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Abstract. Rosemary (Rosmarinus officinalis) is a Mediterranean plant that is 

used not only as a decoration, but also as a spice and has medicinal properties. This 

plant contains a lot of medicinal substances, such as vegetable fats, plant hormones, 

vitamin C, enzymes, essential oils, tannins, heterosides, choline, and cineole. However, 

the presence of some heavy metals, even in small concentrations, can be toxic and lead 

to serious diseases. In this paper, the determination of micro and macro elements in 

rosemary samples from Herzegovina region was carried out. Also, the content of 

elements in soil samples from which rosemary was taken for analysis was determined. 

Sample preparation was carried out by wet digestion. The concentration of selected 

metals in solutions after digestion was determined using inductively coupled plasma 

optical emission spectrometry (ICP-OES). 

Based on the obtained results, the highest concentration of macro elements was 

measured for Ca and is 11508.74±37.33 mg/kg, and the lowest concentration of macro 

elements was measured for Na and is 387.77±1.64 mg/kg. The measured concentrations 

of heavy metals (As, Cd, Pb) are below the detection limit. The concentration of micro 

and macro elements in soil samples is below the maximum permitted concentrations. 
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Introduction 

Rosemary (Rosmarinus officinalis) is a plant that originated in the Mediterranean, but 

is now cultivated worldwide. This aromatic plant has dark green needle-like leaves 

and blue flowers. It is used in human nutrition as a spice [1, 2]. Spices are dried parts 

of plants that are used in a certain form to achieve a better aroma and improve the 

acceptability of food [3].  

In addition to its culinary uses, rosemary has a long history of medicinal importance 

in traditional medicine due to its many medicinal properties. It is used to improve 

memory, relieve pain, stimulate hair growth, and improve circulation. Rosemary is 
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rich in antioxidants that help neutralize free radicals and reduce oxidative stress in the 

body. This supports overall cellular health and helps prevent chronic diseases [4, 5].  

The active ingredients of rosemary also have anti-inflammatory properties that help 

reduce the risk of chronic inflammation. It improves blood circulation, supports heart 

health and contributes to the general well-being of blood vessels. Rosemary also 

stimulates bile secretion, facilitates the digestion of fats and improves digestion, 

thereby supporting the health of the gastrointestinal tract. It also has a positive effect 

on the immune system, helping the body fight infections and maintain general 

resistance [6, 7, 8].  

Rosemary has properties that allow it to fight against certain bacteria, supporting 

hygiene and health, and has a beneficial effect on regulating blood sugar levels, which 

is useful for people with diabetes. It is used in various ways, such as tea, tincture and 

oil. In addition to having many benefits, spices can also contain some toxic substances 

that come from the environment, their production, processing and storage conditions 

[9, 10]. Contamination of spices with heavy metals can occur during the cultivation 

of plant species, as well as during the production and packaging processes [11]. 

Essential metals (Cu, Zn, Cr, Fe, and Co) are required in a small amounts for the 

proper functioning of enzymatic system, the formation of hemoglobin and the 

synthesis of vitamins, as well as for growth, development and photosynthesis in 

plants. On the other hand, toxic metals and metalloids (Pb, Cd, As, Hg) that are not 

needed by the human body can cause harmful effects on human health [12, 13].  

The aim of this work was to analyze micro and macro elements in rosemary samples 

collected from Herzegovina and also to analyze the presence of micro and macro 

elements in soil samples from which rosemary was collected. The determination of 

micro and macro elements was performed using inductively coupled plasma optical 

emission spectrometry (ICP-OES). 

Material and method 

Sample preparation 

Sample of spices (rosemary) were obtained from the area of Herzegovina (Gacko). 

Also, the soil on which rosemary grows was sampled from this area. The samples 

were prepared by first weighing 1.000 g of the sample. Then, wet digestion was 

performed with 30 ml of 65% HNO3 in vessels by heating for 12 hours at a temperature 

of 90 °C. After cooling to room temperature, the samples were diluted with redistilled 

water, and then filtered through filter paper (syringe filters, Filtratech, France) in a 50 

ml volumetric flask and made up to the mark with redistilled water [14]. Three 

repetitions were performed for each analysis. A blank sample was prepared in the 

same way for both. 

Analysis of micro and macro elements in rosemary samples 

The quantitative evaluation of all samples was carried out using ICP-OES (Inductively 

Coupled Plasma – Optical Emission Spectrometry, Agilent Technologies 5100). The 

settings of the instrument and the parameters measured are as follows: plasma power 
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(1400 W), gas flow: coolant (13 L/min), auxilary (0.80 L/min), type of nebulizer 

(cross flow), nebulizer flow rate (0.95 L/min), pump speed: 30 and plasma 

observation: axial. Three replicates were performed to ensure the results were as 

accurate and precise as possible. The limit of detection for: Ag (4 μg/kg), Al (6 μg/kg), 

B (5 μg/kg), Cd (0.2 μg/kg), Co (3 μg/kg), Cr (1 μg/kg), Fe (2 μg/kg), Li (6 μg/kg), 

Mn (0.4 μg/kg), Ni (2 μg/kg), Pb (5 μg/kg), Zn (1 μg/kg), As (14 μg/kg), Cu (3 μg/kg), 

P (50 μg/kg), Sr (0.6 μg/kg), Ca (3 μg/kg), K (20 μg/kg), Mg (1 μg/kg), Na (20 μg/kg), 

Be (0.1 μg/kg) and B (5 μg/kg). 

Results and discussion 

The concentrations of Ag, Al, B, Cd, Co, Cr, Fe, Li, Mn, Ni, Pb, Zn, As, Cu, P, Sr, 

Ca, K, Mg, Na, Be, and B were analyzed in rosemary samples collected from the 

Herzegovina region.  

Table 1 presents the detected metal concentrations in these rosemary samples. The 

observed concentrations were evaluated against the allowable limits. 

Table 1. Concentration of micro and macro elements in rosemary samples 

Elements 
Concentration  

(mg/kg) 

Literary values 

(mg/kg) 

Ag <LD NA 

Al 34.28 ±1.38 NA 

B <LD < 20 mg [15] 

Cd <LD NA 

Co <LD NA 

Cr 1.86 ±0.40 6.0 [16] 

Fe 59.88±0.96 10-30 mg/day [15] 

Li <LD NA 

Mn 14.41±0.06 8.3-38.9 [16] 

Ni <LD 4.80 [16] 

Pb <LD 1.00 [17] 

Zn 10.15±0.29 15 mg/day [15] 

As <LD NA 

Cu 8.42 ±1.25 3.1-9.2 [16] 

P 1781.59±10.12 900 mg/day [15] 

Sr 23.47±0.11 NA 

Ca 11508.74 ±37.33 1200 mg/day [15] 

K 8164.44±2.09 3100 mg/day [15]  

Mg 2172.84±10.86 350 mg/day [15]  

Na 387.77±1.64 500 mg/day [15]  

Be <LD NA 

Ba 8.93±0.08 NA 

NA – not available 
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Calcium, potassium, magnesium, and sodium are classified as macroelements and are 

readily absorbed by the body. The concentration of calcium in the rosemary samples 

was the highest, measuring 11508.74±37.33 mg/kg. The recommended daily intake 

of Ca is 1200 mg/day [15]. 

Following calcium, potassium exhibited the next highest concentration at 

8164.44±2.09 mg/kg. The recommended daily intake of K is 3100 mg/day [15]. 

Potassium plays a crucial role in maintaining the acid-base balance within the body, 

as well as regulating osmotic pressure. Additionally, it influences carbohydrate 

metabolism. Magnesium plays a crucial role in regulating protein synthesis, blood 

pressure, as well as muscle and nerve functions. Additionally, it is essential for active 

transport across the cell membrane. The magnesium concentration in rosemary 

samples was measured at 2172.84±10.86 mg/kg. The advised daily intake of 

magnesium for adults is approximately 350 mg/day. In the human body, sodium 

contributes to water metabolism, muscle contraction, and facilitates the transport of 

carbon dioxide to the lungs. The sodium concentration was recorded at 387.77±1.64 

mg/kg. 

Zinc is a trace element that is necessary for both the treatment of mental illnesses and 

normal brain function. Prostate function, protein and glucose metabolism, and many 

other biological processes also depend on it. Alkaline phosphatase, alcohol 

dehydrogenase, carbonic anhydrates, lactate dehydrogenase, superoxide bismutase, 

RNA, and DNA polymerase are among the metalloenzymes whose depends on zinc. 

In this investigation, the zinc content was 10.15±0.29 mg/kg. Adults are advised to 

consume 15 milligrams of zinc each day.  

Iron plays a crucial role in the function of certain enzymes that produce energy. In this 

study, the iron concentration was measured at 59.89±0.96 mg/kg. The recommended 

daily intake of Fe is 10-30 mg/day. 

Phosphorus plays a role in maintaining acid-base balance in the body. Phosphoric acid 

residues are also part of nucleotides, i.e. DNA and RNA. The measured phosphorus 

concentration in rosemary samples is 1781.59±10.12 mg/kg. The recommended daily 

intake of P is 900 mg/day. 

Copper, in conjunction with zinc, plays a crucial role in preserving the elasticity of 

fibers, thereby enhancing the support for the skin’s structure. A deficiency in copper 

can lead to anemia, hair depigmentation, and bone deformities. Furthermore, a diet 

lacking in specific essential elements, including zinc, iron, and copper, may result in 

the increased accumulation of certain toxic metals such as cadmium or lead.  

Manganese is important for bone formation, lipid metabolism, energy production and 

nucleotide synthesis. The measured concentration in rosemary samples is 14.41±0.06 

mg/kg. 

Aluminium serves as a cofactor in the attachment of guanine nucleotides, which is 

crucial for protein metabolism. Elevated concentrations of this element in the kidneys 

of patients harm the skeletal system by adversely influencing the process of bone 

formation, resulting in osteomalacia. The measured concentration of this element in 

rosemary samples is 34.28±1.38 mg/kg. 
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Heavy metals are categorized as a distinct group of elements recognized as some of 

the most hazardous inorganic pollutants in the environment. They are non-

biodegradable and have toxic effects even at minimal concentration. Certain heavy 

metals are classified as trace microelements, as they can also be toxic when present in 

elevated concentrations. The accumulation of heavy metals in plants is influenced by 

their overall content in the soil, their affinity, and the interactive effects of various soil 

characteristics. According to the measured concentrations (As, Cd, Pb), the detected 

levels for these elements are below the detection limit.  

Huremović et al. [14] determined the content of heavy metals in spices from the 

market in Sarajevo, Bosnia and Herzegovina. Based on the obtained results, the 

measured concentrations of Cr, Cu, Mn, Ni, Fe, and Zn were within the range of 

normal values for the mentioned metals.  

Savić et al. [18] determined the mineral content of spice samples using the ICP-OES 

method. Based on the obtained results, it was shown that the analyzed spice samples 

(curcuma, anise, cinnamon, ginger, coriander, sesame, chili, curry) are a good source 

of calcium, sodium, potassium and magnesium and represent an important source of 

nutrients for humans.  

Based on the obtained results in this paper, it can be seen that they are in agreement 

with Huremović et al. [14] and Savić et al. [18]. 

Table 2 shows the measured concentration of micro and macro elements (mg/kg) in 

soil samples (pH=7.14, temperature 24 °C) from which rosemary from the 

Herzegovina area was samples. 

Table 2. Concentration of micro and macro elements in soil samples 

Elements 
Concentration 

(mg/kg) 

Maximum allowed 

concentrations 

(mg/kg soil) [19] 

Cu 88.66±1.21 to 100 

Mn 288.52±2.25 NA 

Zn 164.52±0.59 to 300 

Cd 2.41±0.10 to 3 

Pb 68.03±1.06 to 100 
   

NA – not available 

Based on the obtained results (Table 2), it can be seen that the measured concentration 

of micro and macro elements (Cu, Mn, Zn, Cd, Pb) from soil samples from the 

Herzegovina area does not exceed the maximum permitted concentrations, according 

to the Regulation on permissible quantities of hazardous and harmful substances in 

soil and irrigation water and method of their testing [19].  

Conclusion 

Based on the analysis of micro and macro elements in rosemary samples using the 

ICP-OES method, the following conclusions were reached. Rosemary samples 

contain micro and macro elements in different concentrations, which in most cases do 

not exceed the permissible concentration. Of the macro elements, the highest 
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concentration was measured for Ca and is 11508.74±37.33 mg/kg, and the lowest for 

Na and is 387.77±1.64 mg/kg. The obtained results showed that rosemary samples 

represent a good source of Ca, K, Mg, and Na. The measured concentration of heavy 

metals (As, Cd, Pb) is below the detection limit. As for the measured concentration of 

micro and macro elements in the soil samples from which rosemary was collected, 

they do not exceed the maximum permissible concentration. 
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heavy metals in spices and medicinal herbs from the area of Herzegovina”, financed 

by the Ministry of Science and Technology Development and Higher Education of 
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Sažetak. Ruzmarin (Rosmarinus officinalis) je mediteranska biljka koja se koristi, ne 

samo kao ukras, već i kao začin, a ima i ljekovita svojstva. Ova biljka sadrži mnogo 

ljekovitih supstanci, kao što su biljne masti, biljni hormoni, vitamin C, enzimi, eterična 

ulja, tanini, heterozidi, holin, cineol. Međutim, prisustvo teških metala, čak i u malim 

koncentracijama, može biti toksično i dovesti do ozbiljnih poremećaja i bolesti. U ovom 

radu vršena je analiza mikro i makro elemenata u uzorcima ruzmarina sa područja 

Hercegovine. Takođe, određen je i sadržaj mikro i makro elemenata u uzorcima 

zemljišta sa kojeg je ruzmarin uzet za analizu. Priprema uzoraka je vršena mokrom 

digestijom. Određivanje koncentracije mikro i makro elemenata vršeno je primjenom 

optičke emisione spektrometrije sa induktivno spregnutom plazmom (ICP-OES). Na 

osnovu dobijenih rezultata, najveća koncentracija makroelemenata izmjerena je za Ca 

i iznosi 11508,74±37,33 mg/kg, a najniža koncentracija makroelemenata izmjerena je 

za Na i iznosi 387,77±1,64 mg/kg. Izmjerene koncentracije teških metala (As, Cd, Pb) 

su ispod granice detekcije. Koncentracija mikro i makro elemenata u uzorcima 

zemljišta je ispod maksimalno dozvoljenih koncentracija.  

Ključne riječi: makro i mikro elementi, ruzmarin, ICP-OES  
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