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Abstract
The present study was carried ot to investigate bioactivity activity of Crocin carotenoid pigment, which  obtained from the
stigma of Crocus sativus L. plant. It characterized by thin layer chromatography TLC, in UV-visible and IR spectroscopy,
antimicrobial activity detected by disc diffusion method and antioxidant activity using DDPH scavenging assay.
The results of Crocin extract showed significant inhibitory activity against selected strains of bacteria (Staphylococcus
aureus and Escherichia coli) with inhibition zones values ranging from 20 to 36 mm at the concentration of 100 µg/ml as
compared with standard antibiotics chloramphenicol and ciprofloxacin.
Crocin pigment exhibited appreciable in vitro antioxidant activity (at a concentrations of 50-400 µg/ml )as assessed by 1, 1-
diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging as compered with ascorbic acid. It had free radical scavenging capacity
at 300 µg/ml (65.7%, IC50 202 µg/ml) close to that of the positive ascorbic acid drug (71%, IC50 178 µg/ml) in the DDPH assay.
Key words : Antimicrobial activity, DDPH antioxidant activity assay, crocin, saffron plant.

Introduction
Crocus sativus L., commonly known as saffron, is

used in traditional medicine for various tenacities. The
word “saffron” is derived from the Arabic word za’faran,
which translates to “yellow.” a name imitating the high
concentration of carotenoid pigments existent in the
saffron flowers’ stigmas, which subsidize most to the
color profile of this spice (Abdullaev, 2009; Heydari and
Haghayegh, 2014).

The chemical structure of stigmas of Crocus sativus
L. has been studied in several studies during the past
two decades. Reportedly, stigma of Crocus sativus
flower comprises three main metabolites; (1) Crocins
which are the saffron-colored composites (unusual water-
soluble carotenoids due to their high glycosyl contents);
(2) Picrocrocins which are the chief substances
responsible for saffron’s bitter taste; and (3) Safranal
which is the volatile oil responsible for the distinctive
saffron aroma (Rios et al., 1996; Fernandez and Pandalai,
2004; Winterhalter and Straubinger, 2000). Crocin and
picrocrocin are the major compounds in saffron. Crocin
is responsible for its characteristic color, and picrocrocin
is a precursor of safranal (Mayer et al., 2009; Nakayama

et al., 2007). Fig. 1 explains the structure of the most
important components of saffron.

The main constituent of saffron is crocin. It is a natural
carotenoid and is also found in Gardenia Jasmenoides.
It is the diester made from gentiobiose and the
dicarboxylic acid crocetin. It has a deep red color and
forms crystals with a melting point of 146°C. When
dissolved in water, it forms an orange solution. It has
also been revealed to have an anticarcinogenic action.
Crocin (200 mg/kg, i, p.) did not show anticonvulsant
activity10. It means crocin must be a good anti-
depressant. Chemically it is (β, β ’digentiobiosyl 8,
8’diapocarotene 8, 8’oate or crocetin digentiobioside ester
(Abdullaev, 2003; Xi et al., 2007).

Crocin is the chief pigment in the saffron (approx.
80%), with water as a stationary phase and butanol as
mobile phase, Crocin(I) can be isolated in pure form from
the saffron extract and directly crystallized. Crocin has
shown numerous pharmacological activities such as anti-
oxidant, anti-cancer, learning and memory enhancer in
medicinal field (Singla and Bhat, 2000). As well its high
anti-oxidant activity, the typical orange-red color of its
pigment has made it also notable for various industrial
presentations such as coloring matter in food and dying
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industry, preservative, bleaching agent for estimation of
pro-oxidant action of foods by kinetic analysis and anti-
aging agent in cosmetics (Akhondzadeh et al., 2008).
Pharmacological studies have demonstrated antiepileptic,
neuroprotective, anti-diabetic, antioxidant, anti-
inflammatory and antinociceptive properties for crocin
and safranal (Assimopolou and Papageorgiou, 2005; Nam
et al., 2010; Omoigui, 2007; Suleyman et al., 2007;
Tamaddonford et al., 2012, 2013; Tamaddonford and
Farshid, 2012; Tamaddonford and Hamzeh-Gooshchi,
2010).

Many studies on medicinal properties of saffron had
showed that saffron has a potent antioxidant activity which
is frequently due to the occurrence of crocin as a unique
carotenoid. The crocin bleaching test was also proposed
according to this main property of crocin as a basic
constituent for the antioxidant activity of saffron (Schmidt
et al., 2007; Liu et al., 2005). It was shown that the
antioxidant properties of both methanol extract and water-
methanol (50:50 v/v) extract of Crocus sativus stigmas
were higher than those of tomatoes and carrots
(Akhondzadeh et al., 2008).

As a part of our current investigations about natural
antioxidants from local medicinal plants,  in this research,
we analyzed carotenoid crocin compound present in
Crocus sativus stigmas using crystallization extraction
and estimated antibacterial and  antioxidant activities in
vitro by DPPH radical scavenging test in order to
contribute to shift the balance from synthetic antioxidant
towards plant–derived antioxidants.

Materials and Methods
Plant material

The sample of stigmas of Crocus sativus plant were
obtained from local market was properly identified
authenticated on the basis of literary description as well
as modern literature.
Extraction of Crocin from Saffron stigmas

Crystallization procedure was carried out in two steps
at different temperatures for the extraction of crocin from
dried powder of saffron stigmas (Hosseinzadeh et al.,
2012). Among the solvents 80% ethanol was the most
convenient for crocin extraction from saffron stigmas.
Saffron stigmas powders (10 g) were suspended in 25
mL ethanol (80%) at 0°C and shaked by vortex for 2
min. After centrifugation at 4000 rpm for 10 min the
supernatant was separated. Twenty five millilitre of water
was added to sediment and extraction was repeated
again. This step was repeated 6 other times. The total
volume of solvent consumption for 10 g saffron stigmas

in extraction process was 200 mL (8×25 mL). The
resulting solution was kept in a thick walled glass
container at -5°C for 24 days in darkness. The container
was sealed in this period. The obtained crystals were
separated from solution and washed with acetone to
remove remaining water. The yielded amount of crystals
was 1.66 gm. In the next step; the gained crystals were
dissolved in 120 mL ethanol 80% and kept at -5°C in
darkness for 20 extra days for re-crystallization.
Chemical identification

All measurements were determined in Central
Laboratory/Kufa University.
I. Thin layer chromatography (TLC)

Chemical constituents of the extract was analyzed
using aluminium-backed thin layer chromatography
(TLC) plates, that were developed with of the eluent
system: butanol: acetic acid: water: 4:1:1 v/v/v [BAW]
(polar). Development of the chromatograms was under
eluent-saturated conditions. Plant extract sample (100
μg) was applied on the TLC plates in and developed
without delay to minimize the possibility of photo-oxidative
change. The separated constituents were visualized under
visible and ultraviolet light (254 and 360 nm, Camac
Universal UV lamp TL-600).
II. Ultra-violet and visible spectroscopy

 Plant extract was dissolved in ethanol (80%) to study
the UV-visible in range of 200-600 nm, using a
computerized thermospectronic.
III. Infrared spectroscopy

Infrared spectra were recorded in KBr pellets via a
FT.I.R. Spectrophotometer, in the range 4000-200 cm-1

Fig. 1 : Chemical composition of the most active constituents
of saffron.
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to find the functional groups of extracted material.
IV. Melting point measurement

Melting point was determined using electro- thermal®

melting point apparatus (Gallenhamp, England).
Standard and sample preparation

Stock standard solution (500μg/ml) of each crocin
pigment and ascorbic acid drug were prepared in
methanol by weighing out approximately 0.050 g of the
analyte into 50 ml volumetric flask. The mixed standard
solution was prepared by dilution the mixed stock standard
solutions in methanol to give a concentration of  50-400
μg/ml for crocin extract and standard ascorbic acid drug.
Saffron stigma extract solution was centrifuged at 13000
rpm and supernatant was kept at 20oC till further using .
Antimicrobial assay
Preparation of bacterial cultures

species of Gram-positive bacteria Staphylococcus
aureus ATCC  and  Gram-negative bacteria (Escherichia
coli ATCC 13883 were routinely used for the antimicrobial
assay in our laboratory. These specific strains were
recommended for antibacterial screening purpose
(NCCLS, 1990). The bacteria were sub-cultured on
nutrient agar at 37°C prior to overnight growth in nutrient
broth. All overnight cultures were standardized using
sterile saline to produce approximately 1.5 × 107 colony
forming units (cfu) per ml.
Culture media

Muellar Hinton Agar (Himedia, India) was prepared
according to the manufacturer’s instructions, autoclaved
at 15 lbs pressure and 121ºC for required time and
dispensed into petridishes more than half. Set plates were
incubated overnight at 37ºC to ensure sterility before use.
Disc diffusion method

The antibacterial activity of the extract was carried
out by the disc agar diffusion method. Brief, Nutrient
agar (MHA) plates were swabbed with the respective
broth cultures of the organisms. Sterile filter paper discs
(Whatman’s No. 1, 6 mm in diameter) were saturated
with the appropriate equivalent amount of crocin pigment
dissolved in sterile methanol at concentrations of 100 µg/
disc. Control discs impregnated with 10 ml of the solvent
methanol (negative control) and 100 µg/disc  for each
chloramphenicol and ciprofloxacin antibiotics (positive
standard antibacterial drug) were used to determine the
sensitivity of one strain in each experiment. The plates
were incubated at 37°C for 24 h and the antimicrobial
activity was estimated by measuring the inhibition zones
expressed millimeters (mm) of inhibition against the tested

organism (NCCLS, 1990).
Antioxidant activity test
Quantitative analysis for DPPH radical scavenging
activity

The free radical scavenging capacity of the extracts
was determined using DPPH (Alam et al., 2008; Verma
and Bordia, 1998; Kamalipour and Akhondzadeh, 2011).
DPPH solution was prepared in 95% methanol. Extract
of Crocus sativus plant was mixed with 95% methanol
to prepare the stock solution (500 µg/ml). Freshly prepared
DPPH solution (0.004% w/v) was taken in test tubes
and saffron  extract was added followed by serial dilutions
(50 µg/ml  to 400 µg/ml) to every test tube so that the
final volume was 3 mL and after 10 min, the absorbance
was read at 515 nm using a spectrophotometer. Ascorbic
acid was used as a reference standard and dissolved in
methanol to make the stock solution with the same
concentration (50-400 µg/ml). Control sample was
prepared comprising the same volume without any extract
and reference ascorbic acid. 95% methanol was served
as blank. % scavenging of the DPPH free radical was
measured using the following equation:

% Scavenging activity = [(Absorbance of the control
– Absorbance of the test sample)/Absorbance of the
control] × 100.

The inhibition curve was plotted for duplicate
investigates and represented as % of mean inhibition ±
standard deviation. A curve of percent inhibition or percent
scavenging effect against samples concentrations was
plotted and the concentration of the sample required for
50% inhibition was determined. The value for each of
the test sample was presented as the inhibition curve at
50% or IC50.
Statistical analysis

All investigates were conducted in duplicate and
values expressed as mean ± standard deviation.
Calculations of antibacterial activity were determined by
Standard Deviation and Mean of replicates. Statistical
analysis was performed using one way ANOVA and
results were compared using the Fisher’s least significant
difference (LSD) at a 5% significance level.

Results and Discussion
Crocin pigment extraction

The final amount of yielded crystals of ethanol extract
from C. sativus plant (gm/100gm) was 15% (1.5 gm/
10gm ) with melting point of 1460C. This level was found
to be similar to that found in the literatures.

Crocin extract is gained by solvent extraction of the



dried stigma of saffron using ethanol (80%)as a best
solvent for crocin pigment extraction. Table 1 shows
some chemical and physical properties of extracted
pigment.

In earlier studies ethanol 80% have been used for
extraction of crocins from saffron. Crocins are soluble
carotenoid esters in this solvent a room temperature.
Other compounds in saffron stigmas are insoluble or fully
soluble at this condition. Therefore, ethanol 80% was
applied for extraction of crocins. Insoluble compounds
were parted from ethanolic extract by centrifugation.
Different temperatures were tested. At lower
temperatures than -5 Cº, the nucleation and crystal growth
happened faster but the purity and quality of product

declined (Wang et al., 2009). The amount of obtained
crocin was 15% from the initial stigmas powder, this
quantity was nearly to that mentioned in the earlier
literatures (Hadizadeh et al., 2010).
Thin Layer Chromatography (TLC)

Crocin was identified with the aid of TLC analytical
process using (butanol :acetic acid: water) (4:1:1 v/v/v)
as developing solvents and literature comparison.

Fig. 2 shows the results of thin layer chromatography
of crocin pigment, the separation mode, nature and color
in visible light and UV (360 nm) of formed band. TLC
chromatogram display single separation spot, that has
conjugated double bonds, which appeared as fluorescent
spot under UV-lamp (360 nm) with Rf value (0.7). The
separation spot was yellow in visible light and dark brown
in UV lamp.
Ultraviolet spectroscopy

Fig. 3 shows the UV-visible spectrum of the pigment,
the UV spectrum has shown two peaks one at λmax
314nm due to the presence of pairs of electrons types
(nπ*) on O atom and one peak at λmax 425 nm due to
the presence of conjugated double bond of C = C type
(π  π*) within the structure of compounds found in the
extracted pigment.

The chromatophore and thus the spectral
characteristics of the compound differ depending on the
extent of the system of conjugated double bonds and the
various functional groups contained in the molecule, as a
result, the color ranges from yellow to red (Britton, 1983;
Britton, 1995).
Infrared spectrum

FT-IR spectrum results for the extracted pigment
was shown in fig. 4 and table 2, the appearance of a
single peak at 3415cm-1 related to the vibration stretching
for (–OH) bond indicated the presence of alcoholic group,

Fig. 2 : Thin layer chromatography plate of crocin under UV
and Visible light.

Fig. 3 : UV-Visible of crocin carotenoid pigment of saffron
plant.

Table 1: Chemical and physical properties of extracted pigment.

Tests Properties

Description Orange-red

Solubility Highly soluble in  water, methanol,
ethanol, propanol, ethyl acetate and

Dimethyl sulfoxide(DMSO),
insoluble in hexan

Melting point (145-146)  o C

Weight of extract 1.5 gm/ 10 gm dry matter stigmas
(Yield)

Total pigment (%) 15%
(Crocin)
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The bands at 2924 cm-1 and 2854 cm-1 were related to
the vibration stretching of (C-H) bond of methyl groups
a symmetric and symmetric, respectively. Finally, the band
at 1662 cm-1 is belonged to the vibration stretching for
(C=O) bond of ester group due to the presence of
carotenoid compound. According the chemical data
obtained  by IR spectroscopy, the isolation compound
was found to be crocin pigment, especially when it
compared with standard crocin (fig. 4).
Antibacterial activity

The results are listed in table 3 and fig. 5. Results
obtained in the present study relieved that tested medicinal
saffron extract possess potential antibacterial activity
against all selected bacteria (agar well diffusion method)
at the concentration of 100 µg/ml. Crocin pigment
methanolic extract showed maximum antibacterial activity

against all the bacterial strain used (Escherichia coli
and Staphylococcus aureus) with a zone of inhibition
ranges from (20-36) mm. The test results were compared
with standard antibiotics Chloramphenicol (100μg) and
Ciprofloxacin (100μg).

The zone of inhibition was measured for crocin
extract from saffron plant and the results were depicted
in table 3 and fig. 5.

It was found that Gram negative bacteria
(Escherichia coli) were more susceptible (36mm) for
the saffron extract than Gram positive Staphylococcus
aureus (20 mm). The biological activity of present extract
was due to crocin, which considered as one of the major
carotenoides of saffron plant. The presence of alcoholic
groups(-OH) in the structure of the crocin pigment
increase the activity of the plant extract to inhibit the

Fig. 4 : Infrared spectrum of the crocin pigment [A]crocin  isolated from C. sativus, [B] Standard crocin.
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microbial growth, so, the alcoholic compounds and their
derivatives are considered as antiseptic agents (Dey and
Harborne, 1997), which are altering the cell protein nature
and increase the permeability of the cell membranes
(Feeny, 1998).
Antioxidant activity

In the present study, we have estimated the free

radical scavenger activity of ethanolic extract of saffron
stigmas C. sativus using the DPPH method at the
concentrations of 50, 100, 150, 200, 250, 300, 350 and
400 µg/ml as shown in table 4 and fig. 6 and compared
with standard ascorbic acid.

The antioxidant activity is presented in fig. 6, which
revealed that the percentage inhibition of 300 μg/ml of
crocin extract was 65.7% with IC50 of 202 µg/ml, which
is comparable with the standard antioxidant activity of
ascorbic acid (71%, IC 50 178µg/ml). The results show
that the antioxidant activity of crocin was nearly similar

Table 2 : Infrared absorption peaks and their related  functional
groups for crocin pigment.

Wave number Functional groups assignment
(cm-1)

3415 O-H stretching of alcohol( broad band)

2924 C-H stretching of –CH3 and CH2 groups

2854 C-H stretching of alkane

1662 C=O stretching

1546 Weak band of C=C stretching

1460 C-H blending of CH2 or CH3

1373 C-H blending of aldehydeic hydrogen
or O-H blending of alcohol

Table 3 : The antibacterial activity of carotenoid pigment.

Diameter of Inhibition zones (mm)
Compounds

Escherichia coli Staphylococcus
(NCTC 25922) aureus

(NCTN  25923)

Crocin 100 µg/ml 36 20

*Chloramphenicol 29 NA
100 µg/ml

*Ciprofloxacin 27 25
100 µg/ml

**Methanol NA NA

NA ( No activity), *(positive control), **(negative control).

Table 4 :DDPH  radical scavenging activity (inhibition %)of
crocin pigment. Data was represented as Mean ± SD
of duplicate experiments.

Inhibition %
Concentrations µg/ml

Crocin  extract Ascorbic acid
25.5  ± 3.40 28.8 ± 3.55

100 µg/ml 35.7± 3.47 38.2± 4.71
150 µg/ml 41.9± 15.71 48± 16.78
200 µg/ml 49.7± 15.75 51.2± 17.22
250 µg/ml 55.7± 19.71 58.9± 20.50
300 µg/ml 65.7 ± 20.21 71± 27.22
350 µg/ml 71.0± 21.91 77.4±30.21
400 µg/ml 82.5± 32.71 89.7± 40.77

IC 50 202 ± 66.48 µg/ml 178±  43.04µg/ml

Fig. 5 :The antibacterial activity of carotenoid pigment against
Staphylococcus aureus and Escherichia coli bacteria.

Fig. 6 : DPPH radical scavenging activity of crocin pigment
of Crocus sativus plant.
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Fig. 7 : Reducing power of crocin saffron extract of Crocus sativus plant.

to that of ascorbic acid.
The antioxidant activity was augmented by increasing

the concentration of the sample extract. DPPH
antioxidant assay is established based on the ability of 1,
1-diphenyl-2-picryl-hydrazyl (DPPH), a stable free
radical, to decolorize in the occurrence of antioxidants.
The DPPH radical contains an odd electron, which is
responsible for a visible deep purple color of DPPH in
alcoholic solution and the color strength can be measured
at absorbance 515 nm (Caroucho, 2013; Mai et al.,
2012). When DPPH accepts an electron donated by an
antioxidant composite, the DPPH is decolorized, which
can be quantitatively measured from the changes in
absorbance. Moreover, the DPPH radical scavenging
activity has been shown to be directly related with the
total phenolic content existing in the extracts as suggested
by many previous reports (Andre et al., 2010).

The antioxidant activities of spices are chiefly
attributed to their phenolic and flavonoid compounds.
Saffron is one of the spices believed to possess
antioxidant properties. The free radical scavenging and
ferric reducing power activities were greater for the
methanolic extract of saffron stigma at a concentration
of 300 μg/mL, with values of 68.2%, as compared to the
corresponding boiling water and ethanolic extracts
(Hadizadeh et al., 2010). This results were near to the
results obtained in the present study.

IC50 (concentration essential to inhibit 50% of
DPPH radicals) of extracted crocin was 202 μg/mL and

178  μg/mL for standard ascorbic acid, these results were
found to be similar to the results of Hadizadeh et al.
(2010) they found that the IC50 for methanol, boiling
water and ethanol extract were found to be 210.79,
255.44, and 299.44 μg/mL, respectively (Hadizadeh et
al., 2010). Thus, crocin carotenoid pigment  had high
potential DPPH radical scavenging activity and was
similar to those of synthetic antioxidants.

Conclusion
The significant antimicrobial and antioxidant activities

of crocin compound isolated from saffron plant suggest
that it could serve as a source of compounds with potent
biological importance.
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