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Abstract. Living organisms require specific levels of heavy metals. 
However, excessive exposure to heavy metals, which accumulate in plants 
over time, can damage cells and organs. Due to these harmful effects, heavy 
metal toxicity has become a significant concern. In this context, as part of 
the development of mango mistletoe leaf herbal products, this study aims to 
measure the concentrations of Pb, Cu, Fe, Zn, and Cr in mango mistletoe 
leaf extracts using Atomic Absorption Spectroscopy (AAS). This technique 
detects heavy metals based on their unique absorption of electromagnetic 
radiation at specific wavelengths. To conduct this analysis, samples were 
prepared by wet destruction with HNO3 and HCl (1:3), followed by 
digestion at 150°C to isolate the atoms. The results showed average 
concentrations of Pb (0.615 ± 0.045 mg/kg), Cu (0.168 ± 0.007 mg/kg), Fe 
(0.492 ± 0.063 mg/kg), Zn (0.243 ± 0.010 mg/kg), and Cr (0.156 ± 0.011 
mg/kg). Notably, the highest average was for Pb (0.615 ± 0.045 mg/kg), 
followed by Fe (0.492 ± 0.063 mg/kg) and then Zn (0.243 ± 0.010 mg/kg). 
In conclusion, the herbal tea made from mistletoe leaves remains within the 
safety limits set by the Food and Drug Supervisory Agency. 
Keywords: AAS, heavy metals, mango mistletoe leaves  

1 Introduction  
Heavy metals (HMs) are metallic elements characterized by high density, which can be toxic 
even at low concentrations, thereby posing a threat to living organisms, including humans, 
animals, and plants [1]. HMs possess a density greater than 4.5 g/cm³ and an atomic mass 
exceeding 40.04 Da [2]. These elements are categorized into essential nutrients, such as Fe, 
Zn, Cu, Ni, and Mn, and non-essential nutrients, including As, Hg, Cr, Pb, Cd, and Ag, which 
are necessary at specific concentrations for plant survival. However, excessive accumulation 
of essential heavy metals can adversely affect plant health. Iron is an indispensable 
micronutrient integral to various physiological and metabolic processes in plants. It is 
involved in photosynthesis, mitochondrial respiration, nucleic acid synthesis, protein 
functions, and chlorophyll formation. Nonetheless, excessive iron levels can lead to increased 
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formation of Reactive Oxygen Species (ROS), causing lipid and protein damage, disruption 
of cellular structures, leaf chlorosis, and other adverse effects [3]. Adequate zinc 
concentrations support auxin hormone production, enhance photosynthesis and root 
development, and facilitate protein synthesis. However, excessive zinc may result in 
nutritional imbalances, increased ethylene production, growth stunting, and chlorosis [4]. 
Non-essential heavy metals, such as lead (Pb) and chromium (Cr), are classified as "toxic 
heavy metals" due to their interference with photosynthesis and respiration, damage to 
stomatal structures and functions, augmentation of oxidative stress, and obstruction of 
mineral nutrient absorption at elevated concentrations [5]. 

Lead (Pb) is among the most prevalent heavy metal pollutants identified in the 
environment [5]. Sources of Pb contamination include the combustion of fossil fuels, paints 
and pigments, the use of lead in gasoline, fertilizers, solid waste disposal, incineration of 
industrial refuse, explosives, ceramics and dishware, industrial dust and fumes, 
manufacturing of lead-acid batteries, pesticides, mining and metallurgy, certain types of 
PVC, and urban runoff [6]. Contamination in plants occurs when metals present in soil, water, 
or air are absorbed through the roots [7]. These metals are non-biodegradable and tend to 
accumulate in tissues, where they are not eliminated via metabolism or food processing 
methods such as heating [1]. Pb presents a significant health risk, as excessive ingestion 
through food or beverages can impair neurological functions, hinder growth, affect 
reproductive systems, and increase vulnerability to various diseases [8].  

Cardiovascular diseases are common in the current era. One example of a cardiovascular 
disease is hypertension. Free radicals can cause cardiovascular diseases. Cells consistently 
produce free radicals and Reactive Oxygen Species (ROS) as part of the metabolic process. 
Free radicals are highly reactive compounds because they have an unpaired electron on their 
outer shell, which triggers a chain reaction in search of a missing electron pair. Free radicals 
form when stable compounds undergo oxidation, becoming unstable and highly reactive in 
the process. To prevent or reduce the onset of cardiovascular diseases caused by free radicals, 
the body needs antioxidant agents. Antioxidants are compounds that can prevent or neutralize 
free radicals. Oxidative stress, driven by increased Reactive Oxygen Species (ROS) and an 
insufficient antioxidant response within cells, plays a crucial role in the progression of 
hypertension [9]. 

Hypertension is classified as a non-communicable disease and ranks among the foremost 
causes of mortality worldwide. It can lead to complications, including cardiovascular disease, 
cerebrovascular events, renal failure, retinopathy, peripheral vascular disease, and 
neuropathies. Hypertension is characterized by elevated blood pressure, with a systolic 
measurement of 140 mmHg and a diastolic measurement of 90 mmHg [10]. Management of 
hypertension generally necessitates a long-term treatment strategy. Therefore, alternative 
approaches are essential, such as modulating antioxidant intake through exogenous 
antioxidant-rich foods or plants, and diminishing oxidative stress, as seen in the use of mango 
mistletoe leaves that possess antioxidant compounds.  

Mango mistletoe leaves (Dendrophthoe pentandra L. Miq) are parasitic plants commonly 
found on mango trees. In addition to affecting the host tree's productivity, these leaves contain 
various secondary metabolites, including tannins, flavonoids, and saponins, which exhibit 
potent antioxidant activity and potential pharmacological effects for hypertension and other 
ailments [11], [12]. Furthermore, research by [13] has demonstrated that the extract of mango 
mistletoe leaves exhibits a high concentration of antioxidant compounds, as indicated by 
IC50 values of 13.71 μg/ml and 36.29 μg/ml. These findings suggest that mango mistletoe 
leaves possess potential as a herbal agent with antioxidant properties, contributing to the 
mitigation of oxidative stress. Consequently, it is imperative to ensure the safety of mango 
mistletoe leaf extracts in herbal products, particularly concerning their heavy metal content, 
which may pose toxicity risks. The present study aims to assess heavy metal levels in mango 

mistletoe leaf extracts intended for herbal antihypertensive formulations, utilizing heavy 
metal concentration as a non-specific parameter in product development. 

2 Materials and Methods 

2.1 Sample 

The tested sample consisted of mango mistletoe leaves (Dendrophthoe pentandra (L.) Miq), 
which were collected from a traditional market in Kepanjen, Malang Regency, East Java, 
Indonesia. 

2.2 Location  

The study was conducted at the Halal Centre Laboratory of the Universitas Islam Malang, 
Indonesia, from August to September 2024. 

2.3 Materials and equipment 
The equipment used in this research included 100 mL volumetric flasks (Pyrex), beakers 
(Iwaki), funnels, 100 mL Erlenmeyer flasks (Pyrex), a hot plate (Borco, Germany), a fume 
hood, and an Atomic Absorption Spectroscopy (Shimadzu AA-6300). The materials included 
Whatman No. 42 filter papers, mango mistletoe leaf extract, HNO3 (70%), HCl (65%), 
distilled water and standard solutions of Pb, Cu, Cr, Fe, and Zn at a stock concentration of 
1000 ppm.  

2.4 Procedure  

2.4.1 Sample preparation 

The analysis of heavy metal content in mango mistletoe leaves was performed via wet 
digestion using a 1:3 ratio of nitric acid (HNO3, 70%) and hydrochloric acid (HCl, 65%). 
One gram of the mango mistletoe leaves was combined with the solutions, heated to 150°C 
for one hour, cooled for approximately one hour, and subsequently subjected to re-digestion 
with acids, followed by heating at 100°C for 20 minutes. The sample was then allowed to 
stand for 24 hours, filtered through Whatman No. 42 filter paper, and the filtrate was diluted 
with distilled water to a final volume of 100 mL in a volumetric flask. 

2.4.2 Measurement with Atomic Absorption Spectroscopy (AAS) 

Prepared samples were measured for heavy metals using AAS at specific wavelengths: Pb 
(217 nm), Cu (324 nm), Cr (357 nm), Fe (248 nm), and Zn (213 nm). The concentration was 
calculated by correlating concentration and absorbance using the regression equation y = ax 
+ b [14]. 

2.4.3 Data analysis 

Data obtained from AAS measurements were processed using Microsoft Excel to generate 
standard curves and calculate metal concentrations. 
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3 Results and Discussion 

The determination of the concentrations of heavy metals, namely Pb, Cu, Cr, Fe, and Zn, was 
performed using Atomic Absorption Spectroscopy (AAS) in conjunction with the standard 
regression curve technique. The procedures involving sample dissolution and measurement 
constitute critical components of the analytical process. In chemical analysis, the dissolution 
process, which is a destructive process, entails converting a solid sample into a liquid 
solution. This method is appropriate for measurement via techniques such as AAS, 
spectrophotometry, or similar analytical methods [14]. 

Atomic Absorption Spectroscopy (AAS) is a well-established quantitative method for 
detecting heavy metals (HMs) by measuring the light absorption of atomic vapor from a 
sample. It includes components such as a light source, an atomizer, and a detection system, 
which works by converting samples into atomic vapour that absorbs specific light 
wavelengths to determine metal levels. AAS offers high selectivity, accuracy, sensitivity, and 
minimal interference, with different types based on the atomization techniques used. It is 
widely used for analyzing metal concentrations in plants; however, its effectiveness depends 
on the extraction and digestion methods employed. Despite the rise of newer analytical 
techniques, AAS remains a valuable tool due to its cost-effectiveness, sensitivity, and 
reproducibility [6]. 

The operating principle of Atomic Absorption Spectroscopy (AAS) begins with 
vaporizing the sample into atomic vapor using an atomizer that operates at high temperatures. 
The vapor is then exposed to electromagnetic radiation, which is absorbed at specific 
wavelengths unique to each element. The spectroscopic system separates the various spectral 
lines. By analyzing how much light is absorbed or how much the intensity decreases, the 
concentration of the element in the sample can be determined [6]. 

The concentration of heavy metals in the sample is demonstrated by the coefficient of 
determination in the regression analysis. This coefficient, which ranges from 0 to 1, indicates 
the correlation between the sample's concentration and its absorbance. An R² value close to 
1 suggests a high level of accuracy, reflecting minimal discrepancy between the predicted 
and actual y-values [15]. 
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Fig. 1. (a) Regression curve value of Pb; (b) regression curve value of Cu; (c) regression curve value 
of Cr; (d) regression curve value of Fe; (e) regression curve value of Zn 

Based on the coefficient values derived from the regression curves of each evaluated 
heavy metal parameter depicted in Figure 1, it can be asserted that a linear correlation exists 
between absorbance and sample concentration, as evidenced by the R² values presented in 
Table 1. The obtained coefficient values meet the linearity criteria, which is that the R value 
is close to 1 [15]. 

Analysis results demonstrated that the concentrations of lead (Pb), copper (Cu), 
chromium (Cr), iron (Fe), and zinc (Zn) in mango mistletoe leaf extracts are as follows. The 
maximum concentrations of lead (Pb), iron (Fe), and zinc (Zn) were recorded at 0.615 mg/kg, 
0.492 mg/kg, and 0.243 mg/kg, respectively. Copper (Cu) and chromium (Cr) were detected 
at lower concentration levels, namely 0.168 mg/kg and 0.156 mg/kg, respectively. 

These concentrations are within established safety limits and conform to the standards set 
by the Food and Drug Supervisory Agency (BPOM) for herbal products, particularly tea 
products. The results indicate that the Pb content in the sample does not surpass the regulatory 
limit for heavy metals, as specified in the SNI based on BPOM Regulation Number 9 of 2022, 
which stipulates a maximum of 2.0 mg/kg. This indicates that the mango mistletoe leaf 
extract is safe for consumption in terms of heavy metal contamination. The detection of 
essential metals, such as Fe, Zn, and Cu, in trace amounts is anticipated and even beneficial 
for human health. Conversely, the low concentrations of non-essential and potentially toxic 
metals such as Pb and Cr suggest minimal environmental contamination in the raw material 
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source. This is particularly significant because heavy metals, especially Pb, have the potential 
to accumulate in the human body and induce toxic effects at elevated levels. 

Table 1. Data on heavy metal content measured with Atomic Absorption Spectroscopy on the ethanol 
extract of mango mistletoe. 

Metals Concentration 
(mg/kg) 

Absorbance 
(nm) Regression equation 

Correlation 
coefficient 

(R2) 

Average 
(mg/kg) ± SD 

Pb 

0,5758 0,0023 

y = 0.0142x – 0.0058 0.996 0.615 ± 0.045 0,5899 0,0026 

0,6785 0,0038 

Cu 

0,1588 0,0011 

y = 0.0167x – 0.0015 0.989 0.168 ± 0.007 0,1692 0,0013 

0,1769 0,0014 

Cr 

0,1425 0,0054 

y = 0.0833x – 0.0064 0.975 0.156 ± 0.011 0,1557 0,0068 

0,1689 0,0076 

Fe 

0,4114 0,0011 

y = 0.0052x – 0.001 0.993 0.492 ± 0.063 0,4973 0,0016 

0,566 0,0019 

Zn 

0,2309 0,0017 

y = 0.0836x – 0.0176 0.998 0.243 ± 0.010 0,2436 0,0027 

0,2548 0,0037 

The results further substantiate the suitability of mango mistletoe leaves as a raw material 
for producing herbal teas or other herbal products intended for managing hypertension 
through their antioxidant effects, without the associated risk of heavy metal toxicity. 
Additionally, the presence of active metabolites such as phenols and flavonoids reinforces 
the antioxidant activity of mango mistletoe leaf extracts, which could potentially mitigate 
oxidative stress induced by free radicals and heavy metals. This mechanism holds 
significance for the development of herbal antihypertensive products that contribute to tissue 
protection against oxidative damage. Previous research has demonstrated that the antioxidant 
levels in mistletoe leaves vary according to the host species and environmental conditions, 
underscoring the importance of rigorous quality control and continuous monitoring. It is 
recommended that ongoing surveillance and quality assurance practices, utilizing techniques 
such as AAS or equivalent methods, be implemented to ensure safety and compliance in 
future herbal product formulations. 

4 Conclusion  
The ethanol extract of mango mistletoe leaves contains measurable yet safe concentrations 
of heavy metals, including Pb, Cu, Cr, Fe, and Zn, with lead exhibiting the highest 
concentration. All detected heavy metal levels are within the permissible limits established 
by BPOM standards, thereby confirming the extract’s safety for use in herbal products. These 

findings substantiate the use of mango mistletoe leaf extract as a safe raw material in the 
formulation of herbal antihypertensive agents, supporting its potential as an alternative 
natural remedy with minimal risk of heavy metal toxicity.  
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source. This is particularly significant because heavy metals, especially Pb, have the potential 
to accumulate in the human body and induce toxic effects at elevated levels. 

Table 1. Data on heavy metal content measured with Atomic Absorption Spectroscopy on the ethanol 
extract of mango mistletoe. 

Metals Concentration 
(mg/kg) 

Absorbance 
(nm) Regression equation 

Correlation 
coefficient 

(R2) 

Average 
(mg/kg) ± SD 

Pb 

0,5758 0,0023 

y = 0.0142x – 0.0058 0.996 0.615 ± 0.045 0,5899 0,0026 

0,6785 0,0038 

Cu 

0,1588 0,0011 

y = 0.0167x – 0.0015 0.989 0.168 ± 0.007 0,1692 0,0013 

0,1769 0,0014 

Cr 

0,1425 0,0054 

y = 0.0833x – 0.0064 0.975 0.156 ± 0.011 0,1557 0,0068 

0,1689 0,0076 

Fe 

0,4114 0,0011 

y = 0.0052x – 0.001 0.993 0.492 ± 0.063 0,4973 0,0016 

0,566 0,0019 

Zn 

0,2309 0,0017 

y = 0.0836x – 0.0176 0.998 0.243 ± 0.010 0,2436 0,0027 

0,2548 0,0037 

The results further substantiate the suitability of mango mistletoe leaves as a raw material 
for producing herbal teas or other herbal products intended for managing hypertension 
through their antioxidant effects, without the associated risk of heavy metal toxicity. 
Additionally, the presence of active metabolites such as phenols and flavonoids reinforces 
the antioxidant activity of mango mistletoe leaf extracts, which could potentially mitigate 
oxidative stress induced by free radicals and heavy metals. This mechanism holds 
significance for the development of herbal antihypertensive products that contribute to tissue 
protection against oxidative damage. Previous research has demonstrated that the antioxidant 
levels in mistletoe leaves vary according to the host species and environmental conditions, 
underscoring the importance of rigorous quality control and continuous monitoring. It is 
recommended that ongoing surveillance and quality assurance practices, utilizing techniques 
such as AAS or equivalent methods, be implemented to ensure safety and compliance in 
future herbal product formulations. 

4 Conclusion  
The ethanol extract of mango mistletoe leaves contains measurable yet safe concentrations 
of heavy metals, including Pb, Cu, Cr, Fe, and Zn, with lead exhibiting the highest 
concentration. All detected heavy metal levels are within the permissible limits established 
by BPOM standards, thereby confirming the extract’s safety for use in herbal products. These 

findings substantiate the use of mango mistletoe leaf extract as a safe raw material in the 
formulation of herbal antihypertensive agents, supporting its potential as an alternative 
natural remedy with minimal risk of heavy metal toxicity.  
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