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Abstract

This study falls within the framework of industrial exploitation of the essential oil recovered from
Pituranthos scoparius. Chromatographic techniques, namely TLC, HPTLC, MHE-GC-FID-MS, GC X
GC, and GC-FID-MS have been used for the characterization, identification and quantification of
48 compounds, divided into three major terpene groups: monoterpenes, diterpenes, and oxygen-
ated compounds. The essential oil displayed an antioxidant activity, presented by a radical
scavenging activity and evaluated by the TLC-DPPH*® method. Tests conducted at laboratory scale
showed high protection from lipid oxidation of the spread emulsion, with an oxidative stability of
20.82 h. A sensory evaluation was carried out on emulsions incorporated with the essential oil.
The PCA analysis revealed the effect of some attributes on the segregation between the four
emulsions formulated. These data suggest that the essential oil of Pituranthos scoparius is a possi-

ble and promising candidate as a biopreservative at an industrial scale for food preservation.

Practical applications

Essential oil of Pituranthos scoparius is traditionally used in folk medicine as a remedy for several ill-
nesses. Its antibacterial properties are also exploited in the preservation of traditional cheese
making. Whey is a by-product of cheese and casein industries, still considered as a waste. Valoriza-
tion of this by-product in a whey spread emulsion is considered in the present work. Due to the
bioactive compounds contained in the essential oil (such as terpinen-4-ol), the essential oil exhibits
high antioxidant activity. As oxidation phenomena becomes a topical issue in fat and oil food
industry, natural plants containing essential oils with high antioxidant properties are considered as
good alternatives to synthetic antioxidants.

KEYWORDS
essential oil, monoterpenes, emulsion, oxidative stability

Ponginebbi, Nawar, & Chinachoti, 1999). Interfacial oxidation is of a

great concern to the food industry, as it affects the stability of a large

The occurrence of lipids in emulsified forms introduces the oxidative
instability and foods become sensitive to lipid oxidation (Adachi,
Minten, & Kobayashi, 2009). The latter is a main problem for both con-
sumers and food industries since it affects several aspects of the food
matrix such as: flavor, texture, shelf life and nutritional quality of the

final product (Kiokias, Dimakou, Tsaprouni, & Oreopoulou, 2006;

number of foods which exist as emulsions (Calligaris, Manzocco, &
Nicoli, 2007). Many studies have now confirmed that exogenic antioxi-
dants are essential for counteracting oxidative stress, especially those
found in essential oils. These complex mixtures of several compounds
are likely influenced by interactions among their structural components

due to additive action and/or synergism between chemical classes
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(Nenaah, 2014). Consumer awareness arises recently regarding syn-
thetic chemical additives. Therefore, natural additives used for food
preservation become increasingly popular (Holley & Patel, 2005). In
fact, the demand for healthier and safer food products has encouraged
to explore newer and more efficient preservation techniques. To
reduce lipid oxidation, direct addition of natural antioxidants was
applied among strategies of food preservation (Gémez-Estaca, Lopez-
de-Dicastillo, Hernandez-Munoz, Catala, & Gavara, 2014).

Genus Pituranthos has more than 20 species, some of which are
specific to North Africa and are often found in arid or desert areas
(Negre, 1961). P. scoparius is an endemic plant of North Africa and is
widespread in Algeria, especially in the high plateau and in most parts
of the Sahara. The traditional use of the plant in folk medicine concerns
applying it in poultices to the head for headaches (Bellakhdar, 1997).
Boutaghane, Nacer, Kabouche, and Ait-Kaki (2004) reported an anti-
bacterial activity for the seeds and stems of P. scoparius. Reports of the
chemical profile of the essential oils of P. scoparius are very limited. We
report mainly the work of (Vérité, Nacer, Kabouche, & Seguin, 2004)
on stems and seeds of P. scoparius (Boutaghane et al., 2004) on their
antibacterial activities and more recently the work of (Lograda, Ram-
dani, Kiram, Chalard, & Figueredo, 2013) on the variation of the essen-
tial oils compositions of P. scoparius collected from different locations
in Algeria.

To the best of our knowledge, this is the very first report on the
potential use of Pituranthos scoparius’ essential oil as a biopreservative
in a whey spread-type emulsion. To reach this objective, an elegant
approach using chromatography was used; including a fingerprinting of
the bioactive compounds by high performance thin layer chromatogra-
phy (HPTLC) densitometry, evaluation of the relative composition and
quantification of volatiles by MHE-GC-FID-MS and an improved GC
X GC procedure for the separation of the related compounds. Then,
our efforts were focused on the study of oxidative stability of a whey
spread emulsion formulation, incorporated with the essential oil and
compared to a control one containing a-Tocopherol. In this context, a
Rancimat test was carried out regarding the resistance to oxidation of
the emulsions produced at a laboratory scale.

2 | MATERIALS AND METHODS

2.1 | Chemicals

Formic acid (98-100%), n-hexane (>99%) and isooctane were pur-
chased from Merck (Darmstdat, Germany), ethylacetate (99.5%) from
Sigma-Aldrich (St. Louis, USA) and methanol (99.9%) of HPLC grade
from Sigma-Aldrich (St USA).
ductivity = 18.2 ps cm™Y) was used. Sulfuric acid (95-97%) and 4-

methoxybenzaldehyde (anisaldehyde) were from Merck (Darmstdat,

Louis, Bidistilled water (con-

Germany), DPPH*® (2,2-diphenyl-b-picrylhydrazyl) was from Sigma-
Aldrich (St. Louis, USA). Standards of carvone (>99%), p-cymene (95%),
limonene (>98%), a-phellandrene (>99%), a-pinene (>99%), B-pinene
(>99%) a-terpinen (85-90%), and ~y-terpinen were from Fluka (Seelze,
Germany), thymol from Carl Roth (Karlsruhe, Germany). Standards of
gallic acid (>99%), Quercetin (>98%), Ascorbic acid (>99%) were
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obtained from Sigma-Aldrich (St. Louis, USA), Folin-Ciocalteu reagent
from Merck (Darmstdat, Germany) and the remaining reagents and sol-
vents were of analytical grade.

For whey spread emulsion formulation, refined, bleached and deo-
dorized oils, palm oil (PO), sunflower oil (SFO) and soybean oil (SBO)
are obtained from a local refinery (CEVITAL SPA). Other ingredients
included emulsifier (mono lactic acid) purchased from (Palsgaard, Den-
mark), a colorant: Anatto Curcumin OSS 3525 (Global Entreprise, Swit-
zerland), filtered water, pasteurized liquid whey (generously donated by
SAFILAIT food industry from cheese-making process) and vacuum-
dried salt.

2.2 | Preparation of standard solutions

Working standard solutions of «-pinene, B-pinene, a-terpinen,
«a-phellandrene, and p-cymene were prepared in ethylacetate to a
concentration of 0.1 mL/0.2 mL™! in pure ethylacetate for HPTLC
analysis.

For HS-GC-FID analysis, standard solution of 3-pinene, limonene
and trans-anethole was prepared in methanol at a concentration of
10 mg mL™?%, each. Ten microliters of the standard solution were put
into 20 mL HS vial plus 20 mL of water.

2.3 | Preparation of spraying and dipping reagents

Anisaldehyde detection reagent was prepared by mixing glacial acetic
acid (20 mL) and methanol (170 mL); the mixture was cooled in an ice
bath and sulfuric acid (16 mL), and 4-methoxybenzaldehyde (1 mL)
were added in a dropwise manner.

DPPH* (2,2-diphenyl-b-picrylhydrazyl) was prepared by dissolving
0.2 g of the reagent in 100 mL of pure methanol, so as to have a solu-
tion of 0.2% (m/v).

2.4 | Extraction of essential oil

Aerial parts (stems and leaves) of Pituranthos scoparius were col-
lected from Sedrata, Souk Ahras situated in the northeast of Algeria.
The samples were collected in April 2014. A part of the plant aerial
material was used as freshly collected for MHE-GC-FID-MS analy-
sis; the other part was dried at room temperature in laboratory and
cut in small pieces. An amount of 150 g of the latter was subjected
to hydrodistillation for 4 h 30 on a Clevenger type apparatus to iso-
late the essential oil. Two types of essential oil were obtained;
namely, fresh plant (FP) and dried plant (DP) according to the drying
process of the material plant: a yellowish-transparent essential oil
corresponding to the fresh plant dried for 48 h and a yellowish-
intense essential oil dried for approximately 1 month, at laboratory
and at room temperature. The essential oils, obtained after the
hydrodistillation process, were of a characteristic odor. They were
allowed to be separated from the aqueous phase in a glass tube,
then carefully and gently collected by a syringe and filtered through
a 0.45 pm Millipore Millex-HV hydrophilic poly(vinyldiene difluo-
ride)-PVDF membrane filter (Billerica, MA), then stored in ambered
vials of 1.5 mL, protected from light at 4°C until use.
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2.5 | Thin layer chromatography (TLC) and high
performance thin layer chromatography (HPTLC)-
densitometry analyses

The essential oil was diluted to 1:30 (1 + 29, v/v). For TLC screening of
terpenes, TLC silica gel 60 plate 5 cm X 10 cm (Merck, Darmstadt, Ger-
many) (Art. No. 1. 05553) was used. The plate was developed in twin-
trough chamber (CAMAG, Muttenz, Switzerland). Five microliters of the
working sample solution were applied in the form of 5 mm bands, at
8 mm from the bottom, and 15 mm from the left edge of the plate (the
space between two bands was set to 10 mm) with a Camag microliter
syringe (25 plL syringe size) using an ATS4 autosampler (CAMAG,) on to
the TLC plate, 1 cm from the bottom edge. The plate was first devel-
oped in isooctane throughout 8 cm length. The second development
was done to 5 cm height with n-hexane-ethyl acetate (5 + 1, v/v). For
both developments, 10 mL of the developing system was used without
any preconditioning. After development, the plate was dried under
warm stream before derivatization step. Postchromatographic derivati-
zation was performed by respectively heating the plate at 110°C for 3
min on a TLC plate heater (CAMAG), then spraying for 1 min the plate
with anisaldehyde detection reagent. Documentation of the chromato-
graphic plate was performed by DigiStore 2 Documentation System
(CAMAG,) operated with winCATS Version 1.4.1.8154 software. For the
HPTLC procedure, a HPTLC Fys54 silica gel 60 plate 10 cm X 10 cm
(Merck, Darmstadt, Germany) (Art. No. 1. 05629) was developed and
derivatized as previously, along with 10 pL of the working standard sol-
utions then scanned at /4 =500 nm with a TLC scanner Ill (CAMAG),
the slit dimension was kept at 3.00 mm X 0.30 mm with a scanning

speed of 20 mm s~ ! and a data resolution of 100 pm step™*.

3 | ANALYSIS OF VOLATILES BY MULTIPLE
HEADSPACE EXTRACTION (MHE)-GAS
CHROMATOGRAPHY (GC)-FLAME
IONIZATION DETECTOR (FID)-MASS
SPECTROMETRY (MS)

3.1 | Instrumentation

MHS-GC-FID analyses were performed on a Focus GC (Thermo)
coupled to a HS 40 XL (Perkin Elmer) headspace autosampler. GC-MS
identification was done on a Trace Ultra GC coupled to a DSQ Il single-
quad mass spectrometer (Thermo). MHE and GC-FID conditions were
the following: carrier gas (He), oven temperature (145°C), needle tem-
perature (265°C), transfer temperature (190°C), pressurization (270
kPa), thermostat time (35 min), pressurization time (0.6 min), and injec-
tion time (0.04 min). MHE injections (3), flow mode (2.0 mL min~ 2, con-
stant flow), split ratio (1:25), inlet temperature (280°C), FID temperature
(280°C), GC column: ZB-5MSi, 30 m X 0.25 mm, 0.25 um film (Phe-
nomenex), oven temperature program: 50°C (0.5 min) to 105°C at 15°C
min~* to 180°C at 30°C min to 250°C at 10°C/min (1 min).

3.2 | Analysis and quantification

GC-MS identification of volatile compounds was performed by inject-

ing solutions of 1% (v/v) Pituranthos essential oil in ethyl acetate. Plant

3 of 12
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samples were first dried at 50-60°C, and then homogenized with a dis-
membrator to obtain a fine powder. Twenty milligrams of homogenized
sample were put into a HS vial with the addition of 20 mL of water
and 10 puL of methanol. MHE-GC analysis was performed by three
sequential HS injections from standard and sample vials. Chromato-
graphic peaks were classified into three peak groups, namely monoter-
penes, diterpenes, and oxygenated compounds—the latter including all
aromatic compounds, terpene alcohols, etc. Monoterpene and diter-
pene peak groups were quantified by means of 3-pinene and limonene
standards while the oxygenated compound group was quantified by
means of trans-anethole standard. GC-MS conditions were the follow-

1 constant flow), split

ing: carrier gas (He), flow mode (1.0 mL min~
ratio (1:25), inlet temperature (280°C), injection volume (0.5 pL), trans-
fer line temperature (280°C). MS source temperature (200°C), ioniza-
tion energy (+70 eV), scan range (40-250 m/z), GC column J&W: ZB-
5HT, 20 m X 0.18 mm, 0.18 pum film, oven temperature program: 50°C
(0.5 min) to 105°C at 15°C min~* to 180°C at 30°C min~! to 250°C at

10°C min~* (1 min).

3.3 | GC-MS analysis of the hydrodistilled essential oil

GC-MS identification was performed by injecting solutions of 1% (v/v)
Pituranthos essential oil in hexane. Standard solutions of a-pinene,
B-pinene, «-phellandrene, «-terpinene, p-cymene, limonene,
vy-terpinene, and carvone were prepared in hexane, at a concentration
of 200 ppm. Thermo Trace GC Ultra gas chromatograph equipped with
a ZB-5HT fused silica capillary column (20 m X 0.18 mm X 0.18 pm)
was interfaced to a Thermo DSQ Il mass spectrometer. Temperature
was programmed from 50°C (1 min) to 150°C at 3°C min~ ! and then at
a rate of 5°C min~ ! till 260°C, with a 1 min hold. Helium was used as a
carrier gas (0.6 mL min~1); injection was in split mode (1:25); with injec-
tor temperature 280°C. The mass spectrometer worked in EI mode at
70 eV. The identification of components was based on computer
matching of their mass spectra with those of NIST mass spectral library
(NIST MS Search 2.0, 2005) as well as on comparison of their retention
indices with indices from NIST database. Retention indices were calcu-
lated with Van den Dool and Kratz formula. Column and method was
transferred to Thermo Focus GC with flame ionization detector for

quantitative determination.

3.4 | GC x GC analysis of the essential oil

GC X GC analysis was performed using a 2D-chromatograhy system
Agilent 7890N, equipped with flow modulator. The detector used was
FID at 250°C. Oven temperature program was 70°C (2 min)—7°C
min~1—240°C (15 min). The inlet temperature was 250°C. The two
dimensional column set was composed of an ionic liquid custom col-
umn (4MPyCé6, 30 m X 0.25 mm X 0.2 m km; referred to as column 1)
and a HP-5 (5 m X 0.25 mm X 0.2 m km, referred to as column 2).
High purity helium was used as the carrier gas. The sample was
injected using a 1:100 split mode. The flow velocities for column 1 and
column 2 were respectively 1 and 25 mL min~%, with a modulation
time of 1.4 s.
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FIGURE 1 (a) TLC silica gel 60 plate developed in unsaturated twin-trough developing chamber using developing solvents isooctane (first
development); n-hexane-ethyl acetate (5:1 v/v) (second development) after derivatization with anisaldehyde detection reagent; white light
illumination (vis r). Tracks: 1 =FP; 2 =DP, (b) TLC silica gel 60 plate developed in unsaturated twin-trough developing chamber using devel-
oping solvents isooctane (first development); n-hexane-ethyl acetate (5:1 v/v) (second development), under 366 nm illumination before dip-
ping in DPPH" (left) and after dipping (right) under remission light illumination. The rectangle and the arrows show the most active fractions
in FP and DP essential oil of P. scoparius (PSFP: P. scoparius fresh plant; PSDP: P. scoparius dried plant)

3.5 | Antioxidant activity by the TLC-DPPH" dipping
method

Fresh solution of DPPH* (2,2-diphenyl-b-picrylhydrazyl) was prepared
by dissolving 0.2 g of the reagent in 100 mL of pure methanol, so as to
have a solution of 0.2% (m/v), according to (Ciesla, Kryszen, Stochmal,
Oleszek, & Waksmundzka-Hajnos, 2012). TLC silica gel 60 plates with-
out F 5 cm X 10 cm (Merck, Germany) (Art. No. 1. 05553) were devel-
oped following the TLC procedure described above, then immersed for
5 s using chromatogram immersion device Il (CAMAG). The plate was
photographed, protected from daylight by covering the immersion
device with an aluminum foil, in 30 min after staining. The experiment

was performed in an ambient temperature.

3.6 | Preparation of the emulsion
The whey spread emulsion formulated presented the global composi-

tion as following:

o 82% fatty phase;
e 16% aqueous phase;

e 2% additives.

The formulation was performed at a laboratory scale. The fatty phase

contains a blend of three oils: palm oil (PO), sunflower oil (SFO), and soy-

bean oil (SBO). Besides, amounts of fat soluble ingredients and the essen-
tial oil of Pituranthos scoparius were dissolved in a beaker and added to
the fat blend. The aqueous phase contained pasteurized liquid whey, salt,
potassium sorbate, citric acid, the colorant (Anatto Curcumin OSS 3525).
These two phases were poured into a stainless steel tank where emulsifi-
cation occurred with continuous stirring during 20 min, using a stirrer. At
this stage, stability of the emulsion is incomplete; a crystallization is
needed. This was carried out in a stainless steel tank containing a cold
water and ice. Stirring was carried out during the whole process to ensure

a homogeneous product. Two emulsions were prepared:

1 An emulsion containing the essential oil in the fatty phase as the

biopreservative agent (working emulsion);

2 An emulsion containing a-Tocopherol as antioxidant in the fatty

phase (control emulsion).

The emulsions produced were packed in sticks of 250 g and stored

in a refrigerator at 4°C.

3.7 | Oxidative stability

The oxidative stability or the resistance to auto-oxidation of the emul-
sion incorporated by the essential oil of P. scoparius was determined
using a Metrhom 743 Rancimat (Herisau, Switzerland) per the ISO
6886 method (ISO international standard method, 2006). In this test, a
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FIGURE 2 (a) HPTLC silica gel 60 F254 PLATE, (b) densitograms recorded at 500 nm representing standards of monoterpenes and P.
scoparius’ essential oils FP and DP. The developing solvents were isooctane (first development); n-hexane-ethyl acetate (5:1 v/v) (second
development) after derivatization with anisaldehyde detection reagent; white light illumination (vis T)

10 L h™?! stream of dry air is bubbled into 3 g samples maintained at
98°C. Volatile oxidation products are carried through the detector
chamber containing deionized water. The change in conductivity is
measured and recorded. The increase of the latter is measured as a
function of time until maximal change which reflects the IP. The test
was carried out until the endpoints of the samples were reached, with

a maximum allowable limit of 48 h.

3.8 | Sensory evaluation

The sensory evaluation was carried out as recently described by (Chi-
khoune et al., 2014). Subjects, number of 31 tasters, were staff of an agri-
business food industry (CEVITAL), Algeria. Four spread emulsions were
prepared, as previously described, coded from 1 to 4: Emulsion A (control
emulsion), Emulsion B (working emulsion containing 100 ppm of the
essential oil), Emulsion C (working emulsion containing 300 ppm of the
essential oil) and Emulsion D (working emulsion containing 600 ppm).
They were presented simultaneously to the subjects together with slices
of apples. A hedonic test was performed to characterize the emulsions in
terms of ten attributes: spreadability, creaminess, sweetness, melting,

appearance, texture, butter flavor, margarine flavor, salty, and aftertaste.

3.9 | Statistical analysis

Data of oxidative stability are means = SD of two measurements. Dif-
ferences between groups were tested by an analysis of variance
(ANOVA) using the STATISTICA software (5.5). The p values <0.05
were considered significant. Principal component analysis (PCA) on the

data of sensory evaluation was performed using XLstat Software 7.5.

4 | RESULTS

4.1 | Screening of terpenes on TLC and HPTLC
densitometry

The screening profile of the hydrodistilled essential oil from the fresh
(FP) and dried (DP) plant material, is depicted in Figure 1a. Several
bands with different colors and different intensities were revealed
using the Anisaldehyde detection reagent. For the application volume
used (5 pL) and under the remission visible light (VisR), the essential
oils exhibited numerous differences; first, the upper part of (FP) shows
a richer region in terms of compounds detected compared to (DP).
Bands in this region spread out, probably due to the particle size of the
stationary phase precoated on TLC plate, but also the effect of the first
developing solvent (isooctane) used. On the contrary, the lower part
shows more intense bands for (DP), where shape of the bands is more
characteristic and lead to form more pronounced curved structures.
According to Pothier, Galand, El Ouali, and Viel (2001), TLC technique
is limited because the compounds of essential oils are volatile, so at the
top of the plate a diffusion can be observed as an edge effect.

The monoterpenes profiles of the essential oil (Figure 1a), studied fol-
lowing the HTPLC procedure, were scanned by densitometry at 500 nm
and the densitogramms obtained are presented (Figure 2). The densitog-
ramms obtained are not well sharply resolved on the base line, on track 1
FP (fresh plant material) showed peaks matching with the main peaks of
standards: p-cymene, -pinene and a-phellandrene. Whereas on track 7,
peaks of DP (dry plant material) are matching more with the main peaks
of p-cymene, a-pinene, a-terpinene, and o-phellandrene. This rapid

screening of the essential oil (FP and DP) gave an overview of the
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FIGURE 3 Chromatogram of Pituranthos scoparius sample with analyte groups indicated. The overlaid is the chromatogram of B-pinene,

limonene, and trans-anethole standards, respectively

complexity of the plant matrix, due to the several compounds present

(Figure 1a), but also the dilemma of their separation (Figure 2).

4.2 | MHE-GC-FID-MS analysis

MHE-GC analysis was performed by three sequential HS injections
from standard and sample vials. Chromatographic peaks were classified
into three peak groups, namely monoterpenes, diterpenes, and oxygen-
ated compounds; the latter including all aromatic compounds, terpene
alcohols, etc. Monoterpene and diterpene peak groups were quantified
by means of B-pinene and limonene standards while the oxygenated
compound group was quantified by means of trans-anethole standard.
The chromatogram of Pituranthos scoparius sample is presented
(Figure 3). This analysis enabled the identification of 110 peaks. Among
them, over 50 peaks can be classified as monoterpenes and about half
of that represents the majority of volatile constituents. The oxygenated
compound group is mainly composed of terpene alcohols but also
some aromatic compounds (e.g., phenylpropanoids). Diterpenes, in con-

trast, represent only a minor group.

The analytical results from MHE calculations were reported (Table
1). The total volatiles’ contents of the three identified groups are in the
range (0.203-0.399)%. The correlation coefficients are also given for
the three samples analyzed and for every single group of compounds
identified. The best correlation coefficients were obtained for sample 3
and are of R% = 0.9969 for monoterpenes, R? = 0.9999 for diterpenes
and R? = 0.9989 for oxygenates.

From these results, MHE-GC-FID-MS allowed the characteriza-
tion and quantitation of the volatiles of P. scoparius directly from the
plant material and without any pretreatment. A very good linearity of

the method was also obtained.

4.3 | GC x GC analysis

Two-dimensional chromatography is one of the most effective ana-
lytical methods for complex multicomponent samples. This is espe-
cially true in the case of mixtures containing several compounds with
different chemical classes. An example of such complex samples are

essential oils, Pituranthos in particular. Achieving good separation for

TABLE 1 Analytical results from MHE calculations. The analysis was performed by three sequential hs injections from standard and sample vials

Sample 1 Sample 2 Sample 3
MHE curve MHE MHE curve MHE MHE curve MHE
Analyte group Content (%) slope curve R? Content (%) slope curve R? Content (%) slope curve R?
Monoterpenes 0.192 1.5788 0.9963 0.178 1.5506 0.9960 0.134 1.5775 0.9969
Diterpenes 0.028 1.5719 0.9986 0.122 1.3570 0.9967 0.011 1.8130 0.9999
Oxygenates 0.064 1.4120 0.9845 0.099 1.1679 0.9898 0.058 1.4283 0.9989
Total volatiles 0.284 0.399 0.203
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FIGURE 4 GC X GC chromatogram of Pituranthos scoparius’ essential oil. The red circled zones highlighted the three main groups

separated

such samples by traditional GC is most of the time a very difficult
task, because it is almost impossible to get the resolution for all
peaks of multiple oxygen compounds by one-dimensional GC, while
2D-chromatography offers quite better separation. Therefore, it is
necessary in GC X GC to use two columns with different selectivity.
Moreover, its common to use high-polar ionic liquid columns in
GC X GC (Seeley, Seeley, Libby, Breitbach, & Armstrong, 2008). It is
worth noting that using ionic liquid columns as the first column
achieves more quality and complete separation of complex mixtures
(Purcaro, Cordero, Liberto, Bicchi, & Conte, 2014; Seeley et al.,
2008). For the separation of Pituranthos scoparius’ components, it
has been suggested to use pyridinium ionic liquids developed by
(Shashkov and Sidelnikov, 2013), because this class of stationary
phases has shown high-polarity and selectivity for oxygen-containing
compounds. As the first column was suggested to use dicationic pyri-
dinium ionic liquid 4MPyCé, the second one was nonpolar siloxane
HP-5. By careful selection of the conditions, an improved resolution
was achieved (Figure 4). From the latter, certain zones depicted cor-
respond clearly to different chemical classes. Particularly, they can
be divided into three groups: group of low-boiling components
(monoterpenes), group of the most polar components (carbonyls,
alcohols) and group of less polar compounds (sesquiterpenes, high
acids, aromatic, and terpene esters). Contour plot peak identification
was successfully achieved through information derived from monodi-
mentional GC separation, as reported by GC-MS (Table 2) and
MHE-GC-MS (Figure 3). As it can be seen from the red circled
zones, the three groups highlighted all fall within specific zones in
the bidimensional chromatogram. In addition, the distribution of
peaks in the rightmost part of the chromatogram confirms again the
need for a 2-D separation. The effectiveness of the 2-D comprehen-
sive GC approach is undoubtedly confirmed for the essential oil of
Pituranthos scoparius. GC X GC has an enormous potential and supe-

riority compared to traditional mono dimensional and multidimen-
sional techniques (Mondello, Casilli, Tranchida, Dugo, & Dugo, 2005).

4.4 | Characterization and quantification of the
volatiles of the hydrodistilled essential oil by
GC-FID-MS

The percentage composition of individual compounds of P. scoparius’
essential oil (FP and DP) obtained by hydrodistillation are listed in Table
2. A total of 48 compounds, representing 93.5% (FP) and 92.8% (DP)
of the essential oil were identified by GC-MS and compared with
those of reference substances. Quantitative data were based on peak
area calculations. The average yield in essential oil was (0.502 = 0.091)%
(w/w). Monoterpenes are the most abundant compound group of the
essential oil, as emphasized by the MHE-GC-FID-MS analysis and GC
X GC analysis. The major constituents of the oil were mainly belonging
to the monoterpenes hydrocarbons class: sabinene, a-pinene, p-cymene,
a-thujene, and B-pinene. But also oxygenated monoterpenes like
terpinen-4-ol and spathulenol are present in the essential oil. As also
reported previously, other components such as: sesquiterpene hydrocar-
bons, oxygenated sesquiterpenes and aromatic derivatives of monoter-
penes were also detected (Table 2).

From Table 2, it can be seen that the major components were
detected in both FP and DP, mainly the monoterpenes hydrocarbons,
with slight differences in their contents. This is in agreement with the
densitogramms obtained with HPTLC (Figure 2), where major constitu-
ents were detected in both FP and DP.

The chemical profile of the essential oil from the present study is
similar to that reported by (Vérité et al., 2004), but the contents of
major components are different, so that those reported in our study
are higher. Also, sabinene is reported to be the most abundant com-
pound in our study, whereas no trace of this compound was reported
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TABLE 2 Chemical profile of the essential oil extracted by hydrodistillation from P. scoprius
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Compound?
«-Thujene
a-Pinene
Dehydrosabinene
Camphene
Verbenene
Sabinene
B-Pinene
Myrcene
a-Phellandrene
d-Carene
a-Terpinene
p-Cymene
Limonene
trans-B-Ocimene

vy-Terpinene

cis-Sabinene hydrate

Terpinolene
a-Thujone

p-Menth-2-en-1-ol

«-Campholene aldehyde

Alloocimene
Pinocarveol
cis-Verbenol
Sabina ketone
Terpinen-4-ol
p-Cymen-8-ol
a-Terpinoeol
Myrtenal
Estragole
Verbenone
trans-Carveol
cis-Carveol
Cuminaldehyde
Carvone
Phellandral
Carvacrol
a-Copaene
B-Damascenone
B-Cubebene
Methyl eugenol
a-Humulene
a-Muurolene
3-Cadinene
a-Calacorene

Spathulenol

Caryophyllene oxide

RI®
924
931
940
944
949
971
973
990
1003
1008
1014
1022
1026
1037
1055
1063
1085
1113
1117
1122
1128
1134
1141
1152
1174
1182
1187
1191
1195
1204
1218
1222
1239
1244
1278
1311
1374
1382
1387
1403
1447
1496
1519
1536
1571
1575

Mwe
136
136
134
136
134
136
136
136
136
136
136
134
136
136
136
154
136
152
154
152
136
152
152
138
154
150
154
150
148
150
152
152
148
150
152
150
204
190
204
178
204
204
204
200
220
220

Fresh plant (FP) (%)
5.3
34.4
0.2
<0.1
16.3
55
1.4
0.3
1.9
<0.1
10.1
1.9
3.9
0.2
0.3
0.2
<0.1
0.3
<0.1
0.3
0.3
0.6
<0.1
41
0.6
0.3
0.4
0.1
0.4
<0.1
<0.1
<0.1
0.2
<0.1
0.2
0.2
<0.1
0.1
0.2

<0.1
0.2
<0.1
1.5
0.3

Dried plant (DP) (%)

57

23.6
<0.1
<0.1

0.1

26.5

24
1.0
0.4
0.7
8.6
1.3
12
1.9
0.2
0.7
0.2
0.5
0.1
<0

1
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TABLE 2 (Continued)
Compound? RIP
47 t-Muurolol 1638
48 B-Eudesmol 1644
Total

Monoterpene hydrocarbons
Oxygenated monoterpenes
Aromatic monoterpenes
Sesquiterpene hydrocarbons

Oxygenated sesquiterpenes

z=qfst WILEY 22

MW¢* Fresh plant (FP) (%) Dried plant (DP) (%)
222 0.7 1.1
222 0.2 0.6

935 92.8

71.7 65.7

7.2 134

11.3 10.4

0.6 0.4

2.8 3.0

@Compounds listed in order of elution from a ZB-5HT fused silica capillary column.
bRetention indices of the compounds calculated on the basis of Van den Dool and Kratz formula.

“Molecular Weight for MW.

in the study of the previous authors. The latters stipulated that the
qualitative and quantitative differences could be due to climatic and
geographical conditions (difference of period and of geographic area of
collection or both), or to the existence of different chemotypes. Indeed
(Lograda et al., 2013), confirmed the existence of three chemotypes in
Algerian populations of P. scoparius and that the variability of terpe-
noids reflects the heterogeneity of the genetic structure of Pituranthos
scoparius. The chemical profile of the essential oil in our study falls in
the Sabinene chemotype, as this chemotype is widespread among pop-

ulations found in northeastern Algeria.

4.5 | TLC-DPPH-" dipping method of the essential oil

Recently, a new technique combining DPPH*® with TLC was reported
by (Ciesla et al., 2012). This technique was carried out on (FP) and (DP)
essential oil, after developing the plate as previously described. The
images were taken before (366 nm) and after (Vis R) dipping in DPPH*
and the result is depicted (Figure 1b). From the latter, two intense and
bright bands were observed for the essential oil. FP showed a higher
intensity under 366 nm, while DP showed a higher intensity under
remission illumination light (Vis R). This can be explained likely by the
fact that compounds of DP interact highly with DPPH* after dipping.
Due to their redox properties, essential oils and their bioactive constit-
uents can act as antioxidants (Kasrati, Jamali, Bekkouche, Wohlmuth,
Leach, & Abbad, 2014) when their chemical structure allows a free rad-
ical scavenging reaction and/or the chelation of redox-active metals
(Fraga, Oteiza, & Galleano, 2014). The brightening intensity of the
bands observed may suggest the power of the radical scavenging activ-
ity related to the compounds present in the essential oil studied and/or
a synergistic phenomena among the bioactive compounds contained.
The presence of oxygenated monoterpenes in DP (13.4%) may play a
major role and contribute significantly to the antioxidant activity. Ter-
penes of several essential oils, flavonoids, and phenolics exhibit signifi-
cant antioxidant effects (Raut & Karuppayil, 2014). An oxygenated
monoterpene (terpinen-4-ol), present as a major compound in DP
(9,7%), can be considered as a potential cantributor to the antioxidant
activity. Due to its high structural similarity to thymol and carvacrol
(well known as the best antioxidants in several essential oils), it is

believed to act efficiently against lipid oxidation. Two schemes of inter-
action between the antioxidant species can be proposed: hydrogen
donation of the more active antioxidant to regenerate the other antiox-
idant and formation of heterodimer from the moieties of the antioxi-
dant during autoxidation (de Guzman, Tang, Salley, & Ng, 2009). The
antioxidant capacity of the plant extracts is due to the presence of bio-
active compounds acting as hydrogen donors to the radical involved in
the oxidation reaction (Cordeiro et al., 2013).

4.6 | Oxidative stability by the rancimat method

The effect of the essential oil incorporation, with different concentra-
tions on oxidative stability of the whey spread emulsion was evaluated
by Rancimat equipment. The hydrodistilled essential oil from the dried
state of the plant material (DP) is chosen for the incorporation, based
on the results of TLC-DPPH* method and its content in oxygenated
monoterpenes (Table 2).

The essential oil of P. scoparius was found to be more effective in
stabilizing the emulsion against oxidative deterioration as compared to
the control emulsion containing the «-tocopherol as antioxidant. The
recorded induction period for the emulsion added with 100 mg kg™~ * of
the essential oil of P. scoparius (20.80 = 0.03)h is higher than the latter
(14.41 = 0.04) h (p <0.05). The blend of the control emulsion contains
PO, SFO, and SBO. According to Lee, Jeung, Park, Lee, & Lee (2010)
and Seppanen, Song, & Saari Csallany (2010), the degradation of toco-
pherols was temperature sensitive in sunflower and soybean oils and
even for the a-tocopherol added as an antioxidant. The concentration
of 100ppm of the essential oil added into the emulsion is determined
according to the internal standards of the food industry. Therefore, the
addition of antioxidants in low concentrations into a fat system was
very important for its oxidative stability (Rios, Santos, Maia, & Maz-
zetto, 2013).

These results are strongly supported by the data previously
obtained, displaying the occurrence of bioactive molecules in the
essential oil (terpenes), responsible for the antioxidant activity. Indeed,
it is suggested from this study that the essential oil of P. scoparius
could improve significantly the preservation process, delay lipid oxida-
tion phenomena and therefore ensure a high oxidative stability of fat
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FIGURE 5 Principal component analysis (PCA) of four emulsions: emulsion A (control emulsion), emulsion B (emulsion containing 100 ppm
essential oil), emulsion C (emulsion containing 300 ppm essential oil), and emulsion D (emulsion containing 600 ppm essential oil). The
attributes assessed were spreadability, creaminess, sweetness, melting, appearance, texture, butter-like flavor, margarine-like flavor, salty,

and aftertaste

products. There is a strong evidence from recent reserches that anti-
oxidants play a very important role in increasing the oxidative stability
of food emulsions (Lante & Friso, 2013). This can be also translated
by improving the shelf life of these products, acting even better than
a-tocopherol, which is widespreadly used in fat and oil industry.
MHE-GC-FID-MS allowed to quantify and identify the major ter-
pene groups of the essential oil from the fresh plant material. Since
antioxidants are commonly used under conditions of high temperature
in food processing and cooking (Nakatani, Tachibana, & Kikuzaki,
2001), Rancimat test can be representative of the extent at which
these antioxidants can protect the food emulsion from oxidation. High-
est oxidative stability was obtained for the emulsion incorporated with
the essential oil. From Table 2 and Figure 4, an oxygenated monoter-
pene, namely terpinen-4-ol, was detected in the essential oil and
accounts for the major components of DP essential oil. This latter is
likely responsible for the antioxidant activity of the essential oil, due to
the hydroxyl group located on the aromatic ring, as the CHO fraction is
the most potent antioxidant (Kulisic, Radonic, Katalinic, & Milos, 2004).
Its structure is close to other two phenol terpenes: thymol and carva-
crol, responsible for the antiocxidant activity of most of essential oils.
Practically, these phenols take part in chain initiation during oxidation
with an order of magnitude higher than «a-tocopherol, then reacting
faster with lipids (Ruberto & Baratta, 2000; Yanishlieva, Marinova,
Gordon, & Raneva, 1999). Also, from Table 2, two abundant compo-
nents were detected: y-terpinene and p-cymene. In fact, The mecha-
nism of chain termination during the oxidation of y-terpinene has been
investigated in detail by (Amorati, Foti, & Valgimigli, 2013), hypothesiz-
ing that the driving force for the overall process is the formation of
aromatic p-cymene and the very fast decay of neutral superoxide radi-
cal. In other terms, the presence of y-terpinene will cause an overall

increase in the rate of oxidative chain termination, thereby shortening

the chain length and reducing the overall rate of oxidation. From our
findings, the essential oil of P. scoparius gave a high protection for the
emulsion from oxidation, even better than a-tocopherol. Moreover,
Prakash, Kedia, Mishra, and Dubey (2015) reported that most of the
essential oils are kept under the “GRAS” category by the FDA (Food
and Drug Administration) and are approved as flavors and food addi-
tives. Taking into account these data, it can be postulated that the
addition of antioxidant properties of each individual antioxidant could
benefit from a synergistic effect. Moreover, the synergy amoung minor
oxygen containing compounds has a determining role in the overall
antioxidant activity expressed by the essential oil (Chougui et al., 2015;
Kulisic et al., 2004).

4.7 | Sensory evaluation

Principal component analysis (PCA) is a multivariate data compresssion
technique that allows multiple treatments to be graphically displayed
as they are differentiated by multiple variables. Therefore, it is usually
applied to assess how several products were differentiated by several
sensory descriptors (Drake, 2007).

For a better visualization of the relationships between the sen-
sory attributes evaluated, a principal component analysis (PCA) was
performed (Figure 5a). The two first axes explained 43.6% of the
variability and allowed to visualize the projection of the four studied
emulsions (Figure 5b). The first principal component (PC) explaining
27.15% of variability was mainly characterized by sweetness, melting
and appearance on the right positive side of the axis and spreadabil-
ity and aftertaste on the left negative side. The second PC explain-
ing 16.5% of variability was mainly characterized by margarine
flavor, butter flavor and texture on the right positive side of the

axis. The PCA allowed the separation of emulsions B (100 ppm
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essential oil) and C (300 ppm essential oil), D (600 ppm essential
oil) in comparison to the emulsion A (control emulsion, 100 ppm
a-tocopherol). Emulsion B was appreciated for its spreadability and
aftertaste as these both attributes are projected on the right side of
the PCA. In contrast, emulsion C and D are characterized by sweet-
ness, melting and appearance. This tendency can be explained by
the concentration of the essential oil in each emulsion. Since emul-
sions C and D are positioned close to each other, we can assume
that the tasters did not differenciate between the two emulsions
containing 300 and 600 ppm as they did for the emulsion contain-
ing 100 ppm. As the essential oil displayed the presence of volatiles
(data obtained above), their perception by the tasters differ accord-
ing to their content in the emulsions.

According to Moskowitz and Krieger (1995) foods are complex
matrices and it is difficult to isolate the effect of a sensory input with-
out confounding with other sensory inputs. Taste/flavor, texture and
appearance are respectively the most important attributes in terms of
attribute liking on an aggregate basis.

One advantage from the PCA study is that the influence of some
attributes can be highlighted, therefore taken as choice indicators for
tasters (Chikhoune et al., 2014).

5 | CONCLUSION

From the present study, we can conclude that P. scoparius is a recov-
erable source of antioxidants in food industry, particularily in fat and
oil industry. The results of antioxidant activity of the essential oil are
encouraging to enhance its use in the field of food preservation.
Indeed, its traditional use for health benefits, preservation from bacte-
rial adulteration and aromatization in traditional cheese-making offers
an opportunity to use it in fat and oil products. The results of Ranci-
mat proved the valuable antioxidant power of the essential oil as a
natural plant preservative and a green alternative to synthetic antioxi-
dants. Its monoterpenes composition explains, for a great part, its
radical-scavenging properties. Our results are promising when consid-
ered in light that these antioxidants are excellent biopreservative can-
didates, to replace the commonly used «-tocopherol. It would be
intresting to perform an intensive cultivation of the plant in the loca-
tions of high plateau, to develop a local economic strategy for the
use and the valorization of the plant. Also, it is prominent to set up
pilot plants for the extraction of the essential oil together with the
adaptation of the set in a food processing chain. Other studies are
needed also to improve the large scale cultivation of the plant,
through the involvement of agronomists and botanists in order to

encourage its use as a food additive.
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