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Detection of Aflatoxins in Soybean Food by HPLC
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Abstract

Aflatoxin B1, Bz, G1, and G2 were quantitatively detected by the high pressure liquid
chromatography on a Micropak-CN column, with Hexane-THF-IPA-water, using a Lichrosorb-
packed flowcell in the fluorometric detector. Under those conditions, the minimum detectable
amount of aflatoxin B1 was 0.2 ng. HPLC was used in determining amount of aflatoxins in
the commercially manufactured soybean food and home-made Meju. Aflatoxin producing
abilities of strains used in the industrially fermented soybean food were also studied with
the HPLC technique. Although aflatoxin-like substances were detected in a few samples on
TLC. they were not identified with the HPLC retention times of standard aflatoxins. The

commercial fungal strains used in Korea had no aflatoxin producing abilities.

Introduction

Aflatoxins are known to be produced by
Aspergillus flavus and A. parasiticus. One of
these metabolites, aflatoxin B\, is the most po-
tent liver carcinogen known for rat and has been
associated with the high human liver cancer in-
cidence in certain part of Africa.

The A. flavus group is a member of the
microflora in air and soil, and is found on or in
living or dead plants and animals throughout the
world. Aspergillus flavus appears to compete
best in the microbiological world when the water
activity is relatively low (0.84~0.86) and the
temperature relatively high (25°~40°C).

The presence of extensive mold growth can-
not be equated with the presence of aflatoxins
since some strains do not produce aflatoxins and
producing strains can be affected by the presence
of competing microorganisms.\!) Food and feed
are maintained after contaminated at a moisture
content and temperature that permits rapid
growth of storage fungi, however, they may be
invaded heavily within a few days, sometimes
within a few hours.t2 Food and feed are fre-
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quently contaiminated with molds during
harvesting, storage and handling before reaching
the consumer. A number of labroatories perfor-
ming the analyses reported interference problems
with the methods and the need for simplification
for routine work. The recent rapid development
of the knowledge concerning the aflatoxins has
led to an increasing awareness of the potential
chemical environmental contaminants. Meju is
a raw material of the Korean traditional
fermented foods such as soybean paste, soy
sauce, and hot sauce. The procedure involves
molding of the boiled soybean with common
species of fungi. The molds supply necessary en-
zymes for converting the protein and starch to
amino acid, sugar and flavorous materials.
Several studies on the analysis and occur-
rence of aflatoxins in food and feed have been
reported.(s-m Manabe et al.*® reported that the
aflatoxin-producing ability of molds was examin-
ed on 136 strains used in fermented food in-
dustries in Japan, but no aflatoxin was produc-
ed by the molds examined. Manabe and
Matsuura® reported that the possibility of
mycotoxin production by fungus during fermen-
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tation of miso and shoyu were examined.
However, their result showed that there was not
any single case of the mycotoxin contamination
during the fermentation. Wei et al® reported
that the determination of aflatoxins in soy sauce
and fermented soybean paste by HPLC with UV
detection, but no aflatoxin could be detected in
any of the sampls. Lee et al 6) examined the con-
tent of aflatoxins in 15 samples of Meju. On TLC,
uncertain fluorescent spots were appeared in
some (6/15) samples. Since the substances giv-
ing such spots differed clearly from aflatoxins on
their ultraviolet absorption and on Tollen’s reac-
tion, they concluded that the fluorescent spots
were not aflatoxins, but aflatoxin-like substance.
Jung and Kwon'" examined the content of
aflatoxins in 35 samples of bean, Meju, soybean
paste and soysauce. On TLLC, they insisted on the
presence of aflatoxin Gi, G2 in Meju and soy-
bean paste. They reported that aflatoxin B, Gz,
Gi, and G2 were produced in the strain
(Aspergillus flavus) from sample. Kim et al®
reported the detection of alfatoxins in some K-
orean foodstuffs. They reported that Aflatoxin
Bi, Be, and Gz were detected in soybean paste
and aflatoxin B1 was identified by TLC and
chicken embryo bicassay.
The serious disadvantage in the TLC appro-
ach is thelack of quantitative accuracy due to the
commonly used visual estimation technique. Si-
nce fermented soybean foods arerc;n‘plex mixt-
ures, TLC gives a complicated chromatogram. It
is extremely difficult to determine aflatoxins in
fermented soybean foods on TLC plates by visual
estimation. In aflatoxin analyses by TLC pro-
cedures, there are certain problems that are pos-
ed by the photochemical decomposition of
aflatoxin and harmful vapors in the air. These
problems have led a number of investigators to
examine HPLC for aflatoxin analyses. The ma-
jor advantages of HPLC include high resolution,
speed, sensitivity, automatic operation, and
- range of applications unequaled by any other

technique(.g) HPLC has been widely applied to
the separation and determination of aflatoxin.
Normal phase HPLC methods for aflatoxin
separation have been developed, and applied to
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the determination of aflatoxins in several
agricultural products of plant origin.m’ 14.16.18,
20, 21)

Packed cell in fluorometric detection methods
has also been developed to increase the
sensitivity. 1215, 22) gyt no analytical proce-
dure by HPLC has been described for aflatox-
ins in Meju and fermented soybean food in Korea.
Therefore, it was our attempt to study the ap-
plicability of the HPLC method to the several
Korean soybean food, to check the aflatoxin pro-
ducing abilities of strains used in the fermented
soybean foods in Korea, and to find any sugges-
tions to the still controversial issue of the
presence of aflatoxins in Korean soybean food.

Materials and Methods

Materials

Steamed soybean cultured at 30°C for 72
hours with Aspergillus oryzae (3 strains) and
Asperigillus sojae (3 strains) commonly used in
industrially fermented soybean food in Korea
were obtained from the Department of Food and
Nutrition, Sook Myung Women’s University,
Seoul, Korea.

Commercially manufactured fermented soy-
bean food such as soybean paste, soysauce, hot
sauce, special soybean paste, and koji were
received from the Sampyo Food Company, Seoul,
Korea.

Sixty six samples of domestic Meju were
received from 21 regional branches of the Sam-
pyo Food Company, and four commercial
samples were obtained from a market in Seoul.

Apparatus

{a) Liquid chromatograph-Varian Model
5000; Valco auto injector (10 i loop)
Fluorescence detector Varian
Excitation filter (360 nm) Varian 7-54 and
7-60

Emission filter (430 nm) Varian
Interference

Flow cell with Lichrosorb 60 silica gel
(30 um)
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Recorder;1mV Varian 9176
Integrator; Varian CDS 111L

(b) Column; Varian Micropak CN-10 (4mm
id X 30cm long)

(c) Cleanup column; Glass (2.2cm id X 40cm
long), Teflon stopcock

{d) Development tank; glass tank with cover,
25cm X 10cm X 25cm

(e} Viewing cabinet; Chromato-Vue Model
CC-20

{f) Blender; Waring with 1L jar and cover

{g) TLC plastic sheet; Silica gel 60 F254, E.
Merck 5735

(h) Sample clarification kit; Varian

Reagents

(a) Aflatoxins B1, B2, Gi, and G2 were ob-
tained from Sigma Chem. Co. They were
dissolved in Benzene-Acetonitrile (98 + 2}
to 0.5 ng ul

(b) HPLC solvents were obtained from Bur-

dick & Jackson Laboratories. n-Hexane,

Tetrahydrofuran, Isopropyl alcohol,

Benzene, Acetonitrile, and Water.

(c) Silica gel 60 (70-230 mesh). E. Merck 7734
Followed the pretreatment procedure as
in the AOAC method.?®

(d) Silica gel 200 for TLC, E. Merck 7762

(e} Other chemicals not mentioned were the
first grade or extra pure reagents.

Extraction and Cleanup

The sample extraction and cleanup procedure
in this study is not based on a single literature.
The only available cleanup method for the HPLC
analysis of aflatoxins in soybean food was pro-
posed by Wei et al¥. Tt is not clear whether the
different result from theirs and our preliminary
experiment is caused by the fact that their
Chinese soybean paste ingredient is different
from the Korean one, but their method could not
be reproduced in this laboratory. Therefore,
several cleanup methods for TLC (CB method,
Tang & Lin, Varian) were used for obtaining
relatively clean HPLC chromatogram.

Detection of Aflatoxins in Soybean Food by HPLC 297

Fifty grams of sample was placed in the War-
ing blender jar with 250m! methanol-water
(56+45 v/v%) and 100ml n-hexane. The mixture
was blended on low speed for 1 minute and on
high speed for 3 minutes. Most of the mixture
was transferred to two 250m! centrifuge bottles
and centrifuged for 5 minutes at 3000g. Fifty ml
of lower was transferred to a separatory funnel
and then 50ml n-hexane was added. The
separatory funnel was shaken vigorously 2
minutes. The lower layer was transferred to
another separatory funnel. Aflatoxin was ex-
tracted twice with 50m! chloroform. Each extract
was transferred to and combined in the third
separatory funnel. Fourty ml of 256% ammonium
sulfate (w/v%) was added to the separatory fun-
nel. The contents were shaken 1 minute and the
two layers were allowed to separate. The lower
layer was filtered through the funnel packed with
anhydrous sodium sulfate. The filtrate was col-
lected in an evaporation flask and was
evaporated with a vacuum evaporator. The ex-
tract was dissolved with 10ml chloroform. The
cleanup column was prepared with a small glass
wool bed in the bottom of a chromatographic col-
umn. Five g anhydrous sodium sulfate, 10g silica
gel 60, and 15g anhydrous sodium sulfate were
packed with chloroform. The sample extract was
trasferred to the column. The column was wash-
ed with 100m! n-hexane followed by 100m!
anhydrous ethyl ether. The aflatoxin was eluted
with 150m! chloroform-methanol (9743 v/v%).
The eluant was concentrated with the vacuum
evaporator at 50°C. The concentrate was dissolv-
ed with 10ml chloroform and filtered through a
sample clarification kit. The filtrate was collected
in a vial and evaporated to dryness under stream
of nitrogen with low heat on a heating block. The
vial was closed with a foil-backed screw cap.

TLC for Aflatoxins

The concentrate was diluted with 200u!l of
benzeneacetonitrile (98+2 v/v%). Diluted sam-
ple and standard were spotted with 10, 20, 40u!
on imaginary line 2cm from the bottom edge of
the silica gel 60 F254 TLC plate. TLC plate was
developed in unlined glass chamber containing
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100m! chloroform-acetone (9+ 1 v/v%) for about
45 minutes. Developed plate was removed and
air-dried. The plate was examined under the long
wave length of UV light. Aflatoxins were quan-
titatively estimated by comparing fluorescence
intensity and the Rf value of sample spots with
those of standards.

Preparative TLC for aflatoxin-like substance

TLC plate for cleanup was prepared with
silica gel 200 on the 20X 20cm glass plate (1mm
thickness). TLC plate was activated at 105°C
before use. Residue from column cleanup was
dissolved in 200 ul benzene-acetonitrile (98+2
v/v%). The sample extract was band-applicated
on imaginary line 2cm from the bottom edge of
th plate. The plate was developed in unlined glass
chamber with chloroform-acetone (9+1 v/v%).
The developed plate was removed and air-dried.
Fluorescent bands of sample near the Rf values
of aflatoxins were marked off under long wave
length of UV light. Each fluoresent band was
eluted with 20ml acetone and filtered through a
sample clarification kit. The filtrate was collected
in a vial and evaporated under nitrogen stream
with low heat on a heating block. The vial was
closed with a foil-backed screw cap.

HPLC for Aflatoxins

The HPLC analysis of aflatoxins followed the
Johnson and Abu—Shumaysug) method with
slight modification so that the peaks of aflatox-
ins may well separated from the early eluting
peaks. The HPLC was stabilized at the flow rate
of 1mi/min for 30 minutes before use. Detector
attenuator was set at 20. The flowcell was pack-
ed with Lichrosorb si-60. Aflatoxin B1, Bz, Gi,
and Gz were separated by Micro pak-CN column
and mobile phase n-hexane-tetra hydrofuran-
isopropyl alcohol-water (55+34+10+1 v/v%).
Ten ul of aflatoxin standard was injected to the
HPLC. The HPLC chromatogram of four aflatox-
in peaks was completely recorded in approx-
imately 21 minutes. The concentrate from sam-
ple was diluted to 200 u! with benzen-acetonitrile
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(9842 v/v%). Ten ul of sample extract was in-
jected to the HPLC. HPLC chromatogram was
recorded. The integrator was used for quantita-
tion. The aflatoxin concentration in a sample was
calculated with the following equation.

Concentration of mycotoxin ug/kg=
Ax X Cs X Vs X 8D

As X Vx X W
Where: Ax = Area, sample

Cs = Concentration of standard,
p#g/ml

Vs = Injected standard volume,
ul

SD = Dilution of sample ex-
tract, ul

As = Area, standard

Vx = Injected samplevolume, ul

W = Sample extract in vial, .g

Recovery experiment

Spiked samples were prepared by adding ap-
proriate amounts of aflatoxins. Aflatoxins Bi,
Bz, Gi, and Gz were dissolved in benzene-
acetonitrile (0.5ng stardard/gl). Aflatoxins were
determined by the same methods as described
above.

Results and Discussion

Aflatoxins have been commonly determined
by thin layer chromatographic (TLC) procedure.
A limit of detection with the TLC procedure in
this study was about 5 ppb. Aflatoxin Bi, Bs,
Gi, and G2 were separated fairly well by silica
gel 60F254 plate and chloroform-acetone (9+1)
and their Rf values were 0.2-0.4. Sample
analyses were carried out in duplicate. Aflatoxin-
producing abilities of molds were examined on
the strains in fermented soybean food industries
in Korea, and the quantities of aflatoxin in the
commercially manufactured fermented soybean
foods and Meju were determined by TLC and
HPLC. On TLC, tluorescent spot near the Rf
values of aflatoxins was not detected in the ex-
tract of soybean culture with each strain and the
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extract of a koji culture during the culture time.
Fluorescent spot near the Rf value of aflatoxin
did not appear in the extract of soy sauce dur-
ing the fermentation time. Some uncertain
fluorescent spots near the Rf of aflatoxins ap-
peared in the extract of soybean paste, hot sauce
and special soybean paste. Soybean paste
samples contained fluorescent spots near those
of aflatoxin Gi1 and G2 Hot sauce samples
showed fluorescent spots near the spot of aflatox-
in Bz In special soybean paste, fluorescent

spots were observed near those of the aflatoxin -

Bz, Gi1, and Gz2. Fluorescent spots were
separated from those of aflatoxins in chloroform-
acetone (3-+1) but its intensities of fluorescence
were weak (Fig. 2). In some Meju (14 out of 70
samples}, uncertain strong fluorescent spots were
seen near the Rf values of aflatoxins on TLC (Fig.
3). Table 1 shows the regional occurrence of
aflatoxin-like substances as detected by TLC.
The Meju which showed fluorescence spot on
TLC were further purified with the preparative
TLC in order to check the identity with HPLC.
However, no peak was seen near the retention
time of aflatoxins in the fermented soybean food
and Meju with HPLC as shown in Figure 4 and
5. This implies that the HPLC technique could
be one of the powerful tool for the identification
of aflatoxins with the amounts less than those

Detector responge
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n 1 n

0 4 8 12 16 20 24

Retention time (min)
Fig. 1. HPLC chromatogram of aflatoxins B, B,
G, and G,
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Fig. 2. TLC Chromatograms of hot sauce (I), soy-
bean paste (II), and special soybean paste (IIL, IV)
during the fermetation time

[, 11,111 : Developing solvent : Chloroform Acetone

(9+1)

v . Developing solvent . Chloroform Acetone
(3+1)

P . Marketing product AF ! Aflatoxin

Table 1. Regional occurrence of aflatoxin-like su-

bstances in home-made Meju as detected by TLC

Detection frquency of

Province
Aflatoxin-like substances

Kyung-ki Do 1/8

Kang-won Do 1/8

Chung Bug 0/1

Chung Nam 1/6

Chun Bug 1/4

Chun Nam 2117

Kyung Bug 4/21

Kyung Nam 4/5

needed for IR, NMR, and mass spectroscopy.
The previous researchers used UV, derivative for-
mation and chicken embryo bioassy for the iden-
tification of aflatoxins. Still, none of them could
have been definitive in the elucidation of the
presence of aflatoxin in Korean soybean food
although Kim et al 's.®) effort was the most in-
tensive and reasonable. The result of this study
confirmed that the aflatoxin from manufactured
soybean food could hardly be found and the TL.C
result might mislead the presence of aflatoxinin



300 Young-Kook Kim and Jung-Koo Roh 34 F3heh 8] %
0.6 ﬁ 0.6
0.4 : ° Qo [} o o] 1 ]0

| o o o o o o 0 082 ] -4
0.2} & 8 o o ° ? 3 3 % o 82; 40.2
= . . . . . . . . . . . . . . . . . ﬁstart
1 1 1 1 i 1 J 1 1 i " . e i 1 1 il 1 1 'l
2 11 13 15 22 1325 26 27 39 40 41 42 43 44 45 54 62 L F
Sample numbers
Fig. 3. TLC chromatogram of Fluorescent substances in Mejus
Developing solvent : Chloroform- Acetone (9+41) Af 1 Aflatoxin
10F 10 F
9} of
8+ L
(1) 8 (I1)

7 - 7 o
6T GT‘
5T 5k
4t 41
3t 3t
2t 2
1r 1L

0 4 1 1 1 1 1 0 A | | A i $

0 4 8 12 16 20 0 4 8 12 16 20
]

Loy 10}
9t 9 f
3r 8 [
Tr 7 T
5F 5 |
4 of 4 =
3p 3 F
2 p= 2 -
1 h ]_ -

0 ln { 1 1 X A 0 h\/‘*—h\' 1 1 1 J

0 4 8 12 16 20 0 4 8 12 16 20

Retention time (min)
Fig 4. Typical HPLC chromatograms of koji(l), soy sauce (II), special soybean paste (III)

and soybean paste (IV)
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Fig. 5. Typical HPLC chromatograms of hot sauce (I), Meju(Il), A.oryzae culture(III) and aflatoxin

suspected substance purified by TLC(IV)

Korean soybean food, especially home-made
Meju.

HPLC is thought to be an excellent techni-
que for improving the accuracy and precision of
TLC technique, as well as the qualitative
analysis. Various kinds of columns and mobile
phase were tested for fine separation of aflatox-
ins. Four aflatoxins were easily separated with
Micropak-CN column and n-hexane-tetrahydro-
furan-isopropyl alcohol-water (55+34+10+1
viv%) as shown in Fig 1. This result is even bet-
ter than the resolution achieved by Johnson and
Abu-Shumaysug) by modifying solvent system.

Sensitivities in the nanogram region are
typical using UV absorbance detectors.
Fluorescence detectors could achieve detection
of aflatoxins at the picogram level with ease. This
means that HPLC detection of aflatoxin with
fluorescence with packed cell aid is approximate-
ly 20 times as sensitive as with UV. Under those
conditions, the minimum detectable amount of
aflatoxin B1 was 0.2ng. Mean sensitivity of
detection, mm peak height/5 ng of aflatoxins
were 86(B1), 134(B2), 125(G1), and 225(Gz) (Fig.
1).

Each 250ng of aflatoxin Bi, Bz, Gi, and G2
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Fig. 6. HPLC chromatogram of aflatoxins (each250
ng) added to Meju and analyzed

was added to the aflatoxin free Meju and analyz-
ed by the procedure above. A detection limit of
the HPLC procedure was about 0.5 ppb.
Recoveries of aflatoxin B1 (70%), B2(85%),
G1(70%), and G2(82%) were obtained in +5%
range (Fig. 6). This recoveries are not as good as
the ones for single a agricultural products, such
as peanut butter,”'e' 1 corn'?? cottonseed
products,m‘ " but are much better than for
some cropsm) and animal tissues.”" It is sug-
gested that the chemical complexity of the
Korean soybean products due to the fermenta-
tion process in the production might have
decreased the recovery. In comparing with the
recoveries from TLC method of other resear-
chers, the recovery-in this study is far better than
that of Kim et al’ s'® study on soybean food and
foodstuff. Their recovery ranged 30 to 75% at 25
ppb level and 30 to 70% at 50 ppb level. This
might be one of the main reasons why we should
resort to the HPLC method in the quantitative
analysis of aflatoxins from complex food or feed
samples, even if the HPLC need a few more steps
in cleanup procedure.

It has been established in this study that the
HPLC analysis of aflatoxin in Korean soybean
foodstuff is more effective in identification and
quantitation than the conventional TLC method.
It was also found that the commercial soybean

T4 Esbebelx

foods in Korea and house-hold soybean foodstuff
are free from aflatoxins with a detection limit of
0.5 ppb. All samples contained less than 0.5 ppb,
which is far less than the regulation level of 15
ppb in the United State of America.

However, this result does not necessarily ex-
clude the possibility of the presence of aflatoxin
in Korean soybean food because of the limited
number of samples in this study.

It was noticed that the present cleanup pro-
cedure is rather extensive in order to get clean
chromatograms. The cleanup step should further
be pursued. That will be a great help in perform-
ing fast precise, and accurate analysis of aflatox-
ins in other kinds of food and feed which has
become an important class of the active interna-
tional trade.
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