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Abstract

A simple and rapid high-performance liquid chromatography (HPLC) method

to determine basic colorants such as pararosaniline (PA), auramine O (AO),

and rhodamine B (RB) in various processed foods was developed. Linearity of

the calibration curves ranged from 0.05 to 50 lg/mL for PA and 0.05–100 lg/
mL for AO and RB. The detection and quantification limits (LOD and LOQ)

of the basic colorants, which were evaluated as signal-to-noise ratios of 3 for

LOD and 10 for LOQ, ranged from 0.0125 to 0.05 and 0.025 to 0.125 lg/g,
respectively. The recoveries and relative standard deviations of three basic colo-

rants in six processed foods, namely, chili sauce, curry paste, gochujang (hot

pepper paste), tandoori chicken (roasted chicken prepared with yogurt and

spices), powder soup, and shrimp powder ranged from 70.2% to 102.8% and

0.8% to 8.0%, respectively. The intraday precision of the recovery test ranged

from 1.7% to 4.5%, whereas the interday precision ranged from 3.7% to 7.7%.

The reported method has been successfully applied to basic colorant determina-

tion in various processed foods such as fat-based food matrices (curry paste

and tandoori chicken), chili products (gochujang and chili sauce), and protein-

based products (shrimp powder and powder soup). Thin layer chromatography

and liquid chromatography/mass spectrometry methods for the determination

of basic colorants in processed foods were also developed for rapid analysis and

identification, respectively. These methods are very useful for monitoring unau-

thorized basic colorants in inspection centers or quarantine laboratories in

many countries.

Introduction

Synthetic food colors are used worldwide to avoid the

loss of original color in processed foods, as well as to

make the products more attractive to consumers. Syn-

thetic food colors are considered superior to natural food

colors in terms of their color value, uniformity, and

applicability in various processed foods. Synthetic food

colors have been authorized and regulated for use in food

additives in many countries (Ministry of Health, Labour

and Welfare 1947; European Council 1994; U.S. Food and

Drug Administration 2004).

While the use of water-soluble synthetic acid colors

such as erythrosine, amaranth, or acid red is generally

allowed worldwide, some basic colorants such as

pararosaniline (PA), auramine O (AO), and rhodamine B

(RB) are unauthorized food additives in Japan, the EU,

and the United States because of their toxicity. PA and

AO are possibly carcinogenic to humans and classified

into Group 2B by the International Agency of Research

on Cancer (2010). Rhodamine B is also proved to be car-

cinogenic and toxic to humans and animals (International

Agency for Research on Cancer 1978) (Fig. 1).

However, these basic colorants have been detected in

various processed foods. The use of RB and AO has been

reported in several developing countries such as Malaysia

(Food Safety Net 2010), the Philippines (Republic of the

Philippines, Food and Drug Administration 2013), India

(Dixit et al. 2011; Gresshma and Reject Paul 2012), Viet-

nam (Sai Gon Giai Phong 2012), Argentina (Alesso et al.
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2012), and China (The Government of the Hong Kong

Special Administrative Region, Centre for Food Safety

2011; SGS Hong Kong Limited 2012). In Japan, the use

of RB and PA in imported processed foods has also been

reported (Suzuki et al. 2007; Ministry of Health, Labour

and Welfare 2005). Thus, effective monitoring of basic

color contaminants in processed foods is necessary to

ensure food safety.

Although various analytical methods have been

developed for the detection and determination of basic

colorants in processed foods (Botek et al. 2007; Dixit

et al. 2011; Alesso et al. 2012; Gresshma and Reject Paul

2012), such methods have several drawbacks, including

time-consuming steps, a lack of application data to vari-

ous processed foods, or unavailable data for the determi-

nation of low levels of basic colors. Many of them were

determination methods of only RB (Alesso et al. 2012;

Gresshma and Reject Paul 2012); nevertheless PA and

AO were detected in processed foods as contaminants

(Suzuki et al. 2007; Dixit et al. 2011), there is no simul-

taneous determination method of PA, AO, and RB.

Therefore, it is necessary to develop a simultaneous

determination method for PA, AO, and RB in various

processed foods.

In this study, we developed a simple and rapid extrac-

tion and determination method to detect low levels of

basic colorants (0.5 lg/g) by high-performance liquid

chromatography using a photodiode array detector

(HPLC-PDA). We also developed a rapid, simple, and

low-cost thin layer chromatography (TLC) method for

screening/detection of basic colorants and a liquid chro-

matography/mass spectrometry (LC/MS) approach for

their identification.

The method is applicable to various processed foods

such as fat-based food (curry paste and tandoori chicken),

chili products (gochujang and chili sauce), and protein-

based food (shrimp powder and powder soup).

Experimental

Reagents and chemicals

All solutions were prepared with ultrapure Milli-Q water

(Milli-Q, Milford, MA), which was used for preparing the

aqueous mobile phase. Ammonium acetate, sodium

hydroxide, ammonium formate, sodium sulfate, hydro-

chloric acid, tetrahydrofuran (stabilizer free) (THF), etha-

nol (EtOH), and acetic acid were purchased from Wako

Pure Chemical Industry, Ltd. (Osaka, Japan); 2-butanone,

ethyl acetate, and hexane were purchased from Kanto

Chemical Co., Inc. (Tokyo, Japan). The high-performance

liquid chromatography (HPLC) grade organic solvents

methanol and acetonitrile were supplied by Merck

(Darmstadt, Germany).

RB (purity 98.3%) was purchased from Wako Pure

Chemical Industry, Ltd., whereas AO (purity 90.8%) and

PA (purity 94.4%) were purchased from Chroma Tech-

nology Corp. and Acros Organics (Geel, Belgium),

respectively. A saturated NaCl solution containing

0.1 mol/L NaOH was prepared by dissolving 4 g of

NaOH in 1 L of the solution. A 1.6 mol/L ammonium

formate solution (pH 2.5) was prepared by dissolving

10 g of ammonium formate in 50 mL of water and sub-

sequently adjusting the pH to 2.5 with formic acid.

Water was then added to the solution to obtain a

100 mL final solution volume.

Pararosaniline
C.I. 42500  

Auramine O
C.I. 41000

Rhodamine B
C.I. 45170

Figure 1. Chemical structures of PA, AO, and RB.
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Preparation of standard solutions

Stock standard solutions of RB, AO, and PA were pre-

pared by dissolving each standard compound in methanol

in a volumetric flask at a concentration of 1 mg/mL. The

stock standard solutions were further diluted with metha-

nol to give standard solutions for the recovery tests (with

concentrations of 250 and 25 lg/mL). For the calibration

curves, the stock solutions were diluted with a 1% acetic

acid solution containing methanol to give five working

standard solutions for analysis (with concentrations of

0.05, 0.1, 0.5, 1, and 2 lg/mL).

Preparation of sample solutions from food

All food samples, that is, curry paste, chili sauce, gochuj-

ang (hot pepper paste), tandoori chicken (roasted chicken

prepared with yogurt and spices), shrimp powder, and

powder soup were obtained from a market in Tokyo.

Solid samples were finely cut or homogenized. A 5 g por-

tion was accurately weighted and dissolved in 20 mL of a

solution containing 0.1 mol/L HCl:EtOH (1:2). The sam-

ple solution was then shaken for 1 min, and ethyl acetate

(20 mL) was subsequently added with further agitation

for 1 min. The solution was finally centrifuged at

3000 rpm (1500–2000g) for 1 min, and the supernatant

was collected into a separatory funnel. The same treat-

ment was performed two times on the residual precipi-

tates, and the supernatant liquid was collected into the

separatory funnel for ethyl acetate extraction. After add-

ing 1 mL of an NaOH solution (2.5 mol/L) to the ethyl

acetate extraction layer (except for the shrimp powder),

50 mL of a saturated NaCl solution (containing 0.1 mol/

L NaOH) was added to the ethyl acetate extraction layer

in the separatory funnel. The mixture was then shaken,

and the latter layer was removed. After adding 40 mL of

hexane and 20 mL of 0.1 mol/L HCl to the residual ethyl

acetate extraction layer in the separatory funnel and shak-

ing the mixture again, the basic colorants were extracted

to the latter layer and collected in a 100 mL measuring

flask. A further amount of HCl (0.1 mol/L, 20 mL) was

added to the remaining layer upon agitation, and this

layer was also collected (together with the rest) into the

100 mL measuring flask. Water was then added to the

flask to obtain a final solution volume of 100 mL.

A 20 mL aliquot of the prepared solution was carefully

taken, and its pH value was adjusted to 10–12 using a

2.5 mol/L NaOH solution. This mixture was employed

to precondition the Oasis HLB column using 10 mL of

methanol and water. The column was washed with

10 mL of Mill-Q water and eluted using 4 mL of 1%

acetic acid in methanol. A further amount of acetic acid

containing methanol was added to the mixture to obtain

a final volume of 5 mL as a sample solution for HPLC

experiments.

Recovery tests and method validation

Recovery tests were performed to evaluate the accuracy of

the developed method. A small amount of the standard

solutions (0.1 mL, 25 lg/mL) was added to 5 g of shrimp

powder, powder soup, curry paste, chili sauce, gochujang,

and tandoori chicken (finely cut) in the absence of PA,

AO, and RB. The samples were kept at room temperature

for 30 min and then treated as described in the section

“Preparation of sample solutions from food”.

Calibration curves were prepared with the PA, AO, and

RB standard solutions at concentrations of 0.05–50 or

100 lg/mL to examine the linearity of the calibration

curves. Intraday precision (RSDr) and interday precision

(RSDR) were assessed by analyzing duplicates of a curry

paste spiked with PA, AO, and RB (0.5 lg/g) during a

day and on five different days, respectively. The limits of

detection (LOD) and quantification (LOQ) for PA, AO,

and RB were estimated by the signal-to-noise S/N > 3

and S/N > 10 ratios of each peak in the standard solu-

tions, respectively.

HPLC analysis

The LC system consisted of a Hewlett Packard 1100 series

(Agilent Technologies, Palo Alto, CA) containing a

G1315A PDA detector (monitored at 550 nm for PA and

RB, and 450 nm for AO), the L-column (octadecylsilane

(ODS); i.d.: 4.6 mm 9 150 mm; particle size: 5 lm; pore

size: 12 nm; Chemicals Evaluation and Research Institute,

Tokyo, Japan), and a column heater set at 40°C. The

mobile phase consisted of 20 mmol/L ammonium acetate,

brought to pH 4.5 by dropwise addition of acetic acid

(mobile phase A) and acetonitrile (mobile phase B). The

gradient conditions were as follows: (1) a linear gradient

from 20% to 60% mobile phase B (for 15 min) and (2)

isocratic elution at 60% mobile phase B (for 5 min). The

injection volume was 20 lL and the flow rate was

1.0 mL/min. The apparatus was controlled (and the data

were collected and analyzed) by using the Agilent Chem-

station software.

TLC analysis

TLC experiments were performed on 20 cm 9 20 cm

TLC RP-18 plates from Merck, which were cut into seg-

ments of 10 cm 9 10 cm. Exactly 2 mL of the sample

solutions was taken for HPLC, purged with nitrogen gas

at room temperature, and concentrated to 0.2 mL. The

sample solutions for TLC were spotted with 5–20 lL
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(~5–20 ng of each basic colorant), and standard solutions

(5 lg/mL) of the basic colorants were spotted with

1–4 lL (~5–20 ng of each basic colorant) using a 5 lL
capillary glass tube at 20 mm from the bottom of the plate.

The plates were developed up to 7 cm in a saturated

developing chamber (Camag, Muttenz, Switzerland)

for 10 cm 9 10 cm plates. The developing solvents were

2-butanone–methanol–5 w/w% Na2SO4 (1:1:1, v/v/v)

(solvent system A) and 2-butanone–methanol–1.6 mol/L

ammonium formate (pH 2.5) (7:2:7, v/v/v) (solvent sys-

tem B). After development, the plates were dried at room

temperature and observed under white light for PA, AO,

and RB, as well as at 254 nm for RB and 366 nm for AO

and RB. The plates were documented by using a TLC

visualizer (Camag).

LC/MS analysis

LC analysis was performed by using a HPLC–electrospray
ionization-MS (HPLC–ESI-MS) instrument from Shima-

dzu (LCMS-2010; Shimadzu, Kyoto, Japan). Chromato-

graphic separation was performed on a reversed-phase

HPLC L-column ODS (i.d.: 2.1 mm 9 150 mm; particle

size: 5 lm; pore size: 12 nm). The mobile phase consisted

of 20 mmol/L ammonium acetate (pH 4.5) (mobile phase

A) and acetonitrile (mobile phase B). The gradient condi-

tions were as follows: (1) a linear gradient from 20% to

60% mobile phase B (for 15 min) and (2) isocratic elu-

tion at 60% mobile phase B (for 5 min). The flow rate

was 0.2 mL/min and the injection volume was 5 lL; the
column oven was maintained at 40°C. The sample solu-

tion for HPLC was injected and analyzed in the ESI (+)
mode with selected ion monitoring (SIM) using selected

ion masses of m/z 288[PA–Cl], m/z 268[AO–Cl], and m/z

443[RB–Cl–H] for LC/MS detection.

Results and Discussion

Optimization of the sample solution
preparation

To optimize extraction conditions, we examined the extrac-

tion time and the number of extractions using 0.1 mol/L

HCl:ethanol (1:2) and ethyl acetate as the extraction

solvent. As shown in Figure 2, the recovery rate of RB in

chili powder was above 90% after three extractions.

To remove impurities from the extracted solution, we

applied the salt-out method using a saturated NaCl solu-

tion containing 0.1 mol/L NaOH (basified saturated NaCl

solution). This procedure helped in removing impurities

in the solution extracted from chili powder.

We considered that impurities were effectively removed

from the extracted chili-powder sample using a saturated

NaCl solution containing 0.1 mol/L NaOH. When such a

solution is added to the ethyl acetate extraction layer, the

extracted solution is normally expected to have a pH of

9–11. However, in the case of the chili sauce, the pH

appeared to be below 9. This observation indicates a loss

in the amount of PA in the ethyl acetate layer because of

the influence of the matrix. The presence of a thickener

or vinegar in the chili sauce may cause an amount of PA

to remain in the NaCl/NaOH layer. To prevent this loss,

we added NaOH (1 mL, 2.5 mol/L) to the extracted solu-

tion in the ethyl acetate layer before adding saturated

NaCl containing NaOH. Apparently, PA could be effec-

tively extracted in the ethyl acetate layer using the pro-

posed procedure. From this result, we can conclude that

when the pH of the ethyl acetate extraction layer is not

sufficiently alkaline from the effect of the food matrix

alone, it is necessary to add a 2.5 mol/L NaOH solution

adjust the pH to alkaline.

Optimization of the clean-up process on
solid-phase extraction columns

Many solid-phase extraction columns such as octadecyl

silica (ODS; Gagliardi et al. 1996), styrene–divinylbenzene
polymeric surfaces (Strata-X, Strata-SCX, Oasis HLB, Sep-

abeads� SP70; Mitrowska et al. 2005; Lee et al. 2006;

Chiang et al. 2011; Soylak et al. 2011), alumina and
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Figure 2. Recovery (%) of PA from an Oasis HLB under different pH
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strong cation exchange columns (Halme et al. 2004),

immune affinity columns (Xie et al. 2013), and polyamide

(Dixit et al. 2011) have been used to clean-up basic syn-

thetic dyes from foods, cosmetic products, and tissues.

Chiang et al. (2011) and Soylak et al. (2011) reported

that stylene–divinylbenzene polymers are effective in

cleaning basic dyes such as RB and malachite green from

foods. Therefore, we attempted to clean-up the basic dyes

from the prepared solutions using a cartridge containing

a stylene–divinylbenzene polymer (Oasis HLB). We found

that the basic dyes, except PA, could be retained in the

cartridge, and we believe that the breakthrough of PA

could be because of its positive charge. Therefore, we

added an alkaline solution to the prepared solution after

dilution with distilled water to neutralize the basic dye

charge. As expected (see Fig. 2), we found that PA could

then be retained in the cartridge and was recovered sub-

stantially from the sample.

The prepared solution was diluted three times with

water to reduce the effects of the organic solvent. RB and

AO were retained in the Oasis HLB, whereas PA was not.

We therefore examined the effect of pH of the eluent on

the retention of PA.

To achieve this, we adjusted the pH of a diluted

solution prepared solution from chili sauce spiked with

PA to 9 using 10% ammonium water, and to pH 12

using 0.5 mol/L NaOH and 8 mL of 2.5 mol/L NaOH

solutions. The sample was then applied to the Oasis

HLB, and a 1 mL fraction was collected. As shown in

Figure 2, in the case of the diluted solutions prepared

by using 10% ammonium water (pH 9) and 0.5 mol/L

NaOH (pH 12), the pH was slightly acidic so that

30%–50% of the PA was not retained by the cartridge.

On the other hand, the PA contained in the diluted

solution using 2.5 mol/L NaOH (pH 12, 8 mL) solu-

tion was retained by the cartridge with less break-

through. An improved PA recovery of 90% was

achieved by elution with 1% acetic acid in methanol:

THF (4:1).

This solution was tested as an eluent, and more than

90% of RB, AO, and PA was effectively eluted in the

first 1 mL (Fig. 3A). However, as shown in Figure S1 of

the chromatogram in the HPLC analysis of basic colo-

rants after elution from the cartridge using 1% acetic

acid in methanol:THF (4:1), the peaks corresponding to

the basic colorants are broad, and the sensitivity to AO

is low, even if the pH is changed from 3.5 to 6.5 to

optimize the HPLC conditions. Since THF is generally

unstable—it affects the peak shape in the HPLC analysis

—we replaced the 1% acetic acid in methanol:THF

(4:1) with 1% acetic acid in pure methanol eluent. As

shown in Figure 3B, the shapes of the colorant peaks in

the HPLC chromatogram improved, and the sensitivities

were higher than those obtained by using THF as an

eluent, although 1–2 mL of eluent was necessary to

effectively elute all the color from the cartridge. There-

fore, 1% acetic acid in methanol was used as an appro-

priate eluent for the purification of colorants from the

cartridge.

Optimization of HPLC conditions

According to previous reports on synthetic food colorant

analyses by HPLC or LC/MS, an aqueous ammonium

acetate solution (solvent A) and acetonitrile (solvent B)

were used as the mobile phase for the gradient conditions

in HPLC analysis (Suzuki et al. 2007). In this study, we

tried to optimize the pH of solvent A.

As shown in Figure 4, the AO and PA peaks are broad,

and the S/N ratios obtained by using solvent A at pH 6.5

(i.e., 5 for AO and 9.5 for PA) are lower than those

obtained at pH 4.5 (8 for AO and 17 for PA) or pH 3.5

(5 for AO and 8 for PA), suggesting that the sensitivities

for the determination of AO and PA using solvent A at

pH 6.5 are lower than those at pH 4.5 or 3.5. In addition,

in the case of RB, the retention time (RT) using solvent

A at pH 3.5 is longer than that at pH 4.5 (Fig. 4), sug-

gesting that the analysis of RB will take longer in the for-

mer case than in the latter one. The sensitivities of AO

and PA at pH 4.5 are similar to those at pH 3.5, and
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Figure 3. Recovery (%) of PA, AO, and RB from an Oasis HLB using

different eluents: 1% acetic acid in THF:MeOH (1:4) (A) and 1%

acetic acid in MeOH (B).
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therefore, we used 10 mmol/L ammonium acetate (at pH

4.5) as solvent A for the HPLC analysis of basic colorants.

Validation of the method

The analytical method developed herein was validated

by determining its linearity, LOD, LOQ, trueness (by

recovery tests), and precision. The calibration curve for PA

exhibits linearity at the concentration of 0.05–50 lg/mL,

whereas those for AO and RB are linear at 0.05–100 lg/mL.

The regression coefficients were greater than 0.999 in all

cases (PA, AO, and RB).

The LOD and LOQ were determined by using standard

solutions. The LODs based on three times the S/N ratio

were 0.0125 lg/g for PA, 0.05 lg/g for AO, and

0.0125 lg/g for RB. The LOQs based on ten times the

S/N ratio were 0.05 lg/g for PA, 0.125 lg/g for AO, and

0.025 lg/g for RB. The confirmatory LOD for the three

basic colorants based on visual evaluation of the PDA

spectra was estimated to be 0.025 lg/g.
The accuracy and precision of the method were evalu-

ated by recovery tests. Standard solutions of PA, AO, and

RB were spiked with shrimp powder, powder soup, curry

paste, chili sauce, gochujang, and tandoori chicken at a

final colorant concentration of 0.5 lg/g. Table 1 shows

the recoveries and relative standard deviations (RSDs)

obtained by the developed analytical method. The recov-

eries and RSDs for PA, AO, and RB ranged from 70.2%

to 102.8%, and from 0.8% to 8.0%, respectively, except

for the shrimp powder, where the values ranged from

51.7% to 75.2% and 2.3% to 26.4%, respectively. The

lower recoveries and precision values observed for the

shrimp powder could be because of losses in PA, AO, and

RB during purification using a cartridge, which involves

precipitation induced by adding 1 mL of a 2.5 mol/L

NaOH solution to the ethyl acetate extraction layer. Thus,

Retention time (min)
0 5 10 15 20

0 5 10 15 20
Retention time (min)

pH 3.5

pH 4.5

pH 6.5

pH 3.5

pH 4.5 

pH 6.5 

AO

PA
RB

550 nm

450 nm

Figure 4. HPLC chromatograms (at 450 and 550 nm) of standard

solutions of PA, AO, and RB (0.1 lg/mL) at different pH values (pH

6.5, 4.5, and 3.5).

Table 1. Recoveries of pararosaniline (PA), auramine O (AO), and

rhodamine B (RB) from spiked food matrices (shrimp powder, powder

soup, curry paste, chili sauce, gochujang, and tandoori chicken).

Recovery (%)1

PA AO RB

Tandoori chicken 102.4 � 0.8 92.7 � 5.7 91.3 � 1.1

Gochujang 102.8 � 3.3 92.6 � 9.7 93.6 � 0.9

Chili sauce 85.4 � 8.0 92.7 � 5.8 95.9 � 1.9

Curry paste 86.2 � 2.6 85.4 � 6.3 92.8 � 1.7

Powder soup 88.1 � 3.2 70.2 � 1.7 99.0 � 3.6

Shrimp powder2 87.8 � 3.9 76.8 � 3.0 95.2 � 2.9

1Mean � SD.
2Recoveries from the shrimp-powder sample solution, which was

prepared without adding NaOH.

Table 2. Intraday (RSDr) and interday (RSDR) precision data for curry paste spiked with PA, AO, and RB.

Precision

Analyte

Spiked level

(lg/g)

Found

(lg/g)1
Recovery

(%) Intraday RSDr Interday RSDR

PA 0.50 0.40 � 0.03 80.0 2.9 7.7

AO 0.50 0.43 � 0.02 85.4 4.5 3.7

RB 0.50 0.49 � 0.02 97.9 1.7 4.1

PA, pararosaniline; AO, auramine O; RB, rhodamine B.
1Mean � SD.
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Figure 5. HPLC chromatograms (at 450 and 550 nm) of the standard solutions of PA, AO, and RB (0.1 lg/mL), a blank solution, and a sample

solution from curry paste.
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366 nm, as well as under white light using the developing solvent systems A [2-butanone–methanol–5%Na2SO4 solution (1:1:1, v/v/v)] and B

[2-butanone–methanol– 1.6 mol/L ammonium formate solution (pH 2.5) (7:2:7, v/v/v)].
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to prevent precipitation, we did not add the NaOH to the

solution prepared from shrimp powder; the prepared

solution was purified using Oasis HLB. Consequently, the

recoveries were improved to 87.8% for PA, 76.8% for

AO, and 95.2% for RB.

The reproducibility of the results was assessed by deter-

mining both the RSDr and the RSDR of the recovery tests

by spiking standard solutions of PA, AO, and RB with

concentrations of 0.5 lg/g of each basic colorant in the

curry paste. The RSDr values ranged from 1.7% to 4.5%,

and the RSDR values ranged from 3.7% to 7.7%

(Table 2).

Typical chromatograms of the analysis of PA, AO, and

RB in recovery tests using the curry paste are shown in

Figure 5. The peaks obtained for the basic colorants were

well separated, with RT of 8.5 min for PA, 12 min for

AO, and 17.5 min for RB. The PDA spectrum of the sam-

ple solution for the HPLC experiments agrees well with

that of the standard solution. As shown in Figure S2A–E,
we obtained well-separated HPLC chromatograms of the

analysis of PA, AO, and RB in the recovery tests using

tandoori chicken, gochujang, chili sauce, powder soup,

and shrimp powder.

TLC

To apply the prepared sample solutions in conventional

TLC experiments and assess the detection limit for basic

colorants by TLC, we performed TLC analysis using the

prepared sample solutions (5–20 lL, ~5–20 ng of basic

colorant) in the recovery tests described in the section

“Validation of the method.” Typical TLC chromatograms

obtained for PA, AO, and RB in recovery tests using a

curry paste are shown in Figure 6A–F. As shown in Fig-

ure 6C and F, PA, AO, and RB were separately detected as

red, yellow, and pink spots in systems A and B by spotting

more than 5 lL of sample solution under a white light.

However, it was difficult to visually detect the AO spot

under the white light because of its yellow color. AO and

RB were visually detected as fluorescent yellow and orange

spots at 366 nm, separated from the fluorescent blue spots

from impurities of the curry paste in systems A and B

5 10 15 20

5 10 15 20 5 10 15 205 10 15 20

Powder soup sample solution Standard solution (0.1 µg/mL)
SIM MS spectrum

Powder soup blank solution

5 10 15 205 10 15 20

Retention time (min) Retention time (min) Retention time (min)

*

m/z 288

m/z 268

m/z 443
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PA AO

RB PA
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RB
*

PDA spectrum

550 nm
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Figure 7. LC/MS SIM chromatograms of sample solutions from a powder soup spiked with PA, AO, and RB (each spiked level is 0.5 lg/g) and

PDA chromatograms at 450 and 550 nm. The symbol “*” represents an artifact from the processed food and “**” represents an artifact from

RB.
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(Fig. 6B and E). A spot of AO was clearly detected at

366 nm in system B. Spots of PA, AO, and RB were also

visually detected at 254 nm when more than 5 lL of sam-

ple solution was used in systems A and B. However, the

fluorescence intensities of the AO and RB spots, as well as

the visual intensity of the PA spot, were much lower than

those observed under white light and at 366 nm. As

shown in Figure S3A–E, we observed similar TLC of the

sample solution from tandoori chicken, gochujang, chili

sauce, powder soup, and shrimp powder.

LC/MS

To correctly identify PA, AO, and RB in sample solutions

prepared from processed foods for the regulation of unau-

thorized basic colorants, a confirmation by LC/MS analysis

is necessary. Therefore, we developed a qualitative LC/MS

method to identify the basic colorants, although the quan-

titative performance of the method was not assessed.

Figure 7A–F shows typical LC/MS SIM and HPLC-PDA

chromatograms at 550 and 450 nm for the analysis of PA,

AO, and RB in recovery tests using a powder soup. Peaks

of the RT were detected at 8.5 min for PA, 11.7 min for

AO, and 16.1 min for RB in the SIM (Fig. 7B and C) and

HPLC-PDA (Fig. 7E and F) chromatograms of the stan-

dard solutions and sample solutions prepared from a pow-

der soup spiked with basic colorants. As shown in

Figure 7B, C, E, and F, interference peaks were detected in

the case of RB before the RT peak, both in the SIM and

HPLC-PDA chromatograms of the sample solution and the

standard solution. These interference peaks appear to be

derived from RB. Similarly, as shown in Figure S4, peaks

for PA, AO, and RB were detected in the SIM and HPLC-

PDA chromatograms of sample solutions prepared from

other processed foods (i.e., chili sauce, curry paste, gochuj-

ang, tandoori chicken, and shrimp powder).

In the SIM chromatogram of a blank solution

(Fig. 7A), multiple peaks were detected at approximately

16 min (m/z 288 for PA). However, the RT of these peaks

was different from that of the PA standard solution, and

since the peaks also appeared in the blank solution chro-

matograms of sample solutions prepared from other

foods, we considered that they could probably be the

impurities derived from the foods.

Conclusions

We developed an HPLC method for the determination of

unauthorized basic colorants in processed foods. The

recoveries achieved by this procedure ranged from 70.2%

to 102.8%. The HPLC method offers a way to reduce

interferences in fat-based food matrices (curry paste and

tandoori chicken), water-soluble substances (chili color in

gochujang and chili sauce), or protein-based products

(shrimp powder and powder soup). This study shows that

the proposed method is a simple and reliable way to deter-

mine unauthorized basic colorants such as PA, AO, and

RB in processed foods. Furthermore, a TLC method for

the screening/detection of the colorants, as well as an LC/

MS approach to identify them, was also developed. The

LC/MS approach was developed for qualitative purposes

and has not been validated quantitatively. Further studies

to determine basic colorants, both quantitatively and qual-

itatively, in processed foods by LC/MS would be necessary.

We believe that these methods could be very useful for

monitoring unauthorized basic colorants in inspection

centers or quarantine laboratories in many countries.

Acknowledgments

This study was supported, in part, by a Grants-in-Aid for

Scientific Research, from the Ministry of Health, Labour

and Welfare, Japan.

Conflict of Interest

None declared.

References

Alesso, M., G. Bondioli, M. C. Talio, M. O. Luconi, and L. P.

Fernandez. 2012. Micelles mediated separation fluorimetric

methodology for rhodamine B determination

in condiments, snacks and candies. Food Chem.

134:513–517.

Botek, P., J. Poustka, and J. Hajslova. 2007. Determination of

banned dyes, in spices by liquid chromatography-mass

spectrometry. Czech. J. Food Sci. 25:17–24.

Chiang, T. L., Y. C. Wang, and W. H. Ding. 2011. Trace

determination of rhodamine B and rhodamine 6G dyes in

aqueous samples by solid-phase extraction and

high-performance liquid chromatography coupled with

fluorescence detection. J. Chin. Chem. Soc. 59:1–5.

Dixit, S., S. K. Khanna, and M. Das. 2011. A simple method

for simultaneous determination of basic dyes encountered in

food preparations by reversed-phase HPLC. J. AOAC Int.

94:1874–1881.

European Council. 1994. European parliament and council

directive 94/36/EC of 30 June 1994 on colors for use in

foodstuffs. Available at http://ec.europa.eu/food/fs/sfp/

addit_flavor/flav08_en.pdf (accessed 11 December 2013).

Food Safety Net. 2010. Colouring in belacan can cause cancer.

Available at http://foodsafety.suencs.com/archives/tag/

rhodamine-b (accessed 11 December 2013).

Gagliardi, L., D. De Orsi, G. Cavazzutti, G. Multari, and D.

Tonelli. 1996. HPLC determination of rhodamine B (C.I.

45170) in cosmetic products. Chromatographia 43:76–78.

ª 2014 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc. 555

C. Tatebe et al. A Simple Method to Determine Basic Colorants



Gresshma, R. L., and M. P. Reject Paul. 2012. Qualitative and

quantitative detection of rhodamine b extracted from

different food items using visible spectrophotometry.

Malaysian J. Forens. Sci. 3:36–40.

Halme, K., E. Lindfors, and K. Peltonen. 2004. Determination

of malachite green residues in rainbow trout muscle with

liquid chromatography and liquid chromatography coupled

with tandem mass spectrometry. Food Addit. Contam.

21:641–648.

International Agency for Research on Cancer. 1978. IARC

Monographs on the Evaluation of Carcinogenic Risk to

Humans, Vol. 16, Pp. 212–231. Available at http://

monographs.iarc.fr/ENG/Monographs/vol1-42/mono16.pdf

(accessed 11 December 2013).

International Agency for Research on Cancer. 2010. IARC

Monographs on the Evaluation of Carcinogenic Risk to

Humans, Vol. 99, Pp. 111–140 and 297–324. Available at

http://monographs.iarc.fr/ENG/Monographs/vol99/

mono99-12.pdf (accessed 11 December 2013).

Lee, K. M., J. L. Wu, and Z. Cai. 2006. Determination of

malachite green and leucomalachite green in edible goldfish

muscle by liquid chromatography–ion trap mass

spectrometry. J. Chromatogr. B Analyt. Technol. Biomed.

Life Sci. 843:247–251.

Ministry of Health, Labour and Welfare. 1947. Food Sanitation

Act, Act No. 233 of December 24.

Ministry of Health, Labor and Welfare. 2005. Imported Foods

Inspection Services Home Page, Recent Cases of Violation

of the Food Sanitation Law that were Found on the

Occasion of Import Notification. Available at http://www.

mhlw.go.jp/english/topics/importedfoods/05/9-3.html

(accessed 11 December 2013).

Mitrowska, K., A. Posyniak, and J. Zmudzki. 2005.

Determination of malachite green and leucomalachite green

incarp muscle by liquid chromatography with visible and

fluorescence detection. J. Chromatogr. A 1089:187–192.

Republic of the Philippines, Food and Drug Administration.

2013. FDA Advisory on Products Positive on Rhodamine,

Public Warning on the use of Industrial Grade Coloring

Dyes by Food Processors. Available at http://www.fda.gov.

ph/advisories/food/114164-fda-advisory-on-products-

positive-on-rhodamine (accessed 11 December 2013).

Sai Gon Giai Phong. 2012. Hanoi health authorities detect

adulterated chili powder. Available at http://www.

saigon-gpdaily.com.vn/Health/2012/1/99223/ (accessed 11

December 2013).

SGS Hong Kong Limited. 2012. Auramine O and Aconitine in

Herbs. Available at http://www.sgsgroup.com.hk/~/media/

Local/Hong%20Kong/Documents/Technical%20Documents/

Technical%20Bulletins/Scoop/SCOOP%20-%20Auramine%

20O%20and%20Acontine%20in%20herbs%20_Oct%

202012_.ashx (accessed 11 December 2013).

Soylak, M., Y. E. Unsal, E. Yilmaz, and M. Tuzen. 2011.

Determination of rhodamine B in soft drink, waste water

and lipstick samples after solid phase extraction. Food

Chem. Toxicol. 49:1796–1799.

Suzuki, K., K. Mae, F. Ishikawa, Y. Sadamasu, T. Fujiwara,

K. Ito, et al. 2007. Analysis of colors used in eggs. Ann. Rep.

Tokyo Metr. Inst. P.H. 58:163–167. [in Japanese]

The Government of the Hong Kong Special Administrative

Region, Centre for Food Safety. 2011. Food Safety Focus,

Abuse of Certain Chemicals as Food Additives. Available at

http://www.cfs.gov.hk/tc_chi/multimedia/multimedia_pub/

files/FSF57_2011-04-20.pdf (accessed 11 December 2013).

U.S. Food and Drug Administration. 2004. Summary of color

additives listed for use in the United States in food, drugs,

cosmetics and medical devices. Available at http://www.fda.

gov/forindustry/coloradditives/coloradditiveinventories/

ucm115641.htm (accessed 11 December 2013).

Xie, J., T. Peng, D. D Chen, Q. J. Zhang, G. M. Wang,

X. Wang, et al. 2013. Determination of malachite green,

crystal violet and their leuco-metabolites in fish by

HPLC-VIS detection after immunoaffinity column clean-up.

J. Chromatogr. B Analyt. Technol. Biomed. Life Sci.

913–914:123–128.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. HPLC chromatograms of standard solutions of

PA, AO, and RB (0.1 lg/mL) at different pH values (6.5,

4.5, and 3.5) in 1% acetic acid in THF:MeOH (1:4).

Figure S2. HPLC chromatograms (at 450 and 550 nm) of

the standard solutions of PA, AO, and RB (0.1 lg/mL), a

blank solution, and a sample solution from curry paste.

Figure S3. TLC chromatograms of a standard solution

(STD), a blank solution (BK), and a sample solution

(SMP) from tandoori chicken, gochujang, chili sauce,

powder soup, and shrimp powder at 254 and 366 nm, as

well as under white light using the developing solvent sys-

tems A [2-butanone–methanol–5% Na2SO4 solution

(1:1:1, v/v/v)] and B [2-butanone–methanol 1.6 mol/L

ammonium formate solution (pH 2.5) (7:2:7, v/v/v)].

Figure S4. LC/MS SIM chromatograms of sample solu-

tions from tandoori chicken, gochujang, chili sauce, curry

paste, and shrimp powder spiked with PA, AO, and RB

(each spiked level is 0.5 lg/g).
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