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Abstract

The aim of the study was to investigate the preparation of granular veterinary premix containing two different antibiotics by fluid 

bed granulation process. The particle size and density of the active ingredients were investigated for the proper selection of the filler 

material. The used antibiotics were tylosin tartarate and colistin sulfate, while isomalt sugar alcohol and cellulose materials were 

selected as filler and binder, respectively. The colistin sulfate was fed together with the binder solution because of its low density, fine 

particle size and relatively low (1.2%) concentration in the product. The type and concentration of the binder in its solution, the feeding 

rate and the total amount of added binder solution were optimized for obtaining dust free granules with desirable abrasion resistance 

and good flowability. The active ingredient content for both antibiotics was preserved even at the elevated temperature applied during 

the fluid granulation process.
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1 Introduction
Veterinary premix is a mixture containing one or more 
active substances and must always be mixed with animal 
feed before use. The mixture of premix and feed is called 
medicated feed. Solid premixes exist either as a powder or 
in granulate form. Powders contain in most cases a dust 
fraction. Dust is defined as any solid material usually hav-
ing a particle size less than 100 µm [1]. Dust in premixes 
increases the cost of medicated feed concerning clean up 
time of mixing equipment and loss of product. Besides that, 
dust of active ingredients can be irritant and toxic when 
they get in contact with the operators. They can be harm-
ful to skin, eyes or even to respiratory system. There are 
facemasks and dust filtering equipment for personal care 
and usage of carefully chosen wetting process and anti-dust 
excipients to eliminate this problem [2]. Other possibility is 
to produce premixes by granulation that is a suitable process 
for production of particulate materials without dust frac-
tion. Granulation is a size enlargement unit operation where 
fine particles are agglomerated to form larger granules [3]. 

Granulation has a wide range of application in different 
industries such as mineral processing, agricultural prod-
ucts, detergents, pharmaceuticals, foodstuffs and specialty 
chemicals. Granulation is carried out to improve product 
functional quality, homogenize materials for the given com-
position, which are differ in initial characteristics, eliminate 
dusting during the mixing operations, improve flowability 
for further processing and handling  [4]. Typically, three 
components are needed for granules preparation: the ini-
tial particles or particles mixture (bed), a binder and mix-
ing of the bed and binder. According to the binder nature, 
granulation processes are classified as wet, dry and melt 
operations. The mixing process can be mechanical (pans, 
drums, high shear granulators) or pneumatic (fluidized-, 
spouted- or rotatory-bed granulators) [5, 6]. In fluidized 
bed wet granulation process, the liquid binder (a solution or 
dispersion) is distributed mainly by spraying onto the bed 
particles and, subsequently, the granules are dried to evap-
orate the solvent. There are several process variables that 
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determine the produced granules quality. Some important 
ones are the following: the initial bed particles size, tem-
perature and flow rate of the fluidizing air, binder spraying 
mode, binder concentration and feeding rate. The chemical 
composition, viscosity (i.e. the concentration) and the addi-
tion rate (the amount) of binder are key operation parame-
ters of the granulation determining the spray droplets and 
the granules growth [7–9]. 

Veterinary premixes are sometimes the combination of 
two antibiotics leading to a synergism and/or other benefits 
(e.g. decreases the possibility of building resistance of the 
microorganism sensitive to them). Production of granulated 
premix with two antibiotics differing in dosage and powder 
characteristics needs special processing methods. In our 
experiments tylosin tartarate and colistin sulfate were used 
as antibiotics. Tylosin is a macrolide antibiotic, its effect 
is bacteriostatic, prevents protein synthesis of microorgan-
isms. It is extremely effective against Gram-positive bac-
teria and mycoplasmas. In veterinary medicine, it is cur-
rently approved for therapy of bovine mastitis, pneumonia 
and arthritis in calves, bronchitis and bronchopneumonia 
in dogs, pneumonia, ileitis and erysipelas in pigs, infec-
tious sinusitis in turkeys and chronic respiratory disease 
and necrotizing enteritis in chickens [10]. Colistin is a poly-
peptide antibiotic, acting as a bactericide. Its effect against 
Gram-negative bacteria is significant. Main indications 
are infections caused by Enterobacteriaceae in pigs, poul-
try, cattle, sheep, goats and rabbits [11]. The two ingredi-
ents together are rather useful in opposition to a large scale 
of microorganisms (pathogen mycoplasmas, spirochetes, 
Streptococcus, Staphylococcus, Pneumococcus, Vibrio, 
Pasteurella, Corynebacterium, Escherichia, Salmonella, 
Shigella, Pseudomonas). Tylosine antibiotics are rather sta-
ble compared to colistin ones which are heat sensitive in 
different conditions [12, 13].

The aim of this study was to produce granulated veter-
inary premix without dust fraction containing two differ-
ent antibiotics and to preserve the active ingredient con-
tent that are exposed to heat effect during the fluid bed 
formulation. Three different cellulose polymers were 
selected as binder material as they are generally used in 
food and pharmaceutical granulation processes [14, 15].

2 Materials and methods
2.1 Materials
Colistin sulfate (COL) and tylosin tartarate (TYL) were 
purchased from Zhejlang Apolea Kangu Bio-pharm. Co. 
and Shandong Lukang Shelile Pharm. Co., respectively. 

Isomalt (Isomaltidex 16502), hydroxypropyl methyl-
cellulose (Methocel E5 and E15, abbr. are E5 and E15) 
and hydroxypropyl cellulose (Klucel LF, abbr. is KLF) 
were provided by Cargill Deutschland GmbH, Colorcon 
Limited and Ashland Specialty Ingredients, respectively.

2.2 Equipment and experiments
The granulation was performed in a fluidized bed granu-
lator of laboratory size (d = 0.106 m), the schematic set-up 
can be seen in Fig. 1. Experiments were carried out as fol-
lows: batch size was in all experiments 300 g. The bed 
consisted of 31.50 g TYL and a given amount isomalt that 
completed the batch size to 300 g. The bed material was 
loaded to the fluidization apparatus. The binder solution 
was prepared of 3.75 g COL, 15.00 g isomalt and different 
amount and type of cellulose binder in water. 

The binder material concentration in the binder solu-
tion (Cb ) can be seen in Table 1. The particle bed is preheated 
by air with airflow rate of 6 m3 h−1 to reach inlet temperature 
of 80 °C under stirring rate of 60 rpm, these two parameters 
were constant during the experiments. Once the temperature 
reached the initial inlet value the binder solution feeding was 
started with a rate of 3.7–5.0 g min−1. The outlet temperature 
was between 27–40 °C in the experiments depending on the 
feeding rate and the concentration of the solutions. The main 
process parameters of the experiments are summarized in 
Table 1. The airflow rate was adjusted for keeping a good 
fluidization profile; its final value was 13–19 m3 h−1. After 

Fig. 1 Schematic drawing of the laboratory granulator unit: 1 granulator 
unit, 2 fluid bed, 3 impeller, 4 air distributor, 5 atomizer, 6 electric 

motor, 7 feeding pump, 8 air-heater, 9 air valve, 10 cyclone, 11 binder 
solution tank
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finishing the feeding of binder solution, the granulated mate-
rial was dried under stirring rate of 40 rpm until the outlet 
temperature began to rise (it took 2–6 minutes depending on 
the moisture content of the particle bed). 

The product was removed from the granulator and 
analysed for flowability, abrasion resistance (of fraction 
0.63–0.8  mm) and particle size distribution. The active 
ingredient content was measured in a selected sample.

2.3 Characterization of initial materials and products
2.3.1 Density, flowability and abrasion resistance of the 
granules
Density and flowability: The bulk density of granules and 
intermediates ( ρb ) was determined by pouring 10 g of the 
granules into 100 mL cylinder and measuring the volume 
of granules. Tapped bulk density ( ρt ) was determined 
after tapping the cylinder until no further decrease in 
the granule volume [16]. To estimate the flowing abilities 
of the powders Carr index (CI, see Eq. (1)) and Hausner 
ratio (HR, see Eq. (2)) were calculated: 

CI = −( )100 ρ ρ ρt b b/ , 	 (1)

HR = ρ ρt b/ , 	 (2)

100 g of the granules was poured into a standard fun-
nel [17] and its outflow time (g s−1) was used as flowabil-
ity (Fl).

Abrasion resistance: The abrasion resistance of granules 
was determined by fluidization: 20 g of granules (W0 ) with 
particle size between 0.63–0.8 mm were filled in a col-
umn (d = 40 mm) and were fluidized for 1 min. These gran-
ules were sieved through a 0.63 mm sieve and reweighed. 
This weight was designated as W. The percent of abrasion 
resistance (AS% ) was calculated based on the Eq. (3):

AS W W W% / .= −( )100
0 0

	 (3)

2.3.2 Particle size and distribution 
The antibiotics and the matrix materials were fine powders 
thus their particle size and distribution were determined 
by laser diffraction method. Laser diffraction determines 
the particle size distributions by measuring the angular 
variation in intensity of light scattered as a laser beam 
passes through a dispersed particulate sample. The angu-
lar scattering intensity data is then analysed to calculate 
the size of the particles responsible for creating the scat-
tering pattern using the Mie theory of light scattering. The 
particle size is reported as a volume equivalent sphere 
diameter marked as dv. 

The measurements were carried out in wet dispersion 
in cyclohexane by Malvern Mastersizer 2000 instruments 
using the Hydro 2000 SM dispersion unit with 1200 rpm 
mixing rate. Mie theory requires knowledge of the optical 
properties as refractive index (RI) of the solid sample and 
of the dispersant, and the imaginary component (Ab) of the 
refractive index of the material. The used optical parame-
ters for calculation were the following: isomalt 1.300 and 0.1; 
COL 1.575 and 0.1; TYL 1.575 and 0.0 as RI and Ab, respec-
tively. The particle size and distribution of the granules were 
measured by sieving: 50 g samples were shaken for 600 s 
using sieves of 0.1, 0.2, 0.4, 0.63, 0.8 1.0, 1.6 and 2.0 mm 
sizes for particle size distribution determination and the 
weighted average particle size was calculated (dav  ). Criteria 
for dust fraction was < 1.0 w/w% for particles < 0.1 mm. 

2.3.3 Viscosity measurements of the binder polymers
Viscosity was measured on an A&D Vibro Viscosimeter 
(Tokyo, Japan) at 25 °C. Solutions were prepared in con-
centration of 3, 4, 5, and 7 w/w% from each binder polymer.

2.3.4 Moisture content of the granules 
Moisture content (MC,  w/w%) was measured using a mois-
ture analyzer (Sartorius AG, Germany): 1 g of granules 
was dried at 105 °C using steady-state mass conditions.

Table 1 The main process parameters in granulation experiment: mass ratio of binder solution to particle bed (Gb/G0 ); binder material 
concentration in binder solution (Cb ), feeding rate ( F ), outlet temperature (Tout ) and powder characteristics of the products A–F: average particle 

size (dav ), dust fraction (<0.1 mm), abrasion resistance (AB%) and moisture content (MC  )

Run Binder Gb/G0 Cb , w/w% F, g min−1 Tout, °C dav , mm <0.1 mm, % AB% MC, w/w%

A E5 0.54 3.5 5.0 27 0.49 0.21 23.00 6.1

B E5 0.54 5.2 3.7 35 0.35 1.07 74.00 4.1

C E5 0.66 5.4 4.2 27 0.44 0.73 24.30 5.8

D KLF 0.66 5.4 4.0 40 0.58 0.15 46.00 4.4

E E15 0.54 3.5 4.5 27 0.47 1.14 25.50 8.6

F E15 0.54 5.2 4.4 30 0.65 0.61 77.80 4.6
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2.3.5 Determination of active ingredient content 
The analytical method was developed, validated and 
described based on EMEA regulations: [18, 19], briefly. 

TYL content determination: dissolved/sampled solu-
tions of pH 4.5, External Standard was used Tylosin CRS, 
Council of Europe, European Pharmacopoeia, Lot No.: 1. 
Analytical method was HPLC – UV detection with condi-
tions: column of 250 × 4.6mm, 5µm, TRACER EXTRASIL 
ODS2 (Technokroma), wavelength: 280 nm, acetonitrile 
(HPLC grade): methanol (HPLC grade): 0.005 M ammo-
nium dihydrogene phosphate =70:20:10. 

COL content determination: dissolved/sampled solutions 
of pH 4.5 and OPA (ortho-phthalaldehyde) derivatization 
procedure and reversed phase HPLC determination using 
fluorescence detection. External Standard: Colistin sulfate 
CRS, Council of Europe, European Pharmacopoeia, Lot 
No.: 3a, purity: 86.9%. Analytical method: HPLC – fluo-
rescence detection: HPLC column: Hyperprep 10 C18 HS 
(BST, Hungary), length: 250 mm, internal diameter: 4.0 mm, 
Particles diameter: 10 µm, wavelength: λex  =  330  nm, 
λem = 440 nm, 83 V/V% methanol (HPLC grade, Merck); 
12 V/V% double distilled water; 5 V/V% cc. acetic acid and 
5.5 g/l heptane-1-sulfonic acid sodium salt.

The difference in active ingredient content was calcu-
lated as a relative percentage ratio to the required con-
centration. The accepted margin of error was ± 5%. The 
experiments were carried out in triplicate.

3. Results and discussion 
3.1 Selection of carrier, binder materials and binder 
addition method 
Veterinary premixes are medicated mixtures of one or 
more active substances and matrix of carrier and other 
additives used for the formulation. Selection viewpoints 
for the materials are chemical and physical compatibility 
between the excipients and the active substances depend-
ing on the formulation process of the premixes. For car-
rier material isomalt was selected as a not reducing sugar 
alcohol with high chemical stability and low hygroscopic-
ity [20]. The particle size and density of the filler and the 
active material are very important parameters for the gran-
ulation process. Materials used as a mixture in the fluid 
bed with very different physical characteristics can cause 
particle segregation during fluidization [21]. The two anti-
biotics and the carrier materials are fine powders with an 
average particle size under 50 µm. TYL and isomalt have 
a very similar size distribution and density. COL contains 
higher fraction of finer particles with an average particle 

size 21.14 µm and it is a very light powder with a tapped 
density of 0.368 g cm−3. Data of the volume mean diame-
ter, density and calculated CI and HR values were given in 
Table 2, the particle size distribution can be seen in Fig. 2. 

The estimated flowability of the intermediates are dif-
ferent according to CI and HR data but all of them showed 
poor flowing characteristics, i. e. they did not flow through 
the standard funnel (see in Section 2.3.1.).

In premix the concentration of the antibiotics was 
adjusted 10.50 and 1.25 w/w% for TYL and COL, respec-
tively. The low concentration active ingredients (< 2 %) 
can be dissolved in binder solution instead of mixing to 
the particle bed together with the other ingredients [22].

During the granulation experiments COL was fed 
together with the binder because of its low concentration, its 
very fine particle size and density for avoiding the segrega-
tion from the particle bed. It means that in the binder solu-
tion the required amount of COL was also dissolved. COL 
has a good water solubility but very bad wettability as well 
as the cellulose type binders. Different sugars are often used 
for aiding wettability of powders [23]. For improved wetta-
bility, COL and the binder material were mixed with isomalt 
before dissolving. Three different cellulose type binders, E5, 
E15 and KLF were selected in the experiments. 

E5 and E15 are hydroxypropyl methylcellulose with 
different molecular weight of 28,700 and 60,000 Da, 

Fig. 2 Particle size distribution of the ingredients

Table 2 Volume mean diameter ( dv ), density data (  ρb , ρt ) Carr 
index (CI) and Hausner ratio (HR) of isomalt, TYL and COL

Ingredients dv , µm ρb , g cm−3 ρt , g cm−3 CI HR

Isomalt 37.23 0.488 0.650 24.92 1.33

TYL 49.26 0.348 0.609 42.86 1.75

COL 21.17 0.300 0.368 18.48 1.23
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Fig. 3 Dependence of viscosity on polymer concentration of E5, E15 
and KLF

respectively [24]. KLF is chemically different cellulose 
derivative, hydroxyl propyl cellulose with molecular 
weight of 90,000 Da. E15 and KLF have similar viscosi-
ties, but E5 has remarkable lower viscosities in solutions at 
same concentrations than the other two binders. The vis-
cosity vs concentration curves are seen in Fig. 3.

3.2 Granulation process and products properties 
The product physical characteristics are determined by 
the following process and operation parameters during 
granulation: 

•	 the material properties of the bed, 
•	 the bed materials particle size and distribution,
•	 the binder material characteristics,
•	 the binder solution concentration, i.e. viscosity,
•	 the relative amount of the binder solution (i. e. the 

mass ratio of binder to particle bed),
•	 the feeding rate of the binder solution,
•	 the temperature of the fluidization air.

In our experiments the bed material properties and 
the inlet temperature of the air were kept constant (see in 
Subsection 2.2). Different operation parameters were the 
binder solution addition rate (3.7–5 g min), the binder con-
centration in the solution (3.5–5.4 w/w%) and the binder 
solution relative amount to the bed (0.54–0.66), detailed 
data are in Table 1. The average particle size, the ratio of 
dust fraction (<  0.1 mm), the abrasion resistance, the flow-
ability and moisture content of the products A–F can be 
seen in Table 1.

In experiment A, B and C E5 binder was used in a con-
centration of 3.5, 5.2 and 5.4 w/w%, respectively. The 
experiments A and B were carried out using the same 
amount of binder solution with different binder concentra-
tion. The abrasion resistance of product A was very low, 

i.e. 23%. That's why in experiment B higher concentration 
of the binder E5 was used with lower feeding rate for bet-
ter wetting condition of the particles bed, i.e. to ensure the 
binder to build solid bridges strength enough to stay stable 
after drying. Generally, the higher amount and concentra-
tion of the binder resulted in higher agglomeration ratio in 
the product. In our case the abrasion resistance improved 
during the better wetting of the particle bed, but the parti-
cle size and the dust fraction were not suitable. In experi-
ment C higher concentration and added ratio (0.66) of the 
binder resulted in a similar average particle size and abra-
sion resistance to product A. The initial average particle 
size of the ingredients in particle bed was 30–50 µm (see 
Table 2). The viscosity in experiment C was 25 mPa s (cal-
culated from the viscosity vs binder concentration curve 
Fig. 3.) Keningley et al. [25] found that to form granules 
with calcium carbonate and silicone oils, a minimum 
binder viscosity was required: the size of the powder par-
ticles increased from 8 μm to 230 μm changing the vis-
cosity from 1 mPa s to 1 Pa s. This indicates that an inter-
action between powder particle size and binder viscosity 
might be important in order to control the agglomerate 
growth. Better process conditions were found in exper-
iment D using KLF binder material (viscosity is already 
100 mPas), though the abrasion resistance was not satisfac-
tory enough (46%). Good abrasion resistance was reached 
in experiments B using E5 (hydroxypropyl methylcellulose 
type) binder, however, for the higher agglomeration rate 
higher viscosity of binder solution was needed. That's why 
in experiments E and F E15 was used as binder, the viscos-
ities were 40 and 120 mPa s in experiments, respectively. 
The moisture content was in all experiments under 10% 
(see in Table 1) that is an expected value for feed premixes 
to inhibit the infections of microorganism [26].

Dust free product, where the ratio of the particles 
under 0.1 mm was < 1 w/w%, with an acceptable (77.8%) 
abrasion resistance was obtained in experiment F using 
Cb = 5.2% (w/w) E15 and Gb/G0 = 0.54 during granulation. 
Another important characteristic of the granular product is 
their improved flowability comparing to the intermediates. 
The calculated CI and HR data were between 13.75–18.75 
and 1.16–1.23, respectively, estimating a good flowability 
after granulation [27]. The measured flowability was in all 
A–F products good, varied between 3.03–3.60 g  s−1. The 
detailed data are presented in Table 3. The moisture con-
tent was in all experiments under 10% (see in Table 1) that 
is an expected value for feed premixes to inhibit the infec-
tions of microorganism [27]. 
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Table 3 Density (  ρb, ρt ), measured flowability (Fl ) and calculated 
CI and HR values of granular products

Run ρb , g cm−3 ρt , g cm−3 CI HR Fl, g s−1

A 0.320 0.276 13.75 1.16 3.30

B 0.336 0.273 18.75 1.23 3.16

C 0.320 0.261 18.44 1.23 3.03

D 0.354 0.298 15.82 1.19 3.20

E 0.355 0.295 16.90 1.20 3.60

F 0.355 0.302 14.93 1.18 3.18

Granule F reached the required quality parameters, 
that's why it was selected for active ingredient content 
determination. The difference between the required and 
measured concentration were 2.68 ± 0.67% for TYL 
and 2.45 ± 0.27% for COL fulfilled the value of ±5% as 
accepted margin of error. 

A simplified flowchart of the process is presented in 
Fig. 4.

4 Conclusion
The particle size and the density of the ingredients were 
investigated for the selection of suitable composition of 
particle bed and binder solution and adding mode using 
two different antibiotics in the granulation process. 
Tylosin tartarate and the selected isomalt filler was loaded 
together to the particle bed because of their very similar 
powder characteristics. Colistin sulfate was fed together 
with the binder solution to avoid particle segregation due 
to its finer particle size and density, furthermore for its 
low concentration. For preparation of the binder solution 
isomalt filler was used as well as for aiding the wettability 

of colistine sulfate and the cellulose-type binders during 
the preparation of the binder solution. Changing the binder 
concentration (binder viscosity), the binder ratio to parti-
cle bed, the feeding rate and binder type resulted in prod-
uct with acceptable characteristics. A dust free product 
(particle fraction under 0.1 mm was 0.6%) with an accept-
able abrasion resistance (77.8%) and good flowability was 
obtained using Cb = 5.2 w/w%) E15 and Gb/G0 = 0.54 vari-
able process parameters during the granulation. The active 
ingredient content difference from the required concentra-
tion in the granules was below 5% as accepted margin of 
error for both antibiotics, exactly 2.68±0.67% for TYL and 
2.45 ± 0.27% for COL.

Fig. 4 Flowchart of the granulation process
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