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Aflatoxins are cancer-causing toxins that are produced by the molds Aspergillus flavus and Aspergillus 
parasiticus when the ideal environmental conditions such as temperature and humidity are met. An 
existing method was modified for application to the analysis of aflatoxins in vitamin-fortified rodent 
feeds. The aflatoxins were extracted from the feeds with 70% methanol/water followed by cleanup 
on an affinity column. The aflatoxins were eluted from the affinity column with methanol and quantitated 
via HPLC using postcolumn derivatization with iodine followed by fluorescence detection. The minimum 
detectable limit was 0.25 ppb for B1, Bz, and G1 and 0.12 ppb for Gz. Recoveries for B1 and GI averaged 
85 70 over a concentration range of 0.5-50 ppb. Recoveries for Bz averaged 77 % over the same range, 
while recoveries for Gz averaged 58% over a concentration range of 0.25-25 ppb. The method was also 
successfully used for analysis of aflatoxins in animal cage bedding material. 

INTRODUCTION 

Aflatoxins are secondary toxic metabolites produced 
by the molds Aspergillus flavus and Aspergillus para- 
siticus. These molds grow on corn, peanuts, milo, rice, 
and many other grains and nuts under appropriate 
conditions. The well-known aflatoxins B1, Bz, GI, and Gz 
may be produced during growth, harvest, and storage of 
these crops. I t  is also known that aflatoxins, especially 
aflatoxin B1, are both toxic and carcinogenic to many 
species of animals including man (Busby and Wogan, 1984). 

For research purposes, the National Center for Toxi- 
cological Research (NCTR) maintains a colony of rodents. 
An ultrasensitive procedure for monitoring aflatoxins in 
rodent feed was needed when published reports indicated 
that as little as 2 ppb of aflatoxin exposure in the diet over 
the lifetime of a rat causes liver tumors (Busby and Wogan, 
1984). 

A review of the literature for available analytical 
procedures for analysis of aflatoxins in a variety of 
substrates revealed numerous methods. 

Shepherd and Gilbert (1984) determined the optimum 
conditions needed for HPLC postcolumn iodination of an 
aflatoxin B1 standard. Thiel et al. (1986) used postcol- 
umn derivatization (PCD) with iodine after cleanup using 
CB procedure (AOAC, 1975) to determine aflatoxin B1 in 
corn and peanuts with some success. Beaver (1989) 
reviewed various HPLC techniques for determining afla- 
toxins in corn and peanuts and concluded that more 
efficient cleanup procedures would have to be developed 
to substantially lower the detection limit below 1 ppb. 

Goto et al. (1979) experimented with a cleanup column 
for aflatoxins prepared with alumina, silica gel, and sodium 
sulfate with limited success. 

Tuinstra and Haasnoot (1983) used PCD with iodine to 
analyze aflatoxin B1 in feedstuff. The cleanup was done 
with TLC after solvent extraction prior to HPLC. Using 
TLC to clean up extracts was very labor intensive and 
gave erratic accuracy and reproducibility. 

Kok et al. (1986) determined aflatoxins in cattle feed 
using HPLC and PCD with electrochemically generated 
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bromine prior to fluorescence detection. TLC was, how- 
ever, the method used to clean up the extract prior to 
HPLC. 

Traag et al. (1987) used PCD with iodine to determine 
aflatoxin B1 in feedstuff. Both TLC and CIS Sep-Paks 
(Waters) were used to purify extracts. Injections of 250 
pL or more into the HPLC were needed to attain a 
sensitivity of 20 ppb. 

Groopman and Donahue (1988) determined aflatoxins 
in corn, peanut butter, and milk via HPLC using PCD 
with iodine after monoclonal antibody affinity column 
cleanup. Mortimer et al. (1987) also used affinity column 
cleanup in determining aflatoxin MI in powdered milk 
samp!es. 

Chamkasem et al. (1989) used HPLC to analyze for afla- 
toxins, ochratoxin A, and zearalenone in different sub- 
strates by PCD with iodine utilizing an on-line sample 
cleanup which gave a sensitivity of 5 ppb with injections 
of 300 pL. Chamkasem et al. (1989) concluded that since 
finished feeds contain a variety of ingredients, the CIS 
precolumn cleanup was not entirely effective in removing 
interferences from the mycotoxins, especially aflatoxins. 

Since none of these reported methods was entirely 
adequate for our application, we subsequently modified 
the method of Groopman and Donahue (1988) to enable 
analysis of aflatoxins in rodent feed. Our modification 
and its application are the subject of this paper. 

EXPERIMENTAL PROCEDURES 
Apparatus. The HPLC system consisted of two pumps (a 

Waters Model M 6000A and an Altex Model 100A) and a 250 X 
4.6 mm 5-pm Supelco reversed-phase CIS column. A guard column 
with a 2-rm frit wasplaced between the injector (Rheodyne Model 
7125 witha 50-pL loop) and the colunn. Saturated aqueous iodine 
was introduced postcolumn into a reactor coil via a low volume 
T and detection was achieved by utilizing a Shimadzu Model 
RF-535 fluorescence detector. A Shimadzu Model C-R3A 
integrator was also used. 

The reactor coil was 5000 X 0.3 mm i.d. stainless tubing placed 
in a liquid chromatograph column oven where the temperature 
was regulated to within hO.1 O C .  A schematic of the system is 
shown in Figure 1. 
Reagents. The iodine reagent was prepared by placing 1 g 

of iodine in 500 mL of deionized water (Millipore 18 megohm) 
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Figure 1. Schematic of HPLC system. 

followed by shaking on a mechanical shaker for 2 h in a bottle 
wrapped in aluminum foil. Thereagent was then filtered through 
a 0.45-pm filter prior to HPLC use. 

The aflatoxin standards (B1, B2, GI, and G2) (Applied Science, 
Deerfield, IL 60015) were used as received. Stock standards of 
each aflatoxin were prepared at 0.01 mg/mL in methanol and 
stored in amber volumetric flasks in a refrigerator. Composited 
spiking standards were prepared daily to contain 100 ng/mL B1, 
B2, and G1 and 50 ng/mL G2 in methanol/water (50/50). 

Aflatoxins are toxic and possibly carcinogenic and should be 
handled by using safety percautions listed in AOAC (1984). These 
safety guidelines indicate that mycotoxins, which includes afla- 
toxins, should only be handled with gloves and used only in 
properly ventilated hoods or gloveboxes. 

The monoclonal antibody affinity columns (Aflatest P) used 
for cleanup of feed sample extracts were obtained from Vicam 
(Somerville, MA 02145). 

The rodent feed (NIH-31 plus vitamins Type 5022-4) was 
obtained from Ralston Purina Co. (St. Louis, MO 63166) (see 
Table 11). 

Extraction of Vitamin-Fortified Rodent Feed. A 50-g feed 
sample and 5 g of sodium chloride were weighed into a 500-mL 
blender cup. One hundred forty milliliters of methanol/water 
(70/30) was added, and the mixture was blended at high speed 
for 2 min. The extract was filtered (Whatman No. 4),  and 12 mL 
of the extract was diluted to 42 mL by adding 30 mL of deionized 
water (Millipore 18 megohm) to obtain a final methanol con- 
centration of 20%. The diluted extract containing a 1 g-equiv 
of feed was passed through the affinity column to collect the 
aflatoxins. After the affinity column was washed one time with 
10 mL of deionized water, the aflatoxins were washed off the 
column with 1 mL of methanolinto a 10-mL graduated centrifuge 
tube. The methanol extract was evaporated to 0.5 mL under a 
stream of nitrogen and diluted to 1 mL with deionized water for 
injection into the HPLC. 

HPLC and Postcolumn Derivatization. The mobile phase 
was water/methanol/acetonitrile (50/40/10) with a flow rate of 
0.8 mL/min. The column was reverse-phase Cle having a 5-pm 
particle size and a length of 25 cm. A fluorescence detector was 
used with the excitation and emission wavelengths set at 365 and 
440 nm, respectively. 

Postcolumn derivatization was accomplished with a second 
pump introducing saturated aqueous iodine solution at a flow 
rate of 0.5 mL/min via a low dead volume T into a 5000 x 0.3 
mm i.d. reactor coil located in a heated LC column oven to keep 
the coil temperature at 68 O C .  

Recovery Experiments. Triplicate 50-g feed samples were 
spiked with 0.5,5, and 50 ppb of B1, Bz, and G1 and 0.25,2.5, and 
25 ppb of G2 by adding appropriate volumes of spiking standards 
to respective 50-g feed samples to give the desired concentrations. 
The feed samples were then taken through the analytical 
procedure. 

RESULTS AND DISCUSSION 
As indicated in the literature, the techniques indicating 

the most potential for success for the analysis of the afla- 
toxins were a monoclonal antibody affinity column for 
cleanup of the sample extract, reversed-phase HPLC, post- 
column derivatization, and fluorescence detection for 

Detector 

I 

Heated Oven 

Table I. Analysis of Vitamin-Fortified Feed Spiked at 
Various Levels with Aflatoxins 

recovered, f f SIY 
ng/g bpb)  % aflatoxin ng/g added 

0.5 
0.5 
0.5 
0.25 
5.0 
5.0 
5.0 
2.5 

50.0 
50.0 
50.0 
25.0 

0.42 f 0.05 
0.35 f 0.02 
0.38 f 0.03 
0.14 f 0.01 
4.4 f 0.10 
3.9 f 0.10 
4.6 f 0.10 
1.4 f 0.06 

41.5 f 0.95 
41.6 f 1.97 
43.3 f 0.84 
16.4 f 0.85 

83 10 
69 f 3.0 
75 f 5.0 
54 f 2.0 
88 f 2.8 
78 f 2.0 
92 f 2.0 
55 i 2.3 
83 f 2.0 
83 f 3.8 
87 f 1.2 
65 * 3.0 

a Mean and standard deviation from triplicate assays. * A half 
gram-equivalent of extract was passed through affinity column since 
total aflatoxins was more than 100 ng. 
quantitation. This combination was reported for afla- 
toxin analysis of corn, peanut butter, and milk by Groop- 
man and Donahue (1988). After evaluating their proce- 
dures for our particular application-vitamin fortified 
rodent feed-we found that modifications would have to  
be made to their method to enable ultrasensitive analysis 
of vitamin-fortified rodent feed for aflatoxins B1, B2, GI, 
and Gz. The modifications consisted of the following: (1) 
The volume of the extracting solvent was changed from 
100 to 140 mL to achieve enough volume to thoroughly 
wet the fortified feed and to provide sufficient volume for 
filtration and subsequent workup. (2) The methanol 
concentration change of methanol/water (80/20) to  70/ 
30 required less dilution, thus allowing application of 
approximately 1 g-equiv of feed to the affinity cleanup 
column in a minimum volume of about 10 mL or less, 
which aided in preventing aflatoxins, mainly GO, from 
washing off the column. (3) The affinity column rinse 
volume was changed from two 10-mL rinses to only one 
10-mL rinse. This change improved recoveries of G2 from 
about 50% up to about 60% at  all spike levels. (4) The 
HPLC mobile phase was changed from methanol/water 
(50/50) to water/methanol/acetonitrile (50/40/10) to 
achieve baseline separation of G1 and G2, which did not 
occur with methanol/water (50/50). (5) The mobile phase 
flow rate was changed from 1.0 to 0.8 mL/min, which 
improved resolution of all four aflatoxins in the rodent 
feed extracts. 

Recovery values for B1 and GI each averaged 85 7% , while 
those for B2 and G2 averaged 77 and 58%, respectively, 
for all three spike levels. Recovery data are shown in Table 
I. The derivatization and the detector response were linear 
over the working concentration range 0.03-1 ng injected 
for B1, Bz, and G1 and 0.03-0.5 ng injected for G2. 

The affinity column cleanup of the feed extracts worked 
very well. The antibodies in the affinity column were 
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Figure 2. HPLC chromatogram of an aflatoxin standard 
containing 5 ppb of B1, Bz, and GI and 2.5 ppb of Gz. 
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Figure 3. HPLC chromatogram of feed extract from feed spiked 
with 5 ppb of BI, Bz, and G1 and 2.5 ppb of Gz. 

Table 11. NIH-31 Rat and Mouse Ration 
ingredients % bywt 

fish meal (60% protein) 

alfalfa meal (17% prokin) 2.0 
corn gluten meal (60% protein) 
ground whole hard wheat 35.5 
ground no. 2 yellow shelled corn 
ground whole oats 10.0 
wheat middlings 10.0 
brewers’ dried yeast 1.0 

9 .o 
soybean meal (48.5% protein) 5.0 

2.0 

21.0 

soy oil 1.5 
salt 0.5 
dicalcium phosphate 1.5 
ground limestone 0.5 
premixes (vitamins and minerals) 0.5 
total 100.0 

designed to be specific for aflatoxins, and the HPLC chro- 
matograms after affinity column cleanup were void of any 
interferences. Figure 2 show8 the HPLC chromatogram 
of an aflatoxin standard containing 5 ppb of B1, Bz, and 
GI and 2.5 ppb of Gz. Figure 3 shows the HPLC chro- 
matogram of a cleaned up extract from a vitamin-fortified 
feed sample that had been spiked with 5 ppb of B1, Bz, 
and GI and 2.5 ppb of Gz. Essentially no peaks are present 
other than the aflatoxins B1, Bz, GI, and G2. Figure 4 
shows an HPLC chromatogram of the cleaned up extract 
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Figure 4. HPLC chromatogram of feed extract from unspiked 
feed using fluorescence detector on high sensitivity and integrator 
attenuation of 1 mV/full scale for maximum sensitivity. 

(1 g-equiv) of vitamin-fortified rodent feed sample, as 
received from the supplier, indicating no aflatoxins except 
possibly a trace of B1. 

Since the aflatoxins are separated from any interfer- 
ring materials by using the affinity column cleanup, the 
sensitivity of analysis can be changed simply by changing 
the amount of extract passed through the affinity column 
(realizing that this change could affect Gz results) or by 
changing the amount injected into the HPLC. For this 
work a gram-equivalent of feed was passed through the 
affinity column, taking care not to exceed the affinity 
column load capacity of 100 ng of total aflatoxins. The 
injections made into the HPLC were 50pL. The MDL for 
B1, Bz, and GI was 0.25 ppb, and that for G2 was 0.12 ppb, 
which was based on twice background. 

This procedure was also used successfully to analyze 
aflatoxins in bedding (hardwood chips) used in rodent 
cages a t  the NCTR. The recoveries of aflatoxins B1, Bz, 
and G1 from the bedding spiked a t  1 ppb each averaged 
above 90 96. Recovery of aflatoxin Gz from bedding spiked 
at 0.5 ppb was 52 96. 

It  should be mentioned that in the postcolumn deriva- 
tization of aflatoxins only B1 and GI react with iodine to 
enhance fluorescence. No change in fluorescence was 
noted with Bz and G2. Additional work is in progress to 
elucidate the structure of the iodine derivatives of afla- 
toxin B1 and GI, which will be the subject of another paper. 

Our procedure provides the analyst with a rapid and 
sensitive procedure for analysis of aflatoxins in a grain- 
based vitamin-fortified rodent diet. 
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