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*ymol and carvacrol found in Origanum syriacum “Za’atar” plant leaves have triggered interest among researchers for their natural
antimicrobial and antifungal properties. However, their applications in modern pharmaceutical and cosmetic industries as natural
preservatives remain challenging. In this research, extraction of thymol and carvacrol from Za’atar leaves has been investigated using the
ultrasonic-assisted method and the use of sesame oil as the primary extraction solvent compared with other vegetable oils including
sunflower and olive oils. In addition, a high-performance liquid chromatography (HPLC) analytical method was developed by using a C8
column and 0.05% trifluoroacetic acid as a buffering agent.*emethod was validated for specificity, linearity, repeatability, accuracy, and
robustness for the analysis of the content of the two terpenes thymol and carvacrol in different Za’atar extracts. Using the validated
analytical method, thymol and carvacrol content results revealed the best vegetable oil for extraction. Results showed that sesame oil had
the highest content of thymol and carvacrol, followed by sunflower oil, and the least amount obtained by using olive oil. A consistent
extraction result opens an opportunity for application in the pharmaceutical and cosmetic industries. For this reason, the essential
extraction key parameters that influence the final content of thymol and carvacrol were evaluated.*e highest impact originated from the
quality and volume of sesame oil. Cold-pressed sesame oil resulted in a 23% higher content of thymol and decreased amount of carvacrol.
It was found thatwetting the Za’atar leaves powderwith sesame oil was enough for extraction; any additional sesame oil volume dilutes the
extracted sample.*e second impact was the Za’atar cultivation conditions; less than 10% difference of thymol and carvacrol content was
observed within Za’atar of Hebron origin. Finally, the origin of sesame seeds used for sesame oil production had the least impact.

1. Introduction

Za’atar is a popular Middle Eastern herb in Arabic culinary.
It is considered the most stable and precious herb served in
Arabic breakfast meals. *e dried leaves are grounded and
mixed with sesame seeds, fruits of the tree Rhus coriaria, and
salt, where the mixture is served with olive oil and bread
[1,2]. *e herb’s leaves are rich in volatile oils that give them
a warm, strong aroma that can be described as slightly
pungent or acrid. *e herb’s volatile oils are known to have
many therapeutic benefits to which Za’atar is added to tea
remedies to treat cold, flu, and cough [3].

Za’atar is classified under the Oregano or ,yme genus
and belongs to the plant family Lamiaceae or Labiatae, also

known as the mint family. Origanum syriacum var. syriacum
is a subspecies ofOriganum syriacum that grows about 40 cm
high with simple ovate-shaped green leaves, covered with
long and short white hairs and tetragonal and rounded
young leaves [2]. *is subspecies is classified under the
Majorana section found in the Palestinian territories, Jordan,
Lebanon, and Syria. *e other ten sections of this species
that belong to this genus have local distribution across the
Mediterranean area [4].

*is herb is considered valuable for having a high
content of phenolic compounds [3], characterized by having
at least one aromatic ring and one hydroxyl group, which
gives them antioxidant and antimicrobial powers [5].
Among them, thymol is considered the major monoterpene
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that has antimicrobial activity [6] due to the hydroxyl group
at meta position [5]. Carvacrol, an isomer of thymol, has an
antimicrobial synergistic effect when combined with thymol
[7]. Other terpenes include o-cymene [3] and c-terpinene
[6]. *ese four terpenes are the most abundant in Za’atar
essential oil [3]. *e composition and ratio of Za’atar es-
sential oil components differ according to their geographical
distribution or/and the amount of water during plant irri-
gation [3]. For this reason, wild collection (small production
of natural products yearly) can support only a small number
of research studies for containing components in a specific
ratio that is controlled by the environmental conditions in
which it was planted [4]. Za’atar is distributed in many
regions in the Palestinian territories including the northern
(Nablus, Jenin, and Tulkarem), southern (Hebron), and
central (Ramallah and Bethlehem) areas. Za’atar in these
areas has different oil compositions and different yields [3].
Indeed, soil composition and percentage of humidity differ
from one area to another, which makes cultivation im-
portant for large-scale production [4], where thymol pro-
duction can be induced by selection of a vegetable compost
soil [8] and water irrigation [3].

Since thymol and carvacrol are the major phenolic
components of the plant, which are considered active
constituents, it is important to develop a valid method for
the assay of these compounds. High-performance liquid
chromatography (HPLC) is a popular method for the
analysis of herbal components. HPLC is one of the most
precise techniques for the quantitative determination of
plant constituents, which is used for volatile and nonvolatile
compounds [9]. HPLC was used successfully for the quality
assessment of thymol and carvacrol in previous research
studies [10–12].

Extraction technologies have been developed through
time where some are considered classical and others ad-
vanced methods. Steam distillation is one of the classical
extraction methods that was introduced long ago by the
Arabs, where all the plant’s components are extracted [13].
Solid-to-liquid extractions are selective methods where the
extraction solvent and solute have similar polarities. In these
types of extractions, different technologies are applied, such
as supercritical fluid extraction, pressurized liquid extraction
(PLE) and/or temperature “accelerated solvent extraction”
(ASE) [14], ultrasonic assistance, and microwave assistance
or enzymatic assistance [5].

Nowadays, great importance has been paid to using
green extraction methods [15]. Green solvents that do not
harm humans and the environment are highly recom-
mended for use instead of hazardous solvents such as the
widely used hexane. Such a replacement is based on finding a
green solvent that has similar polarity and basicity qualities
to the hazardous one [16].

In 2017, Mnayer published a green solid-to-liquid ul-
trasonic extraction method. *e study compared conven-
tional extraction techniques using hexane and ethanol
solvents versus green solvent (sunflower oil) and absolute
ethanol. Mnayer also compared extraction with and without
the aid of ultrasonication at different temperatures in the
range of 10°C to 50°C, sonication time in the range of 7 to 23

minutes, and ultrasonic power in the range of 32 to 98W. A
better quality yield and more content of thymol were
achieved by extraction with sunflower oil solvent using the
optimized parameters of 50.18°C for sonication tempera-
ture, 22 minutes for sonication time, and 98.63W for
ultrasonication power [17].

In this study, thymol and carvacrol extraction from
Hebron Za’atar leaves was performed by using the ultra-
sonic-assisted method and the use of sesame oil as an al-
ternative green, nontoxic natural solvent. Results were
compared with those of other vegetable oils including
sunflower and olive oils. In addition, a new HPLC method
was developed and validated for the analysis of thymol and
carvacrol content in extracted samples. Finally, a compar-
ison study of thymol and carvacrol content in different
extract samples was performed to determine the extraction
key parameters.

2. Materials and Methods

2.1. Instrument and Materials

2.1.1. For Analytical Method Development. *e equipment
used is as follows: HPLC from the Agilent 1200 model with
UV double-beam PerkinElmer model, UV spectropho-
tometer, ultrasonic bath 2 L with a frequency of 28/40 kHz
and ultrasonic power of 120W, pHmeter, analytical balance,
and semianalytical balance.

*e chemicals used are as follows: phosphoric acid
HPLC grade from J. T. Baker, catalog number 02-003-613;
trifluoracetic acid HPLC grade from Sigma-Aldrich, catalog
number 302031; acetonitrile 99.9% HPLC grade from Fisher
Scientific, catalog number A998-212; thymol standard from
Acros Organics, catalog number 15033; carvacrol standard
from Sigma-Aldrich, catalog number 282197; and column
C8 150× 4.6mm from Restek, catalog number 9533565.

2.1.2. For Extraction. *e equipment and materials used are
as follows: ultrasonic bath 2 L with a frequency of 28/40 kHz
and ultrasonic power of 120W; thermometer; semianalytical
balance; cold press oil machine; magnetic stirrer 5 L; retro-
evaporator; olive oil, sunflower oil, sesame oil, all three from
Iz Adin company;Whatman filter; sesame seeds; and absolute
ethanol 99.8% from Sigma-Aldrich, catalog number 24102.

2.2. Method Development

2.2.1. UV Selection. *e absorbance of thymol and carvacrol
was measured separately using UV-visible spectrophotom-
etry over the range of 200 nm to 400 nm.

2.2.2. Selection of Mobile Phase and Column. *e initial
mobile phase and column were selected according to
Shekarchi method [18]. Injections were started using C18,
250mm× 4.6mm, and a 5 µm column. Isocratic mobile
phase combination of 50 : 50 (ACN : PW), flow rate of 1ml/
min, injection volume of 10 µl, diluent of 80 : 20, and ratio of
ACN : PW. For buffering the system, a buffering agent was
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added to the mobile phase to improve the tailing and peak
shapes by testing different concentrations of 0.5% or 3%
diluted phosphoric acid. After several trials, it was observed
that the tailing of peaks cannot be improved as the C-18
columnwas not suitable for the low pH range. To resolve this
issue, a C8 column was used instead for having lower hy-
drophobicity and for separating nonpolar organics, where
only a small percentage of trifluoracetic acid (TFA) (0.05%)
was used.

2.2.3. Selected Parameters for Analysis. Column: C8
150mm× 4.6mm, 5 µm column; flow rate: 1.0ml/min; UV:
205 nm; injection vol: 10 µl; column temperature: 30°C;
mobile phase A: 50% (ACN); and mobile phase B: 50%
(0.05% TFA buffer).

2.2.4. Validation of Analytical Method. *e developed
method was tested for specificity, linearity, accuracy, re-
peatability, and robustness for thymol and carvacrol.

2.3. Extraction

2.3.1. Collection of Za’atar Plant Leaves. Fresh leaves of
Za’atar were obtained from two different regions in Hebron.
*e leaves were cut from the stem and dried for 14 days
using a sieve; then, they were stored in a plastic bag in the
dark.

2.3.2. Solid-to-Liquid Extraction Using Green Solvents (Olive,
Sunflower Oil, and Sesame Oil). Plant material was milled
using a coffeemill machine. One gram of milled material was
combined with each of the solvents separately (sunflower oil,
olive oil, or sesame oil) in a 100ml volumetric flask. *e
mixture was sonicated at 50°C for 25 minutes with agitation
every 7 minutes. After sonication, the volumetric flask was
cooled and filled to volume with the solvent and was shaken
well.

*e mixture was filtered with a coffee filter and trans-
ferred to a beaker where absolute ethanol was added in a
ratio of 1 :1.5 (mixture : absolute ethanol) and stirred well.
*e mixture was transferred to a separating funnel and was
agitated vigorously and allowed to stand for one hour. *e
supernatant was evaporated at 40°C. *e yield was collected,
filtered using a Buchner funnel vacuum flask, filtered by a
Whatman filter paper, and stored in the refrigerator at 5°C.

2.3.3. Cold-Pressed Sesame Oil Production. Sesame seeds
were pressed using an oil pressing machine where the
temperature was monitored and maintained below 45°C
during the whole process. Low temperatures protect the oil
components from degradation [19]. Sesame seeds from two
different origins, Turkey and India, were pressed separately
through a single screwdriver. *e oil is collected from un-
derneath the screwdriver, and the peels of sesame are ex-
pelled from the other side. Sesame oil was filtered using a
coffee filter and left for 24 hours. *e upper yellow part was
collected, where the white part was put in a small jar for

further precipitation. Sesame oil was stored in a brown
bottle.

2.3.4. Solid-to-Liquid Extraction Using Sesame Oil Scale-Up.
*irty grams of dried plant material were milled using a
coffee mill machine. *e milled material was weighed and
transferred to a 2000ml beaker, and 350ml of sesame oil was
added.*e beaker was sonicated at 50°C for 25 minutes with
agitation every 7 minutes. *e mixture was filtered with a
coffee filter and transferred to a beaker where absolute
ethanol was added in a ratio of 1 :1.5 (mixture : absolute
ethanol) and stirred for 15 minutes using a magnetic stirrer.
*e supernatant was collected, and the rest of the oil was
transferred into a separating Buchner funnel to separate the
remaining alcohol and allowed to stand for 1 hour. *e
supernatant was added to the collected alcohol and was
evaporated at 40°C. *e yield was collected, filtered using
Whatman filter paper, and stored in the fridge at 5°C.

2.3.5. Analysis of Za’atar Extracts. *e extraction method of
thymol and carvacrol from Za’atar leaves was evaluated for
quality and consistency of the extracted material. A com-
parison study using analysis of Za’atar extracts by the val-
idated HPLC method was applied. *e purpose of this study
was to determine the content of thymol and carvacrol and
limit the content variation in a raw material batch by
identifying the responsible factors. *e study covered the
following issues.

2.3.6. Variations in Za’atar Extracts. Samples of Za’atar
were obtained from two different areas in Hebron. In this
study, these samples are referred to as Hebron Za’atar A and
Hebron Za’atar B. *ey were extracted using the scale-up
method, by using the lab-made sesame oil using a cold press
machine.

2.3.7. Variations in Sesame Oil. Hebron Za’atar A was
extracted from two different sesame oils: the first oil used
was Izz-Aldin sesame oil, and the second oil was the lab-
made sesame oil using a cold-press machine.

2.3.8. Variations in Sesame Seed Origin. Hebron Za’atar A
sample quantity was small; therefore, the study was con-
tinued using Hebron Za’atar B.

Hebron Za’atar B was extracted using two different
sesame oils made of different origins of sesame seeds (Indian
and Turkish).

2.3.9. Sample Preparation for HPLC Analysis. One (1.0)
gram of extracted material was weighed into a 50ml VF and
made up to volume with diluent (ACN 80 : PW 20) and
sonicated at room temperature for 10 minutes. Five (5.0) ml
of prepared sample was diluted to a 25ml VF with the same
diluent. All samples were injected into HPLC using the
validated method.
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2.3.10. Extraction Optimization. By using the scale-up ex-
traction method, Hebron Za’atar B was extracted by using
sesame oil made by cold pressing of Indian sesame seeds.*e
volume of sesame oil was decreased from 350ml to 250ml,
where Za’atar powder was all wetted with the solvent.

3. Results

3.1. UV Scanning. *ymol and carvacrol both showed high
absorbance at 204 and 270 nm, as shown in Figure 1.*us, in
method development, 204 nm was used as the absorbance
wavelength.

3.2. Selection of Column and Mobile Phase. *e selection of
column andmobile phase was started by using a C18 column
and isocratic mobile phase containing 0.5% diluted phos-
phoric acid and 50% ACN. *e peaks were not ideal, and a
resolution of less than 2 was achieved between carvacrol and
thymol. On the same hand, the method had bad tailing for
thymol and carvacrol when the phosphoric acid was in-
creased to 3%. After switching to column C8, using 0.05% of
TFA as a buffering agent and 50% ACN, tailing and reso-
lution were achieved with ideal peaks for both compounds in
two different concentrations of carvacrol and thymol
(0.01mg/ml and 0.1mg/ml, respectively), as shown in
Figures 2(a) and 2(b).

3.3. Validation of Analytical Method. *e analytical method
was successfully validated to be used for the analysis of
thymol and carvacrol in a raw material sample. First, the
method was found to be specific, as there was no mobile
phase or diluent peaks interfering under the major peaks of
carvacrol and thymol. Second, it was found to be linear in the
range of 0.001 to 0.12mg/ml for both thymol with a coef-
ficient of 0.9995 and carvacrol with a coefficient of 0.9996.
*ird, the method obtained 0.5% RSD for both thymol and
carvacrol, exhibiting the method’s repeatability. Fourth, the
method was found to be accurate as the mean recovery for
thymol was 101.6% and carvacrol was 100.8%. Finally, the
method was robust as it met the system suitability under
different conditions.

3.4. Results of Extraction Using Different Oils. It was found
that sesame oil has the highest amount of thymol and
carvacrol, followed by sunflower oil, and the lowest amount
obtained by using olive oil, as shown in Table 1. *is makes
sesame oil 42% more efficient in extraction than sunflower
oil.

3.5. Analysis of Za’atar Extracts’ Results

3.5.1. Results of Different Za’atar Extracts. As shown in
Table 2, it is obvious that there was a small difference in the
quantities of thymol obtained from Za’atar extracts
according to the area.

3.5.2. Results of Za’atar “A” Extract by Using Different
Sesame Oils. As shown in Table 3, a 23% higher amount of
thymol was detected when cold-pressed sesame oil was used
versus commercial sesame oil. Contrary to that, the amount
of carvacrol was reduced by 36% when cold-pressed sesame
oil was used.

3.5.3. Results of Hebron Za’atar Using Sesame Oil from
Different Seed Origins. As shown in Table 4, slightly higher
amounts of thymol and carvacrol were detected by using the
Indian sesame seeds.

3.5.4. Results of Reducing Sesame Oil Volume. As shown in
Table 5, the content of thymol is higher and lower yields of
thymol and carvacrol were found by reducing the volume of
sesame oil, resulting in a more concentrated extract.

4. Discussion

Several vegetable oils have been used as cosolvents for ex-
traction. *e advantages of the addition of vegetable oils as
cosolvents have been illustrated to enhance the yield
depending on the physicochemical properties of the used oil
[20–23]. In the present study, the selected oils for com-
parison are widely available in the Palestinian market.
Sesame oil-absolute ethanol had a very surprising result as it
was 42% more efficient than sunflower oil-absolute ethanol
for both thymol and carvacrol, whereas olive oil yield of
thymol and carvacrol was minimal.

*e scale-up extraction method increased the content of
thymol and carvacrol. *is difference could be explained by
gaining more extraction practice with time, extracting larger
samples of Za’atar leaves, using larger equipment, and using
a magnetic stirrer for longer sesame oil-absolute ethanol
mixing time.

It can be found that for each 100-gram plant leaves,
Mnayer extraction yielded 5.93 grams of oil, which con-
tained 171.22mg/g of total phenolic content comprising
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Figure 1: Absorbance area for thymol and carvacrol. *ymol and
carvacrol standards were measured over the range of 200 nm to
400 nm.
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80.5% of thymol and 5.7% of carvacrol. *e Mnayer method
resulted in 817.34mg of thymol and 57.87 mg of carvacrol.
However, for each 100-gram plant extracted by the scaled-up
sesame oil-absolute ethanol method, it yielded 66.66 grams

of oil, which contained 23.4mg/g of thymol and 1.33mg/g of
carvacrol, resulting in 1559.84mg of thymol and 88.66mg of
carvacrol. *e cold-pressed sesame oil-absolute ethanol
extraction is 50.2% more efficient than the Mnayer

mAU

100

80

60

40

20

0

-20

-40

0 5 10 15 20 min

10
.2

35
 - 

Ca
rv

ac
ro

l

11
.2

29
 - 

Th
ym

ol

VWD1A, Wavelength=205 nm
(IBUPROFEN- THYMOL- CARVACROL 2021-05-04 15-48-46\071-1802.D)

(a)

mAU

400

300

200

100

0

0 5 10 15 20 min

10
.1

80
 - 

Ca
rv

ac
ro

l
11

.1
78

 - 
Th

ym
ol

VWD1 A, Wavelength=205 nm
(IBUPROFEN- THYMOL- CARVACROL 2021-04-06 14-38-25\010-0901.D)

(b)

Figure 2: Chromatograms of thymol and carvacrol standards. 0.01mg/ml thymol and carvacrol standards (a) and 0.1mg/ml thymol and
carvacrol (b) were injected to HPLC using the developed method.

Table 1: *ymol and carvacrol content in Za’atar extracts using olive oil, sunflower oil, and sesame oil for extraction.

Oil used for extraction Carvacrol (mg)/1 gram *ymol (mg)/1 gram
Olive oil 0.35 0.305
Sunflower oil 1.6 8.15
Sesame oil 1.85 14.11

Table 2: Carvacrol and thymol content in different locations of Hebron Za’atar.

Sample name Carvacrol (mg)/1 gram *ymol (mg)/1 gram
Hebron Za’atar A extract 3.57 25.71
Hebron Za’atar B extract 1.33 23.40

Table 3: Carvacrol and thymol content by using regular and cold-pressed sesame oil.

Sample name Carvacrol (mg)/1 gram *ymol (mg)/1 gram
Hebron Za’atar A extract by using cold-pressed sesame oil at lab 3.57 25.71
Hebron Za’atar A extract by using Izz-Aldin sesame oil 5.59 19.83

Table 4: Carvacrol and thymol content by using different origins of sesame seeds.

Sample name Carvacrol (mg)/1 gram *ymol (mg)/1 gram
Hebron Za’atar B, sesame oil from Indian sesame 2.5 22.0
Hebron Za’atar B, sesame oil from Turkish seeds 2.2 21.2

Table 5: *ymol and carvacrol content and yield when the volume of sesame oil is reduced.

Sample name Carvacrol (mg)/1 gram *ymol (mg)/1 gram Yield of oil (ml)
Hebron Za’atar B by using 250ml sesame oil 4.4 32.8 14
Hebron Za’atar B by using 350ml sesame oil 2.5 22.0 20
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extraction of sunflower oil-absolute ethanol extraction. *is
finding makes cold-pressed sesame oil-absolute ethanol the
best green solvent combination for the extraction of thymol
and carvacrol using the ultrasonic method.

A comparison study of thymol extraction from ,ymus
vulgaris was performed between green solvent ethanol, limo-
nene, and ethyl lactate by pressurized liquid extraction (PLE)
and supercritical fluid extraction (SFE) by Bermejo.*e highest
thymol content achieved in this study was between 7 and 11mg
of thymol for 1 gram by the SFE method [24], whereas the
ultrasonic method using sesame oil-absolute ethanol achieved
20–25mg thymol in 1-gram dried leaves. By using the ultra-
sonic method, a double thymol content was achieved as
compared to the expensive SFE and PLE methods.

*e extracted Za’atar oil can be used as a natural pre-
servative in the pharmaceutical and cosmetic industries [25].
Extraction methods must be fully understood to produce
consistent batches that have minimum variations. *e most
important parameter in extraction consistency is the quality
and volume of sesame oil. Depending on the method of
pressing, commercial sesame oil quality can differ from one
vendor to another [26,27]. It was found that higher quality
sesame oil where sesame seeds were milled under 45°C
resulted in a 23% higher thymol content than the regular
sesame oil. *e optimal volume of sesame oil required for
extraction was determined by reducing the volume of ses-
ame oil. *e minimum volume of sesame oil of 250ml is
needed to wet 30 grams of milled Za’atar powder where it
resulted in less yield of Za’atar extract oil but more con-
centrated with thymol content.

Plant leaves origin and cultivation conditions are other
parameters affecting the consistency of extraction. Hebron
Za’atar origin was selected as it has the biggest share in the
Palestinian market. *e Za’atar plant leaf with an acrid taste
is an indicator for containing thymol. By selecting only bitter
Za’atar leaves from the Hebron area, less than a 10% dif-
ference was found in thymol content, which makes it a
reasonably accepted criterion.

Finally, it was found that the origin of sesame seeds
used for pressing has a minor effect on extraction con-
sistency. By comparing the two major sources of sesame
seeds that reach Palestinian territories, the Turkish and
Indian sesame seeds, the Indian sesame seeds resulted in
slightly higher thymol and carvacrol content than the
Turkish sesame seeds.

5. Conclusion

*e combination of using ultrasonic and sesame oil-absolute
ethanol solvent for the extraction of thymol and carvacrol
can be described as an easy, inexpensive, and efficient
method. *e method used by Mnayer where ultrasonic and
sunflower oil-absolute ethanol had almost the same result of
using a conventional extraction method with hexane. *e
use of sesame oil instead of sunflower oil increases the
extraction efficiency by 50.2%. *is makes the method very
efficient and can definitely replace the use of conventional
extraction by hexane which is also better for the environ-
ment and safer for humans.
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