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EVALUATION OF THE EFFICACY OF DIFFERENT
FEED ADDITIVES TO ADSORBE T-2 TOXIN IN VITRO

ABSTRACT: In the trial, in vitro HPTLC — High Performance Thin Layer Choma-
tography was used to determine the amount of “free”, i.e. unbound or non-decomposed T-2
toxin. Mean adsorption or degradation levels of T-2 toxin in examined feed aditives, in in
vitro conditions, ranged from 26.06 to 34.84% and did not significantly differ among used
adsorbents: inorganic (Minazel plus — Mz), organic (Mycosorb — Ms) and mixed (Mico-
fyx — Mf). All these additives showed better adsorption ability in the acidic environment
(pH 3).
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INTRODUCTION

Trichotecenes are toxic products of secondary metabolism of several Fu-
sarium fungi and over 170 are isolated and identified so far. For veterinary
medicine the most important among them is T-2 toxin which is the most toxic
(Humphreys, 1988). Its presence has been recorded all over the world
implying that T-2 toxicoses are a very serious problem everywhere.

A new approach to mycotoxin control is to alleviate and/or prevent harm-
ful effects of mycotoxins in feed. Different feed additives are in use today
which either adsorb mycotoxins on their surface or provide enzyme degrada-
tion of mycotoxins. Efficacy of alleviating harmful effects depends mostly on
the chemical structure of adsorbent, as well as on the type of mycotoxin.

Adsorbents are substances nonresorbable from the gut which can physi-
cally bind some chemicals and thus block their resorption. Mineral adsorbents
are commonly in use (active charcoal, hydrated sodium calcium aluminosi-
licate, sodium bentonit, dietary clay and zeolites) (TomasSevi¢-Cano-
vicé et al, 2003). The feasibility of organic adsorbent utilization was also
examined, particularly that of esterified glucomanane which is isolated from
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the inner layer of yeast cell wall and possesses significant capability of myco-
toxin adsorption (Devegowda et al.,, 1996). Recently, a new type of addi-
tive has been developed which contains microorganisms with the ability to
inactivate mycotoxins by enzymatic modification of their structure (Fuchs et
al., 2002).

MATERIAL AND METHODS

In an in vitro trial, pure crystal T-2 toxin was used, Fusarium sp., con-
centration 99%, product of Biopur, Austria.
As mycotoxin binders were used:

a) modified clinoptilolite (Min-a-zel Plus, ITNMS Beograd) obtained by
processing of clinoptilolite from Zlatokop zeolite.

b) esterified glucomanane (Mycosorb, Alltech USA) which is isolated
from the inner layer of yeast cell wall.

c) mixed adsorbent, which contains inorganic binder, bacteria, enzymes,
as well as phytogenic material extracted from plants (Micofix Plus, Biomin,
Austria).

The in vitro investigation of the efficacy of different feed additives to
adsorb or deactivate T-2 toxin was conducted according to standard procedure:
addition of basic standard T-2 toxin solution (1 mg/ml in ethil-acetate) and
100 mg of tested additives. The contact between toxin and additives was
reached in a magnetic mixer, in the buffer solution at pH3 and pH7, at 37°C
during 1 h. Separation of unbound toxin remainder from the complex ad-
sorbent-mycotoxin was done by filtration through quantitative filter paper Fil-
trak 391. Testing of wach feed additive was performed in 5 replications.

Determination of “free” i.e. unbound and non-degradated T-2 toxin was
accomplished by TLC technique (HPTLC — High Performance Thin Layer
Chromatography) according to the procedure of Bata et al. (1983). The pre-
pared samples were inflicted on the chromatographic panes Silikagel 60 F254
HPTLC Merck. Chromatogram development was done in the toluen-ethyl ace-
tate-formic acid (50:40:10 v/v/v) system. Fluorescens was rised by panes
splashing with 25% solution of sulfuric acid in methanol. Densitometric deter-
mining of T-2 toxin amount at 254 and 366 nm was performed with Camag
TLC Scanner denzitometer with the software system Cats III.

Determination of toxin-adsorbent binding percentage was calculated from
the difference between the total toxin amount that was added to the buffer so-
lution and the amount of the unbound toxin remainder obtained by HPTLC.

RESULTS

Results received in the in vitro conditions are shown in Table 1.
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Tab. 1 — The amount and the percentage of T-2 toxin adsorbed by different feed additives

Sample* Amount of the Amount of the Average value of the
(T-2 exp) unbound T-2, bound T-2, bound T-2 toxin,
mg (T-2 unb), % mg, % o+ *
T-2 Mz, pH 7 35.24 14,56 29.24
T-2 Mz, pH 3 3421 15.59 31.30
T-2 Ms, pH 7 34.98 14.82 29.76
T-2 Ms, pH 3 32.45 17.35 34.84
T-2 Mf, pH 7 36.82 12.98 26.06
T-2 Mf, pH 3 34.26 15,54 31.20

* Cone. T2 empiric 50 mg/sample, experimentaly determined amount 49,8 ug (T-2 exp)
#% (T-2 exp — T-2 unb) * 100%
T-2 exp

As it could be seen from the table, amounts of the adsorbed T-2 toxin did
not differ significantly between the samples tested in the solutions of the same
acidity. Somewhat larger adsorbance percentage was noted in the solutions
with lower acidity — pH 3.

The average value of adsorbed T-2 toxin by the innorganic binder Mi-
nazel Plus (Mz) was 29,24% at pH 7 and 31,3% at pH 3. The highest adsorb-
tion was achieved by organic adsorbent Mycosorb (Ms) — 29,76% at pH 7
and 34,84% at pH 3. On the other hand, the lowest adsorbtion was noted in
the trials with the mixed binder Mycofix (Mf) — 26,06% at pH 7 and 31,20%
at pH 3.

DISCUSSION

Although an attempt was made to simulate the conditions in the gastro-
intestinal tract during the trial, it was impossible to reproduce the conditions
existing in real system. During the experiment specific problem was the calcu-
lation of the adsorbed mycotoxin amount. Ledoux and Rottinghaus
(1999) stated that in the in vitro trials only adsorbents with the ability to bind
over 80% of mycotoxins should be taken in account.

In the performed experiments, in the solutions of the same acidity no signi-
ficant differences in the adsorbed amounts of T-2 toxin were found. Higher le-
vel of adsorption was noted at the lower acidity (pH 3), when better contact
between the adsorbent and toxin was reached. After the extraction of T-2 toxin
by ethylacetate, layers which are easier and faster to split off were obtained
and the segregated organic phase with T-2 toxin was plain giving clear spots
without filth.

The obtained results indicated that T-2 toxin was highly adsorbed by the
inorganic binder Minazel Plus (Mz) in in vitro conditions (29,24% at pH 7 and
31,3% at pH 3), as trichotecens do not possess polar functional group and na-
tural zeolites are active only toward polar mycotoxins, especially aflatoxins.
Results of Garsia et al. (2003) and Avantaggiato et al. (2005)
showed that most of the tested adsorbents are not able to bind Fusarium
mycotoxins. The reason for the relatively high level of T-2 adsorption was the
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fact that adsorbent of the III generation (Minazel Plus), obtained from the pro-
cessed natural zeolite with more than 80% of clinoptilolite and with balanced
ratio of cations Ca/K/Na was used in the trials. By organic modification of its
surface with surfactants (long-chain organic cations), i.e. changing of the sur-
face polarity and hydrofobicity, new active centres have been created, as
double layer of organic ligand which adsorbes not only polar, but also non-
-polar organic molecules, like T-2 toxin, while all basic characteristics of the
material were preserved (Tomasevic- Canovié et al., 2003).

Analysing the results regarding the adsorption of T-2 toxin by esterified
glucomanane in in vitro conditions (29,76% at pH 7 and 34,84% at pH 3) si-
milar conclusion was made to that reported by Raju and Devegowda
(2002), Dawson (2001) and Devegowda et al. (2004) who claimed
that, depending on the T-2 toxin dosage and duration of contact between the
adsorbent and contaminated feed, percentage of adsorbed T-2 toxin by esteri-
fied glucomanane was 15—32%. Mycosorb exerts its protective effect through
high adsorptive capacity of esterified glucomanane toward T-2 toxin and other
mycotoxins, due to its large surface — aproximately 2,2 ha’/kg EGM (De -
vegowda et al., 1996).

The obtained results showed somewhat higher level of adsorption or de-
activation of T-2 toxin by Mycofix (26,06% at pH 7 and 31,20% at pH 3) as
compared to in vitro inestigations done by Garcia et al. (2003) who noted
3,28% T-2 adsorption by Mycofix at pH 7. Biological detoxification of myco-
toxins comes as a result of their degradation by enzymes or their biotransfor-
mation by interfering with whole microorganism cell or single enzyme system
(Karlovsky, 1999). Besides enzyme or microbiological degradation of my-
cotoxins (“biotransformation”) Mycofix contains adsorption component, innor-
ganic binder, while the adsorption is based on the generation of hydratic junc-
tion between the mycotoxin and the binder.

ACKNOWLEDGEMENT

This work was supported by the Ministry of Science and Environmental
Protection of the Republic of Serbia, Grant Number 23017.

REFERENCES

Avantaggiato, G, Solfrizzo, M., Visconti, A. (2005): Recent advances
on the use of adsorbent materials for detoxification of Fusarium mycotoxins, Food
Additives and Contaminants, 22 (4), 379—388.

Bata, A, Vanyi, S, Sandor, G. (1983): Metabolization of the trichothecene
toxins (T-2 toxins and diacetoxyscirpenol) in embryonated hen’s egg, Acta Vet.
Hung., 31, 189—192.

Dawson, K. A. (2001): The application of yeast and yeast derivatives in the poultry
industry, Proc Aust Poult Sci Sympos, 13, 100—105.

58



Devegowda, G, Aravind, B. . R, Morton, M. G. (1996): Saccharomyces
cerevisiae and mannanoligosaccharides to counteract aflatoxicosis in broilers,
Proc Australian Poult Sci Symp, Sydney, Australia, 8:103—106.

Devegowda, G, Reddy, N. B., Shashidhara, R. G. (2004): Abillity of mo-
dified glucomannan to sequestrate T-2 toxin in the gastrointesinal tract of chi-
cken, Asia-Aust J Anim Sci, vol. 17, N° 2, 259.

Fuchs, E., Binder, E. M., Heidler, D.,, Krska, R. (2002): Structural charac-
terization of metabolites after the microbial degradation of type A trichothecens
by the bacterial strain BBSH 797, Food Additives and Contaminants, 19 (4),
379—386.

Garcia, A.R, Avila E., Rosiles, R, Petrone, V. M. (2003): Evaluation of
two micotoxin binders to reduce toxicity of broiler diets containing ochratoxin A
and T-2 toxin contaminated grain, Avian Disease 47, 691—699.

Humphreys, D. J. (1988): Mycotoxins. In: Veterinary toxicology, 3% ed., 283—311,
BT Comp., London.

Karlovsky P. (1999): Biological detoxification of fungal toxins and its use in plant
breeding, feed and food production, Natural Toxins, 7, 1—23.

Ledoux, D. R. and G. E. Rottinghaus (1999): In vitro and in vivo testing of
adsorbents for detoxifying mycotoxins in contaminated feedstuffs. In: Biotechno-
logy in the Feed Industry, Proceedings of the 15th Annual Symposium. Notting-
ham University Press, UK, 369—379.

Raju, M. V. L. N, Devegowda, G, (2002): Esterified-glucomannan in broiler
chicken diets-contaminated with aflatoxin, ochratoxin and T-2 toxin: evaluation of
its ability (in vitro) and efficacy as immunomodulator, Journal of Animal Science,
15 (7), 1051—1056.

TomaSevié-Canovié, M., Dakovié, A., Rottinghaus, G, Matija-
Sevid, S, buricié, M. (2003): Surfactant modified zeolites — new efficient
adsorbents for mycotoxins, Micropor. Mesopor. Mat, 61: 173—180.

NCITUTUBAKBE EOUKACHOCTHU AJCOPITUUIE T-2 TOKCMHA
PA3JIMYNTUM AACOPBEHTUMA VY YCIIOBUMA IN VITRO

Bmamumup . Hemuh!, Mupjana B. Octojun?,
Kcenwuja JI. Hemnh3, Pagmuna JI. Pecanosuh!

I DakynreT BeTepruHApCKe MEIUIIUHE,
bynesap ocnobohemwa 18, 11000 beorpan, Cpouja
2 3aBon 3a jaBHO 3xapaBibe, Ilacteposa 2, 26000 ITanueBo, Cpb6uja
3 Hayuynu mHCTUTYT 3a BeTepuHapcTtBo Cpbuje, Ayromyt 3, 11070 Beorpam, Cpbuja

Pesnme

In vitro ucnutuBameM oapehuBaHa je KOJUYMHA ,,CJIO00THOr” Tj. HEBE3aHOI WJIU
HepasrpaheHor T-2 TOKCMHa TeXHUKOM TaHKocjojHe xpomartorpaduje (HPTLC —
High Performance Thin Layer Chromatography). IlpoceuHe BpeaHOCTH ajcopIiluje
wiu nerpagauuje T-2 TOKCMHA UCIIMTUBAHUM alIcOpOEHTHUMA Y YCJIOBUMA in Vitro HUCY
ce 3HayajHUje pas3IMKOBaje y 3aBMCHOCTU Ja Ju je Ouo ymemniaH HeopraHcku (Minazel
plus, Mz), oprancku (Mycosorb, Ms) wiu MewmoButu aacopdeHt (Micofyx, Mf) u us-
Hocuute ¢y of 26,06 1o 34,84%. CBu ucnUTUBAHU afACcOpPOCHTH Cy MoKa3aau Behy cro-
COOHOCT ajcopriiuje OBOT TOKCUHA y Kucesoj cpeauHu (pH 3).
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