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Abstract 
Salvadora persica Linn. of family Salvadoraceae is a medium sized evergreen perennial tree, commonly 

known as ‘Tooth brush tree’, ‘Mustard tree’ or Miswak. It grows as a desert tree in Indian arid zone, 

while in coastal parts; it grows as a halophyte tolerating extremely saline condition. It is one of the most 

important medicinal trees whose almost every part has pharmaceutically important ingredients. Stem is 

used for manufacture of toothpicks for oral hygiene that are commonly known as Miswak sticks. The 

present research paper enumerates quantitative analysis for four heavy metals, namely, Lead, Arsenic, 

Cadmium and Chromium from stem and leaf samples collected from natural stands of Salvadora persica 

growing in Naigaon area, near Mumbai. Prior to heavy metal analysis, preliminary investigation was 

conducted on certain aspects of proximate analysis of Salvadora persica, namely dry weight, ash content, 

acid and water soluble ash. Total ash value was found to be 21.8% in stem and 8.2% in leaf sample. 

Water soluble ash accounted for 3.6% in stem and only 0.9% in leaf. Acid insoluble ash was recorded to 

be 0.8% in stem while it was absent in the leaf samples. Quantitative analysis of heavy metals revealed 

that their fractions were higher in stem than in leaf sample indicating their mobility from stem to leaf in 

plant body. Lead accounted for123 mg/kg in stem and 54 mg/gm in leaf, Arsenic accounted for 98 mg/kg 

in stem and 37 mg/gm in leaf, Cadmium accounted for 101 mg/kg in stem and 22 in leaf, while 

Chromium accounted for 89 mg/kg in stem and 23 mg/kg in leaf of Salvadora persica. Being a 

medicinally important, the presence of heavy metals in Miswak is an alarming sign. 
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Introduction 

Salvadora persica Linn. is a member of family Salvadoraceae. A medium sized evergreen 

perennial tree, it is commonly known as ‘Tooth brush tree’ or ‘Mustard tree’ in English; 

Miswak, Jhal, Chhotapilu, Kharjal in Hindi; Piludi or Motijal in Gujrati; and as ‘kharijaal’ in 

Rajasthan. It is an important desert tree of the Indian arid zone [1]. In coastal part of 

Maharashtra it grows as a facultative halophytic plant and is considered a mangrove because it 

is well adapted to survive under saline condition. It also grows under various adverse 

environmental conditions ranging from deserts areas to sandy soil, normal to highly saline soil, 

and dry regions to marshy and waterlogged areas [2]. 

Halophytes are the plants that grow well in saline conditions. They constitute for 1% of the 

world flora [3]. Notably several species of halophytes require fresh water for their 

germination, but Salvadora persica is capable of germinating in saline water as well [1]. 

Sanders in 1997 [4] described Salvadora persica as a species which is deep rooted 

mesomorphic xerophyte and is also a facultative halophyte having high salt tolerance ability. 

It grows up to 10 meters with a girth of 3 feet. Main trunk is erect or sometimes trailing and 

profusely branched. Branches are drooping with petiolate opposite leaves having entire 

margin, succulent and fleshy texture. They are oblong elliptic to almost circular in shape, and 

light to dark green in colour [5] 

It produces small, green yellow colored flowers arising in axillary and terminal panicles. 

Flowers are sessile or sub-sessile, bisexual and tetramerous are produced in April. The fruits 

are spherical or globose in shape, drupe, fleshy in nature, pink to purple colored and ripen in 

the months of May and June.  

Salvadora persica Linn. is one of the most important medicinal tree known for the presence of 

several bioactive compounds such as alkaloids, tannins, saponins,volatile oils, flavonoids, 

steroids, terpenoids, and carbohydrates [6, 7] As the name indicates, the wood of toothbrush tree, 

Salvadorapersica, exhibits antiseptic properties, and is used in the manufacture of toothpicks 

for oral hygiene, that are commonly known as Miswak sticks [8]. 
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It contains more than 10 different natural chemical 

compounds considered essential for good oral and dental 

hygiene, for instance, fluorides, silica, tannic acid, resins, 

alkaloids (salvadorine), volatile oils (simgrins), sulfur, 

vitamin C, sodium bicarbonate, chlorides, calcium, 

benzylisothoicyanate (BIT), salicylic acids, sterols, 

trimethylamine, saponins, and flavonoids [9]. It is further 

reported that almost every part of the plant has 

pharmaceutically important ingredients. A special alkaloid 

trimethylamine is present in the leaves, roots, and stem bark 

[10]. The seeds are rich in oil that has lauric acid, myristic acid, 

and palmitic acid. It can be used for manufacturing soaps and 

candles, and can be used as an alternative for coconut oil. 

Root shows presence of benzyl isothiocyanate which exhibits 

antiviral activity against Herpes simplex virus-1 that affects 

the oral region [11]. However there are very few reports on the 

capacity of Salvadora persica to uptake and accumulate 

heavy metals in different parts of the plant body. It is 

important to note that mangrove sediments are often 

contaminated with various forms of pollutant, and heavy 

metals are one of them. There are studies indicating that 

species of mangroves have tendency to bioabsorb and 

bioaccumulate heavy metals in different parts of their plant 

body. It is noteworthy that Salvadora persica is also a 

mangrove, more significantly, it has been acclaimed as an 

important medicinal plant. Accumulation of heavy metals in 

Salvadora persica may lead to various repercussions, if the 

parts are exploited for medicinal purpose. It is with this aim 

the present piece of research work has been carried out. 

Initially a preliminary investigation has been conducted on 

certain aspects of proximate analysis of Salvadora persica, 

namely dry weight, ash content, acid and water soluble ash. 

Further using Atomic absorption spectroscopy, quantitative 

analysis for four heavy metals, namely, Lead, Arsenic, 

Cadmium and Chromium has been carried out and reported 

here. Samples of the stem and leaf for this study were 

collected from Naigaon east area of Palghar district near 

Mumbai. 

 

Material and methods 

Total ash  

To measure total ash value, 5 gm of dry powder of Salvadora 

persica stem and leaf was incinerated at a temperature of 

about 450°C in muffle furnace until it got converted into grey 

white ash powder free from traces of carbon, it was then 

cooled and weighed. Total ash value was recorded.  
 

 

Water soluble ash  

The known amount of ash was dissolved and boiled in 20 ml 

distilled water for 4- 5 minutes and the insoluble matter was 

collected on ash-less filter paper. It was ignited, cooled in a 

dessicator and weighed. Percentage of water soluble ash was 

calculated on dry weight basis and recorded 
 

Acid Insoluble ash  
The known amount of ash obtained from the above method 

was boiled in 20 ml of 2M HCI for 4- 5 minutes and the 

insoluble matter was collected on ash-less filter paper and was 

washed with hot water and weighed. Percentage of acid 

insoluble ash was calculated on dry weight basis and 

recorded. 
 

Heavy metal analysis 

Dry plant material was first subjected to digestion in kjeldahl 

flask, for which 10 gm of dry leaf powder was heated in 10 ml 

of concentrated nitric acid: perchloric acid (1:1 ratio) solution. 

Digestion was carried till a clear solution was obtained. If the 

sample was dark brown in color, a few ml of nitric acid and 

perchloric acid solution was again added and the sample was 

re-digested to get a clear solution. The final clear solution was 

dissolved in small amount of warm distilled water and then 

filtered through Whatman filter paper No.1. Volume of the 

filtrate obtained was made up to 50 ml. It was then subjected 

to heavy metal analysis using atomic absorption 

spectrophotometer. 
 

Result  

Proximate analysis 

Parameters of proximate analysis which are carried for 

present study are moisture content, total ash value, water 

soluble and acid insoluble ash. The values are represented in 

Table 1. They were recorded to be high in stem sample than 

leaf sample of Salvadora persica except miosure content 

which was naturally higher in leaf than stem. Total ash value 

which represents traces of carbonates, oxalates, carbonates 

silicates and phosphates of sodium, potassium, calcium and 

magnesium was 21.8% in stem and only 8.2% in leaf sample. 

Water soluble ash was 3.6% in stem and only 0.9% in leaf. 

This parameter accounts for fractions of secondary 

compounds, such as tannins, alkaloids, sugars, etc. that are 

soluble in water. 

Acid insoluble ash is the fraction of ash that is insoluble in 

dilute hydrochloric acid. It represents generally sand and 

other siliceous matter. It was recorded to be 0.8% in stem 

while it was absent in the leaf samples.  

 
Table 1: Comparative proximate analysis of stem and leaf samples 

 

S.N. Plant part Moisture (%) Total ash (%) Water Soluble ash (%) Acid Insoluble ash (%) 

1. Stem 71.8% 12.4% 3.6% 0.8% 

2. Leaf 88.2% 2.3% 0.9% nil 

 

Heavy metal analysis 

1. Lead - It is one of the most common toxic heavy metal 

found in the contaminated soil from where it is easily 

absorbed by the plant roots. In Salvadora persica, it was 

recorded to be present on a very high concentration in 

stem sample (123 mg/kg) than in leaves( 54 mg/kg).  

2. Arsenic – Accumulation of arsenic was also found to be 

more in stem than in leaf. As indicated in Table1., it was 

found to be 98 mg/kg in stem and 37 mg/kg in leaf.  

3. Cadmium - Atomic absorption spectroscopy indicated 

that Cadmium too was present in higher concentration in 

stem (141 mg/kg) than in leaf (62 mg/kg ). Cadmium has 

adverse effect on male fertility. It reduces sperm count 

and motility and is also responsible for renal dysfunc-tion 

and anaemia [12]. 

4. Chromium – Chromium level was also found to be 89 

mg/kg in the stem and 23 mg/kg in the leaf samples. It is 

notable that chromium is one the most lethal element 

present in the contaminated soil environment. Though 

Chromium is an essential element in human body, the 

presence of Chromium VI is harmful in many ways. 
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Table 2: Quantitative record of heavy metals in stem and leaf samples of Salvadora persica 
 

S.N. Plant part Lead Arsenic Cadmium Chromium 

1. Stem 123 mg/kg 98 mg/kg 101mg/kg 89 mg/kg 

2. Leaf 54 mg/kg 37 mg/kg 22 mg/kg 23 mg/kg 

 

Discussion  

Total ash analysis is one of the important aspects of proximate 

analysis of biological specimens used as medicines and food. 

It gives an estimate of the presence of various inorganic 

minerals in form of carbonates, Oxalates, Carbonates silicates 

and phosphates of sodium, potassium, calcium and 

magnesium. It also includes all those trace elements such as 

magnesium which are the part of essential pigment system of 

the plant. In the present study, total ash was found to be 

21.8% in stem and only 8.2% in leaf sample. Water soluble 

ash accounted for 3.6% in stem and only 0.9% in leaf. Acid 

insoluble ash was recorded to be 0.8% in stem while it was 

absent in the leaf samples. It represents generally sand and 

other siliceous matter. 

All heavy metals tested quantitatively, were found to be 

higher in stem as compared to leaf indicating their mobility 

from stem to leaf in Salvadora persica. Lead is not only toxic 

to plants but to human beings as well. In plants it may result 

in undesirable changes in various morphological, 

physiological and biochemical parameters [12]. It interferes 

with several of the major enzymes activities involved in the 

biosynthesis of haem, and calcium metabolism [13]. It can be 

the potent cause of miscarriages, low birth weights in 

newborn babies, low sperm count and poor motility in men 

[14]. Presence of Lead in a higher concentration in stem of 

Salvaadora persica is an alarming sign as it is the stem part 

only that used as miswak traditionally. 

Similarly, cadmium was also found to be in higher 

concentration, i.e., 101 mg/kg, in the stem sample than in leaf 

sample, i.e., 22 mg/kg of Salvadora persica. Accumulation of 

Cadmium has toxic effects on kidney, and the skeletal and the 

respiratory systems, and has been classified as a human 

carcinogenic substance. According to WHO report of 2010, 

cadmium accumulates mainly in the kidney, and its half-life 

in human body is 10–35 years [15]. This accumulation may 

cause renal tubular dysfunction. Due to this accumulation 

there is higher excretion of low molecular weight proteins in 

the urine which is generally irreversible. It is usually found in 

low concentrations but its presence in relatively higher 

concentration is alarming [15]. 

In the present studies, arsenic was found to present both in the 

stem as well as leaf samples. According to WHO report [16], 

arsenic is one of the main causes behind high blood pressure 

and cardiovascular disease, gastrointestinal problems, 

conjunctivitis, diabetes, renal system effects, enlarged liver, 

bone marrow depression and also the destruction of 

erythrocytes. It accounted for 98 mg/kg in stem and 37 

mg/gm in leaf samples. 

This is notable that of the two types of chromium, chromium 

III is an essential element in human beings. Its permissible 

intake is in the range of 50 - 200 µg/day for adults. However, 

research has shown that it has moderate toxicity from oral 

exposure [17]. Hexavalent Chromium (VI) on the other hand 

affects respiratory tract, and also bronchitis, decreased 

pulmonary function, pneumonia, asthma, and nasal itching 

etc. In addition to these high amounts of chromium (VI) in 

humans is the cause behind gastrointestinal problems such as 

abdominal pain, vomiting, and hemorrhage. 

In the present observations, Chromium was recorded to be 89 

mg/gm in stem sample of miswak, while in leaf, the amount 

was found to be 23 mg/gm. exposure to chromium VI in 

humans by inhalation results in various the respiratory tract 

problems such as perforations and ulcerations of the septum, 

bronchitis, decreased pulmonary function, pneumonia, 

asthma, and nasal itching and soreness reported [18, 19]. 

Chronic human exposure to high levels of chromium (VI) by 

inhalation or oral exposure may produce effects on the liver, 

kidney, gastrointestinal and immune systems, and possibly the 

blood, and may lead to cancer.  

Presence of heavy metals in the medicinal such as has been 

reported before [20]. Plant and their parts are usually collected 

from any sites which may be polluted with heavy metals. It is 

therefore very essential that medicinal plant like Salvadora 

persica sample must be quantatively tested for the presence of 

before it is used for any ayurvedic formulation contaminant or 

medication.  
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