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ABSTRACT 

 

To determine if oregano plant can accumulate heavy metals like Cu, Cd, Ni, Pb and Zn and  assess the 

relative safety or potential health risks oregano from  the selected areas  in Nueva Ecija and Occidental 

Mindoro based on the World Health Organization (WHO) standard limits, oregano leaves were collected 

in five sampling sites in Nueva Ecija and Occidental Mindoro.  Multi element analysis was carried out on 

the oregano plant materials through Microplasma-Atomic Emission Spectroscopic (MP-AES) technique. 

MP-AES is a powerful and quick multielement analytical tool with high sensitivity. Digestion of the plant 

materials were done prior to heavy metal analysis. Content of metal per sample was expressed as µg/g. 

Heavy metals (Cu, Cd, Ni, Pb and Zn) which are potentially toxic elements were present in the oregano 

leaves samples.  All the oregano leaves samples exceeded the WHO permissible limits of heavy metals in 

medicinal plants. 

 

Keywords: Coleus aromaticus  Benth, heavy metals,  Microplasma-Atomic Emission Spectroscopic (MP-
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1. INTRODUCTION 

 

The early civilization was known to have relied on the power of herbal medicines. Even the modern world 

has adopted some of their practices and herbal concoctions in utilizing this alternative medicine (Domingo, 

2017).Dghaim et al.  (2015) mentioned in their study that World Health Organization (WHO) estimates 

nearly 70–80% of the world population mainly depends on herbal plants. 

 

With the rising interest in the healing benefits of herbal products, there has been an increasing worry over 

the safety and toxicity of natural herbs and formulations available in the market. There is a general 

misconception that natural herbs and plants are inherently safe; however, there have been a number of 

reports on occurrence of toxicity and undesirable effects linked to the utilization of herbal plants and their 

formulations in different parts of the world. Plants are associated with the transfer of heavy metals from the 

contaminated soil to humans. Heavy metals have a tendency to accumulate in the food chain and have low 

excretion rates through the kidney which could result in damaging effects on humans even at very low 

concentrations. Metals such as Zinc, Copper, Iron, Manganese, and Chromium are essential nutrients; they 

are essential for the physiological and biological functions of the human body. However, an increase in 

their intake above certain allowable limits can become toxic (Korfali et al. 2013).   

 

Medicinal herbs can be easily contaminated with heavy metals from the environment (soil, water, or air) 

during growth and the manufacturing processes when the ready-made products are produced.  Other sources 

of heavy metal contamination are fertilizers, atmospheric dust, rainfall, and plant protective agents. The 

level of essential elements in plants is conditional, the content being affected by the geochemical 
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characteristics of the soil and by the ability of plants to selectively accumulate some of these elements 

(Darwish, 2009). 

 

Generally, a number of health problems were linked to too much uptake of dietary heavy metals including 

a decrease in immunological defenses, cardiac dysfunction, fetal malformation, impaired psychosocial and 

neurological behavior, gastrointestinal cancer, and many others (Mahan et al.  2012 ; Singh et al. 2011). 

The heavy metal contamination of herbal remedies has been reported earlier in several Asian, South 

American, and African herbal products in different countries (Rahimi, et al.2012; Harris, et al. 2011; Saeed, 

et al. 2011; Alwakeel, 2008). 

 

In the Philippines where herbal plants species are abundant, it is usual for the Filipinos to use them in 

treatment of minor illness such as cough, colds, flu, infections, and other skin infections.   Though there are 

still many Pinoys who still question the effectiveness of these plants, medical researches and studies have 

already recognized their importance in the world of medicine (Domingo, 2017). 

 

One of the common medicinal plants used by Filipinos is oregano (Coleus aromaticus Benth). Other 

botanical names of Oregano are Coleus suganda Blanco , Spreng,  Coleus amboinicus Lour ,  Plectranthus 

amboinicus (Lour), and  Plectranchus aromaticus Roxb. This plant has strong aromatic characteristics, with 

leaves and stems which are fleshy. Its leaves are heart-shaped with toothed edges. Oregano grows up to 

nine meters in length.  In other countries, the plant is mainly used as a cooking ingredient.  On the other 

hand, in the Philippines, it is identified as herbal medicine because of its strong anti-oxidant properties.  

The most helpful parts of this plant are its leaves. The extracts and juices of such are used for asthma, 

chronic coughs and bronchitis. The leaves can also relieve painful swellings, boils, and sprains when 

applied directly to affected area.   Moreover, crushed fresh leaves are applied externally to burns.  

 

The oregano plant was thoroughly consumed by the general public particularly in Nueva Ecija and 

Occidental Mindoro and it is the need of the day to investigate the chemical compositions of these plants 

and make known their impact on public health. The objectives of this study were to determine if oregano 

plant from selected towns in Nueva Ecija and Occidental Mindoro can accumulate heavy metals like Cu, 

Cd, Ni, Pb and Zn and assess the relative safety or potential health risks oregano from the selected areas in 

Nueva Ecija and Occidental Mindoro based on the World Health Organization (WHO) standard limits. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Sample Collection and Preparation 

Samples of oregano leaves collected from selected sites in Nueva Ecija and Occidental Mindoro were 

cleaned using tap water, and then air dried for about one week.  The leaves were then chopped into small 

pieces, ground, and pulverized using the blender.  

 

2.2. Digestion of oregano leaves  

Initially, 10 mL of 1:1 Nitric Acid, was added to 1.00 g of air dried and powdered oregano leaves sample 

in a 25 x 150 mm glass digestion tube.  The samples were then heated to 95 ± 10 0C for about 15 minutes.  

When cool, 5 mL of Nitric acid, was added and heat was applied for another 30 minutes.  The digests were 

again allowed to cool, before 2 mL of milli-Q water and 3mL of  30 % Hydrogen Peroxide was added and 

heated 95 ± 10 0C.  After the digests were cooled again, another 1 mL 30 % Hydrogen Peroxide was added.  

Heating continued until sample volumes reduced to approximately 5 mL.  The digests were then allowed 

to cool again before being diluted to 50 ml with Milli-Q water.   
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Multi - element analysis was carried out on the digested oregano plant materials and soils through 

Microplasma-Atomic Emission Spectroscopic (MP-AES) technique. 

 

3. RESULTS AND DISCUSSION 

Table 1 shows the heavy metals like Cu, Cd, Ni, Pb and Zn analysis of oregano leaves. Copper is an essential 

trace element which is necessary for many enzymes. It is needed for the normal growth and development. 

High concentration of Cu causes metal fumes fever, hair and skin discolorations, dermatitis, respiratory 

tract diseases, and some other fatal diseases in human beings (Khan et al., 2008).  All tested samples 

contained the amount of Cu. The highest level (33.30 µg/g ) of Cu was found in the leaves of oregano from 

San Jose, Occidental Mindoro. The lowest Cu concentration was from the Oregano leaves in Cabanatuan, 

Nueva Ecija. The World Health Organization’s permissible limit of Copper in medicinal plants is 10mg/kg, 

while its intake in food is 2- 3mg/day (Shah et al., 2013). This means that oregano leaves from San Jose, 

Occidental Mindoro exceeded the permissible limit of Copper in medicinal set by WHO. 

 

This was similar to the findings of Dghaim et al. (2015) who analyzed the Copper content of oregano leaves.  

They found that oregano samples had an average concentration of 41.64 mg/kg which exceeded the 

regulatory limit (20 µg/g) for herbal medicines in China.  

 

However, Rout et al. (2010) reported that Copper was present in Coleus aromaticus at 0.11 ppm which was 

within the permissible limit. Moreover, in the analysis performed by Thenmozhi et al. (2011) Copper was 

found in to be in considerable amount. 

 

Table 1.  Heavy metals Analysis of Oregano leaves from selected areas in Nueva Ecija and Occidental 

Mindoro. 

Sampling Site  Cu 

(µg/g) 

Cd 

(µg/g) 

Ni 

(µg/g) 

Pb 

(µg/g) 

Zn 

(µg/g) 

Aliaga, Nueva Ecija 5.07 0.84 6.86 0.08 26.36 

Cabanatuan, Nueva Ecija 3.46 0.57 43.97 8.41 25.36 

Munoz, Nueva Ecija 8.17 0.61 10.03 37.16 43.28 

San Jose City, Nueva Ecija 5.83 0.58 12.26 13.95 35.50 

San Jose, Occidental Mindoro  33.30 0.58 20.51 22.84 25.48 

WHO Permissible Limits in µg/g : Cu= 10, Cd = 0.3, Ni= 1.5, Pb= 10, Zn=50 

 

Cadmium is a non essential heavy metal. It is very toxic even at low concentration that causes learning 

disabilities and hyperactivity in children.  The experimental results showed that Cd concentration in leaves 

samples occurred between the range of 0.57and 0.84 µg/g .  The Aliaga, Nueva Ecja oregano leaves had 

the highest level (0.84 µg/g) while the oregano leaves sample from Cabanatuan City, Nueva Ecija had the 

least content (0.57 µg/g) of Cd. The WHO recommended level of cadmium in medicinal plants is 0.3mg/kg 

≈ 0.3 µg/g. This indicates that all the oregano leaves samples exceeded the permissible Cadmium level. 

This supports the results obtained by Dghaim et al. (2015) that oregano samples exceeded the permissible 

limits (PL) for cadmium in medicinal herbs and plants.  

 

However, Criste et al. (2013) determined the concentration of heavy metals in plants such as Origanum 

vulgare (another scientific name of Oregano), Vaccinium Myrtillus L ( Bilberry), and Tribulus Terrestris  

(Caltrop) to propose these plant species as natural sources of microelements in the animal diet.   The results 

showed that the amount of Cadmium in Oregano plant was 0.11 + 0.01 which was less than the maximum 

limit ( 1 mg Cd/ kg)  set by the Romanian Legislative. Likewise,  Thenmozhi et al., (2011) treated the 

Coleus aromaticus leaves under crude and soxhlet methods by using aqueous and alcohol.  Analysis 

revealed that heavy metal Cadmium, was not present in the aqueous extract. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052183/#CR46
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Nickel is also vital element for plants and animals. In small quantity, nickel is essential for the regulation 

of lipid contents in tissues and for the formation of red blood cells. But at high level, it becomes poisonous 

and causes severe diseases like loss of body weight, loss of vision, and heart and liver failures, plus skin 

irritation. The experimental data revealed that Ni concentration in oregano leaves samples occurred in a 

range of 6.86-43.97 µg/g. The oregano leaves from Cabanatuan, Nueva Ecija had the highest level (43.97 

µg/g), while the Aliaga, Nueva Ecija oregano leaves  had the least content(6.86 µg/g) of Ni. WHO’s 

permissible limit of Nickel in medicinal plant is 1.5mg/kg ≈1.5 µg/g, while its routine requirement for 

mankind is 1mg/day (Shah et al. , 2013). This indicates that all the samples were beyond the allowable limit 

of Nickel.  

 

On the other hand, in the report of Rout et al. (2010), Nickel was absent in the chloroform extract of Coleus 

aromaticus leaves. In addition, Thenmozhi et al., (2011) carried out heavy metal analysis to check the 

presence of toxic metals in the Coleus aromaticus leaves from Trichy Districts of Tamilnadu in India using 

atomic absorption spectroscopy. They found out that Nickel was not present in the leaves. Their analysis 

showed absence of heavy metals and presence of minerals such as iron, copper, zinc and chromium.  

Therefore, they recommended for high throughput research in the process of drug development for several 

diseases. 

 

Lead is an unnecessary heavy metal that causes oxidative stress and contributes to the pathogenesis of lead 

poisoning by disrupting the delicate antioxidant balance of the mammalian cells. High level buildup of Pb 

in body causes anemia, colic, headache, brain damage, and central nervous system disorder (Shah et al., 

2013).  The oregano leaves from Munoz, Nueva Ecija  had the highest level (37.16 µg/g ) of Pb, while the 

oregano leaves from a Aliaga, Nueva Ecija  had the lowest concentration (0.08 µg/g). WHO’s allowable 

limit of lead in medicinal plant is 10 mg/kg ≈ 10 µg/g.  Oregano leaves from Munoz and San Jose City 

Nueva, Ecija and San Jose Occidental Mindoro were above the permissible limit set by WHO.   

 

Similarly, in Middle Eastern countries, high concentration of Lead above permissible limits in medicinal 

plants and herbs has been reported. Ninety percent of oregano samples showed concentrations of Lead 

higher than 10 mg/kg (Dghaim et al., 2015).   

 

In contrast, Criste et al. (2013) determined the  Lead concentration in origanum vulgare spices because this 

plant will be included in a future animal feed study. The results showed that the average content of Pb was 

1.60 + 0.31 which is below 10 mg Pb/kg - the maximal limits imposed by Romanian Legislative. Moreover, 

the chloroform extract of Coleus aromaticus leaves had no trace of the heavy metal Lead (Rout et al., 2010). 

In addition, in heavy metal and mineral analysis conducted by Thenmozhi, et al. (2011), Lead was not 

present in the aqueous extract. 

 

Zinc is the basic component of a large number of different enzymes and plays structural, regulatory, and 

catalytic functions. It also has very important role in DNA synthesis, normal growth, brain development, 

bone formation, and wound healing. At high level, Zinc is neurotoxin ( Adelekan & Abegunde, 2011). The 

oregano leaves from Munoz, Nueva Ecija  had the highest contents (43.28 µg/g  ) of Zn, while the oregano 

leaves  of San Jose, Occidental Mindoro  had the least concentration (25.48 µg/g) of Zn. WHO’s 

recommended limit of zinc in medicinal plant is 50mg/kg  ≈ 50µg/g, while its intake in food is 11mg/day 

(Khan et al., 2008). This indicates that no samples exceeded the permissible level for Zinc.  

 

This finding conformed with the result of the study obtained by Dghaim et al. (2015)  which  revealed that 

the maximum concentrations of Zinc in oregano was 37.28 mg/kg  which did not go beyond the standard 

limit. This result coincided with the findings of Rout et al. (2010) who reported that Zinc content in Coleus 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052183/#CR46
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052183/#CR46
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aromaticus was 0.03 ppm which was within the permissible limit. Moreover, Wadikar (2012) conducted a 

mineral analysis of Coleus aromaticus leaves using Inductively Coupled Plasma Optical Emission 

Spectrometer (ICP/OES) and revealed the presence of Zinc only in trace amount. Additionally, the heavy 

metals analysis carried out by  Thenmozhi et al., (2011) revealed the absence of Zinc in the leaves of Coleus 

aromaticus. 

 

4. CONCLUSION  

 

In conclusion, heavy metals (Cu, Cd, Ni, Pb and Zn) which are potentially toxic elements are present both 

in the oregano leaves from the selected areas in Nueva Ecija and Occidental Mindoro. There is a potential 

health risks on the utilization of oregano as medicinal plant because majority of the oregano leaves from 

the selected areas in Nueva Ecija and Occidental Mindoro contained  heavy metals concentration which 

exceeded the World Health Organization (WHO) standard limits in medicinal plants. This study 

recommended that it is essentially required that every medicinal plant should be checked for the 

concentration of heavy metals  before processing it for further pharmaceutical purposes or for local human 

consumption. Further studies may be conducted to determine the presence of toxic metals and to assess 

their long-term cumulative risk on consumer health. 
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