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A new mineral adsorber, representing a consenirate of the
zeolitic mineral clinoptilolite, was obtained by technological process-
ing, from a zeoljtic iuff deposit in Ziatokop (Serbia, Yugoslavia). In
this paper, the adsorbing characteristics of this product for
mycotoxins of the aflatoxin group (B1 and G2) are presented. The
investigations were carried out at pH2 and pH?7, in an electrolyte
with a composition similar to animai gastric juice, in order to evaluate
the influence of pH on the adsorptive characteristics of clinoptilolite.

Mycotoxin determinations were carried out i the electrolyte
without and with added mineral adsorber after incubation with shaking
at 37°C (in a water bath). The test solution contained 1 g of mineral
adsorber and certain concentrations of the toxins (50, 100, 200 and
300 nglg). The quantity of mycotoxin not adsorbed was detected in
the supernatant, after chloroform extractior, by the highly effective
liquid chromatographic (HPLGC) fluorescene method. Measurement
of adsorption was started at 5 minutes and continued up to 48 hours
of mycotoxin-mineral adsorber contacl

The results obtained show that, immediately after contact with
mineral adsorber (5 min) both mycotoxins were adsorbed more than
80%. The Jevel of adsorption increased up o 48 hours without the
occurrence of desorption. Mycotoxin B1 was beiter adisorbed from
the neutral (pH7) than from the acidic (pHz2) medium, while the
mycotoxin G2 was better adsorbed in the acidic medium (PHZ).

Key words: Aflatoxin, mineraf adsorber, hemisorption, adsorp-
tion.

INTRODUCTION

Mycotoxins are important fungal metabolites that have been recognized
within the last two decades as a potential threat o human and animal health.
Because mycotoxing are environmental chemicais which can poison both

man and animals, their occurrence and also the occuTence of the fungal strains
producing them have been siudied by many scientists (Beting, 1984).
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The aflatoxin group of MycoOtoXins (a structurally sirilar group of
polysubstituted coumarins) are secondary fungal metabolites produced by the
Flavus-parasiticus group of the genus Aspergillus. The toxic effect of aiflatoxing
has been well documented (Betina, 1984; Shull, 1985).

Many investigations have neen carried out using different mineral com-
ponernts for prevention ot affatoxicosis. Thus Harvey et al. (1989), Philips et al.
(1988) and Kubena et al. (1990,1993), used hydrated sodium-calcium
aluminosilicate as a sorbent for aflatoxins. Experiments were done in vivo on
swine (Harvey et al. 1989), chickens (Philips &t al. 1988; Kubena et al. 1990)
and turkeys {Kubena et al. 1993). The results obtained showed that hydrated
Na-Ca aluminosilicate can modulate the toxicity of aflatoxins. Colvin et al. (1989)
examined the effects of a high affinity atuminosilicate sorbent on the prevention
of aflatoxicosis in growing pigs.

Dietary additions of zeolite, bentonite or spent bieaching clay from canoia
oil refining (Smith 1980, 1984) have been reported to diminish the adverse
offects of T2 toxin and zearalgnone in rats and immature swine. Clay and zeolitic
minerals encompass a considerably scomplex and diverse family of aluminosili-
cates that possess a variety of functionai properties.

The effects of zeolite in the prevention of mycotoxicosis in swine (Trajkovic,
1991) and chickens (Pali¢ et al. 1991) have been examined in vivo in experi-
ments on domestic animal farms. The results obtained showed positive preven-
iive effects of a mineral adsorber obtained by technological processing of natural
seolite from the Zlatokop deposit in Serbia. ,

in this paper, the results of adsorption, in vitro, of aflatoxins B1 and G2
on this mineral adsorber are presented. Aflatoxing B1 and G2 were chosen as
diverse toxins of this group, Aflatoxin B1 is the most toxic toxin within the group
(Betina, 1984) containing & double bond in the furane ring, while aflatoxin G2
has a second lactone ring.

MATERIALS AND METHODS

The mineral adsorber examined was obtained by technological preparation
of the zeolitic tuff from the Zlatokop depasit. The basic characteristics of the

produc are as follows:

The particle size distribution determined on a Cyclosizer is presented in -

Table 1.
Mineralogical composition: the basic component is ciinoptilolite with the
presence of guartz and plagiociase.

Table 1. Particle size distribution of the mineral adsorber
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The chemical composition is given in Table 2.

Table 2. Chemical composition of the mineral adsorber, %

Si02 AlO3 Fe203 Ti02 MnO Ca0 MgO NazO KoO  PaOs )
64.21 11.48 0.88 0.25 0.03 4,55 1.45 1.71 1.29 0.05 14.00

Unit cell composition (Obradovié, 1987)

Nao.59K0.75Ca2.14Mg0.96(Als.05Si20.10072) 14.00H20
The cation exchange capacity, determined by the ammonium acetate
method is presented in Table 3.

Table 3. CEC and exchangeable cations of the mineral adsorber
Cation K* Na®™ Ca** Mg** Total
CEC, meq/100 g 17.3 8286 49.5 16.8 166.2

Aflatoxins B1 and G2 were produced by Sigma Chemicat Co.

The electrolyte was prepared using basic morganlc componenis present
in the gastric juice of animals, containing o,1M HCI/dm® and 0.05M NaCl/dm®
The pH was adjusted with 0.1N NaOH.

The test method for determination of the mycotoxins: certain amounts
(50, 100, 200 and 300 uq) of aflatoxins (B1 or G2) in methanoi were added to
100 cm3 of electrolyte. An aliquot (0.4 cm ) was taken for the determination of
the total amount of mycotoxins present in solution (Cs). To the contaminated
solution of the electrolyte 1 g of muneral adsorber was added and suspension
was placed in the water bath (37 C) and slightly shaken. For the determination
of non-adsorbed mycotoxins after a certain time (Cf) a portion was taken for
analysis. The mineral product was separated by centrifuging. Mycotoxins in
the supernatant solution were determined after extraction into chloroform by
HPLC.

The limit of detection by this method, is 20 pg.

This method was utilized for the determination of the stability of both
mycotoxins in basic electrolyte during the time range from 1 to 48 hours, as
well as, for the determination of the precision and efficiency of the extraction.

RESULTS AND DISCUSSION

Mycotoxin B1 adsorption results,for all the initial (Cs) and final concentra-
tions (Cs) per g of mineal adsorber, contact time and pH, are given in Table
4.
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Table 4. Final concentrations and calculated adsorption values for aflatoxin B1 at pH2 and pH?

Cs = 50 ug/g Cs = 100 pg/g
pH 2 pH 7 pH 2 pH 7
Conctact " e o “

time, min.  Cf A% ot A% < A% o A
5 8 B4.0 7 86.0 11 g8.0 13 87.0
30 8 84.0 . 5 0.0 17 83.0 11 89.0
60 7 86.0 4 g2.0 17 83.0 g 91.0
120 5] 88.0 7 86.0 17 83.0 9 91.0
180 7 86.0 4 2.0 17 83.0 9 21.0
240 9 82.0 3 24.0 24 76.0 ] 21.0
300 8 82.0 -3 94.0 11 89.0 6 94.0
360 9 82.0 3 94.0 15 85.0 6 24.0
24h ) 90.0 2 6.0 15 85.0 6 24.0
48h 5 90.0 2 96.0 13 87.0 e 24.0

Cs = 200 g/g - Cs = 300 p0lg
5 32 . 84.0 32 84.0 39 87.0 40 85.7
30 37 8i.6 28 86.0 66 78.0 37 87.7
60 42 79.0 23 88.6 66 78.0 30 a0.0
120 47 76.5 238 885 92 69.3 30 g0.0
180 42 79.0 18 a1.0 . 66 78.0 30 80.0
240 42 79.0 18 1.0 66 78.0 30 20.0
300 42 79.0 18 .81.0 66 78.0 30 90,0
360 a7 815 14 93.0 59 83.0 30 20.0
24 h 32 84.0 14 93.0 46 . 840 22 92.7
48 h 28 86.0 14 93.0 39 87.0 15 9B.0

Cs -.total amount of added aflatoxins (g in 100 ml electrolyte)
Ct - free amount of afiatoxins in supernatant {#g/100 ml electrolyte)
A, % - percentage of aflatoxins adsorbed on zeolite

The differences between Cs and Ct represent the amount of adsorded
mycotoxin and are given as percentages {(A%).

Thuis, Table 4. shows a decrease of mycotoxin B1 concentration in the
supernatant, depending on the contact time, for alt four investigated concentra- -
tions, at pH2 and pH7. It can be seen that, in a very short time after contact,
the concentration of mycotoxin in the supernatant decreased. In the following
48 hours, no reversibility was detected. On the contrary an increase of the
adsorption was evident.

Data presented in Table 5 show the decrease of G2 mycotoxin concentra-
tion in the supernatant in dependance on the contact times (at pH2 and pH7).
in this case, maximum adsorption was obtained in a very short contact time,
also.

In order to eliminate errors due to possibie spontaneous aflatoxin B1 and .

G2 degradation or their sorption on the vessel walls, stability investigations
were executed in the clear systems (without zeolite) for the same period of
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time and under the same conditions as during the experiments. The afiatoxins
Bt and G2, in both electrolytes did not show any changes in concentration
during the test time. The precision of the method, in both model suspensions
was betier than 2.5 % for n=5 and the efficiency of the extraction was over
90%.

Table 5. Final concentrations and calculated adsorption values for aftatoxin G2 at pH2 and pH7

Cs = 50 uglg C: = 100 ug/g
pH2 pH7? pH2 . pH7

Contact - & & i P
fime, min. Cr A% Ct A% Cf A% Cf A%
5 11 78.0 14 72.0 23 . 770 33 67.0
30 7 86.0 10 30.0 i3 87.0 33 67.0
60 7 86.0 10 80.0 13 87.0 23 77.0
120 8 84.0 11 78.0 11 89.0 23 77.0
180 7 86.0 12 76.0 11 89.0 21 79.0
240 8 84.0 10 80.0 11 8.0 21 79.0
300 7 86.0 10 80.0 9 91.0 17 83.0
360 7 886.0 10 80.0 9 91.0 17 83.0
24 h 5 0.0 7 88.0 9 1.0 16 84.0
48 h 5 90.0 7 88.0 ] 91.0 16 84.0

Cs = 200 pg/g Cs = 300 ugfg

5 49 75.5 55 725 58 80.7 g5 68.3
30 a1 845 51 745 39 87.0 68 77.3
60 27 86.5 43 . 78,5 39 87.0 47 84.3
120 36 82.0 43 78.5 58 80.7 68 77.3
180 27 86.5 43 78.5 39 87.0 74 75.3
240 27 86.5 &8 81.0 398 87.0 68 77.3
300 27 88.5 38 81.0 39 87.0 61 79.7
360 22 88,0 21 88.5 32 89.3 61 79.7
24 h 22 89.0 25 875 = 26 91.3 47 84,3
48 h 18 91.0 30 85.0 22 91.3 34 88.7

Cs - total amount of added aflatoxins (ug in 100 m! electrolyte)
Cr - free amount of aflatoxins in supernatant (2 g/100 mi electrolyte)
A, % - percentage of adsorbed aflatoxins on zeolite

Thus, adsorption of mycotoxin B1 in the range of 50-300 x g/g of mineral
product was from 80% to 95% depending on the intial mycotoxin concentration,
contact time and pH of the elecirolyte. Adsorption was higher at pH2 than at
pH7.

Adsorption of mycotexin G2, in the range of 50-300 mg/g of minerai
product was from 70-90%, depending on the initial mycotoxin concentration,
contact time and pH of the electrolyte. Opposite to B1, mycotoxin G2 was
vetter adsorbed at pH2 than at pH7.
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Figure 1. Adsorption of aflatoxins B1 and G2 after 5 minutes on pH2 and pH7

The difference (Cs-Ci) corresponding to the adsorbed mycotoxin, was the
highest in all investigated cases five minutes after contact with the mineral
adsorber. The difference of mycotoxin content in the supernatant after the first
measured interval (Figure 1) clearly shows that B1 was better adsorbed at pH7
compared to mycotoxin G2, while the adsorption at pH2 was very similar for
both mycotoxins. Adsorption of both mycotoxins for the test series of the contact
time, for 1 h and 48 hours, showed generally similar adscrption for all con-
centration regions of the test solutions (Figure 2).

The complex mycotoxin/aflatoxin was stable, Thus, less than 10% of
aflatoxin which was initially bound to mineral could be extracted by various
organic solvents.
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Figure 2. Percentage adsorption (A%) for aflatoxin B1 and G2 on mineral adsorber for different
toxin concentrations and for 1 and 48 hours

Similar results were obtained by researchers from the Texas State College
(Philips et al., (1988, 1990) using different aluminosilicate minerals both crude
and modified. The best adsorption effects were obtained with chemically
modified phyliosilicates (the products were patented). The products are being
applied in the USA.

These in vitro results confirmed the in vivo tests (Trajkovié, 1991; Pali¢
et al., 1991) with a mineral product as a mycotoxin sorbent. The tests were
executed by addition of 0.2 % of mineral to contaminated animal feed.

CONCILUSION

Adsorption of the mycotoxins, aflatoxin B1 and aflatoxin G2, on mineral
adsorber in electrolytes similar to animal gastric juice showed that this product
could be used in the prevention of mycotoxicosis. The equilibrium of the ad-
sorption process is reached in a very short time. Once adsorbed mycotoxins
B1 of G2 have no tendency to be desorbed. This mineral adsorber could be
a useful component, added to animal feed, in the prevention of mycotoxicosis
of animals (swine and chickens) which has been confirmed in trials in vivo.
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ADSORPCIONI EFFEKTI MINERALNOG ADSORBERA NA BAZ| KLINOPTILOLITA
| DEOQ: ADSORPCIJA AFLATOKS!INA B1 | G2

MAGDALENA TOMASEVIC-CANOVIC, M. DUMIG, OLIVERA VUKIGEVIC, P. BADOSEVIC, I RAJIC
i T. PALIC, -

SADRZAJ

Tehnologkom preradom zeolitskog tufa Zlatokop, dobijen je novi mineralni
adsorber &iju osnovu &ini koncentrat minerala klinoptilolita. U ovom radu su
date adsorpcione karakteristike ovog proizvoda za aflatoksine B1iG2. Ispitivanja
su vréena u elektrolitu hemijskog sastava slicnog Jeludadénom soku Zivotinja.
Da bi utvrdili uticaj pH na adsorpcione karakteristike ispitivanja su izvrSena na

pHZ i pH7.

Sadr3aj mikotoksina je odredivan u elekirolitu bez i u prisustvu minerainog .

adsorbera. Adsorpcija je praéena na 37°C uz blago meSanje. Ispitivanom
rastvoru koji sadrzi 1 g mineralnog adsorbera se dodaje odredena koncentracija




Acta Veterinaria (Beograd), Vol. 44. No. 5—8, 309—318, $994. 317

Magdalena Tomasevié-Canovié et al.: The adsorption effects of a mineral adsorber
of the clinoptilolite type Part I: Adsorption of aflatoxins B1 and G2

toksina (50, 100, 200 i 300 xg/g). SadrZaj neadsorbovanog mikotoksina se
odreduje u filtratu, nakon hloroformne ekstrakcije metodom tedne
hromatografije. Adsorpcija je praena u intervalu od 5 minuta do 48 &asova
kontakta adsorber-mikotoksin.

Dobijeni rezultati pokazuju da neposredno posle kontakta adsorber-
mikotoksin (5 minuta), dolazi do adsorpcije viSe od 80% oba mikotoksina. Pri
daljem praCenju do 48 ¢asova adsorpcija se povecava bez pojave desorpcije.
Aflatoksin B se bolje adsorbuje u neutralnoj sredini (pH7) nego u kiseloj (pH2),
dok se aflatoksin G2 bolje adsorbuje u kiseloj sredini (pH2).



