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Background: Annatto dye is used extensively in food industry that has antibacterial and antioxidant properties.
Objectives: Aim of this paper was comparison of the antibacterial and antioxidant properties of annatto dye was extracted by conventional 
and ultrasound-assisted extraction (UAE) methods.
Materials and Methods: In this experimental study minimum inhibitory concentration (MIC) and minimum bactericidal concentration 
(MBC) of annatto dye against the bacteria were determined by agar dilution method. Antioxidant activity of annatto dye was evaluated by 
DPPH method.
Results: Gram-positive bacteria show more sensitivity to annatto dye than Gram-negative bacteria. Annatto dye extracted by UAE has 
more antibacterial and antioxidant activity compared to conventional method. Bacillus subtilis and Escherichia coli have the highest and 
the lowest sensitivity to annatto dye, respectively.
Conclusions: Annatto dye extracted by UAE showed a bactericidal effect against Salmonella enteritidis, however the dye extracted by 
conventional method the opposite is true.
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1. Background
Color is a constituent and is one of the first character-

istics sensed by consumers. Simultaneous with the in-
creasing awareness of toxicity of synthetic colors, need 
for colorants from natural sources has increased [1, 2]. 
The natural colors that are often called biocolors, be-
cause of their biological source usually extracted from 
vegetables, fruits, roots, and microorganisms [3]. The an-
natto dye is a natural colorant comprised of carotenoids 
pigment that extracted from the pericarp of Bixaorellana 
L. seeds. Annatto creates orange to red color in foodstuffs 
and be used as a natural pigment in a variety of foods [4]. 
The major component of the annatto dye is 9´-cis-bixin 
that is soluble in oil and 9´-cis-norbixin is the major dye 
component of the alkaline extract that is soluble in wa-
ter [5, 6]. From economically point of view, annatto dye 
is the second natural additive color that is used in the 
world and demand for this color is increasing [7]. Giving 
the previous studies, annatto dye has antimicrobial and 
antioxidant activity. These characteristics are associated 
with the conjugated bonds in its structure [8]. Moreover, 
it has been documented that annatto dye can act as anti-

cancer agent and destroy cancer cells [9].
Conventional techniques of color extraction such as 

maceration are very time-consuming and require rela-
tively large quantities of solvents. Nowadays, novel ex-
traction methods such as microwave assisted extraction, 
ultrasonic-assisted extraction (UAE), supercritical fluid 
extraction, enzymatic extraction have been developed for 
the extraction of active components from plants [10, 11]. 
Advantage of medicinal plants by man has been known 
for centuries, and therapeutic benefit of several herbal 
species has been widely delineated and these plants 
might act as an alternative treatment of infectious diseas-
es [12, 13]. Giving the World Health Organization (WHO), 
medicinal plants would be the best source for acquiring 
variety of drugs [14]. These evidences give to support and 
quantify the importance of screening natural products.

2. Objectives
The aim of this study was comparison of the antibacte-

rial and antioxidant properties of annatto dyes that ex-
tracted by conventional and UAE methods.
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3. Materials and Methods

In this experimental study annatto seeds were prepared 
from Hyderabad, India. All chemical materials were of 
analytical grade and purchased from Merck (Germany), 
Sigma-Aldrich (UK).

Conventional extraction: Color extraction from an-
natto seeds was done giving Castello et al. method with 
slight modification [15]. Based on this method, a cer-
tain amount of annatto seeds was soaked in n-hexane 
for 6 hours in order to remove oils. After filtration, the 
defatted seeds were used for dye extraction. Since chlo-
roform showed the highest yield of extraction during 
preliminary experiments, this solvent was exploited for 
dye extraction. Temperature and extraction time were 
48ºC and 2 hours, respectively. The extract was filtered 
through Whatman filter paper NO.1 and then vacuum-
dried in the 1410D-2E vacuum oven (Shel Lab, USA) to 
produce the dye powder. Low temperatures (40ºC) were 
applied to prevent thermal dissociation of conjugated 
double bonds during drying.

Ultrasound-assisted extraction (UAE): Annatto seeds 
were defatted by soaking in n-hexane. The defatted seeds 
were placed in glass mixed with chloroform. UAE process 
performed in XL2020 modeleʼs of ultrasonic device (20 
KHz, 550 W, Misonix, Germany). The working power, fre-
quency, and extraction time were fixed at 200 W, 20 KHz, 7 
minutes, respectively [16]. The dye powder was produced 
according to mentioned above method.

Microorganisms and culture media: Eight bacteria were 
tested in this study and include, Escherichia coli (ATCC 
25922), Staphylococcus aureus (ATCC 25923), Bacillus cereus 
(ATCC 70876), Bacillus subtilis (donated by Department 
of Veterinary, Ferdowsi University of Mashhad), Strepto-
coccus pyogenes (ATCC 19615), Enterococcus faecalis (ATCC 
29212), Salmonella enteritidis (donated by Department of 
Veterinary, Ferdowsi University of Mashhad), Listeria in-
nocua (ATCC 33090). All culture media were purchased 
from Merck (Germany). Microorganisms were grown 
overnight on trypticase soy broth (TSB), under optimal 
conditions. Overnight cultures were adjusted to match 
a 0.5 McFarland standard and further diluted 1:100 with 
Mueller-Hinton broth (MHB). The dilution obtained 
served as the inoculums for antibacterial activity assay.

Antibacterial activity assay: The disk agar diffusion 
method was done according to Galindo-Cuspinera et 
al. method [5]. The objective was to measure any halo 
of inhibition caused by a specific annatto dye solution. 
In practice, 0.10 mL of inoculums was spread with glass 
sticks onto Mueller-Hinton agar (MHA). Sterile 6 mm 
paper disks were soaked with concentrations of 0.5, 
1.5, 2.5, 3.5 and 5 mg/mL. Plates were stored at 37°C and 
the halo of inhibition was measured after 18 - 24 hours 
of incubation. A disk containing knows amounts of 
penicillin or gentamicin was placed in plates as a com-
parative standard. A minimum of three replicates was 
performed for each bacterium.

Determination of minimum inhibitory concentration 
(MIC): Agar dilution method was used to determine MIC 
of bacteria. In practice, annatto dye in specific concentra-
tions (2, 4, 8, 16, 32 and 64 mg/mL) was mixed with sterile 
Mueller Hinton agar then 0.1 mL of bacterial suspension 
(0.5 McFarland) was plated as pour-plat. Plates were main-
tenance at 37°C and the MIC of bacteria was evaluated af-
ter 18 -24 hours of incubation [17]. The MIC was defined as 
the lowest concentration of annatto dye in a plate with 
no visible growth. A plate contain medium and without 
bacteria, and a plate include medium and bacteria was 
considered also as negative and positive control, respec-
tively [17].

Determination of minimum bactericidal concentra-
tion (MBC): The agar dilution method was used also to 
determination of MBC. With this difference that microor-
ganisms were sub-cultured in nutrient broth. If bacteria 
cannot grow in nutrient broth the MIC and MBC concen-
tration will be equal. But in case of bacteria grow in nu-
trient broth, from the grown bacteria were sub-cultured 
in Mueller Hinton agar containing the further of annatto 
dye concentrations (8, 16, 32, 64 and 128 mg/mL) and the 
MBC considered as concentration of the dye that bacteria 
did not grow.

DPPH assay: Determination of antioxidant activity per-
formed according to the method of Kurniawati et al. 1 
mL of ASE dissolved in acetone was added to 4 mL of 0.1 
mmol DPPH in a solution of 95% methanol. This solution 
was used as a blank. Absorbance at 517 nm was measured 
spectrophotometrically after 30 minutes incubation. The 
inhibition activity was calculated by the Equation 1 [18].

(1)

%Inhibition=
�

1−
�

Abssample

Abscontrol

��
× 100

Abssample: absorbance value of sample
Abscontrol: absorbance value of control

4. Results
Results disk agar diffusion: Tables 1 and 2 demon-

strate the results of disk diffusion. Giving the results 
annatto dye has antibacterial effect on the all of exam-
ined bacteria. In both dye extraction method, B. subtilis 
and E. coli have the highest and the lowest sensitivity 
to annatto day.

Determination of MIC: Tables 3 and 4 show the MIC of 
annatto dye extracted by conventional and UAE meth-
ods, respectively, for the bacteria. According to the re-
sults annatto dye has inhibitory effect against the bacte-
ria. Annatto dye was extracted by conventional method 
has the lowest MIC for B. cereus and B. subtilis with 16 mg/
mL and highest MIC for E. coli, S. enteritidis and E. faecalis 
with 64 mg/mL. Giving to Table 4 annatto dye extracted 
by UAE method has the lowest MIC for B. cereus and B. 
subtilis 8 mg/mL and highest MIC for E. coli and S. enter-
itidis with 64 mg/mL.
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Determination of MBC: The MBC of annatto dye for the 
bacteria are shown in Tables 5 and 6. Annatto dye extract-
ed by conventional method has lowest MBC for B. cereus 
and B. subtilis (16 mg/mL). However, this dye has not bacte-
ricidal effect on E. coli and S. enteritidis. The dye extracted 
by UAE method has lowest (8 mg/mL) and highest (128 
mg/mL) MBC for B. subtilis and S. enteritidis, respectively, 

but this dye has not bactericidal effect on E. coli.
Antioxidant assay: The result of DPPH assay showed 

that IC50 of annatto dye extracted by UAE was less than 
the dye extracted by conventional method. IC50 of 
the ASE extracted by UAE and the conventional extrac-
tion were 547.8 and 549.3 ppm, respectively (IC50 of 
β-Carotene was 552.1 ppm).

Table 1. Average Diameter (mm) of Microbial Free Zone Area of Annatto Dye Extracted by Conventional Method

0.5 a 1.5a 2.5a 3.5a 5a Antibiotic Disk b

Bacillus cereus 8.4 9.4 11.4 12.2 12.7 13 P

Escherichia coli 7.6 8.1 8.5 9.4 10.4 12 G

Staphylococcus aureus 7.9 8.5 9.8 10.8 11.4 32 P

Salmonella enteritidis 6.7 7.9 8.8 10.6 11.1 10 G

Listeria innocua 8.1 9 9.8 11.2 12.2 22 P

Bacillus subtilis 8.6 9.7 11.8 13.1 13.5 14 P

Streptococcus pyogenes 8.3 9.5 10.9 12.1 12.8 13.5 P

Enterococcus faecalis 8.1 8.8 9.6 10.7 11.6 10 G
a  Unit of values is mg/mL.
b  Abbreviation: G, Antibiotic disc of gentamicin; P, Antibiotic disc of penicillin.

Table 2. Average Diameter (mm) of Microbial Free Zone Area of Annatto dye Extracted by UAE

0.5a 1.5a 2.5a 3.5a 5 a Antibiotic Disk b

Bacillus cereus 8.7 9.9 11.6 12.6 13.3 13 P

Escherichia coli 8 8.3 8.9 9.8 10.7 12 G

Staphylococcus aureus 8.3 8.8 10.3 11.1 11.5 32 P

Salmonella enteritidis 6.9 8.1 9 10.9 11.2 10 G

Listeria innocua 8.5 9.2 10.2 11.6 12.5 22 P

Bacillus subtilis 8.7 10.2 12.2 13.6 14.2 14 P

Streptococcus pyogenes 8.5 9.9 11.3 12.4 13 13.5 P

Enterococcus faecalis 8.3 9.2 9.9 11 11.8 10 G
a  Unit of values is mg/mL.
b  Abbreviation: G, Antibiotic disc of gentamicin; P, Antibiotic disc of penicillin.

Table 3. MIC of Annatto Dye Extracted By Conventional Method a,b

2 4 8 16 32 64 Negative Control Positive Control

Bacillus cereus + + + – – – – +

Escherichia coli + + + + + – – +

Staphylococcus aureus + + + + – – – +

Salmonella enteritidis + + + + + – – +

Listeria innocua + + + + – – – +

Bacillus subtilis + + + – – – – +

Streptococcus pyogenes + + + + – – – +

Enterococcus faecalis + + + + + – – +
a  Unit of values is mg/mL.
b  +, Grow; –, Not grow.
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Table 4. MIC of Annatto Dye Extracted by UAE a,b

2 4 8 16 32 64 Negative Control Positive Control

Bacillus cereus + + – – – – – +

Escherichia coli + + + + + – – +

Staphylococcus aureus + + + – – – – +

Salmonella enteritidis + + + + + – – +

Listeria innocua + + + + – – – +

Bacillus subtilis + + – – – – – +

Streptococcus pyogenes + + + – – – – +

Enterococcus faecalis + + + + – – – +
a  Unit of values is mg/mL.
b  +, Grow; –, Not grow.

Table 5. MBC of Annatto Dye Extracted by Conventional Method a,b

8 16 32 64 128

Bacillus cereus + – – – –

Escherichia coli + + + + +

Staphylococcus aureus + + + – –

Salmonella enteritidis + + + + +

Listeria innocua + + + – –

Bacillus subtilis + – – – –

Streptococcus pyogenes + + – – –

Enterococcus faecalis + + + – –
a  Unit of values is mg/mL.
b  +, Grow; –, Not grow.

Table 6. MBC of Annatto Dye Extracted by UAE a,b

4 8 16 32 64 128

Bacillus cereus + – – – – –

Escherichia coli + + + + + +

Staphylococcus aureus + + + – – –

Salmonella enteritidis + + + + + –

Listeria innocua + + + + – –

Bacillus subtilis + – – – – –

Streptococcus pyogenes + + – – – –

Enterococcus faecalis + + + + – –
a  Unit of values is mg/mL.
b  +, Grow; –, Not grow.

5. Discussion
According to the results annatto dye has antibacterial ef-

fect and this property decreased by increasing the annat-
to concentration. Annatto dye extracted by UAE has more 
antibacterial effect compared to conventional method. 
So that annatto dyes were extracted by conventional and 
UAE methods have 13.5 and 14.2 mm of microbial free zone 

area in concentration of 5 mg/mL for B. subtilis. The same 
finding was observed by Thongson et al. evaluate antimi-
crobial activity of ultrasound-assisted solvent-extracted 
spices, which observed ultrasound-assisted isopropanol 
fingerroot extract had more antibacterial activity against 
Salmonella typhimurium than conventional method 
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[19]. This phenomenon most likely due to active com-
pounds of annatto dye were damaged in long extraction 
time of conventional extraction, while UAE method only 
need a few minutes. The results of MIC assay revealed 
that annatto dye have more antibacterial effect on Gram-
positive bacteria compared to Gram-negative bacteria. So 
that Gram-positive bacteria such as B. cereus and B. sub-
tilis and Gram-negative bacteria such as E. coli and S. en-
teritidis showed lowest and highest MIC, respectively. The 
same finding were observed by Galindo-Cuspinera et al, 
Mohammadi-Sichani et al. and Smith-Palmer et al. for es-
sential oil of Achillea wilhelmsii, annatto extract (2.8% nor-
bixin), and plant essential oils and essences, respectively 
[5, 20, 21]. This is probably due to presence of lipopoly-
saccharide in cell wall of Gram-negative bacteria. Lipo-
polysaccharides of cell wall can prevent influx of active 
compounds to cytoplasmic membrane of these bacteria 
[22]. Annatto dye was extracted by UAE has less MIC for all 
the bacteria except E. coli, S. enteritidis and L. innocua com-
pared to the dye was extracted by conventional method.

Generally annatto dye has bactericidal effect on was ex-
amined the bacteria. B. cereus and B. subtilis showed the 
lowest MBC for annatto dye extracted by conventional 
method, whereas this dye has not bactericidal effect on 
E. coli and S. enteritidis. Galindo-Cuspinera et al. observed 
also the lowest MIC and MBC of 2.8% norbixin for B. cere-
us; in addition they reported that 2.8% norbixin has not 
bactericidal effect on S. typhimurium [23]. Tables 5 and 6 
depict that annatto dye extracted by UAE has less MBC for 
the all bacteria except E. coli and L. innocua compared to 
the dye extracted by conventional method. Moreover, an-
natto dye extracted by UAE showed a bactericidal effect 
on S. enteritidis, however the dye extracted by conven-
tional method the opposite is true. IC50 of annatto dye 
extracted by conventional method was more than an-
natto dye extracted by UAE. In fact, the antioxidant activ-
ity of the annatto dye extracted by UAE is higher than the 
annatto dye extracted by the conventional method, be-
cause carotenoids were damaged in long extraction time 
of conventional extraction. Our finding is in agreement 
with other workers such as Oancea et al. They observed 
that antioxidant activity of anthocyanin extracted from 
blackberry and sweet cherry cultivar by UAE was more 
than that of conventional extraction method [24]. Pro-
estos and Komaitis declared aromatic plant extract that 
extracted by UAE has more total phenolic compounds 
than the extracted by conventional method [25]. It is im-
portant to study scientifically plants that have been used 
in traditional medicines to determine potential sources 
of novel antimicrobial compounds [26]. Plant based an-
timicrobial compounds have enormous therapeutically 
potential as they can serve the purpose without any side 
effects that are often associated with synthetic antimi-
crobials. Plants are employed as important source for 
traditional medications [27]. In conclusion, annatto dye 
is a natural and safe colorant to using as food additive. 
Giving the results the annatto dye extracted by UAE has 

more antibacterial and antioxidant property compared 
to conventional method. Annatto dye has more antibac-
terial effect on Gram-positive bacteria than Gram-nega-
tive bacteria. Thus annatto dye addition to make a good 
appearance in the food can be used as an alternative to 
synthetic colorants and preservatives.
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