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ABSTRACT

 The present work is designed to evaluate the antioxidant, antibacterial activity and (TPC) 
total phenolic content of Tagetes erecta flowers extracts. Antioxidant potential of flowers extracts 
was examined by applying three different methods. Antibacterial test was determined against  
Gram positive and Gram negative bacterium. The ethyl acetate extract had the greater phenolic 
concentration of 48.2 mg/g GAE followed by methanol extract which was 42.5 mg/g GAE and hexane 
extract 36.4 mg/g GAE. The ethyl acetate extract was found to be most effective in all the antioxidant 
methods in correlation with the TPC in value. Moreover, all the flowers extracts are significantly 
effective in both Gram negative and in Gram positive bacterium. Tagetes erecta flowers are hopefully 
considered as a promising source of natural pigments with a scope towards the alternative therapy 
for treatment of various health problems.
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INTRODUCTION

 Several plants, parts of plants or plants 
extracts comprises a number of natural products that 
have some association with medical properties and 
are used in healthcare or in combating disease. From 
the last three decade there is a huge increase in the 
use of natural products has been considered. Among 
the several natural products, naturally occurring 

plant pigments including vitamin C, carotenoids, 
and phenolic compounds such as flavonoids, 
xanthenes, tannins, and coumarins are one of them 
which have pharmaceutical and therapeutic effects, 
for antioxidant, antibacterial, anti-infectious and 
anticancer activities. 

 Several studies reported that a sufficient 
supply of antioxidants from the dietary sources like 
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fruits, and vegetables might help to prevent or delay 
of oxidative stress which is the major cause of many 
prolonged and degenerative diseases including 
diabetes mellitus, ageing, atherosclerosis, heart 
disease, cancer and neurodegenerative disease1. 
Oxidative stress generates by different free radical 
species. Antioxidants are group of compounds which 
possess the ability to neutralized free radicals and 
provides protection from oxidative stress2. In many 
places around the world, natural products from 
medicinal plants are not only the major source of 
medicine for commercial or geographical reasons 
but also in pockets in every opulent society. Recently 
there is much concern about the promising natural 
products as far as most chief pharmaceutical 
companies are concerned and the natural world is 
once again getting interest3.

 A variety of Tagetes species are grown all 
over the world which has a historic evidence for its 
therapeutic and religious value as a natural medicine 
in the treatment of like hiccups, dermatitis, athlete's 
foot, wound burns etc.

 Tagetes erecta (African marigold) belongs 
to Tagetes (Asteraceae) family is a multipurpose 
plant having medical, colorant, food, ritual, anti-
oxidative, anthelmintic and insecticidal applications4. 
The flowers are raised commercially for religious and 
social purpose and used in folk medicines. Thus, 
from the above views, the present work is designed 
to evaluate the antioxidant potential of three extracts 
(hexane, ethyl acetate and methanol) of Tagetes 
erecta flowers using three different methods and 
antibacterial activity along with the determination 
of TPC spectrophotometrically.

MATERIALS AND METHODS

Plant material
 Tagetes erecta flowers were collected 
from the Horticulture fields of SHUATS, Allahabad. 
The plant was identified by the Department of 
Horticulture, SHUATS, Allahabad. The Tagetes 
erecta flowers petals were cleaned and subjected to 
dryness at room temperature. The dried flowers were 
grinded and powdered by using sterile laboratory 
mortar and pestle.

Preparation of extracts
 The 60 g of dried and powdered plant 

material were extracted with different solvents 
hexane, ethyl acetate, and methanol by using 
soxhlet extraction apparatus at their boiling point 
for 48 hours. Whatman No. 1 filter paper was used 
for the filtration of these extracts. The extracts were 
evaporated to dryness and were used for further 
investigation.

Total phenolic content (Folin-ciocalteu method)
 Folin-Ciocalteu method was used to 
determine TPC in extracts5. In this method, 0.75 ml 
of Folin-Ciocalteu reagent (1 ml in 10 ml of DW) 
was mixed with 0.1 ml (1 mg/ml) of flowers extract 
stock solution and stand up to 5 min. After which 
aqueous sodium carbonate (100 mg/ml) with 0.75 ml 
was added and makeup the volume of the reaction 
mixture to 10 ml by the addition of DW. The mixture 
was allowed to incubate for 90 minutes. Different 
dilutions of Gallic acid (2, 1, 0.5, 0.25, 0.125, 
0.0625 mg/ml) were prepared for the derivation of 
the standard curve. The absorbance was taken with 
the help of spectrophotometer at 760 nm. The total 
phenolic values were calculated and expressed 
in terms of milligrams of Gallic acid per 10 ml of 
extract. 

Antioxidant activity
DPPH˙ method
 DPPH˙ (2, 2-diphenyl-1-picryl hydrazyl) 
testing method was applied for measurement of 
the antioxidant activity. The method given above 
is the same as used by Kahalaf et al., (2008) with 
slight modification. Absorbance was read at 517 
nm using UV-Visible spectrophotometer. BHT was 
used as standard. The radical scavenging activity of 
each extract was calculated by using the following 
equation:

% inhibition=     

 Where: A= control absorbance, B= sample 
absorbance

 IC50 value= concentration of the reaction 
mixture that scavenged the 50% amount of free 
radicals which was calculated with help of a 
graph between the concentration and percentage 
inhibition.

Ferric Thiocyanate Method (FTC)
 This is another method to estimate the 
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antioxidant potential of extracts7. The absorbance 
was measured at 500 nm using UV-Visible 
Spectrophotometer. The absorbance was taken 
at every 24 h until the maximum value of control 
absorbance was obtained. Standard (BHT) was used 
here. The lipid per-oxidation percentage inhibition 
was measured as follows:

(%) Inhibition = 100 – [(Asample/Acontrol) X 100]

Thio barbituric Acid (TBA) Method
 The TBA test has been conducted according 
to Huda-Faujan et al., (2009). The absorbance was 
read for supernatant at 532 nm.

Antibacterial activity
Agar well diffusion method
 Agar well method was applied to examine 
the antibacterial potential of the plant extracts8. In 
this work antibacterial activity of the flowers extracts 
of Tagetes erecta was tested against four bacterial 
strains (S. aureus, B. subtilis, S. dysenteriae and  
E. coli). Petri plate was prepared by pouring 15 
ml of molten nutrient agar (N.A.) medium for the 
growth and development of bacterial strain. About  
(108-109) colony-forming unit per ml was used. 10 ml 
of microbial broth was speared uniformly on nutrient 
agar plate. 5 mm size wells were cut with a sterilized 
borer on the N.A. plates having microbial culture. 
Plant extract of 20μl volume with concentration 
(0.5, 1.0, 1.5, 2.0mg/ml) was poured into the wells 
of N.A. plates. Ampicillin (10 mg/ml) and methanol 
were used as a positive and  negative control which 
were poured into wells of nutrient agar plates in place 
of sample extract. After the diffusion of the sample 
into the wells, the prepared plates were incubated 
at 370C for 24 hours. The plates were checked after 
24 hours. Antibacterial activity was confirmed by 
the appearance of an inhibition zone (ZI) around 
the wells containing sample extracts. The ZI was 
calculated and termed in millimeters. Antibacterial 
potential was taken into account if the sample 
showed ZI greater than 4 mm size, < 4.5 mm size 
was measured as inactive, 4.5-6 mm as partially 
active, 6.5-9 mm as active whereas greater than 9 
mm as highly active against bacterial strains9.

RESULTS & DISCUSSION

TPC of extracts
 Redox nature of the phenolic compounds 

supposed to be responsible for the antioxidant 
potential of plants. These are secondary plant 
metabolites and contribute to the plants antioxidant 
ability.

 Folin-Ciocaltue method was used to 
determine the TPC of Tagetes erecta flowers 
extracts using Gallic Acid as the standard. The TPC 
was calculated with a regression equation based 
on a standard curve using Gallic acid at different 
concentration (y=0.077x, R2=0.998) and expressed 
in milligrams of Gallic acid. From Fig. 2 it could be 
interpreted that ethyl acetate extract had the greater 
phenolic concentration of 48.2 mg/g GAE (Gallic acid 
equivalents) followed by methanol extract which was 
42.5 mg/g GAE and hexane extract 36.4 mg/g GAE.

Fig. 1. Plant of Tagetes erecta

Fig. 2. TPC in Tagetes erecta flowers extracts

Antioxidant activity
DPPH˙ method
 In present work, scavenging potential 
was determined by DPPH˙ testing method, which 
was found to be rapid, easy and economical for 
measurement antioxidant activity. The reducing 
nature of DPPH˙ free radicals was determined by 
decrease in its absorbance induced by antioxidants 
at 517 nm. The scavenging power of Tagetes erecta 
flowers extracts in DPPH˙ method was determined 
at various concentrations. Five different working 
solutions of three flowers extracts of Tagetes erecta 
(hexane, ethyl acetate and methanol extracts) were 
used having different concentration (1, 0.5, 0.25, 
0.125, 0.0625 mg/ml). It was observed that as the 
concentration of samples increases, the percentage 
free radical scavenging activity also increases. 
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 Among all the three sample extracts of 
Tagetes erecta studied, the ethyl acetate extract 
at 1.0 mg/ml concentration exhibited highest  
antioxidant potential (72.2%) followed by methanol 
extract (68.69%) and hexane extract (56.4%). It 
was further observed that all the tested samples 
showed significant DPPH˙ radical scavenging activity 
when compared with the standards. The highest 
activity was obtained for the ethyl acetate extract 
as compared to the BHT and other extracts. The 
methanol and hexane extracts efficiently minimized 
the DPPH˙ free radical concentration near to the 
standard (BHT). The Fig. 3 showed the antioxidant 
potential in decreasing order:-ethyl acetate > 
standard (BHT) > methanol > hexane.

percent inhibition (58%). The standard (BHT) and all 
the extracts exhibited following order:- ethyl acetate 
> standard (BHT) > methanol> hexane.

 In this study, highest DPPH˙ scavenging 
activity was shown by ethyl acetate extract of Tagetes 
erecta with IC50 0.0627 value mg/ml followed by 
methanol extract with IC50 0.0716 value mg/ml and 
hexane extract with IC50  0.559 value when compared 
with IC50 of BHT 0.0656 mg/ml.

FTC method
 FTC method measured the amount 
of peroxide value in the beginning of liquid  
per-oxidation. Lower absorbance of the test samples 
correlates to its high antioxidant activity10. A lower 
level of antioxidant activity is related to the higher 
absorbance value.

 In FTC method, all the flowers extracts of 
Tagetes erecta become oxidized after seven days of 
storage and exhibited strong antioxidant potential. 
From the Fig. 4 the percentage of inhibition of linoleic 
acid by ethyl acetate, methanol, hexane extract and 
BHT were found to be 73.65%, 69%, 58% and 70% 
respectively. Initially the highest percent inhibition is 
shown by ethyl acetate (73%) followed by methanol 
extract (69%) and hexane extract exhibited the lower 

TBA method
 FTC method measured the amount 
of peroxide value in the beginning of liquid  
per-oxidation. On the other hand TBA method is used 
to measure extent of lipid per-oxidation at secondary 
stage where peroxide decomposes to form carbonyl 
compounds. Malonaldehyde (Secondary product) is 
a short lived species & readily converts into acids 
and alcohols. It is very difficult to detect these species 
by UV-Vis spectrophotometer. All the extracts 
showed strong antioxidant activity. The absorbance 
of control sample obviously showed the highest 
reading. This result is similar to that reported by 
Huda-faujan (2009).

 After seven days of storage, all the extracts 
exhibited good effect in inhibiting secondary product 
of oxidation compared to control. From the Fig. 5 the 
percentage of inhibition of ethyl acetate, methanol, 
hexane extract and BHT were found to be 68.75%, 
61%, 54.32% and 63.46% respectively. Initially the 
highest percent inhibition was shown by ethyl acetate 
(68.75%) followed by methanol extract (61%) and 
hexane extract exhibited the lower percent inhibition 
(54.32%). The activity order is as follows:-ethyl 
acetate > standard (BHT) > methanol> hexane.

Fig. 5. Antioxidant activity of Tagetes erecta flowers 
extracts and Standard BHT measured by the TBA method

Fig. 3. DPPH˙ scavenging activity of Tagetes erecta flowers 
extracts and standard BHT with different concentration (mg/ml) 

Fig. 4. Antioxidant activity of Tagetes erecta flowers 
extracts and standard BHT measured by the FTC method
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Antibacterial activity
Agar well diffusion method
 Antibacterial activity was confirmed by the 
appearance of an inhibition zone (ZI) around the wells 
containing sample extracts. The ZI was calculated 
and termed in millimeters. Antibacterial potential was 
taken into account if the sample showed ZI greater 
than 4 mm size, < 4.5 mm size was measured as 
inactive, 4.5-6 mm as partially active, 6.5-9 mm as 
active whereas greater than 9 mm as highly active 
against bacterial strains9. In present study, Tagetes 
erecta flowers extracts (methanol, ethyl acetate 
and hexane) were screened for their antibacterial 
activity by agar well diffusion method against 
four pathogenic bacteria (E. coli, S. dysenteriae,  
B. subtilis and S. aureus) using ampicillin as standard 
antibiotic and DMSO as control. The extracts showed 
inhibitory activity against all the four pathogenic 
bacteria at different concentrations i.e. 0.5, 1.0, 1.5 
and 2.0 mg/ml. It was found that ZI was increased 
with concentration of test samples. In Tagetes 
erecta flowers extracts (methanol, ethyl acetate and 
hexane) radius of ZI varied from 10.3 to 24 mm, 14 
to 24.8 mm and 13.6 to 20 mm, respectively. At 2.0 
mg/ml concentration of methanol extract showed 
highest ZI 24 mm for B. subtilis whereas 21.6 mm 
towards S. aureus, 17.5 mm against E. coli and 10.3 
mm against S. dysenteriae. The lowest concentration 
(0.5 mg/ml) of methanol extract displayed highest ZI 
18.3 mm towards B. subtilis and lowest 8 mm against 
S. dysenteriae. Likewise 2.0 mg/ml concentration of 
ethyl acetate extract showed maximum ZI 24.8 mm 
for B. subtilis while 19 mm for E. coli, 18 mm against 
S. aureus and 14 mm against S. dysenteriae. The 
ethyl acetate extract at (0.5 mg/ml) concentration 
showed highest ZI 18 mm towards B.subtilis whereas 
lowest 12 mm for S. dysenteriae. Tagetes erecta 
hexane extract with 2 mg/ml concentration showed 
highest radius of ZI of 20 mm for B. subtilis while 
18 mm for E. coli, 16.7 mm against S. aureus and 
13.9 mm against S. dysenteriae. The radius of ZI 
of Tagetes erecta flowers extracts against different 
bacteria was close to the ampicillin used as standard 
antibiotic. The ethyl acetate extract of Tagetes erecta 
flowers exhibited the highest ZI (24.8 mm) towards 
B. subtilis which is same as shown by ampicillin 
(standard antibiotic) against the same bacteria. 
Fig. 6 summarizes the microbial growth inhibition 
of the three extracts of Tagetes erecta flowers 
(concentration 2 mg/ml).

 Several studies repor ted the direct 
relationship in between natural pigments and strong 
antioxidant potential. Natural pigments like flavonoids, 
carotenoids and phenolic compounds exhibit 
considerable amount of free radical terminating 
potential due to their hydrogen or electron-donating 
nature11. Present study has shown that hexane, 
ethyl acetate and methanol extracts of Tagetes 
erecta flowers possess considerable amount of 
natural compounds and exhibit a strong correlation 
in between the antioxidant, antibacterial activity & 
TPC. Natural pigments are found to be powerful 
scavengers of ROS, and significantly provide healthy 
life style12. The antioxidant activity of Tagetes erecta 
extracts determined by three methods showed that 

this plant may act as excellent source of natural 

antioxidant as their antioxidant activity is close to that 

of the standard (BHT) used. Above results agree with 

the previous studies that show that Tagetes erecta 

has significantly active against various pathogenic 

and opportunistic bacteria13. From the present work 

it can be clearly specified that the all the extracts 
of Tagetes erecta are propitious source of natural 
pigments and significantly used as antioxidant & 
antibacterial agent. The results also suggests that 
the Tagetes erecta flowers are hopefully considered 
as a promising source of natural compounds with an 
scope towards the alternative therapy for treatment 
of various health problems. Thus, justifying their 
traditional uses as a natural antioxidant antibacterial 
agent. 
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