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HIGH-PERFORKANCE LIQUID CHROMATCCRAPHY IN THE
ANALYSIS OF MYCOTOXINS

K.I. Eller

The continuous improvement of edsorbents’ quality and
performance of thé chromatographic equipment for their maximal
adaptation to the requirements of tﬁn oolumn chromatography
theory resulted in the creation of s quslitatively new snaly-
tic technique = high-pesrformence liquid chromatography (HPLC),
During the last 10-12 years HPLC hsa been broedly used in the
anslysis of mycotoxins in foodmtuffa snd fodder. Comparsd
with thin-leyer chromatography (TLC), which is commonly used
in routine mycotoxin enslysis, HPLC is cheracterized by auch
sdventages ss sdeguate partition from interfering accompanying
substences in highly efficient chrometegraphic columns, fast
rate of pertition, quantitation reproducibility of ssparated
subsiences by meens of flow detectors, possibility of injec-
ting rether large sample volumes into a chrometographic asys-
tem and eimplicity of sutometion in a considersble number of
analytic series. HPLC has p drewback: higher cpat of basie
equipment end higher raquirements to the qualification of

analyate.
PRINCIPLE OF THE METHOD

4 principle systemic disgremme for HPLC is shown in
I-.1
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Fig. 1. A semple 18 introduced via an injector into s solvent
flow (mobila phase), which is creeted by a solvent delivery
syetem, consisting of one or seversl hlgh-pressure precision
pumps. The mobile phase flow transfere the semple into s
chrometogrephic column conteining stationsry phase (5—100/um)
perticlea. When a semple solution passes through the column,
the pertition into components tskas place in the form of se-
perated chromatographic bande. Such sepsrsted chrometogrephic
bends sre eluted from the column through sny one or several
detectora, the signsl of which is intensified snd is traced
by a chart recorder in the form of chrometographic pesks. When
necessary the eluant conteining chromatographic bsnde which
passas out of the detector can be collected for further snelyals
or confirmation.

The mejor alm of the chrometographic process is partition
of enmlyzed substences. The partition volume of two substan-
cea in HPLC le cherscterized by resclution (R) determined by
the formula (1):

Vo - ¥y

R = , where
(w, +wy) 1/2

Vo - retention of the second substsnce (solvent volume neceasa-
ry for the elution of the 2-nd substence or the time
from the moment of the sample injection to that of its
output from the colunn snd appearsnce in e .detector);

Vi - retention of the i-st substance;

w‘ end Wz - chromatographic pesk widths (see Fig. 2},
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The grester i8 R the better 1s the partition effect.
Three besic paremeters influence the resclution vslue
R: column capacity factor (C), selectivity of the chromatogra—
phic process snd column efficiency expressed in the so-called
thaoretical plate number (N t.p.) (Fig. 3}.
The capacity factor K is determined by the formula:

K = s where
v

vo - s&ystem vold volume corresponding to the time of elution
of the column unretained component;
v1 - retention of the jwat substance (Fig.3).

In other words, K characterizes ithe retention of the
1-8t substance in units of the esyetem void volume V° .« & va-
lue K depends on the eluting power of the soclvent and proper-
ties of the stationary phaap, while it remaine constant with
the chenged solvent flow rete and column size.

The selectivity (A )} value of the chromatographic pro-
coes or the chemletry factor tells us where two column pesks
elute in respect to each other, & value K is defined by
the ratio of capacity factors corresponding to each peaek or

the ratioc of corrected retention volums {corrected retention

times);

I-2



-4=
4 value K pernite to essess the selectivity level of both
the sorbent end the mobile phase for two given components,

Thus, K shows peek elution related to the void volume
Vor while - counter peak slutions of the partition compo-
nenta,

While defining X and o , the width of peaks W or alu-
tion of a chromatogresphic band ere not taken into considera-
tion. Peak width depends on the efficiency of e chromatogra-
phic eysten, cheracterised by the number of theoretical Pletes
(F t.p.), determined by the formula:

V.2
N = 16 (—'-l (rig. 3.

N t.p. describes the deviation of a bend within the whole
cﬁmﬂographic system: from injection to deteotion. Modern
HPLC devices, howsver, are designed so as to minimise extra-
column bsndepreading. Thus, a column plays the msjor role in
the apresding of e paak. The efficiency ie determined by the
properties and sisze of sorbent pnrtielu, and sleo by the ‘
quality and homogeneity of column sorbent.

Mathematically the dependsnce of resolution R from the
capacity factor, selectivity and column efficiency is express-

ed by ‘the formula:

K

-~ 1
R o= 1/4 ( —) (VH) ( )

1+K

rig.4 graphically demonstrates the influence exerted by
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aach of the studied parsmeters on resclution R. As can be
seen from Fig. 4, a more quslitative resclution can be ob-
tained by 3 different ways. With the incresse of the capacity
factor K the pertition improves, however, the pesks become
wider. The possibilities of improved resoclution due to the
increased capacity factor are limited to %-4 by X velues.
Further K increase results in the inseignificant general reso-
lution improvement, at the same time leading to a significant
peskspreading with the corresponding leose of sensitivity st
peek height.

with higher efficiency the peaks bacome narrower and the
resolution quality incressea, It is extremely important to
note that with incressed efficiency the technique sensitivity
ralpes because ihe pesgks become higher. When one and the same
column is used, the efficiency grows with the decrnese of
the solvent flow rate snd its viscoesity. Lengthier columna
can also raise the efficiency.

The most effective measna to improve resolution consista

in the incresse of & selectivity velue A
CHROMATOGRAPHIC COLULN PACKINGS

HPLC is used for hoth analytic end preparative parti-
tions when comparatively large substance smounts should be
pbtained in pure form, Prepsrstive column packings represent
reletively lerge fully porous particles about 50 m (sometimes
up to 100 /u).

1-3
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The use of such particles for enslyticsl HPLC will result
in ehrometogrephic bandspreeding which will bring sbout poor
resolution snd long seperation time. Bandspresding is due to
the fact thet large fully porous particles have d;eper pores,
while 1t tekes more time for & sample molecules to reach the
perticle centre and diffuse back.

To attaln higher efficlency necessery in snaelytic perti-
tions 2 types of particles are used: lerge "pellicular” So/u
particles representing spheres with thin porous surfece laysr,
and small {5-10 /u) fully porous psrticles. Despite their high
afficlency, "pellicular® particles sre leass frequently used
due to smaller surface srea {10-30 mzfg), compared to that of
5—10/1;' fully porous particles (300-400 mZ/g) and, hence, en-
sure less values of the cepscity factoer K.

When smell dlemetre particles are used, the partition
efficiency raises due to the following factors:

- the surface arees of emsll fully porous perticles is
hlgh, which resulte in the incresss of the cepacity factor;

- the diffusion wsy of semple mplecules to the particle
centre and beck 1s reduced;

"= the mgss transfer rate is incressed;

- the unpacked void volume between psrticles where mobile
phese mixing cen teke plece, 1s diminished.

As e rule, in the snalysis of mycotoxins, the stetionary
phese represents silice gel with 5-1C/u pesrticles end its
verious chemicel modificetions.

It should be noted thet the mobile phasse flow rete cone
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siderably influencea the efficlency of columns packed with
small partlicles. With higher flow rate the effect induced by
an unfavourable longitudinal molecular diffusion reduces,
however, the reeistance of mass transfer between liquid and
golid phages increases. Thus, an opiimal flow rate of the
moblle phase has been established. For example, i% consiitutea
0.3-0,8 ml/min for columne packed with 5-10/u ailica gel

particlee.
PARTITION MECHANISMS IN 1LC

1LC partition cean be bmsed on the difference in absorption
of the stationary phase substance (adsorption material), on
the difference in substance in moblile and stationary phases
(distribution mechanism), on different chﬁrgeu, (ion-exchange
chromesography) and molecular size (gel-permeation chromato-
graphy). In the mycotoxin analysis maeinly 2 first chrometo-
graphlc types are used: adsorptional and aiﬁtributional.

The mobile phmse in LC 13 liquid, while the stationary
phase can be soiid (liquid-solid chromatography, TLC) or liquid
(liquid-1liquid chromatography, LLC).

The nsrmal phase chromatography is characterized by high
polérity of the stationary phase and low pelarity of the mo-
bile phase, while the reverse-phase chromatography involves
less polarity in the stationary phase than in the mobile one.
In normal-phase chromatography first less palar subsiances

move out of the column, followed by more polar ones, when
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increamed polarity of the mobile phase results in the decreased
retention time. In reverse-phasme chromatogrephy the elution
of substances takes place with the decrease of their polarity.
In this cese, an increase of the mobile phase polariiy makes
the retention time longer, i.e. slows down column subsiance
output.

Two types of chromatographic pertition deserve thorougi
description: liquid-liquid and liquid-soclid chromatographies.

&) liquid-liquid chromatography

The columns used ir TIC are packed with carrier (most
often by silica gel) with the adsorbed stationary liquid phase.
Passing the column the mobile phase contacts the stationary
phase resulting in balanced distribution of the sample compo-
nents between the two phases and thelr partitioning. For
example, in normal-phase chromatography allica gel retains
water on its surface allowing for the sample components dis-
tribvution between the surface silica gel aqueous layer snd
ohloroform - basic component of the mobile phamse, (Pig. 5).
Fig. 5 also demonstrates an example of & reverse-phase TLC
with the sample distribution beotween nonpolar hydrccsrben im-
pregnating silica gel surface and the polar moblle phase -
aqueous methanol. Liquid-liquid partition on the normal polar
B phase 1s used for the partition of more polar components,
while on the reverse-phase ~ for the partition of nonpolar
components.

Theoretically TIC represents the most universal partition
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technique due to itse poasibllity of wide changes in the compo-
aition of moblle and stetlonary phases for the attelnment of
needed selectivity. However, practical application of the
above technique is limited due to its serious drawbacks:

- the stationary phase elways has & finite a0lubility in
the mobile phamse and its stripping from the column with the
solvent 18 possible: hence, presaturation of the solvent with
the stationary phame 1ls requireds;

- the distribution reproducibility is not high, because
the distribution of the stationary phase between the column
and the mobile phase changes with small ohanges in temperature,
pressure and flow rate;

- the mobile phase 18 contaminated with the stationary
phese meking the collection and identification of peaks dAiffi-
cults

-~ molvent programming cannot be used.

In view of the above reasons liquid-solld chromatography

is more frequently used.

b} liguid-solid chromatography (LSC)

In TIC so0lid adsorbent particles have active centres (ad-

porption centres) on its surfece. Partition occurs due to the
distribution of a sample molecules between the moblle phase
and the adsorbent surface.

In normal-phase TLC the most frequently used sorbent is
silice gel - precipitated poli-silica acld, possessing » Si~O-H

electron mccepting groups as adsorption centres. Silica gel
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for analytic HPLC 1is produced under various trade names: Par-
tiail (Whaiman”), Lichrosorb ("Merck"), Porasil ("Waters isso-
clates™), Sﬁhariuorh-Si ("Spectre-Physics"), Ultrasphere-5i
("Beckman"), Zorbax SIL ("Du Pont"), etc.

The reverse-phase TLC involvea the use of chemically mo-
dified silica gel (chemically bonded phase), the surface of
which becomes low polar as a resuli of the formation of hydro-
lysis-reslstant 2 Si-0-51-C bonds, 3ilica gel is converted
into & reversed-phase sorbent by reacting it with an alkyl-
$richlorosilane, as & result of which the silica gel asurface
iz modified by chemically bound G1B—carbon chains. Reversas
bonded stationary phases of this type are marked by the addi-
tion of the amign ODS or RP-18 to a sllica gel trademark, In
contrast to normal-phase chromatography on silica gel, in
HP1CQ on ohemically bonded phases the pertition mechanism is
based ‘not only on adsorption phenomena (resulting from hydro~-
phobic reactions between separated components and sorbent car-
bon chaina), but alsc involves certain elements of liquid-
liquid partition betiween the moblile phaese and the solvent
layer, retained by nonpolar sorbent surface.

Silice gel can be modified not only by nonpolar carbon
residues, but also by polar groupas (bound,polar pheses}. The
above -type of atationery phasea results from a reaction of
silica gel withborganio chleroailanes, containing cyanopropyl

or emlnopropyl groupai

) ]
= si-—o-?i-(cnz),—mz :'Si—o-?i-(cuz)s-cw
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The sepsrstion on polar bound stationsry phases involves both
partitionel and adsorptional mechanisms. Depending on a
mobile phase polarity, the adsorbents of this type can be
used both for normal-phase and reverse-phesa chrometogrephies,

The sorbents presently used in HPLC ensure the partition
efficiency up to 25000-70000 theoreticel plates per column
meter. For most cﬁmmonly ueed columns of 2% and 25 cm the
general efficliency correaponding@y constitutes from 4000 to
20000 theoretical pletes, which considerably exceeds Tﬁc
plete pertition properties snd is inferior by this index oniy
to capillaery gos-liquid chromatogrephy.

¢) HPLC solvents {mobile phase)

The composition end properties of the mobile phase exert
a considereble influence on all partition parsmetera. Ona of
major solvent charscteristics is the polarity index being a
complex function from dipolar moment, dielectric permestion
end molecular polsrization, The values of polarity indices of
mogt common solvents are presented in Table 1, The polarity
cheracterizes an eluting capacity of the aolvent, i,e, the
capacity of washing & esmple molecules from the adsorbent
layer in normal-phesas chromatography. The information sbout
aolvent polerity is necessary in the selection of optimal
values of a column cepacity fector K,

Solvent viscosity elso represents a significant persmeter
(Table 1), The use of lower viscogity solvente can, on the

one hend, increese the partition efficiency, end, on the other,
I-6 -
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to decrease the column pressure gradient, i.e. to obtsin the
sama flow rate of the mobile phase under smeller working
pressure,

Solvent purity, end, particulsrly, the absence of solid
particles, represents a significant aspect in HPLC. Thus,
before the delivery into the pumping esystem, solvents should
be filtered.

Solvente should also meet the felloing requirements:
adequacy for the used detector, cepability of semple dissol-
ving, essyremoving from collected fraction (preparstive chro-
matography) .

Changing solvent composition (gredient elution) serves
a8 an additiohel technique optimizing partition in HPLC. Gre-
dlient elutiecn in HPLC performe the functions similar to tem-
peraturs programming in ges-liquid chrometogrephy. It is
perticularly expedient in the enslysis of s multi-component
mixturee having various distribution coefficients or adsorp-
tion properties, and allowa to snsure a rapid combinsticn of

solvents in the pertition technique.

INJECTION SYSTERS

The purpose of an injection eystem is to put the semple
onto the pressurized column es & sherp plug with minimel loss
in efficiency. A semple can be injected into e mobile phese
stream either by means of a syringe or through a velve.

The essiest way is to microsyringe a sample through the
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septum ensuring minimal bandspresding.

The drewbacks of the sbove technigue {possibility of
a sample blow back, short septum life, limitation of the
working pressure to 100 atm.), however; forced the investigse
tore to use velve injection systems in modern HPLC.

Figs 6 shows a valve injection disgramme, When the valve
is in the "load" poeition the pump is directly connected
with the column end s sample is placed into the loop via the
syringe. Usually the loop volume is 20/ulo When ithe velve
ie turned into the "injection" position, the ssmple is swept
ontoe the head of the column. Such systems ensure a precise
end reproducivle injection end cen be resdily used for the

sutometic injection of a large number of samples.
HPLC DETECTORS

The function of a detector is to provide an electric
signel to the recorder ensbling to perform gualitative and
quantitative enslysea, In HPLC the bssic detector require-
ments are:

- pensitivity: a detector should provide a large signel,
relative to the noise level, from a small smount of soiute in
the effluent;

- linearity: & signel should be directly proportionel
to the smount of soluts;

~ gpecificity: a detector should be senasitive to molutes
end insensitive to interfering admixtures, changes in the mo-

I-7
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bile phsse composition, temperatirs, flow rate snd pressure.
Detactors of 3 types are used in the HPLC mycotoxin
analysis: ultra-violet (UVv), fluorescent and refrective in-

dex detectors.

a) UV detector

A UV detector represents a photometer with a flow mic~
rocell through which the column effuent flows. Some of UV
detectors elso operste in the visible wavelength renge, but
by far the most useful range of the spectrum is from 220 -
370 nm,

4 UV detector can function under any fixed wavelength
or can select fhe needed wavelength in the process of work.

The most common end inexpensive are the detectors with
s fixed wavelength involving the use of a mercury lemp as a
source of UV irredistion, Due to the fact thst 90% of the
redience of this source is et 254 nm, this is the wevelength
most commonly employed. Other wevelengtha are blocked by
corresponding filters, As cen be seen from Table 2 the wave-
length 254 nm does not correspond to the sbsorption maxima
of the majority of mycotoxina, thus, sensitivity end, parti-
culerly, selectivity of detection decresse when this detector
is usad,

The possibilities of verious mycotoxins' detection
broeden considerably when detectors with varisble wevelengths
ere epplied, In this case a deuterium lamp serves as &
souroe of irradiatioﬁ, the energy of which spreeds along the

whole spectrum, The irradiation whithin a certsin wavelength
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range is isclated by means of filters. A monochromator is
used for the continuous elteration of m wavelength with g
narrow spectrel band of passed irrsdistion frequencies, Fil-
ter detectors wmre characterized by high sensitivity due to
&8 brosder transmission bend., Monochromator detectora poesess
high selectivity due to the possibility of selecting =n
irradistion wavelength, precisely corresponding to the ab-
porption maximum of mycotoxins (Table 2},

To evold the deterioration of partition paragaters in
detectors, small volume flow cells ere used, the design of
which exeludes the possibility of eluste mixing end band-
sepreading. The volume of a flow cell usually constitutese

8-20 ul,

/
4tecording to the Bouguer-Lambert-Beer law s detector
pignel ls proportionel to a semple concentration in a rather

broed range of concentration and is described by the formula:

D = &c¢l, where

D - measured optical density;

: £ - molar extinction coefficient;

1 - optical path length in em;

¢ - sampls concentration in eluate (mole/1),

The detection limit of s UV detectior depends on the sub~
ptance molar extinotion ¢oefficient, optical path length and
the detector noise level (emplitudes of occesional fluctua-
tione of the zero line), The greater is the velue £ end the
lower is the noise level, the ameller 1a the detectible con-

I8
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centration., For exaumple, for aflatoxins at 8360 of the order
of 2 x 104, cell length of 1 em and noise level of 1 x Io'iﬁ
the datection 1limii will constitute 10 nanomoles per litre
of sluate or % ng/ml of sluate, which represenis a quite
satisfactory velue for the maejority of enalytic taska. As
was mentioned already, column efficlency will elso influence
the level of senaitivity, beceuse bandspresding will result
in & decreassed sampls conceniration in e flow cell,

While working with a UV detector only trensparent (non-
absorbing) solvents cen be utilized within the working wave-
length, Thus, in UV detection the mobile phese ia presented
by saturated hydrocerbone, cyclohexene, methencl, ethsnol,
water, acetonitril, chloroform and methylene chloride, but
not by benzene, acetone, toluene, characterized by intensive

absorption at e wavelength exceeding 250 nm.

b} fluorsecent detector

As 8 rule, & fluorescent detector meesures the intensity
of visible light emitted by @& sampie under the effect of UV
exitation. A disgramme of e fluorescent detector is shown
in Fig. 7. From the aource (tungsten~hslogen lemp, capeble
of potent emission with the wavelength of 280 nm and sbove),
paseing the exitatlon line filters, the UV light reaches a
fiow cell. The'sample emission 1ight is sepereted by meens
of emiseion filters from the exitation UV light and is sent
to the photomultiplier. Both oh the exitastion line and on the
1ine of emlesion instead of wide band filters, monochromators



2127

P 4
cen be used, sllowing for a precise selection of & needed
wavelength for both exitetion end emission lights. Likewiae
in the cese of UV detection, filter fluorimeters ensure a
subatantielly greater sensitivity, while detsctors with mono-
chrometors sre charascterized by higher selesctivity.

The basic advaniage of e fluorescent detector (in cont-
rest to a UV detector} is the increased sensitivity by 100~
1000 times, end also the possibility to diminish the effect
of interfering elements from concomittent substances due to
the selection of optimsl wavelengths of exitation and
emission. Spectral sbsorption charscteristics of UV emiss-
ion {meximsl velue in ths spectrum of fluarescent exitstion)
and that of seversl mycotoxins (meximsl vslue in the spectrum
of fluorescent emission), are shown in Table 3.

The fluoreacent intensity grows with the increased
intensity of exitetion light end concentration of the
fluorescent substsnce., plthough fluorescent intensity repre-
sents an exponentiel function from a substsnce volume, for
emall concentrations it is directly proportiocnel to the
concentration of sn enalyzed substence in sluate. The above
proportionslity is impaired at larger concentraione due te
the phenomena of inner fluorescence qﬁenohiné.

The use of the sbove highly sensitive detector, however,
ia limited to mycotoxins with fluorogenic groups (Table 3}.
Fluorescent derivatives should be previously obtained for
mycotoxins without netural fluorescence,This technique, how-
ever, hes not yet found its broed spplication.

I-9
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e¢) refractive index detector

Detectors of this type are used to messure the refrsc-
tive index difference of pure solvent (mobile phase} and
column effluent. Thus, they sre celled differentisl refrscto-—
meters or RI detectors. RI detectors are designed for quali-
tative and quentitative sanslyses of substsnces possesaing
no property of UV ebsorption end having no fluorogenic groups.

The drewbacks of this universslly applied detector are:
low sensitivity and imposeibility of using gradient elution,
Thus, for example, for mycotoxins with the molar extinection
coefficient of about 104 the sensitivity level of a RIw
detector 1s 100 times lower than that of a UV detector, At
the pame time RI detectors find still greater use in HPLC
of trichethecene mycotoxine, the molecules of which have no

chromophore groups.
HPLC IN THE ANALYSIS OF MYCOTOXINS

HPLC is commonly used for the reproducible and precise
detection of such mycotoxins as aflatoxins, ochratoxin, patu-
1lin, zeeralenone, sterigmatocystin, etc. Data on the condi-
tions of separation, detection and detection limite in HPLC
of several mosi common mycotoxins sre presented in Table 4,
Let us discuse the peculiarities of HPLC in respect to some

mycotoxine:
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a) eflatoxins

A satisfactory seperation of aflstoxins (Groups B,

G end M) le attained both by means of a normal-phase, end
by a reverse-phaae HPLC.

in norm;l-phaae HPLC verious brends of silice gel with
5-10/u perticles are used as sorbent, which in the mobile
phase is most often represented by s mixture of water-
saturated choloroform, cyclohexans, acetonitril with the ed~
dition of 1-2% of ethanol or isopropencl. The mixtures of
isooctane with chloroform and methanol are alsc used, In
this case some mflatoxins are eluted in the order of their
« A

increassed polarity: sflatoexin BI' By, Gyy Gy and M

1
typicel separation pettern in normal-phlae HPLC is preaented
in Fig. 8, For the purpose of detection, asither a UV detec-
tor with the wavelength of 360-365 nm, or e fluorescent
detector, are used., To stiain higher (then in TLC) sensiti-
vity (i.e. to decrease the detection limit @o O.I/ug/kg and
lower) a fluorescent detector should be used. It turned out,

however, that aflestoxins B, end G1 heve g low fluorescence

intengity in solvents applied in normel-phese HPLC, comparsd

with the fluorescent intensity of the seme aflstoxins adsorbed

on gilice gel in TLC. To reige the fluorescence level of
moat toxicity-significent esnd common efletoxins BI end Gy
a flow cell packed with ailica gel 30—40/u particles (Pana-
laks, Scott, 1977) wse proposed for fluocrescent detectora,
which permitted to detect up to C.C5 ng of aflatoxins. It

was demonstrrted thaet in cese of fluorescent detection with
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a silica gel packed flow cell, the senaitivity level, compared
to that of UV detection (with the wavelength of 360 nm) incras-

868 by 14.3 times for aflatoxin B » by 31.6 times ~ for B

by 21,1 times =~ for Gy and by 61:6 times - for G2 {Pons,
1979).

In reverse-phase HPLC the stetlonary phase is représented
by 8ilice gel, the active centres of which are bound by oeta-
decylasilane or octylsilene (e.g. Bondapak- 018 or Ultraapheré-
08)0 The mobile phase represents agueous acetonitril or a
mixture of acetonitril, methanol and water. In the reversed-
phase HPLC aflatoxins are characterized by a reverase elution

sagquence, compared to that of(a normal~phase seperstion: af-
latoxins My, Goe Gyy By and Blv The fluorescent detection in .
raverse=-phase HPLC has a seriocus problem consisting in a much
lower fluorsacence inteneity of aflatoxins B,, G, and M, com-
pared with those of B,, G, end M,. To intensify the fluorescence,
prior to HPLC the extracte are ireated with trifluoroacetic
acid to trensform aflatoxine B, G, end M, into corresponding
eoniacetel derivatives - aflatoxins B,,, G,, and M, . This
permits to reduce the detection limit to 0.001 - 0.00% ng. In
this case aflatoxins have the tolldwihg sequence of elution:
Mpgr Gou9 Bogs G, and Bz.(F15-9)

The use of highly efficient 25 em columns heving a dia-
mater of 2~5 mm and a flow rate of about | ml/min permits to
ensuré separation of besic eflatoxina during 7-12 min. Lack of
the necessity of preliminery preparation of intensively fluo~

rescent derivatives 1s an edvantage of normsl-phase HPLC with



- o

a silics gel packed flow cell. Besidss, it should be noted
thet aflatoxins B, , 0,, and M,  cen exist as natural metsbo-
lites, o.8. in the enelysis of animal tissues and orgsns., The
drawbacka of the reverse~phese HPLC shpould include: an ex—

tremely long retention time for M, aflestoxin in view of the

1
fact that the increesed mobile phase molarity, while meking
the output of eflatoxin MI more rapid, however, drastically
decraesses the degree of separation of Group B snd G aflatoxins,
Thus, when both aflatoxin groups are present, the raverse-
phagse HPLC is more expedient, Another adventage of a reverse-
phese HPLC consist in the use of leas toxic and more avai-
leble aqueocus solvents es the mobile phese.

Quan;itation, using either a fluorescent or a UV dstec-
tor, involves the preliminary stendard calibration of a detec-
tor, i,e., it 18 necessary t¢ plet a celibration curve in ve-
luea pesk/ares mess for a chromatogreph-injected aflatoxin,

The genheral sensitivity of the sbove technique is influ-
enced not only by detector parsmeters, but alsoc by the degree
of purification of en snslyzed ssmple. This is due to the
fact thet the presence of intenaively fluorescent or UV ab-
asorbing edmixtures in extract at 360 nm allows to increase
the background signel of corresponding detectors and results
in & considerable decresse of sensitivity,

The semples adequaste for HPLC of afletoxins can be ob-
teined by mesns of extraction end purification according to the
so-called CB technique, The technique involves the extraction

of a chloroform—-impregnsted semple and purification of chlo~
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roform extract by means of column chromatography on eilice
£9l, To obtain more pure extracts and higher sensitivity
more complex'purification patterns are used, the major stages
of which are:

- sample sxtraotion by aquecus acetone (methanol);

- purification of water-acetone (methsanol) extract by
means of complex formation with acetate of lead or zinc;

~ defatting through liquid-liquid partition with hexane
or lsoocctane;

~ reextraction of an aflatoxin fraction inte chloroform
snd purification of the chloroform extract by meens of column
chromatography on silica gel.

Recently, for more efficient and rapid purification, co~
lumn chromsatography on ailica gel, bound with octadecylailane
in special catridges (Sep Pak C 18 catridges), hae been ussed.

In any case, before being introduced into an injector, the
snalysed solution should be filtersd to remove sclid particles,
which een plug up chromatogrephic lines or column filters,

Thus, HPLC combined with fluorescent detection allows
to enaure a reliable detection of eflatoxins at their concen-
tration of Q.05 ~ 0.1/u3¥kg in food end fodder, which ie con-
siderably lesser than the MPC for aflatoxins, established in

the majority of countries,

b} other mycotoxine
Besidea, aflatoxine, HPLC is broadly used in the anslysis

of patulin, ochratoxins and zearsalenones (Table 4),
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For example, the use of HPLC in the anslysis of fruit
and vegeteble julces for thes presence of patulin allows to
ensure an effective isclation of this mycotoxin from the bulk
of ite basic¢ admixturs - hydroxymethylfurfurol, and to attein
higher (than in TLC) sensitivity (up to 2-5/ug/k:g)D The uss
of HPLC in the analyais of zearalenone reduces considsrably
the time of anslysis and the detection 1limit (up to B/uglkg),

compered with the seme peremeters in TLC.
CONCLUSICN

The recent spplication of HPLC 1in the enalysis of myco-
toxine develops et & fester pace, then that of other chroma-.
tographic techniques. On the .ome hend, this is due to érea-
ter precision, reproducibility snd e shorter time (than in
TLC}, necessary for the snalysis, end %o the lspk of the
necessity first to obtein volatile derivatives (like in the
cese of ges-liquid chromatogrephy, which is still more effi-
clent in respect to sepearation), on thé other. In the naar
future one can expect to witness further progreee in HPLC of
mycotoxins due to the spplication of more universsl snd highly
sensitive detectors and more efficient miecrocolimn liquid

chromatography.
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Toble {. Polerity indices snd sclvent viscosity

Solvent Polarity index Viscosity
Igooctane ~0,4 0,92
n-Hexane C,0 G,92
Toluence 2,3 0,50
Benzena 3,0 0,65
Diethyl eater 249 0,23
Tetrashydrofuran 4,2 0,51
Methylene chloride 3,4 0,44
Chioroform 4,4 0,57
Ethyl acetate 4,3 0,47
Acetone 5,4 0,32
Lcetonitril 6,2 0,37
Isopropanol 4,3 2,30
Ethanol 5,2 1,2
Methanol 6,6 C,6c

wWater 9,C 1,00
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Table 2, Maximal UV saturation and moler extinection

coefficients of several mycotoxins

Mycotoxin Empiricel Maximal Moler extinction
formula edsorption ecoef. (cm%/mole)
( nm in methanol so-
lution
Aflatoxin B, Cy7H120¢ 360 21800 (in MeOH)
265 12400
Aflstoxin B CyqH 4.0 362 24000
2 1771476 265 1210C
Aflatoxin G C.qH,50 362 17700
1 1T2vt 265 9600
Aflatoxin G CiqH, 40 362 19%00
2 171477 265 30C0
Aflatoxin M C,qH, -0 5315 21250
L 17277 265 14150
Sterigmatocystin  C,gH,,0 326 15310
1871276 277 3040
246 32870
Patulin C7H6{)4 276 14500
penieillie acid CBHt0°4 224 10600
Zearsalenone €, aH,n0 316 6020
1872275 274 12800
236 28300
ochratoxin 4 CooHyaCl Og 332 6400
Roridin A CaglisnOg 263 22000
Deoxynivalenol Cy5Ha00% 225 -
T-2 toxin 024H3409 no edsorption at 220 nm
HT~2 toxin no adsorption at 220 nm

Cootlz20g
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Teble 3. Fluorescent properties of some mycotoxins

Myecotoxin Wavelength Wavelength
of maximal of maximal
fluorescent fluorescent
exitation emigeion
(in nm) (in nm)

Aflatoxin B1 365 425

Aflatoxin By 368 425

Aflatoxin 8, 365 450

Aflatoxin g, 565 450

Aflatoxin M, 365 425

Sterigmatooystin 395 520

Ochratoxin 4 340 475

Citrinin 336 520

Zearalenone 313 450
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Pig. 3.



rIRci

IKJECT

Pig.4. EBffeot of change in k', & and ¥ on
resolution.,



63

NSTAVHOSH SSVES TYREOK - WSIHVEOIN SEVEL (RSHIARH

(190 VOITIS)
IHOddNE

7N

no«mu\\\\\\\\\

USVEL

AHAYHOIIVIS
(HOEM YOOUAXH

/mﬁomzoﬁ
FSYH

EHVNOILYLS

(0°E-HO®N)
2EVHI
STIEON






—-37—-

PHOTOMULTIPLIBR A
INIBSION | - [' j -
FPILTERS C 7 \ ]

VO
]

SOURCE

EXCITATION
PILTERS

Pig.T. Optical dlagrem of filter fluorescencs
detector.



~38-

EELATIVE PLUORESCENCE
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Pig,8, Normal-phase separation of aflatoxine, colum -
Porasil; mobile phass - water-washed cnclj-oyolohome-—
acetonitrile-imopropanol (73122:312).
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Flg.9. Reversed-phase geparation of TFA-trested
aflatoxine, column ~ Ultrsaphers ODS, mobile phase =
H,0-KeOH-Me CN (66125t9).
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