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Abstract: The paper presents the results of testing the effect of pyrophyllite shale (pyrophyllite) on
the quality of maize plant silage, primarily on the production of organic acids, pH value, quality
assessment and microbiological safety. The ensiling was done in plastic containers which allowed
the storage of 10 kg of chopped green mass. Tested pyrophyllite doses were: 0% in the control
treatment (1), 0.5 and 1.0% in experimental treatments (Il and Ill, respectively). Granulated
pyrophyllite (100 um), originating from Parsovici, Konjic site, AD Harbi Ltd., Sarajevo, Bosnia
and Herzegovina, was manually incorporated. The chopped green mass of the maize plant came
from FAO 600 hybrids. The green mass containing 37.17% of dry matter (final waxy ripening
phase) was compressed in the same manner in all three treatments during the filling of the vessels.
The containers were then covered with nylon foil (0.2 mm) above which a layer of fine sand
(approx. 5 cm) was placed in toward the silage protection from air passage. The silages were
opened after 7 weeks and organoleptic, chemical and microbiological analyses were performed.
The organoleptic properties of silages (colour and odour) were better in silages containing 0.5 and
1.0% pyrophyllite. The silage temperature at the moment of opening of the containers was lower in
the treatments with 0.5 and 1.0% added pyrophyllite (13.7 and 13.2 °C, respectively) while in the
control treatment it was 14.6 °C. The addition of pyrophyllite to silage affected the production of
volatile fatty acids (p < 0.05). The highest amount of lactic acid was found in the silage sample
without the addition of pyrophyllite, and acetic acid in the silage treated with 0.5 and 1.0% of
pyrophyllite. The lowest amount of butyric acid was determined in the silage with the addition of
1% pyrophyllite. Based on the content and interrelationship of lactic, acetic and butyric acid, as
well as the pH values, all three silages were rated as the highest (1) class. The number of aerobic
mesophilic bacteria, as well as the number of yeasts, was lower in the silages with the addition of
0.5 and 1.0% pyrophyllite. In future, particular attention should be paid on the possibility of
pyrophyllite enrichment (e.g. with nitrogen) and more appropriate physical formulation (e.g.
granules) that would allow more efficient practical application.
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INTRODUCTION

Ensiling is the complex biotechnological
process, thanks to which preserved green bulky
fodder (alfalfa, meadow grasses, green corn,
etc.) can be stored for a long time, during a one
year and for many years. The process is based
mainly on the activities of lactic acid bacteria
that, in the absence of air in the ensiled mass
during fermentation, use carbohydrates and
produce lactic acid, which is a natural
preservative (Adamovi¢, Stoicevic & Jova-
novi¢, 1997). Due to the formation of lactic
acid, pH in the ensiled mass decreases to 3.8.
If silage is not well prepared it is usually too
acidic and represents a favourable environment
for the development of moulds. Therefore
mycotoxins may occur as well as high nutrient
losses and such silage is not recommended for
animal nutrition. In order to improve the silage
quality, carbohydrate additives (cornmeal,
molasses, sugar beet noodles, steamed or
dehydrated whey), bacterial enzyme inoculants
and mineral additives are often added during
the ensiling process, depending on the type of
ensiled material. There is the evidence that the
addition of mineral substances (bentonite or
zeolite) to the silage mass promotes the fer-
mentation and production of certain organic
acids, thereby contributing to easier main-
tenance of the desired pH level in silage
reducing the risk of deterioration. This is es-
pecially important because the losses, due to
the spoilage of silage, can be extremely high.

Depending on the quality of the ensiling
process carried out and the silage holding
facilities, they can range up to 5-20% and in
some cases such as silage placed next to silo
walls or in the upper silo layers up to 75.8%
(Ashbell & Kashanchi, 1987). It should be
pointed out that some of the minerals of
alumosilicate origin (zeolite, bentonite) are in
some properties similar to pyrophyllite shale
(pyrophyllite) and have the ability to adsorb
mycotoxins and heavy metals, as well as to
inhibit the development of some micro-
organisms, which is of particular importance in
the process of safe food production. In the
absence of papers dealing with the effect of
pyrophyllite on the quality of silage, this paper
cites other papers related to the mineral zeolite
and a lesser extent those dealing with ben-
tonite. Studies of Adamovié, Sinovec, Ne§ié
and Tomasevi¢ Canovi¢ (2001) revealed that

under standard conditions of a maize plant
ensiling, the addition of 0.2% modified zeolite-
based preparation (Mina-Zel Plus) resulted in
the increase in lactic acid content from 73.36
to 82.20%, and the decrease in the acetic acid
content from 26.64 to 17.8%, with a slight
increase in pH from 3.33 to 3.35. The total
number of molds was significantly lower in
this silage. The presence of mycotoxins in
these silages was not detected or they were
present in trace amounts. The silages were
rated as class | (49 points). Contrary to that,
under partially appropriate ensiling conditions,
the addition of Mina-Zel Plus resulted in the
significant increase in the amount of lactic acid
from 49.52 to 75.40%, and the decrease in the
amount of acetic acid from 50.48 to 24.61%.
Also, pH increased from 3.36 to 3.40. The total
number of molds in silage with this supple-
ment was significantly lower, as well as the
concentration of mycotoxins (zearalenone, T-2
toxin and diacetoxyscirpenol-DAS). Silage
without tested mentioned supplement (Mina-
Zel Plus) was rated as class 1l (37 points) and
with its addition as class | (49 points). These
results indicate the actuality of the investigated
silage preparation since silages meet most of
the dry matter needs (50-70%) in cattle rations.

Similar positive effects of zeolite or zeolite-
based preparations with urea on the quality of
silage were achieved in the studies of
Pordevié, Adamovi¢, Grubi¢ & Bocarov-
Stanci¢ (2004), Bordevi¢, Grubi¢ & Adamovié
(2005), Bordevi¢, Grubi¢. Adamovié, Njezi¢ &
Stojanovi¢ (2006), and Koljaji¢, Pordevic,
Grubi¢ & Adamovi¢ (2003). Adamovi¢ (2001)
found that the addition of Ca- or Na-bentonite
to the grasses green mass had the effect of
increasing the production of total acids, es-
pecially lactic acid and increasing the pH
value, by Ca-bentonite giving more favourable
results. Na-bentonite resulted in higher CO,
production and increased dry matter losses.
The authors concluded that the use of zeolite
and bentonite-based preparations in ensiling
technology has its justification and signi-
ficance, especially in hampered working con-
ditions, increased material moisture, presence
of moulds and toxins in green mass, ensiling
discontinuity, insufficient trampling and ina-
dequate protection of silage in the silo. Such
and similar preparations, especially in com-
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bination with other additives (bacterial-enzy-
matic inoculants, urea and others), can give
complementary and synergistic effects.

The positive results of testing zeolites and
bentonites, as well as other minerals in the en-
siling process, are a good basis and recom-
mendation for new researches in the field of
silage mineral additives, in this particular case

pyrophyllite.

In terms of better understanding pyrophyllite,
its characteristics, possibilities of modification
and application in the industry, there are
several papers among which are papers from
the following authors: Keren & Sparks (1994),
Sanchez-Soto, Justo & Pérez-Rodriguez
(1994), Erdemoglu, et al. (2004), Drits, Der-
kowski & McCarty (2011), Kim, Lee, Park &
Kang (2013), Park, Kim, Lee & Kim (2013),
Essalhi, Essalhi, Toummite, Mostadi & Raddi
(2017), Harbinja et al. (2018), Desai, Biswal &
Paria (2010) and others.

Pyrophyllite is a monoclinic mineral of the
phyllosilicate group, with the chemical for-
mula Al; [Si;O10] (OH),. It arose by a hydro-
thermal metamorphosis of the underground
lava which, by the interaction with ground-
water, steam and pressure, turned into clay. It
got its name from the Greek pyro-fire and
phillon-leaf because when annealed, it turns to
be fanlike. Depending on the oxide content, the
colour varies and ranges from white, grey-
white, purple-white, to greyish-greenish. The
Mohs hardness is 1 - 1.5 and pyrophyllite has
the buttery touch like talc. It is rich in silicon
and aluminium and for that reason; it belongs
to the group of non-metallic aluminosilicate
minerals.

Pyrophyllite has a neutral electromagnetic
charge and its pH is between 7.5 and 8.5. The
specific gravity of pyrophyllite is 2.7-2.9
glcm®. The moisture content of 0.25 mm
granulation sample dried at 105 °C is 0.26%.

It contains electrolytes (sodium, potassium,
calcium, magnesium, iron, etc.) and free ions
that give it the ability to be detoxicant and
antioxidant. lons transport toxins from cells
and vice versa nutrients into the cell. Hydroxyl
groups (-OH) are bound to the inner layer of
the three-layer crystal lattice making pyro-
phyllite poorly reactive. The three-layer lattice
consists of two layers of tetrahedrons between
which one layer of octahedrons (2:1 or T-O-T

the type of structure) is placed. It is insoluble
(hydrophobic) in water and does not swell.

The following minerals prevail in pyrophyllite
shale: pyrophyllite, sericite and kaolinite, and
to a lesser extent, it also contains quartz, cal-
cite, magnesite, dolomite, illite and montmo-
rillonite. As adsorption and absorption clay
with a combination of ring-shaped tetrahedral
molecules, it resembles the shape of red blood
cells, representing the most appropriate geo-
metric shape for the uptake and/or delivery of
nutrients.

In the field of animal husbandry, besides ad-
sorptive and absorptive capacity, pyrophyllite
and similar alumosilicate materials (bentonite
and zeolite) have properties of preventing feed
mixtures to become lumpy, increasing the de-
gree of their homogenization and the quality of
pelleted feedstuffs, reducing the degree of
friction and wear out of pellet press. It has also
excellent ability to prevent and repair acidosis
in ruminants’ rumen, especially of dairy cows
and beef cattle in intensive fattening (Ada-
movi¢ et al., 2001; Adamovié¢ et al., 2004.;
Erdemoglu et al., 2004; Vujanac, Adamovi¢,
Samanc, Petrujki¢ & Dimitrijevi¢, 2005; Drits,
Derkowski & McCarty, 2011; Adamovic,
2019; Adamovi¢ & Stojanovi¢, 2019; Harbinja
et al., 2019). These are also the reasons why
the United States Food and Drug Ad-
ministration (2019) allowed the use of pyro-
phyllite in animal feed in the quantity up to
2%.

The implemented study aimed to determine the
effect of pyrophyllite on the quality of silage
fermentation, first of all, the production of or-
ganic acids (lactic, acetic and butyric), then on
the pH value, quality assessment and micro-
biological safety of silage.

MATERIALS AND METHODS

The ensiling of a maize plant green mass was
done in plastic containers whose volume (13
dm?) provides placing of 10 kg of green mass.
In laboratory silos, 0.769 kg/dm® green mass
was placed for each treatment (control-1, and
pyrophyllite-11 and I11). Doses of pyrophyllite
added to silage were 0 at the control treatment,
and 0.5 and 1.0% at the two experimental
treatments. The pyrophyllite granulation (100
pm) was manually incorporated and originated
from the Parsovici, Konjic site, AD Harbi Ltd.,
Sarajevo, Bosnia and Herzegovina. The tested
pyrophyllite contained 64.15% SiO,, 15.10%
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Al,Os, 1.57% Fe,0, 6.65% CaO, 1.06% MgO,
with low oxide content of Na, K, Ti, Fe, P, S
and Ba (below 1%).

The chopped green mass of the maize plant
came from one of the FAO 600 hybrids,
collected from one of the parcels of the
Padinska Skela farm, in the ALDAHRA
business system. The green mass contained
37.17% of dry matter and was in the final stage
of waxy ripening. The reasons for the
unusually high dry matter content are the
extremely high temperatures and the fast
drying of the plants before ensiling.

During the filling of the vessels in the control
and experimental treatments, the green mass
was compressed under identical conditions to
push out air. After filling, the vessels were
covered with nylon foil (0.2 mm) above which
a layer of sand (approx. 5 cm) was placed in
order to protect the foil from damage and the
passage of air. Ensiling was done in one
replicate per control and experimental treat-
ments (Figure 1). In this way, the practical
silage conditions on farms in horizontal trench
silos were simulated.

The silages were stored in a storage room ade-
quate for storing fodder (protected from
moisture, high temperature, and excessive sun-
light). The ensiling was performed on
15.08.2019, and the silage was opened 7 weeks
after the ensiling (08.10.2019).

Figure 1. Green mass of chopped corn plant in
plastic containers

Organoleptic characteristics of silages (colour,
odour and structure) were analysed. Silage ex-
tracts were prepared for chemical analysis
according to the procedure described by
Dordevi¢ et al. (2003). Analysed chemical
characteristics of silages were: dry matter and
pH (Pravilnik, 1987), lactic acid, acetic acid,
butyric acid according to Eko Lab, accredited

method EL15305 005-04 (Obradovi¢, 1965).
Based on the results of these analyses silage
quality-points and class were determined.
Microbiological analysis of silages was done
according to following standards: SRPS EN
ISO 4833-1:2014 (colony forming units —
CFU), SRPS EN ISO 6888-1:2009 (Staphy-
lococcus aureus and other Staphylococcus
species), SRPS EN 1SO 7937:2010 (Clos-
tridium perfringens), SRPS EN ISO 6579-
1:2017 (Salmonella spp.) and SRPS ISO
21527-2:2011 (determination of yeasts and
moulds). Silage temperature was measured on
an opening day. The quality of the silage was
determined using DLG procedure - Deutsche
Landwirtschafts-Geselschaft method, as des-
cribed by Bakici & Demirel (2004) and Mar-
kovi¢ et al. (2018). All analyses were done in
triplicates.

Statistical analysis of variance and Tukey’s
HSD test at 95% confidence were used.

RESULTS AND DISCUSSION
Silage quality

The basic parameters of silage quality as-
sessment are organoleptic and chemical
properties.

Organoleptic properties of silages

Determined organoleptic characteristics were
odour, colour and structure. In their asses-
sment, the temperature of the silage at the
moment of the opening was also recorded,
since it can have some influence on the colour
of the silage during fermentation, as well as on
the preservation of nutrients. The colour of the
silage varied in mild shades. While silage
without pyrophyllite had a slightly darker
yellow colour and to a lesser extent brown,
silage with added pyrophyllite had a paler
yellow colour, wherein silage with 1.0%
pyrophyllite had a slightly noticeable lighter
yellow-green colour shade (Figure 2). These
differences in colour shades can, in a certain
way, be related to the determined temperature
in the silage at the moment of opening. The
darker colour of the silage without the addition
of pyrophyllite, and partly with the one with
0.5% pyrophyllite, is probably due to the
increased temperatures during the aerobic
fermentation phase, which could have affected
the colour and therefore the biological value of
nutrients (primarily proteins) in such silages
(Adamovi¢ & Obradovi¢, 2016). If during the
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Table 1.
Organoleptic characteristics of silages
| ] i
Parameter Without Pyrophyllite Pyrophyllite
pyrophyllite 0.5% 1.0%
Colour Mildly brown-yellow Yellow Yellow-green
Less pronounced More pronounced Most pronounced
Odour characteristic silage characteristic silage characteristic silage
odour odour odour
Clearly visible cuts Clearly visible cuts Clearly visible cuts
Structure dominate dominate dominate
(0.5-1.0 cm) (0.5-1.0 cm) (0.5-1.0 cm)
Silage temp. on the 146 13.7 13.2

opening day (°C)

aerobic fermentation phase, the temperature in
the silage mass reaches 50 °C or more,
Maillard reaction (binding of amino groups of
amino acids to sugars) may occur, which
results in a decrease in the digestibility of the
proteins in such silages (Muck et al., 2003). At
the time of silages opening, the temperature
was 14.6, 13.7 and 13.2 °C, respectively. The
lower temperature in silages with added pyro-
phyllite at the moment of opening can be
related to their ability to bind heat and release
it under certain conditions.

The odour of silages was only slightly dif-
ferent. In the silage, without added py-
rophyllite, the characteristic silage odour was
less pronounced, while in the silage with added
pyrophyllite the characteristic odour was more
pronounced, especially in the silage with 1.0%
pyrophyllite. These two characteristics (colour
and odour especially), although subjectively
judged, may be relevant to the animals' wil-
lingness to consume the offered silage, which
should be proven in biological experiments
with animals (cows, beef cattle or sheep).

Figure 2. Corn plant silages 7 weeks after ensiling

The structure of all three analysed silages was
identical and clearly expressed as the sections
of the optimum corn stems length (0.5 to 1.5
cm), with the visible presence of leaf and

whole or partially broken corn grains. There is
not enough qualitative data in the available
literature on the influence of pyrophyllite on
organoleptic properties of silages.

Chemical characteristics of silages

Important data as dry matter content, pH value
and volatile fatty acid content of silages are
presented in Table 2.

Dry matter content of the silage was cha-
racteristic for maize silage in the final stage of
waxy ripening. It is observed that, when
treated with 1.0% pyrophyllite, dry matter
content was significantly higher than in the
case of the other two treatments (control and
0.5% pyrophyllite). The reason for such an
increase in dry matter content was the amount
of dry matter introduced through pyrophyllite.
This circumstance should not be considered a
handicap, but more an advantage for the use of
pyrophyllite in silage with a lower dry matter
content in ensiled mass (below 28%). In all
three treatments, the pH values were very
uniform and within the optimum values (3.8-
4.2) for maize silage, thus creating favourable
conditions for the prevention of microorganism
activity and its deterioration.

The addition of pyrophyllite to silage affected
the production of volatile fatty acids (p <
0.05). The highest amount of lactic acid was
found in silage without the addition of pyro-
phyllite, and acetic acid in silage with 0.5 and
1.0% of pyrophyllite. The lowest amount of
butyric acid was determined in silage with the
addition of 1% pyrophyllite.

However, despite that, on the base of lactic
acid content, all three silages got maximum
marks (10 points). In contrast to that, the free
acetic acid, as well as total acetic acid content
was higher in silages with added pyrophyllite,
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Table 2.
Dry matter content, pH and volatile fatty acids in the silages
| 1 1

Indicator Without Pyrophyllite Pyrophyllite

pyrophyllite 0.5% 1.0%
Dry matter (%) 35.98+0.24" 35.21+0.12° 37.26+0.21°
pH 4.00 3.99 3.96
Lactic acid (%) 69.92+0.20° 64.75+0.22° 65.38+0.20°
Free acetic acid (%) 23.81+0.26° 29.73+0.27° 29.72+0.24°
Bound acetic acid (%) 5.55+0.16" 5.52+0.18" 3.04+0.20°
Free butyric acid (%) ND ND ND
Bound butyric acid,% 0.72 ND 1.86
Total acidity (g/100 g sample) 2.21+0.21° 2.16+0.14° 2.05+0.22°
Silage quality (DLG method)
Points 49 48 48

Class |

" Not detected (ND)

Means in the same row with different superscript are statistically different (p <0.05)

but within the optimum values for this type of
silage. DLG method does not include the
determination of the presence of propionic acid
in silage and so it was not determined. In all
three tested silages, the low content of butyric
acid was determined. Based on the sum of the
points on all bases, all three silages were
categorized as the highest class (1).

Currently, there is not enough qualitative data
in the available literature on the influence of
pyrophyllite on fermentation in silage. Similar
results for lactic acid (>60 %), acetic acid
(<30%) and butyric (<1%) acid and class were
determined by DPordevic et al. (2004), Pbor-
devi¢ et al. (2006), Adamovié¢, Milivojéevié,
Zivanovi¢, Bocarov-Stanci¢ and Sori¢ (2015),
Adamovi¢ and Obradovi¢ (2016),in corn
silage with similar dry matter content (>30 %).

It should be noted that a very high amount of
lactic acid in silage without the addition of
pyrophyllite can, in certain circumstances, be a
handicap because it has a weaker fungicidal
effect, i.e. the ability to prevent the de-
velopment of aerobic microorganisms (yeasts
and moulds) in silage. Additionaly, if such
silage is used in large quantities in cattle
rations, it can contribute to the acidification of
the rumen’s content (pH disturbance), which in
turn leads to worse conditions for the activity
of beneficial ruminant microorganisms, lower
efficiency of digestion and utilization of feed,
decrease in milk fat content, hoofs disease and
other health disorders (Grubi¢ & Adamovic,
2003). On the other hand, slightly increased
acetic acid content, as determined in silages
with the addition of 0.5 and 1.0% pyrophyllite,
can also be a favourable circumstance since it

inhibits the development of harmful aerobic
microorganisms in silage, thus contributing to
its aerobic stability. The importance of
maintaining the aerobic stability of silage is
referred by numerous papers, among which are
the works of Ashbell, Weinberg, Hen & Filya
(2002), Danner, Holzer, Mayrhuber & Braun
(2003), Borreani et al. (2007), Acosta (2008),
Pahlow & Muck (2009), Borreani & Tabacco
(2010), lveti¢ et al. (2013) and others.

In subsequent similar studies appropriate
attention must be paid on these details, in
which, among other things, it would be useful
to investigate how the characteristics and
quality of silage fermentation are affected by
higher doses of pyrophyllite, e.g. between 1.0
and 2.0% of the amount of green mass input
that is being ensiled. Analysis of variance and
Tukey’s HSD test at 95% confidence limit,
showed significant differences between the
observed samples.

Considering that pyrophyllite, among other
things, the ability to adsorb mycotoxins in
ruminants’ rumen (primarily aflatoxins)
(Bocarov-Stanc¢i¢ et al.,, 2015) and heavy
elements (Karnwal & Bhardway, 2014), as
well as to maintain optimum pH in the rumen,
further study on the justifiability for the use of
pyrophyllite in silage or haylage of any kind,
as well as in the composition of feed-stuffs,
has its justification and economic importance.
Of course, in this context, particular attention
should be paid to the possibility of its
enrichment (e.g. with nitrogen) and more
appropriate physical formulation of pyro-
phyllite (e.g. granules) that allow more
efficient application in practical conditions.
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Table 3.
Microbiological analysis of silages
| 1 11
Indicator Without Pyrophyllite Pyrophyllite
pyrophyllite 0.5% 1.0%
Salmonella spp. (in 50 g) ND ND ND
Staphylococcus aureus (CFU/g) <10 <10 <10
Clostridium perfringens (CFU/q) <10 <10 <10
Clostridium spp. (CFU/g) <10 <10 <10
Aerobic mesophilic bacteria (CFU/g) 5.0x10° 3.7x10° 3.9x10°
Yeasts (CFU/g) 1.3x10° 1.1x10° 0.69x10°
Moulds (CFU/g) <100 <100 <100
Not detected (ND)
Microbiological analysis of silages inferior organoleptic properties and the

The presence of Salmonella spp. (Table 3) was
not detected in the tested silages. The presence
of pathogenic bacteria Staphylococcus aureus,
Clostridium perfringens and Clostridium spp.
were <10 CFU/g (CFU—colony forming units)
that is below the detection limit for the
guantitative determination of bacteria in solid
feedstuffs.

The presence of aerobic mesophilic bacteria in
silage without the addition of pyrophyllite was
5x10° CFU/g, while in silages with the ad-
dition of pyrophyllite (0.5% and 1.0%, res-
pectively) it was visibly lower and amounted
3.7x10° and 3.9x10° CFUI/g, respectively, but
did not decrease with the increasing pyro-
phyllite dose from 0.5% to 1.0%.

Aerobic mesophilic bacteria, as their name
implies, are those that divide and are active at
the temperature range from 20 to 45 °C in the
presence of oxygen. Obviously, a slightly
higher temperature in silage without pyro-
phyllite (14.6 °C) was the more suitable
environment for their development, unlike to
silages with 0.5% and 1.0% pyrophyllite, in
which the lower temperature was measured
(13.7 and 13.3 °C, respectively) and therefore
less favourable conditions for their division
and activity were present. The presence of
yeasts was distinctly higher in silage without
the pyrophyllite addition and decreased with
the increase of pyrophyllite dose from 0.5 to
1.0%, and it was 1.3x10° 1.1x10° and
0.69x10° CFU/g, respectively. Yeast activity in
silage increases temperature consumes the
energy of silage (sugars) and reduces the
efficiency of its use. Additionally, they change
the smell and taste of silage, which affects
their consumption. The presence of the higher
number of yeast in silage without the addition
of pyrophyllite can be directly related to its

established temperature at the time of opening
that was confirmed in this study. The presence
of moulds in all three tested silage samples
was <100 CFU/g (Table 3). The presence of
mycotoxins was not analyzed due to the small
number of molds. Losses in silage due to its
spoilage (mould infestation - spoiled silage) on
the surface layer, under the cover foil, could
not be estimated accurately enough. The
impression is that the thickness of the visually
altered surface layer on the pyrophyllite -
added silages was smaller.

CONCLUSIONS

The addition of pyrophyllite to the chopped
corn green mass in the amount of 0.5 and 1%
of the input mass had the favourable effect on
the most important organoleptic properties
(colour and odour of silage). At the time of
opening silage, the temperature was lower in
silages with the addition of pyrophyllite by 0.9
and 1.4 °C, respectively.

The addition of pyrophyllite to silage affected
the production of volatile fatty acids (p <
0.05). The highest amount of lactic acid was
found in silage without the addition of pyro-
phyllite, and acetic acid in silage with 0.5 and
1.0% of pyrophyllite. The least butyric acid
was determined in silage with the addition of
1% pyrophyllite. All three silages were rated
as | class. The addition of pyrophyllite reduced
the number of aerobic mesophilic bacteria and
yeasts.

Results of the present research can be
considered as preliminary since there has been
no data on this particular matter in the
available literature, to the best of our
knowledge. The future research should be
focused on confirmation of these results with a
greater number of repetitions. Furthermore,
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particular attention should be paid to the
possibility of pyrophyllite enrichment (e.g.
with nitrogen) and its more appropriate
physical form (e.g. granules) that allows the
more efficient application of pyrophyllite in
practical conditions.
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bocHa 1 XepueroBiHa Ha KBaIUTET ()epMEHTALN]e CHIAXe, y TIPBOM Pely Ha IPOIYKLH]jY
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Ouomace Kykypy3a. Mcnurane nose nupoduinta cy oune: 0% y KOHTPOIHOM TpeTMaHy
(D), 2 0,51 1,0% y exciepumentanaum tpermanuma (11 i III). I'panynucanu nupodummt
(100 pm) pyuHo je momaT cuiiaxu. VcedeHa 3ejeHa Maca OMJbKE KYKypy3a, OPEKIIOM M3
FAO 600 rpyme xubpuma, caapxana je 37,17% cyBe marepuje (3aBpiiHa BomTana (asa)
n Ouiia je KOMIPUMOBaHA HA HCTH HAYMH KOJ| CBa 3 TpeTMaHa IPUIMKOM ITyHhemha MoCya.
[ocyne 3a cunmupame cy mpekpuBeHe HajmoHCkoMm ¢omujom (0,2 mm) wW3HAD Koje je
MOCTaBJbEH CJIOj CHTHOT TecKa (MPHOJIMKHO 5 ¢m) pajd 3alITHUTE CHIIAXKE Ol CYHYEBHUX
3paka. Cunaxxa je OTBOpeHa Mociie 7 HelleJba M HAKOH TOra Cy U3BPIICHE OPraHOJCITHYKE,
XEMHjCKEe U MUKPOOHOJIOIIKE aHAJIH3E.
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