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Abstract 

Present study aimed to evaluate the impact of the inlet air humidity during the coating step on the in vitro release profile of 

modified-release film-coated pellets containing a BCS class I active substance, by assessing the results obtained for 25 

experimental batches. In order to ensure both the delayed and the prolonged-release mechanism, the release controlling agent 

(metacrylic acid - ethyl acrylate copolymer in a 1:1 ratio) was added in both matrix pellets and film-coat. The gastro-resistance 

of the pellets was evaluated after 2 hours in acidic media according to the in-force EMEA and FDA Guidelines. Based on the 

results obtained for 22 experimental batches, it can be concluded that the optimum absolute humidity of the inlet air during 

coating should be above 4.5 g/kg, in order to provide an acidic barrier for the pellets. A lower value for the absolute humidity 

of the inlet air during the coating process increase the brittleness of the coating and therefore reduces its barrier capabil ity. 

Three experimental batches were manufactured by reducing the inlet air volume and the inlet temperature and by increasing 

the spray rate, therefore by reducing the product temperature at which the coating is form. The changes in the manufacturing 

process reduced the impact of a lower inlet air humidity during, but the dependency was not completely cancelled. 

 

Rezumat 

Prezentul studiu a avut ca scop evaluarea impactului umidității aerului de intrare în timpul etapei de filmare asupra profilului 

de cedare in vitro a unei substanțe active model ușor solubile, aparținând clasei I a Sistemului de Clasificare Biofarmaceutică, 

din peletele filmate cu eliberare modificată. Evaluarea s-a realizat prin procesarea rezultatelor obținute pentru 25 de loturi 

experimentale de pelete. Pentru a asigura atât caracterul enterosolubil, cât și cedarea prelungită a peletelor, a fost utilizat un 

amestec acid metacrilic - copolimer acrilat de etil în raport 1:1, care a fost adăugat atât în matricea peletelor cât și în filmul 

exterior. Gastro-rezistența a fost evaluată după 2 ore în mediu acid în conformitate cu reglementările în vigoare. Pe baza 

rezultatelor obținute pentru 22 de loturi experimentale, s-a putut concluziona că umiditatea absolută optimă a aerului de 

intrare în timpul procesului de filmare ar trebui să fie peste 4,5 g/kg. O valoare mai mică pentru umiditatea absolută a aerului 

crește friabilitatea filmului și, prin urmare, reduce capacitatea de barieră a acestuia. Trei serii experimentale au fost fabricate 

prin reducerea debitului aerului de intrare, reducerea temperaturii aerului de întrare și creșterea debitului de acoperire, lucru 

care a generat reducerea temperaturii în produs la care se formează filmul de acoperire. Schimbările în procesul de fabricație 

au redus impactul negativ al unei umidități mai mici a aerului, dar influența acestuia nu a fost complet anulată. 

 
Keywords: enteric coating, modified release pellets, film-coating pellets, humidity, coating process 

 

Introduction 

The enteric-coating systems use different excipients 

that are insoluble in the gastric media in order to prevent 

or to delay the release of the active pharmaceutical 

ingredient (API) in the stomach [12]. Generally, the 

gastro-resistance is needed either to protect sensitive 

APIs, such as proton pump inhibitors or erythromycin 

from degradation in acidic media [2, 13, 15] or to 

protect the stomach mucosa from the irritative effect 

of the drug [4]. In particular cases, the gastro-resistance 

is needed to ensure a targeted delivery of the drug 

[1, 9], to provide a delayed release component in the 

formulation [20, 21] or to prevent the interaction of 

the active substance with pepsin and peptones [17]. 

These excipients can be either ionizable polymers such 

as polymethacrylates [11, 18], cellulose derivatives 

like cellulose acetate phthalate, cellulose acetate tri-

mellitate or other esters containing hydroxypropyl 

methylcellulose phthalate or hydroxypropyl methyl-

cellulose acetate succinate [7], polyvinyl derivatives 

such as polyvinyl acetate phthalate [14] or excipients 
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that are insoluble in acidic media, but soluble at various 

alkaline pH such as acetyltriethyl citrate, ceresin 

(mineral wax), glyceryl behenate, shellac (a polyester 

resin), tributyl citrate and zein (aminoacidic structure) 

[5, 6, 10]. 

The evaluated formulation for this study is a low dose 

modified release oral dosage form containing as model 

drug a BCS I active pharmaceutical ingredient, namely 

tamsulosin hydrochloride, formulated as film-coated 

pellets. According to the BCS (Biopharmaceutical 

Classification System), a BCS Class I API is a substance 

with high solubility and high permeability [19]. As the 

selected pharmaceutical formulation was intended to 

present a complex release mechanism, with both a 

delayed release and a prolonged release component, 

the model drug was chosen due to its high solubility in 

both acidic and neutral media, in order to determine 

the impact of the inlet air humidity on both the gastric 

barrier capacity of the polymer and the release for the 

intestinal stage of the release profile. 

Based on the results obtained for in vitro dissolution 

in acidic media, critical process parameters (CPP) were 

identified and the impact on critical quality attributes 

(CQA) of the finished product and the Quality Target 

Product Profile (QTPP) were assessed. 

 

Materials and Methods 

Materials 

The selected release controlling agent (metacrylic 

acid - ethyl acrylate copolymer in a 1:1 ratio) was 

added in both matrix pellets and film-coating system, 

due to its dual role in the formulation: to act both as 

an acidic barrier, and to ensure a prolonged-release 

of the API. 

Due to the fact that the metacrylic acid - ethyl acrylate 

copolymer (1:1) is insoluble in acid media (pH 1.2), 

the prolonged-release mechanism of the pellets is 

triggered when the pH of the media is changed to a 

value of 6.8. The quality of the API and the excipients 

were evaluated according to the current in force 

monographs described in the European Pharmacopoeia. 

Manufacturing of film-coated pellets 

During the experimental phase, the results obtained 

for 22 experimental batches of film-coated pellets 

in batches of industrial scale were evaluated and 

correlated to the available data for absolute inlet air 

humidity used during the coating step. Additionally, 

three experimental batches were manufactured in 

order to evaluate the critical process parameters and to 

confirm their impact on the critical quality attributes 

of the finished product.  

The matrix pellets were manufactured by extrusion and 

spheronization process and coated using a solution 

of metacrylic acid - ethyl acrylate copolymer (1:1) in 

a fluid bed processor. After the coating process was 

performed, the pellets were sieved in order to select 

pellets in a defined particle size range. The input 

parameters, such as inlet air volume (m3/h), the inlet 

air temperature (°C) and spraying rate (mL/min), as 

well as the output parameters, such as product 

temperature (°C) and outlet temperature (°C) were the 

same for the first 22 experimental batches. For the 

first 22 experimental batches, the input parameters 

were set in order to have an output product temperature 

between 28°C and 30°C. 

Dissolution methodology 

The in vitro dissolution methodology was performed 

using USP Apparatus II (Paddle) (PharmaTest GmbH, 

Germany), at 100 rpm. The gastro-resistance step of 

the in vitro dissolution was determined using 480 mL 

of 0.1 M HCl. The buffer stage of the release was 

performed by in situ changing the pH of the dissolution 

medium by adding a solution of K2HPO4 and NaOH, 

until the pH of the dissolution medium is changed to 

6.8. Tamsulosin quantitation was performed by using 

a validated HPLC method with UV detection at λ = 

225 nm.  

The proposed acceptance criteria for the dissolution 

test were set according to chapter 2.9.3. Dissolution test 

for solid dosage forms of the European Pharmacopoeia 

[3] and to EMEA Guideline on quality of oral modified 

release products EMA/CHMP/QWP/428693/2013 [8]. 

Hence, for the gastro-resistance stage, no more than 

10% of the active substance should be released within 

2 hours in the acidic medium. The second point in 

the specification (at 2.5 hours) was set to ensure 

compliance with the shape of the dissolution profile 

(around 50% dissolved), whereas the third point (6 

hours) was set to ensure that the majority of the 

active substance has been released (Q = 80%). 

Morphology and enteric coating thickness 

A scanning electron microscope (SEM, Tescan, Czech 

Republic) was used to study the morphology of the 

samples. The analytical conditions varied as follows: 

magnification 100x - 1500x; energy of the electron 

beam 5 kV. 

Inlet air relative humidity 

For experimental batches 1 - 10, the inlet air absolute 

humidity could not be measured on the equipment 

during coating step. However, no differences between 

the humidity of the inlet air used during coating and 

the external atmospheric air were expected, due to the 

fact that the air was not processed in order to modify 

the water content, when introduced in the system, 

during the coating step. In this context, recorded 

values for the air temperature (°C) and the relative 

humidity (% RH) by the National Meteorology Agency 

[16] were evaluated for the days when the coating 

step was performed. Furthermore, the measured dry-

bulb temperature (°C) and relative humidity (% RH) 

values were converted into absolute humidity (g/kg) 

using the Mollier diagram (Enthalpy-Humidity Mixing 

Ratio). For experimental batches from 11 to 22, the 

inlet air absolute humidity was measured on the 

equipment during the coating step. 
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Data analysis 

Experimental data are expressed as mean, range and 

variance. In vitro release data are reported as mean 

values of 6 replicates; with the coefficient of variation 

(CV%; [mean value/standard deviation] * 100%) 

calculated for each release profile. The statistical 

analysis and graphical representation of the data was 

performed using GraphPad Prism 7 software (Graph-

Pad Software Inc., La Jolla, CA, United States). 

 

Results and Discussion 

Based on the obtained results, out of 22 experimental 

batches, 10 batches (experimental batches 1 - 8 and 

21 - 22) have out of specification results, according 

to the proposed acceptance criteria in acidic media. 

For all these experimental batches a burst-out effect 

was observed after two hours in acidic media, with 

results between 14 - 35% of active substance release. 

For the experimental batch 12, the result obtained for 

acidic media is borderline compliant, as the individual 

values are between 7.9% and 9.3%, with a RSD of 

6%. Due to the high tamsulosin amount released in 

acidic media, the results obtained for the second time-

point for the same batch was out of specification, as 

all the individual results are above 60% (between 

61.7% and 63.5%), with a RSD of 1.4%. For the 

other 11 experimental batches (experimental batches 

9 - 11 and 13 - 20) compliant results with the proposed 

specification were observed, for all the sampling points. 

The average results obtained for the dissolution 

parameters for all batches are presented in Table I. 

Table I 

Results obtained for study of the in vitro release kinetics of the experimental batches 1 - 22 (non-compliant 

results are depicted in red) 

Batch % released; average for 6 determinations ± SD 

2 hours (acidic medium) 2.5 hours 6 hours 

Experimental 1 31.2 ± 1.6 75.7 ± 1.2 100.4 ± 0.8 

Experimental 2 27.8 ± 2.3 71.8 ± 0.9 99.2 ± 0.9 

Experimental 3 22.2 ± 0.8 72.5 ± 0.4 99.3 ± 1 

Experimental 4 20.1 ± 1.2 69.2 ± 0.9 102 ± 0.7 

Experimental 5 13.6 ± 0.7 68.5 ± 0.9 101.3 ± 0.5 

Experimental 6 15.7 ± 1.4 67.7 ± 1.5 99.3 ± 0.9 

Experimental 7 16.1 ± 1.4 67.9 ± 1.2 100.2 ± 0.8 

Experimental 8 16.1 ± 1.6 68.9 ± 1.1 99.4 ± 0.9 

Experimental 9 1.3 ± 0.2 56 ± 1.9 99.2 ± 0.3 

Experimental 10 2.7 ± 0.7 57.5 ± 1.4 100.7 ± 1.1 

Experimental 11 3 ± 0.4 58 ± 1.1 98 ± 0.7 

Experimental 12 8.5 ± 0.6 62.5 ± 0.9 99.9 ± 0.3 

Experimental 13 2.4 ± 2.3 50.8 ± 2.7 95.5 ± 0.7 

Experimental 14 5.5 ± 2 58.1 ± 1.1 94.1 ± 1.4 

Experimental 15 0.6 ± 0.1 49.4 ± 1.9 94.2 ± 0.4 

Experimental 16 0.6 ± 0.3 49.3 ± 1.5 93.3 ± 0.5 

Experimental 17 0.9 ± 0.1 47.3 ± 0.7 95.3 ± 1 

Experimental 18 3.6 ± 0.6 57.3 ± 1.5 94.2 ± 0.9 

Experimental 19 2.6 ± 3.6 50.8 ± 2.1 95.4 ± 0.1 

Experimental 20 3 ± 2.4 53.6 ± 1.7 96.2 ± 1.2 

Experimental 21 28.4 ± 1.1 73.7 ± 0.5 95.1 ± 0.5 

Experimental 22 34.8 ± 0.9 76.9 ± 4.9 94.6 ± 1.8 

 

The morphology and the thickness of the coating 

were evaluated using Scanning Electron Microscopy 

for different pellets sizes. Based on the results, it can 

be concluded that there are no significant differences 

between the enteric coating thickness of the pellets 

from a batch with non-compliant results in acidic 

media versus the enteric thickness of the pellets from a 

batch with compliant results in acidic media (Figures 1 

and 2). The measurement results for pellets of different 

sizes are presented in Table II. 

However, SEM images (Figures 1 and 2) indicates that 

for the batch with non-compliant results in acidic 

media several fissures are observed through the enteric 

coating. By comparison, the aspect of the enteric 

coating layer of the batch with compliant results in 

acidic media is more dense and uniform, therefore 

assuring a protection in acidic media and proper 

dissolution profile in buffer stage. 

Table II 

Enteric coating thickness (µm) for pellets originated 

from a batch with non-compliant results in acidic 

media and from a batch with compliant results in 

acidic media for dissolution parameter 

Pellet size  

(µm) 

Enteric coating thickness (µm) 

Non-compliant batch Compliant batch 

< 500 32.3 ± 4.2 24.1 ± 5.6 

500 - 600 30.6 ± 4.4 26.6 ± 5.6 

600 - 710 31.3 ± 4.1 30.5 ± 6.2 

710 - 850 31.5 ± 5.2 31.9 ± 5.2 

850 - 1000 30.0 ± 3.5 32.9 ± 5.0 
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The fissures through the enteric coating can be caused 

by the coating process or by the mechanical stress 

during sectioning of the pellets when preparing them 

for SEM analysis. In either cases, the most probable 

root cause for the burst-out effect observed in acidic 

media is the fact that the enteric coating is too brittle. 

As part of the investigation process it was determined 

that for the manufacturing process of all batches the 

same qualitative/quantitative formula was used, the 

same excipient sort and suppliers and the same 

technological process were used.  

During the coating step, the input parameters, such as 

inlet air volume (m3/h), the inlet air temperature (°C) 

and spraying rate (mL/min), as well as the output 

parameters, such as product temperature (°C) and 

outlet temperature (°C) were the same for the first 

22 experimental batches. The only parameter that 

cannot be controlled during the coating step is the 

inlet air humidity, as it is directly correlated to the 

external air temperature and humidity. 

 

 
Figure 1. 

SEM images of pellets with pellet size distribution (PSD) of 500 - 600 µm A. from a batch with non-compliant 

results in acidic media (500x) and B. from a batch with compliant results in acidic media (1500x) 

 

 
Figure 2. 

SEM images of pellets with PSD of 710 - 850 µm from a batch with A. non-compliant results in acidic media 

(500x) and B. a batch with compliant results in acidic media (300x) 

 

  
A. B. 

 

  
A. B. 
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The calculated and/or the measured absolute humidity 

of the inlet air for all experimental batches are 

presented in Table III. 

For the experimental batches 11 and 13 - 20, for 

which the results in acidic media were compliant, the 

measured absolute humidity was between 4.6 g/kg and 

6.7 g/kg. For the experimental batches 9 and 10, the 

absolute humidity was not measured. The calculated 

absolute humidity obtained during the day of the 

coating was between 2.2 g/kg and 5.7 g/kg for batch 

9 and between 3.2 g/kg and 6.1 g/kg for batch 10. 

However, the compliant results for acidic media are 

correlated with the time of the day in which the coating 

step was performed. For these batches the coating step 

was performed when the temperature was higher, and 

therefore the humidity was higher. 

Table III 

Calculated and measured absolute humidity for experimental batches 1 - 22 (non-compliant batches depicted in red) 

Batch 
Air temperaturea, °C Relative humiditya, % 

Absolute humidity, g/kg 

Calculateda,b Actual value during coating step 

Min Max Min Max Min Max Min Max 

Experimental 1 -1 0 90 96 3.1 3.6 na na 

Experimental 2 -1 0 90 96 3.1 3.6 na na 

Experimental 3 -3 1 92 96 2.7 3.9 na na 

Experimental 4 -3 -1 92 96 2.7 3.3 na na 

Experimental 5 -3 -1 92 96 2.7 3.3 na na 

Experimental 6 -4 2 87 98 2.3 4.2 na na 

Experimental 7 -4 2 87 98 2.3 4.2 na na 

Experimental 8 -4 6 80 98 2.2 5.7 na na 

Experimental 9 -4 6 80 98 2.2 5.7 na na 

Experimental 10 0 7 85 99 3.2 6.1 na na 

Experimental 11 3 4 95 99 4.4 5.0 4.6 5.0 

Experimental 12 3 4 95 99 4.4 5.0 4.3 4.5 

Experimental 13 -1 10 63 95 2.2 7.2 5.2 5.8 

Experimental 14 -1 10 63 95 2.2 7.2 4.8 5.3 

Experimental 15 -1 10 63 95 2.2 7.2 6.1 6.7 

Experimental 16 -2 12 50 99 1.6 8.6 5.3 6.1 

Experimental 17 -2 12 50 99 1.6 8.6 6.0 6.6 

Experimental 18 -2 12 50 99 1.6 8.6 4.7 5.1 

Experimental 19 1 19 48 98 1.9 13.5 4.6 5.0 

Experimental 20 1 19 48 98 1.9 13.5 4.8 5.1 

Experimental 21 
na 2.5 3.6 

Experimental 22 3.6 4.0 
a – obtained during the whole day when coating step was performed; b – calculated using the Mollier diagram; c – the data is not available as 

of May, 2019; na – not available 

 

For the experimental batches 1 - 7, for which the 

results in acidic media are out of specification, the 

calculated absolute humidity was between 2.2 g/kg 

and 4.2 g/kg. For experimental batches 21 and 22, for 

which the results in acidic media are out of specification, 

the measured absolute humidity during coating was 

between 2.5 g/kg and 4.0 g/kg. For the experimental 

batch 12, for which the results in acidic media were 

borderline compliant, but out of specification for the 

second sampling point, the measured absolute humidity 

during coating was between 4.3 g/kg and 4.5 g/kg. 

For experimental batch 8, for which the results in 

acidic media were not compliant in acidic media, the 

calculated humidity obtained during the day of the 

coating was between 2.2 g/kg and 5.7 g/kg. However, 

the out of specification results can be correlated with 

the time of the day in which the coating step was 

performed. For this batch, the coating step was 

performed in the morning when the temperature was 

lower, and therefore the humidity was lower. 

Based on the above results it can be concluded that 

the optimum absolute humidity of the inlet air should 

be above 4.5 g/kg, in order to provide an acidic barrier 

for the pellets.  

Taking into consideration the fact that the enteric 

coating was too brittle due to high drying of the 

film-coating, the technological parameters were re-

evaluated in order to determine if the influence of 

the inlet air humidity can be reduced. The air volume 

(m3/h) and the inlet temperature were decreased in 

order to form the film-coating at 23 - 25°C (product 

temperature). Five spraying stages were implemented – 

for the first four stages the spraying volume (mL/min) 

was low and increased incrementally between the stages. 

The duration of the stages were between 5 minutes and 

10 minutes and the aim of these coating stages was to 

form an initial coating layer. The spraying volume 

(mL/min) for the last spraying stage was maintained 

constant during the duration of the coating. In this 

context, three experimental batches were manufactured 

for which the absolute humidity of the inlet air varied 

during the coating step (Table IV). 
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Table IV 

Absolute humidity measured during coating process of experimental batches 23 - 25 (Average value ± SD) 

Coating step Duration (min) 
Batch 

Experimental 23 Experimental 24 Experimental 25 

Charging (1) 10 5.72 ± 0.10 4.92 ± 0.12 3.08 ± 0.04 

Heating (2) 60 5.87 ± 0.11 4.61 ± 0.21 3.29 ± 0.07 

Cooling (3) 10 5.7 ± 0.08 4.27 ± 0.14 2.95 ± 0.06 

Spraying 1 (4) 10 5.7 ± 0.05 4.12 ± 0.09 2.82 ± 0.04 

Spraying 2 (5) 5 5.56 ± 0.05 3.97 ± 0.10 2.80 ± 0.00 

Spraying 3 (6) 5 5.55 ± 0.07 3.93 ± 0.08 2.80 ± 0.00 

Spraying 4 (7) 10 5.62 ± 0.07 4.02 ± 0.12 2.80 ± 0.00 

Spraying 5 (8) 180 5.67 ± 0.07 3.46 ± 0.39 2.82 ± 0.1 

Drying (9) 90 5.62 ± 0.07 2.94 ± 0.1 3.2 ± 0.14 

Cooling (10) 20 5.63 ± 0.08 2.88 ± 0.07 3.24 ± 0.07 

Discharging (11) 40 5.62 ± 0.06 2.96 ± 0.09 3.19 ± 0.07 

 

 
Figure 3. 

Evolution of inlet air humidity (%) during coating 

steps for experimental batches 23 - 25 

 

Individual and average values obtained for experimental 

batches 23 - 25 are presented in the Table V. For the 

experimental batch 23, for which the inlet air humidity 

was constant during all the coating steps and around 

5.5 g/kg, the results are compliant for all sampling 

points. 

For the experimental batch 24, for which the inlet air 

humidity started around 5 g/kg during charging of 

the matrix pellets in the fluid bed processor and 

dropped during the coating process to around 3 g/kg, 

the results are out of specification for the second time 

point for which their individual results are above 60%. 

For the experimental batch 25, for which the inlet air 

humidity was constant during all the coating steps and 

around 3 g/kg, the results are borderline compliant 

for the acidic media and out of specification for the 

second sampling point for which all the individual 

results are above 60%. 

Table V 

Results obtained for study of the in vitro release kinetics of the experimental batches 23 - 25 (individual and 

average values) 

 Batch 

Experimental 23 Experimental 24 Experimental 25 

2 hours (acidic medium), 

% dissolved 

P1 1.1 3.7 9.7 

P2 1.4 2.3 9.9 

P3 1.4 3.8 9.6 

P4 1.8 2.9 9.5 

P5 1.7 3.9 9.4 

P6 1.4 2.8 8.6 

Average 1.4 3.2 9.5 

2.5 hours 

 % dissolved 

P1 47.9 61.5 66.7 

P2 46.3 58.3 62.6 

P3 48.4 61.5 65.1 

P4 47.6 59.5 65.1 

P5 48.6 61.4 66.6 

P6 46.4 58.2 64.3 

Average 47.5 60.1 65.1 

6 hours 

 % dissolved 

P1 94.3 101.1 101.8 

P2 95.0 100.6 101.8 

P3 95.2 101.0 100.8 

P4 93.2 100.5 101.4 

P5 95.0 101.6 101.2 

P6 94.8 100.5 102.0 

Average 94.6 100.9 101.5 
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Although the influence of the inlet air humidity on 

the in vitro release of the pellets is still present, the 

changes of the technological parameters reduced 

the impact on the in vitro dissolution parameter. For 

example, for experimental batches 21 and 25 having 

similar inlet air humidity during coating step (around 

3 g/kg) significant differences were observed for the 

acid resistance of the film-coat – for experimental 

batch 21 a release of 28% active substances was 

observed after 2 hours in acidic media versus 9.5% 

release of active substance obtained for batch 25. 

Further changes of the manufacturing process in order 

to form the film coat below 23°C (product temperature) 

cannot be implemented due to the fact that that sticking 

of the pellets was observed. 

 

Conclusions 

Based on the results obtained for 25 experimental 

batches, it can be concluded that the forming of the 

coating is highly influenced by the inlet air humidity 

during coating step, due to the fact that a low humidity 

determines a brittle coating. The impact is most visible 

for the gastro-resistance step of the in vitro dissolution, 

where a burst-out effect was observed for pellets with 

brittle coating layer. 

Based on the experimental results, the optimum 

absolute humidity of the inlet air should be above 

4.5 g/kg, in order to provide an optimum acidic barrier 

for the pellets. 

Values of absolute humidity of the inlet air during 

coating step between 4.0 g/kg and 4.5 g/kg, generates 

a product with borderline compliant results in acidic 

media according to the in-force MEA and FDA 

requirements for gastro-resistance and out of specification 

results for the second point, when the film is formed 

at 28 - 30°C (product temperature). 

For values of the inlet air during coating step below 

4.0 g/kg a burst out effect was observed in acidic 

media, with an in vitro release of active substance 

between 14 and 35%, when the film is formed at 28 - 

30°C (product temperature). 

The optimization of the process parameter in order to 

form the film-coating at 23 - 25°C (product temperature) 

reduces the impact of the inlet air humidity. 

Further changes of the manufacturing process in order 

to form the film coat below 23°C (product temperature) 

cannot be implemented due to the fact that that sticking 

of the pellets was observed. 

In this context, it can be concluded that the inlet air 

humidity during spraying step is a critical process 

parameter for the in vitro release of modified release 

pellets. 
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