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ABSTRACT 
In India, Several medicinal plant species are used in herbal drug industries, whereas Tribulus terrestris extract has an ancient tradition in folk medicine and in 
ayurveda as a diuretic, mood enhancer, antiseptic and anti-inflammatory agent. Due to few phytochemical and pharmacological studies, there are no quality 
criteria for this Tribulus terrestris species as raw material. In this work, we present unique fingerprints of six samples of Tribulus terrestris population relating 
to the presence of flavonoids, alkaloid and saponins. Qualitative analysis of the phytochemicals of methanolic extracts revealed the presence of carbohydrates, 
saponins, phytosterols, phenols, flavonoids and tannins in all the plants. Quantitative analysis showed that the crude saponin was the major phytochemical 
constituent present in highest percentage followed by crude tannin in all six plants. These chemical characterizations can provide, for example, authentication 
of samples, detection of adulterations, and differentiation between closely related species. 
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INTRODUCTION 
In India, almost all medicinal plants especially in traditional 
medicine are currently well acknowledged and established as 
a viable profession1. In developing countries like in India 
synthetic drugs are not only expensive and inadequate for the 
treatment of diseases but are also often with adulterations and 
side effects2. Therefore, it is of great interest to carry out a 
screening of these plants in order to validate their use in folk 
medicine and to reveal the active principle by isolation and 
characterization of their constituents. In recent years, 
secondary plant metabolites (phytochemicals), previously 
with unknown pharmacological activities, have been 
extensively investigated as a source of medicinal agents. 
The plant used in present study is Tribulus terrestris 
(zygophyllaceae). Tribulus terrestris is an annual plant 
distributed in warm regions of Asia, Africa, Europe, America 
and Australia. This is used in traditional ayurvedic medicine 
in various countries for the treatment of liver, kidney and 
cardiovascular disorders, and as a diuretic, mood enhancer, 
antiseptic and anti-inflammatory agent3. Thus all parts of this 
plant have great medicinal potential4. Among constituents 
that contribute to its biological activity are steroid saponin 
glycosides (astragalosides), isoflavonoids as well as other 
polyphenolic compounds (flavonols, phenolic acids), 
essential oils and polysaccharides5. A contamination with 
heavy metals has been reported in Chinese herbal drugs6, 7 

and the botanical uniformity of plant material has been 
unsatisfactory8. A support for domestic plantations of oriental 
medicinal herbs shall therefore be recommended. However, 
the prerequisite for this is that the quality of drugs from 
cultivated plants will meet all requirements with respect to 
the composition of bioactive substances. The isoflavonoid 
compounds contribute to the active principles of this drug, 
and have been chosen as “marker compounds” for 
standardization of Astragali radix9. The present study 
includes fruits to evaluate the total phytochemical (emphasis 
on flavonoids and furastanol saponins) composition of six 
different cytotypes (data not shown here) of Tribulus 
terrestris from North-West region of India.   
 

MATERIALS AND METHODS 
Materials 
Standard solutions and Plant material-  
All standards chemicals and reagents were of analytical grade 
and procured from ACROS (Quercetin & rutin) Organics 
(Geel, Belgium), form Sigma (St. Louis, MO, USA). 
Solvents for extraction and chromatographic analysis were 
obtained from Merck (Darmstadt, Germany). Analysis of 
phytochemicals profile was performed on the fruits of 
Tribulus terrestris.  These were collected from the six 
different districts (Patiala, Delhi, Meerut, Muzaffarnagar, 
Baghput and Haridwar) of North India between Sept. 2006-
Nov. 2006, when the most fruits were ripening. And their 
identity were confirmed at Department of Botany, Punjabi 
University, Patiala, India They were immediately washed, 
shade dried, powdered and stored in airtight containers at 
room temperature for further analysis. 
Methods 
Preparation of crude extracts-  
5g. of shade dried fruits were ground at a high speed with 
blender and extracted up to clear sample in methanol with the 
soxhlet apparatus. The methanol extract was filtered through 
waatman no.1 filter paper in a Buchner funnel. The solvent 
was evaporated in a vacuum evaporator model then crude 
extracts were stored at - 40C. Crude extracts were diluted 
with methanol for further investigation.  
Preliminary qualitative phytochemical analysis- 
Chemical tests were carried out using the methanolic extracts 
from plants and or the powdered specimens, using standard 
procedures to identify the constituents 10, 11. Qualitative 
phytochemical analysis of Tribulus terrestris fruits powder 
was tested as follows:  
Tannin test: (10 mg plant material in 10ml distilled water, 
filtered) 2ml filtrate + 2ml FeCl3, blue-black precipitate 
indicated the presence of Tannins.  
Alkaloids test: (200 mg plant material in 10ml methanol, 
filtered) 2ml filtrate + 1% HCl + steam, 1ml filtrate + 6 drops 
of Wagner’s reagent. Brownish-red precipitate indicated the 
presence of alkaloids.  
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Saponins test: (frothing test: 0.5 ml filtrate + 5 ml distilled 
water. Frothing persistence meant Saponin present).  
Cardiac Glycosides test: (Keller-kiliani test: 2 ml filtrate + 1 
ml glacial acetic acid+FeCl3 + conc. H2SO4). Green-blue 
color indicated the presence of cardiac glycosides.  
Flavonoids test: (200 mg plant material in 10 ml ethanol, 
filtered) 2 ml filtrate + conc. HCl + magnesium ribbon. Pink-
tomato red color indicated the presence of flavonoids.  
Qualitative measurement of total phytochemicals with 
spectrophotometer 
The qualitative analysis of different phytochemicals was 
carried out with a spectrophotometer UV-1601(Shimadzu, 
Japan) on the basis of UV spectra through absorption maxima 
at individual wavelength of every biocomponent. 
Quantitative analysis of phytochemicals 
Alkaloid determination:- 2 g of the sample in 250 ml 
beaker, 120 ml of 10% acetic acid in ethanol was added, 
covered and allowed to stand for 4 h. This was filtered and 
the extract was concentrated on a water bath to one quarter of 
the original volume. Concentrated ammonium hydroxide was 
added drop wise to the extract until the precipitation was 
complete. The whole solution was allowed to settle and the 
precipitated was collected and washed with dilute ammonium 
hydroxide and then filtered. The residue is the alkaloid, 
which was dried and weighed12. 
Saponin determination:- The samples were ground and 2 g 
of each were put into a conical flask and 20 cm3 of 20% 
aqueous ethanol were added. The samples were heated over a 
hot water bath for 4 h with continuous stirring at about 55ºC. 
The mixture was filtered and the residue re-extracted with 
another 200 ml 20% ethanol. The combined extracts were 
reduced to 40 ml over water bath at about 90ºC. The 
concentrate was transferred into a 250 ml separator funnel 
and 20 ml of diethyl ether was added and shaken vigorously. 
The aqueous layer was recovered while the ether layer was 
discarded. The purification process was repeated. 60 ml of n-
butanol was added. The combined n-butanol extracts were 
washed twice with 10 ml of 5% aqueous sodium chloride. 
The remaining solution was heated in a water bath13. After 
evaporation the samples were dried in the oven to a constant 
weight; the saponin content was calculated as,  
Percentage of total saponin = weight of residue x 100 

weight of sample taken 
Flavonoid determination14:-2 g of the plant sample was 
extracted repeatedly with 20 ml of 80% aqueous methanol at 
room temperature. The whole solution was filtered through 
Whatmann filter paper No 42 (125 mm). The filtrate was later 
transferred into a crucible and evaporated into dryness over a 
water bath and weighed to a constant weight. Percentage of 
crude flavonoids was calculated as,  
Percentage of total flavonoid = weight of residue x 100 
    weight of sample taken 
Thin layer chromatography (TLC) 
Methanol extracts from air-dried and ground fruits (10 g of 
each) were obtained by overnight soxhlet extraction in 650C 
with 100 ml of analytical grade Me-OH. The extracts were 
concentrated in vacuo, redissolved in methanol. 10 microliter 
of methanolic fractions was further separated by column 
chromatography on silica gel. The fractions obtained were 
analyzed by TLC performed on Merck Silica Gel 60 glass 
plates using different eluents. The chromatograms were 
observed inUV/VIS before and after processing with spraying 
agents. The flavonoids and phytochemicals were identified 
by comparison to co-chromatographed standards and 
available literature data15.  

Flavonoids were analyzed using (Ethyl acetate) AcOEt: 
(Acetone) AcMe: (Acetic acid) AcOH: H2O (60:20:10:10, 
v/v) (Figure 1) and furostanol saponins were analyzed using 
Acetonitrile: Water (4:1, v/v) as the mobile phase. Each 
mobile phase was allowed to migrate 10 cm from the starting 
line. TLC plates were obtained for the mobile phase: plate 
was sprayed using anisaldehyde-H2SO4 then heating 
(1000C). Saponin plates were sprayed using Ehrlich reagent 
(Figure 2) then heating (1000C) for 10 min as colour reagent. 
Spots were observed under visible light and long-wave UV 
light after being sprayed by colour reagents16. Quantitative 
determination of alkaloids from Tribulus terrestris samples 
was performed by TLC on silica gel plates with toluene: 
acetone: methanol: NH3 (20: 20: 3: 1, v/v) as eluents (Figure 
3). Detection was obtained by spraying the plates with 
Dragendorff’s reagent at 530 nm17. Profile of Crude Drug 
was obtained with Solvent system, Toluene: Ethyl Acetate 
(14:1) and detected by spraying Anisaldihyde sulphuric acid 
reagent then heated at 1000C for 15 min (Figure 4) 18. 
RESULTS 
The qualitative study carried out on the methanloic extract of 
all the 6 plants revealed the presence of medicinally active 
constituents such as saponins, alkaloids, flavonoids, oils- fats 
and tannins (Table 1). However, cardiac glycosides are 
absent in all plant samples. 
Quantitative analysis was done to check the percentage of 
major components of Tribulus Terrestris. Results for 
saponins, flavonoids and alkaloids are given below. Crude 
flavonoid was the major constituent in Tribulus Terrestris in 
Delhi and Baghpat (0.90%), Haridwar  (1.0%), Meerut 
(1.05%), Patiala (1.10%)  followed by crude tannins in 
Muzaffarnagar (1.25%). Same pattern of crude saponins and 
alkaloids was also followed by Muzaffarnagar (0.85% and 
0.75%) and minimum content of saponins and alkaloids was 
found Delhi (0.50% and 0.40% respectively (Table 2, fig. 6). 
Other phytochemicals estimated in all plant samples are 
present only in very low concentration. 
Preliminary spectrophotometric screening represents a 
primary analysis of TT extract. It finds that Muzaffarnagar 
extract have maximum absorbance (0.23-2.5) in this screened 
range of wavelength (200nm-450nm) and minimum 
absorbance (0.04-2.2) was found in the Delhi cytotype. 
Spectrophotometric pattern completely matched with the 
qualitative pattern of phytochemical analysis (fig. 5). The 
results in table (4) show the thin layer chromatograms (TLC) 
of chemicals separated from TT extract. The separation of 
furostanol saponins revealed in Muzaffarnagar sample the 
presence of maximum 7 pinkish spots having Rf. values as 
0.03, 0.08, 0.30, 0.41, 0.50, 0.66 and 0.76. While minimum 2 
saponins spots observed in Delhi extract with Rf values 0.08, 
0.66 (fig. 2).  With regard to the flavonoids, 6 yellow, black 
green and violet spots were separated in Muzaffarnagar 
extract having Rf values as 0.16-quercetin, 0.25, 0.41, 0.58-
Kaempferol, 0.61, 0.75-Rutin. The same flavonoids were also 
identified with minimum 3 spots (fig. 1) in rest Delhi, Meerut 
and Patiala samples (0.16-quercetin, 0.75-Rutin with 
standards and 0.58-kaempferol identified from previous 
data). The rest of spots could not be identified in this respect. 
The chromatogram of the separated alkaloids in Tribulus 
terrestris of all 6 cultivars show the presence of maximum 
lightish pink 3 spots having Rf values as 0.08, 0.16 and 0.41 
(fig. 3). Only Haridwar sample have 2 spots with Rf values 
0.08, 0.41. These spots were unknown alkaloids. The TLC 
chromatogram of crude drug in all cultivar revealed the 
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presence of 2-4 spots having Rf values as 0.10, 0.25, 0.39, 
and 0.50 (fig. 4). 
DISCUSSION 
Nature has been a source of medicinal agents for thousands 
of years and since the beginning of the man. Indian medicinal 
plant-based industry is growing 7-15% annually for 
pharmaceuticals, phytochemicals, neutraceuticals, cosmetics 
and other valuable products. The crude extracts of TT plant 
studied were found to contain one or more of the following 
phytochemical compounds steroidal saponins, alkaloids, 
tannins, flavonoids, flavonoids and volatile oils. Herbal drug 
technology includes various steps that are involved in 
converting botanical materials into medicines. Chemical 
profiling establishes a characteristic chemical pattern for a 
plant material, its fractions or extracts. Thin layer 
chromatography analysis is a valuable method in the 
identification and quality assurance of vegetable drugs. The 
chromatographic conditions used herein allowed good 
resolution and Rf-values to different compounds present at 
the TT extracts. Based on the TLC chemotypic profile, this 
study represents that Muzaffarnagar TT has a maximum 
content of phytochemicals eg. Flavonoids, alkaloids and 
saponins then Patiala, Meerut, Haridwar, Baghpat and Delhi 
have a lower amount of chemicals respectively. Variation in 
phytochemical amount was found in the same Tribulus 
terrestris species. It can be assumed that geographical 
conditions and collected location, soils etc. has an indirect 
effect on biosynthesis and production of plant chemicals. 
Because variation in the ploidy level have not any relation to 
the variation of biochemical compounds. So that on the 
behalf of chemical profiling, Qualitative and quantitative 
screening of biochemical composition of Tribulus terrestris, 
a naturally occurring herb of North India, was carried out in 
this study. 
CONCLUSION 
Present study provides basic information on phytochemical 
composition and chemotypes variation in relation to 
cytotypes of Tribulus terrestris. Considering that at this 
moment the active component is unknown and in view of the 
large pharmaceutical utilization of Tribulus terrestris, the 
development of chromatographic identification based on 
chemical constituents may contribute significantly to the 
standardization of the crude drug. The most interesting result 
of this work is the extraction and separation of active 
principles, from Tribulus terrestris plants, with the use of a 
few solvents and spray reagents. It allows a rapid analysis of 

an unknown plant drug and it allows an identification or 
assignation into a group on the basis of these constituents. 
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Table.1 Phytochemical composition of methanolic extracts of Tribulus terrestris 

Plant 
Samples 

Tannins Oils & 
Fats 

Alkaloids Cardiac 
Glycosides 

Flavonoids Saponins 
 

Haridwar + + + _ + + 

Muzaffarnagar ++ ++ ++ _ +++ +++ 

Baghpat + + + _ + ++ 

Delhi + + + _ + + 

Meerut + + ++ _ ++ ++ 

Patiala + ++ ++ _ + + 

 
+++ Highly present, ++ moderately, + low, - absent 
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Table 2. Quantitative phytochemical composition of the fruits of Tribulus terrestris (Percentage of initial 2 gm weight) 
Plant Samples Saponins 

 
Alkaloids Flavonoids 

Haridwar 0.014 gm 
(0.70%) 

0.011gm 
(0.55 %) 

0.020 gm 
(1.0%) 

Muzaffarnagar 0.017 gm 
(0.85%) 

0.015gm 
(0.75 %) 

0.025 gm 
(1.25%) 

Baghpat 0.011 gm 
(0.55%) 

0.010gm 
(0.50 %) 

0.018gm 
(0.90%) 

Delhi 0.010 gm 
(0.50%) 

0.008gm 
(0.40 %) 

0.018 gm 
(0.90%) 

Meerut 0.013 gm 
(0.65%) 

0.013gm 
(0.65 %) 

0.021 gm 
(1.05%) 

Patiala 0.015 gm 
(0.75%) 

0.014gm 
(0.70 %) 

0.022 gm 
(1.10%) 

 
Table 3. Thin layer chromatography of Tribulus terrestris extracts showing experimental conditions and Rf values of sample constituents. 

S. No. Locality Names of 
different TT extracts 

Solvent system Identification reagent or 
visualization agent 

Numbe
r of 

spots 

Expected biochemical 
+ 

Rf values 
Saponins  

1 Haridwar  
Acetonitrile: 

Water 
(4:1, v/v) 

 
Ehrlich reagent 

3 0.08, 0.50, 0.66 
2 Muzaffarnagar 7 0.03 ,0.08, 0.30, 0.41, 

0.50, 0.66, 0.76 
3 Baghpat 5 0.03, 0.14, 0.24, 

0.40, 0.66 
4 Delhi 2 0.08, 0.66 
5 Meerut 4 0.08, 0.30,0.50,0.66 
6 Patiala 3 0.03, 0.50, 0.66 

Alkaloids  
1 Haridwar  

Toluene: 
Acetone: 

Methanol– NH3 
(20 : 20 : 3 : 1, 

v/v) 

 
Dragendorff’s reagent 

2 0.08, 0.41 
2 Muzaffarnagar 3 0.08, 0.16, 0.41 
3 Baghpat 3 0.08, 0.16, 0.41 
4 Delhi 3 0.08, 0.16, 0.41 
5 Meerut 3 0.08, 0.16, 0.41 
6 Patiala 3 0.08, 0.16, 0.41 

Flavonoids  
1 Haridwar  

 
AcOEt: 
acetone: 
AcOH: 
H2O 

(60:20:10:10) 

 
 

Anisaldehyde-H2SO4 
+ 

heating (1000C)/UV366 

5 0.16-quercetin 
0.25, 0.41, 0.61 

0.75-Rutin 
2 Muzaffarnagar 6 0.16-quercetin 

0.25, 0.41, 
0.58-Kaempferol 

0.61 
0.75-Rutin 

3 Baghpat 4 0.16-quercetin 
0.25, 0.50 
0.75-Rutin 

4 Delhi 3 0.16-quercetin 
0.25, 0.65 

5 Meerut 3 0.16-Quercetin 
0.58-Kaempferol 

0.75-Rutin 
6 Patiala 3 0.16-Quercetin 

0.58-Kaempferol 
0.75-Rutin 

Crude drug  
1 Haridwar  

Toluene: Ethyl 
Acetate (14:1) 

 
Anisaldehyde-H2SO4 + 

Heating 
(1000C) for 10 min 

3 0.10, 0.25, 0.50 
2 Muzaffarnagar 3 0.18, 0.25, 0.53 
3 Baghpat 2 0.25, 0.50 
4 Delhi 3 0.18, 0.25, 0.53 
5 Meerut 3 0.10, 0.25, 0.50 
6 Patiala 4 0.10, 0.25, 0.39, 0.50 
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7     6            5           4            3       2          1 

Figure 1. TLC profile of flavonoids in methanolic extracts of Tribulus terrestris. 
1- Standard Q=Quercetin and R=Rutin, 2- Haridwar, 3- Muzaffarnagar, 4- Baghpat, 5- Delhi, 6- Meerut and 7- Patiala. 

Flavonoids gave black green, yellow and violet colour spots (UV 365 nm) after spraying with anisaldehyde- H2SO4 then heating (1000C) 
 

 
1         2         3          4           5          6 

Figure 2. TLC pattern of Furostanol Saponins in methanolic extracts from Tribulus terrestris. 
Chromatographic system: Si gel, Acetonitrile: Water (4:1, v/v), Ehrlich reagent then heating (1000C) for 10 min as colour reagent)/UV366. Saponins form 

coloured red-brown, pinkish violet zones in visible light. 

R 

Q 
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1           2          3          4         5          6 

Fig.3 TLC pattern of alkaloids from Tribulus terrestris samples, 1- Haridwar, 2- Muzaffarnagar, 3- Baghpat, 4- Delhi, 5- Meerut and 6- Patiala 
Alkaloid develops in form of light orange spots after spraying with Dragendorff’s reagent. 

 

 
1               2         3          4      5          6 

Fig 4. TLC pattern of Crude Drug obtained from Tribulus terrestris samples. 
1- Haridwar, 2- Muzaffarnagar, 3- Baghpat, 4- Delhi, 5- Meerut and 6- Patiala 

Crude drug gives brown-black, violet and light yellow colour spots after developing with Anisaldehyde-H2SO4+ heating (1000C) for 10 min 
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Fig. 5 Screening of phytochemicals with UV-VIS spectrophotometer 
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Fig. 6 Quantitative phytochemical composition of Tribulus terrestris extract. 
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