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In this paper certain natural minerals (zeolite, apatite, diatomite, sepiolite, kaolin etc.) are emphasized, thanks
to their physical and chemical characteristics, in natural or modified/refined form, they can be very good adsorbents
of: mycotoxins, toxic metals, radionuclide, ammonia and other unacceptable matters. They can help by providing nu-
trients to plants and animals. Eminently there are certain convictions that particular aluminosilicate minerals, because
of high content of SiO, and convenient content of pH, can be used for drying and storage protection of wheat from
insects. Although they react slower than synthetic insecticides, main benefit for their apply as inert farrows is that
they have natural source and that they have non-toxic influence on mammals. It is concluded that aluminosilicate
minerals lessen or eliminate detrimental influence of suppressive factors. Those factors destruct reproductive capa-
bilities and helth of herbs and animals, also quality of their products. According to this aluminosilicate minerals are
contributing to the production of food with high quality and safety and environmental protection.
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3HAYEBE HA AIYMOCHJIINKATHA MUHEPAJIHU CYPOBUHH
BO MTPOU3BOJACTBOTO HA BE3BE/THA XPAHA

Bo TpymoT e naneH mpukas Ha KapaKTepPUCTUKHUTE HA BaKHUTE IPHPOAHH aTyMOCHIHNKATHA MUHEPAIHH Cypo-
BUHM M Ha MOXKHOCTAa 32 HUBHO KOPUCTEH-€ BO IMPOU3BOJCTBOTO Ha Oe30enHa xpaHa. McrakHato e meka ofpeneHH
MIPUPOJTHA MHUHEPAJIHU CYpOBUHHM, OJarofapeHue Ha HUBHHUTE (PU3MUKO-XEMUCKH KapaKTEPUCTHKH (3€0NUT, OEHTO-
HUT, allaTHUT, JTUATOMHUT, CEIHOINT, KAOJIHMH ¥ JIp.) BO JaJEHH yCIIOBH, BO NPUPOJCH W/MIH MOANGHIPaH/00Iaropo-
JIeH 00JMK, MoKaT aa Oupmat moOpu aTcopOeHTHM Ha MUKOTOKCHHY, TOKCHYHU METaJH, PAIMOHYKIUIN, aMOHUjaK U
JIpYTH INITETHH MaTepHH, a MOXKaT Aa OWjaT W3BOp Ha MHUHEPAIHH €JIEMEHTH HEOIIXOJHU 3a PACTEHHjaTa M JKUBOT-
Hute. VcTakHaTo € JeKa II0CcTojaT coceMa M3BECHU MOTBPAU JIeKa OJIpEeICH alyMOCHIMKAaTHI MHHEPAIHU CypOBHHH,
nopaay BUcokarta conpxkuHa Ha SiO, u moBosieH pH (nuaTomejcka 3eMmja, 3€0JIUT), MOXKAT Ja Ce KOPHCTAT M KaKO
CPEICTBO 3a 3allTUTA Ha XXKHUTAaTa Of CKIAAUIIHUTE WHCEKTH. lako HUBHOTO JI€jCTBO € MOOABHO OJ CHHTETHYKUTE
VHCEKTUIMIY, JOMHHAHTHATAa IPEAHOCT Ha HUBHATA NPUMEHA KAKO MHEPTHU Ipallony € JeKa ce OJ IPUPOJHO
MOTEKJI0 ¥ HeMaaT TOKCHYHO BJIMjaHHE BP3 LULAYUTE. 3aKIy4eHO ¢ JeKa alyMOCHINKATHUTE CYpOBHHH ro yOia-
JKyBaaT W/HJIM TO eIMMHUHHUPAAT MITETHOTO BIIMjaHHUE HA CYyNPECUBHUTE (haKTOPH KOU T'H 3arpO3yBaaT NPOU3BOIHHUTE U
PENPOIYKTHBHHATE CIIOCOOHOCTH M 3[paBjeTo Ha PacTeHHjaTa M )KUBOTHHUTE, KaKO U 3a KBAIUTETOT HA NMPOU3BOJUTE,
MIPUIOHECYBAjKH TaKa 3a IPOU3BOACTBO Ha Oe30eqHa XpaHa U 3a allITUTA Ha )KMBOTHATA CPEIUHA.

Knyunu 360poBu: 6e36e1Ha XpaHa; IITETHN MaTepHH; aTyMOCHINKATHA MHHEPAJIHU CypOBHHH; II0YBa; PACTCHH]a;

JKUBOTHH
1. INTRODUCTION ondary organic, inorganic and radioactive pollut-
ants which are contributed to the permanent deg-
Human activities in the field of industry, en- radation of soil with long-term effects on biodiver-
ergy production, and exploitation of ore deposits, sity, food quality and safety. Annually in the Euro-
agriculture, military engagement, traffic and ur- pean Union about 30 million tons of health harm-

banization continually generate primary and sec- ful waste is produced (50-60% remains in the soil)
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and about 7 million hectares of agricultural land is
lost. Increasing content of radioactive uranium and
toxic metals (chromium, cadmium and strontium)
in the mineral fertilizer is evident. It is known that
the pollutants in mineral fertilizers in easily dis-
solvable form, can attain and accumulate in the
floral organs (especially in the vegetative), and
biogenic elements, and the use of such food may
have negative consequences on the health of peo-
ple and animals (Stojanovi¢, 2008).

Aluminosilicate natural mineral raw mate-
rials, thanks to their physical-chemical characteris-
tics (zeolite, bentonite, apatite, diatomite, sepiolite,
koalin, etc.), in natural or modified form, in given
conditions, can be a good adsorbent of toxins,
toxic metals (Pb, Cu, Cd, Mn, Zn, Cr, Ni), ra-
dionuclides (Cs, U, Ra, I), ammonia, carbon diox-
ide, methane and other organic pollutants. They
have been used as a corrector of soil acidity,
chemical and physical-mechanical properties of
soil, donor’s macro and microelements, funds for
the preservation of the quality and germinability
seeds, carriers of active substances of pesticides,
biologically active substances, reaction filters, fil-
tered and rheological additives. In this way, at the
same time, they contribute limiting influence of
suppressive factors that prevents the realization of
production and reproductive potential of plants
and animals and threaten their health and quality
of products.

The aim of this paper is to point out these
problems and draw attention to new knowledge
about the possibilities of aluminosilicate mineral
raw materials in the production of safe food.

2. USAGE OF ALUMINOSILICATE MINERAL
RAW MATERIALS IN THE PRODUCTION
OF SAFE FOOD

Natural mineral raw materials can't be used
without the chemical, physical, crystallochemical
and/or thermal treatment. Previously they must be
investigated and then with appropriate techno-
logical procedures to prepare for implementation.

Zeolite. Natural and/or modified zeolite can
be used as an adsorbent of mycotoxins, radionu-
clides, toxic metals, ammonia, harmful gases
smelly and humidity in the stalls. Zeolite preserves
the optimal value of pH in rumen and improves the
immunity of newborn mammals (Tomasevi¢ et al.
2003; Adamovic¢ et al, 2003; Dobiec et al., 1994;

Kubena et al., 1993, and others). It is most appli-
cable as a mycotoxin adsorbent. Tomasevi¢ et al.
(2001) have found that the natural zeolite with a
high proportion of clinoptilolite (over 80%) effec-
tively adsorbs aflatoxins (B, B, and G;). On the
other hand, zeolite whose surface was modified
with ammonium ion, adsorbed well zearalenone,
ochratoxin A and T-2 toxin, beside aflatoxins (Ta-
ble 1).

Table 1

Index of major mycotoxins adsorption
with natural zeolite (%)

Natural zeolite Modified zeolite
Aflatoxin B, 99 99
Aflatoxin B, 85 -
Aflatoxin G, 82 -
Zearalenone 33 94
Ochratoxin A 40 96
T-2 toxin 35 83

Animals that have been fed with mycotoxins
contaminated food, with addition of adsorbents
based on the zeolite, have a higher yield of meat,
milk and eggs (3-—7%), also have better perfor-
mance using food (2-5%), less losses, more vital-
ity, better reproductive performance, immune
status and better health and less residua of harmful
substances in contrary to the animals that received
the same food, but without adsorbents. Modified
zeolite complement to silage corn (0.2%) was in-
fluenced on better silage fermentation, decrease
number of mould and quantity of zearalenone, T-2
toxin and DAS (Adamovi¢ et al., 2003).

Due to the large affinity towards the radio-
nuclides cesium (**’Cs) zeolite can be used to re-
move caesium from contaminated water and soil,
(Abusafa and Yucel, 2002, and others). Matijase-
vi¢ et al. (2006) have found that modified natural
zeolite (ammonium ions or amin) can be an effec-
tive tool for removing uranium from solution, in
the interval pH 3-8 (Table 2).

Positive impact of natural and modified zeo-
lites was established on the vegetative develop-
ment of mycelium mushroom (Agaricus blazei.
Ganoderma lucidum, Lentinula edodus, Pleurotus
ostreatus) like earlier realization of the yield and
higher quantity of yield. It was also noticed better
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chemical composition of the mushroom. The
mushroom (Pleurotus ostreatus and Agaricus bio-
sporus) cultivated in substrates with addition of
modified zeolite (0.2% and 0.5%) was found
higher content of minerals (Ca, P, K, Na, Mg, Fe,

and Cu). Addition of natural and modified zeolite
in overlay for growing mushroom Agaricus bio-
sporus, influenced on increase (10%) of mush-
room (Adamovi¢ et al., 2006; Anita Klaus et al.,
2005).

Table 2
Results uranyl ion adsorption with organically modified zeolite
Organically modified Organic phase Adsorption index, Ca,
zeolite mmol M*/100g. % mg/dm®
‘ . 2 20.4 38.06
Zeolite + octac.lecyl. dimethyl 5 4.1 36.25
benzyl ammonium ion
10 50.4 21.71
Zeolite + hexadecyl 2 29.8 33.50
dimethyl benzyl ammonium 5 92.0 3.81
ron 10 98.0 0.95
2 25.0 35.83
Zeolite + octadecyl amin 5 50.5 23.65
10 97.7 1.19

M —organic cation, which is activated zeolite; Cg; — non-adsorptive concentration uranyl ion in the filtrate (at the beginning

of the experiment it was 49.2 mg/dm®)

Bentonite. Thanks to its characteristics, simi-
lary as zeolite, it can be used as an adsorbent of
mycotoxins. Bentonite shows a good affinity to
aflatoxin. In investigation of Ramos et al. (1996),
where bentonite was added in the environment
(fluid) similar to gastric contents, (1%) adsorption
aflatoxins (B, B,, G; and G;) was close to 100%.
Applebaum et al. (1982) have found that the addi-
tion of bentonites in feed mixture (2%) contributed
to the reduction of aflatoxin M; in milk for 89%.
Incorporating different amounts of Na-bentonites
in the ration of pigs that contained 800 ppb afla-
toxin B, resulted with increased average daily
gain and food consumption (Lindeman et al.,
1993). The optimum amount of Na-bentonites was
0.5%. Na-bentonite on the feed mixture (1.1%)
had a positive impact on residua reduction of afla-
toxin M; in milk in the amount of 64.6% (Yer-
molenko et al., 1996). If bentonites were included
in ration for cows (Piva et al., 1988), they reduced
contamination of milk with caesium (*’Cs and
14Cs). Addition of bentonites 300 g/day in meal
effected on the radionuclide reduction in the milk
of 50%, and with dose of 600 g/day the reduction
was 80%. Bentonite has a very good affinity for
the binding of ammonia and toxic metal. It is used
as agens for preserving the optimal values of pH
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(6-7) content of rumen. Adamovi¢ et al. (2009)
have found that the 1.5% addition of bentonites in
the feed mixture for calves, impact on increasing
the quality of pellet, increase in growth, consump-
tion and utilization of food (Table 3).

Table 3

Results of application of bentonites in diet calves

Index Control ~ Sample group of 1.5%
group bentonites in mixture

Daily gain, kg 0.972 1.084

Consuming mixture,

kg/day 1.81 1.84

Consumption mixture,

kg/gain, kg 1.86 1.70

It wasn’t found bad influence bentonite on
important biochemical parameters of blood. It is a
well known ability application of bentonites as a
carrier of non protein nitrogen (from urea). This
ability is used as basis for ruminant food products.

It is known that the bentonite (as well as zeo-
lite and sepiolit) in natural or modified form can
be used as a reaction filter for the purification of
water contaminated with pesticides (Andrades et
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al., 2004). The same minerals can be used as carri-
ers of active substances in the production of pesti-
cides with slower reliving of active components
(Celis et al., 2005).

Diatomite. It is very effective adsorbent ura-
nium ions. Results diatomite efficiency, in com-
parison with natural and modified bentonites
(Milojkovi¢ et al, 2009), is given in Table 4.

Diatomite and organically modified bentonite
can be used for "in situ" remediation contaminated

Table 4

soil with uranium ion. They are efficient, cheap
and available in larger quantities. It is recommend-
ed to use these adsorbents for soil with a high con-
tent of uranium as a layer or geological barrier.
Using adsorbents with faster action (diatomite,
organically modified zeolite and bentonite) with a
slower acting adsorbent (natural phosphate), the
synergistic effect will be achieved by a mixture of
reactive materials as a permanent solution "in situ"
stabilization of uranium ions in soil.

Efficiency diatomite and bentonite in the uranyl ion adsorption

Type of materials pH at the Adsorption pH Adsorption pH
beginning 7.day, % 7. day 14.day, % 14.day
Diatomite 8.03 89.76 6.96 81.12 6.97
Bentonite 8.39 47.77 8.07 42.49 7.96
Organically modified bentonite 7.27 89.46 7.49 89.64 7.5

In the study of Kljaji¢ et al., 2007, the pro-
duct for the protection of storage insects on the
basis of diatomite, contained 83.7% amorphous
Si0,, with an average particle size of 5 pm. That
was used for suppression of rice weevil Sitophilus
oryzae and red flour beetle Tribolium castaneum.
The test sample in a dose of 0.15 g/kg of wheat for
the types of S. oryzae, and 0.30 g/kg of wheat for
the type T. castaneum gave better results than inert
dusts based on zeolite and organozeolite used in
the amount of 0.50 g/kg wheat (Table 5).

Table 5
Dying out of adult insects , %

Inert dusts dust, g/kg wheat 7. day 14.day

Sitophilus oryzae

Zeolite 0.50 66+ 1.73 100
Organozeolite 0.50 40 +1.63 87 +£2.06
Diatomite 0.15 69 £ 1.50 100

Tribolium castaneum

Zeolit 0.50 34+3.70 95 +1.26
Organozeolite 0.50 23+1.26 72 +£3.16
Diatomite 0.30 83 +£2.06 100

Diatomite is used as a thermal, hydroisolation
and filtration product, as a holder of chemical ac-
tive substances, for making uninflammable pastes,
plastic compound, as sound isolation, in produc-
tion of water glass, enamel, varnish, cement, nitro-
glycerine etc. Similar to bentonite and zeolite, di-
atomite can be added to food for animals. In ani-
mal food like addition diatomite contributes not
only for adsorption of mycotoxins but also for re-
covery from diarrhea.

Apatite. Interesting results were obtained in
remediation soil contaminated with uranium.
Phosphate-induced metal stabilization, using apa-
tite, is based on the mechanism precipitation of a
new phase. Apatite is then chemically bonded in a
new low solubility phase (Ksp = 10™*) uranium-
phosphate-autonite which is stable across a wide
range of geological conditions for millions of
years. Investigations show that the mechanism
which forms a new phase immobilized uranium at
least ten times more than sorption. Apatite has a
buffer effect, which contributes to the efficiency of
precipitation of metal. Apatite acts as a bio-
stimulator, because during the long period of time
it provides phosphorus and organic substances
which stimulate microbial reactions and has the
ability of semi-surface adsorption. In the investiga-
tion of Stojanovi¢ et al. 2008, it was found that the
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phosphate concentrate (14.43% P,0s) in relation to
the natural phosphate (34.95% P,0Os) had better
immobilization properties. That is why as one of
the possible solutions is recommended in the
remediation technology of soil (Table 6).

Process of mechanochemical activation ad-
sorbent whose adsorption ability in relation to the
natural apatite increased by about 70%, which,
during the first 7 days, adsorption reaches ap-
proximately 90% of the uranium from solution.

Table 6

Sorption of uranyl ion with different forms of
phosphate, %

30. day 60. day
pH Nature Phosphate Nature Phosphate
phosphate  concentrate  phosphate  concentrate
7 18.07 48.53 37.19 91.92
24.61 81.01 72.38 95.19
5.5 44.74 97.17 64.04 ~100%
94.54 97.96 98.09 ~100%

Kaolin. Because of its crystal properties, kao-
lin application in agriculture is limited. It is used
as a carrier of low cost pesticides. In animal feed
industry it is used (as well as sepiolite) against
formation balling, for improving the transport of
food (fluid transport) and as a binder for pelleting
food. Kaolin is used in the production of ceramics,
rubber, paints, plastics and paper.

3. CONCLUSION

Aluminosilicate mineral raw materials (zeo-
lite, bentonite, apatite, diatomite, kaolin, sepiolite,
etc.) in natural or modified/refined form can ad-
sorb and bind mycotoxins, radionuclides, toxic
metals and other harmful substances. In that way,
they at the same time contribute to the protection
of resources for the production of safe food (land,
water and air) and also to the health of people,
plants and animals and maintaining the quality of
the environment.
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