 30 min. The pigment solution was
obtained by adding 180 uL of 80 % MeOH solution to 120 pL of the sample solution (120 uL).
For the blank solution, instead of the sample, 120 pL of 80 % MeOH solution was used. The
absorbances of the solutions were measured at 517 nm. Each experiment was repeated 3 times to
calculate the average. The percentage of DPPH radical scavenging was calculated according to
the following formula: DPPH (%) = [ODb—(ODs—0Dc)] /ODb, where ODb is the optical density
of the blank sample; OD:s is the optical density of sample; ODc is the optical density of pigment;
and IC50 value was calculated by the graph of % inhibition.

2.5. GC-MS analysis

Volatile compounds of the EO were analyzed by GC-MS QP 2010 (Shimazu, Japan)
equipped with a flame-ionization detector (FID). An DB-5 capillary column (30 m x 0.25 mm
i.d., and 0.25 pm) was used. The oven temperature was maintained at 60 °C for 4 min, increased
to 230 °C at the rate of 3 °C / min and then held for 15 min. The injector and detector
temperatures were set at 200 °C and 230 °C, respectively. Helium was used as the carrier gas at a
flow rate of 1.5 mL/min. Each compound was identified by the agreement of mass spectrum
with those of the authentic compound in the GC-MS library (Willey, Chemstation).

3. RESULTS AND DISCUSSION
3.1. Volatile components in the essential oil from thyme
After 3 hrs of distillation, the EO of thyme leaves with deep yellow color and typical flavor
was obtained. Its physical properties were determined according to the respective Vietnamese

standards. The result was shown in Table 1.

Table 1. Physical properties of EO from thyme leaves.

Properties Density at 20 °C (g/mL) Acid index (mg KOH/qg) Ester index (mg KOH/q)
Values 0.887 4.675 4.203

The relative peak area of each compound to the total peak area (%) is expressed in Table 2.
Agreement of the mass spectra in the GS-MS library enabled 26 compounds to be identified as
the volatiles in the essential oil of thyme leaves. The results showed that thymol (39.79 %) was
the principal component; cymene and y-terpinene were the second and third major compounds in
this essential oil, accounting for 13.45 % and 17.33 % of total peak area, respectively. These
findings are quite in agreement with those of the previous study in which thymol was the major
component of EO of Thyme leaves from Romania [5], Brazil [6] and India [7], accounting for
30.82 %, 44.7 % and 61.63 % of total peak area, respectively. On the other hand, some authors
also reported cymene as the major compound of the EO from Romania and India with 30.53 %
and 11.28 % of total peak area; however this component only played a minor role (0.1%) in the
EO obtained from Brazil thyme leaves. Furthermore, y-terpinene proportions in thyme essential
oil of Viet Nam, Brazil and India were quite high (13.45 %), but were absent in Romanian
leaves. The different contents in the EO thyme leaves may reflect variations due to origin,
geographical location, etc.
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Table 2. Volatile compounds identified in the essential oil obtained from thyme leaves.

No. Compounds Relative area” (%)
1 2 — hydroxyl isobutyric acid 0.41
2 o - thujene 0.44
3 o — pinene 5.02
4 camphene 0.29
5 S — pinene 0.43
6 1-octen-3-ol 1.06
7 S — myrcene 1.62
8 o — ocimene 0.85
9 0 — 2—carene 1.35
10 cymene 17.33
11 limonene 0.66
12 1,8 —cineole 0.90
13 y-terpinene 13.45
14 (2) — p — terpineol 1.07
15 linalool 3.87
16 camphor 0.51
17 borneol 1.21
18 4 —terpineol 0.59
19 (2) - thymol methyl ether 0.49
20 (E) - thymol methyl ether 0.23
21 | thymol 39.79
22 carvacrol 1.94
23 junipene 0.42
24 f — caryophyllene 4.17
25 germacrene D 0.36
26 caryophyllene oxide 0.41

* Peak area relative to the total peak area (%) on GC-MS with DB-5 column.
3.2. Antimicrobial activity of Vietnamese thyme EO against food-borne bacteria and fungi
Vietnamese thyme EO had been found to have a good antimicrobial activity against various
bacteria and fungi (Table 3). Thyme EO showed the antibacterial effect against all the tested

pathogenic strains, with the inhibition zones being 23.3 £ 0.4 mm, 24.7 + 0.4 mm, 29.0 + 0.7
mm, 32 £ 0.7 mm in diameter against B. cereus, E. coli, S. Typhimurium, and S. aureus,
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respectively (Table 3). Similar results were also obtained with Serbia thyme samples against B.
cereus, E. coli, S. Typhimurium and S. aureus by Boskovica et al. [12]. The Viethamese thyme
EO was found in this study (Table 2) to be a variable mixture of 26 active compounds. The most
dominant of all identified compounds of thyme EO were thymol (39.79 %), cymene (17.33 %)
and y-terpinene (13.34 %). The composition and active ingredients of EO are greatly influenced
by genotype, environmental factors including geographical conditions, nature of soil,
temperature, season of collection and harvesting plant, and more importantly, the oil extraction
procedure. Although differences in components were found in Viethamese Thyme EO upon
comparison with Serbian Thyme EO (thymol (50.48 %), followed by p-cymene (24.79 %),
linalool (4.69 %), the strong antimicrobial activities against pathogenic bacteria were very
similar. From these results, thyme EO showed potential activities against both Gram positive and
Gram negative tested bacteria. Thymol (2-isopropyl-5-methylphenol) is a monoterpene phenaol,
and was found to be the most effective against both Gram negative and Gram positive bacteria
[13]. Thymol-rich essential oils have been evaluated for their possible benefits in medical
applications. In the field of food technology, Mexican Thyme (0.1 %) and Mexican lime (Citrus
aurantifolia) (0.5 %) oil reduced disease incidence in papaya fruit [14], extended the storage life
of banana by up to 28 days and reduced fungal disease incidence in banana [15]. The
antimicrobial activity of cymene was also used as a novel means of controlling Escherichia coli
0157:H7 in un-pasteurised apple juice [16]. The results in this study indicated that Viethamese
Thyme EO could be applied as an antimicrobial reagent in food preservation. Several authors
have been investigating the mechanism of antimicrobial activities of EO against pathogenic
bacteria. EO and their components showed activities against a variety of targets, particularly the
membrane and cytoplasm, and even changed the morphology of the cells, which enhanced its
incorporation into the cell membrane, resulting in degradation of the cell [3]. Garcia-Salinas et
al. [17] also cited bacterial membrane disruption as the bactericidal mechanism exerted by
Thymol in the EOs.

Table 3. Antimicrobial activity of Vietnamese thyme essential oil against food-borne bacteria.

No. Bacteria and fungi strains Gram Average diameter of inhibition zone (mm)*
used 5 pl of EO after three trials
1 B. cereus + 23.3+0.4
2 S. aureus + 32.0+0.7
3 E. coli - 24704
4 S. Typhimurium - 29.0 0.7
5 Candida albicans 441%0.1
6 Rhizoctonia solani 323%0.1
7 Fusarium oxysporum 23.2+0.1

" Diameter of each disc was 6 mm and the inhibition circle representing more than 6 mm is defined as
anti-bacterial active; Values are the mean of triplicates at least.

Results of antifungal activity of the thyme EO are shown in Table 3. The essential oil also
showed antifungal activities against three important pathogenic fungi such as Candida albicans,
Rhizoctonia solani and Fusarium oxysporum (Table 3) with the inhibition zones ranging from
23.2 to 44.1 mm. The strongest antimicrobial activity was found against Candida albicans with
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inhibition zones of about 44.1 mm in diameter, followed by Rhizoctonia solani (32.3 £ 0.1 mm).
Candida albicans is the most common human fungal pathogens, ranked as the fourth-greatest
cause of nosocomial bloodstream infections, while Fusarium oxysporum is responsible for skin
invasion [18]. Similar results of the thyme EO’s antifungal activity against C albicans isolated
from patients with denture stomatitis were also reported [19].

Curiosity about essential oils that can act as antimicrobial agents is growing because of the
broad range of activities, natural origins, and generally recognized as safe (GRAS) status of
essential oils [20]. The results of this study clarified that the addition of natural antimicrobial
substances such as Vietnamese thyme EO provides a potential new route to ensure safety and
extend the shelf-life of food.

3.3. Killing effects of EO against pathogenic bacteria

Vietnamese thyme EO exhibited inhibition activities and bactericidal activities against all
tested pathogenic strains (Table 4). To determine the bactericidal activity of this EO against
pathogenic bacteria, killing experiments were performed in the presence of 2 x MIC to 64 x MIC
of thyme EO. The bactericidal effects of thyme EO, a reduction of more than 10*° CFU mL™ of
culturable cells, were mainly observed after 24 hrs of incubation for all isolates at a
concentration of 100 pl/mL. The bactericidal behavior of this EO did not differ significantly in
all isolates. The MIC and MBC values of thyme EO against Bacillus cereus, Staphylococcus
aureus and Escherichia coli were 1.56 pl/mL and 3.13 pl/mL, respectively. In most cases,
considering the ratio MBC to MIC was < 4, the majority of EO were bactericidal against the
tested strains. The results indicated that Vietnamese thyme EO showed strong inhibition and
bactericidal effect against food-borne bacteria.

Table 4. Killing ability of EO of thyme against food-borne bacteria.

Bacteria strains Gram MIC (ul/mL) MBC (ul/mL)
B. cereus + 1.56 3.13
S. aureus + 1.56 3.13
E. coli - 1.56 3.13
S. Typhimurium - 1.56 1.56

In another study, Deans et al. [21] found that the susceptibility of Gram-positive and Gram-
negative bacteria to plant volatile oils had little influence on growth inhibition. The structure of
the Gram- positive bacteria cell wall allows hydrophobic molecules to easily penetrate the cells
and act on both the cell wall and within the cytoplasm. It is often reported that Gram-negative
bacteria are more resistant to plant-based essential oils because of the differing structures of the
cell walls of Gram-negative and Gram positive bacteria [22]. However, Vietnamese thyme EO
did not show much difference in antimicrobial activity between Gram-positive and Gram-
negative food-borne bacteria. The difference in the antimicrobial activities of EO depended on
the composition of EO. Similar results were also obtained for Iranian thyme (MIC from 1.9 to
3.6 pg/mL). However, Vietnamese Thyme EO showed stronger antimicrobial activities against
both Gram-positive and Gram-negative bacteria [19].
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The results obtained in this study strongly indicated that Vietnamese thyme might be the
candidate to develop natural antibiotics and disinfectants to control infective agents in food. The
bacteria studied above are considered to be the most common pathogen causing outbreaks of
food poisoning and food-spoilage [23, 24]. Thus, thyme EO could be used as a natural source for
food preservative to reduce, substitute, or avoid chemical preservatives.

3.4. Preliminary evaluation of antioxidant activity of thyme EO

The free radical inhibition percentage of thyme EO and the control sample were shown in
Fig. 1. When the EO sample was prepared at a concentration from 1563 to 2500 pg/mL, the 1Cs
of the tested sample was 1020.05 pug/mL This results were similar with the study cited as [25], in
which the antioxidant activity of thyme EO at a range of concentration from 60 to 2500 pg/mL
was reported with the value of 1Cspat 1377 £ 1.70 pg/mL. In another study [26], T. Kulisic et al.
reported that I1Cs, of thyme EO was 300 pg/mL, lower than that of our result.

3 P (#h)

<y < LY &l

Control sample concentration pg/ml Thyme EO concentration pg/ml

Figure 1. The free radical inhibition percentages of Thyme EO and control samples.

4. CONCLUSION

The growing tendency for replacing synthetic additives with natural ones has brought about
great interest in the evaluation of antimicrobial properties of the plant products because of their
relatively safe status, wide acceptance by consumers, and their exploitation for potential
multipurpose functional use. To the best of our knowledge, this is the first report on the chemical
composition, antioxidant and antimicrobial activities of Vietnamese thyme (Thymus vulgaris L.)
EO. Vietnamese Thyme EO contained 26 individual components with three main bioactive
compounds, which are thymol (39.79 %), p-cymene (17.33 %) and y-terpinene (13.45 %). Data
presented in this study revealed strong in vitro antimicrobial activity of Vietnamese Thymus
vulgaris EO against food pathogen and food borne bacteria including Gram — positive, Gram —
negative, and fungi with the inhibition zone ranging from 23.3 to 44.1 mm; low MIC and MBC
values (1.56 pl/mL and 3.13 pl/mL). The results of this study also showed the antioxidant
activity of Vietnamese thyme EO and suggested that this EO could be used as a natural source
for food preservative to reduce, substitute, or avoid chemical preservatives.
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