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Abstract Korean fermented soybean products doenjang,

ganjang, and gochujang are vulnerable to contamination

with aflatoxigenic fungi in the open fermentation envi-

ronment. Therefore, simple and effective methods to

determine aflatoxins (AFs) in these complex food matrices

are needed. High-performance liquid chromatography with

fluorescence detection using two derivatization methods

for AF determination in three fermented soybean products

was optimized and validated. Pre-column derivatization

(preCD) of the AF extracts was performed using trifluo-

roacetic acid, and post-column derivatization (PCD) was

performed in a photochemical reactor for enhanced

detection. Both derivatization methods resulted in accept-

able performances for linearity (R2[ 0.999), recovery

(71–118%), and precision (\ 10.6%) values. Recovery and

precision with preCD and PCD were similar, but the limit

of detection was superior with PCD. When these analytical

methods were applied to commercially available fermented

soybean products, the AF levels of all commercial products

were ranged from not detected to 6.06 lg/kg.

Keywords Aflatoxin � Photochemical reactor for enhanced

detection � Doenjang � Ganjang � Gochujang

Introduction

Soybeans form the bulk matrices of various products that

undergo fermentation by microorganisms; products like

miso, shoyu, dajiang, doubanjiang, chiangyu, and kinema

are some of the most important seasonings in Eastern

dishes (Kwon et al., 2005). Korean traditional fermented

soybean products are called ‘‘jang,’’ meaning ‘‘soy fer-

mented paste or sauce’’ (Shin and Jeong, 2015). These

products generally fall into one of three major categories:

doenjang (soybean paste), ganjang (soy sauce), and

gochujang (red pepper paste). Because the composition,

taste, and flavor of these products differ, they are used not

only as raw materials but also as seasonings in the manu-

facture of various foods (Shin, 2011; Shin and Jeong,

2015).

The fungi present in meju (Korean soybean fermentation

starter), which consist mainly of Aspergillus oryzae, Mucor

spp., and Penicillium spp., are the microorganisms

responsible for fermentation, and thus play an important

role in decomposing soybeans and other raw materials into

nutrient molecules (Hong et al., 2015; Jung et al., 2012;

Lee et al., 1993). However, several isolates of A. oryzae/

flavus groups from meju possess aflatoxin (AF) biosyn-

thetic genes, and consequently AF productions by these

isolates have been reported, especially the four major

AFB1, AFB2, AFG1, and AFG2 (Jung et al., 2012). Pre-

vious studies have determined the AF levels in doenjang,
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ganjang, and their raw materials (Bae et al., 2003; Kim

et al., 2000; Kim and Kim, 2012; Ok et al., 2007). How-

ever, most analytical methods used in these studies did not

sufficiently consider the matrix effects of jang samples and

had not been validated. Indeed, the main challenges to

accurately determining AF levels in jang products are the

matrix effects, such as adsorption and interference, in

addition to low AF recoveries.

Doenjang, ganjang, and gochujang contain large quan-

tities of salt (7–24%) and high levels of pigments and

molecular fermentation byproducts, which, as matrix

components, have the potential to interfere with AF anal-

yses (Kim et al., 2000). Doenjang, a brown paste-type

matrix, is made entirely of soybean and brine and is rich in

flavonoids, vitamins, minerals, proteins, essential amino

acids, fatty acids, and phytoestrogens (Shin and Jeong,

2015). Ganjang is a liquid-type matrix with a distinctive

dark brown color that is traditionally prepared using the

same process as doenjang, with the exception that ganjang

is produced by collecting only the supernatant of the fer-

mented soybeans in salt brine (Shin, 2011). Ganjang con-

tains large quantities of melanoidins, which are dark brown

pigments, as well as amino acids, peptides, saccharides,

organic acids, fatty acids, and alcohol generated during

fermentation and maturation (Shin and Jeong, 2015).

Gochujang is a red paste-type matrix made with red pepper

powder, fermented soybean powder, barley malt powder,

glutinous rice flour, and salt (Bae et al., 2003). It is rich in

small molecules, including carotenoids, capsaicinoids, fla-

vonoids, saccharides, and fatty acids (Shin and Jeong,

2015). Despite the complexity of these matrix components,

there is a lack of common sample preparation and analysis

methods for doenjang, ganjang, and gochujang matrices.

AFs are natural compounds that strongly fluoresce.

Therefore, their analysis by high-performance liquid

chromatography (HPLC) often involves fluorescence

detection (FLD). However, because reversed-phase eluents

quench the fluorescence of AFB1 and AFG1 (Kok, 1994),

chemical derivatization is frequently required for their

detection. More specifically, either pre-column derivatiza-

tion (preCD) or post-column derivatization (PCD) can be

performed with a suitable fluorophore to improve

detectability. In terms of preCD, trifluoroacetic acid (TFA)

is extensively used to generate hemiacetals and has been

adopted as the standard for AF determination in several

countries, including South Korea. However, the disadvan-

tages of preCD include being time-consuming and result-

ing in limited derivative stability. As an alternative, PCD

can be performed by reacting the 8,9-double bonds in AFs

with halogens, as was initially achieved in the context of

iodination (Shepherd and Gilbert, 1984). However, iodi-

nation causes peak broadening and iodine crystallization;

thus, post-column UV irradiation methods are now

common. Furthermore, the UV irradiation system, i.e., the

photochemical reactor for enhanced detection (PHRED),

requires the use of lower amounts of toxic solvent additives

(e.g., TFA, bromine) and a shorter preparation time

because it provides AF derivatives using only UV light

(Waltking et al., 2006). One PCD technique that appears

analytically equivalent to iodination and bromination is the

photochemical method based on the formation of AFB1

and AFG1 hemiacetals through UV irradiation of the

HPLC eluate (Joshua, 1993; Waltking et al., 2006).

Although PCD has been widely used owing to its high

stability and reproducibility, to the best of our knowledge,

there have been few studies applying it to analyses of AFs

in jang products. Almost all HPLC-FLD studies carried out

to date for AF determination in doenjang, ganjang, and

gochujang have been conducted using preCD methods

(Cho et al., 2008; Jeong et al., 2019; Oh et al., 2006; Park

et al., 2008; 2013).

According to the Korean Food Code published by the

Ministry of Food and Drug Safety in Korea (MFDS, 2016),

only TFA derivatization has been adopted for HPLC

analysis of AFs in food. The Association of Official Ana-

lytical Chemists (AOAC) have suggested both preCD and

PCD for PHRED as official methods for AF determination

in corn, raw peanuts, and peanut butter, while the Food and

Drug Administration has adopted the AOAC method for

the determination of AFs in several food commodities

(AOAC, 2005; FDA, 2013). Therefore, the aims herein

were to develop a modified analytical method that can be

applied to all three traditional Korean fermented soybean

products (i.e., doenjang, ganjang, and gochujang), with

their different matrix characteristics, and to compare TFA

derivatization with PHRED for the detection of AFs in

terms of analytical performance of HPLC-FLD in each

matrix.

Materials and methods

Samples

Doenjang, ganjang, and gochujang were selected from the

most popular commercially available brands. Samples with

a minimum size of 1 kg were purchased from online

retailers and local supermarkets. All samples were stored at

4–5�C prior to use and were equilibrated at 20 �C before

analysis.

Materials

An AF standard mixture was purchased from Supelco

(Bellefonte, PA, USA) and used as a total AF standard

stock solution. The mix contained 2600 ng/mL total AFs
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comprising 1000 ng/mL AFB1, 1000 ng/mL AFG1,

300 ng/mL AFB2, and 300 ng/mL AFG2. HPLC-grade

methanol (MeOH), LC-grade acetonitrile (ACN), and

HPLC-grade water (H2O) for extractions were purchased

from Burdick & Jackson (Muskegon, MI, USA). PEG 8000

and TFA were purchased from Sigma-Aldrich (St. Louis,

MO, USA). No. 4 cellulose filters, glass microfiber filters,

and 0.22 lm polyvinylidene difluoride (PVDF) syringe

filters were obtained from Whatman (Maidstone, UK). An

AflaTest WB immunoaffinity column (IAC) was purchased

from VICAM (Watertown, MA, USA).

Sample preparation

The sample preparation procedure was optimized based on

the AF testing methods for cereals, beans, peanuts, nuts and

their processed products, sauces, red pepper powder, curry

powder, and spices, as specified by the Korean Food Code

(MFDS, 2016). Each sample (25 g) was placed in a

250 mL beaker with MeOH:H2O (70:30 or 80:20, v/v,

100 mL) containing PEG or NaCl (1 g), then homogenized

for 5 min in a high-speed blender (Ultra-Turrax, IKA,

Staufen, Germany). The sample was then filtered through

No. 4 filter paper (Whatman), and an aliquot (30 mL) of

the filtrate was diluted with 120 mL of 1% tween 20

solution (v/v). After filtration through a glass microfiber

filter, a portion (20 mL) of the filtrate was passed through

the IAC at a flow rate of one drop per second. The IAC was

then washed with water (10 mL) and air-dried on the col-

umn. The toxins were eluted into an amber screw-cap

sample vial with ACN (3 mL), and the eluate was evapo-

rated to dryness in a heated aluminum block at 50 �C under

a gentle nitrogen stream. AFs are prone to degradation by

light; therefore, all procedures were carried out under

reduced lighting with protection from direct UV light.

Instrumentation and analytical procedures

TFA derivatization

Each dried residue was derivatized by first adding TFA

(200 lL) and allowing the mixture to stand for 15 min

under protection from direct UV light. Subsequently, the

sample was diluted with ACN:H2O (20:80, v/v, 800 lL),
and the derivatized sample was vortexed for 30 s prior to

filtering through a 0.22 lm membrane filter into an HPLC

vial for auto-injection. A reversed-phase Synergi Hydro-

RP column (150 mm 9 4.6 mm, 4 lm; Phenomenex,

Torrance, CA, USA) was used to separate the TFA-

derivatized samples at 35 �C with the mobile phase

(ACN:H2O = 25:75, v/v) eluted at a flow rate of 0.7 mL/

min. The injection volume was 10 lL for both the sample

and standard solutions, and the average retention times

(RTs) of AFG1, AFB1, AFG2, and AFB2 were 6.0, 7.5,

14.2, and 20.2 min, respectively.

Post-column photochemical derivatization (PHRED) cell

Dried eluate was redissolved in MeOH:H2O (1:1, v/v,

1 mL) and filtered through a 0.22 lm PVDF syringe filter

for auto-injection. The PCD reactor (Aura Industries, NY,

USA) was equipped with a UV lamp (k = 254 nm) and a

0.74 mL knitted reactor coil (15 m 9 0.25 mm). The

reactor was inserted between the chromatographic column

and the FLD. A Symmetry C18 reversed-phase column

(150 mm 9 4.6 mm, 3.5 lm; Waters, Ireland) was used

for separation at 35 �C. The mobile phase was ACN:H2O

(0.1% acetic acid, v/v):MeOH (14:59:27, v/v/v), the flow

rate was 1.0 mL/min, and the sample injection volume was

50 lL. Under these conditions, the average RTs for AFG2,
AFG1, AFB2, and AFB1 were 9.5, 10.6, 11.8, and

14.0 min, respectively.

HPLC apparatus

All chromatographic separations were performed with an

Agilent 1260 Infinity Quaternary LC system (Agilent

Technologies, Santa Clara, CA, USA) consisting of pumps,

an autosampler, a column oven, and an FLD. The AFs were

monitored at an excitation wavelength of 360 nm and

emission wavelength of 450 nm for all analyses.

Method validation

The method was validated according to IUPAC guidelines

(Thompson et al., 2002). Matrix-matched calibration

curves were obtained for the four mycotoxins diluted using

five final concentration points prepared by spiking standard

from 0.2 to 10 lg/kg for AFB1/AFG1 and 0.06 to 3 lg/kg
for AFB2/AFG2. Ten replications were performed for each

calibration point. Linearity of the method was assessed

from the matrix-matched calibration curves, and the slope,

intercept, and coefficient of determination (R2) were cal-

culated. The limit of detection (LOD) was calculated by the

‘‘b ? 3 r’’ method, where the standard deviation (r) from
10 injections of a blank sample (b) was calculated. The

LOQ was defined as ‘‘b ? 10 r.’’ The accuracy was rep-

resented by recovery experiments according to the fol-

lowing equation: analyzed concentration of spiked samples

calculated from matrix-matched standard/spiking concen-

tration 9 100 (%). Precision was expressed as the relative

standard deviation of repeatability (RSDr) of ten indepen-

dent experiments for each spiking level. The recovery and

RSDr values for each of the derivatization methods were

determined using the three Korean fermented products

after spiking with three different level: AFB1 and AFG1 at
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1, 2, or 5 lg/kg, and with AFB2 and AFG2 at 0.3, 0.6, or

1.5 lg/kg.

Results and discussion

Selection of the optimal extraction solvent

The optimal extraction solvent was selected after evaluat-

ing the AF recoveries from each solvent system using the

preCD method (Table 1). The inclusion of an appropriate

amount of water in the extraction solvent can help the

organic solvent penetrate the sample matrix (Alshannaq

and Yu, 2017). Except for AFG1, the highest AF recoveries

were obtained when MeOH:H2O (70:30, v/v) containing

PEG 8000 was used for extraction. Among the AF isomers,

AFG1 and AFG2 showed low recoveries, in close agree-

ment with the results reported by Diaz et al. (2012). They

reported that AFB isomers have one lactone ring, while

AFG isomers have two lactone rings that can be cleaved

and potentially bind to the matrix. Among AFG isomers,

when MeOH:H2O (70:30, v/v) containing PEG 8000 was

used for extraction, the recovery of AFG1 in the three

matrices was slightly lowered, but AFG2, which had the

lowest recovery, was markedly increased. Taken together,

the overall AF recoveries from the traditional Korean fer-

mented soybean products were the highest with

MeOH:H2O (70:30, v/v) containing PEG 8000 rather than

NaCl specified in the Korean Food Code. Although AFs are

soluble in most organic solvents, they are poorly soluble in

water. It was therefore considered that adding NaCl to the

samples breaks down the hydrogen bonds present in the

AFs, thereby improving the distribution coefficient

between the organic solvent and water for the extraction

process (Cranwell et al., 2017). Nonetheless, a slight

decrease in extraction efficiency was observed at higher

NaCl concentrations, likely because of the increase in

viscosity of the aqueous phase, which reduced mass

transfer of the analyte from the aqueous to the organic

phase (Diaz et al., 2012). It can be assumed that the

addition of NaCl was ineffective because the doenjang,

ganjang, and gochujang samples were already high in salt.

Instead, the use of a nonionic surfactant such as PEG 8000

appeared to improve recovery by increasing the analyte

solubility or the degree of dispersion in high-protein

matrices (Pourhossein and Alizadeh, 2018). The optimal

extraction solvent for AFs was MeOH:H2O (70:30, v/v)

containing PEG 8000 in deonjang matrix, and method

validation was performed based on this extraction solvent

system.

Table 1 Accuracy and precision for analyses of AFs in doenjang after TFA derivatization of the extracts, using different extraction procedures

(n = 3)

Sample Analyte Spiking level (lg/kg) 70% MeOH and 1 g NaCla 80% MeOH and 1 g NaCl 70% MeOH and 1 g PEG

8000

Accuracy (%)b Precision (%)c Accuracy (%) Precision (%) Accuracy (%) Precision (%)

Doenjang AFB1 2.0 69.7 2.6 75.3 9.6 82.6 2.1

AFB2 0.6 71.7 5.7 70.1 3.2 83.9 2.8

AFG1 2.0 95.9 6.7 87.3 2.0 86.5 4.0

AFG2 0.6 47.3 7.8 53.2 7.8 87.8 5.2

Ganjang AFB1 2.0 73.1 1.2 79.4 1.1 85.6 3.3

AFB2 0.6 76.1 6.0 76.0 3.0 81.5 3.8

AFG1 2.0 94.7 3.6 96.4 1.4 78.4 5.8

AFG2 0.6 50.8 22.3 59.6 1.7 69.5 7.6

Gochujang AFB1 2.0 67.1 1.8 74.0 2.0 84.8 5.2

AFB2 0.6 69.0 8.0 71.5 1.8 80.0 5.5

AFG1 2.0 82.3 4.4 92.1 2.3 83.7 12.5

AFG2 0.6 39.9 12.2 56.5 7.2 74.1 6.3

aKorean Food Code method
bAccuracy: % recovery
cPrecision: Relative standard deviation of repeatability (RSDr)
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Effects of the derivatization method

Selectivity

The HPLC chromatograms of doenjang, ganjang, and

gochujang spiked with AFB1, AFG1, AFB2, and AFG2,

and derivatized using two methods, are shown in Fig. 1.

The low noise was attributed to the selective IAC cleanup

step, wherein the AFs were isolated and concentrated. The

use of an IAC efficiently removed endogenous matrix

components that could cause interference, and the RTs of

the remaining matrix components were clearly different

from those of the AFs. All AFs were detected without any

overlapping peaks, and the chromatograms for three

matrices were similar.

Linearity

For each of the derivatization methods, the linear calibra-

tion range for AFB1 and AFG1 was 0.2–10 lg/kg, and the

linear range for AFB2 and AFG2 was 0.06–3.0 lg/kg. The

coefficients of determination (R2) of the matrix-matched

calibration curve with the corresponding spiking level for

each method ranged from 0.9992 to 0.9995 for preCD and

0.9999 to 1.0000 for PCD. The calibration sensitivity is

indicated by the slope of the calibration curve at the con-

centration of interest; the steeper the slope, the higher the

sensitivity. The slope and intercept of the calibration

curves for the extracts obtained using PCD were higher

than those obtained from the extracts subjected to preCD

(Table 2).

LOD and LOQ

LOD and LOQ values for three matrices were determined

for each derivatization method (Table 2). For the preCD

method, the LOD and LOQ were 0.04 and 0.11 lg/kg,
respectively, for AFB1; 0.03 and 0.08 lg/kg, respectively,
for AFB2; 0.11 and 0.32 lg/kg, respectively, for AFG1;

and 0.06 and 0.18 lg/kg, respectively, for AFG2. For the
PCD method, the LOD and LOQ were 0.04 and 0.13 lg/
kg, respectively, for AFB1; 0.01 and 0.04 lg/kg,

Fig. 1 Chromatograms of AFs-spiked doenjang, ganjang, and gochujang following TFA and PHRED cell derivatization (2 lg/kg for AFB1 and

AFG1; 0.6 lg/kg for AFB2 and AFG2)

Table 2 Linearity and sensitivity of mycotoxin analyses using optimal HPLC conditions (n = 10)

Derivatization method Toxins Calibration range (lg/kg) Slope Intercept R2 LOD (lg/kg) LOQ (lg/kg)

TFA AFB1 0.2–10 30.92 - 6.10 0.9992 0.04 0.11

AFB2 0.06–3 32.49 - 0.87 0.9995 0.03 0.08

AFG1 0.2–10 8.71 - 1.11 0.9992 0.11 0.32

AFG2 0.06–3 14.54 - 0.12 0.9993 0.06 0.18

PHRED AFB1 0.2–10 53.78 0.32 0.9999 0.04 0.13

AFB2 0.06–3 100.47 - 0.05 1.0000 0.01 0.04

AFG1 0.2–10 33.17 - 0.35 1.0000 0.05 0.17

AFG2 0.06–3 82.43 - 0.31 0.9999 0.01 0.04
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respectively, for AFB2; 0.05 and 0.17 lg/kg, respectively,
for AFG1; and 0.01 and 0.04 lg/kg, respectively, for

AFG2. PHRED resulted in lower LODs than TFA because

PCD gave highly reproducible results when the same cal-

ibrators were used (Trucksess et al., 2006). It should be

noted that the LOD and LOQ values herein are lower than

those obtained with other preCD methods for determining

AFs present in doenjang, ganjang, and gochujang matrices

(Jeong et al., 2019; Ok et al., 2007; Park et al., 2008).

Recovery and RSD

The recovery and precision values of the AF measurements

after preCD and PCD for the doenjang, ganjang, and

gochujang extracts at the indicated concentrations are

shown in Fig. 2. For the doenjang matrix, recovery and

precision from the TFA-derivatized samples ranged from

76.3% to 107.8% and 1.5% to 10.6%, respectively. For the

PHRED-derivatized samples, recovery and precision ran-

ged from 70.6% to 105.1% and 1.6% to 8.4%, respectively.

The results from both derivatization methods meet the EU

regulatory performance criteria (EC, 2006); regulation

(EC) No. 401/2006 requires AF recoveries of 70–110% and

50–120% for concentrations of 1–10 and\ 1 lg/kg,
respectively. The relative standard deviation of repro-

ducibility (RSDR) values recommended by the EU are

derived from the Horwitz equation, and RSDr is defined as

0.66 times the RSDR. The regulatory RSDr values for

AFB1 and AFG1 at 1, 2, and 5 lg/kg are 29.9%, 26.9%,

and 23.4%, respectively, and those for AFB2 and AFG2 at

0.3, 0.6, and 1.5 lg/kg are 35.8%, 32.3%, and 28.1%,

respectively.

The recovery and precision obtained for the ganjang

extracts using TFA derivatization ranged from 78.3% to –

118.1% and 3.8% to 9.1%, respectively. TFA recoveries

tended to decrease as spiking level of AFs increases. This

observation is considered to be related to the fact that the

stability of TFA derivatives is affected by various factors

such as light, pH, and solvent (Kok, 1994), but additional

research is needed to clarify this. Nevertheless, TFA

recovery at all levels and matrices tested satisfied EU

regulatory performance criteria (EC 401/2006). For the

PHRED-derivatized samples, recovery and precision ran-

ged from 93.6% to 105.1% and 0.8% to 9.5%, respectively.

Both methods also yielded good recoveries and precisions

that meet the EU regulatory performance criteria. For AF

derivatization with TFA, recoveries from the spiked

gochujang samples ranged from 75.5% to 109.5%, and

precision ranged from 1.9% to 7.2%. These results conform

to the values recommended by the EU. In the case of the

PHRED-derivatized extracts, recovery and precision ran-

ged from 93.9% to 106.4% and 1.7% to 7.0%, respectively.

PreCD with agents such as TFA generally involves a

complex, time-consuming concentration procedure that

cannot be performed online. PCD has obvious advantages,

including its ease, and is thus used more often than preCD

in many countries (Ok et al., 2016). However, few studies

have directly compared the analysis efficiencies of the

preCD and PCD methods. Trucksess et al. (2006) deter-

mined the AFs present in ginseng using the preCD (TFA)

and PCD (PHRED) derivatization methods, which were

compared based on recovery and precision values. More

specifically, recovery was highest for preCD with TFA,

Fig. 2 Accuracy and precision values for AF determination in

doenjang (A), ganjang (B), and gochujang (C) after TFA and PHRED

derivatizations (n = 10)
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whereas precision was superior with PCD, consistent with

our findings. Another study determined the AFs present in

corn using preCD and PCD methods, and the LOD, LOQ,

recovery, and precision were compared as validation

parameters (Ok et al., 2016). Their results showed that

PCD afforded superior calibration sensitivity, LOD, and

LOQ, also consistent with our study. Our findings therefore

suggest that in addition to TFA as the standard method for

AF analysis in South Korea, PHRED can be used to

determine the AFs present in jang products.

Determination of AFs in commercial doenjang,

ganjang, and gochujang after preCD and PCD

To evaluate natural AF contamination in the three different

product types, 46 samples were purchased from online

retailers and local markets. The occurrence of AFs in

commercial doenjang, ganjang and gochujang with differ-

ent derivatization methods was shown in Table 3. As

indicated, AFB1 was detected in 7 of the 22 doenjang

samples. These AFB1 contamination levels (0.18–6.06) in

commercial doenjang are similar or slightly higher than the

previously reported ranges of 1.0–6.0 lg/kg (Bae et al.,

2003), 0.04–2.15 lg/kg (Park et al., 2008), and

0.11–0.96 lg/kg (Woo et al., 2019). In the case of ganjang,

no AFs were detected in any of the 15 samples subjected to

TFA derivatization, but AFs were detected in three of the

samples subjected to PHRED derivatization (0.16–0.41 lg/
kg AFB1, 0.08–0.14 lg/kg AFB2, and 0.3 lg/kg AFG1),

which was attributed to this method’s higher sensitivity.

Though 5 of the 15 gochujang samples were found to be

contaminated with an AF, the contamination level was

extremely low (0.09–0.20 lg/kg AFB1). The contamina-

tion levels determined by our analyses of ganjang and

gochujang are similar to those previously reported (Jeong

et al., 2019; Ok et al., 2007; Park et al., 2004). Among the

three soybean paste products, AFs had the highest con-

tamination level and positive rate in doenjang.

Herein, a simple chromatographic method for the

determination of AFs in doenjang, ganjang, and gochujang

was established, and the preCD and PCD methods were

compared. Extraction of AFs from the three jang matrices

using a MeOH:H2O (70:30, v/v) solution containing PEG

8000 was more effective than using a MeOH:H2O (70:30,

v/v) or MeOH:H2O (80:20, v/v) solution containing NaCl.

Both preCD using a TFA agent and PCD using the PHRED

system resulted in analytical performance that meets the

EU regulatory performance criteria. The procedures based

on TFA or PHRED described herein can therefore be

equivalently implemented for routine AF analysis of both

Korean jang products and various types of fermented

soybean products (e.g., Japanese miso and shoyu; Chinese

dajiang, doubanjiang, and chiangyu; and Nepalese

kinema). Commercial doenjang, ganjang, and gochujang

samples were also analyzed to demonstrate the applica-

bility of the described method. More specifically, the AF

contamination levels in the actual samples were\ 0.41 lg/
kg for AFB1 and\ 0.82 lg/kg for the total AFs, which

were significantly lower than current regulatory limits.

Although all analyzed samples were well managed under

the regulatory limits, a more extensive number of samples

should be monitored in future research.
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Table 3 Determination of AFs

present in commercial

doenjang, ganjang, and

gochujang samples with

different derivatization methods

Sample

(No. of samples)

Toxins No. of positive samples Mean (lg/kg) Range (lg/kg)

TFA PHRED TFA PHRED TFA PHRED

Doenjang AFB1 7 7 0.58 0.58 0.24–6.06 0.18–6.06

(n = 22) AFB2 2 5 0.04 0.05 0.33–0.50 0.04–0.50

AFG1 1 3 0.02 0.09 0.53 0.52–0.82

AFG2 0 2 –* 0.02 – 0.13–0.31

Ganjang AFB1 0 3 – 0.05 – 0.16–0.41

(n = 15) AFB2 0 2 – 0.01 – 0.08–0.14

AFG1 0 1 – 0.02 – 0.3

AFG2 0 0 – – – –

Gochujang AFB1 5 5 0.06 0.03 0.09–0.20 0.10–0.12

(n = 15) AFB2 – – – – – –

AFG1 – – – – – –

AFG2 – – – – – –

*Not detected (\LOD)
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