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A COMPARISON OF QUALITY OF WORK OF THE FEED MIXER WAGONS WITH
VERTICAL AND HORIZONTAL MIXING SYSTEMS

Summary

The paper presents the results of research on fisessment of the quality of fragmentation and thetsire of totally
complete feed rations in five different technolsgi€1-T5) preparation and setting of TMR for catfiéhe research was
carried out in five farms in Wielkopolska, wherdrdacows were kept. During the studies on farms TidiRdairy cows
were prepared in the following portions: T1 - 398h T2 - 2662 kg, T3 -3100 kg, T4 - 3760 kg antiGn 4925 kg. Due to
different composition, the average dry matter cohie the prepared rations was respectively: T180,32 g-kgd.m., T2 —
297,66 g-kgd.m., T3 — 476,32 g-Rd.m., T4 — 414,60 g-Rd.m. and w T5 — 466,60 g-tdym. Variation in the composition
of TMR in the studied technologies resulted frodividual feed resources of each farm. Dependinghertechnology used
to prepare the feed, the structure of the grantjaoif ingredients in the prepared rations of TMRsvedso different. It was
evaluated by separating feed particles into foacfions using sieves.
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POROWNANIE JAKO SCI PRACY WOZOW PASZOWYCH Z PIONOWYMI | POZIOMYMI
SYSTEMAMI MIESZAJ ACYMI

Streszczenie

W pracy przedstawiono wyniki baddotyczce oceny jakei rozdrobnienia i struktury catkowicie kompletnydawek paszo-
wych w pgciu réznych technologiach (T1-T5) przygotowania i zadaaamR dla bydia. Badania przeprowadzono ¥cipi go-
spodarstwach rolnych na terenie Wielkopolski, wykiid byty utrzymywane krowy mleczne. W okresie dmdgospodarstwach
przygotowano dawki TMR dla kréw mlecznych wapagicych porcjach: T1 — 3595 kg, T2 - 2662 kg, T3 -H@)0r4 — 3760 kg

i w T5 — 4925 kg. Na skutekzniego skladusrednie zawartéci suchej masy w spaidzanych dawkach wynosity odpowiednio:
T1-380,52 g-kg.m., T2 — 297,66 g-kgm., T3 — 476,32 g-kgm., T4 — 414,60 g-kgm. oraz w T5 — 466,60 g-leym. Zréni-
cowanie skladu dawek TMR w badanych technologiaetikelo z indywidualnych zasobéw paszowychidgo gospodarstwa.
W zalenasci od stosowanej technologii przygotowywania paézya byta take struktura rozdrobnienia sktadnikbw w spprz
dzanych dawkach TMR. Byfa ona oceniona przez ededig czstek paszy na cztery frakcje za poinsit

Stowa kluczowewozy paszowe, TMR, jakopracy wozéw paszowych, zawdrteuchej w TMR, struktura TMR

The components of total mixed rations differ nolyan
their nutritional value but also in their consistgn The
Total mixed rations (TMR) or partly mixed rations consistency of organic materials affects their hhgical
(PMR) prepared in feed mixer wagons nowadays aee thproperties, and these have a decisive influencénemual-

1. Introduction

basic way of feeding the cattle in larger farms [Hje feed
mixer wagons are used to prepare, transport angedel
complete feeds which facilitate the organizationwairk
and enable to shorten the cattle feeding time T8 ma-
chines are equipped with different constructiontagrs
with cutting knives which can be mounted in tanksiiver-
tical or horizontal arrangement. The varied cortdtom of
these working elements can affect the efficiencgutfing
and mixing nutrient components. Vertical mixing teyss
are equipped with augers of various shapes, clearzed
by versatility, simple construction regardlesstef tapacity
of the tank and do not threaten excessive fragrtientand
destruction of the structure of forage [11, 12].th¢ edges
of the screw rolls, cutting knives are mounted \urenable
cutting ration components, e.g. hay, silage from fodder
or straw formed into cylindrical bales. In turn,xinig sys-
tems with horizontal mixing augers interact aggresdg
with the mixed components and thus ensure verysae
cutting rations components and high mixing efficigrand
obtaining a homogeneous structure of the feed.
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ity of fragmentation and mutual mixing of substsa{8].
Therefore, regardless of the correct balancingui¥frétion
forage, the physical structure is also an esseglgahent of
quality [1, 2]. Apart from mixing, feed mixers wagmaddi-
tionally crumble the forage which may result in essive
fragmentation and lead to its incorrect rumen digag1,
2]. Therefore, in the daily preparation of TMR, oty the
composition of the ration should be maintainedttea the
forage value of the feed does not affect the prooduae-
sults but also its proper form and structure fa fhoper
functioning of the cattle digestive system [7].

Therefore, it should be assumed that a significarer-
sity in the design of machines, their equipment tuyedused
TMR components may affect the time of mixing TMR
components and their fragmentation and structutee T
available literature lacks up-to-date data on thgedive
and real quality of the work of feed carts usedfams.
Therefore, work studies of various types of machiime
production conditions of farms focused on milk protion
have been undertaken. Obtained results have alsanise
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the basis for determining the physical structuréeefl pre-
pared by the tested feed mixer wagons.

2. Aim of the work

The composition of the average dose was deternfiosad
four replicates. The physical structure of TMR vaaeter-
mined using a set of sieves with a hole diametd9¢d; 8,0
and 4,0 mm. The recommended percentage of pariitles
individual sieves was taken into account accordmghe

The aim of the work was to compare the accuracy dfleinrichs guidelines [4]. The weight of the sievisgmple

preparing the total mixed rations (TMR) by feed afix
wagons and to determine the fragmentation of thapwms
nents of the rations by determining their physgtalicture.
The subject of the research included 5 technologiigse-
paring and applying a total mixed ration. In theleated
technologies, 3 feed wagons attached to a farnotradth
vertical shredding and mixing equipment and devloas-
ing the ration components to the tanks were usethd 4'
technology, a feed mixer wagon with a horizontakdding
and mixing system and a self-loading cutter wasluse

the 8" technology, a self-propelled feed mixer wagon with

a vertical shredding and mixing system and a selfling
device was used.

3. Material and methodology of tests

The tests was carried out in five farms in the Mdéipol-
ska voivodeship in Gosty Krotoszyn andSrem poviats,
aimed at milk production. In T1 technology, the manit
consisted of a 67 hp Belarus Jumz tractor and St
Verti Mix 1400 Double feed mixer wagon with a caipac

of 14 n? with two vertical screw agitators. The JCB 526-55

Turbo telescopic loader with a 100 hp engine an@26
lifting capacity was used for loading. The additibn
equipment - a shovel and a crocodile gripper - wesed to
collect and load individual dose components. Int&éh-
nology, the machine set consisted of a Zetor 704dtar
with a power of 70 hp and a Metaltech WP10 feedemix
wagon with a tank capacity of 10°requipped with one
vertical worm agitator. The Zetor Proxima 85 PIs g
tractor with a front loader Trac Fit 229SL was uded
loading. Special accessories - a shovel and a dilecgrip-
per - were used to collect and load individual dosepo-
nents. In the T3 technology, the main unit condisié a

was 500 g. The dry matter was determined by théngry
method. The STATPAK computer program developed at
the University of Agriculture in Pozhgcurrently the Uni-
versity of Life Sciences in Pozfijawas used for statistical
calculations. The smallest significant different8R) was
calculated based on the limit values at the confiddevel

o =0,05.

4. Results and discussion

The farms covered by the tests had their own ressu
of forage, which were used to prepare TMR. In tinst f
technology (T1), the TMR was prepared for 60 daows
in an average amount of 3595 kg (Table 1). The ameer
dry matter content in the analyzed rations was 380kg
d.m. In the second T2 technology, the TMR for daioys
was prepared in an average amount of approximagh?
kg for one working cycle. The average dry mattertent in
the analyzed rations was 297,7 ¢'#gn. In the third tech-
nology (T3), the TMR was prepared for a herd of #iady
cows, with an average quantity of 3100 kg.

In the fourth and fifth farms a few TMR portionere
prepared per day, that is why only one of them taksn
for analysis - the composition closest to the T1édb3es.
On the fourth farm, it was thé“ortion prepared each day
(T4 ration), and on the fifth farm, thé“2daily portion -
called here T5.

To prepare a test portion of TMR called T4 tecbgyl|
about 690 kg of feed was left from the previousiloéthe
feed mixer wagon and 50 kg of straw, 550 kg of ewnc
trate, 370 kg of sugar beet pulp, 260 kg of badeg 1840
kg of silage were added to maize, which togetheoaated
for the third ration of TMR in an amount of 3760. Kthe
average dry matter content in the analyzed T4 tolgy

Massey Ferguson 5455 tractor with 100 hp, a Titioliewas 414,6 g-kgd.m. (Table 2).

Solomix feed mixer wagon - 2,200 ZK with a capaafy

12 n? with two screw agitators. The same tractor with aTable 1. Composition of nutritional rations preghrey

Quicke Q55 loader with a maximum lifting capacity o
2400 kg was used to load the feed mixer wagon tBnk-
ing filling, the hook of the wagon was supported the
stand, and the machine was additionally equippatl wi
battery to ensure the operation of the electromiarce. In
the T4 technology, the main unit consisted of anJokere
6620 tractor with 125 hp and a Kuhn Euromix feecani
wagon with a self-loading device with a capacity8ofi
with three horizontal screw mixers. The main agitat
placed at the bottom of the tank, had cutting ksigéong
its entire length. Two more augers were placed érigind
their task is to transport the forage to the bddke wagon
and mixing the ingredients. A cutter controlledHygraulic
cylinders, which was placed in the rear part ofrtfechine,
was used to load the feed mixer wagon tank. Inethrol-
ogy, the main unit was a self-propelled Faresindega
Double 2200 feed mixer wagon equipped with a 21@mp
gine and a 22 itank equipped with two vertical auger agi-
tators and a self-loading device.

The average composition of the actual components
included in the set of recommendations for eachhmac
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feed mixer wagons in 1-3 technologies (averag®woif fep-
lications)

Tab. 1. Skltad dawek paszowych przygotowanych wolvoza
paszowych w technologiach 1-3gdnia z czterech powto-
rzes)

Composition of TMR [kg]
Components of
Technology | Technology | Technology
TMR
1 2 3
Left 77,5 27,5 30,0
Maize silage 2052,5 1392,0 1597,5
Haylage 611,3 872,5 662,5
Straw 57,5 0,0 0,0
Barley threshes 457,5 243,8 0,0
Beet pulp 0,0 0,0 5225
Pure feed 338,7 126,3 287,5
Total 3595,0 2662,1 3100,0

125

[ Source: own studyZrédio: opracowanie wtasne
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Table 2.Composition of nutritional rations in 4-5 technolo-

gies (average of four replications)
Tab. 2. Sktad dawek paszowych w technologiachsde
nia z czterech powtorig

Components of TMR Technology 4 | Technology 5
TMR left 690,0 0,0
Maize silage 1840,0 1800,0
Straw 0,0 90,0
Grass silage 0,0 0,0
Alfalfa silage 0,0 270,0
Pickled corn grain 0,0 500,0
Barley threshes 260,0 450,0
Pure feed 550,0 925,0
Beet pulp 370,0 820,0
Straw 50,0 70,0
Total 3760,0 4925,0

Source: own studyZrédio: opracowanie wtasne

In the fifth technology (T5), TMR rations were peged
twice a day for 180 cows. A portion of the feed waade
of the following ingredients: 70 kg of straw, 90 &f hay,
1800 kg of maize silage, 270 kg of alfalfa silageQ kg of
pickled corn grain, 925 kg of concentrate, 820 kdeet
pulp, 450 kg of barley, which in total weighed 492H The
average dry matter content in the analyzed doses

tent. In turn, the highest variability of dry matteontent
was found in technology no. 1, in which the dry telaton-
tent in the prepared doses ranged from 274,70 %401
g-kg'd.m. (Table 4).

The average fraction of individual fractions ire tAna-
lyzed TMR rations was presented in Tables 5 andihg&
smallest average share of 19,72% was found foicpest
with a length of up to 4 mm, while the highest aggr
share was found for particles from 8,1 to 19 mm ianehs
about 35,8%.

5. Discussion

Feed mixer wagons used for preparation of TMR in a

short time should: thoroughly fragment the compdsari
the ration with different physical and mechanicabger-
ties, mix them to obtain a homogeneous structurd an
evenly prepare TMR. Normal physical structure of RM
should be obtained by sieving on screens withinugger
sieve (19.0 mm) 6-10% of the residual mass, thedlaid
sieve (8,0 mm) 30-50% of the residual mass andbom
sieve (1.18 mm) 40-50% of the residual weight. g
matter content in TMR should amount from 35 to 589.
In 2013, a modification of recommendations regaydime

466,60 g-kgd.m. (Table 3).

The smallest variability of the dry matter content
TMR characterized technology no. 5, which indicates
selection of individual feed with a similar dry reatcon-

Watructure of TMR took place. For high-yielding dagows,

US scientists have set a new critical thresholdldmger

particles in the rumen [4]. Currently, the threshil larger

and is closer to 4 mm, which enables to more atelyra
estimate the NDF content in the ration for dairtlea

Table 3. The content of dry matter in TMR (g*dgm.) - averages from four consecutive days ofrtgst
Tab. 3. Zawarté’ suchej masy w TMR (g-kgym.) -srednie z czterech kolejnych dni bada

;;csh(nAo)lo - F;atlons (B)3 . Average NIR o5
T1 367,85 367,97 377,21 409,00 380,54
T2 285,72 288,82 304,43 311,6/7 297,66 NIR,= 4,041
T3 499,57 472,08 468,97 464,67 476,32 NIRg= 3,614
T4 429,37 430,80 398,57 399,72 414,60 NIRaxg=
T5 454,13 476,98 473,3( 461,97 466,60 8,052
Average 407,33 407,33 404,409 414,60 -
Source: own studyZrodio: opracowanie wiasne
Table 4. The variability of the dry matter contenTMR g-kg'd.m.
Tab. 4. Zmienn& zawartaci suchej masy w TMR g-kgym.
. Aver. content of Standard Coefficient of Confidence Minimum Maximum
Technologies L - ;
d.m. deviation variation interval value value
T1 380,52 20,689 5,44 371,78 — 389,25 374,70 417,40
T2 297,66 11,871 3,99 292,65 — 302,67 276,60 318,00
T3 476,32 15,323 3,22 469,85 — 782,79 453,70 501,90
T4 414,60 16,253 3,92 407,74 — 421,46 392,00 433,80
T5 466,60 9,921 2,13 462,41 — 470,79 446,60 480,20

Source: own studyZrodio: opracowanie wiasne

Table. 5. The structure of TMR prepared in feedenixagons - share of four fractions in%
Tab. 5. Struktura TMR przygotowanego w wozach pagao— udziat procentowy czterech frakcji

The particle size [mm] T TZNO. of tighnology_r‘l T5 Average
>19,0 23,03 26,92 25,33 17,19 12,50 20,99
8,1-19,0 27,43 44,83 40,43 33,42 32,72 35,17
4,0-8,0 25,31 20,93 21,14 27,68 22,61 23,92
<4,0 24,23 7,33 13,10 21,71 32,20 19,72
Average 100,00, 100,00 100,00 100,00 100,00 100,00
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Source: own studyZrodio: opracowanie wiasne
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Table 6. Coefficients of variation in TMR for indéual 4 fractions in the tested technologies in %
Tab. 6. Wspoétczynniki zmienico TMR dla poszczegdlnych 4 frakcji w testowangchmologiach, w %

. . No. of technology
The particle size [mm] T T2 T3 T2 TS Average
>19 5,92 4,99 5,04 13,11 18,1B 9,45
8,1-19,0 7,48 3,31 3,37 11,55 6,17 6,38
4,0-8,0 3,67 4,54 6,48 11,17 6,417 6,47
<4,0 5,74 9,73 6,42 10,65 3,71 7,26
Average 8,70 5,64 5,33 11,62 8,6b -

Source: own studyZrédio: opracowanie wtasne

According to the new recommendations for TMR, 2-8%good production efficiency [1, 2]. Therefore, itncde
of the sample weight should remain on the uppevesie stated that a well-functioning feed mixer wagon,iclih

(19,0 mm), on the middle sieve (8,0 mm) 30-50% haf t
sample weight, on the bottom sieve (4,0 mm) 10-28f%
sample weight and 30 to 40% of sample mass [4].

In own tests, which concerns five technologiepia-
paring TMR, different results of TMR fragmentatiand its
structure were obtained. In the first technologyl)(The
share of particles over 19,0 mm was larger tharr¢bem-
mendations and amounted on average to around 28%,
proportion of particles in the range 8,1-19,0 mnswa av-
erage 27,43% and was lower than the recommendattmns
share of particles in the range of 4,0 to 8,0 mnowmed
on average to 25,31% and was larger than the reeowa
tions. However, the share of particles below 4,0 mas

should be regularly reviewed, is one of the basiuditions
of a properly prepared TMR dose. It seems to btfip
due to the consuming working elements and the mixin
feed components with different content of dry natlehe
recommendations indicate that TMRs should conteomf
35 to 45% of dry matter with acceptable small dais, but
not more than 55% [10]. When they contain less #@#b,
tthey are reluctant to be taken by cows becausalahg In
turn, when they contain more than 50% of dry mattery are
sorted by animals. In the own tests, the averageaiitent in
the studied technologies and the assessed doskiRovaried
from 297,66 to 476,32 g-Rd.m. Two rations of TMR with
technologies T3 and T5 met the recommendation4lte€h-

24,23% and was smaller than the recommended valugmlogy, the dry matter content slightly differedrfr the re-

Hence, the portion of test feed in T1 technology dot
meet the requirements of the structure of the matitended
for dairy cows. In technologies T2, T3 and T4, share of
particles in the range of 8,1-19,0 mm was on avery83,
40,43 and 33,42%, respectively, and met the reoangs,
while for the remaining ranges: over 19,0; from #h(8,0
mm and below 4,0 mm the size of the feed partidegate

quirements (41,5%, in T1 and T2 technologies it bhelew
40%). The smallest changeability of the dry mattartent in
TMR was characteristic for T5 technology.

6. Conclusions

1. The rations of TMR in the tested technologieftedkd

from the recommendations. Therefore, TMR did noeme significantly both in the dry matter content and time

the requirements for the correct structure of fragtation
of the components. In the T5 technology, the resofitthe
analysis of the TMR fragmentation structure wer ¢los-

physical structure. Rations of TMR in T1-T4 tectowiés
did not meet the requirements for the structurdeetl in-
gredients fragmentation. The TMR ration in T5 tembgy

est to the requirements. The proportion of pasitlelow 4 met the fragmentation structure for the first thieegth
mm and from 8,1-19,0 mm was in the recommendedesang ranges. The fourth range above 19 mm has been dedee
and amounted to 32,2 and 32,72%, respectively. Hekye slightly.

the average share of feed particles in the randele8 mm 2. In practice, feeding dairy cows, feed rationsdorrect
and above 19,0 mm was 22,61 and 12,50% and sligktly structure are controlled very rarely or not at @hus, the
ceeded the requirements. The share of feed pariiclehe  fragmentation structure is primarily due to the ome
range of length from 4,0 to 8,0 mm was exceeded bgnended mixing time for a given type of feed mixermgan.
2,61%, and above 19,0 mm by 4,50%, which is thdlssta 3. Too little attention is paid to the actual dratter con-

deviation from the assessed rations. In this céee TMR
also did not meet the recommendations for dairftecaie-
spite the fact that it was the closest to the stnecof frag-
mentation to Heinrich's recommendations [4]. Thealgtof
feed mixer wagons was also conducted by Vegrictdl.et
[13] and evaluated the length of the feed partitiebe fol-

tent in the ingredients used to prepare fully catgboses.
Also, attention is paid to the progressive weathef work-

ing parts of the feed mixer wagon, which are resjide

for cutting TMR components.

4. Increased proportion of feed particles with agta of

over 19 mm results from the use of ingredients nataon

lowing compartments: over 19 mm: 19-7,8 mm; 7,8-1,3uch as straw and haylage in cylindrical balesestilts in

mm and which are similar to previous recommendation

exceeding the recommended level of particle lemdtthe

TMR fragmentation from 2002 recommended by Heirgich prepared feed.

and Kononoff [3, 6]. The fragmentation structureTofiR
also did not meet the requirements regarding tlaesbf
individual ranges of particle length in the feetam. Parti-
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