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Cassia sieberiana is used traditionally for the treatment of several ailments. The lack of knowledge in 
the levels of essential mineral contents and heavy metal constituents of C. sieberiana normally 
collected from various sites for preparation of herbal products can pose serious health risks to 
consumers. The elemental contents (Ca, Mg, K, Na, Cl, Hg, Pb, As, Ni, Cd, Cu, Fe, Mn, Zn, N, S and C) of 
a mixture of the stem and root barks (CSR) of Cassia sieberiana collected from Agomeda in the Eastern 
Region of Ghana and its extracts (absolute ethanol (CSE 1), 70% ethanol (CSE 2))  were investigated in 
this study. For the purposes of identification and characterization of CSR, CSE 1 and CSE 2, FT-IR and 
phytochemical analyses were conducted. The quantity of metals in all test samples were within the 
acceptable WHO permissible limits except for Cl, Fe, Mn, Pb and Cd contents in CSR. It is mostly the 
extract of CSR which is consumed traditionally. The quantity of powdered CRS consumed during 
treatment of ailment may be too low to cause Cl, Fe, Mn, Pb and Cd toxicity. FTIR studies showed 
similar functional groups in CSR, CSE 1 and CSE 2. Preliminary phytochemical screening showed the 
presence of reducing sugar, saponins, polyphenols, anthracenosides and triterpenes in CSR, CSE 1 
and CSE 2.  The elements found in Cassia sieberiana and extracts are vital for human health. Their 
reported contents indicate CSE 1 and CSE 2 may be suitable for use in drug formulation.  
 
Key words: Cassia sieberiana, herbal medicine, macronutrients, trace elements, heavy metals, functional 
groups, WHO/FAO. 

 
 
INTRODUCTION  
 
Increase in global consumption of herbal medicine is not  
only due its ready availability, affordability and  accessibility  

(Hussin, 2001)
,
 but also, the perception that, herbal 

medicines are safer as compared to  orthodox  medicines 



 
 
 
 
(Inamdar et al., 2008; Jayaraj, 2010). This is evident in 
the global market where herbal medicine was valued at 
USD 71.19 billion in 2016 (Hexa Research, 2017) and 
this is expected to increase to USD 117.02 billion by 
2024 (Report Buyer, 2018). This high demand, together 
with herbal medicine being cited as a possible source of 
heavy metal toxicity to animals and man have 
necessitated the need in ensuring that, plant medicines 
are safe prior to their use (Alwakeel, 2008; Dwivedi and 
Dey, 2002; Rahimi et al., 2012; Saeed et al., 2011; Saper 
et al., 2004). The World Health Organization (WHO) 
recommends that, herbal medicines should be checked 
for the presence of heavy metals. Generally, factors 
which can cause the presence of heavy metals and other 
essential macronutrients in herbal medicines include; the 
geochemical soil characteristics, geography, use of 
contaminants such as pesticides, heavy metal poisoning 
from water bodies, microbes, adulteration, chemical 
toxins, contaminants in air, soil and water (industrial 
waste, mining and fertilizers). Contamination may also 
occur during cultivation, harvesting, collection, cleaning, 
drying processing, transportation and storage of plant 
material and this can significantly affect the quality and 
properties of resulting formulations (Saad et al., 2006; 
Tong et al., 2000). Basically, most medicinal plants are 
also eaten as food hence, investigating their nutritional 
benefits can help appreciate the worth of these plants 
(Pandey et al., 2006). WHO has also affirmed the 
importance and the need in determining the mineral 
nutrients as far as standardization of plant medicine is 
concerned (WHO, 2002). Cassia sieberiana of family 
Fabaceae is a shrub native to Africa. It grows mostly in 
savanna and woody grasslands. It has numerous 
ethnomedicinal and ethnobotanical properties such as its 
use in the treatment of dysentery, diarrhoea, etc. In 
Ghana, the Centre for Plant Medicine Research 
prescribes capsules formulated from the mixture of the 
stem and root bark of the plant to treat dysmenorrhea 
and pain associated with gastric ulcer. Several works 
have reported on the biological activities as well as 
phytochemical constituents of Cassia sieberiana (Archer 
et al., 2019) with little report on its essential minerals and 
heavy metal concentrations from various collection sites.  

Agomeda is a village in the Shai Osuduko district in the 
Greater Accra region of Ghana. This district is found in 
the southeastern part of the region and has a 1,102 km 
total land area, characterized by undulating land below 
70 m and a few secluded hills. Generally, this district 
records very low rainfall (762.5 - 1220 mm of annual 
mean rainfall). The vegetation is savanna interspersed 
with short trees and shrubs. Some light forest with tall 
trees is also found along the foothills of the Akuapem 
ridge, especially around Dodowa, Ayikuma and  Agomeda.  
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Agomeda abounds in various species of medicinal plants 
and is one of the principal areas where individuals and 
some institutions such as the Centre for Plant Medicine 
Research do plant  collection for the production of 
essential herbal medicines (Dangme West District 
Assembly, 2013). This study aims at investigating the 
presence and contents of some essential minerals and 
heavy metal contaminants in a mixture of the root and 
stem bark of Cassia sieberiana as well as the contents in 
its extracts (absolute ethanol extract (CSE 1) and 70% 
ethanol (CSE 2)) as compared to the established WHO 
standard limits. Also, for the purpose of standardization, 
the FT-IR and phytochemical screening of CSR, CSE 1 
CSE 2 was investigated. 

 
 
MATERIALS AND METHODS 
 
Collection and identification of plant 
 
The stem and root bark of Cassia siebieriana were collected from 
Agomeda, (6°07

’
20.3’’N, 014’36.2W) in the Eastern region of Ghana 

in March, 2020. Some of the plant specimen collected were 
pressed and processed following standard practices (Martin, 1995) 
and voucher specimen (CPMR 4978) have been deposited at the 
Centre for Plant Medicine Research (CPMR) herbarium. Plant 
identification was achieved via comparison of voucher specimen 
collected with already identified specimen at CPMR herbarium. 
Nomenclature and classification of the species of plants follows The 
Plant List database (http://www.theplantlist.org; accessed on 
18/11/2020). 
 
 
Extraction of powdered root and stem barks of Cassia 
sieberiana  
 
An amount of 1.5 kg of a mixture of coarse powdered root and stem 
bark of C. sieberiana was cold macerated with 3.5 L of absolute 
ethanol for 75 h and filtered. Another 1 L of absolute ethanol was 
added to the residue and left for 16 h and then filtered. Both filtrates 
were mixed and evaporated at 40°C under reduced pressure using 
rotary evaporator to remove all the ethanol. The obtained paste was 
then lyophilized and stored in cellophane bag at room temperature 
until required for analyses (Donkor et al., 2014). The same process 
was repeated using 70% ethanol as extraction medium. 

 
 
Preliminary phytochemical screening of CSR, CSE 1 and CSE 2 

 
CSR, CSE 1 and CSE 2 were screened for the presence or 
absence of saponins by foam or froth test (Arthur, 1954; Yadav and 
Agarwala, 2011), polyuronides by Acetone test (Ciulei, 1982), 
polyphenols by Lignans test (Ciulei, 1982), reducing sugars by 
Fehling’s test (Daniels et al., 1960; De et al., 2010), alkaloids by 
Mayer’s test (Surmaghi et al., 1992), flavonoids by Shibata test 
(Khadraoui et al., 2015; Tahara et al., 1987), anthracenosides by 
Borntrager’s test (Trease and Evans, 2002), cyanogenic glycosides 
by Guignard’s test (Francisco and Pinotti, 2000; Harborne, 1972), 
triterpenes and phytosterols by Leibermann  Burchard’s  test (Cook, 
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1961; Kumar et al., 2014). 

 
 
Determination of FT-IR of CRS, CSE 1 and CSE 2 
 

The equipment was first scanned using the reference film (FT-IR 
Spectroscopic MIR polystyrene reference film) before the IRs of the 
samples were investigated. Twenty milligram (20 mg) of CSR was 
triturated with 200 mg spectroscopic grade KBr using agate mortar 
and pestle. The obtained mixture was then spread uniformly into a 
suitable dye. It was then compressed into a transparent disc. The 
obtained disc was placed in the sample compartment of the 
PerkinElmer Fourier Transform Infrared Spectrophotometer 
(L1600301 spectrum Two Lila) to obtain the IR spectrum at 400-
4000 cm

-1
. This was repeated for CSE 1 and CSE 2 (Fosu et al., 

2016). 

 
 
Elemental analysis of CSR, CSE 1 and CSE 2 

 
Determination of Na and K contents in CSR, CSE 1 and CSE 2 

 
An amount of 1 g of CSR was weighed into crucibles and placed in 
a muffle furnace at a temperature of 500°C for 3 h. After cooling an 
ash solution of the sample was then prepared by adding 10 ml of 
1:2 solution of HNO3 and H2O and placed on a hot plate. At the first 
sign of boiling, it was removed and filtered into a 100 ml volumetric 
flask and made up to volume. This was repeated for CSE 1 and 
CSE 2. An atomic absorption spectrophotometer AAS (AAS, Agilent 
Technology 200 series 240 FS AA, USA) was used to determine 
the presence and amounts of Sodium (Na) and Potassium (K) at 
wavelengths 589 and 766 nm, respectively in each digest.  

 
 
Determination of Pb, As, Hg, Ni, Cd, Ca, Fe, Zn, Mn, Mg, Cu, N 
and C contents in CSR, CSE 1 and CSE 2 
 
An amount of 0.5 g of CSR was weighed into a microwave vessel 
and 10 ml of concentrated nitric acid was added to the sample. The 
vessel was then closed and placed into a microwave digester 
(Preekem Microwave Digestions System Model KJ-100, China) at 
set temperature, pressure and time regime. After completion of wet 
digestion, the sample was removed and ultra-pure water was added 
to make up a volume of 30 ml. It was then filtered into a receiving 
flask and made up to a volume of 100 ml. This was repeated for 
CSE 1 and CSE 2. The presence and concentration of mercury 
(Hg), nickel (Ni), lead (Pb), arsenic (Ar), cadmium (Cd), copper 
(Cu), manganese (Mn), iron (Fe) and zinc (Zn) in each digest were 
determined using the atomic spectrophotometer at wavelengths Hg, 
253.7 nm; Ni, 341.5 nm; Pb, 283.3 nm; Ar, 193.7 nm; Cd, 228.9 nm; 
Cu, 324.8 nm; Mn, 279.5 nm;  Fe, 248.3 nm; and Zn, 213.9 nm.  

The nitrogen (N) and carbon (C) contents in CSR, CSE 1 and 
CSE 2 were also investigated using the modified Kjeldahl (Motsara 
and Roy, 2008) and Walkley-Black wet oxidation (Nelson and 
Sommers, 1982) methods, respectively. 

 
 
Determination of total sulphur (S) contents in CSR, CSE 1 and 
CSE 2 

 
A volume of 5 mL aliquot of the filtrate from the wet digested plant 
material was measured into a 25 ml volumetric flask.  A volume of 
10 mL of sodium acetate-acetic acid buffer was added to maintain 
the pH at about 4.8. A volume of 1 mL of acacia gum mucilage and 
1 g of BaCl2 crystals were added and shaken well. The volume was 
made up to 25 mL with distilled water. The S content was 
determined using AAS at 440 nm (FAO, 2008). 

 
 
 
 
Determination of chlorine contents in CSR, CSE 1 and CSE 2  

 
CSR was ground into fine powder and an amount of 250 mg of the 
powder was weighed into a 90 ml glass vial. A volume of 50 mL 
deionized water was added and the vial capped. The vial was then 
placed on a reciprocating shaker and shaken at 250 rpm for 30 min. 
min. The content was filtered through Whatman No. 42 filter into a 
plastic vial for Cl analysis (Taylor and Francis, 1998). The Cl in the 
filtrate was analyzed using the argentometric method/Mohr’s 
titration where an amount of 5 g of potassium chromate (5%) was 
added to 25 mL aliquot of the filtrate and then titrated with 0.0141 N 
silver nitrate to a brick red end point. This was repeated for CSE 1 
and CSE 2. 

 
 
Quality control and quality assurance 

 
All experiments were performed in triplicates including reagent 
blanks. Deionized water was used throughout the study. All 
glassware were cleaned with 20% HNO3. All reagents were of 
analytical grade. Additionally, a certified reference material (IACE-7) 
has been analysed (n=3) in conjunction with the samples to verify 
the accuracy and precision of the analytical procedure for total 
metal concentration. The recovery values were provided by IAEA-7. 
Moreover, 10 procedure blanks were tested during the total metal 
determinations and metal concentrations were below detected limits 
for all studied metals. 

 
 
Statistical analysis 
 
Data was analyzed with Excel and Graph Pad Prism for windows 
version 5 (Graph Pad Software Inc., San Diego, CA, USA) using 
one-way ANOVA. A p value < 0.05 was considered significant. All 
measurements were done in triplicates and results stated as mean 
± standard deviation. 
 
 
RESULTS AND DISCUSSION 
 
Phytochemical screening of CSR, CSE 1 and CSE 2 
 
A preliminary phytochemical analysis of CSR, CSE 1 and 
CSE 2 is shown in Table 1. They all contain saponins, 
reducing sugars, polyphenols, anthracenosides and 
triterpenes. The presence of these phytochemicals may 
be responsible for the biological activity of C. sieberiana 
and supports its folkloric use. 
The presence of some phytochemical constituents in 
plants serves as a protective agent against toxic metal 
toxicity when ingested by humans. For instance, 
consumption of food and medicinal plants rich in 
polyphenols may lead to the prevention of some diseases 
caused by toxic metals (Brzóska et al., 2016). 
Polyphenols are able to control the level of toxic metals in 
the body through complexation. The numerous hydroxyl 
groups found in polyphenols form stable complexes with 
these metals (Borowska and Brzóska, 2016). This 
prevents their absorption from the gastrointestinal tract 
but enhances their excretion from the body via urination 
(Borowska et al., 2018). It has also been established that 
Saponins are able to remove heavy metals from aqueous 
solutions via biochemical reaction. Saponins may remove  
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Table 1. Phytoconstituents present in CSR, CSE 1 and CSE 2. 
 

Phytoconstituents  CSR CSE 1 CSE 2 

Reducing Sugars + + + 

Saponins + + + 

Polyuronides - - - 

Polyphenols + + + 

Alkaloids - - - 

Flavonoids - - - 

Anthracenosides + + + 

Flavonoids  - - - 

Triterpenes + + + 

Phytosteroles - - - 

Cyanogenic glycosides - - - 
 

(-) Absent; (+) Present. CSR: Mixture of stem and root bark, CSE 1: absolute 
ethanol extract of CSR, CSE: 70% ethanol extract of CSR. 

 
 
 

 
                                                                                   Wavenumber cm

-1
  

 

Figure 1. Results of FT-IR analysis of CSR. 

 
 
 

heavy metals by biochemically forming coordinated 
complex with the saponins as the natural bio-ligand and 
the heavy metal at the central part of the complex. 

However, this process is affected by pH, setting time 
and concentrations of heavy metal and saponins (Abed 
El Aziz et al., 2017). 

The presence of metals in the soil is known to affect the 
presence and content of phytochemical constituents of 
their cultivated plants. The presence of Cd significantly 
affects the content of reducing sugar in plants by causing 
a reduction in the uptake of water for photosynthesis. 
This affects plant growth due to neutered sugar 
metabolism. This can be prevented by the addition of Ca 
which will ensure water uptake so as to revive the 
metabolism  of  sugar  (Devi  et  al.,  2007;  Prado  et  al.,  

2010). 
 
 
FT-IR analyses of CSR, CSE 1 and CSE 2 
 
The surface functional groups present in CSR, CSE 1 
and CSE 2 were identified using FT-IR spectra, as 
illustrated in Figures 1 to 3 with spectral peaks simplified 
in Tables 2 to 4. The spectra showed peak in the range of 
400 to 4000 cm

-1
. FT-IR of CSR, CSE 1 and CSE 2 

indicates the presence of aromatic rings, alkenes, 
amines, nitro compounds, alkanes, alcohols and phenols. 
Detection of hydroxyl groups is an indication of the 
presence of flavonoids, phenolic and alcoholic 
compounds (Pawar and Kamble, 2017; Sim  et  al., 2004)  
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                                                                                   Wavenumber cm

-1 

 
 

Figure 2. Results of FT-IR analysis of CSE 2. 

 
 
 

 
                                                                                   Wavenumber cm

-1
  

 

Figure 3. Results of FT-IR analysis of CSE 1. 
 
 
 

which have all been previously detected in the various 
extracts of the plant (Archer et al., 2019) . 

From the results of the various extraction methods, it 
can be concluded that constituents in all three samples 
were similar. By visual recognition, there is no significant 
difference in the characteristic absorption bands but the 
intensity of certain wavelengths differs from each other 
especially near the fingerprint region (1700-1400 cm

-1
) for 

CSR compared to CSE 1 and CSE 2. These slight peak 
changes observed may be attributed to the different 
methods of extraction. 

Essential minerals and heavy metals contents of 
CSR, CSE 1 and CSE 2 
 
Macro minerals are essential minerals required in larger 
amounts in diet and are present in higher levels in the 
body. The presence of macronutrients in medicinal plants 
is advantageous because, they provide the body with 
essential minerals to help in its proper function. Among 
the investigated macronutrients (Ca, Mg, Na, K, Cl and 
S), Cl recorded the highest level with S being the least 
shown in Table 5. 
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Table 2. FT-IR peak values of CSR. 
 

No. Peak (wave number cm
-1

) Bond Functional group assignment  Group frequency 

1 779.56 C=C Bend Alkene 1000-650 

2 819.44 C=C Bend Alkene 1000-650 

3 893.88 C=C Bend Alkene 1000-650 

4 1014.87 C-N Stretch Amine 1400-1000 

5 1237.08 C-N Stretch Amine 1250-1020 

6 1316.15 O-H bend Phenol 1390-1310 

7 1445.00 – Unknown - 

8 1514.30 N-O stretch Nitro compound  1550-1500 

9 1610.59 N=H bend Amine 1650-1580 

10 1718.90 C-H Bend Aromatic compound 2000-1650 

11 1861.87 C-H Bend Aromatic compound 2000-1650 

12 2851.85 C-H Stretch Alkane 3000-2840 

12 2917.91 C-H Stretch Alkane 3000-2840 

13 3266.87 O-H Stretch Alcohol, Phenol 3550-3200 

 
 
 

Table 3. FT-IR peak values of CSE 2. 
 

No. Peak (wave number cm
-1

) Bond Functional group assignment  Group frequency 

1 791.88 C=C Alkene 1000-650 

2 825.62 C=C Alkene  1000-650 

3 1060.93 C-N Stretch Amine 1250-1020 

4 1155.77 C-O Stretch Tertiary alcohol 1205-1124 

5 1220.54 C-N stretch Amine 1250-1020 

6 1346.64 O-H Bend Phenol 1390-1310 

7 1444.62 - Unknown - 

8 1514.41 N-O stretch Nitro compound 1550-1500 

9 1602.39 N-H bend Amine 1650-1580 

10 1913.72 C-H Bend Aromatic compound 2000-1650 

11 1980.17 C-H Bend Aromatic compound 2000-1650 

12 2851.17 C-H Stretch Alkane 3000-2840 

13 2919.15 C-H Stretch Alkane 3000-2840 

14 3283.39 O-H Stretch Alcohol, Phenol 3350-3200 

 
 
 
Calcium is essential for the normal development and 
maintenance of healthy bones, blood and teeth (Charles, 
1992). It helps in blood clotting, oocyte activation, nerve 
transmission and cardiac function (Julian et al., 2017). 
Calcium is also essential throughout life for the 
maintenance of bone density so as to prevent rickets in 
children and osteoporosis in adults (IOM Institute of 
Medicine, 2010). From Table 5, the contents of calcium 
were 0.01% for both CSE 1 and CSE 2 while CSR was 
1.12% which was the highest amongst the tested 
samples. However, the content of Ca in them are below 
36.61% which is the WHO/FAO permissible limit of Ca 
content in medicinal plants (Teerthe and Kerur, 2019; 
WHO, 2003). Statistical analysis of the results shows no 
significant difference in Ca contents in CSE 1 and CSE  2 

but a significant difference (p < 0.05) between CSR and 
the two extracts. 

Magnesium recorded contents in the range of 0.005 to 
0.10% in the CSR, CSE 1 and CSE 2 (Table 5). A 
comparative study statistical analysis shows a significant 
difference (p < 0.05) between CSR and the two extracts 
but no significant difference in Mg contents in CSE 1 and 
CSE 2. Mg is needed for the structural development of 
bones via its role in the active transport of potassium and 
calcium ions (Famewo et al., 2018). Mg is also used for 
the synthesis of the antioxidant glutathione and nucleic 
acid. It is also involved in various physiological pathways 
such as glycolysis, energy production and oxidative 
phosphorylation. In addition, magnesium acts as cofactor 
in   over  300  enzyme  systems  which  regulates several  
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Table 4. FT-IR peak values of CSE 1. 
 

No. Peak (wave number cm
-1

) Bond Functional group assignment  Group frequency 

1 788.55 C=C bend Alkene 1000-650 

2 818.16 C=C bend Alkene 1000-650 

3 1039.07 C-N stretch Amine 1250-1020 

4 1061.21 C-N Stretch Amine 1250-1020 

5 1092.21 C-N Stretch Amine 1250-1020 

6 1154.98 C-O Stretch Tertiary alcohol 1205-1124 

7 1227.72 C-N Stretch Amine 1250-1020 

8 1350.62 O-H bend Phenol 1390-1310 

9 1444.35 - Unknown - 

10 1514.40 N-O Stretch Nitro Compound 1550-1500 

11 1602.48 N-H Bend Amine 1650-1580 

12 1980.69 C-H Bend Aromatic compound 2000-1650 

13 2849.75 C-H Stretch Alkane 3000-2840 

14 2917.52 C-H Stretch Alkane 3000-2840 

15 3277.40 O-H Stretch Alcohol, Phenol 3550-3200 

 
 
 

Table 5. Macro minerals contents in CSR, CSE 1 and CSE 2 (n=3). 
 

Macro mineral 
Macro nutrient content (%) 

CSR (n=3) CSE 1 (n=3) CSE 2 (n=3) 

Ca 1.12 ± 0.00 0.01 ± 0.003 0.01 ± 0.001 

Mg 0.10 ± 0.20 0.005 ± 0.00 0.01 ± 0.00 

K 0.53 ± 0.20 0.02 ± 0.002 0.07 ± 0.00 

Na 0.24 ± 0.10 0.02 ± 0.00 0.03 ± 0.01 

Cl 7.49 ± 0.10 0.71 ± 0.03 0.80 ± 0.07 

S 0.15 ± 0.0 0.0034 ± 0.001 0.01 ± 0.001 
 

 Ca: Calcium; Mg: Magnesium; K: Potassium; Na: Sodium; Cl: Chlorine; S: Sulphur 
 
 
 

biochemical reactions in the body (Famewo et al., 2018; 
IOM Institue of medicine, 1997). The results obtained 
shows that, the content of Mg in plant material and 
extracts are below 35% which is the WHO/FAO 
permissible limit of Mg content in medicinal plants 
(Teerthe and Kerur, 2019; WHO, 2003).  

From Table 5, CSR recorded the highest sodium 
content of 0.24%. A statistical analysis showed significant 
difference (p < 0.05) in the Na levels between CSR and 
the extracts (CSE 1 and CSE 2). Na is a cation needed to 
maintain serum osmolality as well as extracellular fluid 
volume in the body. This essential role helps to keep a 
balanced fluid and electrolyte level, maintains the cell’s 
membrane bound potential, ensures active transport of 
molecules across cell membranes and transmits nerve 
impulses in the body (Pohl et al., 2013). This recorded 
low contents of sodium in CSR, CSE 1 and CSE 2 is of 
immense advantage. This is because excessive 
consumption of sodium in humans can lead to increased 
risk of arterial hypertension which could result to stroke, 
heart diseases and kidney disease (Pohl et al., 2013). 

The obtained result of potassium content for CSR, CSE 1 
and CSE 2 (Table 5) were 0.53, 0.02 and 0.07%, 
respectively. A statistical comparison showed a 
significant difference (p < 0.05) in the K contents with 
CSR recording the highest level of 0.53%. There have 
been no reported WHO/FAO permissible limits for 
potassium in medicinal plants (Turkson et al., 2020). The 
presence of this macro mineral nutrient which is a 
predominant cation in the intracellular fluid of the body 
plays an essential role in protein synthesis and the 
normal function of the cell. An example is, 
neurotransmission and digestion (Pohl et al., 2013). It 
also functions as an electrolyte, helps to maintain the pH 
inside the cell and proper functioning of the nerve and 
muscle contraction (Young, 2012). 

The concentration of Cl in CSR, CSE 1 and CSE 2 
were 7.49, 0.71 and 0.80%, respectively. Statistical 
analysis also shows significant difference (p < 0.0001) in 
their respective Cl contents. The values of Cl obtained for 
CSR was higher than 1.0% which is above the 
WHO/FAO  permissible   limit   for  chlorine  in   medicinal  
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Table 6. Micro mineral contents in blend of powdered plant parts and extracts. 
 

Micro minerals  
Micro mineral content (mg/kg) 

CSR (n=3) CSE 1 (n=3) CSE 2 (n=3) 

Cu 9.80 ± 0.20 0.35 ± 0.02 0.8 ± 0.01 

Fe 208.2 ± 0.09 12.23 ± 0.02 20.38 ± 0.01 

Mn 217.8 ± 0.60 2.97 ± 0.01 5.97 ± 0.05 

Zn 29.6 ± 0.00 0.81 ± 0.001 2.50 ± 0.01 
 

Cu: Copper; Fe: Iron; Mn: Manganese; Zn: Zinc. 
 

 
 

plants which is <1.0% (WHO, 2003). Nonetheless, the 
amount of CSR consumed as powder may be too small 
to cause Cl toxicity. However, the Cl content in CSE 1 
and CSE 2 falls within the WHO/FAO permissible limit. Cl 
is an important essential mineral which works with 
potassium and sodium to maintain the levels of body fluid 
balance. Also, Cl is needed by the cells in the stomach 
lining to produce HCl, an important component of 
digestive juices. Though chlorine helps in the proper 
digestion of food and the absorption of other relevant 
elements needed for survival, continuous consumption of 
medicinal plants with excessive levels could lead to 
increase in blood pressure and water retention in the 
body (Kaur et al., 2012). 

The result in Table 5 shows that, CSR recorded the 
highest amount of sulphur, 0.15%. The content of sulphur 
in plant material and extracts are below 1.0% which is the 
WHO/FAO permissible limit of S content in medicinal 
plants (Teerthe and Kerur, 2019; WHO, 2003). A 
statistical analysis also showed a significant difference (p 
< 0.05) between the S contents in the two extracts (CSE 
1 and CSE 2) and CSR. Sulphur is an essential 
component of methionine and cysteine which are used in 
the formation of most protein molecules of the body 
(Hewlings and Kalman, 2019). Sulphur has demonstrated 
antioxidant effect via the reduction in the reactive oxygen 
and nitrogen species production (Beilke et al., 1987). 
Other functions of sulphur include: metal transport, 
protein synthesis and stabilization, repair and methylation 
of DNA, metabolism of lipids, functionality of enzyme, 
free radical scavenging, detoxification of xenobiotics, 
control of gene expression, protection of tissue integrity 
and repair of extracellular matrix constituents (Palego et 
al., 2015).  

The presence of these macro nutrients in CSR, CSE 1 
and CSE 2 with their contents within the WHO 
permissible limits makes CSR collected from Agomeda 
and its extract (CSE 1 and CSE 2) not only ideal for the 
treatment of dysmenorrhea and pain associated with 
peptic ulcer as currently used by CPMR but also a good 
source of these macro nutrients for its consumers. 
 

 

Micro minerals  
 

Micro  minerals   or  trace  elements  are  those  essential 

minerals required in smaller amounts in the diet and are 
also present at low levels in the body. Among the 
analyzed trace elements, Mn recorded the highest 
amount while Cu recorded the least amount in CSR. 

Iron, which is one of the abundant minerals recorded in 
this study is an essential part of myoglobin in the muscle 
(Wessling-Resnick et al., 2014), haemoglobin in the red 
blood cells (Famewo et al., 2018) and enzymes involved 
in redox reaction and cytochromes (Abbaspour et al., 
2014). Fe also plays an essential role in normal cell 
function, metabolism, development of connective tissues 
and hormones (Murray-Kolbe and Beard, 2010). Iron 
deficiency would not only lead to anaemia but also would 
increase one’s susceptibility to infections (Karyadi et al., 
2000). Unsafe levels of Fe could lead to overdose which 
is associated with liver damage, diarrhoea, dizziness, 
joint pain, nausea and vomiting (Martin and Griswold, 
2009; Obi et al., 2006). CSR recorded the highest content 
of Fe (208 mg/kg) while CSE 1 recorded the least (12.23 
mg/kg) which is below the WHO maximum permissible 
limit (15 mg/kg) (World Health Organisation, 2007b, a). 
Thus the contents of Fe in CSR and CSE 1 (Table 6) 
were above the WHO maximum permissible limit. For 
instance, traditionally, CSR is mostly prepared as 
infusions and decoctions in treating ailments (Lim, 2012). 
Hardly is the raw plant consumed. However, most 
formulations from CSR are in small doses. Example, 
CPMR’s formulation from CSR contains approximately 
320 mg of CSR powder which is taken when necessary 
(prn) with maximum daily dose of 960 mg (in 3 divided 
dose) and maximum dose of 2.88 g per treatment course. 
Also, formulation from CSE 1 also contains approximately 
28 mg of CSE 1 per dose which is also taken prn with 
maximum daily dose of 84 mg and maximum of 252 mg 
per treatment course (Archer et al., 2020). This means 
that, the amount of CSR and CSE 1 consumed is too 
small to cause Fe toxicity. Statistical analysis showed a 
significant difference (p < 0.05) in Fe contents in CSR, 
CSE 1 and CSE 2. This could be due to the employed 
method of extraction and the different solvents used.   

Copper is one of the cofactors for super oxide 
dismutase in the body. It is needed for the manufacture of 
collagen, important for building strong tissues, nerve 
function, bone growth, helps in the utilization of sugar and 
maintain   blood   volume   in   the   body.  Copper  is also  
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involved in generation of energy from carbohydrates and 
helps in the incorporation of iron into the red blood cells 
for the prevention of anaemia (IOM Institue of Medicine, 
2001). It is likely that, the presence of copper together 
with the other detected minerals could enhance the 
immunity of consumers of Cassia sieberiana collected 
from Agomeda and its formulations from the extracts. Cu 
deficiency is known to cause the Menkes’ kinky hair 
syndrome. From Table 6, CSR recorded the highest Cu 
content (9.8 mg/kg), while CSE 1 recorded the least, 0.35 
mg/kg. Cu contents in all tested samples however, are 
below the WHO permissible limit of 10 mg/ kg (World 
Health Organisation, 2002). This result shows a 
significant difference (p < 0.05) in the levels of Cu in 
CSR, CSE 1 and CSE 2. This shows that, CS collected 
from Agomeda and its extracts pose no danger with 
respect to Cu toxicity. 

The presence of manganese (Mn) in the plant material 
and its extracts is advantageous as Mn does not only 
help the body to form blood clotting factors, connective 
tissues and sex hormones (Young, 2012) but also plays 
an essential role in bone formation, metabolism of 
carbohydrates, fats, amino acids and cholesterol (IOM 
Institue of Medicine, 2001). It plays a significant role in 
the regulation of blood sugar, absorption of calcium and 
also forms a component of the antioxidant enzyme which 
is required to fight free radicals (Young, 2012). CSR 
recorded the highest content of Mn (217.8 mg/kg), which 
is a little higher than 200 mg/kg, the reported WHO 
permissible limit of Mn in medicinal plants (World Health 
Organisation, 1998). Nonetheless, the amount of CSR 
consumed istoo small to cause Mn toxicity. However, 
CSE 2 and CSE 1 recorded 5.97 and 2.97 mg/kg content 
of Mn, respectively which are all below the permissible 
limit. This shows that, upon extraction using these 
solvents, some amounts of Mn content are lost which 
could be as a result of the inability of these solvents to 
completely extract Mn from the plant material. The 
obtained results also showed a significant difference 
(p<0.05) in the recorded Mn contents in CSR, CSE 1 and 
CSE 2.  

The extracts and plant material have been shown to be 
rich in zinc (Table 6). The concentration of Zn in CSR, 
CSE 1 and CSE 2 were 29.6, 0.81 and 2.50 mg/kg, 
respectively which also demonstrated a significant 
difference (p < 0.05) in Zn contents among all test 
samples. The values obtained are below 50 mg/kg which 
is the FAO/WHO permissible limit for Zn in medicinal 
plants (World Health Organisation, 2002, 2006). This 
essential trace element is required in various functions 
such as catalytic activity of enzymes, cell metabolism, 
cell division, DNA synthesis, protein synthesis and wound 
healing. Zinc also plays an important role in individual’s 
immune system and also helps to protect cells against 
free radicals. Zinc deficiency causes susceptibility to 
infections as a result of impaired immunity (Muthuraj et 
al., 2010; Ramakrishnan et al., 2008). 

 
 
 
 
Toxic heavy metals  
 
Toxic metals are dense metalloids or metals which are 
known for their potential toxicity (Pourret and Hursthouse, 
2019), particularly in environmental context (Srivastava 
and Goyal, 2010; Zhang et al., 2019). Mercury, lead, 
arsenic, nickel and cadmium are part of the 10 listed toxic 
metals of major public health concern (FAO/WHO, 1984). 
Trace amounts of some of these elements are essential 
for the biological and physiological functions of the 
human body (Korfali et al., 2013a; 2013b), however, its 
prolong exposure may lead to toxicity and adverse health 
effects. This may be the result of bioaccumulation of it 
causing distortion in the functions of the vital organs in 
the body such as the kidneys, liver and brain (Çelik and 
Oehlenschläger, 2007; Ray and Ray, 2009). 

The results obtained shows that, the highest level of 
mercury content was recorded by CSR, 0.009 mg/kg 
shown in Table 7. A statistical comparison of Hg contents 
shows no significant difference (p >0.005) of Hg contents 
in CSR, CSE 1 and CSE 2. These values are below 0.5 
mg/kg, the permissible limit as proposed by WHO (World 
Health Organisation, 2007a). Organic, metallic and 
inorganic mercury poisoning is associated with damage 
to developing foetus, brain and kidney. The damage to 
brain function results in tremors, irritability, shyness, 
memory problems and changes to vision and hearing. 
The exposure to methyl mercury is worse off for young 
children than adults. This is because, methyl mercury 
easily passes into their brain where it interferes with their 
normal growth and development (Vaikosen and Alade, 
2011). 

Lead (Pb) poisoning occurs when its plasma 
concentration reaches 100 to 140 µg/l (Goldfrank et al., 
1998). This can lead to drastic reduction in the cognitive 
function of children, spontaneous abortion, impaired 
neurodevelopment and low birth weight of foetus as a 
result of high Pb level during pregnancy (Canfield et al., 
2003; Salawu et al., 2009).  Also, prolonged exposure 
could lead to a reduction in the renal clearance and the 
performance of nervous function (Salawu et al., 
2009).The concentration of Pb in CSR, CSE 1 and CSE 2 
was found to be 52, 5.73 and 4.72 mg/kg, respectively. 
The lowest concentration as recorded by CSE 2 could be 
due to the presence of relatively higher volume of water 
present in the extraction procedure; water has been 
found to poorly extract lead making it a safer alternative 
in medicinal plant preparation as compared to absolute 
ethanol extraction (Adie and Adekunle, 2017). According 
to WHO, the maximum permissible limit for Pb is 10 
mg/kg (World Health Organisation, 2006). This implies 
that consumption of herbal medicines prepared form 
either absolute or 70% ethanol extract of CS from 
Agomeda would not cause Pb toxicity. There was also a 
significant difference (p < 0.0001) in the amount of Pb 
found in CSR, CSE 1 and CSE 2. Due to the increasing 
Pb    toxicity   in   herbal   medicines,  it   would   be  more  
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Table 7. Toxic heavy metal contents in CSR, CSE 1 and CSE 2. 
 

Toxic heavy 
metals 

Toxic heavy metal contents (mg/kg) 

CSR (n=3) CSE 1 (n=3) CSE 2 (n=3) 

Hg 0.009 ± 0.01 0.0006 ± 0.00 0.0007 ± 0.004 

Pb 52.0 ± 0.02 5.73 ± 0.02 4.72 ± 0.01 

As 1.2 ± 0.29 0.05 ± 0.00 0.08 ± 0.00 

Ni 0.2 ± 0.08 0.03 ± 0.00 0.08 ± 0.01 

Cd 1.2 ± 0.09 0.12 ± 0.0 0.2 ± 0.01 
 

Hg: Mercury; Pb: Lead; As: Arsenic; Ni: Nickel; Cd: Cadmium.  

 
 
 
advantageous to use hydroethanolic extract of medicinal 
plants in formulation. 

Arsenic (As) exposure could result in chronic adverse 
health effect such as cancer in diverse body organs 
especially of the lungs and skin as well as acute adverse 
health effects, example, capricious appetite coupled with 
weight loss and cramping of the abdomen (Franzblau and 
Lilis, 1989; Ng et al., 2003). From Table 7, CSR showed 
the highest As content with concentration of 1.2 mg/kg. 
CSE 2 was found to contain 0.08 mg/kg of As while CSE 
1 was 0.05 mg/kg. The concentrations recorded fall 
below the maximum permissible limit for As which is 10 
mg/kg (World Health Organisation, 2007a). Also, a 
comparison of the contents only showed a significant 
difference (p < 0.05) in Pb contents in CSR and the 
extracts (CSE 1 and CSE 2). 

The highest content of nickel which was 0.2 mg/kg was 
found in CSR while the lowest amount, thus 0.034 mg/kg 
was found in CSE 1. However, a comparative study 
showed no significant difference (p > 0.05) between the 
Ni contents in CSR, CSE 1 and CSE 2. These values 
obtained are below the WHO permissible limits for 
medicinal plants, 1.5 mg/kg (World Health Organisation, 
2002) and also lower than the reported FAO/WHO 
permissible limit of 1.63 mg/kg for edible plants 
(FAO/WHO, 1984). Nickle has been identified as a 
carcinogen (Maobe et al., 2012) but it also has some 
health benefits. In small amounts such as the 
recommended daily intake of < 1 mg/ kg (McGrath, 
1990), Ni is needed by the body for the production of 
insulin and its deficiency is known to cause hepatic 
disorders (Pendias, 1992). The exposure to toxic levels of 
Ni is the occurrence of nickel itch which is a form of 
allergic dermatitis (Maobe et al., 2012). 

The exposure to toxic levels of cadmium (Cd) from 
sources such as medicinal plants could lead to the 
increased risk of cancer, destruction of the red blood cells 
and high blood pressure (Afkhami et al., 2006). Cd 
toxicity in the body can also be caused by the 
replacement of ions in the body’s metallo-enzyme by 
Cd

2+
. This could be due to the competition for binding site 

and their chemical similarities (Duruibe et al., 2007). The 
results from the experiment shown in Table 7 showed Cd 
concentrations  for   CSR,   CSE  1  and  CSE  2.  The Cd 

content in CSR is higher than the WHO permissible limit, 
0.3 mg/kg (World Health Organisation, 2006), however, 
the amount of CSR consumed may be too little to cause 
Cd toxicity. Statistical comparison of the contents showed 
a significant difference (p < 0.05) in Cd contents found in 
CSR and extracts (CSE 1 and CSE 2). 
 
 
Carbon and nitrogen 
 
The mixed stem and root barks together with its extracts 
has demonstrated to be rich in nitrogen which is needed 
for the growth and repair of worn out tissues, synthesis of 
amino acids which intends makes protein in our body and 
for the synthesis of nucleic acid (DNA and RNA) (Rosca 
and Duca, 2009). From Table 8, CSR demonstrated the 
highest amount of nitrogen content, thus 0.95% with CSE 
1 showing the least N content, 0.45%. A statistical 
analysis showed a significant difference (p < 0.0001) in N 
contents in the tested samples. Currently, there are no 
reported WHO/FAO permissible limits for nitrogen 
contents in medicinal plants. 

Carbon is one of the elements which form the building 
blocks in all living things due to its ability to form stable 
bonds with itself and many other elements. Carbon is the 
backbone of all organic compounds and as such carbon 
cycle is an important biological process. It is the main 
component of carbohydrate, proteins, nucleic acid, fats, 
muscle tissues and almost everything in the body. Energy 
is released upon breaking of carbon molecules which 
drives all cellular processes (Anon, 2021). The highest C 
content of 49.58% was found in CSE 1. However, all the 
values recorded are below the WHO/FAO permissible 
range for medicinal plants 65% (WHO, 2003) shown in 
Table 8. Statistical analysis shows a significant difference 
(p < 0.05) in the contents of C in CSR, CSE 1 and CSE 2. 
 
 
Conclusion 
 
Agomeda is one of the key areas where some major 
institutions do plant material collection for the mass 
production of herbal medicines. Hence, the study gives a 
new  perspective  to  the  presence  of essential elements  
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Table 8. Carbon and nitrogen contents in blend of powdered plant parts and 
extracts. 
 

Other elements 
Other minerals (%) 

CSR  (n=3) CSE 1 (n=3) CSE 2 (n=3) 

N 0.95 ± 0.20 0.25 ± 0.08 0.45 ± 0.05 

C 47.22 ± 0.10 49.58 ± 0.06 48.96 ± 0.10 
 

N: Nitrogen; C: Carbon. 
 
 
 

and heavy metals in CS. The results show that, except 
for Cl, Fe, Pb and Cd in CSR, all essential elements and 
heavy metal contents in CSR, CSE 1 and CSE 2 and its 
extracts were within the permissible limits sets for metals 
in edible plants and the permissible limits set for 
medicinal plants. It was generally observed that, the 
elemental contents in the plant material were higher than 
the extracts. These results indicate that, it is safer to use 
extracts of CS sourced from Agomeda, rather than 
consuming the raw plant material. High contents of Pb 
and Cd in CSR should be of concern when consumed in 
very high amounts. Quality control practices for screening 
herbal medicines must be in place to protect consumers 
from toxicity. Preliminary phytochemical screening and 
FT-IR of CSR, CSE 1 and CSE 2 showed the presence of 
similar constituents and functional groups, respectively. 
This study shows that, the safe contents of these 
elements in CSE 1 and CSE 2 coupled with the fact that 
they contain similar compounds as CSR makes them 
suitable for use in drug formulation. Further studies 
should be conducted to identify the source of these 
identified heavy metal contaminants of Cassia sieberiana 
in Agomeda. Also, such studies should be done on CS 
and other medicinal plants collected on all principal areas 
of Ghana. This will help address public health concerns 
with regards to safety of use herbs. 
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