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Abstract 

Phytochemical and proximate composition of Tithonia diversifolia leaves, stem and root were compared in this study 

using standard procedures. The results showed that both aqueous and ethanol extracts of the plant parts tested positive 

for alkaloids, saponins, tannins, terpenoids flavonoids and phenols. These phytochemicals were found to be 

significantly highest in the leaves, followed by the root and the stem except the phenol which was significantly highest 

in the root. Among the phytochemicals,  alkaloids was found to be highest (53.33 ± 6.58 mg/100 g) followed in 

decreasing order by tannins, flavonoids, saponins, terpenoids and phenols with respective mean values of 382.22 ± 7.58 

mg/100 g, 338.89 ± 3.50 mg/100 g, 327.78 ± 7.33 mg/100 g, 65.00 ± 3.69 mg/100 g and 48.46 ± 0.32 mg/100 g. In all 

the proximate composition, crude fibre was highest (53.57 ± 0.14 %) and this was found in the stem, followed by 

carbohydrate (52.27 ± 0.32%) which was found in the leaves while the least proximate composition was crude fat (0.27 

± 0.03%) found in the stem. In all the plant parts, carbohydrate was found to be highest (41.84 ± 0.19), followed in 

decreasing order by crude fibre, moisture, total ash, crude protein and crude fat with mean values of 32.79 ± 0.10%, 

9.19 ± 0.05%, 8.97 ± 0.07%, 5.99 ± 0.24% and 1.19 ± 0.05% respectively. The results indicated that, Tithonia 

diversifolia most importantly its leaves and root have high nutritive and medicinal values that could be explored for 

pharmaceutical purposes.  
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1. INTRODUCTION 

 

Tithonia diversifolia (Hemls.) A. Gray, a 

member of the Asteraceae family is an invasive 

perennial broad-leaved weed species reported 

to be introduced into West Africa as an 

ornamental plant (Akobundu and Agyakwa, 

1997).  The plant is about 2.5 m high, bushy 

and much branched. It reproduces from seeds 

and through vegetative re-growth of the basal 

stem when the plant is cut. The stem is 

quadrangular, spirally-ridged, pubescent below 

and glabrous above. The leaves are simple, 

alternate, lobed and of about 5-15 cm long and 

3.5-6 cm broad. It is dark green, toothed and 

wedged shaped at the base (Akobundu and 

Agyakwa, 1997). The inflorescence is a 

solitary capitulum on a peduncle 7-15 cm long 

with large orange-yellow florets, while the fruit 

is compressed and about 6 mm long.  In 

Nigeria, it emerges every year towards the end 

of rainy season and thrives well on a wide 

variety of ecological habitats ranging from 

sandy soil to loamy soils. It is commonly found 

growing in dense population in field grown 

crops, wastelands and most importantly on 

roadsides (Baruah et al., 2000).  Locally, it is 

called Agbale among the Yorubas. 

Analysis of solvent extracts of various plant 

species shows the presence of natural chemical 

substances such as alkaloids, tannins, 

phenolics, coumarins, terpenes, cyanates, 

glycosides, quinines and coumarins generally 

known as phytochemicals in plant species. 

Schuster et al. (1999) reported the isolation of 

sesquiterpene lactones from two Tithonia 

species: Tithonia diversifolia and Tithonia 

rotundifolia which was found to be pesticidal 

on test plants.  Tithonia diversifolia has also 

been found to be highly medicinal on account 

of its antiplasmodial activity due to the 

presence of this sesquinterpene lactones and 

artemisinin acid analog (Ajaiyeoba et al., 

2006).  As an important medicinal plant, the 

leaf has been reported as the major organ used 

alone or in combination with other plants for 
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treatments of wide variety of ailments such as 

stomach pain, sore throat, indigestion, liver 

diseases and pains (Orwa et al., 2009).   

Numerous literatures showed that most 

researchers focused on the phytochemical 

screening of Tithonia diversifolia leaves while 

ignoring its stem and root (Orwa et al, 2009; 

Olutobi and Olasupo, 2012). Aside from this, 

information on the proximate composition of 

the plant is also very scanty. It is therefore the 

attention of this study to compare the 

concentrations of both phytochemical and 

proximate composition of the leaves, stem and 

root of T. diversifolia    

 

2. MATERIALS AND METHODS  

 

Collection and preparation of plant samples 

 Fresh leaves, stem and root of Tithonia 

diversifolia were collected in November, 2013 

from University of Ilorin, which is situated in 

the southern Guinea savanna zone of Nigeria 

(Latitude 8.5000
o
 N and Longitude 4.5500

o
 S). 

The voucher number UIH 586 was 

authenticated by the curator as deposited by the 

first author at the Herbarium of University of 

Ilorin, Ilorin. Nigeria. The plants were 

separated into leaves, stem and root and 

washed with distilled water to remove foreign 

particles. The plant parts were air dried under 

shade for 5 days after which they were ground 

into fine powder with the use of laboratory mill 

and then sieved using 2.00 mm wire mesh. The 

powder was then used for the extraction of the 

phytochemicals. The phytochemical and 

proximate analyses of the extracts were 

subsequently carried out at Kappa 

Biotechnology Laboratories, Ibadan. Nigeria.  

Extraction procedure 

The aqueous extract of the dried powder were 

obtained by soaking 20 g of each of the plant 

parts (leaves, stem and root)  in 200 ml in 

distilled water  at room temperature (27-28
o
C) 

for 48 hrs. The extracts were filtered through 

Whatmann filter paper No. 42 (125 mm) and 

concentrated by gentle evaporation on a 

heating mantle (John-Dewole and Oni, 2013). 

The ethanol extract was done in similar manner 

as explained in the aqueous extract. The 

concentrated ethanol and aqueous extracts were 

then subjected to both qualitative and 

quantitative phytochemical screening. The 

solvent extractive values of leaves, stem and 

root of the test plant were also calculated.  

Qualitative phytochemical examination 

The aqueous and ethanolic extracts of leaves, 

stem and root were subjected to qualitative 

phytochemical analysis to test for the presence 

of secondary metabolites following the 

standard procedures of Ayoola et al. (2008).   

 

Quantitative phytochemical examination 

Quantitative phytochemical examination 

carried out on the aqueous and ethanol extracts 

of leaves, stem and root of T. diversifolia 

(Hemsl.) A. Gray were done using standard 

procedures (Onwuka, 2005). Phytochemical 

constituents determined were alkaloids, 

flavonoids, saponins, tannins, phenols 

terpenoids and phenols each in milligram per 

100 g of the sample. Each of the constituents 

was done in triplicate for each of the plant 

parts.  

 

Proximate composition  

The  proximate composition of T. diversifolia 

leaves, stem and  root  with respect to moisture, 

ash, crude fibre, crude protein, crude fat and 

carbohydrate were determined  following the 

standard methods of Association of Official 

Analytical Chemists (AOAC, 2000).    

 

Data analysis   

Data were analyzed using Statistical Package 

for Social Science (SPSS) software version 17.  

Significant differences among the plant parts 

(leaves, stem and root) from means of three 

replicates were separated using Duncan 

Multiple range Test (DMRT) at 5% level of 

probability.  

 

3. RESULTS AND DISCUSSION 

 

3.1 Results 

Ethanol solvent had the higher extractive 

efficacy for all the plant parts than aqueous 
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solvent with the exclusion of the stem. 

Percentage solvent extractive values regardless 

of the solvents were highest for root followed 

by the leaves and stem (Table 1).  

  
Table 1: Solvent extractive values of Tithonia 

diversifolia  

 

Table 2 shows the results of qualitative 

analyses of T. diversifolia leaves, stem and root 

dry samples. In both solvents, there were 

presence of alkaloids, saponins, tannins, 

terpenoids flavonoids and phenols in all the 

plant parts (Table 2).   

Data regarding quantitative analyses of T. 

diversifolia leaves, stem and root in the dried 

samples are presented in Table 3. Significant 

differences (p<0.05) were observed in all the 

phytochemical constituents among various 

parts of the plant. Phytochemical constituents 

such as alkaloids, tannins, saponins, flavonoids 

and terpernoids were significantly highest in 

leaves compared to those from the stem and 

root (Table 3). Phenols were found to be 

significantly highest in roots compared to those 

from leaves and stem. Significantly lowest 

values of all the phytochemical compounds 

were recorded in the stem when compared to 

other plant parts (Table 3). Regardless of the 

plant parts, alkaloids was found to be highest 

among all the phytochemical constituents with 

mean value of 853.33 mg/100 g and followed 

in decreasing order of tannins, flavonoids, 

saponins, terpenoids and phenols with 

respective mean values of 382.22 mg/100 g, 

338.89 mg/100 g, 327.76 mg/100 g, 65.00 

mg/100 g and 48.46 mg/100 g. 

The results of proximate composition of T. 

diversifolia were presented in Table 4. The 

percentage moisture, ash, crude fibre, protein, 

crude fat and carbohydrate content of T. 

diversifolia ranged from 8.87-9.43%, 6.27-

10.53%, 13.43-53.57%, 0.27-2.47%, 0.80-

14.43% and 30.13-52.27% respectively (Table 

4). Percentage moisture contents of T. 

diversifolia in root and leaves were statistically 

similar but significantly higher than that of the 

stem (Table 4). Significantly highest ash 

content was recorded in root and followed in 

decreasing order by leaves and stem. 

Percentage crude fibre showed similar trend of 

results as that of ash content except that 

significantly highest crude fibre was recorded 

in stem compared to those recorded from root 

and stem (Table 4). The results of crude fat, 

protein and carbohydrate showed similar 

pattern in that significantly highest values of 

these parameters were recorded in leaves and 

followed in decreasing order by root and stem 

(Table 4). Aside from the crude fibre, 

significantly lowest values of all the proximate 

composition of T. diversifolia were recorded in 

stem (Table 4). Among the proximate 

parameters, regardless of the plant parts, 

carbohydrate was found to be highest with 

mean values of 41.85%, followed by crude 

fibre (32.79%), moisture (9.19%), total ash 

(8.97%), crude protein (5.99%) and crude fat 

(1.19%) (Table 4)  

 
Table 2: Qualitative phytochemical screening of ethanolic and aqueous extracts of Tithonia 

 diversifolia leaves, stem and root.  

Key: + = Present; - = Absent 

 

Plant parts                Solvent (%) 

 Ethanolic                   Aqueous           

Leaf 1.4 1.3               

Stem 0.8 0.9 

Root 2.1 1.8 

Chemical Constituents          Ethanolic               Aqueous   

 Leaf  Stem Root Leaf Stem Root 

Alkaloids + + + + + + 

Tannins  + + + + + + 

Flavonoids + + + + + + 

Saponins + + + + + + 

Terpenoids + + + + + + 

Phenols + + + + + + 
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Table 3: Quantitative phytochemical screening of Tithonia  diversifolia 

Values followed by the same superscript along the row statistically the same at p ≤ 0.05. 

Values are presented as mean ± SEM 

 n=3 plant parts used (leaf, stem and root) 

 

Table 4: Proximate composition of T. diversifolia 

Values followed by the same superscript along the row statistically the same at p ≤ 0.05. 

Values are presented as mean ± SEM  

 n=3 plant parts used (leaf, stem and root) 

 

3.2 DISCUSSION  

 

The present investigation showed that both the 

ethanol and aqueous extracts of  leaves, stem 

and root of T. diversifolia contain alkaloids, 

tannins, flavonoids, saponins, terpenoids and 

phenols. With respect to Tithonia diversifolia 

leaves, the results agreed with the findings of  

Olutobi and Olasupo (2012) who reported the 

presence of phytochemical compounds such as 

alkaloids, saponins, glycosides, flavonoids, 

tannins, terpenoids and phenols in the 

methanolic extract of T. diversifolia leaves. 

The quantitative occurrences of these bioactive 

substances except for phenols were 

significantly highest in the leaves compared to 

the stem and root. This could account for  the 

reasons why the leaves has always been major 

organ used either alone or in combination with 

other plants for the treatment of many ailments 

such as  stomach pain, sore throat, indigestion, 

liver diseases and pains (Orwa et al., 2009; 

Ezeonwumelu et al., 2012).  

As observed in this study, alkaloids were found 

to be most abundant among the phytochemical 

constituents that were screened for and 

concentrated in the leaves and root.  Alkaloids 

functions in the defense of plants against 

herbivores and pathogens, and are widely 

exploited as pharmaceuticals, stimulants, 

narcotics, and poisons due to their potent 

biological activities (Madziga et al., 2010; 

Doughari, 2012). Tannins, which were found to 

be next abundant to alkaloids, have been 

reported to be widely distributed in plant flora. 

Constituent                                     Part             

(mg/100 g)     Leaf  Stem  Root Mean  p-value  

Alkaloids    1535.00 ± 10.41a 361.67 ± 3.33c 863.33 ± 6.01b
 853.33± 6.58 <0.001 

Tannins    540.00 ± 12.58a 125.00 ± 2.89c 481.67 ± 7.26b
 382.22± 7.58 <0.001 

Flavonoids   851.67 ± 4.41a 33.33 ± 1.67c 131.67 ± 4.41b
 338.89± 3.50 <0.001 

Saponins  761.67±14.24a 38.33±3.33c 183.33± 4.41b  327.78± 7.33 <0.001 

Terpenoids 126.67 ± 4.41a 18.33 ± 1.67c 50.00 ± 5.00b 65.00 ± 3.69 <0.001 

Phenols   64.58 ± 0.38b 9.77 ± 0.09c  71.03 ± 0.50a
 48.46 ± 0.32 <0.001 

Proximate 

composition       

(%) 

                               Part                         

 Leaf  Stem  Root Mean  p-value 

Moisture  9.27 ± 0.09b

  

8.87 ± 0.03c 9.43 ± 0.03b 9.19 ± 0.05 0.001 

Total ash 8.10 ± 0.10b

  

6.27 ± 0.03c 12.53 ± 0.09a  8.97 ± 0.07 <0.001 

Crude fibre 13.47 ± 0.07c 53.57 ± 0.14a 31.33 ± 0.09b 32.79 ± 0.10 <0.001 

Crude fat 2.47 ± 0.09a 0.27 ±0.03c  0.83 ± 0.03b 1.19 ± 0.05 <0.001 

Crude protein 14.43 ± 0.12a 0.80 ± 0.58c 2.73 ± 0.03b 5.99 ± 0.24 <0.001 

Carbohydrate  52.27 ± 0.32a 30.13 ± 0.09c 43.13 ± 0.15b  41.84 ± 0.19 <0.001 
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They are useful in wood healing (Kar, 2007) as 

astringents and antimicrobial (Singhal, 2001).  

It is interesting to note that T. diversifolia 

leaves has abundant of flavonoids next to 

alkaloids but next to tannins in all the plant 

parts. Flavonoids are widely distributed among 

plant flora and numerous reports support their 

use as antioxidants or free radical scavengers as 

well as quenchers of singlet oxygen formation 

(Kar, 2007; Ali and Neda, 2011). Saponins 

were found to be concentrated in the root of the 

plant and have been found to be important 

therapeutically as they have been shown to 

have hypolipidemic and anticancer activity 

(Sarker and Nahar, 2007).  

Terpenoids which is next to saponins have anti-

inflammatory, sedative, insecticidal or 

cytotoxic activity, antimicrobial and neurotoxic 

action (Doughari, 2012). Also, they are major 

components of many essential oils (Martinez et 

al., 2008). Phenols were found to be lowest 

among all the phytochemical compounds that 

were quantitatively determined, with highest 

concentration in root, followed by the leaves. 

Their role may be in plant defense against 

pathogens and herbivore predators, and thus are 

applied in the control of human pathogenic 

infections (Doughari, 2012).   

The proximate composition of T. diversifolia 

leaves, stem and root showed significant 

difference (p<0.05) among the plant parts. 

Among the proximate composition, 

carbohydrate was found to be highest and 

concentrated in the leaves and root. The 

carbohydrate values of T. diversifolia which 

ranged from 30.13 ± 0.09-52.27 ± 0.32 % 

compared well with those of Euphorbia 

heterophylla (34.56 ± 1.6-65.65 ± 2.5%) as 

reported by Okeke and Adaku (2009). 

Carbohydrates are major source of energy for 

man and animals (Okeke et al., 2008). Crude 

fibre which is next abundant to carbohydrate 

was highly concentrated in the stem followed 

by the root. Dietary fibres perform a function 

of slowing down the rate of glucose absorption 

into bloodstream, thereby reducing the risk of 

hyperglycemia (Bouttwell, 1998; Okeke and 

Adaku, 2009). Dietary ash has proved helpful 

in establishing and maintaining acid-alkaline 

balance of the body system (Hawkkins, 1979). 

It also helps in the control of hyperglycemic 

condition in humans (Gokani et al., 1992). In 

this study, the ash content was found to be 

concentrated in leaves and root with values of 

8.10 ± 0.10 and 12.53 ± 0.09 respectively. 

Proteins were found to be concentrated in the 

leaves of T. diversifolia. Proteins boost the 

immune system and can play a role in cell 

division as well as growth (Okeke and Elekwa, 

2006; Okeke et al., 2009).  T. diversifolia is a 

poor source of fat.  The crude fat content (0.27 

± 0.03-2.47 ± 0.09%) is low. Fats are necessary 

for hormone production, insulation and 

protection of vital organs (Dutta, 1981). 

Moisture content was higher in the root and 

stem compared to the leaves.  Water is a 

universal solvent. It performs a function of 

dissolving other substances, carries nutrients 

and various materials round the body, making 

it possible for every of organ of the body to 

perform its functions optimally (Okeke and 

Adaku, 2009).  

 

4. CONCLUSION  

 

The present investigation show that variation 

exists in the concentration of both 

phytochemical and proximate constituents of T. 

diversifolia leaves, stem and root. Furthermore, 

most of these constituents were found to be 

abundant in the leaves and root but lowest in 

the stem. The presence of these phytochemical 

and nutrients indicates that T. diversifolia most 

importantly its root and leaves could serve as 

basic ingredient in drug making for use in 

treatment of diseases. 
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