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Summary 
Traditional methods to coat solid oral dosage forms mostly use solvents, an approach 
that suffers from a range of drawbacks including cost, environmental concerns and 
lengthy processing times. Hot melt coating (HMC) is an innovative and effective alter-
native that is reliable, cheap and fast, while simultaneously offering an opportunity to 
better manipulate and control characteristics such as taste, stability and release rate. 
Here, we discuss the need for HMC, provide technical details of the process including 
the excipients involved, explore the relative merits and drawbacks of the technology and 
touch upon how the process can be scaled up ready for commercial production. In partic-
ular, we focus on using HMC to coat user-friendly dosage forms such as orally disinte-
grating granules (ODGs) and the constituents of traditional dosage forms such as hard 
gelatine capsules and tablets. In each case, HMC enables the development of medicines 
with fast or extended release profiles, improved stability and longer product shelf life. In 
the case of ODGs, palatability and ease of swallowing can be improved resulting in 
higher compliance. 

1. Introduction 
Solid oral dosage forms must also 

Pharmaceuticals and food supple- display other favorable characteristics 
ments are often administered via in order to make them effective as 
the oral route, as it is the cheapest, medicines or supplements. Fast acting 
simplest and safest approach avail- treatments such as analgesics must be 
able. However, many APIs must be dissolved very quickly in order to have 
effectively coated during the formu- the desired effect, while others require 
lation process in order to success- the API to be released over a pro-
fully exert its functional effects after longed period of time. By carefully 
swallowing. There can be several rea- choosing the coating agents of the 
sons for this. For instance, many APIs dosage form or the API it is possible 
are sensitive to environmental fac- to control the dissolution profile, fa-
tors such as oxygen, light and humid- cilitating immediate, extended or even 
ity, the likes of which can lead to delayed release where appropriate. 
degradation. The internal microenvi- Coatings can also be used to manipu
ronment within the dosage form can late particle size to facilitate easier 
also be important, with acidic, alka- downstream processing. 
line or functional excipients often Coatings can also be used to make 
causing API instability. medicines more user-friendly. For ex

ample, the bitter taste of an API can be 
masked using a suitable coating, 
thereby providing the final product 
with an agreeable taste [1, 2]. In addi
tion, coatings can also be used to 
make medicines easier to swallow, 
give them a more pleasant appearance 
and improve mouth-feel, all of which 
can boost patient compliance and 
render treatments more effective. 

2. The need for new 
coating methods 

Traditionally, pharmaceutical coat
ing involves dissolving the API and/ 
or excipients in a solvent and using 
the mixture to coat a seed particle via 
a fluid-bed process. While well estab-
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Figure 1: HMC takes place in a fluid bed coater under controlled 
environmental conditions. The melting device (1) contains a heated 
tank for the molten coating materials, a stirrer and a heated tubing 
system to avoid solidification during transport of the molten mass into 
the fluid bed. The air layer gliding process (2) moves the particles into 
the spraying zone, creating a homogeneous temperature distribution as 
well as a spiral air circulation. The liquid is sprayed through a heated 
nozzle (3) and is atomized by compressed air into fine droplets en
suring a precise coating. The dust filter system (4) works continuously 
during the process. The filter bags, of which there are several, are 
cleaned by blowing air through the filters, thus removing any dust stuck 
to them. This approach reduces downtime to a minimum (Image 
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courtesy of INNOJET Herbert Hüttlin). 

lished, solvent-based coating suffers 
from several important drawbacks. 
Firstly, the coated particles must be 
dried, which takes considerable time 
and heat energy, particularly when 
using water. Furthermore, the coat
ing speed is relatively slow in order to 
avoid twin formation. In some cases, 
the constituents cannot be dissolved 
in water and organic solvents such as 
alcohols, ketones and ethers must be 
used instead. These substances are 
more volatile than water and dry 
faster. However, many are also more 
expensive, toxic and flammable than 
water so they must be used with care 

and then recycled 
following the 
coating process 
[3]. 

A range of sol-
vent-free methods 
have subsequently 
been developed to 
overcome some of 
these drawbacks 
[3]. These include 
electrostatic, com
pression and 
super-critical fluid 
coating, although 
most alternatives 
have not yet been 
optimized for 
widespread indus
trial use. In addi
tion, the increase 
in popularity of 
novel user-friendly 
dosage forms such 
as orally disinte
grating granules 
(ODGs – see sec
tion 6.1) is putting 
further pressure 
on pharmaceuti
cal manufacturers 
to adopt new coat
ing techniques. 
When using such 
dosage forms, fac
tors such as taste, 
stability and re
lease profile be
come important 
issues that must 

be carefully considered and con
trolled. 

3. The hot melt coating 
process 

One technique that is fast becoming 
a go-to solution for companies look
ing to avoid the drawbacks of sol
vent-based coating, or to better con
trol taste and release parameters, is 
hot melt coating (HMC) [4]. The seed 
API particles are suspended in a fluid 
bed coater, while the excipients are 
heated outside of the fluid bed in a 
suitable container until they are 

molten. The molten mix is then 
transported via a heated tubing sys
tem and sprayed onto the seed API 
particles using a heated nozzle (Fig
ure 1). 

In order to generate the desired 
effect, it is essential that the temper
ature of the air, apparatus and prod
ucts are all carefully controlled 
throughout the process. The API par
ticles are purposefully kept at a lower 
temperature than the melting point 
of the excipient mix, causing the 
molten droplets to attach to the 
API particles and solidify upon con
tact, forming a homogeneous coat 
around them (Figure 2). Once this 
process is complete, the newly 
coated particles can be further proc
essed to create the final product. This 
often involves blending with further 
APIs, excipients and/or flavors to 
create the final formulation, which 
can be compacted to form tablets 
or used to fill hard gelatin capsules, 
sachets or ‘stick packs’, ready for use 
by patients. 

3.1 HMC excipients 
HMC involves melting the excipient 
mix to create a molten liquid, so the 
ideal excipients have low melting 
points around 60-80 °C. It is also pref
erable that the excipients have a pre
cise melting point, rather than melt
ing and softening over a significant 
temperature range, as this makes the 
process easier to control. Lastly, the 
API should have a fairly narrow par
ticle size distribution (around 200
500 μm) so that coating takes place 
in a predictable and reproducible 
manner, leading to a consistent prod
uct with low batch-to-batch variabil
ity. 

Lipids are often the excipients of 
choice for HMC, including animal 
and vegetable waxes such as bees 
wax and carnauba wax, hydrogen
ated vegetable oils and fats, polyoxyl
glycerides, fatty acids and partial 
glycerides. Many are naturally occur
ring compounds found in foodstuffs 
and tend to be better tolerated by the 
human body. In order to fine-tune 
the dissolution/release character-
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Figure 2: The HMC process, from spraying through to the finished coating. In the first step, the coating constituents are heated up and melted. 
Following this, the coating droplets are sprayed onto the seed particle (API) and wetting occurs on the surface. As the seed particle is colder than the 
melting temperature of the coating mixture, the droplets solidify and form a homogeneous layer. 

istics of the API, emulsifiers are also 
typically added to the excipient mix 
[4]. 

3.2 The advantages and 
challenges of HMC 
HMC offers many advantages over 
conventional solvent-based coating 
technologies. For a start, the elimina
tion of water or organic-based sol
vents from the process effectively cir
cumvents the drawbacks highlighted 
previously. The process is also faster 
than solvent-based methods, taking 
less than 2 hours for a full scale batch 
ranging from 50 kg up to 600 kg ac
cording to internal manufacturer 
data from INNOJET Herbert Hüttlin. 
Once the HMC parameters and ex
cipient mix have been optimized 
there are no curing or sintering ef
fects, while there is also very little 
risk of forming unwanted products 
such as agglomerates. The lipid coat 
also increases the overall hydropho
bicity of the final product, inhibiting 
the uptake of moisture from the en
vironment and further improving 
stability. 

HMC is a rather new technology 
when it comes to the development of 
instant release formulations, and it 
requires specialized know-how and 
expertise to carry out effectively for 
this application. For example, the li
pids commonly used as excipients 
can show unwanted polymorphism 
if the temperature and spray rate 
are not carefully monitored and con
trolled. The approach uses common
place fluid-bed coaters. However, it 

also requires access to heated 
pumps, tubings and spray nozzles. 
While formulation and process de
velopment are not necessarily simple 
to carry out, the unique conditions 
required for each product can also 
prove advantageous, as they provide 
a means of protecting IP. Pharma
ceutical companies can therefore 
employ HMC to revitalize ageing 
products, create new formulations 
that are more difficult for competi
tors to copy, and to create an oppor
tunity for extending formulation pat
ent protection. 

4. Optimizing HMC during 
formulation 

As is the case when starting any new 
formulation project, HMC param

eters must be optimized early during 
the process to ensure the final prod
uct will perform as required. Many of 
the standard tests and procedures 
used to develop any new formulation 
also apply when using HMC. How
ever, as the process is often used to 
manipulate taste and API release 
rate, there are several specific char
acterization steps that must be in
cluded. 

4.1 Taste masking 
HMC is especially powerful for creat
ing pleasant tasting dosage forms, 
masking the unfavorable taste of 
APIs. As such, an important part of 
the development process is to test 
and check that the coating is working 
effectively. There are several ways in 
which this can be done. This includes 
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Figure 3: Dissolution profiles of a bitter tasting, fast acting API that has been coated with a lipid-
based mixture using HMC. The profiles show that the coated API is stable over a period of at least 
twelve months. The intermediate was stored in bulk using polyethylene drums, in a warehouse 
under uncontrolled conditions. 
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being too thin. If the particles are too 
large then the opposite occurs, with 
the coating ending up too thick. 

The size distribution of the par
ticles must also be constrained to a 
tight but feasible range, so that each 
particle is coated in a reliable and 
reproducible way. Several options 
are available to monitor particle size 
distribution, including laser diffrac
tion, optical analysis using a micro
scope and sieve analysis, with the 
latter being the simplest and most 
common. However, optical tech
niques are gaining popularity as they 
are fast to carry out and provide ad
ditional information of use to formu
lators. As well as ongoing testing du
ring formulation development and 
later during manufacture, it is also 
important to conduct an initial anal
ysis after receiving raw materials 
from suppliers, to be sure that they 
meet the expected specifications. 

As well as being different sizes, 
particles can also have different 
shapes, from highly spherical 
through to needle shaped. An ap
preciation of these characteristics 
is important for maintaining pro
cessability in the fluid bed and also 
when moving to downstream pro
duction steps. In some cases, it is 
even necessary to use advanced 
techniques during development, 
such as scanning electron micros
copy (SEM), dynamic scanning cal
orimetry and x-ray diffraction, as 
they allow users to more precisely 
characterize the coating surface 
and/or cross sections of the par
ticles, and to analyze them for signs 
of polymorphisms or other struc
tural defects (Figure 4). This is par
ticularly relevant for dosage forms 
containing HMC particles, as the li
pids commonly used as excipients 
can exist in several polymorphic 
forms [6]. It is also possible that 
changes in temperature may alter 
the polymorphism of the API, which 
could lead to unexpected stability 
and efficacy problems during later 
use. In both cases, process param
eters can be adjusted so that poly
morphism is controlled. 

4.3 Stability and release profile 
When developing coated medicines 
using HMC it is important to carry 
out stability studies, analyzing both 
production intermediates and the 
final formulation. The main concerns 
are that the API is not protected well 
enough and that the coating changes 
upon storage leading to poor taste 
and a drop in performance. This is 
particularly true of dosage forms 
such as ODGs, as they have been de
signed explicitly to break down 
rapidly in the gastro-intestinal tract 
after being swallowed. As such, an 
insufficiently thin coating can trigger 
an unwanted reaction and/or un
pleasant taste and may render the 
medicine ineffective. 

Inherently linked to stability test
ing is the analysis of API release. The 
biological effect of the API is highly 
dependent on where and when it is 
released during its passage through 
the digestive system, triggered either 
by environmental factors such as 
water or via biological agents such 
as enzymes, stomach acids and bile 
salts. 

As such, API release is tightly 
monitored during all stages of for
mulation development and, at a re
duced level, during manufacture, to 
ensure that the medicine will behave 
as expected. The most common 
method of analysis is dissolution 
testing. Data is collected at several 
time points, firstly to ensure the 
API is not inadvertently released 
too early (e. g. in the mouth), and 
secondly to be confident that the 
medicine will be released in the cor
rect part of the digestive system (e. g. 
the stomach or intestine). In some 
cases, the formulation will also be 
analyzed to determine wettability in 
order to estimate dissolution/release 
characteristics, although this is 
usually only done on prototypes 
and is not a routine procedure. 

5. Scale-up 

Ease of scale-up is essential for any 
formulation process, in order to 
make the transition from devel

opment to bulk manufacture as fast, 
simple and cost-effective as possible. 
Fortunately, HMC is easy to scale up 
from pilot to production scale, with 
little to no increase in processing 
time when moving from small to 
large batches. This is also true when 
moving from batch to batch or when 
changing product type during manu
facture. In fact, the geometry of fluid 
bed coating improves with increas
ing scale, as spraying is more effec
tive in larger containers. HMC is also 
amenable to process analytical tech
nology (PAT) solutions such as online 
near infrared (NIR) measurement, 
permitting effective ongoing moni
toring of the coating process and 
the rapid identification of any devia
tions from initial specifications [7]. 

6. Hot melt coating of 
novel and traditional 
dosage forms 

HMC offers many advantages for 
coating traditional and modern 
user-friendly dosage forms, as it ena
bles formulators to develop both 
fast- and delayed-release medicines, 
each with optimal stability and taste 
characteristics. As discussed, it also 
avoids the need for costly organic 
solvents or lengthy drying steps. 

6.1 Orally disintegrating 
granules (ODGs) 
ODGs are a member of a new class of 
pharmaceutical dosage forms known 

Figure 4: Scanning Electron Microscope (SEM) 
image of a bitter tasting, fast acting API coated 
with a lipid based mixture. The image shows a 
cross section of the crystalline structure of the 
API core covered with a very homogeneous 
coating layer. 
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