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Abstract: Flavonoids represent a large group of natural 
polyphenolic compounds occurring in plants as their secondary 
metabolites. The phyto-pharmaceutical importance of flavonoids 
were widely investigated for their anti-inflammatory, 
antibacterial, antiviral, anti-mutagenic, antiallergenic, 
antioxidant, and anticancer properties. Indian Holy Basil, 
Ocimum tenuiflorum, a diploid plant of the family Lamiaceae, 
commonly known as ‘Tulsi’, is considered as a premier divine 
herb in the Indian traditional Ayurvedic system of medicine for 
thousands of years. Extracts of O. tenuiflorum are widely used 
for various health promoting purposes in tonics as antioxidants, 
immunostimulators, neuromodulators, to sharpen memory and 
for treatments of common cold and cough (WHO monograph: 
Folium Ocimi sancti). The plant occurs in two strikingly 
different forma ‘Krishna Tulsi’ exhibits purple to dark red 
coloration on leaves and stems at all stages of development, 
while the leaves and stems of ‘Sri/Lakshmi Tulsi’ are green. The 
main objective of the present research work is to isolate and 
characterize flavonoid extracted from leaves of two different 
forma of O. tenuiflorum using UPLC ESI MS. Total flavonoid 
content was found to be 547 and 251.1 mg/gm dry wt. in red and 
green forma respectively. Seven flavonoids were identified in the 
red forma of tulsi and six in green forma using UPLC –ESI MS 
but their concentrations differ in two forma. 

1. INTRODUCTION 

Flavonoids represent a large group of natural 
polyphenolic compounds occurring in a lot of plant species as 
their secondary metabolites [1]. Nearly 4000 different 
flavonoids have been identified till date and they constitute a 
major part of our daily diet [2]. The phytopharmaceutical 
importance of flavonoids was widely investigated for its anti-
inflammatory, antibacterial, antiviral, antimutagenic, 
antiallergenic, antioxidant, and anticancer properties [3].The 
Indian holy basil Ocimum tenuiflorum L. (syn. Ocimum 
sanctum L), commonly known as Tulsi of the family 
Lamiaceae (APG II), is a herbaceous pubescent and aromatic 
plant that grows abundantly in the tropical and subtropical 

regions of the Indian subcontinent is an important medicinal 
plant in the various traditional and folk systems of medicine 
in Southeast Asia. Scientific studies have shown it to possess 
anti-inflammatory, analgesic, antipyretic, antidiabetic, 
hepatoprotective, hypolipidemic, antistress, and 
immunomodulatory activities [4]. There are two kinds of 
Ocimum sanctum/ tenuliflorum available; they are Red or 
Purple variety called Krishna Tulsi and White or Green 
variety called Sri Tulsi. The more exuberantly flavoured red 
holy basil (red or purple variety) has dark green leaves with 
reddish purple stems and a purplish cast on the younger 
leaves known as Krishna Tulsi, while the milder white (white 
or green variety) has medium green leaves with very light 
green, almost white stems known as Sri Tulsi, their chemical 
constituents are similar, and also have common medicinal 
properties [5-7]. The main objective of this research is to 
examine and compare total flavonoid, phenol, antioxidant, 
anthocyanin content in the two varieties of O. tenuiflorum 
along with identification and characterization of flavonoids 
using UPLC ESI MS method. 

2. MATERIALS AND METHODS 

2.1 Plant material 

Plants were collected from Medicinal garden of Birla 
Institute of Technology, Mesra, Ranchi, Jharkhand, India. 
About 5gm of fresh air dried leaves are collected and 
dissolved in 50 ml of hexane, kept in an orbital shaker for 
overnight (shake flask method). Sample was centrifuged and 
supernatant was stored and pellet again redissolved in 50 ml 
of methanol and left overnight in orbital shaker. The residue 
reextracted under same conditions and all the supernatants are 
collected and filtered using Whatman No. 1 filter paper 
allowed to cool and combined and concentrated using rotary 
vacuum under reduced pressure at 44 °C  and the filtrate was 
used for estimation of  total flavonoid and their 
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characterization by UPLC_ESI MS in the two varieties of O. 
tenuiflorum. 

2.1 Estimation of total flavonoid content (TFC) 

The total flavonoid content was determined using the 
Dowd method [8]. Each plant extract solution (250 μl) was 
mixed with 0.1ml of 2% aluminum chloride and 1ml of 0.1M 
potassium acetate, mixed well and allowed to stand for 
30min. at room temperature. The colour developed in each 
test tube was measured by using Perkin Elmer 
spectrophotometer at 420nm. Queceretin was used as a 
standard for constructing calibration curve. Total flavonoids 
content calculated as Queceretin equivalent per gram dry 
weight. 

2.1 Characterization of TFC using UPLC-ESI-MS 

The ultra-performance liquid chromatography- electrospray 
mass spectrometry (UPLC-MS) experiment was performed 
on Thermo Scientific™ LTQ XL™  Linear Ion Trap Mass 
Spectrometer  connected with Acquity ultra-performance 
liquid chromatography (UPLC) system (Waters Corporation) 
consisting of a systems manager, sample manager, tunable 
UV (TUV) detector and an H/T column heater containing an 
Acquity UPLC BEH C18 reverse phase column (2.1 mm 9 50 
mm; 1.7 lm particle size). The binary mobile phase consisted 
of (A) was 0.1% TFA in water while (B) was acetonitrile. The 
gradient elution was performed at 0.25 ml/min with an initial 
condition 90% of mobile phase   A and 10% of mobile phase 
B for next 2 min. The mobile phase B was increased 15% for 
2 min then increased to 25% for 4 min then increased to 30% 
for 3 min then increased to 70% for 1.5 min then finally 
decreased to 10% for 2.5 min. The temperature of the column 
and sample manager was set at 40ºC and 5ºC respectively, 
and injection volume was 2 µL for standards as well as for 
samples. The TUV detector was set at 130 nm, and 
instrument operation, data acquisition and processing were 
performed using Xcalibur software. Peak identification and 
quantification were performed by the comparison of retention 
time and area with that of standards. To confirm the identified 
major flavonoids in red and green forma of O. tenuiflorum, 
the TUV eluent was sent to an interfaced Thermo Scientific™ 
LTQ XL™  Linear Ion Trap Mass Spectrometer  that was 
operated in positive ion mode. The Ionization is in ESI 
positive mode using HESI probe, capillary temperature was 
set to 250ºC, spray voltage to 3.5kV, sheath gas to 20 units, 
sweep gas to 10 units and Aux gas to 5 psi. [9-11]. 

3. RESULTS AND DISCUSSION 

3.1 Total Flavonoid Content 

Amount of total flavonoid present in leaves of O. 
tenuiflorum was given in Fig. 1. Total amount of flavonoid 
present in 500 (µg/ml) of methanolic extract of Red and 
Green Tulsi was 547 and 251.1  mg Queceretin/gm dw 
respectively which shows that TFC is higher in Red Tulsi 
than Green Tulsi (Fig. 1). The amount of total flavonoids is 
significantly high in Red Tulsi as compared to Green forma 
suggesting the Red tulsi has higher antioxidant activity. 

 
Fig. 1: Total flavonoid content in Red and Green forma of O. 
tenuiflorum. 
3.2 UPLC-ESI-MS analysis 

UPLC, a fast and effective method to separate and 
analyze plant metabolites, was performed to identify the 
different flavonoid present in the leaves of O. tenuiflorum. 
The UPLC conditions were optimized in order to get good 
separation of analytes. Different mobile phased were tested. 
Optimization of the UPLC conditions resulted in better 
separation and simultaneous peak detection of all the eight 
flavonoid standards (Fig. 2). 

 
Fig. 2: UPL chromatogram of eight flavonoid standard 
mixture  

The use of a UPLC-MS-MS allowed improved 
determination of all the flavonoids. Individual standards as 
well as equimolar mixture of seven standards (luteolin 
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glycoside, queceretin, silymarin, rutin, kaempherol, naringin, 
apigenin, coumarin) were also analyzed individually (Fig. 3). 

 

Fig. 3: UPL chromatogram of individual flavonoid a) Rutin b) 
Luteolin glucoside c) Naringenin d) Silymarin e) Coumarin f) 
Apigenin and g) Kaempherol 

Chromatogram of extract of Red and Green Tulsi 
revealed the presence of six major flavonoids in Green Tulsi 
and seven major flavonoids in Red Tulsi.  The chromatogram 
of extract of Red forma, when compared with the 
chromatogram of standard mixture, all the seven flavonoids 
were detected namely Rutin, Luteolin glucoside, Naringin, 
Coumarin, Apigenin, Kaempherol and Silymarin. The peak of 
Silymarin was not properly resolved but mass spectrometry 
gives the mass of Silymarin (Fig. 4).  

 
Fig. 4: UPL chromatogram showing presence of seven 
flavonoids from red forma of O. tenuiflorum  

Similarly the extract of Green Tulsi was analyzed by 
UPLC, the resulting chromatogram showed presence of six 
flavonoids namely Luteolin glucoside, Naringin, Coumarin, 
Apigenin and Kaempherol (Fig. 5).  

 

 
Fig. 5: Chromatogram showing presence of six flavonoids 
from Ocimum tenuiflorum (Green Tulsi) 
 
To further confirm the presence of flavonoid the resulting 
peaks were subject to Ion Trap Mass Spectrometer. The 
obtained mass spectra of some flavonoids present in the two 
different forma have been showed in Fig. 6. The obtained 
mass spectra were matched with spectra present in Mass 
Frontier 7.0 SRI software to confirm the compounds and they 
are also matched with the mass spectra of different flavonoids 
standards. 
 

 
Fig. 6: Representative mass spectra of flavonoid present in O. 
tenuiflorum. a) Rutin b) Coumarin c) Naringenin d) Luteolin 
glucoside 

4. CONCLUSION 

A simple, accurate and reliable analytical method for the 
simultaneous determination of seven major flavonoids from 
O. tenuiflorum by UPLC-ESI MS has been developed. The 
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estimation of total flavonoids suggested that the Red Tulsi 
has higher antioxidant activities in comparison to the Green 
Tulsi. The representative UPL chromatogram also suggests 
that the amount of different flavonoids is higher in red forma 
confirming their high antioxidant activities.   
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