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GAS-LIQUID CHROMATOGRAPHY IN THE ANALYSIS OF
PUSARIOTOXTNS ( TRICHOTHECENS, ZEARALENONE )

K.I. Bller, V.S5. Sobolev

1. Introduction
Gan-liquid'ohronatography (GLC) is commonly used for

the identification and quantitative determination of & number
of mycotoxins in foodetuffe and fodder. In particular, the
techniques involving GLC bave been developed for the analysis
of trichothecen mycotoxine (T-2 and HT-2 toxina, diecetoxy-
scirpencl, deoxynivalenol, nivalenocl, etc.), searalenone,
patulin and some others.

The GLC technique is characterised by high partition
effect, adegquate reproducibility of resulis and high wensiti-
vity.

The subject of the present seminar is te discuss prac-
$1cal mspects of this technique for the analysis of fuserio-
toxine using the exmmples of T-2 toxin, xsaralenene and

a mixturs of trichothecens, isclated from contaminated grain.

1 uction of volatile arjcto, srivatives
derivatigation
The molecules of T-2 toxin and other trichothecens, and
alec searalenone contain one or several free hydrexyl growps

which reduce substance volatility sand cemplicate direct GIC

analysis. This, chemical modification of analysed toxins
with the aim to obtain volatile derivatives (derivatisation)
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represents & necessary preliminary stage preceding the GLC
analyais.

Silylation represents the most common derivatization
technique, when un.active hydrogen of the hydroxyl group is
gubstituted for a trimethylailyl group (TM3). TM3-derivatives
are usually less polar, more volatile and more thermostable
then the original compounds. N, O-bis (trimethyleilyl) ace-
tamide (BSA) serves am one of the most effective reagents
for the production of TMS-derivative T-2 toxin. Trimethylechler-
silane (TMCS} 18 uped ms catalyzer of gilylation with BSA.
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T-2 toxin B3A TMS-T-2 toxin

BSA %an be used with such solventa as pyridine, dimethylsul-~
foxide, tetrahydrofuran, benzene, and aleo without solvents.
A mixture of N-trimethylailylimidagole (TSIM) with trimethyl-
chloreilane and a trademark mixture "TRI-SIL TBT" compoaed
of TMCS, BSA and TSIM which is produced by the Pierce Chemi-
cal Company (USA), are also used for trichothecen silylation.
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Thé production of di-TMS-derivatives of zearalenone is
moet often realirzed through the use of N-methyl-N-trime
thylsilyltrifluorcacetamide (MSTPA) in the presence'&f acetone,

81(CH,) 1(cd,)
OH © Ola-gl< 373 z i ?
0 0
Ho Y (033)3810
Zearalenone MSTFA di-THS-zearalenone

A trademark compound "TRI-SIL. BT" representing a mixture of
BSA and TMCS produced by the Plerce Chemical Company (USA)}, 1is
also used.

Alongaide with TMS-derivatives, the production of per-
fluoranyl deriv;tivea, such as trifluoracetyl (TPA), penta-
flucoropropionyl (FFP) end peniafluorobutyryl (FFB) ethers,
represents & promicing direction in the derivatization of fu-
pariotoxins., Perfluoracyl derivatives pogsess a mumber of
advantages in comparison with TMS-derivatives: they are more
volatile, are usualiy more stable and ensure higher sensiti-
vity of an electron capture detector. For the perfluoracy-
iation of fumariotoxin hydroxyl groups the corresponding
anhydrides (trifluoracetic, pentafluorpropionic, gentafluor-
butyric) with bases (pyridin, trimethylamine, sodium carbo-
nate), necessary for the binding of the reaction-generated

acid, are used:
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The use of sodium carbonate is more preferable due to the
absence of reaction-produced volatile by-producte complicating
GLC. In the acylation of phenyl hydroxyl groups, e.g. in the
case of zearalenone, the reaction—prbduced acida can cause
partial hydrolysias of a perfluoracid derivative and reduce

the eluticn at derivatization. In such cases anylating means
are used, which give mo acid producte at reaction, such as

perfluoracylmidasoles and N-methyl-bis-{trifluoracetamide).

2.2. Separation and identification of fusariotoxing
with the use of GLC
Por the GLC separation of volatile fusarioctoxin deriva-
tives packed and open capillary columns are used. The effect

of column separation is assessed by the number of the mo-

eff.

called "effective theoretical plates” R‘.p.

y which i=s caleu-
lated by the formula:

2
t_ -t
n:tf' - 5.54 LB , where
oPs wo 5
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tr - gubstance retention time, representing the interval
between the moment of sample injection and that of elution of
a chromatografic sone centre;

. tm - time of the unretalned component elution, appro-
xinately corresponding to the time of the low-boiling solvent
peak elution;

W0_5 - chromatographic peak width at half-height.

Packed columns represent glass or metallic tubes contain-
ing molid carrier powder impregnated with the stationary
liquid phase. The efficiency of such colummns does not exceed
5000 t.p. A high separation effect by wall coated open tubular
columna {WCOT) covered by a thin film of the liquid phase
{0.5-1.5 mm). The effect rate of WCOT constitutes 50 000-

200 000 t.p. which exceeds that of packed columns by a factor
of 20 or more, GLC with WCOT ensures total separstion of TFA-
and TMS-derivatives of bagic trichothecens and zeamralenone.

The identification of separated compounds is performed
on the basis of retention parameters. The moet reproducible
parameter 1p the relative corrected retention $time té rel.
of a substance -~ a go-called inner standard, imjected into
the sample prior to the GLC analysis n-alkenes with various

chain lengihs are frequenily used as an inner standard. The

value ty3 rei. is determined by the tormulaf
tl
] rel. ® Fra——  Whers
* R in. st.
*l'l x "~ corrected retention $ime of the compeneat I;
% - corrected retention time of the immer sten~

ﬁ in. st.
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dard.

The comparison of the above parsmeter with cerresponding
parameters of toxin standeards or with literature data ensures
a reliable identification of chromategraphic pesks. The re-
producidility of the relative corrected retention time values
reduces 1f t}

R rel.
if the inner standard and the analyeed substence differ

{18 more than 4 and less than .25, 1i.e.

greatly by the retention time value. In this case more re-
liable results can be obtained using the retention indices
(RI) of %oxins on the basis of correaponding n-alkanes.

To iden%ify RI of a substance X the latter is injected
into a ochromatograph together with a mixture of n-alkanes.
Thus obtained chromatogramme is presented im Fig.

The RI of a subatance X is determined by the formulat

18 *g(x) = 18 *a(cn)

Rlx = 100n + 100 ; where
lg + -1lg t

ﬁ(Cn+1) ﬁ(Cn)

tﬁ(x) - corrected refention time of a substance X;

*ﬁ(Cn) - corrected retention time of an n-alkane with
the number ef carbon atoms (n), eluted prior to the sudbastance
X '

tﬁ(Cn+1) ~ corrected retention time of an n~alkane with
the number of carbon atoms (n+1)} eluted prior to the substance
X. .

A8 can be seen from the formula, RI of n-alkanes are

equal to the number of carbon atoms multiplied by 100, e.g.
the RI, ~» 2300. The needed t for the determination of
23
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corrected retention time values 1is obtmined en the basis of
8 known fact that when A column functions in the isothermic
regime there exist & linear dependance between the logarithm
of the corrected retention time of an n-alkane and a number

of carbon atoms, i.e.:

1e (tR(Cn+1) - tm) ~ 1g (tR(Cn) - tm)

18 (tg(an) = %) = 18 (g(gnoq) ~ %)
Using the above dependance it 1m possible to determine
the value tm by the formulm:

. . *Ricn+1) * *r(cn-1) = Yr(cxw) . where

*ricn+1) * *R(cn-1) = ?*r(cn)

tR(cn+1); tR(Cn); tR{Cu—1) ~ absolute retention time
values of n-alkanes with (n+1), (n), (n-1) carbon aioma,
accordingly.

Thua, fer a reliable identification of trichothecen de-
rivatives and gzearalenone both reletive correcied retention
time values by the inner mtandard (n-alkene), and retention
indices (RI), can be used. It should be noted that both of the
above values are reproducible when only one and the pame liquid

phase 1& used under the same columm temperature.

1.3. Quantitative identification of fusariotoxins
The most precise quantitative results in capillary GIC

are obtained by tbe technique of inner standerd, which involves
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the addition of a ¥nown amount of inner standard to the ana-
lyzed mixture. The calculations are based on the fact that
the mape of anmlyzed component is directly proportional to
that of injected inner standerd and %o the area peak raiio of
the component and the inner standard. The proportiomality
factor K {correctlon factor) of the analyzed component by the

inner standard is determined on the experimental basis.

2. Experimentel work

The experimental work is performed using a 25 m x 0.3 mm
wall coated open tubular column {WCOT) with the liguid phase
0¥-101. The input separation of the gas flow ia 1:50; the
linear speed of the gas-carrier is 10 cm/sec. The column tem—
perature is 240°C (for TPA-derivatives) and 250°¢ (for TMS-
derivatives), Flame jonizing detection; amplifief gengitivi-
ty - 5 x 10712,

2,1 Production of volatile fusariotoxin derivatives

a) production of TMS-T-2 toxin
A 0.5 mg smample of T-2 toxin ia introduced into a 2-3 ml .

flask, and a mixture, containing 10 ul BSA, 5 ul TMCS and

85 pl benzene, is added. The flask is sealed and isp kept un-
der 60°C during 15 min. Then it im cooled to the temperature
of 20-22°C mnd is unsealed. The obtained solution can be di-
rectly injected into a chromatograph through a microsyringe.
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b) productjion of the TPA-T-2 toxin and the di-TFA-
zearalenone

10-15 mg of anhydrous sodium carbonate powder are added
%o a solution of 0.5 mg toxin (T-2 toxin or zearalenone_') in
1 ml of bengens. Then 50 ml of trifluoracetic anhydride nre"
poured in in the process of 60 min magnatic mixing at 20-22%
avoiding moisiure pepetration. Then 3-4 ml of benzene are
added and the solution is paper-filtered into a 10-12 ml
pear-shaped flask. The filtrate is evaporated to dryness
uping a rotation evaporator. The residwe is diluted in 50-
100 m1l of chloroform or benzene and is microsyringed inte a
chromatograph.

¢) production of TFA~derivatives of grain extract eXpe-
rimentally contaminated by a toxigenous sirain
Pusarium sporotrichiella
10 g of dried and ground grain, experimentally contaml-~
nated with Pusarium sporoirichiellas, is extracted ahaking the

70 ml methanol/water mixture {1:1) duripg 30 min and then
paper-filtered., 40-50 ml of the filtrste 1s taken and is
hexane-degreased in a separation funnel (2 x 20 ml). Then the
hexane solution is removed while the trichothecen fracticn is
chloroform-extracted from the water/methanol eolution (3 x

20 ml). Combined chloreform exiracts are dried using anhydrate
sodium sulfate, are filtered apd boiled down in a rotation
evaporator to the volume of 0.5-1.0 ml. The whole aclution is
transfered into a sealed 1.5-2.5 ml flask and is evaporated

to dryness in the flow of nitrogen. 1 ml of bengene, 30-40 mg
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of anhydrous sodium carbonmte and 70—100/u1 cf tri%luoracetic
anhydride are added to the residue and mixed during EP min
at 20-22%C, 2-3 ml of benzene eare added intoe the reaction maes,
then the solutien 18 cotton-filtered and ie evaporated to
drynesa in a rotation evaporator. The resgidue is diluted in
30-70 1l of chloroform. The ebtained sclution can be micro-

eyringed intec a chromatograph.

2.2 Determination of retention parameters of TMS- and

TPA-d-rivatives of fusariotoxins

a) determinmtion of a relatlive corrected retention time
of TFA-T-2 toxin by n-tricesane on the liquid phase 0V-101,

Order of work:

- to eatablish the following regime of work of a chroma-
tograph:

columm temperature - 24000;

aysporator temperature - 29000;

linear gam-cerrier apeed - 10 cm/aec;

flame ionizing mmplifier sensitivity - 5 x 10*’2;

-~ to prepare a bengene solution of n-tricosane with the
concentration of 5 mg/ml;

~ te add 50 ml of benzene solution of n-tricosane with
the comcentration of 5 mg/ml to a melution of TPA-T-2 toxin,
obtained as described in para. 2.1 b);

- using & microsyrings $o imject 0.2-0.3 ml of obsained
anlution (mixture of TPA-T-2 torim and n-tricosame) inio a gas
chromatograph evaporatori

- identify time values of the solvent peak elutien (w4 ),
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thet of n-tricosane peak (tR CbB) and time of the TFA-T-2
toxin peak (tR T_z);
- to caleulate relative correcied retention time values
0f TFA-T-2 toxin by n-tricessns (tﬁ rel. T-2) using the
fornula;

-t

tz r-2 n

tl" rel, T-2 =

‘hezs ~ 4

b) determination of relative corrected retantion time
valuss of 3i-TFA-gearalenons by n-tricosane on the liquid
phass OV-101.

The order of work is siailar to that described in para.
2.2 8}, however, in th's caaze instesd of TFA-T-2 toxin solu-
tion a sclution of di-TFA-loarnlonono,'obtndnod as degeribed
in pars. 2.4 b), 1is ueed.

¢) dstermination of the retention index (RI) of TMS-T-2
toxin on the liquid phase OV~-101.

Order of work: N

- to change the column temparature from 240°C teo 250°%C;

~ 1o prepare a mixture solution of n--l?-noovfro-
eicosane Cypliyz to octecosane 028358 in chleroform with a
conaentration ef about 2-=% mg/ml in sach n-alkane;

- to »dd 100 ul ef the obtained mixture solution of
n-alkanse te the asolution ef TMS-T-2 toxin (ses pars. 2.1 ®));

-using a microsyringe to inject 0,2 ml of the solution
containing n-alkanes and TMS-T-2 toxin into e chromatograph

evaporator;
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= to0 dstermine absclute retention time Vllu;l of
THS~T-2 toxin and n-alkanes;
= to determine the precise retention time of the unre-~
tained componoui'(t-) using RI values of any 3 consecutive

n-slkanes sccording to the formula:

2
tR(Cn+') ‘R(cn-I) - tH(Cn)

% =
tRicg, ) * tRe,_p T tReey)

~ to determine the RI valus of TMS-T-2 toxin by the
formula (1),

) T-2 toxin identification in grain extract using the
valus of relative corrected retention time by n—tricoeano;

Order of work:

- to set the column temperature at 240.0;

- to add 10 ml of & bensens aolution of n-tricosane with
a concentration of 5 mg/ml to a solution of TFA-derivatives
of grein exkract contaminated witih Fussriua sporotrichiella
{aee, para. 2.1 @)},

- to inject 0,2-0.3 ul of the ebtained solution inte
s gas chromatograph eveporator;

-~ to determine corrected retention time values of all
chromstographie peaks, and slso that of the inner standard -
n-tricosane;

- to determine relative correeted retecation time velues
of all chromatogrsphic pesks snd to identify T-2 toxin,
comparing the sbove values with the value obtained in pera.
2.2 a).
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2.3 pDetermination of the calibrating soeffieient of the/

TFA=~T=2 toxin by n-trioccsan
Order of work:

=~ to take | mg of T-2 toxin snd | mg of n-tricosans;

= to add 2 ml of bensens, 20 mng of saniiydrous sodiva
carbonats powder and to pors 100 /ul of trifluoracatie onhydri:do
to the above mixture aud to perform T~2 toxin derivatiszation
as described in pars. 2.1 a);

- using a microayrings, to inject the obtained solution
containing TPA-T-2 toxin and n-tricosshe (0.2-0.3 ml) inte
a gas ehma_toynph svaporator; _

-t0 peasure the sreas of chrcmatographie pesks ef TFA-T~2
toxin, Sp.2 snd a-tricoaane Sg..2%¢ multiplying ths values
of pesk heighte to0 peak width st half-height;

« to determine the calibrating eorreetion fietor of T2
toxin by n-tricossne using the formula:

By.2 Sg.23
XK= -——————— | where

8523 Sy.2

By oy = precise weighed portion of T-2 toxin in &g
Ny_ge - precice weighed portion of n-tricosane in mg.
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