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Abstract – The use of medicinal plants has increased worldwide; however, self-medication poses a 

significant public health concern due to potential interactions. Medicinal plants are rich sources of nutrients, 

minerals, trace elements, vitamins, and phytochemicals that contribute to human health and their 

consumption as part of a balanced diet has been associated with a reduced risk of disease. Nevertheless, 

dietary exposure to metals through commercially available herbal products should be carefully assessed. 

This study aimed to determine the concentrations of Na, Mg, K, Ca, P, Fe, Cu, B, Mn, Zn, and Al in 

Sambucus nigra L. dietary supplements, including tablets, effervescent tablets, syrups and capsules. 

Elemental analysis was performed using inductively coupled plasma optical emission spectrometry (ICP-

OES) following microwave and wet digestion procedures. Digestion efficiencies were evaluated and 

compared using HNO₃ and HCl. Higher elemental concentrations were obtained using the microwave 

digestion method compared to wet digestion. Method validation parameters, including limits of detection 

(LOD), limits of quantification (LOQ), linearity, recovery, and precision, were assessed. Recovery values 

ranged from 87.44% to 100.73%. P and K for wet digestion and Na and K for microwave digestion were 

calculated to be the highest LOD and LOQ values. 

 
Keywords – Sambucus Nigra L., Microwave Digestion, Wet Digestion, ICP-OES. 

 

I. INTRODUCTION 

In recent years, scientific interest has increasingly focused on reevaluating the therapeutic potential of 

plants traditionally used in herbal medicine. These plants are rich in biologically active compounds, 

commonly referred to as phytochemicals, which have attracted considerable attention because of their 

potential roles in the prevention and treatment of various diseases [1,2]. 

Currently, the consumption of medicinal plants and dietary supplements is increasing due to growing 

concerns about chemical contamination and the perception that natural products are healthier and less toxic 

than synthetic drugs [3]. Sambucus nigra L. is one of the most extensively studied medicinal plants because 
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of its high content of bioactive constituents, particularly polyphenols and flavonoids, which are recognized 

for their antioxidant activity [4-6]. The genus Sambucus, belonging to the family Caprifoliaceae, comprises 

approximately 20 species. Among them, Sambucus nigra L. and Sambucus canadensis are distinguished 

by their high anthocyanin content. Anthocyanins, a subclass of polyphenols, are well known for their potent 

antioxidant capacity and associated health-promoting effects [7]. 

    The results of bioavailability and safety assessments showed that S. nigra L. flowers and fruits do not 

show any toxic effect on the human body. In traditional medicine, S. nigra L. is one of the most commonly 

used plants in the treatment of many diseases with its diaphoretic, anti-inflammatory, diuretic and 

antipyretic effects [8-9]. The flowers, leaves, fruits and bark of S. nigra L. contain a large number of 

bioactive compounds with antioxidant, antibacterial, cytotoxic, anti-allergic, anti-inflammatory, 

immunomodulatory, antiviral, antidepressant, antidiabetic, antiatherosclerotic, anticancer and 

hypoglycaemic properties that make it a pharmaceutical raw material with significant benefits to human 

health [9-11]. A fundamental aspect of medicinal plants and herbal medicines is ensuring the quality, safety, 

and efficacy of herbal products, which are directly related to the quality of the raw materials [12].  

     In this study, the element concentrations of Sambucus nigra L. dietary supplements, including tablets, 

effervescent tablets, syrups, and capsules, were determined, and different digestion methods were compared 

in terms of their efficiency, precision, and accuracy. 

 

II. MATERIALS AND METHOD 

Instrumentation  

   An inductively coupled plasma optical emission spectrometry (ICP-OES), Spectro/Spectroblue was used 

for analyses. The instrumental operating parameters were as follow: 1.0 L/ min of nebulizer gas flow, 1.4 

kW of Rf power, 1.0 L/ min of auxiliary gas flow and 12 L/ min of plasma-Ar flow.  

Reagents and Standards 

   Nitric acid (65% w/w) (Sigma-Aldrich, Steinheim, Germany) and Hydrochloric acid (37% w/w) were 

also used for digestion. Standard stock solutions were supplied from the Merck (Darmstadt, Germany). The 

stock solution and working standards were diluted in HNO3.  

Sample collection  

   Sambucus nigra L. dietary supplement samples were purchased from pharmacies in Tekirdağ, Turkey. 

Samples (syrup, tablet, capsule and effervescent tablet) covering different brands were analyzed.  

Sample preparation procedure  

Microwave digestion 

   500 mg of sample (tablet, capsule and effervescent tablet) and 500 µL of sample (syrup) were transferred 

into digestion vessels. The samples were digested with 2 mL of HNO₃ and 7 mL of HCl using a microwave 

digestion system. The digests in the Teflon vessels were filtered through blue-band filter paper, transferred 

into 50 mL volumetric flasks, and diluted to 50 mL with ultrapure water. Blanks were prepared using the 

same procedure. 

Wet digestion 

    500 mg of sample (tablet, capsule and effervescent tablet) and 500 µL of sample (syrup) were transferred 

into  flasks. Then, 9 mL of a freshly prepared HNO₃ (65% w/w)–HCl (37% w/w) mixture (1:3, v/v) was 

added to each flask. After heating the mixtures in a water bath at 95 °C for 4–5 h, the samples were filtered. 

Finally, the filtrates were diluted to 50 mL with ultrapure water. 

Recovery  

    The standard addition method was used for recovery experiments. Recovery experiments were evaluated 

in the samples digested using wet digestion. Percentage recovery was calculated using the following 

equation: Recovery (%) = [(Cs − Ct)/Ck] × 100. Cs is the element concentration in the spiked sample, Ct 

is the element concentration in the unspiked (original) sample and Ck is the concentration of the added 

standard. 

Statistical analysis 

    Statistically significant differences between elemental concentrations of Sambucus nigra L. dietary 

supplements were calculated by ANOVA (one-way) using wet and microwave digestion procedures. 
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Statistical analyses showed different results among the samples. The results of the analyses are given as 

mean ± standard deviation. Pearson correlation coefficient (r) was used to evaluate the relationships 

between element concentrations in Sambucus nigra L. dietary supplements. 

 

III. RESULTS 

Sambucus nigra L. dietary supplements including tablets, effervescent tablets, syrups and capsules were 

investigated using microwave and wet digestion procedures to determine multi-element content. The 

efficiencies of digestion in Sambucus nigra L. dietary supplements were compared. Mg, K, Na, Ca, Fe, P, 

Cu, B, Zn, Mn, and Al were analyzed in Sambucus nigra L. dietary supplements.  As, Ni, Pb, Bi, Co, Cr, 

Sb, Cd  and Mo  were not found  because the detection limits of these elements are below the detection 

limits of the method. The method was validated according to limit of detection  (LOD) and limit of 

quantification (LOQ), precision, accuracy, recovery and relative standart deviation (%RSD). The 

wavelength and LOD/ LOQ values are given in Table 1.  
                                                                    

Table 1. Values of LOD/ LOQ and wavelength 

  Wet digestion Microwave digestion 

Element Wawelength (nm) LOD, ng/mL LOQ, ng/mL LOD, ng/mL LOQ, ng/mL 

Na 589,592 8.86 29,53 34 113.33 

Mg 279,533 0.29 0.96 0.12 0.4 

K 769,553 18.2 60.67 41.1 137 

Ca 317.933 2.51 8.35 6.5 21.67 

P 213,618 9.97 33.23 8.8 29.33 

Fe 238,204 1.46 4.86 2.11 7.03 

Cu 324,754 1.68 5.60 1.38 4.61 

B 249,773 1.61 5.38 2.61 8.7 

Mn 257,611 0.32 1.05 0.30 1.02 

Zn 213,856 2.17 7.24 1.07 3.57 

Al 396,152 4.42 14.72 0.10 0.36 

   Relative standard deviations (RSD) were obtained below 2%. Element concentrations were investigated 

in Sambucus nigra L. dietary supplements, including tablets, effervescent tablets, syrups and capsules after 

microwave and wet digestion procedures. Table 2 shows the element concentrations of Sambucus nigra L. 

dietary supplements. Three replicates were performed for each sample  
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Table 2. Element levels in Sambucus nigra L. dietary supplements 

 

Sample D Na Mg K Ca P Fe Cu B Mn Zn Al 

Tablet,  

µg/g 

W 984.63±10.3 648.69±10.6 943.58±13.5 197.65±2.9 940.59±11.2 47.04±0.4 2.16±0.0 4.93±0.0 1.14±0.0 16.90±0.0 106.92±2.1 

M 1006.00±0.2 1284.20±0.1 1093.80±0.0 503.47±0.0 741.60±1.8 55.41±0.4 1.07±0.2 0.611±0.0 1.03±0.0 13.13±0.0 90.4±0.0 

P  N.S *** *** *** *** *** *** *** *** *** *** 
Capsule, 

µg/g 

W 1084.41±7.8 462.77±3.9 2427.52±13.7 390.89±8.1 1676.87±4.4 15.22±0.3 2.13±0.1 5.98±0.0 6.25±0.1 7979.59±37.7 32.53±0.8 

M 892.35±0.1 323.72±0.1 2555.60±0.1 302.60±0.0 1546.57±0.0 11.86±1.0 0.84±0.4 1.72±0.2 12.49±0.8 8280.61±0.0 12.93±0.0 

P  N.S *** N.S N.S N.S *** ** * *** N.S ** 

Syrup, 

µg/mL 

 
 

W 316.04±1.6 70.56±1.6 1208.12±6.4 38.03±0.5 78.09±0.2 1.15±0.0 0.24±0.0 0.60±0.0 0.49±0.0 351.66±2.4 1.21±0.0 

M 

352.60±0.1 66.95±0.0 1181.60±0.1 18.13±0.0 34.27±0.0 2.94±0.5 0.31±0.3 0.48±0.1 0.52±0.1 200.55±0.0 

      

6.57±0.0 

P  N.S N.S N.S N.S N.S *** *** * * ** *** 

Effervescent 

tablet,   

µg/g 

W 53636.50±15.3 21.97±0.2 435.01±5.1 50.53±1.4 30.41±0.1 11.59±0.1 2.06±0.0 4.18±0.1 8.94±0.1 2659.56±6.9 4.00±0.3 

M 

56143.22±3.6 28.30±0.0 634.78±0.1 34.48±0.0 0±0.0 4.67±1.5 0.38±0.2 0.32±0.4 0.22±0.1 2262.5±1.4 

 

6.92±0.0 

P  N.S N.S ** N.S *** *** *** *** * N.S * 

 

Mean±SD (n=6). 

M:Microwave digestion, W: Wet digestion 

N.S. not significant at 0.05 levels 

*, **, ***: indicate statistically significant at p = 0.05, 0.01 and 0.001 

   The recovery percentages were found ranged from 87.44% to 100.73% in Sambucus nigra L. dietary supplements. Table 3 shows recovery values of 

Sambucus nigra L. dietary supplements. 
 

Table 3. Recovery values of Sambucus nigra L. dietary supplements 

Recovery, % Na Mg K Ca P Fe Cu B Mn Zn Al 

Tablet 96.03 94.31 94.26 97.66 93.79 92.66 96.78 97.92 99.56 89.30 90.38 

Capsule 90.04 98.35 87.44 92.35 93.87 95.27 93.88 95.28 97.93 100.73 93.23 

Syrup 91.43 94.86 97.6 91.87 92.96 95.33 93.61 97.06 98.68 92.11 95.33 

Efervescence tablet 97.32 94.85 94.57 92.01 92.46 91.14 95.23 93.23 91.76 91.84 92.86 
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The relation between concentrations of elements in Sambucus nigra L. dietary supplements which are 

analyzed by using wet and microwave digestion were determined according to the Pearson’s correlation 

coefficients (r). Table 4 shows correlations between elements in Sambucus nigra L. dietary supplements 

according to wet digestion procedure. There is a very high positive correlation (r>0.9) for concentrations 

of the following pairs of elements: Mg-Al, Ca-P, Fe-Al, Cu-B.  High correlations (0.8 < r < 0.9) were found 

for concentrations of Na-B, Mg-Fe, K-Ca, K-P.  (0.7 < r < 0.8) were observed for concentrations of Na-

Mn, Mg-Ca, Mg-P, K-Zn, Ca-B, Ca-Zn, P-B.  Correlations between elements in Sambucus nigra L. dietary 

supplements by using microwave digestion are given in Table 5. There is a very high positive correlation 

(r>0.9) for concentrations of the following pairs of elements: Mg-Ca, Mg-Fe, Mg-Cu, Mg-Al, K-B, K-Mn, 

Ca-Fe, Ca-Cu, P-B, P-Mn, Fe-Al, B-Mn, B-Zn, Mn-Zn. High correlations (0.8 < r < 0.9) were found for 

concentrations of K-P, K-Zn, Ca-Al, Fe-Cu, Cu-Al. (0.7 < r < 0.8) was observed for concentrations of P-

Zn 
 

Table 4. Correlations between elements in Sambucus nigra L. dietary supplements according to wet digestion procedure 

  
Na Mg K Ca P Fe Cu B Mn Zn Al 

Na 1           

Mg -0,60176 1          

K -0,64058 

0,41555

2 1         

Ca -0,47086 

0,72588

6 

0,84900

7 1        

P -0,54323 

0,79822

1 

0,82823

5 

0,99274

5 1       

Fe -0,23315 

0,84798

1 -0,12457 

0,32569

3 

0,41027

9 1      

Cu 

0,30499

2 

0,54265

4 0,05617 

0,55469

3 

0,54009

1 

0,62101

4 1     

B 

0,08636

8 

0,64575

3 

0,34488

7 

0,77216

3 

0,75463

2 

0,56204

6 

0,95633

9 1    

Mn 

0,78026

9 -0,3225 -0,03445 

0,14494

9 

0,04173

9 -0,25829 

0,57471

7 

0,51448

3 1   

Zn -0,00939 

0,14101

1 

0,76823

1 0,77486 

0,69364

6 -0,24248 

0,43045

3 

0,61921

9 

0,61293

8 1  

Al -0,42793 

0,91254

9 0,01374 

0,39522

8 0,48967 0,97864 

0,50759

8 

0,49764

9 -0,40991 

-

0,2312

4 1 
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Table 5. Correlations between elements in Sambucus nigra L. dietary supplements according to microwave digestion 

procedure 

  

Na Mg K Ca P Fe Cu B Mn Zn Al 

Na 1           

Mg -0,4442 1          

K -0,5864 0,00072 1         

Ca -0,5089 0,92966 0,33733 1        

P -0,5243 0,36295 0,89998 0,6766 1       

Fe -0,3716 0,99627 -0,0771 0,90557 0,30062 1      

Cu -0,4418 0,91503 0,33011 0,99641 0,68495 0,89467 1     

B -0,4683 0,00848 0,9859 0,36481 0,93063 -0,0621 0,37147 1    

Mn -0,3718 -0,0625 0,96699 0,30441 0,90722 -0,1283 0,31887 0,99413 1   

Zn -0,0705 -0,2656 0,84901 0,1073 0,7783 -0,3136 0,143 0,91126 0,95047 1  

Al -0,3588 0,98789 -0,1537 0,86412 0,21593 0,99564 0,84951 -0,1464 -0,2148 -0,4005 1 

 

IV. DISCUSSION 

   Some differences were observed in element contents analyzed using wet and microwave digestion 

methods in Sambucus nigra L. dietary supplements. Higher concentrations were generally obtained using 

the microwave digestion method. The highest concentrations of Al were found in tablet and capsule. Al 

concentrations analyzed by wet digestion for tablet and capsule were 106.92 and 32.53 µg/g, respectively. 

In addition, Al level was 90.4 µg/g for tablet by using microwave digestion. High concentrations of Al in 

Sambucus nigra L. dietary supplements are dangerous for human health. If we are exposed to high doses 

of Al, our nervous system can be damaged. Limit value advised for Al intake is 24 ppm by the Turkish 

Food Codex (60 kg body weight) [13-14]. The concentrations of Al which is found in tablet and capsule 

are not within the acceptable limits for human health. WHO/FAO has reported several critical levels of 

elements in products. Accordingly, the maximum acceptable limits for Fe, Mn, Cu and Zn are 1 mg/kg, 5 

mg/kg, 2 mg/kg and 1.5 mg/kg, respectively. The highest concentrations of Zn were observed in tablet, 

effervescent tablet, capsule and syrup. Zn concentrations were 7979.59 µg/g in the capsule and 2659.56 

µg/g in the effervescent tablet according to wet digestion and 8280.61µg/g in the capsule and 2262.5 µg/g 

in the effervescent tablet using microwave digestion, respectively. The highest concentrations of Cu were 

obtained in tablet and capsule. Cu concentrations were found to be 2.16 µg/g in tablets and 2.13 µg/g in 

capsules after wet digestion. These results show that Cu and Zn levels in tablet, syrup, effervescent tablet  

are not within the acceptable limits for human health. The concentrations of iron detected in all the analyzed 

Sambucus nigra L. dietary supplements ranged between 1.15 and 55.41 µg/g, which were not within the 

WHO/FAO acceptable iron limit of 1.00 mg/kg reported by Bayo et al.) [15]. Mn levels ranged from 0.22 
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to 12.49 µg/g. Sambucus nigra L. dietary supplements except for capsule and effervescent tablet  were 

within the acceptable limits for human health according to WHO/FAO’s reports. Imenšek et al. investigated 

the dynamics of the content of moisture, organic substances and minerals in maturing fruits of elderberry 

interspecific hybrids. The concentrations of K, Ca, Mg, P, and Na were lower than those obtained for 

Sambucus nigra L. dietary supplements analyzed using wet and microwave digestion methods. Al 

concentrations were lower than my results for tablet according to wet and microwave digestion methods 

but Al values in the effervescent tablet and syrup samples were lower than those reported by Imenšek et al. 

Mn levels were higher than my results for all samples in two digestion methods [16]. Jeon et al. analyzed 

the total antioxidant activity of Black elderberry (BEE). DPPH, ABTS and FRAP radical scavenging 

activity and reducing power methods were used. Total phenolics, flavonoids, and anthocyanin in BEE were 

222.8 ± 15.1 mg GAE/g, 522.9 ± 43.9 mg/QE/g, and 242.9 ± 7.7 mg CGE/g, respectively. The total 

antioxidant activities of BEE were 199.2 ± 21.2 mM Vitamin C equivalents /g for DPPH, 369.1 ± 30.6  mM 

Vitamin C equivalents /g  for ABTS and 3.0 ± 0.3 mM FeSO4/g for FRAP [17]. Zengin et al. examined 

phytochemical components of black mulberry, chokeberry and elderberry fruits and leaves. In addition, the 

element contents of Morus nigra and Sambucus nigra L. were investigated. Ca concentrations in the fruits 

of the Haschberg genotype were higher than my results for all samples using both wet and microwave 

digestion. Al values in elderberry fruits were lower than my results for tablet in two digestion methods. K 

values were similar to my results for capsule but K concentrations were higher than my results for all 

samples for wet and microwave digestion [18]. The microwave digestion method showed a higher number 

of strong positive correlations (r > 0.90). These results suggest that the microwave digestion method is 

more effective than the wet digestion method. 

 

 

V. CONCLUSION 

The concentrations of elements in Sambucus nigra L. dietary supplements were invastigated. It was 

worked for the first time in tablet, effervescent tablet, syrup, capsule in Sambucus nigra L. dietary 

supplements using wet and microwave digestion methods by ICP-OES. Wet and microwave digestion 

procedures were successfully applied for the determination multi-element contents.  
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[10] N. Imenšek, A. Ivanˇciˇc, T. Kraner Šumenjak, M. Islamˇcevi´c Rasboršek, and J. Kristl, “The effect of maturation on 
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