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Phytochemical screening, proximate compositions and some heavy 

metals were assessed on the leaves of Camellia sinensis Linn. 

Phytochemical screening indicated presence of alkaloids, flavonoids, 

carbohydrates, tannins, terpenoids, reducing sugars, cardiac glycosides, 

steroids and saponins. Proximate compositions analysis showed that the 

percentage of moisture, ash, crude protein, crude fat and crude fibre 

contents were 9.46% ± 0.31, 7.30% ± 0.40, 13.65% ± 0.69, 

2.72%±0.12 and 7.69% ± 0.26 respectively. Spectrophotometric 

analysis showed that the percentage of heavy metals like Pb, As, Cd 

and Hg content were found 0.56 ± 0.05, <DL (bellow detection limit), 

0.01 ± 0.001, and 0.04 ± 0.007 mg/kg respectively. The results 

demonstrated that, the presence of secondary metabolites and moderate 

amount of proximate compositions and very low concentrations of 

toxic metals in the leaves of Camellia sinensis are good indication that 

if it will be subjected to intensive research, bioactive compounds may 

be isolated and also this study can be used to standardize different 

medicinal plants. This study therefore suggests that this plant may be 

useful as nutraceuticals and pharmaceutical agents. 
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Introduction:- 
Plants are the natural sources of many secondary metabolites (bioactive compounds) possessing important 

bioactivities. These bioactive components are chemical constituents and have been traditionally used as drugs (Chin 

et al., 2006). These drugs exhibit several advantages like cost effective, broad spectrum activity, preventive and 

curative actions, and show fewer side effects (Chin et al., 2006; Pcerangeli et al., 2009; Sermakkani et al., 2012). 

The medicinal and nutritional values both are important to promote health and safe from illness (Moeller et al., 

2000). In any plant species of interest, it is essential to discover its chemical constituents so as to obtain new 

biomedical sources for the remedy of diseases. The plant Camellia sinensis belongs to the family Theaceae. Leaves, 

buds and shoots of this plant are used to produce the most widely and popularly used beverage tea. Tea is the most 

favorite non-alcoholic caffeine-containing beverages after water in all over the world. About 2.5 million tons of tea 

leaves are produced each year throughout the world (Sharma et al., 2014).Camellia sinensis plant grown best in 

certain tropical and subtropical regions (Gupta et al.,2014). Falk people use it as a medicine for headache, digestion 
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and immune defense (Krishna, et al., 2014). The present study was designed to evaluate the phytochemical 

constituents, proximate compositions and the concentration of selected heavy metals in the leaves of the mentioned 

plant. The preliminary study revealed interesting findings which will draw attention to the need for further 

investigation of the active ingredients identified in the reported species. 

 

Materials and methods:- 
Collection and Identification of Sample 

Freshleaves of Camellia sinensis Linn was collected from Moulvibazar district, Bangladesh and identified 

(specimen # DACB 45681) by Bangladesh National Herbarium (BNH), Dhaka. Collected samples were shed dried 

in absence of sunlight. It was than powdered using a grinding machine. The powdered samples were kept in a dry, 

air tight container at room temperature prior to analysis. 

 

Qualitative analysis of phytochemicals 

The powdered sample was subjected to qualitative phytchemical analysis and performed using standard procedures 

described in Sofowara (1993), Trease and Evans (1989) and Harborne (1973).
 

1. Test for flavonoids 

Two test methods were used to identify the presence of flavonoids. 

First method: Dilute ammonia (5 ml) was added into a test tube containing a portion of aqueous extract of powdered 

sample. A yellow coloration appeared in the test tube, which disappeared after adding of concentrated sulfuric acid 

(1 ml), indicates the presence of flavonoids. 

Second method: A portion of powdered sample was heated with ethyl acetate (10 ml) over a steam bath for 3 min. 

The mixture was than filtered; the filtrate (4 ml) was taken in a test tube and shaken with dilute ammonia solution (1 

ml). A yellow coloration indicates the presence of flavonoids. 

2. Test of alkaloids 

Powdered sample was extracted by warming with dilute hydrochloric acid and filtered. Two test methods were 

applied to identify the presence of alkaloids. 

First method: Filtrate was treated with drops of Mayer’s reagent. Formation of yellowish white cream precipitate 

indicates the presence of alkaloids. 

Second method: Filtrate was treated with drops of Wagner’s reagent. Formation of a reddish brown precipitate 

indicates the presence of alkaloids. 

3. Test for tannins 

Dried powdered sample (0.5g) was taken in a test tube containing water (10 ml), boiled and then filtered. A few 

drops of 0.1% ferric chloride was added and observed for brownish green or a blue-black coloration. 

4. Test for terpenoids (Salkowski test) 

About 0.5g of the dried powdered sample was extracted and evaporated to dryness. Then chloroform (2 ml) and 

concentrated sulfuric acid (3 ml) was carefully added. A reddish brown coloration of the interface indicated the 

presence of terpenoids. 

5. Test for saponin (Foam test) 

Aqueous extract of 0.5 g sample was shaken vigorously with water (20 ml). Produced foam was persisted for more 

than ten minutes indicated the presence of saponins. 

      6. Test for carbohydrate 

Freshly prepared Molisch’s reagent (2 drops) was added into the aqueous extract (2 ml) of sample in a test tube and 

shaken well. Then conc. H2SO4 (2 ml) was carefully added on the sides of the test tube. A red, reddish violet or 

brown ring appeared at the junction of two layers immediately, indicated the presence of carbohydrates. 

7. Test for Reducing Sugar (Fehling’s test) 

Aqueous extract (2 ml) of sample were taken with equal volume of Fehling’s solutions (A and B) in a test tube, and 

shaken vigorously. Formation of a red, brick-red precipitate indicated the presence of reducing sugar. 

8. Test for steroids (Liebermann-burchard’s test) 

Petroleum ether extract of powdered sample (0.5 g) was dissolved in chloroform (2 ml). Then acetic anhydride (2 

ml) and conc. sulfuric acid (1ml) was added. Formation of a greenish color, which turns blue on standing, indicates 

the presence of steroids. 

       9. Test for anthraquinones 

Powdered sample (0.5 g) was taken in a dry test tube and chloroform (5 ml) was added and shaken for 5 min; then 

filtered and the filtrate mixed with equal volume of 10% of ammonia solution. A pink, violet or red color in the 

aqueous layer indicates the presence of anthraquinones. 

10. Test for cardiac glycosides (Keller-Killiani test) 
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Aqueous extract of 0.5 g sample was diluted with 5 ml water. To this, glacial acetic acid (2 ml) containing 1 drop of 

ferric chloride solution was added. This was then under layered with concentrated sulfuric acid (1ml). A brown ring 

obtained at the interface of the two layers indicated the presence of a deoxysugar characteristic of cardioids. A violet 

ring may appear below the brown ring, while in the acetic acid layer (upper layer) a greenish ring may form just 

above the brown ring and gradually spread throughout this layer. This test is characteristic of deoxysugars of cardiac 

glycosides. 

 

Analysis of proximate compositions 

The powdered sample was subjected to proximate analysis. The moisture content, ash, crude fat and crude fibre 

contents were determined using the standard methods of the Association of Official Analytical Chemists (AOAC, 

1990) and crude protein (% total nitrogen ×6.25) was determined by the Kjeldahl method (Pearson, 1976). Total 

carbohydrate was determined by the method of James (1995). 

 

Heavy metal analysis 

Heavy metals were estimated by using the official method of the Association of official Analytical Chemists 

(AOAC, 1990), upon ash drying of sample with a porcelain crucible in a muffle furnace at 570ºC for 8 hours. Then 

dilute HNO3 (10 ml) were added to the ash, and then volume completed to 50 ml with distilled water. The 

quantification was carried out using an AAS spectrophotometer (model: novAA400PF, Analytic Jena AG, 

Germany). External standards were used for determination of individual metal. Stock standard solutions of 1000 

ppm for individual metal were collected from Sigma-Aldrich. Working standards were prepared by necessary 

dilutions of stock standard solutions. Calibration curves were prepared by instrument software based on working 

standards. Concentrations of unknown sample solutions were measured from their individual calibration curves. 

 

Results and discussions:- 
Phytochemical screening 

The results of the phytochemical screening of Camellia sinensis leaves showed the presence of various secondary 

metabolites such as alkaloids, flavonoids, carbohydrates, tannins, terpenoids, reducing sugars, cardiac glycosides, 

steroids and saponins while anthraquinone was absent (Table 1). 

 

Table 1:- Phytochemicals present in the leaves of Camellia sinensis 

Serial no. Phytochemical constituents Test results 

1 Alkaloids Positive 

2 Flavonoids Positive 

3 Carbohydrates Positive 

4 Tannins Positive 

5 Terpenoids Positive 

6 Reducing sugars  Positive 

7 Cardiac glycosides  Positive 

8 Steroids  Positive 

9 Anthraquinones Negative 

10 Saponins Positive 

 

Flavonoids are most common and widely distributed group of polyphenolic substances present in plants (Omoregie 

et al., 2014). They are potent water soluble antioxidants that function in reducing high blood pressure (Dhawan and 

Jain, 2005), scavenging free radicals, inhibition of peroxidation and chelating transition metals (Flora, 2009; Oseni 

and Okoye, 2013). It has been reported that flavonoids have strong anti-inflammatory and anticancer activities 

(Houghton et al., 1999; Ugwu et al., 2013). Alkaloids are one of the most efficient therapeutically significant 

phytochemicals in plants. The presence of alkaloids suggests the sample have analgesic, anti- inflammatory and anti-

bacterial properties (Gupta, 1994; Dhale and Mogle, 2011).Tannins containing plant extracts are used as astringents, 

against diarrhoea and dysentery, as diuretics, against stomach and duodenal tumours (De Bruyne et al., 1999; Bajai, 

2001).They are also used as anti-bacterial, anti-inflammatory, antiseptic, antioxidant and haemostatic 

pharmaceuticals (Jeeshna et al., 2011; Dolara et al., 2005). Tannins are known to be useful for the prevention of 

cancer as well as treatment of inflamed or ulcerated tissues (Okwu and Emineke, 2006; Li et al., 2003; Adegboye et 

al., 2008). Saponins have the property of precipitating and coagulating red blood cells (Yadav and Agarwala, 2011) 

and have an expectorant action useful for upper respiratory tract infections (Dougnon et al., 2012). The saponins 
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content may also help in the liver functions, concerning the metabolite of cholesterol (Kabir et al., 2005). Cardiac 

glycosides are important class of naturally occurring drugs whose actions helps in the treatment of congestive heart 

failure (Yukari et al., 1995). Terpenoids are effective hydrogen donors; hence they have potentials as antioxidants 

(Igile et al., 2013). 

 

Proximate compositions 

The proximate composition obtained for the leaves of Camellia sinensis are presented in Table 2. The moisture 

content of the sample was found to contain (9.46 ± 0.31%). The moisture content gives an indication of water 

soluble vitamins present in the sample (Adinorteyet al., 2012). The ash content was found to contain (7.30 ± 0.40%). 

The ash content gives an indication to the rich source of inorganic mineral elements that may be present in the 

sample (Adinorteyet al., 2012). This high ash content suggests that it is a good source of minerals. Camellia sinensis 

leaves contained high crude protein value of (13.65 ± 0.69%). It can thus be considered a good source of protein. 

High amount of protein is essential for growth (Tangka, 2003). Some proteins are involved in structural support, 

while others are involved in bodily movement, or in defense against germs (Bailey, 2008).The crude fiber was found 

to contain (7.69 ± 0.26%) in the leaves as an indication that it can be a good source of fibre which might aid 

digestion, help to reduce serum cholesterol level, risk of coronary heart disease, colon and breast cancer and 

hypertension (Ganong, 2003).The crude fat content was found to contain (2.72±0.12%). The proximate 

compositions included lipid analysis in addition to the ash, moisture and protein content that provides a general 

overview of the nutritional value of the plant (Kirk, 1993).This study shows that leaves of Camellia sinensis Linn 

are rich in nutritional value and that their usage should be strongly recommended for good health. 

 

Table 2:- Proximate compositions of Camellia sinensis leaves 

Serial no. Parameter Results (%) 

1 Moisture content 9.46%±0.31 

2 Ash  content 7.30%±0.40 

3 Crude protein 13.65%±0.69 

4 Crude fat 2.72%±0.12 

5 Crude fibre 7.69% ± 0.26 

Data are expressed as mean ± SD (n = 3) 

 

Heavy metals 

A total of four toxic heavy metals like Pb, Hg, As and Cd were analyzed and results are summarized in Tables 3. 

Nowadays, medicinal plants have been regarded as a potential source of heavy metal toxicity to both man and 

animals (Dwivedi and Dey, 2002). The most common heavy metals implicated in human toxicity include arsenic, 

lead, cadmium and mercury. World Health Organization (WHO) prescribes limits of heavy metals in raw medicinal 

plants (WHO, 2007) (Table 3). However, majority of people, use this plant without checking for heavy metal 

accumulation. 

 

Table 3:- Heavy metals content in the leaves of Camellia sinensis 

Serial no. Serial no. Toxic elements Concentrations 

(mg/kg)   

Maximum recommended level (mg/kg) according 

to WHO (WHO, 2007) 

1 Lead (Pb)  0.56 ± 0.05 10 

2 Mercury (Hg)  0.04 ± 0.007 0.5 

3 Arsenic (As)  Less than detection 

limit  

5.0 

4 Cadmium (Cd)  0.01 ± 0.001 0.3 

Data are expressed as mean ± SD (n = 3) 

 

Lead (Pb) is the most frequently occurring and stable heavy metal in nature. It is highly hazardous for plants, 

animals and micro-organisms. Continuous application of fertilizers, fuel combustion and sewage sludge are the 

major reasons leading to escalation in Pb pollution. It is a serious cumulative body poison. It has been reported that 

most of the accumulated lead is sequestered in the bones and teeth (Todd, 1996). This causes brittle bones and 

weakness in the wrists and fingers. Lead that is stored in bones can re-enter the blood stream during periods of 

increased bone mineral recycling (i.e., pregnancy, lactation, menopause, advancing age, etc.). Levels of lead beyond 

the permissible limits or long term use of these contaminated plants could lead to toxicity characterized by colic, 
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anemia, chronic nephritis, headache, convulsions, brain damage and central nervous system disorders (Klaassen, 

2001; Tong et al., 2000). Mobilized lead can get re-deposited in the soft tissues of the body and can cause 

musculoskeletal, renal, ocular, immunological, neurological, reproductive, and developmental effects (ATSDR, 

1999). Arsenic is a toxic non-essential element. It is present as a contaminant in many traditional remedies. Trivalent 

arsenic is more toxic to mammals than its pentavalent form. Acute arsenic poisoning is associated initially with 

nausea, vomiting, abdominal pain, severe diarrhea, encephalopathy and peripheral neuropathy. Chronic toxicity 

results multisystem diseases including carcinogenesis affecting almost all organs (Ratnaike, 2003; Bhattacharya et 

al., 2014).Cadmium (Cd) is another hazardous heavy metal which is responsible for several cases of poisoning in 

both plants and humans. Recently, it is gaining more attention due to wide occurrence in water, soil, milk, dietary 

and herbal medicinal products (Singh et al., 2014). It accumulates in human body, replaces zinc biochemically and 

causes hypertension, liver and kidney damage. Cadmium poisoning causes a disease called itai-itai characterized by 

softening of bones, anemia, renal failure and ultimately death (Nordberg, 1999). The main target organ for Cd 

following chronic oral exposure is the kidney (ATSDR, 1999). Mercury can cause adverse effects on the renal and 

nervous systems and can cross the placental barrier, with potential toxic effects on the fetus (Risher, 2003). The 

leaves of Camellia sinensis contained extremely lower concentrations of Pb, Hg and Cd compared to the permissible 

limit (Tables 3) defined by WHO (2007), whereas arsenic was not detected.  

 

Form the present investigation; it is clear that, the levels of four potentially toxic heavy metals analyzed were found 

to be quite below the permissible limits in the leaves of Camellia sinensis Linn. The implication of the present 

findings may be taken into consideration whilst dealing with the medicinal herbs for human or animal consumption. 

The results suggest that regular and systematic screening of raw medicinal herbs at quantitative basis is necessary to 

check the levels of the heavy metal pollutants prior to using them for consumption or manufacture of herbal 

medicinal formulations so that the possible contamination cannot reach up to the finished herbal products. 

 

Conclusions:- 
Continuous increase in environmental pollution is leading to build up pollutants including heavy metals in plant 

parts which eventually enter the human food chain. Therefore, regular screening of raw material is must to check the 

levels of pollutants in plant parts and extracts before using them for human consumption.The results from this study 

showed that the leaves of Camellia sinensis contain several important phytochemicals and phytonutrients. The 

presence of necessary phytochemicals, good source of proximate compositions and safe level of toxic metals in the 

leaves of Camellia sinensis Linn suggest and justify that, it is safe for consumption and also usable as herbal raw 

material. 
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