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HIGH-PERFOrMANCR LIQUID CHROMATOGRAPHY IN THE 

ANAL!SIS OF MYCOtOXINS 

X.I. Eller 

The continuous improvement of adeorbenta' quality and 

performance of the chromatogrephic equipment for their maxima] 

adaptation to the requirements of the column chromatography 

theory resulted in the creation of a qualitatively new enaly-

tic technique - high-performance liquid chromatography (HPLC). 

During the lest 10-12 year. HPLC has been broadly used in the 

analyeie of mycotoxina in foodatuffa and fodder. Compared 

with thin-layer chromatography (TLC), which is commonly used 

in routine mycotoxin ane].ysie, HPLC is characterized by such 

advantages as adequate partition from interfering accompanying 

substanceS in highly efficient chroaietogz'ephic columns, feet 

rate of partition, quentitetion reproducibility of separated 

substances by means of flow detectore, possibility of inj.c-

tin..g rather large earnple volumes into a chromatographic aye-

tern and simplicity of automation in a considerable number of 

analytic series. HPLC has a drawbacks higher OoOt of baaio 

equipment and higher requirements to the qualification of 

analyata. 

0-4 	PRINCIPLE OF THE METHOD 

A principle systemic diagramme for HPLC is ehown in 
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?ig. 1. A Bample is introduced vie an injector into a solvent 

flow (mobile phase), which is crested by a solvent delivery 

Oy5tm, consisting of one or several high-pressure precision 

pumps. The mobile phase flow transfers the sample into a 

chrometogrephic column containing stationery phase (5-100,am) 

particles. When a sample solution peasee through the column, 

the partition into components takes place in the form of se-

parated chromatogrephic bands. Such separated chromatographic 

bsnd8 are eluted from the column through any one or several 

detectors, the signal of which is intensified and is traced 

by a chart recorder in the form of chrometographic peaks. When 

usceesary the eluant containing chromatographic bands which 

aes outaf the detector can be collected for further analysis 

or confirmation. 

The major aim of the chromatographio process is partition 

of analyzed subatancea. The partition volume of two eubstan-

can in HFLC is cherecterized by resolution (B) determined by 

the formula (I): 

V2  - V 1  
R 	,where 

(W 3  +W 2 ) 1/2 

V2  - retention of the second substance (solvent volume necesee- 

ry for the elution of the 2-nd substance or the time 

from the moment of the sample injection to that of its 

output from the column and appearance in a detector); 

V 1  - retention of the 1-at substance; 

and W - chrornatographic peek widths (see Fig. 2) 
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The greater is R the batter is the partition effect. 

Three basic pareinetars influence the resolution value 

R: column capacity factor (C), selectivity of the chromatogra-

phic process and column efficiency expressed in the so-called 

theoretical plate number (N t.p.) (Fig. 3). 

The capacity factor IC is determined by the formula: 

v i 	- V 0  
K- 	,where 

V 

V0 - system void volume corresponding to the time of elution 

of the column unretalnea component; 

V 1  - retention of the 1-at eubstance (Fig.3). 

In other words, IC characterizes the retention of the 

i-at substance in units of the system void volume V 0  . A va-

lila K depends on the eluting power of the solvent and proper-

ties of the stationary phase, while it remains constant with 

the changed solvent flow rate and column size. 

The selectivity (o( ) value of the chromatographic pro-

0168 or the chemistry factor tells us where two column peaks 

elute in reepect to each other. A value e< is defined by 

the ratio of capacity factors corresponding to each peek or 

the ratio of corrected retention voluzn (corrected retention 

times): 

V 2 _Vo•;  

1( 1 	VlVo  

1-2 
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A value O permite to aeace the cilectivity level of both 

the corbant and the mobile phase for two given component., 

Thus, K showe peek elution r.let.4 to the void volume 

while o( - counter peek elutions of the partition coepo-

n ente. 

while defining  K and < , the width of peak. P or elu-

tion of • chromatogrephic bend are not taken into considera-

tion. Peek width bepends on the efficiency of a cbxomstogra-

phic eysten, ohereoterised by the number of theoretical plet.. 

(N t.p.), determined by the formul. 

V 
(Fig. 3). 

P 

N t.p* describes the deviation of a band within the whole 

chromatogrephic systia: from injection to detection. Modern 

UPLC d.vic.e, how.v.r, are -  designed so as to minimise extra-

column bendiprending. Thus, a column pl.ys the major role in 

the spreading of e peak. The .ffici.ncy is determined by the 

properties and ciii of corbent particle., and also by the 

quality and homogeneity of column sorbent. 

Xetheaetios3ly the dependence of recolution N from the 

capacity factor, selectivity and column efficiency is express-

ed by the forila: 

N - 1/4(--)(f ' )( ' 
I + 

Pig, 4 graphically demons trotee the influenc, exerted by 
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.*ch of the studied parameters on resolution R. As can be 

P seen from Fig. 4, a more qualitative resolution can be ob-

tained by 3 different ways. With the increase of the capacity 

factor K the partition improves, however, the peeks become 

wider. The possibilities of improved resolution due to the 

increased capacity factor are limited to 3-4 by K values. 

Further K increase results in the insignificant general reso-

lution improvement, at the seine time leading to a significant 

peekapreading with the corresponding loss of sensitivity at 

peek height. 

with highe' efficiency the peaks become narrower and the 

resolution quality increases. It is extremely important to 

note that with increased efficiency the techniqUe sensitivity 

raises because the peaks become higher. When one and the same 

column is used 1  the efficiency grows with the decrraae of 

the solvent flow rate end its viscosity. Lengthier columns 

can also raise the efficiency. 

The most effective means to improve resolution consistS 

in the increase of a selectivity value 0( 

CHROATOGRAPHIC COLULN PCKINGS 

HPLC is used for both analytic and preparative parti-

tions when comparatively large substance amountS should be 
cl- 

obtained in pure form. Preparative column packings represent 

relatively large fully porous particles about 50/.1 (sometimes 

up to 1004.1). 

1-3 



-6- 
The use of such particles for analytical HPLC will result 

in chromatographic bandapreading which will bring sbout poor 

resolution and long separation time. Bandepreading is due to 

the fact that large fully porous particles have deeper pores 1  

while it takes more time for a sample molecules to reach the 

particle centre and diffuse back. 

To attain higher efficiency necessary in analytic parti-

tions 2 types of particles are used large "pellicular' 50 /u 

particles representing spheres with thin porous surface layer, 

and small (5-10 ,u) fully porous perticlee. Despite their high 

efficiency, "pellicular' particles are lees frequently used 

due to smaller surface area (10-30 in2/g), compared to that of 

5-10,u fully porous particles (500-400 m 2/g) and, hence, en-

sure less values of the capacity factor K. 

When small diametre particles are used, the partition 

efficiency raises due to the following factors: 

- the aurface area of small fully porous particles is 

high, which results in the increase of the capacity factor; 

- the diffusion way or sample molecules to the particle 

centre and beck is reduced; 

- the mess transfer rate is increased; 

- the unpacked void volume between particles where mobile 

phase mixing can take place, is diminished. 

As a rule, in the analysis of mycotoxins, the stationary 

phase represents eilica gel with 5—C,u particles and its 

various chemical modifications. 

It should be noted that the mobile phase 11.ow rate con- 
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siderably influences the efficiency of columue packed with 

sma].l particles. With higher flow rate the effect induced by 

an unfavourable longitudinal molecular diffusion reduces, 

however, the resistance of mass transfer between liquid and 

solid phases increases. Thus, an optimal flow rate of the 

mobile phase has been established. Per example, it conetitutes 

0.3-0.8 ml/ndn for columns packed with 5-10,u silica gel 

particles. 

PARTITION MBOHANISMS IN LO 

LC partition can be based on the difference in absorption 

of the stationary phase substance (adsorption material), on 

the difference in substance in mobile and stationary phases 

(distribution mechanism), on different charges, (ion-exchange 

chromatography) and molecular size (gel-peruiea -tion chroiriato- - 

graphy). In the inycotoxin analysis mainly 2 first chromato-

graphic types are used: adsorptional and distributional. 

The mobile phase in LO lti liquid, while the stationary 

phase can be solid (liquid-solid chromatography, TLO) or liquid 

(liquld-ltquid chromatography, LLC). 

The normal phase chromatography is characterized by high 

polarity of the stationary phase and low polarity of the no-

bile phase, while the reverse-phase chromatography involves 

Co 	lees polarity in the stationary phase than in the mobile one. 

In normal-phase chromatography first less polar substances 

move out of the column 1  followed by more polar ones, when 

1-4 
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increased polarity of the mobile phase results in the decreased 

retention time. In reverse-phase chromatography the elution 

of substances takes place with the decrease of their polarity. 

In this case, an increase of the mobile phase polarity makes 

the retention time longer, i.e. slows down column substance 

output. 

Two types of chromatographic partition deserve thorough 

desoription liquid-liquid and liquid-solid chromatographies. 

a) liqid-liq4 chromatography 

The colus used in TLO are packed with carrier (most 

often by silica gel) with the adsorbed stationary liquid phase. 

Passing the coli.smi the mobile phase contacts the stationary 

phase resulting in balanced distribution of the sample compo-. 

nents between the two phases and their partitioning. For 

example, in normal-phase chromatography silica gel retains 

water on Its surface allowing for the sample components dis-

tribution between the surface silica gel aqueous layer and 

chloroform - basic component of the mobile phase. (Pig. ). 

Pig. 5 also demonstrates an example of a reverse-phase TLC 

with the sample distribution between nonpolar hydr.s*bI im-

pregnating silica gel surfaCe and the polar mobile phase - 

aqueous methanol. Liquid-liquid, partition on the norma' polar 

phase is uaed for the partition of more polar components, 

while on the reverse-phase - for the partition of nonpolar 

components. 

Theoretically TLC represents the most uni'versl partition 
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technique due to its possibility of wide changes in the compo-

sition of mobile and stationary phases for the attainment of 

needed selectivity. However, practical application of the 

above technique is limited due to its serious drawbacks: 

- the stationary phase always has a finite solubiuity in 

the mobile phase and its stripping from the column with the 

solvent is possible: hence, presaturation of the solvent with 

the stationary phase is required; 

- the distribution reproducibility is not high, because 

the distribution of the stationary phase between the column 

and the mobile phase changes with small changes in temperature, 

pressure and now rate; 

- the mobile phase is oontaxainated with the stationary 

phase making the collection and identification of peaks diffi-

cult; 

- solvent progrsning cannot be used. 

In view of the above reasons liquid-solid chromatography 

is more frequently used. 

b) liquid-solid chromatqgphy(C) 

In TLC solid adsorbent particles have active centres (ad-

sorption centres) on its surface. Partition occurs due to the 

distribution of a sample molecules between the mobile phase 

and the adsorbent surface. 

In normal-phase TLC the most frequently used sorbent is 

silic.a gel - presipitated poli-silica acid, possessing n Si.-O-ff 

electron accepting groups as adsorption centres. Silica gel 

1-5 



for analytic HPLC is produced under varloua trade namea: Par-

tiell ('Whatman"), Lichroaorb ("Merck"), Poraail ("Watere Aeec-

ciatea"), Sphariaorb-SI ("Speotra-Phyeioa"), Ultraaphere-SI 

("Beckman"), Zorbax SIL ("flU Pont"), etc. 

The reveree-phaae TLO Involvea the use of chemically mo-

dified ailica gel (chemically bonded phaae), the aurface of 

which becomea low polar an a reault of the formation of bydro-

lyaie-reeiatant ! SI-0-Si-O bond5. Silica gel Is converted 

into a revereed-phase sorbent by reacting it with an alkyl-

trichloroailame, as a reault of which the silica gel surface 

is modified by chemically bound 0 18-oarbon ohaina. Reveree 

bonded stationary phases of thia type are marked by the addi-

tion of the sign ODS or RP-18 to a silica gel trademark. In 

contrast to normal-phase chromatography on silica gel, in 

HPLQ on ohemioally bonded phases the partition mechanism Is 

based not only on adsorption phenomena (resulting from hydro-

phobic reactions between separated components and sorbent car-

bon chains), but also involves oertain elements of liquid-

liquid partition between the mobile phase and the solvent 

layer 1  retained by nonpolar sorbent surface. 

Silica gel can be modified not only by nonpolar carbon 

resithies, but also by polar groups (bound , polar phases). The 

above .type of stationary phases results from a reaction of 

silica gel with organic ohloroailanes, containing cyanopropyl 

or sminopropyl grOups i 

Si-O-i-(CE2)-flfl2 	)S&-O-i-(CH2)3-CN 
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The separation on polar bound stationery phases involves both 

partitionsl and sdsorptiona]. mechanisms. Depending on a 

mobile phase polarity, the adsorbente of this type can be 

used both for normal—phase and reverse—phase chromatogrephies. 

The sorbente presently used in t-PLC ensure the partition 

efficiency up to 25000-70000 theoreticel plates per column 

meter. For most commonly used columnS of 25 and 25 cm the 

general efficiency correspondingly constitutes from 4000 to 

20000 theoretical plates, which considerably exceeds TLC 

plate partition properties and is inferior by this index only 

to capillary gos—liquid chromatography. 

c) HPLC aolvent (mobile phae 

The composition and properties of the mobile phase exert 

a considerable influence on all partition parameters. One of 

major solvent characteristics is the polarity index being a 

complex function from dipolar moment, dielectric permeation 

and molecular polarization. The values of polarity indices of 

most common solvents are presented in Table 1 • The polarity 

characterizes an eluting capacity of the solvent, i.e. the 

capacity of washing a sample molecules from the adsorbent 

layer in normal—phsse chromatography. The information about 

solvent polarity is necessary in the selection of optimal 

values of a column capacity factor K. 

04 
	Solvent viscosity also represents a significant parameter 

(Table !). The use of lower viscosity solvents can, on the 

one hand, increase the partition efficiency, and, on the other 1  
1-6 
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to decreeee the column pressure gradient, i.e. to obtain the 

eame flow rate of the mobile phase under smaller working 

pressure. 

Solvent purity, end, particularly, the absence of solid 

particles, represents a significant aspect in IHIPLO. Thus, 

before the delivery into the pumping syatem, solvents should 

be filtered. 

Solvents ehould also most the folloing requirements: 

adequacy for the used detector, cepability of emnp]e disol-

ving, easyremoving from collected fraction (preparative chro-

matogrephy) * 

changing solvent composition (gradient elution) serves 

as an edditiotial technique optimizing partition in HPLC. Ore-

dient elution in HPLC performs the functions similar to tern-

pereture programming in gas—liquid chromatography. It is 

particularly expedient in the analysis of a multi—component 

mixtures having various distribution coefficients or adsorp-. 

tion properties, and allows to ensure a rapid combination of 

solvents in the partition technique. 

INJECTION SYSTEIS 

The purpose of an injection system is to put the sample 

onto the pressurized column as a sharp plug with minimal loss 

in efficiency. A sample can be injected into a mobile phase 

stream either by means of a syringe or through a valve. 

The easiest way is to dcrosyringe a sample through the 
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septum ensuring minima), bandapreading. 

The drbacka of the above technique (poesibi].Ity of 

a sample blow back s  short septum life, limitation of the 

working pressure to 100 atm.) however, forced the inveetiga-  

tore to use valve injection systems in modern HPLC. 

Fig. 6 shows a valve injection diagramne. When the valve 

is in the "load" position the pump is directly connected 

with the column and a sample is placed into the loop via the 

syringe. Usually the loop volume is 20 „ ul When the vel'u' 

is turned into the 'injection” position, the sample is awept 

onto the heed of the column. Such systems ensure a precise 

and reproduciole injection and can be readily used for the 

automatic injection of a large number of samples. 

I-1PLC DETECTORS 

The function of a detector is to provide an electric 

siel to the recorder enabling to perform qualitative and 

quantitative analyses. In HPLC the basic detector require-

ments ore: 

- oensitivity: a detector should provide a large signal, 

relative to the noise level, from a smell amount of solute in 

the effluent; 

- linearity: a signal should be directly proportional 

to the amount of solute; 

- specificity: a detector should be sensitive to salutes 

end inoenaitive to interfering admixtures, changes .ri the mo-

'-.7 
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bile phase composition s  temperatthe, flow rate and pressure. 

Detectors of 3  typee are used in the IiPLC mycotoxin 

analysis: ultra-violet (UI!)., fluorescent and refractive in-

dex detectors. 

a) DV detector 

A UI! detector represents a photometer with a flow mic-

rocell through which the column effuent flows. Some of DV 

detectors also operate in the visible wavelength range, but 

by far the most useful range of the spectrum is from 220 - 

370 rim. 

A UV detector can function under any fixed wavelength 

or can select the needed wavelength in the process of work. 

The moat common and inexpensive are the detectors with 

a fixed wavelength involving the use of a mercury lamp as a 

source of UI! irradiation. Due to the fact that 90% of the 

radiance of this source is at 254 am, this is the wavelength 

most commonly employed. Other wavelengths are blocked by 

corresponding filters. As can be seen from Table 2 the wave-

length 254 rim does not correspond to the absorption maxima 

of the majority of mycotoxins, thus, sensitivity and, parti- 

cularly, selectivity of detection decrease when this detector 

is used, 

The possibilities of varioua mycotoxins detection 

broaden considerably when detectors with variable wavelengths 

are applied. In this case a deuterium lamp serves as a 

aouroe of irradiation, the energy of which spreads along the 

whole spectrum. The irradiation whithin a certain wavelength 
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range is isolated by means of filters. A monochromator io 

used for the continuous alteration of a wavelength with a 

narrow spectral band of passed irradiation frequencies. Fil-

ter detectors are characterized by high sensitivity due to 

a broader transmission band. Mo000hromator detectors possess 

high selectivity due to the possibility of selecting an 

irradiation wavelength, precisely corresponding to the ab-

sorption maximum of rnycotoxins (Table 2). 

To avoid the deterioration of partition paraatera in 

detectors, small volume flow celia ere used 7  the design of 

which excludes the possibility of e].uate mixing and band-

spreading. The volume of a flow cell usually constitutes 

8-20/u].. 

According to the Bouguer-Laiubert-eer law a detector 

signal is proportional to a sample concentration in a rather 

broad range of concentration and is described by the formula: 

D = Ecl,where 

	

D - 	measured optical density; 

E 	- 	molar extinction coefficient; 

	

1 - 	optical path length in cm; 

	

- 	sample concentration in eluate (mole/i). 

The detection limit of a UV detector depenis on the sub-

stance molar extinction coefficient, optical path length and 

CII the detector noise level (amplitudes of occasional fluctua-

tions of the zero line). The greater is the value E end the 

lower is the noise level, the smaller is the detectible con- 

I_B 
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centration. For example, for aflatoxins at E 36o  of the order 

of 2 x 10, eell length of 1 cm and noise level of 1 x 10A 

the detection limit will contttuti 10 nanomolea per litre 

of eluate or 3 mg/rn]. of sluate, which represents a quite 

satisfactory value for the majority of analytic tasks. As 

was mentioned already, column efficiency will also influence 

the level of sensitivity, because bandapreading will result 

in a decreased sample concentration in a flow cell. 

While working with a U? detector only transparent (non-

absorbing) solvents can be utilized within the working wave-

length. Thus, in U? detection the mobile phase in presented 

by saturated hydrocarbons, cyclohexana, methanol, ethanol, 

water, acatonitri]., chloroform and methylene chloride, but 

not by bensene, acetone, toluene characterized by intensive 

absorption at a wavelength exceeding 20nm. 

b) fluorescent detector 

As a rule, a fluorescent detector meesuree the intensity 

of visible light emitted by a sample under the effect of UV 

exitation. A diagramme of a fluorescent detector in shown 

in Fig. 7. From the source (tungsten-halogen lamp, capable 
of potent emission with the wavelength of, 20 nm and above), 

passing the exitation line filters, the U 1! light reaches a 

flow osil. The sample emission light is separated by means 

of emission filters from the exitation U? light and is sent 

to the photomui.tiplier. both on the exitetion line and on the 

line of emiesion instead of wide band filters, monochromatore 
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can be uaed allowing for a precise selection of a needed 

wavelength for both ezitetion and emission lights. Likewise 

in the case of tJV detection, filter fluorimeters ensure a 

sub8tantielly greater sensitivity, while detectors with mono-

chromatore are characterized by higher selectivity. 

The basic advantage of a fluorescent detector (in cont-

rest to a UV detector) is the increased sensitivity by 100-

1000 times, and also the possibility to diminish the effect 

of interfering elements from concomittont substances due to 

the selection of optimal wavelengths of exitation and 

emission. Spectral absorption characteristics of UV emisa-

ion (maximal value in the spectrum of fluorescent exitetion) 

and that of several Inycotoxins (maximal value in the spectrum 

of fluorescent emission), are shown in Table 3. 

The fluorescent intensity grows with the increased 

intensity of exitetion light and concentration of the 

fluorescent substance. Although fluorescent intensity repre-

sents an exponential function from a substance volume, for 

small concentrations it is directly proportional to the 

concentration of an analyzed substance in eluate. The above 

proportionality is impaired at larger concentrsions due to 

the phenomena of inner fluorescence quono}xifl(. 

The use of the above highly sensitive detector, however, 

is limited to mycotoxins with f1uorogene groups (Table 3). 

Fluorescent derivatives should be previously obtained for 

inycotoxins without natural fluorescence.Thi5 technique, how-

ever, has not yet found its broad application. 

1-9 
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c)refractive index detector ,  

Detectors of this type are used to measure the refrac-

tive index difference of pure solvent (mobi]e phase) and 

column effluent. Thus, they are called differential refracto-

meters or RI detectors. RI detectors are designed for quali-

tative and quantitative analyses of substances possessing 

no property of UV absorption and having no fluorogenic groups. 

The drawbacks of this universally applied detector are: 

low sensitivity and impossibility of using gradient elution. 

Thus, for example, for mycotoxins with the molar extinction 

coefficient of about 0 the sensitivity level of a RI- 
detector is 100 times lower than that of a UT detector. At 

the same time HI detectors find still greater use in HPLC 

of trichothecene mycotoxina, the molecules of which have no 

chromophore groups. 

ITPLC IN THE ANALYSIS OR MYCOTOXINS 

HPLC is commonly used for the reproducible and precise 

detection of such mycotoxins as af].atoxins, ocbratoxin, pstu-

lin, zesralanone, sterinatocystin, etc. Data on the condi-

tions of separation, detection and detection limits in HPIC 

of several most common mycotoxina are presented in Table 4, 

Let us discuss the peculiarities of HPLC in respect to some 

myoo toxins: 
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aL 1  atoxias 

A satisfactory separation of aflatoxins (Groups B, 

0 and ) is attained both by means of a normal-phase, and 

by a reverse-phase FIPLC. 

In normal-phase HPLC various brands of silica gel with 

5-10,u particles are used aa sorbent, which in the mobile 

phase is most often represented by a mixture of water-

saturated choloroform, cyclohexane, acetonitril with the ad- 

dition of 1-4 of ethanol or isopropariol. The mixtures of 

isooctane with chloroform and methanol are also used. In 

this case some aflatoxine are eluted in the order of their 

increased polaritj: aflatoxin B, B 2 , G, 0. and M 1 . A 

typical separation pattern in normal-phase HPLC is presented 

in Fig. B. For the purpose of detection, either a UV detec-

tor with the wavelength of 363-365 cm, or a fluorescent 

detector, are used. To attain higher (than in TLC) sensiti-

vity (i.e. to decrease the detection limit to 0.1,ug/kg and 

lower) a fluorescent detector should be used. It turned out, 

however, that afletoxins B 1  and G 1  have a low fluorescence 

intensity in eolvents eppliad in normal-phase HPLC, compared 

with the fluorescent intensity of the same efletoxine adsorbed 

on silica gel in TLC. To raise the fluorescence level of 

most toxicity-significant and common aflatoxine B 1  and G 1 , 

a flow call packed with silica gel 3C_40 /u particles (Pana- 

CQ  Scott, 1977) was proposed for fluorescent detectors, 

which permitted to detect up to C.C5 ng of afletoxins. It 

was dernonstrr ted that in case of fluorescent detection with 

1-10 
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a ailica gel packed flow cell, the sensitivity level, compared 

to that of Ui! detection (with the wavelength of 360 nm) increa-

sos by 14.3 times for aflatoxin B D by 31.6 times - for B2 , 

by 21.1 times - for G 1 , and by 61.6 times - for 02 (Pons, 

1979). 

In reverse-phase }IPLC the stationary phase is repreanted 

by silica gel, the active centres of which are bound by octa-

decylsilane or octylsilane (e.g. ondapek- C or Ultz'aephera-18 
C8). The mobile phase represents aqueous acetonitril or a 

mixture of asetonitril, methanol and water. In the reversed-

phase HPLC aflatoxina are characterized by a reverse elution 

sequence, compared to that ofa normal-phase separation: af-

latoxins M 	all B and B i c The fluorescent detection in 

reverse-phase HPLC has a serious problem consisting in a much 

lower fluorescence intensity of aflatoxine Bp G and M, com-

pared with those of B2 , 02 and 1120 To intensify the fluorescence, 

prior to HPLC the extracts are treated with trifluoroacetie 

acid to transform aflatoxine B1, G and M, into corresponding 

aemiacets]. dertvatiefi - aflatoxina B2a 2a 	M296 This 

permits to reduce the detection limit to 0.001 - 0.005 ng. In 

this case aflatoxinB have the following sequence of elution: 

M 2aO 02aP 82a ,  02 and 82  (pig.9) 

The use of hghly efficient 25 cm columns having a dia-

meter of 2-5 mm and a flow rate of about I mi/nUn permits to 

ensure separation of basic aflatoxina during 7-12 nUn. Lack of 

the necessity of preliminary preparation of intensively fluo-

rescent derivatives is an advantage of normal-phase HPLC with 
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a silica gel pecked flow cell. Beaidae, it should be noted 

that eflatoxine 52 	2a and  U2acan exist as natural metabo- 

litee, e.g. in the analysis of animal ti8suea and organs. The 

drawbacks of the revsrse.pheee HPLC ahould include; an ox-

tremiely long retention time for M aflatoxin in view of the 

fact that the increased mobile phase mo].arity, while making 

the output of aflatoxin M 1  more rapid, however, drastically 

decreases the degree of aaparation of Group B and G aflatoxina. 

Thus, when both aflatoxin groups are present, the reverse-

phase HPLC Is more expedient. Another advantage of a reverse-

phase HPLC consist in the use of less toxic and more avai-

lable aqueous solvents as the mobile phase. 

Quantitation, using either a fluorescent or a UY detec-

tor, involves the preliminary standard calibration of a detec-

tor, i.e. it is necessary to p1St acalibration curve in ye-

luca peek/area mass for a chromatograph-injected aflatoxin. 

The general sensitivity of the above technique is infLu-

enced not only by detector parameters, but also by the degree 

of purification of an analyzed sample. This is duo to the 

fact that the presence of intensively fluoreBcent or UV eb-

sorbirig sdmixturea in extract at 360 on allows to increase 

the background signal of corresponding detectors and results 

in a considerable decrease of sensitivity. 

The samples adequate for HPLC of eflatoxins can be ob-

tainedby means of extraction and purification according to the 

so-called CE technique. The technique involves the extraction 

of a chloroform-impregnated sample and purification of chlo- 



reform extract by means of column chromatography on ailica 

gel. To obtain more pure extracts and higher sensitivity 

more Complex purification patterns are used, the major stages 

of which are 

- sample extraction by aqueous acetone (methanol); 

- purification of water-acetone (methanol) extract by 

means of complex formation with acetate of lead or zinc; 

defatting through liquid-livid partition with hexne 

or isooctene; 

- reextraction of an aflatoxin fraction into chloroform 

and purification of the chloroform extract by means of column 

chromatography on silica gel. 

Recently, for more efficient and rapid purification, co-

lumn chromatography on silica gel s  bound with octadecylailane 

in apecia]. cetridgos (Sep Pak 0 18 catridgea), hea been used. 

In any case, before being introduced into an thjector, Ihe 

enalymed solution should be filtered to remove solid particles, 

which can p1ug up chroinatographic lines or column filtere. 

Thus, HPLa combined with fluorescent detection allows 

to ensure a reliable detection of aflatoxiria at their concen-. 

tration of 0.05 - 0.1,ug/kg in food and fodder, which is con-

siderably lesser than the MPC for eflatox.na, established in 

the majority of countries. 

b) other mjeotoxins 

Besides, af].atoxina, HPLC is broadly used in the analysis 

of patulin, ochratoxins and zeera].enone (Table 4). 
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For example, the use of 1-IPLO in the analysts of fruit 

and vegetable juicee for the preaenca of patulin allows to 

ensure an effective isolation of this ciycotoxin from the bulk 

of its basic admixture - hdroxymethylfurfurol, and to attain 

hiEher (than in TLC) sensitivity (up to 2-5,ug/kg) The use 

of HPLC in the analysio of zearalenone reduces OOfl8idei'bly 

the time of &na1yia and the detection limit (up to 3,ug/kg), 

compared with the same parameters in TLC. 

GONCLUS ION 

The recent application of HPLC in the eflalysia of ilryco-

toxins develops at a faster pace, than that of other chrome-

tographic techniquee1 On the one hand, this is due to gras-

tex' precision, reproducibility and e shorter time (than in 

TLC), necessary for the ane].yai, and to the lack of the 

necessity first to obtain volatile derivatives (like in the 

case of gas-liquid chromatography, which Is still more effi-

cient in respect to separation), on the other. In the fleer 

future one can expect to witness further progress in HPLC of 

mycotoxins due to the application of more universal and highly 

sensitive detectors and more efficient mlcrocolimn liquid 

chromatography. 
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Teble I. Polarity indices and solvent vicoity 

So].Vent Polarity index Vi8cos&ty 

Inooctane -0,4 092 

n-Hsxene 0,0 0,92 

Toluence 2,3 0,50 

Bexizene 3,0 0,65 

Diethyl ester 2,9 0,23 

Tetrahydrofu.ran 4,2 0,51 

Mothylene chloride 3,4 0,44 

Chloroform 4,4 0,57 

Ethyl acetate 4,3 0,47 

Aetone 5,4 0,32 

Acetonitril 6,2 0,37 

Isopropano3. 4,3 2,30 

Ethanol 5,2 1,20 

1ethanol 6,6 C,6c 

Water 9,0 1,00 
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Table 2. Laxiiva1 TJV BatLration and molar ex 

coefficienta of several mycotoxins 

Mycotoxin 	Empirical 	Maximal 
formula 	ai8orption 

Lnm) 

motion 

Molar extnction 
côef. (era /mole) 
In methanol eo-
lution 

Aflatoxin B 1  C 17H 1206 

Aflatoxin B 2  

Aflatoxin G 0 17H 1207  

Aflatoxin G2 C17111407 

Aflatoxin M 1  C 17}1 1207  

Sterigmatocystia C 18H 1206  

P atulin. 

penicillio acid 

Ze aralenone 

ochratoxin A 

Roridin A 

OeoxynivaJenol 

T-2 toxin 

HT-2 toxin 

360 21800 (in MeOH) 
265 12400 

362 24000 
265 12100 

362 17700 
265 9600 

362 19300 
265 9000 

.375 21250 
265 14150 

326 15310 
277 3040 
246 32870 

276 14500 

224 10600 

316 6020 
274 12800 
236 28900 

332 6400 

263 22000 

225 - 

no aO.eorption at 220 nm 

no adorption at 220 rim 

C7H 60 4 

08H 104 

C 18H 2205  

CH18CI °6 

C 29H400 9  

0 1 020 0 6 

c24H, 40 9  

C22H3208 
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Table 3. Fluorescent properties of some inycotoxins 

Myootoxin 	Wavelength Wavelength 
of maximal of maximal 
fluorescent fluorescent 
exitation emission 
(in mm) (in mm) 

iflatoxiri B 365 425 

Aflatoxin 132  365 425 

Aflatoxin 0 1  365 450 

Aflatoxim 0 2  565 450 
Aflatoxin M 1  365 425 

sterigmatocystin 395 520 

ochratoxin A 340 475 

Citrinin 336 520 

Zearalenone 513 450 
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