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Abstract: This paper presents the results of the mixing of
a multicomponent feed for cattle. Three types of
mixtures with different proportions of individual com-
ponents and granulometric composition were selected.
After the mixing process, the fraction of the key
component (tracer) was determined. Tracer consisted of
crushed grains of yellow maize, which was wet treated
with a 0.01% solution of Rhodamine B. A tracer with two
different average particle sizes d; = 2.0 mm and d, =
1.25mm was introduced into the mixture. Then, the
sample was illuminated with UV light, and the content of
the tracer in the sample was evaluated using the
computer image analysis. In addition, the tracer was
separated to determine its fraction using a laboratory
scale. From the obtained results, the high reliability of
the fluorescence optical method for the evaluation of the
homogeneity of granular multicomponent mixtures was
proved. It was also observed that slightly better results
were obtained for a tracer with a larger average particle
size (d = 2.0 mm), although the comparative analysis did
not indicate a significant statistical difference in the
results in each series of tests.

Keywords: fluorescence, tracer, multicomponent gran-
ular mixtures, mixing of granular components

1 Introduction

The theoretical basis about the mixing of granular
materials has been described since the 1940s [1-4].
This process takes place through a chaotic and random
movement of the grains; however, many other
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behavioral conditions of grains are observed at the
microscale level [4,5]. The behavior of the granular
particles depends on their characteristics such as size,
density, humidity, shape, and angle of repose, on the
morphology of surface that has contact with the grains,
and on the parameters of the mixing process itself
[2,4-9]. The appropriate degree of mixing of granular
components is an important parameter of the quality of
the final product (e.g. in the context of nutrition) [10,11].
Therefore, it seems to be important to continuously
develop the tools aimed at a better understanding of this
complex and multifaceted process.

Homogeneity of the grain mixtures can be deter-
mined by degrees and indexes of mixing based on the
content of a given component in samples [4,12,13]. In
studies on the homogeneity of the grain mixtures, the
correct sampling and analysis are important. The
samples taken should be representative, and their
quantity and size should be appropriate to the volume
of the mixed material. The problem of sampling has been
studied by many scientists [14-17]. The size of an
individual sample also depends on the methodology
adopted for determining the homogeneity of the mixture.
For feeds, the reference method was based on the
content of the active substance (e.g. tyrosine) [18].
However, research in this area, carried out for many
years, has allowed the development and implementation
of new research tools based on tracking the behavior of
various types of tracers [19]. One of them is the method
of assessing the homogeneity of feed, especially indus-
trial feed, based on Mictracer® or Microgrids content
[12,20-22]. There is also a continuous development of
methods based on tracking individual particles using
computer image analysis. Most such solutions were
tested in the mixing of binary systems, where whole
grains of different origin (biological materials, plastic
materials, glass and steel balls, or chemical materials
such as aluminum oxide balls and others) were mixed.
Additionally, these ingredients differed in color [23-28].
In the methods based on image analysis, a component
whose fraction was estimated was often colored. In the
research conducted by the author of this paper,
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substances featuring fluorescence under the influence of
ultraviolet radiation (Tinopal, Rhodamine B, Uranine,
Eosine) were used for dyeing [29-32].

This paper presents one of the stages of research
conducted by the author for several years. So far, a series
of tests have been performed mainly with the use of
granular multicomponent mixtures containing whole
grains [29,31,32]. Recent studies, including those pre-
sented below, concern the mixing of components after
fineness [29]. In this aspect, a research problem has been
addressed to verify the possibility of using fluorescence
to assess the homogeneity of multicomponent mixtures
subjected to the grinding process. Due to the high degree
of fineness of the tested mixtures (M = 0.54—0.58 mm), it
was necessary to use a tracer with a different average of
particle size than before, namely 1.25 and 2.00 mm. This
resulted from a certain assumption, namely, the desire to
develop a method that would allow to determine the
quality of the mixtures based on the content of a key
component having the characteristics of mixed material,
due to which the implemented experiments have a more
practical character.

2 Methods

The studies were carried out for three multicomponent
feeds for cattle obtained from the feed factory. The basic
characteristics of these mixtures are listed in Table 1.
Mixes no. 1 and 3 consisted of eight ingredients, while
mix no. 2 — seven. The degree of fineness of mixtures
(based on PN-R-64798: 2009-Feed. Determination of
comminution) was in the range M = 0.54-0.58 mm. The
mixing process was carried out using a laboratory flow
mixer, which is built of two identical tanks (height of the
cylindrical part — 200 mm, internal diameter 150 mm,
and internal diameter of the outlet - 30 mm) placed in
the construction (one above the other) enabling easy
changes of their places. Mixing was carried out during 10
flows. It was proved that 10 flows in this type of mixer
are enough to get the random state of mixture [33]. After
the set time, 10 samples (N = 10) were taken from the
entire volume of the mixed bed. This was possible by the
modular design of the receiving tank (10 rings) and
that’s why 10 samples. The information about the flow
mixer was presented in detail in earlier works [33,34].
The key component (tracer), i.e. yellow maize, was
ground with different mesh sizes in a cereal mill. In this
way, maize with two average particle sizes d; = 2.00 mm
and d, = 1.25 mm was obtained. The component prepared
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Table 1: Composition and degree of fineness of the analyzed
mixtures

Types of components Percentage of components

Mixture 1  Mixture 2  Mixture 3
Fodder chalk 1.5 2
Barley - - 2
Maize 36.5 30 10
Triticale 15 - -
Soya meal 9 5 60
Rape meal 27 35 7
Dry corn decoction 10 25 -
Sodium chloride 0.5 0.5 3
Phosphate - - 3
Premix 0.5 2.5 5
Number of components 8 7 8
Fineness degree,® M (mm)  0.54 0.57 0.58

?Calculated based on PN-R-64798:2009.

in this way was then wet treated with a 0.01% solution of
Rhodamine B (C,gH3;CIN,Os, excitation area 553 nm).
Prior to mixing, 100g of tracer (10% of the whole
mixture) was introduced to the mixer in the same way.
The remaining part of the mixed bed (90%, 900 g) was
the compound feed. After the mixing process was
completed, 10 g of single sample was taken and placed
in a chamber equipped with two ultraviolet lamps. There
was a digital camera in the upper part of the test station.
In this way, images with a resolution of 1,600 x 1,200
pixels were obtained. The images were then analyzed
using Patan software; this program was based on the
RGB-256 scale. In the area of the acquired images, the
colors responsible for the key component and back-
ground were determined. Exactly three classes were
determined; 1-tracer, and 2 and 3-background. The
designation of the two classes defining the background
was due to the multicolor of the sample, due to which
the obtained results were more reliable. Image post-
processing consisted of assigning a color suitable for a
given class (1, 2 or 3, first stage) to each of the pixels of
the image and then determining the surface occupied by
this class (second stage). The error in the first step of
procedure equals to 256 = 5.9 x 10~%; so, it is negligible,
and during the second step, it equals 5.2 x 107%; so, it can
be omitted in further calculations too. The information
about the percentage share of individual classes in the
analyzed area was obtained. In the following, the results
of 1 class (tracer) participation were used.

Additionally, the fraction of the key component was
evaluated by the control method, called as method 2 in
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this paper. This method was based on the manual
separation of fluorescent maize from samples subjected
to image analysis and then weighing on a laboratory
balance with an accuracy of +0.01g. The separation of
grains, for example, by sieves is, or rather was, the
commonly used method (most important and known) to
assess the content and then the parameters of chosen
components of the mixture. In this way, the content of
the introduced tracer (ground maize grains with average
particle size d; = 2.00mm and d, = 1.25mm) was
analyzed by two methods:

(1) Fluorescent method based on computer image

analysis (Figure 1).

(2) Weighing method.

Three series of tests were performed for each tracer
(maize d; = 2.00mm and d, = 1.25mm), obtaining 10
samples from each test; each series test was repeated
three times.

These two methods were necessary for verification
purposes. Based on the results obtained, the basic
statistical parameters, the magnitude of the differ-
ence between the results obtained by the two methods
(as a module of x — xo/x, where x is the share of tracer
assess by method 1 and x is the share of tracer assess by
method 2), and the coefficient of variation (as 100 x
standard deviation/mean) were calculated. The percen-
tage of the coefficient of variation, in this case, was
used to assess the homogeneity of the multicomponent
feed. Additionally, a statistical comparative analysis was
performed based on parametric and nonparametric
comparative tests depending on the normality of
variable distribution (Shapiro—-Wilk test verification)
and homogeneity of variance (Levene test verification).
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Table 2: Results of mixing of compound feeds for cattle using a
tracer with an average particle size d; = 2.00 mm

Series of tests Tracer share (%) Difference® (%)

Method 12 Method 2°

Mixture 1

1 9.36 + 2.39 9.22 + 2.14 4.35 + 2.62
2 9.80 + 1.03 9.66 + 1.18 3.40 £ 2.0

3 9.42 + 0.84 9.47 + 0.87 2.78 +1.35
Mean, % 9.52 + 1.62 9.45 + 1.53 3.51 + 2.19
CV, % 14.99 +7.49 14.85 + 6.02 8.9 + 4.45

Mixture 2

1 9.08 + 0.86 9.08 + 0.93 2.99 + 1.44
2 9.33 +1.17 9.40 + 1.16 3.13 + 1.16

3 9.10 + 1.14 9.05 + 1.29 3.55 + 1.93
Mean, % 9.17 + 1.09 9.17 + 1.14 3.22 + 1.60
vV, % 11.52 + 1.44  11.88 + 2.09 5.68 + 4.27
Mixture 3

1 8.93 + 1.00 8.87 + 0.93 3.08 + 1.45
2 9.16 + 1.23 9.01 + 1.32 4.01 + 2.55
3 9.01 + 0.91 9.07 + 1.00 2.37 + 1.39
Mean, % 9.03 + 1.08 8.98 + 1.12 3.15 + 2.02
CV, % 11.58 + 1.41 12.02 + 1.83 7.40 £ 0.70

?Arithmetic mean of the percentage of the tracer obtained by
computer image analysis + standard deviation. ® Arithmetic mean of
the percentage of the tracer obtained by weighting + standard
deviation. “Difference in results obtained by the two methods +
standard deviation.

The significance level a =
calculations.

0.05 was adopted for

Ethical approval: The conducted research is not related
to either human or animal use.
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Figure 1: Schematic representation of the setup of the optical fluorescent method.
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Table 3: Results of mixing of compound feed for cattle using a
tracer with an average particle size of d, = 1.25 mm

Series of tests Tracer share (%) Difference® (%)

Method 12 Method 2°

Mixture 1

1 8.65 + 1.17 8.79 + 1.06 6.93 + 4.01
2 9.07 + 1.52 8.99 + 1.30 7.53 + 5.39
3 9.10 + 0.90 9.30 + 0.96  5.68 + 3.95
Mean, % 8.94 + 1.26 9.03 + 1.15 6.71 + 4.64
v, % 13.38 £+ 2.79 12.26 + 1.70  10.68 + 5.01
Mixture 2

1 8.87 + 1.07 8.73 + 0.97 9.98 + 10.77
2 8.82 +1.32 8.84 + 1.06 8.06 + 5.41
3 8.81 + 0.94 8.72 + 1.04 9.93 + 2.85
Mean, % 8.83 + 1.14 8.76 + 1.04 9.32 +7.33
vV, % 12.58 + 1.81 11.67 + 0.41 14.49 + 7.11
Mixture 3

1 8.76 + 0.99 8.84 +0.83 11.29 +5.93
2 9.73 +1.22 9.66 + 1.00 9.25 + 6.27
3 9.48 + 1.28 9.59 +1.21 9.95 + 6.74
Mean, % 9.32 + 1.26 9.36 + 1.11 10.16 + 6.49
vV, % 12.43 + 0.87 10.76 + 1.35 16.32 + 6.60

@ Arithmetic mean of the percentage of the tracer obtained by
computer image analysis + standard deviation. ® Arithmetic mean of
the percentage of the tracer obtained by weighting + standard
deviation. “Difference in results obtained by the two methods +
standard deviation.

3 Results and discussion

The results of the share of tracer with two degrees of
fineness obtained by the two methods are listed in
Tables 2 and 3. The graphical interpretation of the tracer
share obtained by the fluorescent method (marked as
blue square) and weight method (marked as orange
square) is presented in Figure 2 (for tracer 2.00 mm) and
in Figure 3 (for tracer 1.25mm), respectively. Figure 4
presents the value of difference obtained in relation to
the control method for a tracer with diameters 2.00 and
1.25 mm and three mixtures (mix no. 1: blue square; mix
no. 2: orange square; and mix no. 3: green square).
Based on the results listed in Tables 2 and 3 and
their graphical interpretations in Figures 2 and 3, a small
variability can be observed in the share of the tracer
estimated by the two methods. The lack of significance of
these differences was proved by statistical comparative
analysis. This observation is similar for a series of tests
using maize with a finer (d, = 1.25mm) and a larger
average of particle size (d; = 2.00 mm). However, it can
be observed (Tables 2, 3 and Figure 4) that for the tracer
with an average of particle size of d; = 2.00 mm, a lower
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Figure 2: A box plot graph of the share of the tracer (maize d =
2.00 mm) obtained by two methods for the three mixtures analyzed
(point: mean, box: mean + standard error, whiskers: mean + 2 x
standard deviation).

level of difference in results (method 1) was obtained
when compared with the control method (method 2). In
addition, it seems that the deviation of the share of key
components for mix no. 1 (mixing using tracer with
1.25 mm) is greater (9.52 + 1.62% for method 1 and 9.45 +
1.53% for method 2). The explanation of this is extremely
difficult because of the course of the mixing process, and
thus, the location of the tracer in a mixed bed depends
on many factors such as the number and share of
individual components or their features such as dimen-
sion, density, humidity, shape, and others. The lowest
level of difference was 2.37 + 1.39% and the highest was

Tracer share (%)

B =

6 [B Computer image analysis
1 2 3 [8 Weight method

Number of mixture

Figure 3: A box plot graph of the share of the tracer (maize d =
1.25 mm) obtained by two methods for the three mixtures analyzed
(point: mean, box: mean + standard error, whiskers: mean + 2 x
standard deviation).



1090 —— Dominika Barbara Matuszek

30

25

20

I 111

2.00 125

Difference (%)
>
=2

[H Mixture 1
I8 Mixture 2
B Mixture 3

Average size of tracer (mm)

Figure 4: A box plot graph of the difference between the results
obtained by the two methods for the average size of the tracer d; =
2.00 and d, = 1.25 mm (point: mean, box: mean + standard error,
whiskers: mean + 2 x standard deviation).

4.35 + 2.62%. The average range of the difference was
3.15-3.51%. For a series of tests involving maize with an
average particle size of d, = 1.25mm, the differences
obtained were greater. The lowest value of this difference
was 5.68 + 3.95% and the highest was 11.29 + 5.93%,
with mean values ranging between 9.32 and 10.68. This
difference is particularly noticeable in Figure 4. Similar
observations were made in relation to the obtained
results of the coefficient of variation. In mixing with
fluorescent maize d; = 2.00 mm, the average difference
amount is in the range of 5.68-8.90%. However, in tests
with d, = 1.25 mm, the value was obtained in the range of
10.68-16.32%.

The significance of differences in the results obtained
by the two methods was verified based on the relevant
statistical tests. For this purpose, the Student’s t-test and U
Mann-Whitney’s test for the significance level a = 0.05
were used. The non-parametric (U Mann-Whitney) test
was used for one case where verification did not confirm
the normal distribution of variables. In other cases, the
parametric test was used. The results of the relevant tests
are summarized in Table 4 and its graphical interpretation
is shown in Figure 4.

The results of statistical comparative analysis
(Table 4) indicate that there are no significant statistical
differences between the results obtained by the two
methods. Therefore, the previously observed larger
deviations of the results compared to the control method
for d, = 1.25 mm maize are not statistically significant.
Therefore, it can be concluded that the use of the
fluorescence phenomenon in the assessment of the
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Table 4: Results of statistical comparative analysis of the tracer’s
share obtained by the two methods

Mixture no. Statistical test result p
Tracer d = 2.00 mm

1? 0.18 0.85628
28 0.02 0.98343
3? 0.33 0.73940
Tracer d = 1.25 mm

1° -0.28 0.77791
2? 0.24 0.81212
3b 0.12 0.90163

dParametric Student’s t-test. Normal distribution of variables,
homogeneity of variance. ®Nonparametric U Mann-Whitney test.
No normal distribution of variables, homogeneity of variance.

content of the Rhodamine B-coated tracer with two
different levels of fineness (d; = 2.00mm and d, =
1.25 mm) gives reliable results.

The multicomponent granular mixtures analyzed did
not differ significantly in terms of the number of
components or granulometric composition (Table 1).
Therefore, it was not possible to determine whether
these parameters affect the results obtained. To deter-
mine this correlation, it is necessary to have more
results, which is a further stage of the tests conducted by
the author.

The presented method used the computer image
analysis and the phenomenon of fluorescence. The
combination of these two elements allowed for a quick
assessment of the tracer’s share eliminating possible
distortions in the analysis. These disturbances result
from the properties of loose materials, such as the ability
to cover the tracer, which may cause the underestima-
tion of its share. The excitation of the fluorescent maize
for lighting eliminated this problem. Of course, the issue
of sampling still remains. This is a disadvantage of the
proposed solution. However, compared with online
methods, it does not require more advanced equipment
with quite complicated operation [35-38]. These types of
methods also have limitations, such as the need to
provide a window for observing mixed materials [39].
Author developed a simple tool, whose operation was
improved by the use of fluorescence in the ultraviolet.
Moreover, no similar tool for assessing the homogeneity
of loose mixtures has yet been developed.

So far, the method has been tested only in laboratory
conditions. However, it is worth noting that industrial
feeds were mixed and the tracer was maize (normally
used as feed component). Due to the properties of the
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fluorescent substance Rhodamine B (chemical substance
with irritant properties), the method has limits in
application to industrial conditions. In addition, the
fluorescent dye can be rinsed out of the tracer when
liquid additives are added to the mixer, which is
sometimes practiced in feed production. However, it is
possible that the use of appropriate models will allow
transferring of the results obtained in laboratory condi-
tions on a larger scale.

4 Conclusions

e Lower values of the differences in the results obtained
by the two methods were observed when maize grains
with an average particle size d; = 2.00 mm were used.
However, the results of statistical comparative analysis
do not indicate significant differences between the
results obtained by the two methods: (1) the method of
computer image analysis and (2) weight method for a
tracer with two levels of fineness (2.00 and 1.25 mm).

¢ The use of a fluorescent substance and its excitation to
light under ultraviolet light allowed for accurate
estimation of the tracer’s share against the background
of the multicomponent mixture.

e The method based on the assessment of the fluores-
cent-coated component (Rhodamine B) can be used to
monitor the share of the tracer in samples of high
fineness multicomponent granular mixtures M =
0.54-0.58 mm. Therefore, the proposed solution can
be used to assess the homogeneity of such mixtures.

Conflict of interest: The author declares no conflicts of
interest.

References

[1] Rose HE. A suggested equation relating to the mixing of
powders and its application to the study of the performance of
certain types of machine. Trans Inst Chem Eng.
1959;37:47-64.

[2] Bridgwater ). Fundamental powder mixing mechanisms.
Powder Technol. 1976;15:215-36.

[3] Wiliams JC. The segregation of the particle materials. a reviev.
Powder Technol. 1976;15:245-51.

[4] Boss J. Mixing of granular materials. Warszawa: Polskie
Wydawnictwo Naukowe Warsaw; 1987 (in Polish).

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

Fluorescence in the assessment of the share of a key component in the mixing of cattle feed =—— 1091

Krélczyk JB. Metrological changes in the surface morphology
of cereal grains in the mixing process. Int Agrophys.
2016;30(2):193-202.

Krélczyk JB. Analysis of kinetics of multicomponent, hetero-
geneous granular mixtures — laminar and turbulent flow
approach. Chem Process Eng-Inz. 2016;37(2):161-73. doi:
10.1515/cpe-2016-0015.

Krélczyk JB. Homogeneity assessment of multi-element
heterogeneous granular mixtures by using multivariate
analysis of variance. Teh Vjesn. 2016;23(2):383-8. doi:
10.17559/TV-20151031183255.

Krélczyk JB. The effect of mixing time on the homogeneity of
multi-component granular systems. Trans FAMENA. 2016;XV
(1):45-56.

Jain N, Ottino JM, Lueptow RM. Regimes of segregation and
mixing in combined size and density granular systems: an
experimental study. Granul Matter. 2005;7:69-81. doi:
10.1007/s10035-005-0198-x.

Jarray A, Shi H, Scheper BJ, Habibi M, Luding S. Cohesion-
driven mixing and segregation of dry granular media. Sci Rep.
2019;9:13480. doi: 10.1038/541598-019-49451-z.

Matuszek D, Krélczyk JB. Aspects of safety in production of
feeds — a review. Anim Nutr Feed Techn. 2017;17:367-85. doi:
10.5958/0974-181X.2017.00036.1.

Zawislak K, Grochowicz |, Sobczak P. The analysis of mixing
degree of granular products with the use of microtracers. TEKA
Kom Mot i Energ Roln — OL PAN. 2011;11c:335-42.

Meng C, Malin L, Tianjin L, Yaping T, Rongzheng L, Yuanyun W,
et al. A novel mixing index and its application in particle
mixing behavior study in multiple-spouted bed. Powder
Technol. 2018;339:167-81. doi: 10.1016/
j.powtec.2018.08.036.

Heidenreich E, Strauch W. Decisive factors for solids mixing
process in compound feed production. Part 2. Feed Mag.
2000;7-8:286-92.

Laurent BFC, Bridgwater ), Parker D). Convection and
segregation in a horizontal mixer. Powder Technol.
2002;123:9-18. doi: 10.1016/50032-5910(01)00396-5.
Muzzio F), Goodridgea CL, Alexandera A, Arratiaa P, Yanga H,
Sudaha O, et al. Sampling and characterization of pharma-
ceutical powders and granular blends. Int | Pharm.
2003;250:51-64. doi: 10.1016/s0378-5173(02)00481-7.
Krélczyk ). Determination of the sample size in assessing the
quality of multicomponent heterogeneous granular systems.
Inzynieria Rolnicza. 2012;2(136):139-47 (in Polish).

Kwiatek K, Przeniosto-Siwczyniska M. Instructions for testing
the homogeneity of medicated feeds and intermediate
products on the basis of testing the degree of mixing of the
active substance. Putawy: Paristwowy Instytut Weterynaryjny;
2007 (in Polish).

Hernandez LG, Garcia Pérez ), Gaytan-Martinez M. Tracers
used in granular systems: review. Powder Technol.
2019;340:274-89. doi: 10.1016/j.powtec.2018.09.025.
Eisenberg S, Eisenberg D. Closer to perfection. Feed Manag.
1992;11:8-20.

Matuszek D. Analysis of homogeneity of the industrial
compound feed for cattle. ] Res Appl Agric Eng.
2013;58(1):118-21 (in Polish).



1092 —— Dominika Barbara Matuszek

[22]

(23]

[24]

[26]

[27]

[29]

(30]

(31]

Krélczyk JB. Industrial conditions of the granular material
manufacturing process. Appl Mech Mater. 2014;693:267-72.
doi: 10.4028/www.scientific.net/AMM.693.267.

Lai CK, Holt D, Leung JC, Cooney CL, Raju GK, Hansen P. Real
time and noninvasive monitoring of dry powder blend
homogeneity. AIChE J. 2001;47(11):2618-22.

Realpe A, Velazgez C. Image processing and analysis for
determination of cencentrations of powder mixtures. Powder
Technol. 2003;134(3):193-200. doi: 10.1016/50032-5910(03)
00138-4.

Tukiendorf M. Characteristics of mixing granular materials
achieved by using methods of variance analysis and
geostatistical functions. EJPAU. 2003;6(1). http://www.ejpau.
media.pl/volume6/issuel/engineering/abs-03.html.
Daumann B, Nirschl H. Assesment of the mixing efficiency of
solid mixtures by means of image analysis. Powder Technol.
2008;182:415-23. doi: 10.1016/j.powtec.2007.07.006.
Obregén L, Realpe A, Velazquez C. Mixing of granular
materials, part Il: effect of particle size under periodic shear.
Powder Technol. 2010;201(3):193-200. doi: 10.1016/
j.powtec.2010.03.006.

Matuszek D. Modelling selected parameters of granular
elements in the mixing process. Int Agrophys. 2015;29:75-81.
doi: 10.1515/intag-2015-0002.

Matuszek D, Bitos t. Use of fluorescent tracers for the assessment
of the homogeneity of multicomponent granular feed mixtures.
Przem Chem. 2017;96(11):2356-9. doi: 10.15199/62.2017.11.27.
Matuszek D, Wojtkiewicz K. Assessment of the content of
fluorescent tracer in granular feed mixture. ] AOAC Int.
2018;101(6):1752-6. doi: 10.5740/jaoacint.17-0114.
Matuszek BD. The use of UV-induced fluorescence for the
assessment of homogeneity of granular mixtures. Open Chem.
2019;17:485-91. doi: 10.1515/chem-2019-0058.

(33]

[36

(37]

W
X

(39]

DE GRUYTER

Matuszek D, Wojtkiewicz K. Application of fluorescent markers
for homogeneity assessment of grain mixtures based on
maize content, Chem Process Eng-Inz. 2017;38:505-12. doi:
10.1515/cpe-2017-0039.

Boss J, Tukiendorf M. The influence of some granular
parameters on dynamic system during discharge method
mixing. Zesz Nauk Politechniki t6dzkiej Inzynieria Chemiczna.
1990;16:29-36 (in Polish).

Matuszek D, Tukiendorf M. Computer image analysis in the
assessment of mixing the granular systems (funnel-flow
system). Inzynieria Rolnicza. 2007;2(90):183-8 (in Polish).
Muerza S, Berthiaux H, Massol-Chaudeur S, Thomas G. A
dynamic study of static mixing using on-line image analysis.
Powder Technol. 2002;128:195-204. doi: 10.1016/S0032-
5910(02)00197-3.

De Beer TRM, Bodson C, Dejaegher B, Walczak B,
Vercruysse P, Burggraeve A. Raman spectroscopy as a process
analytical technology (PAT) tool for the in-line monitoring and
understanding of a powder blending process. ] Pharm
Biomed Anal. 2008;48:772-9. doi: 10.1016/
j-jpba.2008.07.023.

Koller DM, Posch A, Horl G, Voura C, Radl S, Urbanetz N.
Continuous quantitative monitoring of powder mixing dy-
namics by near-infrared spectroscopy. Powder Technol.
2011;205:87-96. doi: 10.1016/j.powtec.2010.08.070.
Ammarcha C, Gatumel C, Dirion JL, Cabassud M, Berthiauxa H.
Continuous powder mixing of segregating mixtures under
steady and unsteady state regimes: homogeneity assessment
by real-time on-line image analysis. Powder Technol.
2017;315:39-52. doi: 10.1016/j.powtec.2017.02.010.

Nadeem H, Heindel T). Review of noninvasive methods to
characterize granular mixing. Powder Technol.
2018;332:331-50. doi: 10.1016/j.powtec.2018.03.035.


http://www.ejpau.media.pl/volume6/issue1/engineering/abs-03.html
http://www.ejpau.media.pl/volume6/issue1/engineering/abs-03.html

	1 Introduction
	2 Methods
	3 Results and discussion
	4 Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


