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1. Introduction

  Annatto plant (Bixa orellana) is known for its reddish 
orange dye produced on aril portion of its seeds, which is 
widely used for colouring dairy, confectionary and bakery 
products and also as cosmeceutical and for dying leather 
etc[1]. Bixa plant is a shrub to tree, native to Neotropics but 
widely distributed throughout the tropics[2].  Recent studies 
on Bixa has been more inclined towards improving its 
annatto pigment content through various biotechnological 
approaches[3-7].
  Ethnobotanical significance of this plant has been 
reviewed recently especially for its use in traditional 
medicinal practices in various parts of world[8]. Though 
annatto dye of seed is commercially important, looking 
at other bioactives and useful compounds from this plant 
parts would substantiate its medicinal use as extracts from 
this plant. Leaves, roots and seeds have traditionally been 
used for medicinal purposes including for the treatment 
of wounds and to treat diarrhoea and asthma[9].  Seeds of 
this plant are reported to be purgative, anti-pruritic and 
for buccal tumors[10]. Screening for phytoconstituents from 
B. orellana leaves[11,12] was attributed to its antifungal[13] 

and antibacterial potential[14]. However, all these previous 
investigations were performed using either aqueous or 
ethanolic extracts of leaves. In the present study, various 
solvent extracts of leaves, seeds and capsule of this plant 
are investigated for their antibacterial potential. 

2.  Materials and methods

2.1 Collection of plant material and preparation of plant 
extracts

  The plant materials viz., leaves, seeds and deseeded 
fruit capsules of 3 year old Bixa orellana L. (Bixaceae) 
were collected from standing crop of annatto field that 
was established in Plant Cell Biotechnology Department 
of CFTRI campus. Respective plant parts were dried for 
one week at room temperature before using the same for 
experiment.
  The dried leaves, seeds and empty seed capsules of B. 
orellana were powdered and sieved through a 40-mesh 
screen. The fine powder was stored in air tight amber glass 
containers and preserved in the refrigerator. A known 
quantity (1 gm dry weight) of plant material was subjected 
to soxhlet extraction[15] and exhaustively extracted with 
respective solvents (100 ml) for about 24 hrs. The extracts 
were filtered and concentrated in vaccum under reduced 
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pressure using rotary flash evaporator and dried in a 
desiccator. The same was stored in a refrigerator at 4曟until 
required for use.

2.2  Test microorganisms

  Pure isolates of Escherichia coli (MTCC 40), Klebsiella 
pneumoniae (MTCC 39), Pseudomonas aeruginosa (MTCC 
424), Bacillus subtilis (MTCC 441), Bacillus cereus (MTCC 
430) were obtained from IMTECH, Chandigarh and stored 
in a semisolid medium at 4曟 until needed. The bacterial 
strain Staphylococus aureus was procured from stock culture 
maintenance of Food Microbiology Department of CFTRI, 
Mysore. Tetracycline (HiMedia, Mumbai) was used as 
reference standard for antibacterial activity of bacteria. 

2.3  Screening of extracts for antibacterial activity

  Nutrient broth containing an overnight culture of test 
bacterial cells mixed with nutrient agar to give a final 
concentration of 106cfu/ml were poured into sterile plates 
and allowed to solidify.  Discs of antibacterial agents were 
prepared from stock solution so that the final concentrations 
used for the study were 100, 250, 500, 750, 1500, 3000 and 6000
毺g. The above mentioned concentrations were prepared by 
loading the required micro liters on sterile whatman paper 
disc of 6mm diameter[15]. The discs were allowed to dry and 

were stored in air tight sterile containers. Tetracycline was 
used as positive control at concentration of 25 毺g. After 
placing the respective discs on medium containing plates (10 
discs for each concentration per bacterial culture),the plates 
were incubated at 35依2曟 for 24 hr in upright position. The 
Zone of inhibition was measured in mm and the experiment 
was carried out in triplicates.

3.  Results 

  Antibacterial potential of different plant parts of B. orellana 
on selected bacterial strains are given in Table 1 and 2. 
Aqueous extracts of respective plant parts did not show 
any antibacterial activity against the selected organisms. 
However, the degree of inhibition varied with respect to 
different concentrations of various solvents on the test 
organisms. Acetone extract of Leaf was found to be highly 
effective against (>14 mm diameter) Staphylococcus aureus 
from 750 毺g to 6000 毺g. In other concentrations (100 - 500 毺
g), moderate level (10-14 mm) of antibacterial activity was 
noticed. The bactericidal activity of acetone extract of leaves 
was markedly potential at 6000 毺g and moderate between 
750-3000 毺g. Below 750 毺g, the growth inhibition of bacteria 
was comparatively low. Inhibition of growth of E. coli and 
S. aureus was significantly high for DMSO extracts of leaves 
above 1500 毺g concentrations. All the tested bacteria except 

Table 1
Inhibition of bacterial growth by solvent extracts of Bixa orellana leaves.
Test
Organism

AC DMSO ET ME T
100

毺g
250

毺g
500

毺g
750

毺g
1500

毺g
3000

毺g
6000

毺g
100

毺g
250

毺g
500

毺g
750

毺g
1500

毺gg
3000

毺g
6000

毺g
100

毺g
250

毺g
500

毺g
750

毺g
1500

毺g
3000

毺g
6000

毺g
100

毺g
250

毺g
500

毺g
750

毺g
1500

毺g
3000

毺g
6000

毺g
25

 毺g
EC A A A A A A A A A A A A A A A A A A A A A A A A A A A A B
KP A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
PA - A A A A A A - - A A A A A - - - A A A A - - - A A A A A
BS - - - - A A A - - - - - A A - - - A A A A - - - A A A A A
BC - - - - A A A - - - - - A A - - - A A A A - - - A A A A B
SA - A A C C C C A A A B C C C A B B B B C C B B B B B C C D

(-) = No activity, Inhibition zone A= 5-8 mm, B= 9-13mm, C= 14-18 mm, AC=acetone, DMSO= Dimethyl sulphoxide, ET=Ethanol, Me= 
methanol, EC= Escherichia coli, KP= Klebsiella pneumoniae, PA = Pseudomonas aeruginosa, BS = Bacillus subtilis, BC = Bacillus cereus, SA = 
Staphylococcus aureus, T = Tetracycline 

Table 2  
Inhibition of bacterial growth by solvent extracts of Bixa orellana deseeded capsule extract.
Test
Organism

DMSO ET ME T
100

毺g
250

毺g
500

毺g
750

毺g
1500

毺g
3000

毺g
6000

毺g
100

毺g
250

毺g
500

毺g
750毺

g
1500

毺g
3000

毺g
6000

毺g
100毺

g
250毺

g
500毺

g
750毺

g
1500

毺g
3000

毺g
6000毺

g
25 毺g

EC B C C C C C C - - - - - - - A A B B B B B B
KP B B B B C C C - - - - - - - - - A A B B B A
PA - - - A A A A - - - - - A A - - - A A A A A
BS - - - - A A A - - - - - - A - - - A A A B A
BC - - - - A A A - - - - - - A - - - A A A B B
SA B B C C C C C - - - - - - - B B B B B C C D

(-) = No activity, Inhibition zone A = 5-8 mm, B = 9-13mm, C = 14-18 mm, AC = acetone, DMSO = Dimethyl sulphoxide, ET = Ethanol, Me = 
methanol, EC= Escherichia coli, KP= Klebsiella pneumonia, PA = Pseudomonas aeruginosa, BS = Bacillus subtilis, BC = Bacillus cereus, SA = 
Staphylococcus aureus, T = Tetracycline 
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Bacillus species were found to be sensitive to DMSO leaf 
extracts at 750 毺g.
  S. aureus was sensitive to ethanol extracts of leaves 
effectively at 3000 毺g/ml and 6000 毺g/ml and moderately to 
all the concentrations tested in the present study (100 - 1500 
毺g). A slightly different trend was observed with reference to 
the sensitivity of the bacterial strains to methanolic extracts 
of leaves (Table 1), wherein the bactericidal effect was highly 
significant on E. coli, K. pneumoniae and S. aureus at 6000 
and 3200 毺g concentrations. Even at lower concentrations 
methanol extract of leaves showed inhibition zone in the 
range of 10 - 14 mm diameter. 
  All the four test organisms were resistant to the acetone, 
aqueous and ethanol extract of deseeded capsule of B. 
orellana (Table 2). DMSO and methanol extracts showed 
growth inhibition at different degrees. The deseeded 
capsule’s DMSO extract showed good inhibition of E. coli 
at all concentrations except above 100 毺g and at 750 毺g 
to 6000 毺g against S. aureus. Similarly above 1500 毺g, K. 
pneumoniae appears to be highly sensitive (>14 mm). All the 
four solvent extracts induced growth inhibition of S. aureus 
at 3000 and 6000 毺g and at concentrations above 1500 毺g 
methanol. Ethanol and acetone extracts exhibited growth 
inhibition of P. aeruginosa, B. subtilis, and B. cereus. The 
effect of methanolic extracts of deseeded capsules was 
moderate at 500 - 6000 毺g wherein, 10-14 mm diameter was 
noticed (E. coli and K. pneumoniae). Only DMSO extract 
of seed showed some moderate effect on the growth of 
Bacillus species, P. aeruginosa and S. aureus at 6000 毺g. At 
concentrations below 750 毺g all tested bacteria were found 
to be resistant.       
  From the results of the present investigation, it is 
understood that the organic solvent extracts of the 
concentration of 1600毺g are bactericidal to all the four 
bacterial strains. The antibacterial effect of acetone and 
DMSO extracts was more compared to the methanol and 
ethanol extracts. Among the four strains selected, S. aureus 
was found to be highly sensitive to all the solvent extracts 
even at 100 毺g followed by E. coli. 

4.  Discussion

  In general, plant parts are a rich repository of bioactives 
and phytochemicals which contribute to the antimicrobial 
potential[15-17]. In this regard, various phytoconstituents 
such as saponins[18], alkaloids[19], flavonoids,[20] etc., were 
explored for their efficiency to combat microbial growth[21-

23]. Similar phytoconstituents were observed in leaves and 
seeds of B. orellana by Fleischer et al[14] and the same 
can be attributed to antimicrobial potential of ethanolic 
extracts. Crude ethanolic extract from B. orellana leaves 
have shown antibacterial potential against S. aureus with 
minimal inhibitory concentration of 62.5 毺g/ml[11]. Similarly 
ethanolic extract of Bixa seeds also proved to be more active 

against E. coli and B. cereus than gentamycin sulfate[24]. 
There was also a report on the antimicrobial activity of Bixa 
in vitro cultures[25]. In view of the significant response from 
leaf extracts[26], we have extended the study to capsules, 
which too showed moderate to good antibacterial activity. 
In our study, in addition to ethanolic extracts, we have 
demonstrated the bacterial growth inhibition potential of 
acetone, DMSO, methanol extracts of leaves, seeds, and 
deseeded capsule, wherein both acetone and DSMO extracts 
found to be efficient.  
  This study supports the ethnobotanical applications of 
various parts of the plant as reported[2]. This investigation 
also substantiates scientific backing to its antimicrobial 
uses.
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