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ABSTRACT — A procedure for the determination of Aflatoxins in food and grains which
utilizes reversed phased liquid chromatographic (LC) analysis with postcolumn derivatization by
an electrochemical cell and determination with a fluorescence detector has been evaluated. The
LC mobile phase was water-acetonitrile-methanol (6+2+2) with 1mM KBr and 1 mM HNO;
which gave baseline separation for the four Aflatoxins (AfB,, AfB,, AfG,, AfG,). The elec-
trochemical cell set at 7V, generated bromine and derivatized aflatoxins B, and G,, The deri-
vatives were detected by the fluorescence detector. The aflatoxins in naturally contaminated
corn samples were isolated by three different cleanup procedures: the AOAC method I column
(CB method), a rapid filtrate column (Romer's column), and an immunoaffinity column. The
final extract were quantitated with fluorodensitometric TLC and the LC postcolumn deri-
vatization techniques. The results were quite similar, however the LC technique showed less in-
terferences and could be automated. Samples of corn, raw peanuts, peanut butter and dried
dates were also analyzed successfully with this procedure.
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butter, ground raw peanut Z}z} 251b, 12]3 2lAH o8
Aflatoxinol] 9. 9% ground corn(28 ppb, 121 ppb, ¥ %= T4
g Ngz stk

Alef

Aflatoxin ¥5+F2 B, B, G, G, & AME3IYoH wjx
FDA 2 Applied science(State College PA16804) A TS5}
). Ao} AF2% water, methanol, acetonitrileZ& HPLC
gradeo] 11 71} chloroform, hexane, NaCl, KCl, HBr £2J
Aleke E58 ARE3I3IT). Column chromatographyol] AHS-€l
224 silicagel 60 (E. Merk, 0.63 0.2mm, NOT734)=
100°Cel|l&]  4A|Zt  activationA]Z] 3 ARE3IQlar  affinity
column Aflatest-P(Vicam. Somerville, MA 02145)Z., rapid
cleanup column Romer's column(Tom Romer Lab. Inc)Z,
27) 31 TLC plate:= Silicagel 60F(Merck Co)s AH3-31%{ct.

217|

High Pressure Liquid Chromatograph with fluorescence de-
tector, and electro chemical cell, glass column, TLC scanner,
High speed waring blender, Micropipet & Tip, glass mi-
crofiber filter paper, Hand pump.

gy

Aflatoxin ¥Z-& AOAC method® (971.22, 15th Ed.)z}=}
benzen-acetonitrile(98+2)&-24 1m/ 5 500ng B, 125ng B,
250 ng G, 125ng Gy} 75 =F stock solution-g HEo]
WA B35 o] stock solution 2 %22HE- 2ml volumetric flask
of #3lo N, stream3lolA] AL AZAF|AL 0|5 1mie]
methanol 2 23X 7] F HO0E 713t 2 mIZ dfo] AMR31Y
© 1] o] working standard solution- v]d Z | AH&-8t Tt

AOAC-CB method : ground com, peanut, peanut butter
Z}zt 50 go] Algoll & Aflatoxingo] 5, 10, 20, 30 ppb
7} Bl =2 Aflatoxin T3 HFU(B,:B,: G, :G,=10:3:
10 : 2)E spikedle] o]E A|EEL AOAC method 968.
22(15th Ed.)ell w2} FZ&, column chromatography & 2§35}
dom 1 ¥ E Fig. 1] EAIFQUCH ZF A5 gk A

& 2782] T} & column-g AHE-3}e] duplicate 2 3153t}

Immuno Affinity Column Method : ©] &l A8
2] Aflatoxing 80% methanol2 &3l o|& AT &
Aflatoxin B,, B,, G,, G,o| Z}7] E-°]3&l monoclonal an-
tibody7} £-& sepharose’} %%X1¥ affinity columnoi] apply
&) Agd AflatoxinE-S methanol & & A|A 1 &S
233k Aolth.

A8 25 g8 Fig. 29 AAjg Wol e} 80% methanol

50 g Sample
| Add 25 ml H:O & 25 g diat earth
EXTRACT with 250 ml CHCl3
i
FILTER with prefolded filter paper
i
APPLY 50 ml filtrate to silica column
1
WASH with 150 ml, hexane
i
WASH again with 150 ml, ether
1
ELUTE 150 ml, MeOH/CHCl3 (3:97)
i
EVAPORATE under N; stream at 40T
i i

TLC HPLC
Fig. 1. Extraction of Aflatoxins by AOAC-CB method.

25 g Sample

| Add 5 g NaCl
EXTRACT with 125 ml, 803 MeOH by blender
for 3min. at high speed

i
FILTER with prefolded filter paper

!
PIPET 15 ml filtrate

{ Add 30 ml, H:O
FILTER through the glass microfiber filter paper

i
APPLY 15 ml, second filtrate to mini affinity column

| Pass 2~3 ml air through column
WASH two times with 10 ml H:0

| Pass 2~3 ml air through column
ELUTE 1.0 ml HPLC grade MeOH

l
EVAPORATE under N; stream at 40T.
i +
TLC HPLC

Fig. 2. Extraction of Aflatoxins by affinity column method.
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125 mi2 FZ3t7 1 o 15 midl) E30 miE 713t 34
&}l thA] glass microfiber filters o333t § (o] uj H,O2
A3 F 308 olujol column®| applydte]ord) 10 m/9)
reservoir’} @@ hand pumpo) affinity columng @A3H
22t of8-& 15 m/ columnoll apply3tHA]&E 1.0 goff 33).
Aol AR affinity column-& aflatest-P column© 2 1 m/
syringe 9| Aflatoxin B,, B,, G,, G, E°]4& #]'d mono-
clonal antibody7} 5-%% sepharose7} £19 Ao 2 =9
o2 AP Jon Ao 137 Ha, AHo] g3l
Reservoirol] 2x} o] 9-& applys}il hand pumpoll airZ )]
*] 4]x13] pistong Uo] F-E Yol 2 drops/secH =F FH
T} Applydt AlE 0] columng o} FF3A 2~3 mi] air
£ 5344711 10 mie] HOZ M3 ol FE&Ews
2 drops/sec2 ZA3}31 H00] ot E3sd t}A] 2~3 ml
airg $HA|ZIt) o] 22hg 28] s Fo] i)

AHo] #vbd 1.0mie] HPLC grade methanol 2
columnol] AgE U Aflatoxing &FA|7)3L c}A] airE
2~3 ml E7}A]71t}. Aflatest-P column& 2~33] HHEALL
o] 7}58}t}. o] methanol 2% < 1.0 miE N, stream}of]
M AR, WERE F A8 AR

Romer’s cleanup column method : 25 g2] A9
90% acetonitrile 100 m/E 7}3} 11 Waring blender2 3%
2t high speed2 FZ3o o 3t rt. o] o} SmlE 3
7 0.8 cm9 test tubeol| 7|3 Eof filter’} €2]3l 3cm
o9l A7 E0IUE columng test tubed] AA]3}
do] Yol o] column HE e AR 2mig A &3

25 g Sample
|l Add 100 ml, acetonitrile/water (9:1)
EXTRACT by blender for 3 min. at high speed
{
FILTER with prefolded filter paper
i
APPLY 50 ml, filtrate to Romer’s clean up column
!
PUSH 2 ml, aliquots through the column
1
EVAPORATE 2 ml, aliquots under Ng stream at 40T
i l

TLC HPLC
Fig. 3. Extraction of Aflatoxins by Romder's clean up
column method.

HIHAIE 0.5go)] D). o] A& 40°CojslolA N,
stream3tol A AZA7I R $ARH F Al ALEHATH
(Fig. 3).

TLCH - ¥R gd F&¢ A8E& HEE 1.0mlY
methanolol] &3jA1A o] & 500 WE AH & redryA| 7]
t}. o] redry " A|&2 100 W CHCLoll £3A]# TLCE 3§
3191 o0 plate:= silicagel 60 F precoated glass plateE A}
/3l 1cm 7HAS R 10~20 ¥ EFNEJA A|lgE
spotslg T A 7)-E-vll= CHCl/acetone/H,0& 90 : 10 : 12
ZAste] AbRsta A7jAel= AAZE aluminum foil
AA] ZFFAIZ T HAZE EBUbE o] plateE ZAdjo} AR
ZA)#H TLC scanner® &3} 0™ o] of TLC scanner?]
%718 Table 13} 2o}

HPLCH] : 1.0 mi2} methanolo] %<1 & Alg5¢] 4F&
g3 Fstel 5%, W23l 0] 10019] 80% methanol
o = HPLCY 20 u! loops| injectiond} oy &ujje}

Table 1. Conditions of TLC scanner.

Model : CAMAG

Hg lamp : 100 V/ 0.5 A
Deuterium lamp : 80 V / 0.3 A
Wavelength : 366 nm (UV)
Scanning length : 60 mm

Spot interval : 100 mm

Level of Integrator : 1000
Integrator : Spectraphysics SP 4100
Attenuation : 64

MA : 5000

PT : 5000

Table 2. Conditions of HPLC.

Column : 5 Il-spherical C18/Waters, O/N 85711
Detector : Waters 470 scanning fluorescence detector
Cell : Korba electrochemical cell (7V)
Mobile-phase : H20/MeOH/CH3CN (60:20:20)
with 1 mM KBr and 1 mM HNO3

Flow rate : 1 ml/min.

Wavelength : Ex 360 nm, Em 445 nm

Inject. vol. : 20 1 loop

Aft : X4 or X8

Gain : 100

Chart speed : 0.5 cm/min.

Filter : 0.5 sec.

Signal + : - 0.0002
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Table 3. Results of TLC method : Comparison of AOAC-CB, affinity and Romer's column extraction.

Myung Hee Kim

AOAC-CB Column

Affinity Column

Romer's Column

Aflatoxins
Addedng/)) B B, G, G, Totaa B, B, G G, Toal B, B, G G, Total
0 02 00 01 0.0 03 0.1 00 01 0.0 0.2 0.2 0.0 0.1 0.0 0.3
5 1.6 04 21 0.4 45 21 05 08 04 4.8 21 0.6 20 0.4 5.1
Com 10 32 14 30 1.0 8.6 34 12 31 0.9 8.6 4.1 1.0 39 0.6 9.6
20 58 24 70 1.0 171 72 1.6 6.1 12 16.1 78 1.8 7.4 14 184
30 82 36 88 35 241 105 37 76 27 245 108 36 109 21 274
0 00 00 00 00 0.0 00 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0
5 1.5 03 17 02 3.7 20 04 1.5 02 4.1 2.1 0.7 19 03 5.0
Peanut 10 28 15 26 08 7.7 31 1.0 31 1.0 82 4.0 1.1 4.0 12 103
20 60 18 71 12 161 68 49 65 13 16.5 78 1.9 7.6 1.0 183
30 102 31 9.8 1.8 249 109 32 105 21 267 110 38 108 24 280
0 02 00 02 00 04 062 00 02 00 0.4 03 0.0 0.2 0.0 0.5
Peanut 15 04 18 04 41 20 05 1.8 03 4.6 2.1 0.4 2.1 04 5.0
ean
bunelrl 10 32 10 28 06 7.6 3.2 1.0 34 09 8.5 4.0 1.1 4.1 0.6 9.8
20 60 21 64 1.6 161 74 1.8 6.1 13 16.6 8.1 23 83 1.5 202
30 100 27 97 20 242 106 35 9.1 24 256 113 36 108 21 278
N.C Com, 149 15 00 00 164 153 16 00 00 169 206 15 0.1 00 222
" Com, 685 66 14 00 765 718 56 1.5 00 789 913 9.1 1.6 00 102.0
N.C. : Naturally Contaminated
Table 4. Results of HPLC method : Comparison of AOAC-CB, affinity and Romer's column extraction.
Aflatoxins AOAC-CB Column Affinity Column Romer's Column
Added(ng/g) B, B, G, G, Total B, B, G G, Total B, B, G, G, Total
0 02 00 01 0.0 0.3 0.1 00 0.1 0.0 0.2 0.2 0.0 0.2 0.0 0.4
5 1.7 04 20 0S5 4.6 2.1 05 1.8 04 4.8 2.1 0.5 22 04 52
Comn 10 34 15 31 0.9 8.9 3.6 1.1 3.7 1.0 94 4.1 11 39 0.7 9.8
20 7.6 1.0 72 11 169 75 1.8 6.9 1.4 176 79 23 8.1 1.4 19.7
30 94 28 99 20 241 108 20 110 20 267 112 30 111 19 272
0 00 00 01 0.0 01 00 00 00 00™ 00 0.0 0.0 0.1 0.0 0.1
S 1.8 04 1.7 03 4.2 2.1 0.5 1.9 04 49 2.1 0.6 21 0.4 52
Peanut 19 36 14 30 08 8.8 3.6 12 38 0.6 9.2 4.0 1.2 39 0.8 9.9
20 7.8 1.6 74 10 178 77 20 72 13 182 79 2.4 8.1 15 199
30 105 28 106 19 257 114 32 109 21 276 118 35 114 20 287
0 02 00 02 00 0.4 02 00 02 00 0.4 0.3 0.0 0.2 0.0 0.5
P ‘ 5 1.9 04 1.8 03 44 20 05 1.8 04 47 21 0.6 2.1 0.4 52
e
bug‘:: 10 36 12 32 06 8.6 3.8 10 37 06 9.1 4.1 1.1 42 08 102
20 78 17 74 11 180 76 23 7.7 14 190 82 23 8.1 1.5 201
30 104 28 106 19 257 114 32 109 21 276 118 35 114 20 287
NC Com, 158 16 00 0.0 174 168 17 00 00 185 212 16 0.1 00 229
" Com, 728 64 1.6 00 808 765 71 06 00 842 920 89 1.6 0.0 1025
N.C. : Naturally Contaminated
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Table 5. Comparison of recovery rate by TLC and HPLC quantitation of Aflatoxins.
Aflatoxins TLC HPLC
Added(ng/g) CB-C. Aff-C. Romer-C. CB-C. Aff-C. Romer-C.

5 90.0 96.0 102.0 92.0 96.0 104.0
Com 10 86.0 86.0 96.0 89.0 94.0 98.0

20 85.5 80.5 92.0 845 88.0 98.5

30 80.3 81.7 913 80.3 89.0 91.7

5 74.0 82.0 100.0 84.0 98.0 104.0
Peanut 10 770 820 103.0 88.0 92.0 99.0

20 80.5 823 91.5 89.0 91.0 99.5

30 82.7 89.0 93.3 80.3 89.3 96.7

5 82.0 92.0 100.0 88.0 94.0 104.0
Peanut 10 76.0 85.0 98.0 86.0 91.0 102.0
butter 20 80.5 83.0 101.0 90.0 95.0 100.5

30 80.7 85.3 92.7 85.7 92.0 95.7

81.3+1.23 85.4+1.24 96.7+1.22 86.4+1.01 92.4+0.84 99.5+1.04
Mean+S.E.
87.8+1.31 92.8+1.05
N.C. Corn, 58.2 60.3 79.2 62.1 66.1 814
N.C. Com, 63.2 65.2 84.3 66.7 69.6 84.7
Mean+S.E. 68.41+4.00 71.8+3.38

N.C.:Naturally Contaminated

HPLC®] &7 0] Table 20| #AA| =}
2o o g

AflatoxinF-¢] 23 9lo] A& t}& 3ZF2 columng
olgdty AEE F&Fa o] Zy) TLCS HPLC
methodol| whe} ZA3t A7} Table 3~59 #AHRA}
TLC methodoll4] 714 3|4-&o] £ columnd Romer's
column© 2 5 ppbe] A9 104.0%, 30 ppboll A= 90% o174
9] 3|48& Jeho] M7HA] columnF £Fo] 53k
11, affinity columno] CB-method column 2.t} A A 59
Al oFzhe] 28 3482 YERITH 12y affinity column
& 7HAo] uiMe] §&A] BE Fo|9} techniqueo] YT
3t= AA-o] Qrk & &% A pressureE A3HA 7FsEAY
EL{718 S o) antibody’} 3= o] data®] vari-
ationo] 431t} webA aflatoxin FEA £&8° F2 a-
cetone©| L} acetonitrile s ¢} FZ 4L affinity columnoi] ap-
pyd &+ g 93T 21 b, CB-method?] silica
column #&& 28 AlZto] 41 t}EFe] {7/ LuiE tbF

ojof 3= @il AU

Algyz Pastd ¥ raw peanutt} peanut butter7}
comnofl H|E} ozt Fgo] ¥ Kt FAHCE 1
Frode AAERA FUh = AYHoT FFAE
spiket A|EHTHE AdH o2 2 dE AREY FF&o]
#Ax8 @A vebgl ol Zah= Mary 59 Bude
2 g 3sh

TLC plateE scannerZ o} 83} 2 ehd spotEg
23} chromatograme] Fig. 40 TAEr) o) 2P RN E
CB-methodd)] ¢]§t & XUl affinity columnolA] Afla-
toxin B,2] 3-go] Ekon] T3 affinity columnol] )%k
F&9 2| baselineo] o}F ARE A {7t &5 o]F
oJHE&S 2 4 vl ¥bH Romers column® 90% a-
cetonitril &2 t}& 2% 9] columnd| H]3}4 baselineo]
YA JepA gol BE¢Ee] EQlol HARLE B &
gJ o1} Aflatoxin B, B,9] 2o & Qe F2) ¥t
t}h. =3 85% acetone 0.2 AR E 53 ALE FELS
713 =9ko} Rix| 0.92HE 9]0 2 spotr} vEhI:=
Ag FAY £ AN S™ AflatoxinF-2] spot® %FzHe] tail-
ingo] UAt.

HPLCE o] 83 H¥d7}7} Table 4,59 A|A =t &
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Fig. 4 TLC detection of Aflatoxins by TLC scanner
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(A) : Aflatoxin standard (B, 2.0 ng, B, 0.6 ng, G, 2.0 ng, G, 0.6 ng)

(B) : Corn sample spiked with Aflatoxin standard

(C) : Naturally contaminated corn sample by AOAC-CB method
(D) : Naturally contaminated corn sample by affinity column method
(E) : Naturally contaminated corn sample by Romer's column method

(G) : Control corn

B2 post-column derivatizationg £-83 ZOZ elec-
trochemical cell (¥ Karba cell}2 ©]-83}o] bromeS 2
AAFIe2A Aflatoxin B, G&] HE4E whso] flu-
orescence detector2 &3 Ao HZ¥E electrochemical
cellg 0|83t iodine?] FE=A7} o} brome §EA 2
ko] Aflaroxin®] Z3-& A% Zolth. HPLCo| <%
23 HA] TLCS} frAFeHA! LhER Romer's columnel] o] g
Z2o] HFIFE 995%2 thE F columndl] H|Eld £
ARz oA Fth(p<0.01). 53] -7} dutdo
2 A}E31= CB-method?] silica column 74-$%- 86.4%= 7}
e 3l gs 1y

3 Table 59) AAJH vle} Fro] TLCH T HPLCHS
HAH o= vlagd of HPLCYo| o 52A = 35&°] &
A vehgon ol EAM oz E S5}t 18U A
How ogdd Alad ALE % 3% AT Frgol =k

Romer's columng o]-8&3l 3E7F9 zt7] & &
(90% acetonitrile, 80% methanol, 85% acetone)2 FE 1]

B
A% A7} Table 69 ATt olo] ojaty &8
£ 85% acetoneo] 7H¢ %Al LEF}T 80% methonole] 7

Y =0.083+10.68X
20 (r=0.999) \

G,
Y =-0.076+8.83X,
{r =0.999)

/'/1 Gy
e
o} AR
’,/‘ e
o7 7Y =0061+6.08X
i (r=0.999)
o Y =0.067+5.03X
e {r=0.999)
".,.‘

e
forts

Peak height (cim)

o

025 05 1.0 2.0 ng

Fig. 5 Standard calibration curve of Aflatoxin standard
by HPLC

£+ acetoneol] H)&le] oF 70% A Ewte] EZxjgje-S ¢
7 Aot g2 )7} 80% methanol 2 AME-3hed affinity
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Inject-
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(A)

(B)

(©)

Fig. 6 HPLC chromatogram of Aflatoxin standard and samples
(A):Mixed Aflatoxin standard (each 1 ng)
(B):Corn sample spiked with Aflatoxin standard (B, 1.0 ng, B, 0.3 ng, G, 1.0 ng, G, 0.2 ng)
(C):Naturally contaminated corn sample extracted by AOAC-CB method
(D):Naturally contaminated corn sample extracted by affinity column method

(E):Naturally contaminated corn sample extracted by Romer's column method using 85% acetone

Table 6. Quantitation of Aflatoxins in high naturally contaminated corn by TLC and HPLC followed Romer's clean up

column procedure: comparison of extracting solvents. (ng/g)
90% CH,CN 80% MeOH 85% Acetone
TLC HPLC TLC HPLC TLC HPLC

1 139.4 134.8+(8.0) 914 93.44(7.0) 1323 139.1+(8.6)

2 124.4 125.6+(7.1) 92.6 92.7+(6.9) 132.8 138.0+(8.6)

3 120.1 118.5+(7.2) 97.6 104.5+(7.2) 139.4 129.3+(8.6)

4 122.9 125.8+(7.2) 108.8 105.4+(7.2) 139.4 135.7+(9.0)

5 102.6 116.5+(6.8) 115.2 107.8+(7.1) 124.4 130.6+(9.2)

6 120.1 123.7+(7.0) 97.0 98.2+(7.1) 128.9 131.7+(9.2)

7 117.5 119.4+(7.0) 92.4 100.8+(7.3) 127.2 132.7+(8.7)

8 120.1 123.4+(6.9) 92.6 98.2+(7.1) 1035 141.8+(9.6)

9 127.4 126.74(7.2) 9.8 95.3+(7.2) 121.7 127.5+(8.2)

10 113.2 115.5+(6.8) 85.0 81.6+(6.2) 114.6 121.8+(8.5)

1 116.2 120.6+(7.0) 91.0 83.7+(6.1) 158.3 146.5+(9.2)

12 119.0 118.7+(7.0) 923 81.6+(6.1) 150.7 149.2+(9.2)

13 150.8 109.4+(8.0)

Mean+SE 120.0+2.43 122.4+1.49 95.7+2.31 95.3+2.51 131.8+4.05 133.6+2.78

( ):Aflatoxin B,

coumno 2 HAsAY F& & Wyer HdHY B¢ Qtstejof & Zolch. 22t acetoned] A4 & &S O
hE Bufoll vl FEE&o] AA3] ok A 72 3 gou Ewd BHEAR FEE £4E= A 9
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(A) (B

Fig. 7 HPLC chromatogratm of same standard solution at
Em 350/Ex 420 and Em 360/Ex 445 nm of flu-
orescence detector.

(A):Em 360/Ex 445 nm (0.5ng each STD)
(B):Em 360/Ex 420 nm (0.5ng each STD)

Sol £ 4ol dstelol & Zem HPLCE ol §3ho]

HPLC column?] 2 J& wej3foio} & ARo|c).

=3} fluorescence detector?] HAHS WAZA|F|m2A] &
A3lazt s AflatoxinF 2] #4318 S AU & & 9l
$-0] Fig. 79 A=At} & n] EA)3l+= Aflatoxin G,
2 BA3l312) @ 79 detectore] A2 Ex 360 nm,
m 445 nm £, 1#{} B, B,E FH o2 £Asl1x} 5}
749+ Ex 360 nm, Em 420 nm& %31 &3 £
QS 435 4L ¢ IS AoF WAk F Fig. 79
AAlE viel o] FUF T HFN TFAEL in-
jectiondt Z-9- A Ex 360/Em 420 nme] 7Z$-= Afla-
toxin B, B,2| peak7} & ZA Uehle WA 33 Ex
360/Em 445 nm M= Gy, G,2] peak7} 22A YU Q)
o]A $-g7}t Aflatoxing EAHE A4 1 FA33 =
AEol} & Q¥ wat detectord] YT HAF) A
7, AHg3tedop H ol

oo

rir

ZAle| SHE

B ALE 98l A8, BEE 2 column 5 AT

243 Aol Aflatoxing] Belol= 2 Gl glov

Z US-FDAY Dr. Mary Trucksessol] A] Z2AL= @y},

IERY%

Aflatoxin®] 4@} columne] FFo] M 288 ¥lw FESL o] TLCS HPLCE Z2} BA3te
ZA o] o1& AAZ A BEA A gl g 2E AES AUt AOAC-CB WHE o] 831 aflatoxing
223 79 TLOYo 2 o 80%, HPLCH o2& oF 86%2] 3]4&& yedrt. HPLCS A3 -2 post-
column derivatization® 283 292 electrochemical cell & o]l fluorescence detector 2 &3 3t}
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