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MIXTURES BY USING MULTIVARIATE ANALYSIS OF VARIANCE
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Original scientific paper
The article presents a homogeneity analysis of multi-element heterogeneous granular mixtures. For this purpose, multivariate analysis of variance was
used. The research study was conducted in an industrial feed production plant using a vertical mixer equipped with a worm agitator and with the mass of
materials of 2,1 + 2,2 tones being put into it. Fodders comprising a dozen of whole seed components varying in grain diameter dimensions, densities and
shapes were the subject of the research material. Homogeneity of fodder was determined based on samples taken during the bagging process. It was
demonstrated — on the basis of statistical tests — that concentration of individual multi-elements, the heterogeneous granular mixtures is the same in the
whole volume of the fodder. The mixtures are homogeneous (uniform), which is of vital significance, when considering the quality of mixtures being
obtained. At this stage of production, there was no dissection of the mixture, and components were well-mixed. Furthermore, the hypothesis stating that
shortening of the mixing time from standard mixing time of 30 to 20 minutes would not adversely affect the homogeneity of the mixture was verified.
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Procjena homogenosti heterogene zrnate mjesavine s viSe sastojaka primjenom multivarijantne analize variance

Izvorni znanstveni ¢lanak
Rad se bavi analizom homogenosti heterogenih zrnatih smjesa s vise sastojaka. U tu se svrhu primijenila multivarijantna analiza variance. Istrazivanje je
provedeno u pogonu za proizvodnju krme koristeé¢i vertikalni mikser s puznom mijesalicom u koji staje masa materijala od 2,1 + 2,2 tone. Analizirale su
se krmne smjese sastavljene od desetak vrsta raznog sjemena s razli¢itim dimenzijama zrna, razli¢itih gustoca i oblika. Homogenost smjese odredena je
uzimanjem uzoraka tijekom punjenja vreCa. Pokazalo se — na osnovu statistickih ispitivanja — da je koncentracija pojedinacnih multi-elemenata,
heterogenih zrnatih mjeSavina ista u ¢itavoj koli¢ini krmne smjese. Smjese su homogene (jednolike), §to je od bitne vaznosti, kada se procjenjuje kvaliteta
dobivenih smjesa. U tom stadiju proizvodnje nije bilo nikakvog razdvajanja smjese i sastojci su bili dobro izmijeSani. Nadalje, verificirana je hipoteza da

skradivanje vremena mijeSanja od standardnih 30 na 20 minuta nema utjecaja na homogenost smjese.

Kljucne rijeci: kontrola kvalitete,; optimizacija; postupak mijesanja; procjena homogenosti, vertikalni mikser

1 Introduction

Mixing of granular materials is unquestionably
important. The mixing process is a particular unit
operation which occurs in a great number of practical
applications and in every processing industry (mining,
pharmaceuticals, energy, food and agriculture) [1+5].
Mixing solids is common in industrial applications and
frequently represents a critical stage of the processes [6].
The mixing process of granular materials is complex and
comprehensive for theoretical recognition, because many
factors affect its course [7+9]. The achieved effect of
mixing and its speed are functions of multi parameters,
including properties of components, the type of mixer, the
mixing method, and conditions for conducting the process
[10, 11]. The process of secondary segregation is being
observed frequently [12+14]. The probable state of
granular mixture, which will be obtained after a
sufficiently long period of mixing components with
similar properties, is the random state. The probability of
finding the particle of specific component in the mixtures
is the same at all points of the mixture. However, in the
case of heterogeneous and multi-element granular
systems, where significant differences in density, shape or
average grain size are common, the description of the
state of the mixture is one of fundamental problems in
mixing [13, 15, 16]. A variety of devices and equipment
are used for mixing granular materials [10, 17]. This is a
result of different needs from industry [18].

Mixing multi-element granular systems, such as
fodders, as it comes out from industrial practices, is never
perfectly homogenous, and status of such systems can be

deduced explicitly on the basis of collected samples [13].
The homogeneity (uniformity) of compound feeds and
fodders is crucial for food safety and for proper animal
nutrition. The purpose of mixing is targeted to ensure
proper proportions of individual components in each
portion being dosed. Imprecise mixing of components,
especially in the case of additives or active ingredients in
feeds for health care purposes, being the result of both, an
excess or either a deficiency of one of the components,
for example of vitamins or medicament (antibiotic) — is
undesirable and can cause negative effects.
Inhomogeneous distribution of components in the
mixture, the segregation process during mixing or in
transport, and during filling the components into the
mixer can cause negative side effects [19]. Manufacturer
of animal feeds pays the attention to the quality of the
mixture — on one hand, and to the costs of running the
process, striving to optimise the process, on the other side
[20 +23]. A satisfactory mixing process should produce a
uniform mixture in minimum time and with minimum
cost for overhead, power and labour. Nowadays
companies are focusing on decreasing the production time
while maintaining high quality manufacturing [24].

The objective of the article is to assess the
homogeneity of several heterogeneous multi-element
granular mixtures. Fodders for birds consisting of a dozen
(8, 12 and 14) of whole grain components— grains varying
according to their dimensions, densities or shapes — were
subject of the research material. The research hypothesis
is formulated as follows: the concentration of individual
components in the mixture is uniform throughout the
whole volume of the granular mixture. The homogeneity
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of the feed was determined on the basis of samples
collected during the process of bagging. Furthermore the
hypothesis stating that shortening the mixing time from
30 to 20 minutes would not adversely affect the
homogeneity of the mixture was verified. The scope of
research included conducting research experiments for the
tested fodders consisting of 8, 12 and 14 components.

2 Material and methods

Experimental studies were conducted at the mixing
process line in an industrial feed mill. Diagram indicating
the process of preparing the fodder starting from the stage
of unloading of the raw material to the stage of final
product is presented in Fig. 1. The mixing process was
carried out in a vertical mixer equipped with a worm
agitator (Fig. 2). Further information on dimensions of the

mixer and on properties of the components (static bulk
density and average dimension of grains) is indicated in
the author’s previous works [25, 26]. The process was
characterized by the recirculation of the components
performed by the bucket elevator (Fig. 3). The poured
granular material was emptied in the place of discharge,
and then directed to the bucket elevator from which it
went back to the mixer. Thus, the mixing took place
owing to the movements of the mixing screw and the
recirculation through the bucket elevator. The reason of
recirculating the mixture was to clean seeds from small
impurities (husks, shells, dust). Ingredients composition
of the tested granular mixtures is shown in Table 1 and
Fig. 4. The mixing time was 20 minutes. The mass of
components entered into the mixer amounted to 2100 kg
and 2200 kg.
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Figure 1 Schematic diagram of the industrial feed plant

Figure 2 Vertical mixer with worm agitator

The experiment was to collect samples during
bagging process in order to determine the homogeneity of
mixtures from 10 selected bags (numbers of subsequent

bags are given in Tab. 2). The mass of a single bag
amounted to 25 kg.

Mixer with Outlet
worm e
agitator PP
Bucket
conveyor

Figure 3 Schematic diagram of mixing

From each bag, three samples were collected— from
three levels of the bag — further stated as bottom level (A),
middle level (B) and upper level (C). During a single
experiment, 30 specimens were collected. In total, 120
samples were taken for research study. Statistical analysis
consisted of statistical tests with multivariate analysis of
variance (MANOVA) to determine significant differences
between the percentage share of individual components
for three levels (A, B, C) for collecting specimens. On
this basis, the homogeneity of the mixture was
determined.
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3 Results and discussion

components: 287,43+ 61,96 (N=30), respectively. Below
are presented selected results obtained for a single

Statistical analysis was performed by using the SPSS component in the 8—component mixture (Tab. 2). The
Statistics software version 23. The average weight of table presents the results of the percentage share of maize
samples taken during the experiment amounted to: for a obtained for three levels of collecting the samples (A, B,
mixture of 8 components: 244,54 + 45,18 g, for a mixture O).

of 12 components (BF): 250,76 + 57,05, mixture of 14

Yellow maize
8,12 (BF), 14

Fieldpeas #&§
12 (BF), 12 (WM), 14

Sorghum
8,12(BF), 12 (WM), 14

Green peas

8,12 (BF), 12 (WM), 14

Brown vetch

12 (WM)

Wheat
g, 12(BF)

Red maize Red millet
12 (BF), 14 12 (BF), 12 (WM), 14

Yellow millet

8,12 (BF), 12 (WM), 14

Carthamus
12 (WMD), 14

_ " Hulled ocat
~ A o
‘*#7 12 (WMD), 14

White sorghum

8,12 (BF), 12 (WM), 14
Whiterice Fairvetch
12 (WMD), 14 12 (BF), 14

Figure 4 Ingredients of examined granular mixtures

Table 1 Composition of the examined granular mixtures

8-element granular 12-element granular | 12-element granular 14-element granular
Components of the mixture mixture (UN) mixture (BF) mixture (WM) mixture (WW)
kg % kg % kg % kg %
1 White sorghum 20 0,95 50 2,27 250 11,90 150 7,14
2 | Green peas 80 3,81 80 3,64 300 14,29 120 5,71
3 | Yellow peas 190 9,05 140 6,36 510 24,28 200 9,52
4 | Carthamus - - - - 80 3,81 40 1,91
5 |Red maize - - 100 4,55 - - 100 4,76
6 | Yellow maize 640 30,48 700 31,82 - - 800 38,10
7  |Hulled oat - - - - 100 4,76 50 2,38
8 |Field peas - - 20 0,91 170 8,10 80 3,81
9  |Red millet - - 25 1,14 25 1,19 25 1,19
10 | Yellow millet 100 4,76 145 6,59 155 7,38 155 7,38
11 | Wheat 840 40,95 660 30,00 - - - -
12 | White rice - - - - 50 2,38 25 1,19
13 | Black sunflower 30 1,43 30 1,36 90 4,29 60 2,86
14 | Sorghum 180 8,57 220 10,00 320 15,24 265 12,62
15 | Brown vetch - - - - 50 2,38 - -
16 | Fair vetch - - 30 1,36 - - 30 1,43
Total: 2100 100 2200 100 2100 100 2100 100
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Table 2 Percentage share of yellow maize for three levels of sampling
for 8-element granular mixture

Lp Sample Percentage share / %
" | number Level 'A’ Level 'B' Level 'C'

1 4 41,09 43,46 42,17
2 12 46,33 48,92 49,06
3 20 41,85 44,40 43,43
4 28 33,19 33,97 37,02
5 36 37,88 35,87 37,74
6 44 33,34 36,51 35,81
7 52 36,29 36,99 35,41
8 60 40,41 40,11 38,84
9 68 41,21 39,42 39,02
10 76 49,30 50,44 50,11

To assess the uniformity of granular mixture, the
MANOVA was used. Multidimensional statistical
methods are statistical techniques of simultaneous data
analysis on a number of variables; therefore, this method
was used to evaluate the homogeneity of the feed
mixture.The MANOVA procedure is used to carry out the
test for distinguishing differences between centroids in
several populations [27].

In calculations the following was assumed:

1. Each of the r of test populations is characterised by
multivariate normal distribution.
2. All of r populations have the same variance /

covariance matrix 2.

The null hypothesis is:

Hom=wo=u=...= 1,

Hi: not all of y; (i =1, 2, ..., r) are equal, wherein:
[ﬂn]
| Hiz |

W= |ma | (1)
LuikJ

u; - average value of a vector in the i™ population for the &
variable being tested that is the centroid of the i"
population.

Thus, regarding the obtained results, » = 3 (A, B, C
levels) and k=8, k=11 and k = 13 (white sorghum, green
pea, yellow pea, carthamus, red maize, yellow maize,
hulled oat, field pea, red and yellow millet, wheat, white
rice, black sunflower, sorghum, brown vetch, fair vetch).
The components of red and yellow millet were analysed
as a single component, while the explicit feature, which
distinguished these components was the colour. However,
due to obscurities in classifying some of the grains to a
selected component, it was decided to combine these
seeds as a single variable, which would prevent
misstatement of the results of the analysis, during test
specimen distribution into individual components.

The null hypothesis is:
Ho: 41 = 1, = p3 Centroids equal in 7 of test populations.

Vectors of means at individual levels A, B, C (the
level of collecting the sample inthe bag) are

homogeneous, which means that for mixes with 8, 11 and
13 components, respectively, the following is obtained:

117 H217  [H317
Hi2 Uz 2 Uz 2

His Uz 3 Uz 3
Hia Uz 4 U3 4

P =y s | = (pzs| = uss )
Hie Uze U3 e
U7 Uz 7 Uz 7
gl LUzgl LUz g

rli17 [H217 [H317
Hi2 H22 H32
Hi3 H23 H33
Hia H2 4 H3 4
His Hzs H3s
Ui =|Hie|=|H26 |=|H3s6 3)
Hi7 Hz7 H37
Hisg Hzsg H3sg
Hio H29 H3o
H110 H2 10 H3 10
1114 L2911 LH3 14

rli117 [H217 [ H317
Uiz U2z U3z

HUis Ha3 HU33
HUya U2 4 U3 4

His Hzs H3s
Hie Hze H3e
W =|H17|=|H27 |=| H37 4
Hisg Hag H3sg
Hio H29 H3o

H110 H2 10 H3 10
Hi11 H211 H311
H112 H212 H3 12
{1131 L2431 LUz g3

The alternative hypothesis is therefore:

H;: not all of y; (i =1, 2, 3) vectors are equal, and k= 8§, k
=11 or k= 13, where:

Hix
Hiz
wi = |Mi3 (5)

Uik

Four statistical tests were performed: the Pillai’s
trace, the Wilks’ lambda, the Hotelling’s trace, and the
Roy’s largest root to estimate the probability value of p
(Tab. 3).

The probability analysis p (of a = 0,05) presented in
Tab. 3, indicates that there is no reason to reject the null
hypothesis on the equality of vectors of the expected
values. It is assumed that centroids are equal in the
examined populations, and thus, the average vectors at
different levels A, B, C (the level of collecting the
samples from the bag) can be considered as uniform. It
can be concluded that mixtures with 8, 12 and 14
components are uniform (homogeneous) in its
composition, and each portion has a similar composition
of the mixed components. The author’s previous research
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studies assessed the homogeneity by using the MANOVA
and the mixing process lasting 30 minutes [28, 29]. Three
— based on different formulas — multi-element
heterogeneous granular mixtures were analysed. The time
has been set based on experiences of practitioners and in
accordance with the mixer manufacturer’s
recommendations. In tests [28, 29] performed for 30
minutes of mixing, it was determined that these mixtures
are homogeneous. The author’s other research [18, 30]
carried out for 30 minutes of mixing has previously
indicated that the mixing time can be shortened by half,
depends on the mixture’s formula.

Table 3 The obtained values of significance p for statistical tests

P
8- 12- 12- 14-
Type of | element | element | element | element
Lp.
method | granular | granular | granular | granular
mixture | mixture | mixture | mixture
B () - S VO R A
1 Pillai’s o650 | 0590 | 0211 | 0313
trace
y | Wilks 0,872 | 0532 | 0235 | 0328
lambda
3 (Hotelling’s | 609> | 0487 | 0262 | 0,349
trace
4 Roy’s 0,675 | 0,106 | 0,101 | 0,111
largest root

The hypothesis of the research study was:

H: Mixing time may be shorter than the time (30 minutes)
recommended by the manufacturer of the mixer, while
preserving the frequency distribution of the tested grains,
conforming to the model — the required composition of
the feed mixture [30].

However, these considerations were performed based
on analysis of samples collected at the time of mixing
process during the above—mentioned recirculation of the
components (compare Figs. 2 and 3). Then, samples were
collected at the place of pouring out from the mixer. On
the basis of the analysis on changes in statistical
parameter using RSS (residual sum of squares)
measurements, described in the author’s publications [25,
30, 32], it was determined that the time can be shorter
than the time assumed by the manufacture of the fodder.
But so far, this hypothesis was not verified by conducting
experiment for shorter time, e.g. 20 minutes, as specified
in this article. It was decided to verify this hypothesis in
this publication. It was determined that the homogenous
mixture was obtained, despite the fact that the time was
decreased from 30 to 20 minutes - this is by 33 %.
Therefore, the hypothesis was verified for four multi—
element granular mixtures with various recipes.

4 Conclusions

The results obtained show that the method used for
assessment of mixture homogeneity has allowed the
determination of product quality. This has been possible
largely thanks to the proper design of the experiment and
experimental methods. Based on the experimental
observations, the author formulated the following
conclusions:

1) On the basis of statistical tests it has been shown that
there are no statistically significant differences
between the percentage shares of individual
components of the three levels of collecting the
samples from bags. Therefore, the concentration of
individual components in multi-element
heterogeneous  granular mixtures is  uniform
throughout the whole volume of the feed mixture.

2) Mixtures are homogeneous (uniform), which is of
vital significance from the point of the quality of the
mixtures. At this stage of production, there was no
mixture stratification, and the components are well
mixed. Quality of the obtained granular mixtures is
good, considering as one of the aspects —its
homogeneity.

3) The hypothesis on the feasibility of shortening the
mixing time from 30 to 20 minutes while maintaining
the homogeneity of obtained granular mixtures was
confirmed by conducting four experiment tests. Each
portion of the mixture contains homogeneous
composition of components.
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