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Abstract 

This study, the concentrations of necessary trace and microelements like Cu, Fe and Zn were 

determined in the Silybum marianum seeds used to medicine purpose for many years. For this 

intention, the digestion procedure based on closed vessel-assisted microwave oven (MW) was 

determined a rapid, reliable, and simple digestion method for the flame atomic absorption 

spectrophotometric (FAAS) analysis of herbal plant. Various periods for different powers and acid 

mixture of the MW were examined. The obtained data show that the MW is an excellent method 

because it is fast and results in fewer losses and contaminants. The metal concentrations were of 

Fe>Cu>Zn for herbal seed, respectively.  
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SILYBUM MARIANUM TOHUMLARINDA FAAS İLE MİKRODALGA 

FIRIN KULLANILARAK ÇÖZÜNÜRLEŞTİRMEDEN SONRA Cu, Fe ve Zn 

TAYİNİ 
 

Öz 

Bu çalışmada, uzun yıllardır ilaç olarak kullanılan Silybum marianum tohumlarında gerekli olan 

Cu, Fe ve Zn gibi eser elementlerin konsantrasyonları belirlenmiştir. Bu amaçla, tıbbi bitkinin 

alevli atomik absorpsiyon spektrofotometrik (FAAS) analizi için kapalı sistem destekli mikrodalga 

fırına (MW) dayalı çözünürleştirme prosedürü hızlı, güvenilir ve basit bir çözünürleştirme yöntemi 

olarak belirlenmiştir. MW'nin farklı güçleri ve asit karışımı için çeşitli periyotlar incelenmiştir. 

Elde edilen veriler, MW'nin hızlı olması ve daha az kayıp ve kirletici ile sonuçlanması nedeniyle 

mükemmel bir yöntem olduğunu göstermektedir. Tıbbi tohum için metal konsantrasyonları 

sırasıyla Fe>Cu>Zn olarak bulundu. 
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elementler. 
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1. INTRODUCTION 

Herbal materials are either whole plants or parts of medicinal plants in the crude state. They include 

herbs, fresh juices, gums, fixed oils, essential oils, polyphenols, flavonoids, resins, seeds, several 

mineral elements, and dry powders of medicinal plants [1-4]. Therefore, metal analysis of them are 

an essential and significant feature of environmental, biological and chemical research.  

The essential trace elements determined in this study (Cu, Fe, Zn) have many major functions in 

the body and are used as commonly in medicinal plants as natural components [5]. Zn, Fe and Cu 

are the prosthetic group of some metalloenzymes containing super oxide dismutase (SOD), which 

is an important antioxidant enzyme for cellular protection from reactive oxygen species (ROS) 

[6,7]. Cu helps to form hemoglobin in the blood, facilitates the absorption and use of Fe so that 

blood cells can transport oxygen to the tissues, and assists in regulating the blood pressure and 

heart rate. Cu also takes a role in activating more than 30 enzymes including ceruloplasmine, 

cytochrome oxidase, lysine oxidase, dopamine–hydroxylase, ascorbate oxidase, and tyrosinase, 

some of which are involved in collagen synthesis. Moreover, copper is necessary for the healthy 

development of the connective tissue, nerve coverings, and the bones.  

Cu and Zn are essential for the proper formation and maintenance of bone, cartilage and connective 

tissue. It contributes to the synthesis of proteins and the genetic material, and helps to produce 

energy for the body from foods [6]. On the other hand, excessive exposure to these essential metals 

can cause some diseases such as anemia, liver and kidney damage, stomach and intestinal irritation, 

aggressive behavior, delinquency and attention disorders [8]. The acceptable daily intake (ADI) 

recommended by authorized agencies (the FAO/WHO) and the U.S. Recommended Daily 

Allowances (US RDA) for adults was established as 2.0 to 4.0 mg/day for Cu [9]. Zn is another 

micronutrient essential for both plant growth and human health and is involved in the activity of 

more than 300 metalloenzymes. Zn contributes to the membrane structure and has a central role in 

the immune system [10-12].  Dietary reference values for Zinc suggested by various sources range 

from 9.4 to 11.0 mg/day for male adults and from 6.5 to 8.0 mg/day for female adults [12]. 

Fe is also a necessary trace element found in almost all living organisms. Moreover, Fe has an 

important role transport of heme proteins and in the electron transport through the enzymes [10].   
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In the wet and dry ashing procedures, the sample digestion steps are often the most time-consuming 

steps of the analysis. These methods are laborious and tedious, often accompanied with a high 

tendency for contamination. Some authors reported that 15 to 24 hours are required for dry ashing 

[13,14] or one night (about 12 hours) for both wet and dry ashing [15,16] for the digestion of herbal 

plants or similar samples. In addition, some potential problems such as incomplete dissolution, 

precipitation of insoluble analyte, contamination, and loss of some volatile elements can cause 

contradictory results. With closed vessel microwave digestion, the analysis time, amount of 

reagents, and risk of contamination or volatile analyte loss can be greatly reduced. So, use of the 

MW for reliable and rapid sample digestion seems an interesting procedure. A digestion time of 

several hours for conventional wet digestion can be reduced to a few minutes by using microwave 

energy [17]. Analytical applications of microwave energy include both a commercial domestic 

MW [18] for biological samples and a commercial MW equipped with temperature and pressure 

regulators for biological and environmental matrices [19-21]. The development of the microwave-

assisted acid leaching method for extraction of trace elements from products was reported [22]. A 

mixture or mixtures of HCl, HNO3, and HF, were used for quantitative extraction of micro- and 

macro- elements. 

We reviewed only macro-elements and trace-elements contents of only seeds of Silybum 

marianum, which are traditionally used in Turkey for the treatment of sundry ailments, including 

cancer, diabetes, blood purification (for the health of the liver and the bones), sedative and ulcer 

(stomach upset). Therefore, in the present work, for determination of these metals (Cu, Fe and Zn) 

in medicinal plant seeds, Turkey were used by flame atomic absorption spectrometry (FAAS) after 

microwave digestion with different acid mixtures. 

 

2. EXPERIMENTAL 

An Agilent 240 Duo Model flame atomic absorption spectrophotometer (FAAS) equipped and 

Agilent hollow cathode lamps was used for metal determinations. The applied optimum conditions 

for FAAS are listed in Table 1. Seed samples were prepared with microwave digestion by Mars 6 

(CEM Corporation). All chemicals used were of analytical-reagent grade (Merck quality). 

Throughout all analytical work, ultrapure water was obtained from water purification system 
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(ELGA). In the digestion procedures, concentrated nitric acid (65%, Merck) and hydrogen peroxide 

(35 %, Merck) were used. Stock solutions of metals (1000 mg L-1) were prepared from Merck 

stocks (Darmstadt, Germany). Afterwards, calibration standards of each metal were prepared by 

appropriate dilution (0.2 mol L-1 HNO3) of the stock solution. All glass apparatus (Pyrex) were 

kept permanently full of 2.5% nitric acid when not in use.  

 

Table 1: Instrumental operating conditions for FAAS 

Element 

Parameters 

Wavelength 

(nm) 

HCL curent 

(mA) 

Acetylene flow 

rate (L min-1) 

N2O flow rate 

(L min-1) 

Air Flow rate 

(L min-1) 

Slit width 

(nm) 

Cu 324.8 4.0 2.00 - 13.50 0.5 

Fe 372.0 5.0 2.00 - 13.50 0.2 

Zn 213.9 5.0 2.00 - 13.50 0.5 

 

2.1 Sample collection and preparation 

The herbal seeds of Silybum marianum were collected from its natural habitat the region in Thrace, 

Turkey during their growing season (June and July) in 2020. The seeds were carefully washed with 

deionized water and oven-dried at 40 ºC. The Silybum marianum samples were powdered using an 

agate mortar and pestle to reduce the size to fit through a 400-mesh sieve and ground for 20 min to 

get a fine homogenized mixture. 

 

2.2 Digestion by MW 

Exactly 2.5-3.0 mL of the acid mixture of HNO3/H2O2 (2:1 or 1:1) was added to 0.5 g of plant 

samples. The mixture was placed into a 50 °C water bath for 30 minutes and stirred occasionally. 

Then, 1.0 mL of the same acid mixture was added and the mixture transferred into a 75 mL Teflon 

express vessel in a MW using a program in one stages (time 15 min, temperature 120 °C, power 

450 W or 600 W or 800 W). The Teflon vessel was closed and placed inside the MW. Radiation 

was applied for 15 minutes at selected power. If necessary, minimum volume (approximately 0.5 

mL) of the same digestion mixture was added. 
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After 10 minutes of cooling, 10 mL of ultra pure water was added, and the solution transferred into 

a falcon tube. The final volume was completed to be about 20 mL. After centrifugation, the clear 

solution was analyzed by FAAS. The blank digests were carried out in the same way for each 

digestion. Three different portions of each sample were digested and the average value was 

calculated for the same sample. 

 

2.3 Method Validation 

The samples were at least five repetitions were chosen for analysis to get their mean and standard 

deviation values by FAAS. LODs were calculated from standard deviations of five repeat analyzes 

of samples. The limit of detection and limit of quantification were computed by the formulas; 

LOD = 3 x Standard Deviation 

and 

LOQ = 10 x Standard Deviation 

The standard reference material (Apple and Spinach) was analyzed as certified a reference material 

to calculate the reliability and accuracy of the method: 

%Recovery = (Experimental Value/Certified Value) x 100 

The obtained concentrations of trace metals were ten times higher than their LOD values, so we 

quantified the above trace elements by 95% confidence limits using FAAS. The calculated RSD 

(%), LOD, LOQ, linearity (y=mx + n), correlation coefficient values (R2) were shown in the Table 

2, which validating the precision of the method.  

 

Table 2: Validation process values of the analyzed metals for validating the precision of the  

               method 

 Linearity R2 LOD 

(mg/L) 

LOQ 

(mg/L) 

RSD%< 

Cu 0.115 X – 0.0031 (0.05-2.5 mg/L) 0.9994 0.0147 0.049 0.4 

Fe 0.0586 X + 0.0026  (0.1-5.0 mg/L) 0.9999 0.018 0.060 1.1 

Zn 2.0643 x + 0.0522 (0.05-0.5 mg/L) 1.000 0.0135 0.045 0.9 
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3. CONCLUSION 

This study shows which the determination of trace metals (Cu, Fe and Zn) in Silybum marianum 

by FAAS. To solve the samples were used methods closed vessel microwave digestion. The 

methods had been validated for the determination of metals in medicinal plants. But, wet 

decomposition has been performed in open systems for many years.  In our study, the sensitivity 

of analyses was similar for all methods. Closed-vessel microwave (MW) digestion from these 

methods is rapid and simple. The best result of digestion was obtained MW higher than the dry 

ashing. In addition to, the best method for samples was observed with 1/1 acid mixture by MW 

digestion. 

Some trace elements are essential for human and plant growth under the permissible limits. 

However, if trace metal concentrations exceed the critical levels, then they are toxic to both humans 

and plants [23-25]. Major metal concentrations were in the order of Fe>Cu>Zn for Silybum 

marianum. The highest mean levels of Cu, Fe and Zn were detected in plant seeds.  

The results of MW digestion were given in Table 3. It can be seen that the Cu, Fe and Zn 

concentrations are in range of 62.8-190 mg kg-1, 1974-3588 mg kg-1 and 56.5-115 mg kg-1, 

respectively in 1/1 and 2/1 acid mixture in MW digestion for seed.  

 

Table 3: Comparison of MW digestion Method for Metals Determination in the plant seeds  

               (mg kg-1) 

 

Herbal 

plant 

Power 

(Watt) 

HNO3/H2O2 

acid mixture 

Cu Fe Zn 

Silybum 

marianum 

450 1/1 79.7 ± 2.6 2091 ± 11 60.1 ± 5.2 

450 2/1 62.8 ± 5.3 1974 ± 77 56.5 ± 4.3 

600 1/1 157 ± 8 2928 ± 24 81.2 ± 2.7  

600 2/1 108 ± 4 2653 ± 56 76.8 ± 6.4 

800 1/1 190 ± 5 3588 ± 37 115 ± 8 

800 2/1 178 ± 2 3242 ± 54 106 ± 5 
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The procedure was applied for the analytes determination in the plant seed with satisfactory results 

(recoveries >95% and relative standard deviation's (RSD) lower than 4%). The Silybum marianum 

was found to quite high concentration of Fe and Zn. Moreover, to prevent and treat iron deficiency, 

exogenous inorganic iron supplementation can used as food supplement in the industry. 
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