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Abstract. This work aims to study the impact of the method of extracting the essential oil of 
the sage plant. The identification of heavy metals both in plants and in oil, but in oil extracted with  
2 methods, with the classic one using Clevenger’s apparatus and with supercritical extraction using 
CO2 as a solvent. The results are different.

The results clearly show how the extraction and analysis methods affect the values obtained. Lead 
was found to be the most abundant metal in the Salvia Officinalis oil, with a concentration of 0.028 
parts per million, followed by mercury at 0.015 ppm, according to an analysis utilising the Clevenger 
equipment and ICP-MS.

After CO2 extraction, the extract was diluted 1:2 with n-hexane, and ISO 11212 Spectropho-
tometry was used to check for the presence of heavy metals. Lead, which was detected at the highest 
concentration (0.22 ppm), was followed by cadmium (0.12 ppm).

All of the values obtained meet the WHO requirements for fruits and vegetables.
Keywords: extraction, heavy metals, ICP-MS, UV–VIS spectrophotometer.
1. Introduction
Salvia officinalis originates from a Latin term 

for culinary and therapeutic applications. There 
are different species called Salvia, which are most-
ly found in Mediterranean European countries 
and have long been used to cure various diseases 
such as digestive and blood circulation difficulties, 
bronchitis, cough, asthma, memory problems, an-

gina, inflammation of the mouth and throat, de-
pression and excessive sweating [1].

Salvia plants have long been known for their 
antioxidant properties as well as their potential to 
improve head and brain function, improve mem-
ory, sharpen the senses, and slow age-related cog-
nitive decline. Various studies conducted by re-
searchers for Alzheimer’s disease have considered 
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sage and Melissa officinalis as some of the plants 
with ‘curative’ properties, in improving memory 
functioning and cholinergic properties [2].

Figure 1. The Salvia officinalis

Although present in different amounts in 
all examined specimens of S. Officinalis, each 
of the following essential elements are present: 
1,8-cineole, camphor, borneol, bornyl acetate, 
camphene, – and -thujone, linalool, – and -caryo-
phyllene, -humulene, – and -pinene, pimaradiene, 
salvianolic acid, rosmarinic etc [3]. Some of the 
major compounds of sage are presented in the 
figure below (figure 2).

Figure 1. The Salvia Officinalis 
major compounds

According to research, some biological prop-
erties of Salvia essential oil depend on camphor, 
1,8-cineole, -thujone, and -thujone [4]. Sage 
essential oil contains roughly 20% camphor, in-
creasing the camphor level as the leaves expand 
[5]. According to one study, essential oil’s most 
potent scavenging chemicals are -thujone and 
-thujone, bornyl acetate, camphor, menthone, 
and 1,8-cineol. In the same study, the essential 
oils of Melissa officinalis and Salvia officinalis 
were found to have higher antioxidant activity 
than other Lamiaceae species [6].

Camphor is well known for its anti-inflam-
matory and decongestive effects. Camphor, it 
could help with nose blockage and congestion, 
and also it may act as a cough suppressor on the 
nerves and lessen cough. It may be beneficial 
against a variety of respiratory diseases.

Alpha and beta thujone as ketones, studies 
have shown that in moderate concentration they 
may present beneficial effects [7; 8].

Salvia Officinalis essential oil contains terpene 
viridiflorol, which is utilized in perfumes and fla-
vourings in medicines. Recent research has dem-
onstrated that it has antibacterial properties.

Because of the sunny weather and geographi-
cal conditions in Albania, this plant can be found 
in a variety of locations. It has numerous applica-
tions. It is used by women because it aids in the 
physiological process of organization during the 
early stages of menopause, and it is thought to aid 
in the fight against bone porosity. Another reason 
it is used is because it aids in the prevention of 
osteoporosis and osteopenia.

It is most commonly used during the winter 
season in the form of tea, blended with the laurel 
plant, since it provides respiratory comfort. Sage 
is also a natural source of flavonoids and polyphe-
nolic chemicals (e. g., carnosic acid, rosmarinic 
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acid, and caffeic acid) with antioxidant, radical-
scavenging, and antibacterial properties [9].

In this study, we can evaluate and compare the 
presence of the heavy metals in salvia officinalis in 
2 methods, with the classical extraction using the 
Clevenger apparatus and using the SC–CO2 ex-
traction method. After obtaining the essential oil 
we were able to evaluate their presence using the 
ICP-MS for the classical extraction and using the 
UV–VIS Spectrophotometer for the examination 
of the essential oil obtained with the SC–CO2.

Heavy metal poisoning can be caused by in-
gesting foods, medications, improperly sealed 
food containers, occupational exposure to heavy 
metals, contaminated air or water, or lead-based 
paint. However, if these metals accumulate to a 
dangerous level in the body, they could cause 
serious harm. The heavy metals that have been 
linked to human poisoning the most common 
are lead, mercury, cadmium, tin, and arsenic.

Because they are toxic, thermally and biologi-
cally inert, heavy metals typically build up in liv-
ing things. Due to these metals’ extreme toxicity, 
capacity to bioaccumulate throughout the food 
chain, ubiquity, and durability in the environ-
ment, numerous health problems, including or-
gan failure, have been linked to their consump-
tion of food and water [10].

2. Materials and methods
The following materials were required for the 

completion of this work: an SC–CO2, hexane, 
sage, hydrochloric acid, nitric acid, and nitric 
acid Clevenger’s apparatus.

This method was used in this study to identify 
metals in plants and essential oils.

2.1 The hydro distillation distillation
This method is used to extract essential oils. – 

Steam or boiling water is employed in hydro distil-
lation to remove the essential oil from the aromat-

ic plant. Hot water or steam is used to extract the 
essential oils from the oil glands, which are found 
in the plant tissue. The separated water and oil (va-
pour combination) are converted into liquid in the 
condenser and then transported to the separator 
to separate the essential oil from the water.

The multi-element stock standard solution 
(10 LG mL-1) was used to construct the el-
emental calibration standard. H2O2 (30%) and 
HNO3 (Suprapure grade, 65%) were purchased 
from Merck [11].

The process of cleaning the dry leaves of con-
taminants and other solid substances removed 
them from their natural packaging. The samples 
were comminuted prior to hydrodistillation 
extraction, and then the hydrodistillation pro-
cedure started. A distillation flask heater and a 
Clevenger-style apparatus were used to boil the 
sample, which contained 50 grammes of tea, 
for three hours at boiling point. To prevent any 
polyphenols or other vital oil components from 
coming into contact with the water during the 
first 30 minutes after the oil began to gather in 
the Clevenger column, around 1 mL of hexane 
was added to the condenser.

2.2 Supercritical CO2 extraction
Carbon dioxide is turned into a liquid at high 

pressure and passed over the natural substance 
using a process called supercritical CO2 extrac-
tion to remove all the smell components with-
out harming the material. The CO2 reaches the 
supercritical state at 31.1⁰ C and 72.87723 atm 
of pressure. SC–CO2, just like with natural prod-
ucts. More effectively extracts the scents than 
steam distillation, but maybe more significantly, 
when the environment is restored, the CO2 turns 
into a gas and disappears, leaving no trace be-
hind. The smell is pure and undisturbed. No taste 
or odour of a solvent is present.
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Before entering the separators, the supercritical 
CO2 travels through a series of pressure-regulating 
valves to separate the oils from the plant (Salvia 
officinalis). To separate the various extract compo-
nents, the separator’s two pressures are indepen-
dently regulated. After the oil is removed and the 
CO2 that is emitted as gas is separated, the CO2 is 
recycled by condensing and storing it as a liquid 
in the tank. The oil is then put into containers for 
collection. This CO2 is then used throughout the 
batch to repeat the complete cycle.

3. Results and discussions
By evaluating specificity, linearity, the limit of 

detection and quantification, precision, and ac-
curacy, the devised assay analytical method was 
put through validation.

Using the digested and extracted oil samples, 
ICP-MS was used to determine the presence of 
heavy metals in the herbal tea sample (Salvia offi-
cinalis L.), which was obtained from an herbalist 
in North Albania [11].

Table 1. – Detection of heavy metals in herbal leaves of Salvia officinalis L.
Heavy Metals Results UdM Method

Arsenic 0.055

mg/kg Meth. (151)Cadmium 0.005
Mercury 0.023
Lead 0.242

The first analysis performed was to detect the 
presence of heavy metals in herbal leaves, From 
the results obtained it can be seen clearly that 
the leaves contain lead in higher concentrations, 
at 0.242 ppm, followed by arsenic at 0.055 ppm.

3.1 Presence of the heavy metals in the es-
sential oil:

3.1.1 Essential oil of the salvia officinalis with 
classical extraction

The percentage of oil after extraction was 
3.7%.

Table 2. – Detection of heavy metals in the extracted oil of Salvia officinalis L.
Heavy Metals Results UdM Methods

Arsenic <0.001

mg/kg Met. (151)
Cadmium 0.002
Mercury 0.015
Lead 0.028

The most abundant metal present in the ex-
tracted oil of Salvia Officinalis is Lead at 0.028 
ppm, followed by mercury at 0.015 ppm.

3.2 Essential oil of the salvia officinalis with 
classical extraction, CO2 extraction

Table 3. – Detection of heavy metals in the extracted oil of 
Salvia officinalis L, using the CO2 extraction

Heavy Metals Results Specifications Methods
1 2 3 4

Arsenic 0.03 ppm < 1.50 ISO 11212 SPEC-
ROFOTOMETRY
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1 2 3 4
Cadmium 0.12 ppm < 1.00
Mercury < 0.06 ppm < 0.10
Lead 0.22 ppm < 5.00

After the CO2 extraction, the extract was 
diluted with n-hexane at a ratio of 1:2, and the 
analysis with the ISO 11212 Spectrophotometry 
have shown the presence of the heavy metals, 
where lead is the most abundant metal present 
at 0.22ppm, followed by cadmium at 0.12 ppm.

4. Conclusions
The first investigation was to examine for the 

presence of heavy metals in herbal plants, and 
the results show that lead is present in the leaves 
in higher amounts than arsenic, at 0.242 ppm, 
obviously.

The examination of the Salvia Officinalis oil 
using the Clevenger apparatus and ICP-MS re-
vealed that lead was the most prevalent metal 
present at 0.028 ppm, followed by mercury at 
0.015 parts per million.

Following CO2 extraction, the extract was 
diluted 1:2 with n-hexane, and the presence of 
heavy metals was detected using ISO 11212 
Spectrophotometry. Lead was the most abundant 

metal, present at 0.22 ppm, followed by cadmi-
um at 0.12 ppm.

The concentrations of lead decreased from 
the plant to the essential oil obtained from the 
hydro distillation and the values were detected 
with ICP-MS, from 0.242 ppm to 0.028 ppm, 
which reflects the properties of the microwave 
and then the ICP-MS properties and advantages 
for the detection.

But apart from these values, the presence of 
lead at 0.22ppm is present even in the essential 
oil obtained from the SC CO2 extraction. Fur-
thermore, it is significant to highlight that com-
pared to other methods, CO2 extracts are more 
similar in composition to the oil found naturally 
in botanical plants. Best as a flavoring and fantas-
tic fragrance ingredient: better solubility, more 
top notes, more back notes, and no solvent resi-
due or off notes.

All the values obtained conform to the WHO 
standards for vegetables and fruits.
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