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1. INTRODUCTION  

Plants have been variously reported as potential alternatives to synthetic drugs especially antibiotics 

production (Epidi et al., 2016a, b; Kigigha et al., 2015, 2016, 2018 a, b; Izah et al., 2018a-d; Izah, 

2018 Izah and Aseibai, 2018). Several plant species and their different parts have been reported to 

possess pharmacological properties. In some instances, the therapeutic claims of some of the plants 

have been validated while several others have not been tested (Aigberua and Izah, 2019).   

Till date, herbal medicine is the prevalent source of medicine for different treatments. Herbal 

medicine practice can be traced back to human history, and its wide use in different regions of the 

world. Reports have variously indicated that 70 – 80% of global population still rely on traditional 

medicine for the treatment of different types of diseases (Epidi et al., 2016 a, b; Kigigha et al., 2015, 

2016, 2018 a, b; Izah et al., 2018a-d; Izah, 2018; Onimisi et al., 2016). Further survey suggests that a 

significant number of individuals who rely on herbal medicines are from developing nations.  

Globally, different types of herbal medicine products are available. Majority of the plants depend on 

plant species that are peculiar to the people who produce these herbal medicines. Again, the 

preparation, use and treatment options vary based on the product, its active ingredients, as well as the 

type of disease been treated. Furthermore, same plant species can be applied in different forms and/or 

treatment of varying ailments (Aigberua and Izah, 2019). These mainly depend on the knowledge of 

the medicine plant by the indigenous people of the region. Again, the use of herbal medicine is 

predominant in the rural setting of many developing countries. 

Like modern medicine, some herbal medicines are imported into the country. In Nigeria, some of the 

herbal medicine products currently in the market are imported. In different region, most traditional 
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medicine practitioners have associations regulating their activities. For instance, In Nigeria, National 

Agency for Drug Administration and Control (NAFDAC) - the Nigerian body responsible for the 

regulation of food and drug matters (Omimisi et al., 2016) are also involved in registration of herbal 

medicines. In addition, National Association of Traditional Medicine Practitioner of Nigeria is also 

involved in regulating the activities of traditional medicine practitioners (NATMPN) (Aigberua and 

Izah, 2019).  In spite of these legislations, some of the herbal medicines in the market have no 

NAFDAC or NATMPN registration numbers. 

Herbal medicines can be processed into liquid or powdered forms. Heavy metals have been widely 

reported as common environmental contaminants occurring in surface water (Izah et al., 2016), fishes 

(Izah and Angaye, 2016; Aigberua and Tarawou, 2017), food and beverages (Izah et al., 2017a; 

Kigigha et al., 2017, 2018c), soil (Izah et al., 2017b-d, 2018e). Plants have the tendency to uptake 

trace metal ions from the soil. Most of the metals (essential elements) are required for maximum 

growth and productivity, while others (non-essential elements) do not have biological functions. At 

certain concentrations that exceed recommended limits, trace metals can become toxic to the body. In 

addition, macro nutrients such as calcium, magnesium, potassium and sodium play essential role in 

biological diversity (including plants and animals). Excess concentration or deficiency of these macro 

nutrients bring about dysfunctioning of metabolic activities in the body. 

Most claims of the traditional medicine practitioners are increasingly being validated through 

scientific research to unveil the active chemical constituents and therapeutic effects of the plants.  

There is also the need to ascertain the level of trace metals in the herbal medicine so as to avoid 

toxicity and reactions due to these trace metals. Therefore, this study aimed at the level of macro 

nutrient and selected heavy metals in powdered herbal medicines sold in Nigeria 

2. MATERIALS AND METHOD 

2.1. Sample Collection 

Five brands of powdered herbal medicines were purchased in triplicate from retail outlets in Port 

Harcourt, Rivers State, Nigeria. Only samples with date of manufacture and expiration were 

purchased. Other information such as ingredients, place of production/manufacture, National Agency 

for Food, Drug and Administration and Control (NAFDAC) registration and herbal number of the 

various brands are presented in Table 1.  

Table1. Sample information for herbs sold in Nigeria 

S/N Sample code Ingredients  Dates  Production 

place  

Herbal 

group 

NAFDAC 

1 GSH 1. Ginseng panax 

2. Aloe Vera  

3. Zingiber officinale  

4. Carica papaya  

Kumasi, 

Ghana. 

January 

2017 – 

January 

2020 

Has 

herbal 

number 

- 

2 ORG 1. Carica papaya  

2. Magnifera indica  

3. Newbouidia laevis 

4. Azadirachta Indica  

5. Jasminum officiorli  

6. Aloe barbadensis 

7. Ginseng  

 

Onitsha, 

Nigeria. 

April 2017 – 

April 2020 

- Yes  

3. MHP 1. Zingiber officinale 

2. Psidium guajava  

3. Xylopia aethiopica  

4. Cymbopogon 

citratus  

5. Aloe vera  

6. Ginseng  

Port 

Harcourt, 

Nigeria 

June 2017 – 

May 2020 

- Yes  

4. UNP Aloe vera  

Ginseng plant 

Moringa plant 

Edo State, 

Nigeria 

June 2017 – 

December 

2022 

- - 

5. GWM Mangifera indica  

Carica papaya  

Psidium guajoba  

Imo state, 

Nigeria 

2018 – 2021 - Yes  
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Bread fruit  

Masularia acuminate 

Citrus Limon  

Cymbopogon Spp  

2.2. Sample Preparation and Analysis of Trace Metals and Macro Nutrients  

Exactly 2.5 g each of herbal medicines in powdered dosage forms were transferred into 125 ml glass 

beakers. Exactly 10 ml of conc. HNO3 was added and mixture was pre-digested under room 

temperature conditions inside a fume cupboard, and left overnight. The mixture was carefully heated 

on a hot plate at low heat until all nitrous oxide fumes had completely evolved. About 4 ml of 70% 

perchloric acid (HClO4) was added prior to heating on a hot plate, this continued until the mixture 

attained near-dryness. The concentrate was allowed to cool before been filtered into a 25 ml 

volumetric flask using whatman filter paper no. 42. The filtrate was diluted to mark with distilled 

water (Umar et al., 2016). 

The working standards of zinc, iron, nickel, cobalt and lead were prepared by diluting concentrated 

stock solutions of 1,000 mg/L (AccuNoHaz, New Haven, CT, USA) to 0.5, 1.0, 2.0 and 5.0 mg/L 

concentrations respectively. The samples and reagent blanks were aspirated into the GBC Avanta PM 

A6600 atomic absorption spectrophotometer (AAS) and the corresponding metal concentrations were 

reported in mg/kg units. The different elements were analyzed at varying wavelengths viz: calcium 

(422.7nm), magnesium (202.6nm), sodium (330.2nm) and potassium (769.9 nm) (macro nutrients) 

and zinc (213.9nm), iron (248.3nm), nickel (232.0nm), cobalt (240.7nm) and lead (217.0 nm) (trace 

metals). 

2.3. Statistical Analysis 

Statistical package for social science (version 20) was used for the statistical analysis. Data was 

expressed as mean ± standard deviation (n=3). One way Analysis of variance (ANOVA) was carried 

out at P<0.05. Waller-Duncan statistics was used to determine the source of the observed variation. 

3. RESULTS AND DISCUSSION 

The macro nutrients in some herbal medicines sold in Nigeria is presented in Table 1. The 

concentration of potassium, magnesium, sodium and calcium ranged from 13.42 – 204.03 mg/kg, 

10.26 – 32.09 mg/kg, 6.84 – 8.01 mg/kg and 20.44 – 172.37 mg/kg respectively. Basically, there was 

significant variation at p<0.05 among the products and across each of the parameters. The 

concentration of potassium in each of the products were in the order; 

GWM>GSH>UNP>MHP>ORG. Magnesium level was in the order; 

UNP>MHP=GWM>GSH>ORG. Sodium was in the order GSH<MHP~ORG~GWM<UNP. Calcium 

concentration was in the order; UNP<MHP<GSH<ORG<GWM. In general, the concentration of the 

macro nutrients were in the order; calcium>potassium>magnesium>sodium. The variations in the 

trend of the products for individual macro nutrients could be associated to differences in herbs used 

for the manufacture of the medicine which typically have varying genetic and biochemical 

compositions. These macro nutrients especially Sodium, potassium and calcium are mostly 

indispensable in the body. Imbalance in the level of these macronutrients could be harmful to the body 

(Aigberua et al., 2018). Sodium is an important extracellular fluid (Opoku-Okrah et al., 2015) 

required for the maintenance of electrolyte, fluid balance, nerve impulse and some organ with 

metabolic functions (Aigberua and Izah, 2019; Aigberua et al., 2018; Izah et al., 2017b). Potassium is 

vital during carbohydrate metabolism, amino acid synthesis and other enzymatic processes essential 

for biochemical reactions in cells (Aigberua et al., 2018; Opoku-Okrah et al., 2015; Haas, 2011; Izah 

et al., 2017e). Potassium also aids in the maintenance of body pH and skeletal salt balance (Aigberua 

and Izah, 2019; Aigberua et al., 2018; Palacios, 2006; Izah et al., 2017e). Calcium is required for 

normal bone and skeleton formation and muscle contraction (Aigberua et al., 2018; Izah et al., 2017e; 

Palacios, 2006). Magnesium is required for bone and skeleton formation, ATP metabolism (Palacios, 

2006; Izah et al., 2017e; Aigberua et al., 2018). Abnormal concentration of this macro nutrients could 

lead to chronic medical conditions (Aigberua and Izah, 2019; Aigberua et al., 2018), while very low 

values could also be detrimental to the body. Based on the body requirement for these macronutrients, 

the concentration in the powdered herbal medicine under study may not be above concentrations that 

are harmful to human health.  
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Table1. Some mineral in powdered herbal medicine sold in Nigeria 

Sample code K (mg/kg) Mg (mg/kg) Na (mg/kg) Ca (mg/kg) 

MHP 18.96±0.70b 20.84±0.22c 7.88±0.12b 89.71±0.70d 

GWM 204.03±3.97e 20.75±0.17c 8.31±0.31c 20.44±0.46a 

UNP 47.25±0.89c 32.09±1.05d 8.76±0.03d 172.37±2.30e 

ORG 13.42±0.40a 10.26±0.25a 8.01±0.02bc 30.35±0.47b 

GSH 53.46±2.56d 12.75±0.20b 6.84±0.09a 46.53±0.45c 

Data is expressed as mean ± standard deviation; Different letters along the column indicate significant 

variations (P<0.05) according to Waller Duncan statistics 

The concentration of heavy metals in some powdered herbal medicine sold in Nigeria is presented in 

Table 2. Nickel and lead were below the detection limit (<0.001 mg/kg). This suggests that there is no 

toxicity associated with these two heavy metals. Typically, lead is one of the environmental 

contaminants with no biological function. Its presence could be toxic to humans. Authors have widely 

reported that lead could affect haematological, nervous, immune, renal, skeletal, muscular, 

reproductive, and cardiovascular systems causing varying levels of impairment and dysfunction 

(Dghaim et al., 2015; Idris et al., 2013; Muhammad et al., 2014; Izah et al., 2016). The concentration 

of lead was lower than 10 mg/kg for prepared herbal medicines as recommended by WHO (2007). On 

the other hand, nickel could be poisonous at high concentrations causing gastrointestinal disorder, 

skin dermatitis, lung and kidney impairment, reproductive, immune, and cardiovascular disorder (Das 

et al., 2008; Izah et al., 2016). In spite of the unavailability of regulatory limits for nickel, its levels in 

this study suggests non-toxicity in the powdered herbal medicines. 

Zinc concentration was 0.241 mg/kg in UNP and 0.231 mg/kg in ORG products, while it was not 

detected in MHP, GWM and GSH. Furthermore, cobalt concentration was 0.014 mg/kg in MHP, 

while it was undetected in GWM, UNP, ORG and GSH. Iron concentration in all the products were in 

the range of 6.817 – 15.253 mg/kg. The heavy metals were in the order; 

iron<zinc<cobalt<nickel=lead. Overall, iron was the most abundant heavy metal. This trend have 

been widely reported in vegetables (Izah and Aigberua, 2017), soil samples (Izah et al., 2017b-d), gari 

samples (Kigigha et al., 2018c), smoked fish (Kigigha et al., 2017). Zinc play essential role in humans 

proper growth, blood clotting, thyroid function, and protein and DNA synthesis (Dghaim et al., 2015), 

wound healing, immune system function, essential for cell growth, development, differentiation, 

homeostasis, connective tissue growth and maintenance, DNA synthesis, RNA transcription, cell 

division, cell activation, regulatory, catalytic, co-catalytic and structural roles in enzyme molecules, 

regulation of body fluid pH, formation of collagen for hair, skin for nails growth, enhancement of 

mental development, and sexual functions such as prostate functioning, sperm production, secretion of 

testosterone (Aigberua and Izah, 2019; Chasapis et al., 2012; Prashanth et al., 2015; Izah et al., 2016 ; 

Izah and Angaye, 2016), functioning of metalloproteinase in the cell and tissues that play essential 

role in the reproductive, neurological, immune, dermatological systems, and gastrointestinal track 

(Prashanth et al., 2015; Izah et al., 2016). The levels of zinc reported in this study was less than 50 

mg/kg stipulated for prepared herbal medicine as recommended by WHO (2007). High concentrations 

of zinc could lead to stomach upset. However, the values in this study indicate no risk of toxicity due 

to zinc. 

Typically iron play essential role in several metabolic and biochemical processes including oxygen 

transport, deoxyribonucleic acid synthesis, electron transport chain and regulation of cell growth and 

differentiation, energy production, and immunity (Lieu et al., 2001; Abbaspour et al., 2014; Dghaim 

et al., 2015; Beard, 2001; Izah et al., 2016, 2017a; Izah and Aigberua, 2017; Kigigha et al., 2017, 

2018c). High concentration of iron is associated with dizziness, nausea, vomiting, diarrhea, joint pain, 

shock, and liver damage (Dghaim et al., 2015). The level of iron in this study may be below the 

quantity that could induce toxicity, especially as it is considered an essential nutritional requirement in 

human. 

Cobalt is essential for methionine metabolism where it controls the transfer of enzymes such as 

homocysteine methyltransferase (Prashanth et al., 2015; Izah et al., 2016). High concentrations may 

lead to diarrhea (Izah et al., 2016). Also, the limit of cobalt in herbal medicines is yet to be 

established. 
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Table2. Level of selected heavy metals in powdered herbal medicine sold in Nigeria 

Sample code  Ni (mg/kg) Zn (mg/kg) Pb (mg/kg) Fe (mg/kg) Co (mg/kg) 

MHP <0.001±0.000 <0.001±0.000a <0.001±0.000 15.253±0.248c .014±0.0.004b 

GWM <0.001±0.000 <0.001±0.000a <0.001±0.000 6.817±0.086a <0.001±0.000a 

UNP <0.001±0.000 0.241±0.21b <0.001±0.000 16.309±0.520d <0.001±0.000a 

ORG <0.001±0.000 0.231±0.31b <0.001±0.000 9.120±0.165b <0.001±0.000a 

GSH <0.001±0.000 <0.001±0.000a <0.001±0.000 8.863±0.026b <0.001±0.000a 

Data is expressed as mean ± standard deviation; Different letters along the column indicate significant 

variations (P<0.05) according to Waller Duncan statistics 

4. CONCLUSION 

Macro nutrient (calcium, sodium, potassium and magnesium) and trace metals (zinc, iron, cobalt and 

nickel) play essential roles in growth and development in humans. Herbal medicine is used in several 

regions of the world especially in developing nations. This study evaluated the macro and selected 

trace elements in some powdered herbal medicines sold in Nigeria. The study reportedly revealed that 

nickel and lead were not trace metal components of powdered herbs. Cobalt and zinc were detected in 

20% and 40% of herbal products studied. Iron was present in all test samples, and depicted the most 

abundant trace metal present. The levels of trace metals and macro nutrients obtained suggests that no 

major health challenge is been induced on consumers of such products. In addition, there is need for 

continuous monitoring of heavy metals in herbal products. This will help ensure that there are no 

potential health hazards associated with its regular consumption.  
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