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Abstract

The purpose of this study was to evaluate the antioxidant properties and total phenolic content of a dairy product (yogurt)
supplemented with Thymus willdenowii (synonym: Thymus hirtus) essential oil. The evaluation of the antioxidant and
antibacterial activities of the oil against food spoilage bacteria and lactic acid strains was also assessed. The chemical
composition of the oil was obtained by GC/MS. The evaluation of the antioxidant activity of a fortified yogurt with this oil
was assessed by Oxygen radical absorbance capacity test (ORAC). The main component of the oil was Linalool (89.55%).
DPPH, and Ferric reducing power revealed a weak antioxidant activity (IC5,>1600 pg/mL, >800 pg/mL respectively)
while a moderate activity was obtained with ABTS and CUPRAC tests (38.06+0.30, 56.15+1.07 ug/mL respectively).
A high concentration of the oil is needed to delay the inhibition of the P-carotene (>800 ug/mL). Thus, a strong anti-
bacterial activity was observed against the pathogenic strains with the high inhibition diameter for B.cereus ATCC10876
(31.75+1.50 mm) while a weak effect was observed against lactic acid bacteria. A significant decrease in the antioxidant
potential of non-supplemented yogurt was observed from day 1 to 21 while there was no significant difference in ORAC
of supplemented yogurt with the oil. The maximum of total phenolic content was observed in day 21 of cold storage
(252.92+3.01 pg GAE/mL of yogurt). The essential oil studied could be an effective natural additive to yogurt avoiding
the use of synthetic preservatives.

Keywords Thymus willdenowii - Essential oil - Antibacterial activity - Antioxidant activity - Yogurt - Total phenolic
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Introduction

Several food products are naturally perishable and require
various processing techniques to ensure a high quality and
extend their shelf-life [1]. Aromatic and medicinal plants
and their essential oils (Eos) have been widely used from
long time in human history in order to preserve perishable
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Algeria [2]. In spite of their flavoring properties, they have been
used in medicine regarding to their biological properties [3]
including antioxidant, antibacterial and antifungal activities
[4-6]. Eos are a mixture of secondary metabolites with wide
activities, which can be mediated by single compounds or
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predators and microbial pathogens, as well as involvement
in defense mechanisms against abiotic stress [7] or bacterial
invasions [8]. According to available papers and patents,
Eos seem to be a potential alternative to synthetic com-
pounds, especially in the case of the resistance of pathogenic
microorganisms [9]. Therefore, the interest for food pro-
cessors and consumers in antibacterial preservatives from
plant origin, such as Eos, is increasing and attracted many
researchers to investigate the potential biological activities
and production of safe food without synthetic compounds
[10]. Among studies carried these last few years, the interest
in preserving dairy products from food spoilage microor-
ganisms by natural preservatives and elevating their antioxi-
dant activities, have been observed [11]. The dairy industry
represents the most diversified dairy sector worldwide and
the most developed, leading to the innovation and creation
of targeted dairy formulations [12]. In recent years, several
studies focused on the importance of the substitution of syn-
thetics preservatives, generally not safe for human health,
by natural products in order to fight several diseases [8]. The
Intake of antioxidants in the form of antioxidative supple-
ments of foods rich in antioxidants may protect the body
from oxidative stress and damage and milk is known to be
rich in antioxidant components such as polyphenolic metab-
olites, sulfur containing aminoacids, vitamins A, E, enzyme
systems [13]. In fact, Thymus willdenowii belonging to the
Lamiaceae family is an important ornamental, medicinal,
and aromatic plant which produces essential oils that are
used in traditional and modern medicine and as a healthy
additive for food enrichment due to its beneficial effects for
prevention of certain diseases [14]. Thymus genus are gen-
erally propagated in the Mediterranean area [15, 16] as one
of the important genus in some species in the Lamiaceae
family including around 360 species of aromatic plants with
evergreen leaves and geographically present in Asia, North
Africa, and Europe [17]. It has already been reported in pre-
vious studies that the essential oil of Thymus plant has anti-
oxidant and antimicrobial properties [17-19], and classified
as generally recognized as safe (GRAS) by the Food and
Drug Administration (FDA) [20]. The present work deter-
minates the chemical composition of the essential oil of
Thymus willdenowii (TwEo) and explore the, in vitro, anti-
oxidant and antibacterial activities by namely DPPH, ABTS,
CUPRAC, Ferric reducing power and -carotene bleaching
test for antioxidant tests and disc diffusion assay for anti-
bacterial tests. The total phenolic content was assessed for
the Eo and a supplemented yogurt with this oil. Therefore,
the other objective was, in the same way, evaluating the
antioxidant capacity of the yogurt supplemented with TiwEo
by Oxygen Radical Absorbance Capacity (ORAC) test. The
objective is to determine whether the addition of the oil to
the fermented milk has improved the antioxidant potential

and total phenolic content of the final product and the oil.
The incorporation of this oil in fermented milks aims to
obtain a functional food with natural flavouring agents and
preservative in order to procure beneficial effects for human
health.

Material and methods
plant materials

The aerial parts of Thymus willdenowii (Thymus hirtus) was
collected in Blida (Western region of Algiers, Algeria) dur-
ing the flowering phase (May-August 2018). Dr. Mohamed
Sebti (University of Jijel, Algeria) identified the plant and
a Voucher was deposited at the herbarium of the Biotech-
nology and food quality laboratory in the Institute of the
Nutrition, Food, and Agri-Food Technologies (INATAA),
University of Mentouri Brothers - Constantinel, Algeria.
(Voucher specimen No. Tw-L1/18).

Extraction of the essential oil (EO)

The essential oil was extracted from the dried leaves of the
plant by hydrodistillation using a Clevenger type apparatus.
Extraction was carried out for 3 h using 100 g of the dry
matter soaked in distilled water (1000ml). Residual mois-
ture in the resulting Eo was removed by adding anhydrous
sodium sulfate (Na,SO,) and stored in amber vials at 4 °C
for further analysis. The yield of extraction was calculated
using the following equation:
Yield%= (Mass of Eo/Mass of dried plant)*100.

Gas Chromatography-Mass Spectrometry
(GC/MS)

In the Science and Technology Application and Research
Center, Siirt University, Turkey, the qualitative and quan-
titative analysis of the oil was carried out on a GC associ-
ated with a Thermo Scientific Trace 1310ve ISQ LT Single
Quadrupole mass spectrometer. The separations were car-
ried out in DB-Wax capillary columns (60 m 0.25 mm
LD, 0.25 mm, TG-WAX-MS). Helium was used as the
carrier gas (1.2 ml/min CF) and the oven temperature was
programmed as follows: the initial temperature was set at
60 °C and held for 6 min, then increased to 230 °C with a
heating rate of 3 °C/min and maintained at this temperature
for 30 min. The temperatures of the ion sources were set
at 250 °C. The mass spectra were recorded over the mass
range 50-550 amu. The sample volume was 10uL pre-
pared in chloroform (1:15, v/v), and injected in split mode
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(1: 5) [21, 22]. Compounds were identified referring to the
libraries Wiley 7, NIST DEMO, WinMain, Wiley 9, Replib,
Mainlib and Winrep.

Antioxidant activities of the oil

DPPH free radical scavenging activity of the
EO

The capacity of TwEo to scavenge DPPH radicals was
evaluated as previously described by Blois [23]. 160uL of
a methanolic solution of DPPH (1 mM in methanol) was
mixed in a microplate with 40 uL of TivEo at different con-
centrations ranging from 25 to 1600 pg/mL. The microplate
was kept in the dark for 30 min and the absorbance was
measured at 517 nm. The standards butylhydroxyanisole
(BHA), butylhydroxytoluene (BHT) and a-tocopherol were
tested in parallel as positive controls. The following equa-
tion was used to calculate the inhibition rate of the DPPH
radical:

DPPH inhibition (%) = [(absorbance control - absor-
bance sample) / absorbance control)] x 100.

The concentration inducing a reduction in the absorbance
of the initial solution of DPPH by 50% defined as ICs, was
determined from the regression curve.

ABTS Radical Cation Scavenging Activity
assay

The ABTS™ trapping activity was determined according to
Pellegrini et al. [24]. The ABTS™ radical was generated by
the reaction between 7 mM of ABTS in water and 2.45 mM
of potassium persulfate and the mixture was stored in the
dark at room temperature for 12-16 h. The ABTS™ solution
was then diluted with distilled water to obtain an absorbance
0f 0.7+0.025 at 734 nm. In a 96-well microplate, 160 pL of
ABTS™ were added to 40 pL of each dilution of essential
oil made in ethanol at final concentrations ranging from 25
to 1600 pug/ mL and left to react for 10 min. Before that, the
absorbance is read at 734 nm. BHA, BHT and a-tocopherol
were used as antioxidant standards for comparison. The
results were given as 50% inhibition concentration ICs, (ng/
mL).
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Cupric reducing antioxidant capacity
(CUPRAC) assay

The essential oil was assessed for its capacity to reduce cop-
per ions following the cupric reducing antioxidant capacity
assay as reported by Apak et al. [25]. In a 96-well micro-
plate, 50 uL of copper (II) chloride solution (0.01 M), 60
puL of ammonium acetate (1 M) and 50 pL of neocuproine
(0.0075 M) were mixed to 40 uL of the different concentra-
tions (25 to 1600 pg/ mL) of the Eo or standards (BHA and
BHT). The microplate was incubated for 1 h at room tem-
perature, and the absorbance was then recorded at 450 nm.
The results were given as A, 5 (ug/mL) corresponding to the
concentration indicating 0.50 absorbance.

Ferric reducing power assay

Reducing power was carried out using the method described
by Oyaizu et al. [26] with some modifications. In a 96-well
microplate, 10 pL of the sample at different concentrations
(12.5-800 pg/mL) were mixed with 40 uL of sodium phos-
phate buffer (0.2 M, pH 6.7) and 50 pL potassium ferricya-
nide solution [K3Fe (CN),] (1%) and incubated for 20 min
at 50 °C. After cooling to room temperature, 10uL ferric
chloride (FeCl;, 0.1%), 50pL trichloroacetic acid (10%),
and 10uL of water were added to the reaction. The absor-
bance was immediately recorded at 700 nm. Trolox and
ascorbic acid were used as antioxidant standards.

B-carotene bleaching assay

The B-carotene/linoleic acid bleaching assay was con-
ducted according to the method reported by Marco et al.
[27]. This method is based on the loss of the yellow color
of B-carotene due to its reaction with radicals resulting from
the linoleic acid oxidation in an emulsion. The -carotene/
linoleic acid emulsion was prepared by dissolving 0.5 mg
of B-carotene in 1 mL of chloroform, to which were added
200 pL of Tween 40 and 25 pL of linoleic acid. The chlo-
roform was therefore removed using a rotary evaporator.
The obtained residue was dissolved in hydrogen peroxide
(H,0,) to provide a yellowish solution, the absorbance of
which was adjusted to 0.8 at 470 nm. Then, in a 96 well
microplate, 160 uL of the emulsion was added to 40 uL of
EO and reference antioxidants (BHA and BHT) at different
concentrations. The absorbance at 470 nm was read at 0 min
and after 120 min incubation at 50° C. The percent inhibi-
tion was calculated by the following equation:

19%= 1-((A1=0)~A =120y A0 1=0)A0(=120)) *100.

1%: percentage of inhibition.
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Aoy and Ay correspond to the absorbance of the
reaction medium containing samples at t=0 and 120 min
respectively. A0y and AQ_, are of the absorbance of
the negative control without samples at t=0 and 120 min,
respectively.

Antibacterial activity
Microbial strains

Escherichia coli ATCC25922, Staphylococcus aureus
ATCC25923, Bacillus cereus ATCC10876, Salmo-
nella enteritidis ATCC13076, Pseudomonas aeruginosa
ATCC27853, Lactobacillus rhamnosus ATCC 53,103 were
provided by the Biotechnology research center (Constan-
tine, Algeria). Lactobacillus bulgaricus and Streptococcus
thermophilus (Thermophilic yoghurt culture CHR Hansen
—YoFlex YC-X16, freeze dried lactic culture for direct Vat)
were gently provided by GIPLAIT Constantine, (Algeria) a
dairy industry factory.

Disc diffusion method

The essential oil was preliminarily screened for antibacte-
rial activity using the disc diffusion assay according to Rota
et al. [19]. After growing in 10 mL Muller Hinton broth
(MHB) medium for 18 h at 37 °C, the pathogenic strains sus-
pensions were standardized to approximately 10°CFU/mL
with sterile saline solution (0.85%). Next, 100 pL of the
adjusted suspensions were spread over Mueller-Hinton agar
previously poured in petri dishes using a sterile cotton swab.
A sterile filter paper disk (Whattman N°1. 6 mm diameter)
containing 10 pL of the Eo was deposited on the inoculated
agar. After incubation at 37 °C during 24 h, the antibacte-
rial activity was expressed as the inhibition zone diameter
expressed in mm.

The sensitivity of the three lactic acid bacteria (LAB) to
the Eo was carried out following the same method described
above using Man, Rogosa and Sharp (MRS broth) and
(MRS agar) mediums for L. bulgaricus and L. rhamnosus.
(M17 broth) and (M17 agar) were used for S. thermophilus
at 37 °C for 48 h. The bacterial inoculums were standard-
ized using MRS and M17 broths and the bacterial charge
was adjusted to approximately 10° CFU/mL corresponding
to a DO of 0.9 at 600 nm.

Determination of the Minimum Inhibitory
concentration (MIC) and Minimum Bactericidal
Concentration (MBC) of the EO

The minimum inhibitory concentration was determined
using the microdilution method on a 96-well microplate [5,
28]. Twice serial dilutions ranging from 0.1 to 50 pL/mL
were prepared in a sterile microplate using dimethyl sulf-
oxide (DMSO) as a solvent. Then, 160 pL of MHB or MRS
or M17 inoculated with 20 pL of the standardized bacte-
rial suspension were added to each well. Controls contain-
ing only the bacterial suspension in the corresponding broth
or containing only the culture medium were carried out in
parallel. The microplate was incubated at 37 °C for 24 h for
the pathogenic bacteria and at 37 °C for 48 h for the LAB.
The MIC corresponding to the lowest dilution at which no
bacterial growth is observed (absence of cloudiness) was
determined visually.

The minimum bactericidal concentration (MBC) was
determined by transferring 5 uL from each well showing no
growth to MH agar medium for pathogenic strains and to
MRS or M17 agar for LAB as mentioned before, which will
then be incubated at 37 °C for 24 h or 48 h. The MBC cor-
responds to the lowest dilution showing no bacterial growth
visually determined by the absence of colonies.

Yogurt manufacture

Yogurts samples were manufactured in the Food Biotech-
nology department in the Biotechnology research center
(Constantine, Algeria). A 14% (w/v) skim milk was gently
provided by the local dairy industry GIPLAIT (Constantine,
Algeria). 40 g/L of milk powder were added to the skim
milk with 40 g/L of sugar and then heat treated at 95 °C for
15 min and cooled to 45 °C [29]. The starter culture (Lacto-
bacillus bulgaricus, Streptococcus thermophilus) provided
by the same industry were used to inoculate the milk fol-
lowing the manufacturer recommendations. At this stage,
the TwEo was added to the mixture at the concentration of
25uL/L and mixed. Fermentation was carried out at 45 °C
for 4 h. The mixture was finally cooled at 4 °C during the
whole period of cold storage of 28 days.

Preparation of Water-Soluble extracts (WSE) of
control and supplemented yogurt with (TEo)

In order to obtain the Water-soluble extracts, 10 mL yogurt
samples (non-supplemented NSY and supplemented yogurt
SY) were centrifuged at 5,000 x g at 4 °C for 20 min follow-
ing by a filtration through a membrane filter (0.45 nm) and
then used to measure the antioxidant activities and total phe-
nolic content at days 1, 7, 21, 28 of cold storage at 4 °C [30].

@ Springer



3572

K. Benguedouar et al.

Determination of total phenolic content of TwEo
and Yogurt samples (NSY and SY)

The total polyphenol content was determined using the
Folin-Ciocalteu reagent method [31] according to a micro-
plate assay method described by Muller et al. [32]. Briefly,
20 pL of a 1 mg/mL of TwEo in Methanol or WSE were
added to 100 uL of Folin Ciocalteu reagent (1:10) and 75
pL of Na,CO; in a 96 well microplate. Then, the samples
were incubated in the dark for 120 min at room tempera-
ture. A blanc was prepared by methanol or distilled water
for Eo and WSE respectively. Finally, the absorbance was
measured at 765 nm with a microplate reader. The concen-
tration of total phenolics was calculated based on a standard
curve of gallic acid. The results were expressed as pg of gal-
lic acid equivalent (GAE) per mL of sample (ug GAE/mL).

Antioxidant activities of WSE of yogurt samples by
Oxygen Radical Absorbance Capacity (ORAC)

Antioxidant activities of the SY and NSY extracts were
examined for their peroxyl and hydroxyl radical scav-
enging capacities, using the oxygen radical absorbance
capacity (ORAC) assay system [33—-35]. A Microplate fluo-
rescence reader (Perkin Elmer, Enspire) was used with the
wavelength 485 nm excitation and 538 nm emission. The
assay observes over time the decay of the fluorescein (FL)
(3°,6’-dihydroxy-3 H-spiro(2-benzofuran1,9’-xanthen)-3-
one) (Sigma-Aldrich CASNumber: 518-47-8) (fluorescent
probe). For this purpose, 25 pL of WSE of SY and NSY were
placed into a black 96 well microplate. 25 uL of fluorescein
(44,782 uM) were added and the mix was incubated at 37 °C
for 20 min before adding 200 pL of AAPH (122,499mM)
(2,2’-azo-bis  (2-methylpropionamidinedihydrochloride)

Table 1 Essential oil composition of aerial parts of TwEo harvested in
Blida, Algeria

Compound RT RI RI;  Area%

CXp

1 Linalool L 15,55 1080 1082 89.55
2 Endo-Borneol 17.25 1145 1148 0.49
3 a- Terpineol 19.55 1170 1172 0.6

4 Linalyl acetate 22.73 1230 1232 1.74
5 Carvacrol 2443 1268 1275 5.6

6 Caryophyllene 29.85 1422 1424 2.01
Total 99.99
Oxygenated monoterpenes : (No : 1, 2, 3, 5) 96.24
Sesquiterpenes : (No : 6) 2.01
Others : (No : 4) 1.74

Bold values indicate the major compounds essential oil

RI exp =Retention indices calculated from n-alkane series (C8-C20)
in HP-5 capillary column,

RI lit=Retention indices of literatures

RT =Retention times
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(Sigma-Aldrich CASNumber: 2997-92-4) as a peroxyl radi-
cal generator to initiate the reaction in a final volume of 250
pL. The fluorescence was recorded for 90 min. Trolox solu-
tions (5—40 uM) were used for defining the standard curve.
In this assay, the ability of 7wEo to protect fluorescein from
oxidation was monitored by its decay curve. ORAC values
were calculated by using the areas under the curves (AUC).
Results were expressed as micromoles of Trolox Equiva-
lents (TE) per mL of yogurt sample.

Statistical analysis

Data were expressed as means + standard deviation of three
samples repetitions. Statistical analysis was performed with
GRAPHPAD Prism 6. Differences were tested for signifi-
cance by using the ANOVA (analysis of variance) with a
significance level of p<0.05.

Results and discussion
Phytochemical study

The yield of the essential oil extracted from T willdenowii
harvested in Blida, Algeria, reached a value of 0.83%. This
value is much greater than that obtained by Bnina et al. [36]
(0.35%). However, 3% was the yield obtained for the same
plant in a previous study [36]. The main compounds con-
stituting the Eo identified by GC / MS are summarized in
Table 1. Six components representing 99.99% of the com-
position of the Eo have been identified. The L-Linalool
represented the dominant compound in the Eo (89.55%). In
addition, Carvacrol, Caryophyllene and Linalyl acetate are
present in the oil (5.62, 2.01, 1.74% respectively). Bnina et
al. [36] found that a-pinene, camphor and 1,8-cineole are
the dominant compounds of essential oil of T hirtus col-
lected in Monastir (Tunisia). Our result is consistent with
the previous study reported by Miguel et al. [37] which
also found that Linalool was the major compound in Por-
tuguese thyme while thymol and carvacrol were present at
low levels. Radi et al. [38] investigated Twilldenowii from
Morocco and found oxygenated monoterpenes (32.81%)
with the dominance of carvacrol (16.19%), geranyl acetate
(8.35%), caryophyllene oxide (6.90%), camphor (5.99%),
and (E)-caryophyllene (5.59%), However, recently, Zeghib
et al. [15] investigated Thymus Willdenowii Boiss. & Reut
(synonym: Thymus hirtus) growing in Bekira (Constantine,
North-East, Algeria) and yielding 1,8-cineole (34.62%),
camphor (18.55%), o-pinene (9, 46%) and camphene
(5.38%) as the main components among 44 compounds
representing 97.3% of the total oil. In addition, Guesmi et
al. [39, 40] studies are in concordance with our findings
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and reported the absence of thymol in Thymus hirtus sp.
algeriensis growing in Tunisia. The variation in the results
for the essential oil composition can be attributed to many
factors including the stage of development of the plant, the
part of the plant used, the extraction method and analysis
conditions, and the location of the harvest [41, 42]. We can
observe that the TwEo studied here is marked by the pres-
ence of (96.24%) of oxygenated monoterpenes.

Antibacterial activity

Table 2 summarizes the antibacterial activity of the TwEo
harvested in Blida, (Algeria) and expressed in terms of
zones of inhibition (Fig. 1), MIC and MBC. Among the
bacteria tested, B. cereus was the most sensitive to the oil
with an inhibition zone of 31.75+1.50 mm. The TwEo
exhibited also a powerful inhibitory effect against S. enter-
itidis. E. coli. and P. aeruginosa with inhibition zones of
27.75+0.50 mm. 27.5£0.58 mm and 26.5+0.58 mm.
respectively, while S.aureus presents an inhibition zone of
13.5+0.58 mm which indicates that this bacteria is more
resistant than the others. Eos are considered to be active
when they induce an inhibition zone greater than or equal
to 12 mm [43]. Our results are in concordance with the
study of Guesmi et al. [43], where the antibacterial activ-
ity of essential oil of T hirtus harvested in Tunisia revealed
strong inhibitory activity on E.coli (35-44 mm). The effect
of the essential oil on lactic bacteria was weak with inhibi-
tion zones ranging from 11.25+0.5 to 17.5+0.58 mm com-
paring to pathogenic bacteria. Bakirci [44] assessed some
herbs (Allium sp., Thymus sp., Anhriscus sp. and Ferule
sp.) on growth and acid production of thermophilic cultures
(Streptococcus thermophilus and Lactobacillus bulgaricus)
and conclude that there was no effect on bacterial count.
Factors determining antibacterial activity are the compo-
sition and functional groups present in active components
and their synergistic effect [45]. It is commonly believed
that the antibacterial activity of phenolic compounds within
essential oils, namely carvacrol is attributed to the hydroxyl
group contained on their structures. Lipid solubility of these
phenolics allows interaction between the antimicrobial and
the fatty acid dense microbial cell membrane [46].

Our results confirm what previous studies showed, oxy-
genated terpenoids such as alcoholic and phenolic terpenes
have more antimicrobial activity than the other constituents
[47]. The plant studied here presents the major compound of
Linalool (89.55%) which is an acyclic terpene alcohol and
5.6% Carvacrol which is a phenolic terpenoid, together con-
tribute to the disruption of the cell membrane increasing its
fluidity and permeability, disturbance of membrane-embed-
ded proteins, inhibition of respiration chain, and alteration
of ion transport processes as explained by Gann et al. [46].

Table 2 Antibacterial activity of TwEo

Inhibition MIC (uL/mL) MBC
zone (mm) (uL/mL)

E. coli 27.5+£0.58 1.56 1.56

S. enteritidis 27.75£0.50 >0.1 0.1

S. aureus 13.5+0.58 0.8 12.5

B. cereus 31.75+1.50 >0.1 12.5

P. aeruginosa 26.5+0.58 >0.1 1.56

L. bulgaricus 13.5+0.58 12.5 50

S. thermophilus 11.25+£0.5 6.25 12.5

L. rhamnosus ATCC 17.5+0.58 >50 >50

53,103

Despite their outer membrane, Gram — strains are the sensi-
tive to the oil, this is probably due to the presence of porins
in the membrane which allows the transport of macromol-
ecules and the constituents of the Eo can penetrate outer
the membrane by theses porin proteins and access to the
periplasmic and cytoplasmic space [48]. In recent years,
food industry developed a great interest in research on anti-
microbial compounds, which guarantee food safety and
microbiological quality and allows extending the shelf life
of food products. However, MIC and MBCs of LAB are
greater than those of pathogenic bacteria, we can conclude
that there was no great bactericidal effect of 7wEo on theses
LAB which are used in the manufacture of dairy products.

Antioxidant activity of TwEo

The, In vitro, assessment of the antioxidant activity of the
TwEo was conducted using five different methods. The
results are reported as ICs, or Absorbance 5.

The results obtained showed that the oil exerted a weak
scavenging effect against the radical DPPH translated by a
high value of IC5; (1600 pg/mL) represented in Table 3. For
all the concentration tested, the standards BHA, BHT and
a-tocopherol were the most effectives. Radi et al. [38] found
an ICy; 0 6.78 £0.30 ng/mL concerning the same plant cul-
tivated in Morocco. However, testing the Eo with ABTS test
gave a moderate effect with an ICs, of 38.06+0.30 pg/mL
comparing to the standards BHA, BHT and a-tocopherol
(1.29+£0.30. 1.81£0.10 and 13.02+5.17 respectively)
showed in Table 4. The different behaviors of the Eo on
DPPH and ABTS can be explained by the fact that the reac-
tion of antioxidants with DPPH radical is slow and occurs
over time unlike ABTS which is rapidly reduced [49].

The antioxidant action of the Eo was assessed also by
the reduction of copper ions (Cu’*) using the CUPRAC
test. As shown in Table 5, a high absorbance (2.64+0.10)
was recorded with TwEo at 1600 pg/mL. The concentration
of the oil which gave an absorbance of 0.5 is estimated to
be 56.15+1.07 pg/mL wich is greater than standards. On
the other hand, the capacity of the oil to reduce iron ions
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Fig. 1 Inhibition zones diameters in mm

was evaluated Table 6, the Eo at the high concentration
used (800 pg/mL) showed a slight increase in absorbance
(0.30£0.01) but this result is considered as low comparing

to the standards (5.25+0.20 and 3.62+0.29 for Trolox and
ascorbic acid respectively). Inhibition of lipid peroxida-
tion by TwEo was assessed by the nonenzymatic B-carotene
bleaching test. The oxidation of linoleic acid leads to the
generation of free radicals which can attack the -carotene
in the absence of antioxidants and undergoes a rapid dis-
coloration (loss of orange color) resulting from the loss
of its double bonds. TwEo had lower antioxidant activ-
ity (>800 pug/mL) comparing to standards BHA and BHT
(0.91£0.01 and 1.05+0.03) as mentioned in Table 7.
Overall, the antioxidant effect exhibited by the essential
oil can be considered as weak and this may be related to its
composition with Linalool as the main constituent, which is
an acyclic terpene alcohol and previously reported to have
low antioxidant activity [47]. In addition, it was reported
a low antioxidant activity of 7. hirtus sp. algeriensis Eo
assessed using DPPH [15]. The attack of beta-carotene by

Table 3 DPPH free radical Scavenging effect of TwEo and the standards

DPPH

T. willdenowii Eo (ug/mL) 25 50 100 200 400 800 1600 ICs, (ug/mL)
na na na 0.30+0.92 547+1.53 12.00+1.08 20.56+0.53 >1600

Standards 12.5 25 50 100 200 400 800 ICs pg/mL

BHA 76.55+0.48 79.89+0.26 81.73+0.10 84.18+0.10 87.13+£0.17 89.36+0.19 90.14+0.00 6.14+0.41

BHT 49.09+£0.76 72.63+2.06 88.73+0.89 94.00+0.31 94.97+0.08 95.38+0.41 95.02+0.23 12.99+0.41

a-Tocopherol 37.21+1.82 81.53+1.51 89.23+0.12 89.38+0.19 89.45+0.22 89.99+0.23 89.52+0.33 13.02+5.17

Table 4 ABTS free radical Scavenging effect of TivEo and the standards

ABTS

T willdenowii Eo (ng/mL) 25 50 100 200 400 800 1600 ICs, (ng/mL)
37.12+1.43 62.69+0.83 88.26+0.19 91.44+0.44 91.88+0.25 87.65+0.00 81.89+1.43 38.06+0.30

Standards 12.5 25 50 100 200 400 800 1C5pug/mL

BHT 69.21+0.40 78.23+1.34 88.12+1.28 88.76+3.07 90.85+1.74 90.95+0.51 96.68+0.39 1.29+0.30

BHA 92.83+1.42 94.68+0.42 94.95+0.90 95.32+0.25 95.59+0.47 95.83+0.15 95.86+0.10 1.81+0.10

a-Tocopherol 37.21+1.82 81.53+1.51 89.23+0.12 89.38+0.19 89.45+0.22 89.99+0.23 89.52+0.33 13.02+5.17

Table 5 Cupric reducing antioxidant capacity (CUPRAC) of TivEo and the standards

CUPRAC

T. willdenowii Eo (ug/mL) 25 50 100 200 400 800 1600 Ay 5o (ng/mL)
0.32+£0.01 0.38+0.11 0.46+0.03 0.76+0.02 122+0.06 191+0.15 2.64+0.10 56.15+1.07

Standards 12.5 25 50 100 200 400 800 Ay s(ng/mL)

BHA 1.2+0.5 1.5+0.1 3.14+046 3.58+0.42 335+020 3.77+0.19 3.92+0.13 5.35+0.71

BHT 1.41£0.03 222+0.05 242+0.02 2.50+0.01 2.56+0.05 2.86+0.07 3.38+0.13 8.97+3.94

Table 6 Reducing power of TwEo and the standards

Reducing power

T. willdenowii Eo (ug/mL)  12.5 25 50 100 200 400 800 Ay s (ng/mL)
0.08+0.00 0.09+0.00 0.1£0.01 0.13+0.01 0.19+£0.03 0.22+0.01 0.30+£0.01 >800

Standards (pg/mL) 0.0976 0.195 0.390 0.781 1.562 3.125 6.25 Ays (ug/mL)

Trolox 0.07+0.00 0.08+0.00 0.09+0.01 0.13+£0.00 0.19+0.02 0.28+0.05 0.60+£0.04 5.25+0.20

Ascorbic acid 0.07+£0.00 0.09+0.01 0.12+0.01 0.17£0.01 0.25+0.02 0.47+0.03 0.79+0.09 3.62+0.29
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Table 7 Beta carotene/ linoleic acid bleaching test of TwEoand the standards

Extracts B-carotene linoleic acid bleaching assay

12.5 g 25 pg 50 pug 100 pg 200 pg 400 g 800 pg 1C5, pg/mL
T. willdenowii Eo (ug/mL) na na na na 37.75+1.84 4496+4.23 49.31+8.35 >800
BHT 88.29+0.10 91.70+£0.36 93.65+0.30 93.68+0.46 94.49+0.07 94.88+0.10 95.58+0.19 0.91+0.01
BHA 93.48+0.44 95.52+0.33 96.34+0.55 97.56+0.19 97.64+2.22 97.85+0.32 99.66+0.52 1.05+0.03

free radicals was delayed by TwEo but in a week capacity.
This result is in concordance with Zeghib et al. [15], the
same plant exhibited a weak antioxidant capacity which
may support our findings.

Total phenolic content of TwEo and supplemented
yogurt

The total phenolic content (TPC) assay showed a gradu-
ally increase in TPC in supplemented yogurt (p<0.0001)
from day 1 to day 21 and reached the maximum at day 21
(252.92+3.01 ug GAE/mL of yogurt) (Fig. 2). A slight

500 A
@
24001
£
a
< 300
-
£
= 200 b
< a - —
&}
=1
»

storage period (days)

Fig. 2 Total phenolic content of TwEo and Supplemented yogurt SY at
different days of storage (1, 7, 21, 28)

drop occurred from day 21 until day 28. Furthermore, the
Eo presented the highest value of total phenolic content
(407.65+13.08 ng GAE/mg of Eo). The presence of the
phenol monoterpenoid Carvacrol in 7iwEo may be related to
the obtained results in this study. Moreover, metabolic path-
ways of biosynthesis or degradation of phenolic compounds
by LAB have not been completely described [50].

Antioxidant activity of supplemented yogurt with
ORAC assay

It is known that the best way to extend the shelf life of the
milk is by fermentation [51]. Hence, Antioxidant activity in
yogurt is essential for enhancing the shelf life and inhibiting
the oxidation reactions in the human body [52]. However,
in this study the antioxidant capacity of the SY and NSY
yogurts with 7wEo was assessed by ORAC test and showed

Table 8 Oxygen radical absorbance capacity of NSY and SY yogurts
ORAC (uM Trolox Equivalents (TE)

per mL of yogurt)
Storage day NSY SY
1 221.10+6.49* 195.48+18.50 %
7 160.52+10.48 * 162.34+22.63°
21 157.66£15.41° 188.79+12.99°
28 193.66+1.47 % 197.10+£5.78 ¢

NYS: non supplemented yogurt with 7wEo
SY: supplemented yogurt
Values are given as means * standard deviation (SD)

Different values with different superscripts in the same column are
significantly different

250
200 —
150

100

BM Trolox eq/g Yogurt

Fig. 3 Antioxidant capacity of
yogurt samples with ORAC test
A.ORAC of supplemented 250 7
yogurt with (TwEo) (SY) a
B.ORAC of non-supplemented Z 2004 a
(NSY) 4 T
2 150
Z 1001
2 504
0- T
N A

storage period (days)

T 0- - T T

storage period (days)
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in Table 8. Our results conclude that there was no signifi-
cant difference in ORAC values from day 1 to 28 (p<0.05)
for SY (195.48+18.50, 162.34+22.63, 188.79+12.99,
197.10£5.78 puM Trolox Equivalents (TE) per mL of
yogurt respectively). For the NSY there was a highly sig-
nificant decrease between day 1 and the other days 7, 21, 28
(p<0.0001) as showed in Fig. 3. The ORAC assay is based
on H atom transfer mechanisms and measures the oxida-
tive degradation of a fluorescent molecule after being mixed
with free radical generators [53]. In this study, the loss of
antioxidant capacity in NSY may be explained by the lack
of added antioxidants compounds present in the essential
oil that constitute probably a good protection against a lipid
peroxidation as described in previous studies [54, 55].

Conclusion

The present work assessed the chemical composition, anti-
bacterial and antioxidant activity of Thymus willdenowii
essential oil and the evaluation of total phenolic content and
antioxidant potential of a supplemented yogurt with the oil.
According to the analyzed data, we can conclude that the oil
exhibited a strong antibacterial activity against pathogenic
bacteria which is an important aspect in agri-food industries,
this antibacterial potential is in relation with total phenolic
content of this oil studied also in this work. Moreover, the
definition of the MICs of lactic acid bacteria allows us to fix
the limits of the acceptable doses to incorporate into yogurt
following the MICs. These findings express an encourag-
ing way to substitute synthetic molecules or preservatives
used in dairy industries. This study allows us also to define
the antioxidant potential of a supplemented fermented milk
with this oil and this supplementation didn’t change the
antioxidant potential and stabilized it over the 28 days of
cold storage.
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