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ABSTRACT

Background: Chilli is a major spice consumed all over the world. There are reports that chilli is commonly adulterated with
Rhodamine B (Rh B) which is a fluorescent but carcinogenic and neurogenic dye. To detect the presence of Rhodamine B dye in chilli
powder, fluorescent spectroscopic method was developed.

Methods: Adulterated samples of chilli were prepared by spiking chilli powder with Rhodamine B dye at different concentrations. Effect
of different solvents for extraction of dye was studied and fluorescent spectroscopy based method for quantitative detection of
Rhodamine B dye in chilli powder was developed. Limit of detection, limit of quantification, linearity and recovery studies were carried out.
Result: Rhodamine B dye showed maximum intensity at 577 nm emission wavelength. Solvent effect showed that among the
studied solvents; the highest and lowest fluorescence intensity of dye was observed in methanol and water, respectively. Standard
curve of Rhodamine B dye was prepared in the range of 0.4-2.4 ug/ml concentration. Under experimental conditions, limit of detection
and limit of quantification for pure dye was 0.19 pg/ml and 0.63 pg/ml and for dye in chilli matrix was 0.42 ug/g and 1.47 ug/g,
respectively. The developed method could detect Rhodamine B dye in spiked chilli samples with recovery limit of 93%. Fluorescent

spectroscopy based developed method is sensitive and capable of detecting Rhodamine B dye in microgram concentration.
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INTRODUCTION

Chilli (Capsicum annuum L.) belonging to family Solanaceae
is @ major spice consumed all over the world. India is the
largest producer and consumer of chilli in the world. Chilli
is also known as hot pepper or bell pepper, paprika, red
pepper. Chilli has sharp acidic flavor and color. Red pigment
in chilli is due to presence of capsanthin and pungency is
due to capsaicin content. Chilli is rich source of vitamins
(A, B complex and C), minerals (potassium, iron, magnesium,
flavonoids) and carotenoid pigments (Maoka et al., 2001).
Chilli has been reported to show various activities like anti-
bacterial, anti-carcinogenic, analgesic, anti-diabetic efc.
Chilli is consumed as such and finds enormous food
applications in the powdered form.

Chilli powder is produced from the dried raw chilli.
Chilli loses its color during drying and processing into
powder form.In order to enhance its red color and reduce
cost, many traders adulterate chilli powder illegally by the
use of artificial colors,which are usually banned industrial
dyes (Chen et al., 2017). Adulteration is an act of intentionally
decreasing the quality of food either by mixing or substitution
of inferior substances or by removal of some valuable
ingredients (Bansal et al., 2017). Adulteration is reported
as reliable and economical method of restoring or providing
color to a processed product (Li et al., 2013). Rhodamine
B dye has been reported to be used as a food additive
(Jain et al., 2007) at a risk to the health of buyers (Baldev
et al.,, 2013). Some reports stated that Rhodamine B dye is
a non-permitted, non-food dye and used in lipsticks, rouge,
nail polishes (Ozkantar et al., 2017), in street foods like
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coconut burfi, jilebi (Meerarani et al.,1997) and in spices
like chilli powder (Fu et al., 2015).

Rhodamine B dye (RhB) is a synthetic and fluorescent
dye, belonging to methyl-xanthene family. It is soluble in
water and alcohols (ethanol and methanol). Due to its
fluorescent properties, it is used as a pathological marker,
dye laser and tracers for laser induced fluorescence and
used in flow cytometry, ELISA, fluorescent microscopy
(Al-Kadhemy et al., 2011; Alesso et al., 2012 and Zehentbauer
et al., 2014). It has good optic properties, stability and high
effectiveness (Yu et al., 2001 and Song et al., 2010).
Rhodamine B dye has been declared genotoxic and
carcinogenic by European Food Safety Authority (EFSA).
According to International Agency for Research on Cancer,
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1987 (IARC) Rhodamine B is cancer-causing and
poisonous for human beings. It can cause chronic diseases
by ingestion, inhalation and skin contact (Fu et al., 2015).
It is harmful for gastric and intestinal tracts and showed
problems like inflammation, irritation and vomiting.
Rhodamine B dye is a restricted dye according to Prevention
of Food Adulteration Act (PFA) in 1954 by Government of
India. Safitri et al. (2015) found that when Rhodamine B dye
was ingested in body through food, it increased the oxidative
stress on ovarian follicles and decreased the number of
primary, secondary, tertiary and graffian follicles.
Considering its illegal and unethical use in different
food products, various researchers have developed different
methods to detect it. Gresshma et al. (2012) developed
thin layer chromatography, UV-Vis spectroscopy, paper
chromatography and high-performance liquid chromatography
for the detection of Rhodamine B dye in street foods.
(Ozkantar et al., 2017) studied the detection of dyes with
different methods viz. mass spectroscopy, fluorescence
spectroscopy, phosphorescence spectroscopy and UV-Vis
spectroscopy. There are limited studies which focus on
fluorescent spectroscopy for the detection of Rhodamine
B dye in chilli. Keeping this in view, the present study was
carried out to develop fluorescent spectroscopy based
method for detection of Rhodamine B dye in chilli powder.

MATERIALS AND METHODS
Reagents

Rhodamine B standard (RhB, AR) was purchased
from Sisco Research Laboratory (Mumbai, Maharashtra,
India). All other chemicals used were of analytical grade.
All the solutions were prepared freshly. Raw chilli and
unknown samples were purchased from local market of
Ludhiana. Raw chilli was pulverized in Hammer mill to
obtain chilli powder at ICAR-CIPHET, Ludhiana during the
year 2019-2020. This chilli powder was considered as pure
chilli and used as reference sample. Each sample (100 mg)
was precisely weighed and transferred in a 1.5 ml micro-
centrifuge tube and extracted with 1.5 ml of methanol twice
using centrifugation at 1300 rpm for 5 minutes and supernatant
was collected. Adulterated samples of chilli (1 g) were
prepared by spiking chilli powder with solution of Rhodamine
B dye at different concentrations ranged from 0.8-4.8 ug/ml
and mixed to obtain uniform sample. Each spiked sample
was extracted according to the above steps.

Fluorescent spectrophotometer (Varian Cary eclipse-
FL1004M013) equipped with Xenon flash lamp was used
for recording flouremetric measurements. Pure chilli and
Rhodamine B dye were scanned to get their intensity peaks
at specific wavelengths using fluorescent spectrophotometer
in the range of 200-1100 nm. Rhodamine B dye is a
fluorescent dye so it get excited and emit light at specific
wavelength.

To confirm the accuracy of this method, limit of detection
(LOD), limit of quantification (LOQ) and recovery studies
were performed. The emission wavelength for Rhodamine
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B dye was set at 577 nm. Six linear concentrations (0.4, 0.8,
1.2, 1.6, 2.0, 2.4 pg/ml) of working standards of pure
Rhodamine B dye and 0.8-4.8 ug/ml concentrations of
Rhodamine B dye spiked in chilli matrix (1 g) were used in
three replications and regression curve were drawn. LOD
and LOQ were determined from these curves. The developed
method for estimation of residues of Rhodamine B dye in
chilli powder was validated by conducting recovery studies
using chilli samples. Per cent recovery was calculated by
using following formula:

Per cent recovery =
Quantity of Rhodamine B dye recovered
Quantity of Rhodamine B dye added

x 100

RESULTS AND DISCUSSION
Selection of solvent

Rhodamine B dye in aqueous solution exists in different forms
such as ionized species, neutral form, lactone and molecular
aggregates, which are characterized by typical absorption
and fluorescent spectra, depending on solvent and other
factors. Selection of solvent affects the fluorescence
intensity of dye as well as its extraction from the matrix. In
order to find the best solvent, Rhodamine B dye was
dissolved in different organic solvents and its emission
spectra was obtained as shown in Fig 1(A) and Fig 1(B).
Different solvents viz. water, methanol, ethanol, methanol
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Fig 1(A): Effect of different solvents on intensity of Rhodamine
B dye using fluorescent spectrophotometer (2D).

Fig 1(B): Effect of different solvents on intensity of Rhodamine
B dye using fluorescent spectrophotometer (3D).
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in acetonitrile and DMSO (Di-methyl sulfoxide) were studied.
The results showed that the solvents influenced the
fluorescent intensity and extraction of Rhodamine B dye
differently (Table 1). The spectra obtained with different
solvents differed in terms of peak wavelength and intensity.
However, the spectral shapes were virtually identical.
The shortest peak wavelength and the highest intensity
were observed for methanol while the longest peak
wavelength and the lowest intensity were observed for water
among the studied solvents. Low intensity indicates less
extraction in water which could be due to the fact that water
showed poor permeability for dye as compared to other
solvents. Deviations in spectral intensity could be due to
variable solvation of solvents. Our results are in accordance
with results of Zehentbauer et al. (2014) and Fu et al. (2015)
who have reported effect of solvents on emission
characteristic of dye and found methanol as the best solvent.
Considering good extraction and good fluorescence
properties of Rhodamine B dye in methanol, it was used
as solvent for further studies.

Spectral properties of Rhodamine B dye
Rhodamine B dyes and pure chilli powder were dissolved
in methanol and scanned to get emission wavelength and

Table 1: Effect of different solvents on the intensity of Rhodamine

intensity using fluorescent spectrophotometer. Pure chilli
powder in solution did not show any peak in the whole
wavelength range. Pure dye in solution gave maximum
intensity at 577 nm emission wavelength as shown in
Fig 2 and excitation wavelength was observed at 555 nm.
Similar spectral properties of Rhodamine B dye in solution
using fluorescent spectrophotometer have been reported
with maximum intensity at 580 nm and 576 nm emission
wavelengths, respectively (Al-Kadhemy et al., 2011 and
Alesso et al., 2012). While using synchronous fluorescence
approach, Fu et al. (2015) observed maximum intensity at
570 nm wavelength for Rhodamine B dye pure solution.

Standard curve of Rhodamine B dye

For quantitative analysis of Rhodamine B dye, standard
solutions of pure dye were prepared in concentrations
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Fig 2: Emission spectra of Rhodamine B dye in methanol using
fluorescent spectrophotometer.

3004
Cone. of Rhodamine B dye{pg/ml)

B dye.
Solvent Intensity
W ater 84.12
Methanol 315.9
Ethanol 280
Methanol : Acetonitrile (1:1) 277
DMSO 218

Table 2: Intensity of different concentrations of pure rhodamine

Intensity (a.u.)

250

200

1504

2.0
1.6 ——

1.2 —

B dye in methanol.

Conc. of rhodamine B dye (ug/ml) Intensity
0.4 51.74
0.8 101.82
1.2 150.68
1.6 199.59
2.0 252.49

Table 3: Intensity of different concentrations of rhodamine B dye

in chilli matrix.

Concentration of Intensity
Sr. no Rhodamine B dye (pg/g)
1. 0.8 74.59
2. 1.6 155.39
3. 2.4 202.77
4. 3.2 286.54
5. 4.0 325.82
6. 4.8 389.98
Pure rhodamine - 551.69

Pure chilli -
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Fig 3(A): Emission spectra of different concentrations of pure
Rhodamine B dye using fluorescent spectrophotometer (2D).

Fig 3(B): Emission spectra of different concentrations of pure
Rhodamine B dye using fluorescent spectrophotometer (3D).
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range of 0.4-2.0 pg/ml as shown in Table 2 and as
concentration of Rhodamine B dye was increasing, the
peak and wavelength were increasing as shown in
Fig 3(A) and Fig 3(B). Similarly, Rhodamine B standards
were spiked in the increasing concentration into the chilli
powder, the intensities of chilli powder extract were
obtained as shown in Table 3. The chilli powder extract
alone did not give any peak. With increasing concentration
of rhodamine B fluorescence signal increased gradually.
The peaks of Rhodamine B in chilli powder extract shifted
towards longer wavelength as shown in Fig 4(A) and
Fig 4(B). This phenomenon could be due to the interference
by the color of chilli powder extract Fu et al. (2015) has
reported that bright red and complex matrix of chilli powder
largely influence the response of the Rhodamine B. In order
to remove the matrix effects, continuous standard addition

Table 4: Recovery of Rhodamine B dye from spiked chilli samples.

Detected
amount (ug/g)

Conc. of Rhodamine

Recovery (%)
B dye (ug/g)

1.6 1.46 91.25
2.4 2.23 92.91
3.2 2.93 91.56
3.6 3.23 89.72
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Fig 4(A): Emission spectra of different concentrations of pure
Rhodamine B dye in chilli matrix using fluorescent
spectrophotometer (2D).
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Fig 4(B): Emission spectra of different concentrations of pure
Rhodamine B dye in chilli matrix using fluorescent
spectrophotometer (3D).

method was used. Rhodamine B concentration was
calculated by spiking known concentration of Rhodamine
B standard solution into the chilli sample. Similarly, Al-
Kadhemy et al. (2011) has also reported the effect of
concentration of Rhodamine B dye in ethanol on fluorescent
spectrum using different concentrations 1x102, 1x107,
1x10* and 1x10° mol/liter.

Analytical performance

Under the optimized conditions Rhodamine B could be
analyzed by the proposed method. Various characteristics
such as limit of detection, limit of quantification and
recoveries were calculated for the developed method using
regression equation. Various amounts of Rhodamine B
standard solutions were prepared in methanol to prepare a
series of working solutions. L.O.D for pure Rhodamine B
dye was 0.19 pg/ml and L.O.Q. was 0.63 pg/ml. Similarly,
various amounts of Rhodamine B standard solutions were
spiked into the blank extract to prepare a series of working
solution coexisting with the chilli matrix. L.O.D and L.O.Q of
Rhodamine B dye in chili matrix was 0.42 pg/g and 1.47 ug/g.
Correspondingly, Alesso et al. (2012) showed analytical
results for limit of detection and limit of quantification to
determine the Rhodamine B dye such as 1.40 x 102 ug/l and
4.67 x 102 ug/l. Fu et al. (2015) reported limit of detection for
Rhodamine B dye in chilli powder was 1.3 ng/g.

To validate the accuracy of above method, recovery
experiments were performed. The recovery of Rhodamine
B dye was found by standard addition method. Chilli sample
was spiked by different amounts of Rhodamine B standard
solution as shown in Table 4. The data revealed that the
spiked and detected amounts of Rhodamine B were
approximately identical. Recovery percentage of Rhodamine
B dye in chilli powder was 89.72-92.91%. Variable
recoveries of Rhodamine B have been reported by other
researchers in the range of 90-100% from different chilli
products (chilli oil, chilli powder and chilli sauce) by Fu
et al. (2015) while 95-100% has been reported in different
condiments by Alesso et al. (2012).

CONCLUSION

In the present study, a method was developed to detect
Rhodamine B dye in chilli powder using fluorescent
spectroscopy. The developed method is a simple, reliable
and sensitive for determination of Rhodamine B dye in
chilli powder. Scan studies showed emission maxima of
Rhodamine B dye at 577 nm and excitation at 555 nm. The
limit of detection and limit of quantification for pure dyewas
0.19 pg/ml and 0.63 pg/ml whereas for Rhodamine B dye
in chilli powder was 0.42 ug/g and 1.47 ug/g, respectively.
Among the studied solvents, methanol showed best
results in terms of emission intensity of Rhodamine B dye.
About 90 to 93% recovery of Rhodamine B dye was
observed. Proposed methodology is useful for Rhodamine
B dye estimation in chilli powder.
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