
Multimycotoxin detection and clean-up method fur 
aflatoxins, ochratoxin and zearalenone in animal feed 
ingredients using high-performance liquid 
chromatography and gel permeation chromatography 

IN1 KOIXKTION 

7‘1~ prcscncc of mycotosins in unimal feeds has 
been of mqior concern for many years. A tolcctncc 
level of aflotoxin BI, in groundnut. coprrt, palm- 
kcmnl. cotton seed. babassu. maize t\nd products 
derived from the processing thereof is 20 ~&kg in 
the European Communities Regulations 199 1. 

Many nnnlytict~l procedures have bLwn devclop~d 
for their determination [I-S]. The majority of thcsc 
arc based on single cstraction and single detcrmina- 
tions. In more t-went pubticntions there is widc- 
spread interest in the dcwlopcmcnt of multi-toxin 
clean-up and determination to achicse ;I rapid. scn- 
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sitivc and mm cwonomict\l analysis. Hetmanski 
and Scudumorc [6] used gel pcrmcittion chromatog- 
raphy (GPC) for clean-up of extracts prior to scp- 
aration by rcvcrscd-phase HPLC for the t\nrttysis of 
a&toxins B1, Bz, GI and Gz. Lungseth et nf. [7] 
dctcrminca! zcaralcnonc and ochrutoxin A in ccrwIs 
and fmf using one cstraction step. The clean-up 
step used silica solid-phase extraction columns and 
the mycotoxins were clutcd separately with different 
solvent mixtures. They wet2 injected separately into 
it HPLC system under similar conditions. Hunt ef 
crl. [S] detcrmintd aflatoxins and ochratoxin A in 
food. The extract was purifitd using grooved thin- 
Isycr chromntogmphy plates coated with silica gel. 
After chromatography rmy fluorescent bands were 
remowd and cxamintd by HPLC. 

In this paper an extraction and clean-up method 
dcvclopLd by Scudamorc and Hetmanski [9] was 
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used with slight modifications, Diohloromcthanc-1 
N hydrochloric’acid (IO: 1) was u&d for the extracw 
tion. GPC ‘was used for the clean-up. The HPLC 
method dcvclopcd hem, for the demrmination of 
the six mycotoxins, used gradient clution with two 
mobile phases: (A) water--methanol-acctonitrilc 
(130~70~40) plus I mM nitric acid plus I mM potas- 
sium bromide; {B) 0.01 M phosphoric acid -aceto- 
nitrilc (5O:SO). 

Post-column dcrivatization with bromine was 
used to enhance the sensitivity of aflatoxin 61 and 
G1 in conjuction with Auorcsccncc detection with 
pie-programmed wavelength change. Kok et cd [IO] 
showed that the tluoresccncc intensity of aflatoxin 
B, and Gi increased after the addition of bromine 
solution. The reaction is bclicvcd to be the brom- 
ination of the 8.9 double bond. Atlatoxin B2 and GZ 
do not react with bromine owing to the absence of 
the double bond. The Auoresecnt signal cnhancc- 
mcnt of the allatoxin may be carried out by dcri- 
vatization with on-line, eleetrochemically generated 
bromine. Bromine can be produced from bromide 
present in the mobile phase in an electrochcmieal 
cell after the column. The derivatization with bro- 
mine decreased the sensitivity of zoarulenone. It was 
thcrcforc necessary to inject the extract again with- 
out dcrivatization in order to determine zearalc- 
none. 

in brief the method described hcrc allows the de- 
termination ofafiatoxins B,, Bll, Gr and GZ, ochra- 
toxin A and zcaralcnonc in animal feed using a mul- 
ti-toxin extraction and clean-up and gradient clu- 
tion with HPLC for the determination. Maize, palm 
and wheat were used for recovery, reproducibility 
and repeatability studies. 

EXPERIMENTAL 

Atlatoxin Bi and ochratoxin A were obtained 
from Calbiochem (San Diego, CA. USA). Atlatox- 
ins BZ, Gi and Gz were obtained from Mukor 
Chemicals (Jerusalem, Israel). Zearalenone was ob- 
tained from Carl Roth (KG 1975 Karlsruhc 21. 
Germany). All solvents were of analytical-reagent 
grade and were purchased from Merck (Darmstadt, 
Gertnatty), Wittcr was obtained from a Milli-Q sys- 
tem (Millipore. Bedford, MA, USA). 

The I‘dlowing stock solutions were prepared: (u) 

aflatoxin Bt, 1 /tgfrnl in chloroform, (b) allatoxin 
Bz, I &I in chloroform, (c) aflatoxin Gt, I &ml in 
chloroform, (d) allatoxin Gz. I /@ml in chloro- 
form, (e) ochratoxin A ,, I &ml in methanol, (f) 
zcaratenonc, 100 &ml in methanol. 

Equipntcnt 
The GPC equipment consisted of a 40 mm X 6 

mm I.D. glass column (Spectrum Medical Indus- 
tries, Los Angeles, CA, USA) fitted with a 40-60 
ilrn porous bed support and adjustable plunger 
packed with Bio-Beads SX-3 gel (Bio-Rad, Wat- 
ford, UK). The Se1 was suspcndcd in a mixture 
of dichloromcthanc~thylacctatc-formic acid 
(49.3:49.9:0,2) for one day before loading onto the 
glass column. The height of the column was 55 mm. 
A Waters (Milford, MA, USA) M-45 pump was 
used and a Waters WISP 71013 automatic injector. 
A Gilson (Villicrs-le-Bel, France) 202 fraction col- 
lector and 201-202 fraction controller were used for 
collecting fractions. 

The HPLC equipment included a Gilson 305 and 
302 pump, a Gilson 505 tnanometric module, Gil- 
son 51 I B dynamic mixer, chromsphcrc RP-Cl& col- 
umn (Chrompack, Middelburg, Netherlands), KO- 
BRA device (Lamers & Pleuger, Den Bosch, Neth- 
crlands) for generating bromine for the post-col- 
umn dcrivatisation and a Pcrkin-Elmer LS4 fluo- 
rescence detector (Pcrkin-Elmer, Norwalk, CT, 
USA). An automatic Gilson 231 sample injcytor 
with a Gilson 401 dilutor was also used. 

Other equipment included a Dcsaga flask shaker 
(Heidclburg:, Germany) and a Biichi rotary evap- 
orator (Switzerland). 

Extrnctiorr 
A 2.5-g portion of well mixed, finely ground sam- 

ple was weighed into a 2SO-ml erlcnmeycr flask. A 
12.5-g amount of Cclitc (Johns-Manville, Denver, 
CO, USA), 12.5 ml 1 Al hydrochloric acid and 125 
ml dichloromethanc were added. The flask was 
stoppered and shaken for 30 min before filtering the 
sample through a Whatman No. 1 filter paper into a 
250-ml round-bottom flask. The residue in the filter 
paper was rinsed with 3 x 25 ml portions of dichlo- 
romethanc. The combined filtrate and washings 
were evaporated to near dryness ((M. OS ml) by ro- 
tary evaporation at 30°C. The residue in the flask 
was transferred to a IO-ml volumetric llask with at 



least four rinses of dichloromcthane, itpproximrrtcly 
1 ml each time. A S-ml volume of ethyl acetate and 
0.02 ml formic acid were added and the solution 
was made up to the mark with dichtoromethana 

Clean-up 
Approximately 1 ml of the sample extract was 

filtered through a disposable 0.4%pm organic filter 
(Acrodisc CR PTFB; Gclman, Ann Arbor, MI, 
USA). A 200~~1 volume of the Mtratc was injected 
onto the GPC column using a WISP 710 B auto- 
matic injector. Dichlor~methanc-ethyl acctatc-for- 
mic acid (49.9:49.9:0.20) mixture was passed 
through the column at 0.3 ml/min. One fraction 
from 25-45 min was collected. A 2-ml volume of 
water was added to the fraction which was stop- 
pcrcd and well shaken. The lower organic layer was 
passed through anhydrous sodium sulphate. The 
sodium sulphatc was rinsed with S ml dichloro- 
methane. The combined filtrate and washings wctc 
evaporated to near dryness (cu. 0.5 ml). The residue 
was taken up in water-acetone (8S:lS). This was 
well shaken and wnicated for S min and then fit- 
tcred through a disposable organic filter before 
WPLC determination. 

A gradient solvent system was used. The initial 
percentage of A was 100%. This was maintained for 
8 min after injection, Over the next 5 min the per- 
centage A was reduced to 30% and the percentage 
of B increased from 0% to 70% linearly. These were 
maintained at these levels for the following 14 min. 
The perccntagc A was then increased to 100% nnd 
the percentage B dcwxsed to 0% linearly over the 
next 5 min and maintained for 8 min at which point 

TABLE 1 

RECWERY OF hlt’COTDSlN STANDARDS 

the next injection could be made. The wavelengths 
of excitation and emission were changed as followsz 

Ex]Em 
O-20.0 min = 3691422 nm 

20.0-24.0 min = 33S@IO nm 
24&-26.2 min - 31Of470 nm 
26.2-38.9 min = 33S/SO0 nm 
38.9-40.0 min = 3691422 nm 

RESWLT!S AND DlSCUSSlBN 

The extraction and clean-up method used was de- 
veloped by Scudamore and Hetmanski [9]. Some 
minor modifications were made. Before the GPC 
injection. extracts were filtered through a 0.4%pm 
disposable filter in order to remove any suspended 
particles. The GPC column and injection volume 
were smaller than that used by Scudamore and Het- 
manski [93; however, these were reduced porpor- 
tionally in our work. The flow-rate was also re- 
duced porportionally. The solvent consumption is 
reduced due to the smaller injection volume and 
lower Bow-rate, thus making the analysis more eco- 
nomical. Water-acetone was used to dissolve the 
mycotoxins for HPLC analysis as it had been used 
previously by Kok et al. [ t 0) to determine aflatoxins 
in cattle feed. The dissolved mycotoxins were 61- 
tered through a 0.4%pm disposable filter in order to 
remove residue drops which did not dissolve. Resid- 
ue drops were also present if acetonitrilewater 
( 1: 1) was used. This was the solvent used by Scuda- 
more and Hetmanski [9]. The filtration did not af- 
fect rcuoscry. It also ensured that a clean sample 
was injected onto the HPLC column. 

The fraction in which the mycotoxins eluted from 

Lrscls of mycotovins uswi wcrc 0.2 ng ahtoxins B,. G, and G,. 0.1 ng aftatoxin B,. I ng ochratoxin A and 20 ng tcaraicnonc. The 
analysis \\‘;ls wpeatc+ three times. 

- - ----- 

Rlrovr‘ry (% 1 
- 

h B, C, % Ckhmtorin A ZCil~lCIlOtlC 
- _.- . ...” -- e.-y_I___ 

M Cit 11 99. I 96.5 100.5 98.5 74.1) 57.2 
S.D. 5.8 4.0 t3.7 II.2 10.4 5.9 
R.S.D, (@A) 5.8 4.1 13.6 11.4 14.1 (4.7 

.- _--.--_. ._ _.--- --- - 
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@PC was determined by monitoring the output, us- 
ing fluorescence detection at appropriate wave- 
lengths of excitation and emission, for each myco- 
toxin, Mycotoxins with a higher molecular mass 
cluted earlier, as cxpccted, However, collecting 
from 25 to 45 min ensured that all mycotoxins of 
interest were included in the fraction. 

Kok et al, [IO) used a mobile phase of watcr- 
methanol-acctonitrilc (130:70:40) plus I mN nitric 
acid and 1 mN potassium bromide to separate alla- 
toxins Rt, Bz, GI and G2. By using a mobile phase 
of 180:70:40 water-methanol-acctonitrilc. bcttcr 
separation of aflatoxins was achieved. in order to 
clutc ochratoxin A and zcaralenonc the polarity of 
the mobile phase had to bc decreased. The clution 
of ochratoxin A containing a carboxylic acid group 
also requires and acidic mobile phase (71. The scc- 
ond mobile phase in the gradient clution system was 
0.01 M phosphoric acid-acctor,.Lrilc (50:50). A sim- 
ilar mobile phase had been used by Howell and 
Taylor [l 1 f for the determination of zearalcnonc 
and oehratoxin A. 

Standard solutions containing known amowts 

of aflatoxins Bt, I&, Gt and Gz, ochratoxin A and 
zcaralcnonc, made up in the GPC mobile phase, 
were injected onto the GPC column. collcctcd and 

dctcrmincd by the HPLC method. Table 1 shows 
the rccovcrics obtained. 

Typical chromatograms of samples spiked to 
contain aflatoxins B,, Bz, G l and Gz, ochratoxin A 
and zcaralcnonc arc shown in Figs. 1 and 2. The 
peak identified as zcaralcnonc in the blank sample 
in Fig. 2 has the same rctcntion time us that of the 
spiked zcarulcnonc sample, The zcaralcnonc peak 
also disappears when post-column dcrivatization is 
used as indicated in Fig. la, thus confirming the 
peak is zcaralcnonc. Any change in basclinc at 20, 
24 and 26.2 min is due to a wavclcngth change. Al- 
though the post-column dcrivatization with bro- 
mint cnhanccs aflatoxin B1 and G 1, the zcaralcnonc 
petk disappears under thcsc conditions. This, how- 
ever, can be used as a useful confirmation test for 
zcaralenonc, in particular with samples that contain 
intcrfcrcnccs that coclutc with zcaralcnonc and give 
false positive results [l2]. In order to dctcrminc zca- 
ralenonc the extract must bc rc-injcctcd without dc- 
rivatization. To avoid this rc-injection a second dc- 
tcctor, set for the dctcction of zcaralcnonc, may bc 
placed after the column and bcforc dcrivatization. 
The K0BP.A ccl1 also continues to influcncc the 
chromatogram for some time, i.c~. a few hours, after 
it is switched cft’. In the setup used it is thcrcforc not 



233 

possible to dctcrminc zcnralcnonc immediately. The 
zcarttlcnonc should be dctcrmincd tirst. bcforc dc- 
rivutizntion is carried out for the dctcrmination of 
the other mycatoxins. ott tlte other hand the KO- 
BRA ccl1 may bc bypusscd. Post-columtt dcrivutizu- 
tion with bromine not only cnhunccs the 11uorw 
ccncc intensity of ittkttosins Bt and G 1 but also rc‘- 
ducts. and in sontc casts contplctcly dintittishcs. the 
ftuorcsccncc intensity of many intcrfcring compo- 
ncnts. 

Rwovcrics for spiked extracts of maize. palm and 
whcnt arc shown in Tnblc II. Known amounts of 
sttmdnrd mycotosin solutions wcrc added to tx- 

tracts ofmaizc. palm and wheat. Rc~overics for zc;t- 
wlcnonc iu mnizc and palm wcrc low. 

The reproducibility of the method was chccki 
using ditYiwnt types of feud. Thtw kxx! itigrcdicnts 
wcrc ;malyzwl thrw times each for ttflntosins 8,. 
B2. Gk and G2. ochmtosin A and zcaralcnonc. 
which wcrc spiked onto the f&d ingrcdicnt. The rc- 
suits arc shown in Table Iii. The nflatosin rcxov- 
cries we greater than 73% for all tiuds. The at&x- 
in nxzowics obtkncd for wheat had a tcndancy to 
bc higher than those obtained by Scudamorc and 
Hctmtmski 191. the ochratoxin A rccowxies com- 
pare fxourubly and the xaralcnonc rccovcrics arc 

RECOVERY OF hIYCOTOSINS FROht SPIKED ESTRM-T 
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TABLE 111 

-_ ______ -_--- .- -___-. _-__------.-_--- _.- 
Rwwcry (“VU 1 

__._._____--_.-_______,..__..._-_-__-_..._.- ~-__ 

4 h ct G, OCttWto%itt A Zs;rr~tlsttctiic 

M:tizc nwttt 96.3 101 Sl lO2.h 10$x3 77.6 24.6 
S.D, 5.1 7.1 95 9.5 3.4 I.7 

Pith 1ttQtlt 73.1 X2.0 57.5 76.1 l?.S IS.9 
S.D. 7.3 5.s IO.5 IO.3 2.7 0.0 

Whwt ttwtn 75.0 X4.6 96.7 8X.7 59.4 38.8 
SD. 5.6 2.6 7.3 II.2 I?,6 9.0 

--_--_ - -~-_.~- 

much less than those obtained by Scudnmorc and 
Nctmanski [9]. The rccovcrics for pafm arc lower 
than other feed ingredients anulyscd, but this is due 
to the higher background intcrfwcncc cspcciully in 
the case of aflatoxin Bz, Cit and Gz (refer to Fig. 3). 

Repeatability of the method was checked using 
m&c. Ten portions of feed ingredient front the 
sw c batch wcrc spiked with aflatouins. ochratoxin 
A nrd zcaralononc. The results i\rc shown in Table 
IV. 

Dctcction limits for each mycotoxin urc shown in 
Table V. These iire bused on the noise x 3 and arc 
in ng Icvcb. Tuking the originul feed ingredient and 
recovery into account the detection limits we quot- 
cd in &kg. This dctcction limit depends on tho 
type of feed being unalyscd as the rccovcry vrwics 
from feed to fwd. Thcrcforo u range of values i\rc 
included which titkc into uccoutrt the ditrcrcnt types 
of f&d ingredient being anaiyscd. 
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TABLE IV 

REPEATABILITY TEST ON MAIZE In ,= 1O) 

Levels of mycotoxins used the ,~tllle Bs in Table 111. N.D. ~,, Not dr:term(ned. 

Recover' {%1 

B t B: ( i  t G ,  Ochratoxin A Zcamlenonv 

Me;tit 102.7 1(15.6 108.2 100,5 73,1 N,D. 
S.D. 4,1 4,9 5,8 4.6 3.8 N,D. 
R.S.D. (%) 4tl  46  5.4 4,3 5,2 N.D. 

TABLE V 

LIMITS OF DETECTION 

M>~otoxin Detection limit 

ng l(g k8 

B t O,(lO~ O, 1,1,1~-0. I`}7 
B, 0 .0()3  (.ktMS-O.O5S 
G) t),OI6 O.25t)-tL334 
G, 0,013 I),208 1).271 
Ochratoxin A 0.050 !,031 ~.34"} 
Zcaralcnonc 1).81 ~) 2.~,525 70.775 

r e c o v e r i e s  in s o m e  c a s e s  t o t  o c h r a t o x i n  a n d  z e a r a l c -  

n o n e ,  

CONCLUSIONS 

The HPLC method developed is fast, sensitive 
and economical. It allows the determination of  six 
mycotoxins using one HPLC set up and gradient 
clution. The method is readily adaptable to auto- 
mat(on. The clean-up procedure involving GPC 
lends itself to partial automation. Duc to the low 
rccovcrics of  zearalenonc and improved or separate 
clean-up method is required. The reproducibility 
and detection limits of  the overall method are good. 
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