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ABSTRACT

New intensive cattle farm is being built with government support in order to meet the self-sufficiency of milk
and meat products for Mongolian residents, keep stability, and reduce the seasonal dependence on food
supply. It is urgent for us now to produce the mixed feed that is suitable for livestock type and age in the
intensive farming. The feeding scientific approach should be specially paid attention to when using the
multifunctional Total Mixed Ration (TMR) machine and effectively applying the TMR technology. When using
the feed mixer TMR machine, it is necessary to optimize the main parameters of the machine operation and
determine the mode parameters according to the characteristics of the grass, the amount of roughage,
concentrated feed, additive and ingredients used in the preparation of mixed fodder. This paper made an
experiment in Total Mixed Ration (TMR) machine and provided research results combining the parameters of
feed mixing uniformity, palate ratio, subdivision rate, rotor speed, mixing time and feed moisture.

XYPAAHI'YWA

MoHeon ync xyH aMmbiH XYHCHUU x3p3ays33e domood000 xaHeax, moemeopxyyrnax, cmpameaulH XyHCHUU
HUlNyynanmudH ynuprelH xamaaprible 6yypyynax 30puna2oop spHUMKCIH YHISHUU ghpepmyydutie 600r1o2oop
O3MXUH WUH33p baleyyrmk baliHa. SpYUMXCIH hepmepuliH ax axyld marbiH meperi, HacHbl OHUs/0em
MOXUPCOH XONIUMO2 Max331 6351maax axun mynaamocaH acyydasn 6ok baliHa. SpUYUMXKCIH PePMUUH ax
axyld onoH yltndanm maxaan xonux (TMR) mawuHbi2 awuanax, mexHosoau axurniazaae yp awuamad
s8yynax, Malble M3X39X apaa, MmexHo02ud oHU20U aHxaapas XaHOYyrK, WUHXISX yxaaHYyaap xaHOax
s180an Yyxan 6alHa. Tax3an xonuedy TMR mawuHbi2 xap32/19x moxuosndosnd e8c ypaamiibiH OHUII02, XOSIUMO2
maxaan1 6351maaxad opx balizaa OyOyyH MIXK33s/, Xy4dum MIXK33M, HIMIMIM MIKI3I, OPUbIH XIMXKIIHO
moxupyyraH MawuHbl awuananmaiH yeulH YHOC3H y3yynanmyyoulia OHO8YUITXK, 20pUMbIH napamempyyoulia
HapuliH moamoox waapOdnazamali 6atidas. Tyc eayynand maxaan xonued (TMR) mawuH 033p mypuwunm
XUDK XOMUMO2 M3IXI3MUUH YpMbIH X3MX33, HYHMaauliH my8WwUuH, mepenwnuiH 33paule MmawuHbl YHOCIH
y3yynanmyydaac xamaapyyrnaH moOopxolmk OyHe 2apaarnaa.

INTRODUCTION

Demand for fresh vegetables and dairy products are growing even in the cold season of our country,
which has a harsh and thetic climate. The intensive dairy farming has developed with the support of the
government to meet this increasing dairy product demand (Nyamtseren, 2017).

It has been shown in statistical data from the Ministry of Food, Agriculture, and Light Industry, showing
the country's milk production for the six years 2012-2017 (Figure 1).

63.3 million liters of milk and dairy products were processed by industrial production method in 2016
and 81.2 million liters of milk and dairy products were produced in 2017. The volume of production of milk and
dairy products in 2017 increased by 28% compared to 2016 (Ministry of Food, Agriculture and Light Industry,
n.d.).

Milk and dairy products of Mongolia per capita was 24.11 kg in 2014 and it increased up to 27.87 kg in
2017. But it is four times less than world milk and dairy product consumption, 109.6 kg per capita.
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In recent years, the government has increased animal husbandry production to a certain extent,
improved the food supply and security of the urban population, and gradually reduced the import of animal
products (Michelle, 2020). Therefore, the number of intensive cattle farms and the number of entrepreneurs in
this field has been increasing.

Volume of milk processed by industrial
method /mil.Liters/

1 70.3

81.2
72.8
I 63.9 = 63.3 I
2012 2013 2014 2015 2016 2017*

Fig. 1 - Milk production of Mongolia

However increasing the number of cow is important to rise dairy production, the cow feeding methods
also play an essential role for the cattle farming (Yumchmaa, 2015).

Adequate feeding of farm animals is one of the main factors in increasing the productivity of animal
husbandry (Nurmatov et al., 2020). People are feeding their cattle with mixture of grasses and hays. This
method produces a lot of waste from dry grass, disturbs the dynamic balance of cattle digestion and
metabolism, and is unsuitable for intensive farming condition (Luo et al., 2017). This method affects the amount
of dry matter ingested, reduces milk production, and makes the rumen of cattle pH fluctuate greatly and is
relatively unstable (Gerlach et al., 2020). When the herders feed their cattle with such a different composition
of forages it cannot be fermented simultaneously in the cow's paunch and the feeds produce different pH
values during fermentation (Zhi, 2018). When herders feed their cattle in this way, it is easy to cause waste of
feed, produce nutritional imbalances, and even nutritional metabolic diseases (Shuxuan, 2021).

Therefore, thick forages and pungent fodder should be separately fed for cattle to be with stabilized pH.
Different types of fodders have different tests and compositions, the cows easily reject and reluctant from that
feeds (Xueyou, 2018).

Developed countries are commonly using Total Mixed Ration (TMR) machine in cattle farming to
overcome disadvantages of traditional feed methods. It can make a variety of raw materials get evenly mixed,
the feed thickness of the dairy cow feeding is uniform, the nutrition is balanced, the emergence of the cow
picky eating phenomenon is reduced, the cow's feeding desire and feeding volume are improved, and the dry
matter ingested by the cows meets the ideal state of the formula requirements (Hongwei et al., 2021). It is
based on the required nutrients for different stages of cow growth, and all the feeds needed by the cow are
fed into a dedicated TMR machine on a daily basis according to the ingredients developed by the feed
specialist and fed into forages in standard sizes and mixtures (Lei L., 2019).

MATERIALS AND METHODS
In our research, we used a 9SJW-1200 TMR machine, made in Italy (Figure 2). The machine is mounted
on a tractor as a trailer and is driven by a power extending shaft.

i

Fig. 2 - Forages mixing 9SJW-1200 TMR machine
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The ingredients of mixed diets for milk cow are shown in Table 1.

Table 1
The composition of mixed diets
Ne Compositions Percentage (%)
1 Grass 2.10
2 Alfalfa silage 16.80
3  Silage 25.20
4  Oat 2.94
5 Cotton seed 3.80
6  Sugar beet mixture 3.15
7  Corn flakes 6.30
8  Corn flour 25.20
9  Fatty acid calcium 1.04
10 Antioxidant 0.04
11  Sodium bicarbonate 0.83
12 Water 12.6

Zoo technical requirements
e Average length of chopped grass should not exceed 40 mm (Yihong, 2016).
e The added unit length should be 3-5 mm and at least 20% of the forage should be longer
than 35 mm after mixing (Dongling, Chunyan, Chunping, Yanwen,2016).
e Spray water should be 210 | for 1 preparation.
e Technical requirements
e The mixing blade of the equipment should be sharp (not worn) and complete (n=8)
e The main and auxiliary augers are not worn.
¢ Mixing chamber filling efficiency with ingredients should be 80% (n=80%) (Kegiang, 2015).

Application and technological parameters of diets mixing process have designed and target function

model is shown in Figure 3.
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Fig. 3 - Target function model
x, —rotation frequency, x, - mixing time, x; —feed moisture, z, — silage moisture, z, — additive feed moisture, Q, — feed
contamination, Q, — silage quality, y, - homogeniety rate %, y, - proper percentage of forage, y; — powdering grade %.

y1=f(x4, X5, X3)>80%
y,=f(X1, X2, X3)>80% 1)
y3=f(X4, X2, X3)<30%

Parameter levels that represent y-value are determined not only by the values of Ximax, Xivin, but by box
planning or second-order rotatable planning with 3rd and 5th grade changes (Avdai and Enkhtuya, 2019).
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Table 2
Experimental condition
Parameters Yo Kimin Xig Ximax X, I i
-1.682 -1 0 +1 +1.682
Shaft rotating frequency X, , rpm 16 19 24 29 32 5
Mixing time X,, min 3 6 1" 16 19 5
Feed moisture X;, % 36.6 40 45 50 53.4 5

RESULTS & DISCUSSION

Results of powdering grade, proper percentage of forage and feed homogeneity rate, depending on the
mixer shaft rotation, mixing time and moisture of feeds for mixing machine are shown in table 3.

Table 3
Results of experiments
Matrix of standards Experimental matrix

Ne Parameters Real values of the parameters Results

X1 X2 X3 X1 Xz X3 V1 V2 V3
1 - - - 19 6 40 68 65 13
2 + - - 29 6 40 71 69 19
3 - + - 19 16 40 68 68 17
4 + + - 29 16 40 73 79 24
5 - - + 19 6 50 66 61 15
6 + - + 29 6 50 71 67 24
7 - + + 19 16 50 67 67 26
8 + + + 29 16 50 73 74 32
9 -1.682 0 0 16 1 45 68 68 16
10 +1.682 0 0 32 1 45 72 84 29
1 0 -1.682 0 24 3 45 66 67 19
12 0 +1.682 0 24 19 45 71 83 30
13 0 0 -1.682 24 11 36.6 70 74 19
14 0 0 +1.682 24 11 53.4 73 67 29
15 0 0 0 24 1 45 82 68 18
16 0 0 0 24 1 45 83 71 27
17 0 0 0 24 11 45 84 72 23
18 0 0 0 24 1N 45 85 72 21
19 0 0 0 24 1 45 79 74 20
20 0 0 0 24 1 45 82 76 22

The mathematical processing of the numerical values of the measurements was governed by the law of
normal distribution, and the calculated value of the Shapiro and Wilka W criteria was W greater than the
table value W:se. The calculated value of the Cochrane criteria G, Geac Was less than the table value Giare,
indicating that the dispersion was homogeneous. Regression coefficients for factor dependence was
determined and a multivariate regression model for dependence was obtained. The formulas are as following:

Real formula of homogeneity rate

Real formula of proper percentage of forage

Real formula of powder grade

y, = —353.265 + 8.824X; + 4.396X, + 13.356X; — 0.177X2 — 0.19X2 — 0.148X2 )
y, = — 99.458 + 0.81X, + 0.788X, + 6.838X; — 0.078X2 ®3)
y; = —28.86 + 0.72X, + 0.68X, + 0.58X, (4
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From the real model, the optimal values of the main parameters during the operation of the TMR
machine were determined as the shaft rotating frequency X;= 25 rpm, mixing time X>=13 min and feed

moisture Xs= 47%.

Variation of homogeneity of mixed diets for the feed is expressed by y; and its correlations of shaft

INMATEH - Agricultural Engineering

rotating frequency X; and feed mixing time X, can be seen on the following diagram.

yi

Fig. 4 — Homogeneity reflecting surface and its correlation graph y; = f(x4, x2)

From the figure above, it can be seen that the maximum rate of homogeneity y1 can be found when both
the shaft rotation frequency (Xz) and the mixing time (Xz) are taken to be close to zero level.
Effects of shaft rotating frequency and feed moisture to the feed homogeneity rate are shown in fig. 5.

y1

Fig. 5 - Homogeneity reflecting surface and its correlation graph y; = f(x1, x3)

Figure 5 shows that the feed homogeneity can be produced when the values of shaft rotating frequency
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(x1) and feed moisture (x3) come to zero as much as possible.

The shaft rotating frequency and mixing time have the following correlation to the proper percentage of

diets (Figure 6).
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Fig. 6 — Proper percentage of diets reflecting surface and its correlation graph y2=f(x1, X2)
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This graph shows that the proper percentage of diets (y.) increases when the shaft rotating frequency
(x1) increases. And when the feed mixing time (x2) increases, the proper percentage of forages (y2) increases
too. They have linear correlations.

CONCLUSIONS

It is important to use TMR technology, to operate the technology efficiently, to pay special attention to
cattle feeding methods and technologies, and to take a scientific approach for the intensive farming.

Type of grass, thick forages of feed ingredients, pungent fodders, additives, TMR machine technical and
feed mixing parameters have to be accurately optimized when using the feed mixing TMR machine.

The feed mixing TMR machine process's optimal values of the inlet parameters were determined as 25
rpm of a shaft rotating speed, 13 min of mixing time, and 47% feed moisture. At this point, the outlet parameters
were the homogeneity rate of the feed was 82.8%, 81.4% propriety percentage, and 12.2% powdering grade.
When dairy cows were fed with prepared feed using TMR machine technology, the milk yield increased by
421.1 kg, and fat content increased by 0.11% during the lactation period (305 days).

This research work has practical significance to save feed resources and increase milk production in
cow farms by clarifying the technological parameters of the TMR machine used in Mongolia.
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