
Citation: Zeng, X.; He, H.; Yuan, L.;

Wu, H.; Zhou, C. Determination of 24

Trace Aromatic Substances in

Rosemary Hydrosol by Dispersed

Liquid–Liquid Microextraction–Gas

Chromatography. Processes 2024, 12,

498. https://doi.org/10.3390/

pr12030498

Academic Editors: Avelino

Núñez-Delgado, Elza Bontempi,

Yaoyu Zhou, Esperanza Alvarez-

Rodriguez, Maria Victoria

Lopez-Ramon, Mario Coccia,

Zhien Zhang, Vanesa Santas-Miguel

and Marco Race

Received: 8 February 2024

Revised: 24 February 2024

Accepted: 25 February 2024

Published: 28 February 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

processes

Article

Determination of 24 Trace Aromatic Substances in Rosemary
Hydrosol by Dispersed Liquid–Liquid Microextraction–
Gas Chromatography
Xiaoming Zeng, Hao He, Liejiang Yuan *, Haizhi Wu * and Cong Zhou

Hunan Provincial Institute of Product and Goods Quality Inspection, Changsha 410007, China;
xiaomingzeng0731@163.com (X.Z.); 18673272562@163.com (H.H.); congzhou0731@163.com (C.Z.)
* Correspondence: yuanliejiang@163.com (L.Y.); whzh861028@126.com (H.W.)

Abstract: A combined dispersed liquid–liquid microextraction (DLLME) and chromatography (GC)
method was developed for the determination of 24 aromatic substances in rosemary hydrosol in this
work. The pretreatment method of DLLME was optimized by carefully selecting the appropriate
extraction agents, dispersants, and their respective amounts. With carbon tetrachloride as the
extractant and acetone as the dispersant, the enrichment factor of DLLME is 13.3, and the 24 target
substances such as eucalyptol, camphor and verbenone can be separated within 31 min and quantified
by an external standard method using gas chromatography (GC). The correlation coefficient r2 of
the linear regression equation is within the range of 0.9983 to 0.9991. The detection limit of the
method was 0.02 mg/L, the recovery rate of the spiked solution was 76.4–118.4%, the relative
standard deviation was 0.4–6.9% and the method was used to detect the semi-finished products
of rosemary hydrosol and the finished rosemary hydrosol sold on the market. This method also
provides a reference for the qualitative and quantitative determination of aromatic substances in
other hydrosols.

Keywords: rosemary hydrosol; dispersed liquid–liquid microextraction; gas chromatography;
external standard method; aromatic organics

1. Introduction

Rosemary, also known as Rosmarinus officinalis, is a perennial evergreen subshrub
plant, belonging to the angiosperms, dicotyledonous plants and tubular flowering trees.
Rosemary is native to Europe and North Africa along the Mediterranean coast and is now
widely cultivated in many countries in Europe, North America and China [1–3]. Rosemary
hydrosol has a natural rosemary fragrance, which can be used as a raw material for the
production of cosmetics or facial masks [4]. It has antioxidant [5,6], antibacterial [7,8] and
other effects. Tornuk et al. [9] used rosemary extract as a food disinfectant in their research.
The composition of rosemary essential oils varies greatly due to different germplasm re-
sources, growing regions, climates and environments [10,11]. Similar to rosemary essential
oil, rosemary hydrosol can be divided into Tunisian, Moroccan and Spanish types according
to their different germplasm resources. Among them, Tunisian and Moroccan rosemary
hydrosol are habitually called “camphor rosemary hydrosol” because they are rich in cam-
phor, and Spanish rosemary hydrosol is habitually called “verbenone rosemary hydrosol”
because it is rich in verbenone [12,13].

In the field of rosemary hydrosol analysis, researchers have explored various meth-
ods to determine the composition and content of its components. Two commonly used
techniques are direct injection and concentrated injection after ether extraction [5,14,15].
Direct injection involves directly injecting the rosemary hydrosol sample into the analytical
instrument without any additional sample preparation steps. This method is simple and
convenient but may not be sensitive enough to detect trace organic matter due to the low
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organic content in rosemary hydrosol. Concentrated injection after ether extraction, on the
other hand, involves extracting the components from the hydrosol using an ether solvent
and then concentrating the extract before injection into the instrument. This method allows
for better detection of trace organic compounds by increasing their concentration. However,
it requires a significant amount of ether per sample and can lead to the loss of volatile
components during the concentration process. In a study conducted by Kenichi Tomi et al.,
1000 µL of hydrosol was transferred into a 1.5 mL sample tube, and then 100 µL of n-hexane
and 50 mg of NaCl were added to extract aroma components into the organic fraction;
finally, 0.5 µL of the resulting organic fraction was injected into the GC-MS system using
a 5.0 µm micro syringe. However, the absolute content of analytes were not discussed
in their work [15]. And in a study by Matteo Politi et al., the target analytes of rosemary
samples were concentrated by solid phase microextraction (SPME) and analyzed by GC-MS.
They also obtained the results of the relative content of rosemary samples [16]. To over-
come these limitations, dispersive liquid–liquid microextraction (DLLME) has emerged
as a promising technique for rosemary hydrosol analysis. DLLME involves dispersing
a small volume of an extraction solvent (such as chloroform or dichloromethane) and a
dispersant (typically a water-miscible organic solvent like acetone or ethanol) in the sample
solution, creating a cloudy mixture [17–19]. Upon phase separation, the target analytes
partition into the fine droplets of the extraction solvent, leading to improved enrichment
efficiency and sensitivity. DLLME offers several advantages over traditional methods. It
is relatively simple, rapid, cost-effective and requires only a small amount of extractants.
Furthermore, DLLME reduces the consumption of organic solvents compared to other
extraction techniques [20]. It can be easily coupled with various analytical instruments
such as gas chromatography (GC) [21,22], liquid chromatography (LC) [23] or mass spec-
trometry (MS) [24] for the separation and detection of target compounds. However, there
is currently a lack of literature reports utilizing DLLME as a pretreatment method for the
determination of absolute content of aromatic compounds in rosemary by GC analysis.
In this study, DLLME was selected as the extraction and concentration method for rose-
mary hydrosol analysis. The pretreatment method of DLLME was optimized by carefully
selecting appropriate extraction agents, dispersants, and their respective amounts. By
fine-tuning the extraction parameters, the method achieved a very low detection limit,
enabling accurate determination of trace components in rosemary hydrosol when combined
with gas chromatography. This advanced approach provides valuable insights into the
antioxidant, antibacterial and odor-related properties of rosemary hydrosol, contributing
to a deeper understanding of its chemical composition and potential benefits in various
applications. It offers a novel and efficient way to analyze rosemary hydrosol and can serve
as a foundation for further research in this field.

2. Materials and Methods
2.1. Materials and Reagents

The specified purities of the following standard substances were obtained from Shang-
hai Aladdin Biochemical Technology Co., Ltd. (Shanghai, China): α-Pinene (≥98.0%),
(±)-Camphene (≥95.0%), β-Pinene (≥98.0%), Myrcene (≥90.0%), α-Terpinene (≥90.0%),
(R)-(+)-Limonene (≥99.0%), Eucalyptol (≥99.5%), trans-2-Hexen-1-a (≥98.0%), γ-Terpinene
(≥95.0%), 4-lsopropyltoluene (≥99.5%), Terpinolene (≥90.0%), Methyl heptenone (≥98.0%),
cis-3-Hexen-1-ol (≥98.0%), D(+)-Camphor (≥96.0%), Linalool (≥98.0%), Linalyl Acetate
(≥96.0%), Isobornyl Acetate (≥94.0%), (-)-trans-Caryophyllene (≥98.0%), 4-Carvomenthenol
(≥98.0%), Isoborneol (≥90.0%), α-Terpineol (≥98.0%), (-)-Verbenone (≥95.0%), Neryl ac-
etate (≥95.0%) and Geraniol (≥98.0%).

HPLC-grade carbon tetrachloride (MackLin, Shanghai, China) was used as the extractant,
while pesticide residue-grade chloroform (Anpel, Shanghai, China) and dichloromethane
(Anpel, Shanghai, China) were used as alternative extractants. Pesticide residue-grade acetone
(Anpel, Shanghai, China) served as the dispersant and was also used for standard prepa-
ration. Additionally, HPLC-grade carbon disulfide (MackLin, Shanghai, China), pesticide
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residue-grade methanol (Anpel, Shanghai, China), pesticide-residue grade acetonitrile (Anpel,
Shanghai, China), and HPLC-grade ethanol (Anpel, Shanghai, China) were utilized as disper-
sants. Analytical reagent sodium chloride (Sinopharm Chemical Reagent, Shanghai, China)
was employed as an electrolyte. Ultrapure water (PERSEE, resistance = 18.2 MΩ, Shenzhen,
China) was utilized for the experiment. Samples included both semi-finished rosemary hy-
drosols from a plant extract enterprise in Changsha, China, and finished rosemary hydrosols
sourced from Taobao in Hangzhou, China. To prepare the calibration curve, the 24 types of
standards were dissolved and freshly diluted in acetone to concentrations of 5, 10, 20, 50, 100
and 200 µg/mL.

2.2. Instruments and Equipment

An Nexis GC-2030 GC with a flame ionization detector (Shimadzu, Kyoto, Japan)
and fused silica capillary column DB-WAX (polyethylene glycol coating, 30 m × 0.32 mm,
0.25 µm, Agilent, Santa Clara, CA, USA) were used for data acquisition. The detail para-
ments of the GC can be seen in Table 1. BSA224S electronic balance (accuracy 0.1 mg,
Sedoris, Göttingen, Germany) was used for weighing reagents; S225D-1CN electronic
balance (accuracy 0.01 mg, Sartorius, Göttingen, Germany) was used for weighing standard
substances; 200 µL and 1 mL pipette guns (Eppendorf, Hamburg, Germany) were used to
transfer standard solutions, extractants, and dispersants; EOFO-945617 single-hole vortex
mixer (digital type, Talboys, Columbia, MD, USA) was used for extraction; H/T16MM
centrifuge (Hexi, Tianjin, China) was used for centrifugal stratification; high-purity nitrogen
(purity ≥ 99.999%, Changsha Rizhen, Changsha, China) was used for carrier gas.

Table 1. Instrumental parameters of GC data acquisition.

Instrumental Parameters Value

Injection port
Injection volume (µL) 1.0

Injection port temperature (◦C) 250
Split ratio 20:1

Chromatographic column
Column flow (mL/min) 1.00

Programmed temperature rise procedure
50 ◦C for 3 min,

4 ◦C/min to 160 ◦C,
0 min, 20 ◦C/min to 240 ◦C, 5.5 min

Detector
Detector temperature (◦C) 300
Hydrogen flow (mL/min) 32.0

Air flow (mL/min) 200.0
Tail gas flow (mL/min) 24.0

2.3. Method
2.3.1. Preparation of Standard Solution and Establishing of Standard Curve

We accurately measured 100 mg of a standard substance and transferred it into a
50 mL beaker. Subsequently, 10–20 mL of acetone was added to the beaker, followed by dis-
solution through ultrasound. The resulting solution was then transferred to a 5 mL brown
volumetric flask and further diluted with acetone. After thorough shaking, a 20 mg/mL
single standard stock solution was prepared. To obtain single standard solutions for anal-
ysis in gas chromatography (GC), each single standard stock solution was sequentially
diluted stepwise with acetone to achieve a concentration of 100 µg/mL. Retention time,
determined by GC analysis, served as the qualitative basis for identifying each standard
substance. For the preparation of a mixed standard stock solution, precisely 200 µL of
each single standard stock solution was transferred into a 5 mL brown volumetric flask,
followed by dilution with acetone and thorough shaking. This resulted in an 800 µg/mL
mixed standard stock solution. Dilutions of the mixed standard stock solution with acetone
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were performed to obtain concentrations of 5, 10, 20, 50, 100, and 200 µg/mL for each
standard substance. The pH value of rosemary hydrosol was approximately 5.5.

The enrichment factor (EF) plays a crucial role in evaluating the performance of the
dispersive liquid–liquid microextraction (DLLME) method. It represents the concentration
of the target substance in the extractant after extraction divided by the concentration of
the target substance in the aqueous phase before extraction. Under the assumption that all
target substances are fully extracted into the extractant, and the volumes of the extractant
and aqueous phase remain constant before and after extraction, the enrichment factor can be
calculated as the ratio of the volume of the aqueous phase to the volume of the extractant.

However, in practical analytical procedures, the volume of the organic phase may not
necessarily match the volume of the added extractant after liquid–liquid microextraction.
Some of the dispersant may be carried into the organic phase by the extractant, resulting in a
larger final volume of the organic phase compared to the added extractant. Simultaneously,
a portion of the extractant may be carried into the aqueous phase by the dispersant, leading
to a smaller final volume of the organic phase than the added extractant. To account for
these discrepancies, it becomes necessary to introduce a correction factor, denoted as K, to
adjust the test results accordingly.

The incorporation of the correction factor K allows for accurate determination of
the actual enrichment factor, considering the potential alterations in the volumes of both
the organic phase and the extractant caused by the dispersant during the liquid–liquid
microextraction process. This correction factor ensures the reliability and validity of the
obtained results.

2.3.2. Sample Collection, Preparation and Detection

Eight samples were included in this study; Sample 1, Sample 2, Sample 3 and Sample 5
were purchased through the Taobao network. Sample 7 was a hydrosol produced from
imported rosemary leaves and was provided by a plant extract company. Additionally, sam-
ples of hydrosol produced from rosemary leaves in Hunan (Sample 8), Henan (Sample 9),
and Yunnan (Sample 10) were also included.

For the sample preparation, we referred to a previous study [19] and conducted certain
optimizations based on them, the detailed steps were as follows: a 10 mL hydrosol sample
was taken and mixed with 1.5 mL of acetone, followed by the addition of 2 g of NaCl.
Subsequently, 0.75 mL of carbon tetrachloride was added to the mixture. The resulting
solution was manually shaken 100 times and then subjected to scrolling for 30 s. After
allowing the solution to stand undisturbed for 3 min, centrifugation was performed at a
speed of 6000 r/min for 5 min. The organic phase present at the bottom of the centrifuge
tube was carefully collected and transferred to an injection vial for further determination.
Figure 1 shows the flow chart of sample pretreatment for 24 trace aromatic substances in
rosemary hydrosol.
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3. Results and Discussion
3.1. Gas Chromatograms of Target Analytes in Samples

As can be seen from Figure 2a, the 24 aromatic organic compounds of the gas chro-
matogram were completely separated in 31 min. After conducting calculations, the resolu-
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tion of the 24 compounds ranged from 2.03 to 39.76, exceeding the minimum requirement
of 1.5. This indicates that our method satisfies the criteria for both chromatographic
separation and quantitative analysis. Table 2 presents the identification of the 24 target
compounds along with their corresponding retention times, as denoted by the serial num-
bers in Figure 2a–c. Figure 2b,c show the gas chromatograms of the rosemary hydrosol
produced by the imported rosemary leaves and the rosemary hydrosol produced by the
Chinese rosemary leaves, respectively. As can be seen from Figure 2a and Table 2, the main
components of rosemary hydrosol produced from imported leaves were eucalyptol and
camphor, while the main components of hydrosol produced from domestic leaves were
eucalyptol and verbenone.
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Table 2. The retention time of 24 target analytes in rosemary hydrosol separated by GC.

No. Target Analytes Retention Time (min) No. Target Analytes Retention Time (min)

1 α-Pinene 6.589 13 cis-3-Hexen-1-ol 17.298
2 (±)-Camphene 7.581 14 D(+)-Camphor 21.248
3 β-Pinene 8.674 15 Linalool 22.199
4 Myrcene 10.261 16 Linalyl Acetate 22.401
5 α-Terpinene 10.739 17 Isobornyl acetate 23.294
6 (R)-(+)-Limonene 11.318 18 (-)-trans-Caryophyllene 23.575
7 Eucalyptol 11.693 19 4-Carvomenthenol 23.817
8 trans-2-Hexen-1-al 11.945 20 Isoborneol 25.690
9 γ-Terpinene 12.788 21 α-Terpineol 26.479

10 4-lsopropyltoluene 13.559 22 (-)-Verbenone 26.730
11 Terpinolene 13.972 23 Neryl acetate 27.174
12 Methyl heptenone 15.720 24 Geraniol 30.458

3.2. Selection of Extractant

Selection of an appropriate extractant is crucial for the extraction process to ensure the
complete dissolution of all standard substances. The solubility of the target substance in
the chosen extractant should be significantly higher compared to water. Additionally, the
density of the chosen extractant should be notably greater than that of water to facilitate
efficient centrifugation and stratification post-extraction. In this study, trichloromethane,
dichloromethane, carbon tetrachloride and carbon disulfide were chosen as the extractants.
To evaluate the recovery rates of the 24 standard substances at different spiking levels,
mixed standard solution spikes with concentrations of 1.5 µg, 15 µg and 150 µg were added
to the blank matrix for each extractant tested. Comparisons were made between the recov-
ery rates of the 24 standard substances across the various extractants and concentrations.
The recovery rates of the 24 standard substances were presented in Figure 3a–c. Notably,
when carbon disulfide was employed as the extractant, significant variations were observed
among different analytes, which could be attributed to their varying solubilities in carbon
disulfide. Consequently, carbon disulfide was excluded from consideration as an extractant
in this study. Comparative analysis revealed that carbon tetrachloride exhibited signifi-
cantly higher recoveries (around 100%) for the 24 analytes compared to dichloromethane
and chloroform. Furthermore, the chromatographic peak of trichloromethane substantially
overlapped with (±)-2-pinene, while dichloromethane demonstrated a propensity to emul-
sify with water when used as an extractant. Therefore, carbon tetrachloride was selected as
the preferred extractant for this investigation.

3.3. Selection of Dispersant

In order to facilitate the transfer of target analytes between the aqueous and organic
phases, it is crucial for the dispersant to possess favorable solubility in both water and the
chosen extractant. Additionally, the dispersant should demonstrate excellent solubility in
the 24 reference materials. For the purpose of this study, acetone, hexane and methanol were
carefully chosen as the dispersants for comprehensive evaluation. To evaluate the recovery
rates of the 24 analytes at different concentrations, a standard solution containing 15 µg
was added to the blank matrix using each dispersant. The main objective was to compare
the recovery rates of the 24 analytes across various concentrations and dispersants, with
the ultimate goal of identifying the most suitable dispersant that could effectively facilitate
the smooth transfer of the reference materials between the aqueous and organic phases
while achieving optimal recovery rates. The recovery rates of the 24 standard substances
are presented in Figure 4. When methanol was utilized as the dispersant, it led to a higher
migration of cis-3-hexene-1-ol into the water phase, resulting in an insufficient recovery
rate of the spiked compound. Conversely, when acetone was used as the dispersant, the
recovery rate of the added standard exceeded that of acetonitrile. Additionally, it was
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observed that acetonitrile had a propensity to cause losses in the gas chromatographic
column. Consequently, acetone was chosen as the preferred dispersant for this study.
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Figure 4. The recovery rate of 24 target substances when using different dispersants (n = 3).

3.4. Optimization of Extractant Volume

The volume of the extractant plays a crucial role in determining the extraction efficiency.
Insufficient extractant volume may result in incomplete transfer of the target substance
from the aqueous phase to the organic phase, while excessive extractant volume can lead
to reduced enrichment factor and higher detection limits for the target substances, thereby
negating the advantages of dispersed liquid–liquid microextraction. In this study, carbon
tetrachloride was selected as the extractant, and volumes of 0.25 mL, 0.50 mL, 0.75 mL, and
1.00 mL were chosen for evaluation of the extraction of 24 aromatic organic compounds
in samples. Each volume of extractant was added to the blank matrix containing 15 µg
of the mixed standard solution. The objective of this investigation was to compare the
recovery rates of the 24 standard substances under different dispersants at varying volumes
of carbon tetrachloride extractant. And the recovery rate of 24 standard substances in
samples is shown in Figure 5. The recovery rates of carbon tetrachloride extractant at 0.75
and 1.0 mL were significantly higher than that at 0.25 and 0.50 mL. When the volume of
extractant was 0.75 mL and 1.0 mL, the recovery rate of spiking was similar. Considering
the same sample volume, the larger the volume of the extractant was, the smaller the
enrichment factor was. So, 0.75 mL was selected as the volume of carbon tetrachloride as
the extractant in this study.

3.5. Optimization of Dispersant Volume

The volume of the dispersant plays a crucial role in determining the efficiency of
extraction. Insufficient dispersant volume can hinder the rapid transfer of the target
substance between the aqueous and organic phases, while excessive dispersant volume
can result in a larger organic phase volume and reduced enrichment factor. Moreover,
some dispersants may dissolve in the water phase after microextraction, leading to the
loss of target substances and lower recovery rates. In this study, acetone was chosen as the
dispersant. Each volume of dispersant was added to the blank matrix containing 15 µg
of the mixed standard solution. The recovery rates of the 24 standard substances when
varying the volume of acetone dispersant to 0.75, 1.0, 1.5 and 2.0 mL, respectively, are
shown in Figure 6. It was observed that there was minimal variation in the recovery of the
24 reference materials as the volume of dispersant changed. Therefore, for this study, a
volume of 1.5 mL was selected as the appropriate amount of acetone dispersant.



Processes 2024, 12, 498 9 of 15

Processes 2024, 12, x FOR PEER REVIEW 10 of 17 
 

 

 
Figure 5. Recovery rate of 24 target substances with different extractant volumes (n = 3). 

3.5. Optimization of Dispersant Volume 
The volume of the dispersant plays a crucial role in determining the efficiency of ex-

traction. Insufficient dispersant volume can hinder the rapid transfer of the target sub-
stance between the aqueous and organic phases, while excessive dispersant volume can 
result in a larger organic phase volume and reduced enrichment factor. Moreover, some 
dispersants may dissolve in the water phase after microextraction, leading to the loss of 
target substances and lower recovery rates. In this study, acetone was chosen as the dis-
persant. Each volume of dispersant was added to the blank matrix containing 15 µg of the 
mixed standard solution. The recovery rates of the 24 standard substances when varying 
the volume of acetone dispersant to 0.75, 1.0, 1.5 and 2.0 mL, respectively, are shown in 
Figure 6. It was observed that there was minimal variation in the recovery of the 24 refer-
ence materials as the volume of dispersant changed. Therefore, for this study, a volume 
of 1.5 mL was selected as the appropriate amount of acetone dispersant. 

0

20

40

60

80

100

120

140

160
 0.25 mL
 0.50 mL
 0.75 mL
 1.00 mL

R
ec

ov
er

y

（ %
）

24 Aromatic Substances in Rosemary Hydrosol
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 5. Recovery rate of 24 target substances with different extractant volumes (n = 3).

Processes 2024, 12, x FOR PEER REVIEW 11 of 17 
 

 

 
Figure 6. Recovery rate of 24 target substances with different dispersant volumes (n = 3). 

3.6. Optimization of DLLME Parameters 
The pretreatment parameters of DLLME, including extraction time, temperature and 

pH value, may affect the extraction recovery of the 24 target analytes in rosemary hydrosol 
samples. So, in this work, the parameters of extraction time (10, 20, 30, 60, 120 s), temper-
ature (10, 15, 20, 25, 30 °C) and pH (4, 5, 6 and 7) were optimized. As shown in Figure 7a, 
extraction temperature had a minimal impact on the recovery rate of analytes, so the ex-
traction experiments can be conducted at room temperature (10–30 °C). As for the extrac-
tion time (see Figure 7b), the extraction efficiency gradually increases when the extraction 
time is between 10 and 30 s, and it stabilizes when the extraction time is between 30 and 
120 s. According to the principles of DLLME, the dispersant transfers multiple times be-
tween the sample and the extraction solvent during the extraction process. The target an-
alytes are quickly extracted from the sample into the extraction solvent. This is one of the 
advantages of DLLME compared to other extraction methods. Thus, 30 s was chosen as 
the optimal extraction time. Moreover, as can be seen from Figure 7c, pH had a negligible 
effect on the recovery rate when the pH value was in the range of 4–6. Consequently, there 
was no requirement for pH adjustment during the analytical determination of the sample. 

0

20

40

60

80

100

120

140

160
 0.50 mL
 1.00 mL
 1.50 mL
 2.00 mL

R
ec

ov
er

y

（ %
）

24 Aromatic Substances in Rosemary Hydrosol

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2122 23 24

Figure 6. Recovery rate of 24 target substances with different dispersant volumes (n = 3).

3.6. Optimization of DLLME Parameters

The pretreatment parameters of DLLME, including extraction time, temperature
and pH value, may affect the extraction recovery of the 24 target analytes in rosemary
hydrosol samples. So, in this work, the parameters of extraction time (10, 20, 30, 60, 120 s),
temperature (10, 15, 20, 25, 30 ◦C) and pH (4, 5, 6 and 7) were optimized. As shown in
Figure 7a, extraction temperature had a minimal impact on the recovery rate of analytes,
so the extraction experiments can be conducted at room temperature (10–30 ◦C). As for
the extraction time (see Figure 7b), the extraction efficiency gradually increases when the
extraction time is between 10 and 30 s, and it stabilizes when the extraction time is between
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30 and 120 s. According to the principles of DLLME, the dispersant transfers multiple times
between the sample and the extraction solvent during the extraction process. The target
analytes are quickly extracted from the sample into the extraction solvent. This is one of
the advantages of DLLME compared to other extraction methods. Thus, 30 s was chosen as
the optimal extraction time. Moreover, as can be seen from Figure 7c, pH had a negligible
effect on the recovery rate when the pH value was in the range of 4–6. Consequently, there
was no requirement for pH adjustment during the analytical determination of the sample.

Figure 7. Optimization of DLLME parameters: (a) extraction temperature, (b) extraction time and
(c) pH (n = 3).
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3.7. Retention Time, Method Detection Limit, Linear Regression Equation and
Correlation Coefficient

The peak time, method detection limit, linear regression equation and correlation
coefficient r2 of 24 standard substances are shown in Table 3. The linearity of 24 reference
materials was good in the range of 5~200 µg/mL, and the detection limits of the method
were 0.02 mg/L. The detection limits of the liquid–liquid microextraction method were
significantly lower than those of the direct injection and liquid–liquid extraction method.

Table 3. Retention time, method detection limit, linear regression equation and correlation coefficient
r of 24 target substances r (n = 3).

Serial No. Target Analytes Retention
Time (min)

Method Detection
Limit (mg/L)

Linear Regression
Equation

Correlation Coefficient
r

1 α-Pinene 6.581 0.02 Y = 1166.1X − 6 59.2 0.9991
2 (±)-Camphene 7.573 0.02 Y = 1174.7X − 5 48.5 0.9991
3 β-Pinene 8.665 0.02 Y = 1237.2X − 723.1 0.9990
4 Myrcene 10.245 0.02 Y = 1143.4X − 695.7 0.9990
5 α-Terpinene 10.728 0.02 Y = 1276.8X − 793.4 0.9989
6 (R)-(+)-Limonene 11.307 0.02 Y = 1318.4X − 964.5 0.9989
7 Eucalyptol 11.681 0.02 Y = 1247.9X − 905.1 0.9990
8 trans-2-Hexen-1-al 11.934 0.02 Y = 758.4X − 598.9 0.9989
9 γ-Terpinene 12.777 0.02 Y = 1192.9X − 796.6 0.9990

10 4-lsopropyltoluene 13.548 0.02 Y = 1302.2X − 982.0 0.9989
11 Terpinolene 13.961 0.02 Y = 1090.2X − 680.4 0.9990
12 Methyl heptenone 15.710 0.02 Y = 975.7X − 868.1 0.9988
13 cis-3-Hexen-1-ol 17.289 0.02 Y = 925.4X − 804.8 0.9989
14 D(+)-Camphor 21.238 0.02 Y = 1398.6X − 1343.3 0.9989
15 Linalool 22.191 0.02 Y = 1041.4X − 1030.9 0.9987
16 Linalyl Acetate 22.389 0.02 Y = 1194.6X − 1132.6 0.9988
17 Isobornyl acetate 23.282 0.02 Y = 1416.6X − 1406.3 0.9988

18 (-)-trans-
Caryophyllene 23.561 0.02 Y = 1850.6X − 1710.0 0.9987

19 4-Carvomenthenol 23.807 0.02 Y = 1542.2X − 1693.4 0.9986
20 Isoborneol 25.678 0.02 Y = 1207.1X − 1193.3 0.9989
21 α-Terpineol 26.471 0.02 Y = 897.5X − 718.5 0.9988
22 (-)-Verbenone 26.718 0.02 Y = 1321.7X − 1808.1 0.9985
23 Neryl acetate 27.166 0.02 Y = 1146.7X − 1024.0 0.9987
24 Geraniol 30.450 0.02 Y = 1300.5X − 1759.0 0.9983

Table 4 shows the comparison of different pretreatment methods for the detection
of aromatic compounds in rosemary hydrosol. The aromatic substances in rosemary
hydrosol were directly injected and detected using GC-MS, obtaining the relative content
of compounds through the reported studies [25–27]. And in the work conducted by Dganit
Sadeh, 1 g sample was added into 0.01 L solvent, and then shaken for 24 h at room
temperature, then 2 mL sample was injected into the GC-MS system after the cleaning
steps, obtaining the relative content of analytes [10]. Through comparative analysis, the
method of DLLME combined with GC for the detection of 24 aromatic compounds in
rosemary hydrosol exhibits several advantages, including reduced pre-processing time
and lower reagent consumption. Most significantly, our method allows for the absolute
quantification of aromatic compounds in rosemary, a capability that distinguishes it from
other approaches in the field.
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Table 4. Comparison of different pretreatment methods.

References Pretreatment
Methods

Pretreatment
Time Detector Organic Reagent

Dosage
LOD

(mg/L)
Quantitative

Method

[25] Direct injection 0 h GC and GC-MS 0 mL / Area normalization
method

[27] Direct injection 0 h GC-MS 0 mL / Area normalization
method

[26] Direct injection 0 h GC-MS 0 mL / Area normalization
method

[10] Solvent extraction 24 h GC-MS 10 mL / Area normalization
method

This method DLLME 10 min GC 2.25 mL 0.02 External standard
method

3.8. Recovery, Precision, Enrichment Factor and Correction Factor

All figures and tables show that, for the samples spiked with 1.5, 15 and 150 µg
concentrations determined by GC, as can be seen from Table 4, the recovery rate was in the
range of 76.4~138.8%, and the relative standard deviation of the 24 target substances was
0.4~6.9%. This indicated that most of the aromatic organic compounds in samples could
be extracted using the DLLME method. High recoveries of target compounds in samples
demonstrated that the proposed method could be efficient in determining the 24 target
substances in realistic rosemary hydrosol.

In this study, the sampling volume was 10 mL, and the extraction volume was 0.75 mL,
resulting in an enrichment factor of 13.3. In the actual testing process, the volume of the
organic phase may not be consistent with the volume of the added extractant in liquid–
liquid microextraction. This is due to the potential transfer of dispersants between phases,
leading to variations in the final organic phase volume compared to the added extractant
volume. To account for these effects, a correction factor (K) is introduced. The value of
the correction factor (K) can be determined based on the recovery rates of the 24 target
substances at different spiked concentrations.

From Table 5, it can be observed that when the mixed standard was added at a quantity
of 1.5 µg, the recovery range was between 76.4% and 118.4%, indicating good recovery
rates. Therefore, for sample contents equal to or less than 0.15 mg/L, the correction factor
was considered as 1. Similarly, when the mixed standard was added at a quantity of 150 µg,
the recovery range ranged from 81.3% to 105.4%, demonstrating satisfactory recovery rates.
Hence, for sample contents greater than or equal to 15 mg/L, the correction factor was also
determined as 1. Additionally, when the mixed standard plus scalar quantity amounted to
15 µg, the recovery rate fell within the range of 94.6% to 137.0%, indicating relatively high
recovery rates. After multiplying the recovery rates of the 24 target substances by 0.85, the
corrected recovery rates were found to range from 80.4% to 116.4%. Therefore, for sample
contents ranging from 1.5 mg/L to 15 mg/L, the target substance content in the sample
should be multiplied by the correction factor of 0.85.

3.9. Determination of Real Samples

Table 6 reveals significant differences in the content of main components among vari-
ous samples. The semi-finished rosemary hydrosol products (Sample 7, Sample 8, Sample
9 and Sample 10) exhibited considerably higher content levels compared to commercially
available rosemary products (Sample 1, Sample 2, Sample 3 and Sample 5). Additionally,
the aroma of the semi-finished products was noticeably stronger than that of regular rose-
mary products. These findings suggest potential dilution or blending practices during the
production of semi-finished rosemary hydrosol products. Moreover, the main component
content varied significantly between semi-finished rosemary hydrosol products made from
imported rosemary leaves and those produced using domestically grown leaves from
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Hunan, Henan, and Yunnan Provinces in China. This indicates that the origin of the raw
materials influences the composition of the semi-finished hydrosol products.

Table 5. The recoveries and relative standard deviation of 24 target substances at different spiked
concentration levels (n = 6).

Serial No.
Scalar 1.5 µg 15 µg 150 µg

Target Substance Recovery % RSD % Recovery % RSD % Recovery % RSD %

1 α-Pinene 107.6 2.0 103.6 1.0 82.5 5.0
2 (±)-Camphene 77.3 6.9 94.6 1.0 81.3 3.8
3 β-Pinene 76.4 4.9 99.8 1.3 82.2 4.6
4 Myrcene 81.6 5.9 109.4 0.7 82.9 4.1
5 α-Terpinene 86.4 5.5 112.4 0.8 84.3 3.7
6 (R)-(+)-Limonene 100.0 6.4 114.1 0.7 85.4 3.6
7 Eucalyptol 105.1 1.6 137.0 0.7 105.4 1.8
8 trans-2-Hexen-1-al 103.3 3.4 129.0 0.7 95.7 2.0
9 γ-Terpinene 93.3 4.5 116.8 0.7 87.0 3.0
10 4-lsopropyltoluene 89.3 2.0 120.4 0.7 86.8 2.7
11 Terpinolene 102.7 3.4 119.2 0.6 88.2 2.6
12 Methyl heptenone 105.6 1.6 136.7 0.6 103.2 2.0
13 cis-3-Hexen-1-ol 83.6 2.0 112.4 0.9 81.3 2.4
14 D(+)-Camphor 106.2 1.6 137.5 0.4 104.8 2.0
15 Linalool 113.8 0.9 138.8 0.5 105.0 2.1
16 Linalyl Acetate 108.0 2.2 131.3 0.7 101.1 0.6
17 Isobornyl acetate 108.2 0.7 136.6 0.4 101.2 0.7
18 (-)-trans-Caryophyllene 100.9 5.3 125.0 0.4 102.0 1.3
19 4-Carvomenthenol 109.3 1.6 137.3 0.5 104.5 2.2
20 Isoborneol 104.9 1.0 136.2 0.7 104.2 2.1
21 α-Terpineol 113.4 0.6 136.3 0.8 104.4 2.4
22 (-)-Verbenone 101.1 1.4 132.4 0.7 99.3 2.3
23 Neryl acetate 114.2 1.5 132.9 0.5 104.3 1.2
24 Geraniol 102.7 1.9 135.2 0.4 104.1 2.2

Table 6. Detection of target substances in 8 rosemary hydrosol samples (unit: mg/L) (n = 3).

No. Target Substance Sample 1 Sample 2 Sample 3 Sample 5 Sample 7 Sample 8 Sample 9 Sample 10

1 α-Pinene 36.8 ± 0.70 0.6 ± 0.06 0.6 ± 0.06 0.6 ± 0.10 0.7 ± 0.06 0.7 ± 0.06 0.7 ± 0.06 0.6 ± 0.06
2 (±)-Camphene 9.7 ± 0.21 ND 1 ND 0.6 ± 0.06 0.4 ± 0.06 0.4 ± 0.06 ND ND
3 β-Pinene 2.1 ± 0.06 ND ND ND ND ND ND ND
4 Myrcene 3 ± 0.10 ND ND ND 0.6 ± 0.06 0.7 ± 0.06 0.7 ± 0.06 ND
5 α-Terpinene 0.9 ± 0.06 ND 0.4 ± 0.06 ND 0.4 ± 0.06 ND 0.4 ± 0.12 ND
6 (R)-(+)-Limonene 4.6 ± 0.21 ND ND ND 0.5 ± 0.06 0.5 ± 0.10 0.5 ± 0.06 0.5 ± 0.06
7 Eucalyptol 154.6 ± 2.27 103.9 ± 1.65 36.3 ± 0.45 2.9 ± 1.2 217.6 ± 3.89 224.3 ± 3.27 237.7 ± 2.45 226.4 ± 6.95
8 trans-2-Hexen-1-al ND ND ND ND 1.2 ± 0.10 1.2 ± 0.10 1.3 ± 0.06 1.1 ± 0.06
9 γ-Terpinene 1 ± 0.06 ND ND ND ND ND ND ND

10 4-lsopropyltoluene 3.9 ± 0.10 ND ND ND 0.4 ± 0.12 ND ND ND
11 Terpinolene 0.8 ± 0.06 ND ND ND ND ND ND ND
12 Methyl heptenone 0.4 ± 0.06 0.6 ± 0.06 0.6 ± 0.06 ND 0.5 ± 0.12 0.9 ± 0.10 0.9 ± 0.06 0.8 ± 0.10
13 cis-3-Hexen-1-ol 0.4 ± 0.06 0.6 ± 0.06 0.6 ± 0.06 ND 1.1 ± 0.12 1.8 ± 0.15 1.5 ± 0.15 1.7 ± 0.21
14 D(+)-Camphor 32.3 ± 0.40 16 ± 0.46 11 ± 0.31 1 ± 0.12 354.1 ± 5.46 57.3 ± 0.71 77.3 ± 1.05 48.5 ± 0.85
15 Linalool 3.6 ± 0.06 18 ± 0.31 7.6 ± 0.21 0.7 ± 0.12 10.4 ± 0.30 19.2 ± 1.05 14.7 ± 0.72 21.7 ± 1.56
16 Linalyl Acetate ND ND ND ND ND ND ND ND
17 Isobornyl acetate 0.6 ± 0.06 0.6 ± 0.06 0.5 ± 0.06 ND 1 ± 0.15 1.2 ± 0.15 1.3 ± 0.12 1.2 ± 0.06

18 (-)-trans-
Caryophyllene 3.4 ± 0.10 ND ND ND 0.7 ± 0.12 ND 1.5 ± 0.06 ND

19 4-Carvomenthenol 2.2 ± 0.10 4.6 ± 0.15 3.4 ± 0.10 0.6 ± 0.06 14.6 ± 0.53 9.8 ± 0.50 10.9 ± 0.42 9.6 ± 0.32
20 Isoborneol 1.6 ± 0.06 ND ND ND ND ND ND ND
21 α-Terpineol 7.5 ± 0.06 15.2 ± 0.26 17 ± 0.36 1.3 ± 0.06 152.2 ± 2.95 47.9 ± 1.57 52.3 ± 0.8 45.6 ± 1.12
22 (-)-Verbenone ND 62.7 ± 1.61 130.4 ± 3.67 12.4 ± 0.29 ND 576.5 ± 4.31 545.2 ± 6.45 569.2 ± 14.50
23 Neryl acetate 0.4 ± 0.06 ND ND ND ND ND ND ND
24 Geraniol 0.6 ± 0.06 7.7 ± 0.15 3.2 ± 0.21 0.5 ± 0.06 4.4 ± 0.15 13 ± 6.76 10.7 ± 0.21 13.4 ± 0.55

1 Note: ND means not detected.

4. Conclusions

A method for the determination of 24 target substances in rosemary hydrosol using
external standard dispersion liquid–liquid microextraction and gas chromatography was
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established. The effects of different extractants, dispersant types and contents on the
recovery rate of spiking were compared. Carbon tetrachloride and acetone were selected as
extractants and dispersants, respectively. The volume of extractant was 0.75 mL and the
volume of dispersant was 1.5 mL. The linearity was good, within the range of 5~200 µg/mL,
the detection limit of the method was 0.02 mg/L and the recovery rate and precision were
good. It is a good method to detect the absolute content of trace aromatic substances
in rosemary hydrosol, and also provides a reference for the detection of trace aromatic
substances in other hydrosols.
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