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In an attempt to combine the favourite properties of hard gelatine capsules 
with the protective and controlled release properties of enteric coating to 
get an appropriately and acceptably formulated enteric coated hard gelatine 
capsules with pH dependent drug release characteristic. Two hard gelatine 
capsule sizes were selected i.e. size #0 and size #1 in order to test the effect 
of capsule size on coating process. Eudragit L-100, a pH dependent solubility 
polymer, was tested for suitability for coating of hard gelatine capsules. A 
number of formulations with various Eudragit L-100 concentrations were 
investigated in order to select the best formula that provides the most ap-
propriate coating properties. A formulations with 3, 5, 6.5 and 10 % (w/w) 
Eudragit L-100 were tested. Formula with 6.5 % (w/w) Eudragit L-100 was 
selected as it provides a good adhered and continuous coating film with ac-
ceptable disintegration time, dissolution test and excellent stability on 
storage for both capsule sizes.   
 
Key words: Hard gelatine capsule, eudragit L-100, enteric coating, direct coating, 
and sub-coating.

 
 
 
 
INTRODUCTION 
 
Since the first development and production of hard gelatine 
capsule as pharmaceutical dosage form by Mr. Mothes, 
France, in 1834 (Fridrun and Brian, 2004; Katerina et al., 
2010) an annual increases in use and continuous in devel-
opment of new pharmaceutical dosage form using hard 
gelatine capsules were recorded (De Carvalho and Grosso, 
2006; Sven, 2002). Hard gelatine capsules provides a 
unique properties such as fewer manufacturing steps, suit-
ability for poor compaction powder and mostly lower in 
manufacturing cost and steps than tablet, (Bussemer and 
Bodmeier, 2003; Ashlesha et. al., 2011). In addition to that, 
during initial stages of new drug development one of the 
most important and sensitive situation is the very limited 
quantity of the under investigated active pharmaceutical 
ingredient, lack of adequate information about physical and 
chemical properties, tight schedule time and  with too many 
variables that may affects on pharmacokinetic and/or 

pharmacodynamic behaviour associated with tablet's 
manufacturing (Katerina et al., 2010). All that makes the 
hard gelatine capsules to be more favoured dosage form, 
suitable and actually preferred in manufacturing of solid 
dosage form over tablets. On the other hand, in some cases 
like acid sensitive drugs, drugs that irritant to stomach or in 
case of drug designed to target a specific site of gastro-
intestinal    tract     (Ashlesha   et   al.,  2011),   hard   gelatine  
capsules appears to be inappropriate.  

The enteric preparations so far frequently used generally 
occur as granules, tablets, and capsules filled with enteric 
granules (Singh et al., 2012). However, some drugs are not 
amenable for production of compressed table but must be 
made up into enteric granules or capsules filled therewith 
(Jaleh et al., 2012). In such case, it is required that the gran-
ules should be uniform in shape and size (Pallavi et al., 
2010)   and   so   forth    so    that   they can have satisfactory  
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enteric   and  acid-resistant  characteristics. To   meet  such  
requirement,  much  skill  and  a large quantity of an enteric  
coating material are needed. Troublesomely, varied coating 
conditions are to be used according to drugs differing in 
granule shape and size. Accordingly, an attempt has been 
made to provide drug-filled hard gelatine capsules with an 
enteric coating to give enteric capsules. pH dependent en-
teric coating seems to be an attractive and simple solution 
to avoid such blemishes (Oliveira et al., 2013). By mixing 
the affirmative properties of hard gelatine capsules and the 
enormous variety of enteric coating films, we can find an 
optimistic solution to many  pharmaceutical problems.  

A wide diversity of materials suitable for film forming 
were available which differ in their chemical and physical 
properties. For enteric coating, the pH dependent solubility 
or pH dependent release was mostly employed character 
for selection of coating materials (Singh et al., 2012). Gen-
erally speaking, formulations of enteric coating solution or 
dispersion consist of a main components which are enteric 
film formers, plasticizers, anti-adhesion agents, colorants or 
pigments, solubilizers or dispersion agents and other addi-
tives (Martins, 2003; Oliveira et al., 2013).  

In this study Eudragit L- 100 was successfully used as an 
enteric film former. Eudragit L-100 is the commercial name 
of an enteric polymer of methacrylic acid methyl methacry-
late that belongs to a class of reversible soluble/insoluble 
polymers ,by means of the change in pH, ( Dourado et al., 
2002) with a solubility at pH above 6 (Meenakshi, 2013). 
An organic dispersion with different Eudragit L-100 con-
centration were used for enteric coating of hard gelatine 
capsule and two techniques were examined, direct coating 
and coating after sub-coating layer with aqueous gelatine 
solution, to verify the appropriate technique for coating of 
hard gelatine capsules. The sub-coating layer was applied in 
order to increase roughness of capsule shell in an attempt 
to enhance adherence of the enteric film to capsule shell. 
Four formulas each with different concentration of Eudragit 
L100 were tested to select the best formula that provides 
good coating characteristics. In addition to that, the effect of 
capsule size, thickness of coating layer and effect of aging of 
coating layer upon storage on releasing profile were also 
tested. 
 
 
MATERIALS AND METHODS 
 
Materials used for preparation of enteric coating dis-
persion 
 
Most of the materials and solvents were kindly provided by 
The State Company for Drug Industry (SDI) - Iraq. Hard 
gelatine capsule (type A) size #1 and size #0 (Erawat 
pharma limited, India ), Eudragit L-100 powder (Rohm 
GmbH & Co., Germany), Polyethylene glycol 6000 (TNJ 
chemical industry, China), Titanium dioxide (HDC Technol-
ogy Co., China), Ethanol 96% ( Sigma –Aldrich), Colour No. 
30, Talc powder, Gelatine powder (Alpha Chemika, India) 
and Deionized water.  

 
 
 
 
Experiment design 
 
A preliminary runs were performed to select the best for-
mulation of enteric coating dispersion for each one of the 
four concentrations of Eudragit L-100 (i.e. 3, 5, 6.5 and 10 
% w/w), with special care for the quantity of the plasticizer 
(PEG6000), that offer an admirable organic dispersion and 
good coating properties. The concentration of PEG6000 
was 0.4, 0.65, 0.9 and 1.4 % respectively. The solid containt 
of the coating dispersion was 3.86, 6.20, 7.55 and 11.85 
respectively.   Firstly, the capsules were filled with 500 mg 
Parcetamol for capsule size #0 and 350 mg Paracetamol for 
capsule size #1. Subsequently, the filled capsules evaluated 
for weight uniformity and assay for drug content. After that 
the selected formula for each Eudragit L-100 concentration 
were used for coating of hard gelatine capsules either di-
rectly or after sub-coating step with 10 % w/w aqueous 
gelatine solution. Each capsule size divided into two groups, 
namely (D) for direct enteric coating and (S) for enteric 
coating after sub-coating layer, and each group consist of 
four subgroups. A total of 16 groups of enteric coated hard 
gelatine capsule were tested. A laboratory small scale man-
ual dip coater equipment (Procoater, Evonik, Germany) was 
used for both sub-coating and enteric coating process. The 
tray of the dip coater was loaded with 60 capsules then just 
immersed in the coating dispersion and withdraw. After 
each dipping step, a drying step using hot air (45 °C) for 
enough time depending on the formula of coating disper-
sion used. The same number of dipping and drying cycles 
were done for all the formulations to check the best 
Eudragit L-100 dispersion formulation. To insure that the 
coating process was completed and perfect, the coated hard 
gelatine capsules were visually inspected to confirm forma-
tion of entirely continuous coating film with no breaks or 
cracks. The coated capsules that pass the visual inspection 
will then subject to other investigation includes percent 
weight gain, thickness of coating layer, disintegration time, 
dissolution test and effect of storage and aging on release 
profile. 
 
Sub-coating process 
 
A sub-coating process by aqueous gelatine solution (10% 
w/w) which prepared by dissolving gelatine powder in pre-
heated deionized water (55 – 60 °C) using Procoater 
equipment. After dipping the capsules in the gelatine solu-
tion, a drying step in opened air for 30 – 45 minutes by hot 
air (45 °C) with continuous flipping of the capsules holder 
tray. 
 
Preparation of enteric coating dispersion 
 
The coating dispersion was prepared by adding the speci-
fied quantity of Eudragit L-100 to a previously prepared 
mixture of PEG6000, dye, opacifier and talc in 96% ethanol 
and vigorously agitated. Complete the quantity of ethanol, 
transfer to a homogenizer, homogenize for 5 minutes and 
filter before use.           



 

 
 
 
 
Weight gain 
 
Ten uncoated capsules were weighed and the average 
weight of one capsule was calculated. A ten randomly taken 
coated capsules was weighed, the average weight of one 
capsule was calculated and the data were used to estimate 
the percent of weight gained. The same steps were repeated 
for both direct and subcoated technique and for each pre-
pared concentration of coating dispersion. 
 
Thickness of coating layer 
 
Thickness of the coating film was measured using optical 
microscope (Olympus BX53) connected to digital process-
ing unit operated by Genasis version (7.1) software. For 
each coated capsule group, five capsules were taken and 
each capsule cut into three almost equal parts and the 
thickness measured for each part, so in total there are 15 
measured coating film thickness for each capsule group  
and the average of coating film thickness was calculated. 
 
Disintegration test 
 
Disintegration test was operated according to comply with 
the specification of  USP 30-NF25 for enteric coated tablets 
using apparatus B, using simulated gastric fluid Ts main-
tained at 37 ±2°C as immersion fluid.  After 1 hour of opera-
tion in simulated gastric fluid all the enteric coated hard 
gelatine capsules should be stay intact with no cracking, 
softening or degeneration of the coating film. After that, the 
tested capsules  immerse in simulated intestinal fluid (pH 
6.8) maintained at 37 ±2 °C and the time required for the 
enteric coated capsules to be completely disintegrate is re-
corded.  The disintegration test was repeated three time 
with six capsules each run for each enteric coated capsule 
group (18 capsules total) and the average disintegration 
time was calculated.     
 
Dissolution test 
 
Comply with the dissolution test for tablets and capsules, 
USP 30-NF25, using  Apparatus II (Erweka DT 820 dissolu-
tion tester, Germany) . The coated hard gelatine capsules 
were immersed in 0.1 M HCl for 2 hours at 37 °C and 50 
rpm. Only the capsule groups that shows 100% protection 
from simulated gastric acid were selected to be subjected 
for further investigations. After 2 hours the capsules were 
transferred to a phosphate buffer solution. As the medium, 
900 ml of phosphate buffer pH 6.8 was used and rotate the  
paddle at 50 rpm. Withdraw a sample of 20 ml of the me-
dium after 10, 20, 45 minutes and  filter. Dilute the filtrate 
with 0.1M sodium hydroxide to give a solution expected to 
contain about 0.00075% w/v of Paracetamol. The 
Paracetamol content determined by spectrophotometer 
(Lambda 25, Perkin Elmer, USA) by measuring the absorb-
ance of this  solution at the maximum at 249 nm using 0.1M 
sodium hydroxide in  the reference cell. According to 
USP30, not  less    than 75%  of  Paracetamol should  be   dis 
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solved in phosphate buffer solution (pH 6.8) within 45 
minutes.   
 

Stability on storage 
 

To explore the effect of aging and storage conditions on the 
dissolution and release profile the coated capsules were 
stored in different temperatures (25, 45, and 60 °C) and 
with 35% relative humidity for six months. A capsule sam-
ples were taken at one month interval and the dissolution 
test were performed to determine the release profile.     

 
RESULTS 
 
The percent weight gain by the coated hard gelatine cap-
sules was range from 8.5 to 33.5 % (Table 1) depending 
directly on the concentration of Eudragit L-100 in the coat-
ing dispersion, so as the concentration of the Eudragit L-
100 in the coating dispersion increase the percent weight 
gain increase too (Figure 2).The thickness of the coating 
film was range from 0.137 mm to 0.321 mm (Table 1). It is 
obviously that there is a linear relationship between per-
cent weight gain and thickness of the coating film (Figure 
1). The disintegration time for the tested enteric coated 
capsules to be completely disintegrate in simulated intes-
tine fluid was between 17  to 41 minutes (Table 1).  

Depending on the results of disintegration time and per-
cent of capsules pass disintegration test (Figure 3), capsules 
coated with formulations containing 3 and 5 % w/w 
Eudragit L-100 was excluded from further investigations 
since these formulations did not provide 100% protection 
from simulated gastric acid Formulation of 10% Eudragit L-
100 was also excluded because of the formation of rough 
and irregular coating film and relatively needed long time 
(more than 40 minutes) for disintegration. Consequently, 
only capsules coated with 6.5 % w/w Eudragit L-100 for-
mulation of both capsule size with sub-coated and directly 
coated were submitted to dissolution test and further test 
of stability of coating film on storage.  For the dissolution 
test, all the tested enteric coated capsules were complies 
with USP 30-NF25 limit. No more than 5% of  Paracetamol 
was dissolved in simulated gastric acid. No significant 
variation was detected in dissolution profile between cap-
sules with sub-coat layer and directly coated one (Table 3) 
but directly coated capsules of both sizes (#0 and #1) show 
slightly higher drug release than capsules with subcoat 
layer. Capsule size #1 shows slightly higher drug release 
than capsule size #0. The dissolution test for the stored en-
teric coated capsules shows that all the tested coated cap-
sules were in the acceptable limit as describe by USP 30-
NF25. Capsule size #1 shows a little bit higher percent of 
drug release than capsule size #0 and generally direct coat-
ing capsules shows relatively higher percent of drug than 
capsules with sub-coating layer. Generally all the tested 
capsules of both sizes and both coating techniques show no 
significant effect of storage on drug release. Capsule size #1 
with   direct    coating   shows     relatively  more stability on  
storage  than capsule  size #0  and  capsule  size  #1  and  #0 
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Table 1. Percent weight gain, film thickness, disintegration time and % of capsules pass disintegration time for direct and sub-
coating techniques using three different coating formulas with different concentrations of Eudragit L100. 

 
% capsule pass Disin-

tegration       test 
Disintegration 

time ± 0.5 (min.) 
Coating film thickness 

(mm)± SD 
% 

weight gain 
Capsule 
group 

Capsule  
size 

73 18 0.154± 0.0011 9.4 S3%  
 
# 0 

92 22 0.187± 0.0032 19.6 S5% 
100 27 0.244± 0.0013 25.3 S6.5% 
100 41 0.321± 0.0042 33.5 S10% 
87 19 0.168±0.0022 9.7 D3% 

94 22 0.182± 0.0051 19.4 D5% 
100 26 0.235± 0.0015 24.8 D6.5% 
100 39 0.294± 0.0012 32.1 D10% 
81 17 0.149± 0.0033 9.2 S3%  

 
# 1 

93 20 0.168± 0.0046 18.9 S5% 
100 29 0.248± 0.0021 26.2 S6.5% 
100 39 0.290± 0.0014 32.5 S10% 
78 17 0.137± 0.0038 8.5 D3% 

88 20 0.165± 0.0067 18.2 D5% 
100 25 0.219± 0.0022 24.6 D6.5% 
100 40 0.289± 0.0043 32.3 D10% 

 
 

 
 

Figure 1: Enteric coated capsule, A: size #0 and B: size #0 using Eudragit L-100 

 
 
 
with sub-coating layer.  
 
 
DISCUSSION 
 
Coating of hard gelatine capsules containing active pharma-
ceutical powder is usually considered as a challenging 
process due to moisture sensitivity of gelatine shells. For 
that reason, sub-coating of hard gelatine capsules with 
aqueous gelatine solution lead to number of problems in-
cludes softening of capsule shell, sticking of capsules to-         

gether and time and labour consumption. Accordingly, us-
ing of organic solvent is usually recommended.  

The four formulations used for enteric coating of hard 
gelatine capsules shows a promising results of continuous 
non peeled coating film without racks or breaks specially at 
the junction part of the capsules. The data of percent weight 
gain reveals that the capsules with a sub-coating layer of 
aqueous gelatine solution shows little bit higher weight 
gain than direct coated capsules may be because capsules 
with sub-coating layer are with rough shell which allow 
larger amounts of Eudragit dispersion to adhere easily and  
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Figure 2: Microscopic images (100x), A:Uncoated hard gelatine capsule shell, and B: Coated hard gelatine capsule shell  

 
 

Table 2. Physical specifications of empty hard gelatine capsule 
 

Capsule size Outer diameter (mm) Height*    (mm) Actual volume* (ml) Average weight * (mg) 
0 
1 

7.65 21.7 0.68 96 ± 9.6 
6.91 19.4 0.5 76 ± 7.6 

 

*The parameter may be varied according to manufacturer specification. 

 
 

 
 

Figure 3: A: after 1 hour immersion in simulated gastric fluid, B: after immersion in simulated intestinal fluid (pH 6.8) 

 
 
Table 3. Drug release for stored coated hard gelatine capsules and effect of storage on dissolution of coated capsules 
 

Capsule size Months % drug release at 
R.T. & R.H. 35% 

% drug release at 
45 °C & R.H. 35% 

% drug release at 
60 °C & R.H. 35% 

 
 
 
#0 

 
0 

D6.5% S6.5% D6.5% S6.5% D6.5% S6.5% 
99.64 99.50 - - - - 

1 99.55 99.36 99.57 99.50 98.60 98.47 
2 99.36 99.11 99.13 99.21 98.52 98.04 
3 98.87 98.47 98.71 98.65 97.77 97.74 
4 98.52 98.02 98.63 98.42 97.46 97.23 
5 98.11 97.81 98.05 97.81 96.83 95.33 
6 97.76 97.74 97.88 97.48 96.22 95.89 

 
 
 
#1 

0 100.26 100.21 - - - - 
1 100.34 100.12 100.27 100.22 99.35 99.28 
2 100.09 99.98 100.23 100.10 99.17 99.10 
3 99.96 99.90 100 100.03 98.85 98.52 
4 99.45 99.28 99.68 99.45 98.37 98.19 
5 99.22 98.73 99.26 99.11 97.90 98 
6 99.17 98.66 99.07 98.80 97.34 97.65 
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more weight was gained. In addition to that, capsule size #1 
shows less percent weight gain than capsule size #0 may be 
due to the small junction area (between capsule's body and 
cap) of  capsule size #1 (Table 2) which make it easy to 
form continuous coating film within fewer coating disper-
sion amounts than required for capsule size #0. Direct coat-
ing procedure need more coating cycles and more coating 
layers to complete coverage of the whole capsule than 
needed by hard gelatine capsule with sub-coating layer. 
According to Oliveira et al. (2013) the percent weight 
gained by hard gelatine capsules after enteric coating is 
much   higher  than   that  observed   in  enteric   coating   of 
tablets. 

To be stated, the percent weight gain and thickness of 
coating film values cannot be generalized for other enteric 
coating formulation and other coating polymers since each 
coating dispersion had different properties like viscosity 
and even with the same enteric coating formulation the 
data should be calculated individually since a different coat-
ing techniques may be used for coating. Moreover, there are 
variation in the hard gelatine capsule specification from one 
manufacturer to other even for the same capsule type and 
size.  

The results of disintegration test show that there are 
minimum percent of weight gain required to achieve 100% 
protection from simulated gastric acid. The data shows that 
about 25% weight gain is needed for completely protection 
from simulated gastric acid which is much higher than that 
required for protection of tablets this may be due to the 
shape, flexibility of hard gelatine capsule and the presence 
of the joint between the two parts of the capsule which 
need more quantity of coating materials to provide enough 
mechanical resistances against cracking. The disintegration 
test reveals a relationship between the percent of weight 
gain, the thickness of coating film and disintegration time, 
so, as the percent of weight gain increases the time re-
quired by the enteric coat film to be disintegrate in the 
simulated intestinal fluid is increase too due to increase in 
the coating film thickness. The result is corresponding to 
the result presented by Oliveira et.al. (2013).  

The slight variation in drug releases between capsule size 
#0 and capsule size #1 may be due to that capsules size #1 
have relatively thinners enteric coat film and less disinte-
gration time than capsule size #0.  

The dissolution test of the stored enteric coated capsules 
shows a good stability of the active pharmaceutical ingredi-
ent (Paracetamol) and a good enteric protection properties 
which not effected by aging of the coating film.  
 
 
CONCLUSION 
 
Formulation of enteric coat dispersion for coating of hard 
gelatine capsules required much more quantity of plasti-
cizer than required in formulation of enteric coating of tab 

 
 
 
 
lets. The capsule size has no significant effect on the disin-
tegration time, dissolution test, percent weight gain and 
thickness of Eudragit L-100 coating film as much as the ef-
fect of the technique used for coating. A promising results 
were recorded with expectation that less weight gain, less 
time consumption and better film coverage by using other 
coating technique such as fluidized bed coater. 
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