........... 1)) gad !

...... :«.&3’\.@3‘@)

39 )N s -
............ Z‘“’J :




VOCATIONAL TRAINING CORPORATION (VTC)

TECHNICAL OPERATIONS IN THE PHARMACEUTICAL
PRODUCTION UNITS
(LEVEL 3)
A COMPETENCY BASED APPROACH

Encapsulation

(P110)

LEARNER GUIDE




(VTC) gl@“ oyl | At 30

a093¥) Zd) e g Jiddd 0 32l
Al gl (gl iyl SR 4 | e
(¥ ssuatl)

O Sl il

(P110)

wdal! fda

Pharmaceutical Center of Excellence (PCOE)

) ATl o day)




Acknowledgment

This publication has been made possible with the
invaluable contribution by many stakeholders including
competitive inputs and leadership by the pharmaceutical

industry in Jordan, instructors, and consultants.

The Ministry of Labour and ETVET Council through
Vocational Training Corporation (VTC) and the European
Union with technical assistance from GOPA Worldwide
Consultants have partnered with the following industry
experts, the Jordanian Association for Pharmaceutical
Manufacturers (JAPM) to develop the curriculum

framework and the resulting learning materials.

The VTC would like to thank particularly the following
Consultants and Members of the Curriculum
Development Panel for their works in research,

developing the content, review and finalising these

materials.

Dr. Hanan Shoul JAPM

Mr. Rami Dari Ram Pharma
Eng. Sana' Abbas JPM

Dr. Ayyad Rumman Ayyad Rumman Pharma

Consulting Centre
Mrs. Suzanne Grigoleit  VTC
Dr. Judy Saleh PCOE - VTC
Eng. Hussain Zuhairi PCOE - VTC

George Kolath Lead ISTE, GOPA

This Project is Funded by the European Union

No part of this publication may be
reproduced, stored in a retrieval
system, or transmitted in any form or
by any means, electronic, mechanical
photocopy and recording or otherwise,
without the written permission of

Vocational Training Corporation.

The publishers have made every

effort, where required, to acknowledge
copyright holders, but if any have been
overlooked, the necessary arrangements
will be made at the first opportunity.

We welcome any information that will
enable us to correct, in subsequent

edition, any inaccurate or omitted credit.

No liability is assumed with respect to

the information contained in.

Published by
Vocational Training Corporation

Amman - Jordan

With financial and technical assistance
by the European Union and GOPA

Worldwide Consultants respectively.

© Vocational Training Corporation
2014

All rights reserved.



plias o6 Lgiuiss ol oy duill aim (po £ o Flasitwl joom ¥
LS flgw Al b of JSb gl ] Lglag3 gl s relonyiand

093 5331 890 s gl gl of LS a yiguans gl gy
gl el dsia g s 3] Ao Jguad!

e Al conidl Losic 5Se ag> IS opmblill Jiy adl
ol JLat! ¢ Jl> 4 oSy agadl 8Ly gudall God> colonsaly
gl ooy AiSe dinyd Jgf b AUl byt el @iisw gl
¢l mdas¥ deb b -pnald o LiSs of Lgild ge cilegles

cdgiog of ddids put diSLo Goi>

Bayloll laglally 3oty Lovh ulghaa ol Jo pac yipidy

L

i PR IR | I &
g.i.g_u«,u_).\iﬂ Lm..u@.o

Lig> dusswhog 9,91 sL8¥) JuB o duidsg dullo baclug

(Aol e ol Lt

Te1s gl copasll dusse ©

AT ySas

dalgll clolgaudl ypadifly ,Sull gallsy pedl3ll padiy
Bl 0is LAY dslall Ciloesl o auaell Lgy plé Ll
Lge pllans all dsledlly,dusadlinl csalf el 6 Le
combiadly oyally pa,¥T 6 dilgadl deliall

kel Jt Gl guloag ,Jasdl 8159 g0 JS il adg
eyl A M g0 ETVET sty ugll coyastly
Lig> B (00 did Baclase ugye¥1 51315 ,(VTC) gl
B Y (ea, S5 LI deliall flps go ol Livwdl
i Log gyl gl o] gungd (JAPM) dygs¥1 it
v yaidl algdl e SIS e

ddany ;S AN Jupony padss o Gigll casyasll duslo 95
o @, S5 ALl sl e¥lg ) Libaz il o UST Lol s
Jlro b Lagdiny Sl aggald dplyadl alill yodas §oyd
:Lg.".q&m'g :lg.“ RN &_7_7-[).49 ‘59.:3| ﬁgﬁg RPN ||
Joumsd gl

(JAPM) dygs¥1 il s, ¥1 sL5¥)

Sl oy sl

ailgall o,

vl gl s

daga¥! clo¥ disy ¥

QLO) JLg.C .

A¥anall oLl pla) sbee 35,0

ooy oljgmw daadl

9.3.6.[' el dsgo

C_".né éQP E )

PEDS (JUNTREL - SWINE DY/ PG JEN PPN SUPES /FX J0)
gl g .o

PEVS (QUNPHEL P SWING DY/ PG [JET PO SUPES /T J0)

S¥9S 79> ]!
Lead ISTE of,Lisawdl Lig>

s



10
14

28

Overview of the Module

The Principles of
Encapsulation

The Procedures for
Encapsulation



dyaidl dnad ole dote 3 11

¥ g S Al dulac f5aluo 15

S¥guu S diiel diloc S8 degll ool A7



Overview of
the Module

The purpose of this Module is to explain processes 1. Perform encapsulation through the application

and procedures in encapsulation. of encapsulation

This Module, when completed, will provide you with 2. Apply correct and safe handling, use and

the necessary competencies to apply theoretical cleaning of different types of encapsulation

and practical concepts in the formulation process machines

of encapsulation by applying appropriate principles

and procedures. They include the correct and safe 3. Employ correct documentation procedures and

handling, used and cleaning of different types of apply SOPs correctly.

encapsulation machines and correct monitoring

the machines and required procedures during the Credit Value

production process. The credit value of this Module is 5 credits which
equals to 105 hours of nominal learning time. This

Learning Outcomes includes theory lesson (face-to-face), supervised

and self-directed practice sessions, and
continuous and summative assessment (learning
controls).

When you complete the Module, you will have the
following specific competencies:

This module
consists of the

following two
integrated units:

Unit 2
The Procedures P 1 -I 0
for Encapsulation )
Unit 1

The Principles of
Encapsulation

10 | Overview of the Module
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12 |

Assessment

At the end of every Unit there are learning and
self-assessment activities. The learning and
assessment activities provide you with the
opportunity to apply knowledge and skills you
have acquired. You should successful complete
all the learning and assessment activities as
evidence that you actually master the skills and
related knowledge in this module.

Your Instructor too will carry out a formal
assessment as evidence of your certification.
As before, the mode of assessment will be
both continuous (formative assessment) and
summative (external assessment).

In this Module, your continuous assessment,
both theoretical and practical consisting of
30% of all units, will be considered for the final
grading.

The final assessment of the entire Module will
be an examination of both theory (30%) and
demonstration or practicals (40%), which will be
carried forward for the purpose of certification.

Overview of the Module
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The Principles of
Encapsulation

Learning Outcomes
At the end of this Unit, you will:

:.‘T‘a

1. Interpret the physical and chemical
characteristics of capsules and their
significance in encapsulation.

2. Read and apply the SOPs on encapsulation.

1.1 Introduction

The encapsulation process is a procedure where a
machine, which is fed with a blend of ingredients and
empty hard gelatin capsules, opens the capsules,
fills them to a set weight with the ingredient powder
and closes the capsules again. Different machines
work in slightly different ways and with differing
levels of automation.

Capsules are popular solid dosage form since they
have a certain elegance (colourful and appealing),
ease of use, and portability.

In this Unit, we analyse the principles of
encapsulation including their physical and chemical
properties.

1.2 Definition
The word ‘capsule’ is derived from the Latin capsul,

which means a small box.

In the pharmaceutical industry, capsule is used to
describe an edible package made from gelatin or
other suitable material which is filled with medicines

14 | UNIT1 The Principles of Encapsulation

Mothes and Dublanc, two Frenchmen, are
credited with the invention of the gelatin
capsule, patented in 1834.

In 1848, James Murdock developed the two-
piece telescoping capsule, as seen today.

to produce a unit dosage.

In other words, Capsules are solid dosage form in
which the drug substance is enclosed within a hard
or soft soluble shell generally formed from gelatine.

Two types of capsules are available in the industry
today: hard and soft gelatin capsules.

1.3 Advantages of Capsules

The capsules have some advantages over other
dosage forms and let us state them:

1. Elegance, ease of use and portability.

2. They provide smooth, slippery, tasteless shell to
swallow.

3. They are convenient method by which liquids
may be orally administered to patients as a unit
dosage form.

4. Drugs having unpleasant taste and odour can be
administered through capsules.
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5. They have better bioavailability than tablets.

6. Possible to design sustained or prolonged release
formulation in capsule form.

7. Economical (low cost).
8. They are difficult to be counterfeited.

9. The stability of therapeutic agents may be
improved in a capsule formation.

10.They are available in various shapes and sizes,
and allow flexibility in formulations.

1.4 Disadvantages of Capsules

1. Extremely soluble drugs (e.g. potassium iodide
or potassium bromide) cannot be administered
in capsules as its sudden release can cause
irritation/burning sensation.

2. Problems associated with homogeneity of fill
weight and content may be associated with
capsule formulations.

3. The requirement for specialised manufacturing
equipment.

4. Potential stability problems associated with
capsules containing liquids.

1.5 Types of Capsules

Capsules are classified as hard gelatin capsules
(HGC) and soft gelatin capsules (SGC). Capsules
are also categorised as 'two-piece’ or 'single piece'’
capsules.

The hard capsule consists
of two pieces in the form of
cylinders closed at one end;
the shorter piece, called the
‘cap’ fits over the open end
of the longer piece, called
the 'body’.

Hard-shelled capsules are typically made using
gelatin and contain dry, powdered ingredients or
miniature pellets (e.g. processes of extrusion or
sphernosation).

Soft-shelled capsules are primarily used for oils
and for active ingredients that are dissolved or
suspended in oil. The soft capsules are also known
as 'soft gels'.

1.6 Differences between Hard and Soft Gelatin Capsules

Table 1.1 Hard Gelatin versus Soft Gelatin Capsules

Hard Gelatin Capsules

Soft Gelatin Capsules

Shell does not contain plasticiser

Shell contains plasticiser

Available mostly in tubular or oblong forms

Available in any shapes

joints

They are not hermetically sealed and may leak at the

Hermitically sealed, no leakage possible

d | Ease of production on small scale

Complex production methods/machines and so
large scale is economical

e | Mostly for oral, rectal or vaginal insertion

They are multi-functional- oral, topical, ear nose,
rectal and vaginal insertion

f | Meant for enclosing solid medications

Flexible for both liquid and semisolid medications

Construction is two-step process where shell is made
g | on one type of machine and filling is on another type of

Construction, filling and sealing are done on single
machine

machine
h Accuracy of the fill content is les as compared to the Since fill content is liquid or semi-solid, it is accurate
soft gelatin capsules, as powder form is complex. and precise filling is possible
16 | UNIT 1 The Principles of Encapsulation
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1.7 Physical and Chemical Properties of
Capsules

Capsule Size Volume ( ml) Mg of Lactose Mg of Aspirin
000 137 1340 1000
00 0.95 920 00
0 0.68 665 500
1 0.5 489 300
-} 037 382 250
3 0.3 203 200
4 0.2 195 125
5 013 127 0

Similar raw materials have been used in the
manufacture of both types of capsules. Traditionally
both contain gelatin, water, colorants and optional
materials such as process aids and preservatives.
The soft capsule contains various plasticizers, such
as glycerine and sorbitol.

Jem T

Mostly today, hard capsules are produced from
00 0

U000

hypromellose (in order to produce a shell with low
moisture content) and soft capsules are made from

modified starch.

1.7.1 Gelatin

Gelatin is a major component used for capsules.
Gelatin possesses five basic properties that make it
suitable for the manufacture of capsules:

1. Itis non-toxic, widely sued in foodstuffs, and
acceptable for use throughout the world.

2. ltis readily soluble in biological fluids at body
temperature.

3. Itis a good film-forming material, producing a
strong flexible film. The wall thickness of a hard
gelatin capsule is about 100 pm.

18 | UNIT 1 The Principles of Encapsulation

4. Solutions of high concentration, 40% w/v, are
mobile at 50 C.

5. A solution in water or in a water-plasticizer blend
undergoes reversible change from a sol to a
gel at temperatures only a few degrees above
ambient. This is in contrast to other films formed
on dosage forms where either volatile solvents or
large quantities of heat are required to cause this
change of state (e.qg, tablet film coating).

Gelatin is a substance of natural origin. It is prepared
by hydrolysis of collagen, which is the main protein
constituent of connective tissues.

Animal skins and bones are the primary raw
materials used for the manufacture of gelatin.

There are two types of gelatin that are popular in the
industry:

a) produced by acid hydrolysis
b) produced by basic hydrolysis.

The acid process takes about 7-10 days. The basic
process takes about 10 times as long as acid
process since basic process is used mainly for
bovine bones.

After hydrolysis, the gelatin is extracted from the
treated material using hot water. The first extracts
contain the gelatin with the highest physical
properties and as the temperature is raised, the
quality falls. The resulting weak solution of gelatin
is concentrated in a series of evaporators and then
chilled to form a gel. This gel is then extruded to
form strands, which are then dried in a fluidised-
bed system. The dried material is graded and
then blended to meet the various specification
requirements.

The properties of gelatin that are most important
to the capsule manufacture are the Bloom Strength
and Viscosity. The Bloom Strength is a measure of
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gel rigidity. It is determined by preparing a standard
gel and maturing it at 10 C. It is defined as the load

in grams required to push a standard plunger 4 mm
into the gel.

1.7.2 Colourants

The colourants that can be used are of two types:
water soluble dyes or insoluble pigments.

To make a range of colours, dyes and pigments
are mixed together as solutions or suspensions.
The dyes are mostly synthetic in origin and can be
subdivided into the azo dyes and non-azo dyes.

1.8 Soft Gelatin Capsules

Two types of pigments are used: a) iron oxides, black
red and yellow; and, b) titanium oxide, which is white
and used to make the capsule opaque.

1.7.3 Process Aids

Sodium lauryl is used as a process aid in hard
capsules as a wetting agent to ensure that the
lubricated metal moulds are uniformly covered when
dipped into the gelatin solution.

Preservatives are added to the hard capsules in
order to prevent microbiological contamination
during manufacture.

The Softgel is a hermetically sealed, one-piece capsule shell with a liquid or semisolid fill without a bubble

of air or gas. The fill materials can include a wide variety of vehicles and can be either a solution or a

suspension. Though the Softgels may be either clear or opaque, it is standard practice to use a clear shell

(clear coloured or natural amber) only when the fill is also a clear solution.

Advantages of hard gelatine capsules

over soft gelatine capsules

Contain 4-5 times less gelatine than
soft gelatine capsules

Require no other additives.
Consists of water and gelatine only

Allow step-by-step filling of 2 different
formulations (l.e. 2-stage-release)

Heat resistant : allow filling of
thermo-stable substances up to 75°C

Are stable in hot climates 00

Will disintegrate faster due to the

capsule wall being five times thinner - =

£ 1%

0l

than the walls of soft gelatine capsules

Less product migration into the shell,
less diffusion of odours

Constant external dimensions
(easier blistering/packaging)
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Require 4-5 times more gelatine than
the hard gelatine capsules

Require addition of glycerin for
softening purposes

Have to be sealed immediately after
filling one substance (filling and sealing
are one and the same process)

Filling temperature limited to about
35°C : filling of solid substances with
higher melting points impossible
Tend to stick together and

become gluey

8 XD

r

Will disintegrate slower due to the
thickness of its gelatine/glycerin wall

Glycerin acts as a plasticiser by
disrupting the gelatine structure -
consequently, higher diffusion into and
through the walls

Dimensions vary according to filling
weight and vary throughout a batch
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Advantages of hard gelatine capsules

Contain 4-5 times less gelatine than
soft gelatine capsules

Require no other additives.
Consists of water and gelatine only

Allow step-by-step filling of 2 different
formulations (i.e. 2-stage-release)

Heat resistant : allow filling of
thermo-stable substances up to 75°C
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Are stable in hot climates

Will disintegrate faster due to the ot
capsule wall being five times thinner - =
than the walls of soft gelatine capsules

Less product migration into the shell,
less diffusion of odours

Constant external dimensions
(easier blistering/packaging)

A

over soft gelatine capsules

Require 4-5 times more gelatine than
the hard gelatine capsules

0

Require addition of glycerin for
softening purposes

Have to be sealed immediately after
filling one substance (filling and sealing
are one and the same process)

Filling temperature limited to about
35°C : filling of solid substances with
higher melting points impossible

Tend to stick together and
become gluey

Will disintegrate slower due to the
thickness of its gelatine/glycerin wall

Glycerin acts as a plasticiser by
disrupting the gelatine structure -
consequently, higher diffusion into and
through the walls

Dimensions vary according to filling
weight and vary throughout a batch
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The standard Softgel shapes for oral pharmaceutical  are preferred within each shape category, with oval
products are oval, oblong, and round. The size of the being the most popular shape.

Softgel is represented by a numerical number, which

represents its nominal capacity in minims (1 cc | 1.9 Application of Soft Gelatin Capsules

16.23 minims). For example, an 11 oblong Softgel The pharmaceutical applications of soft gelatin

can be filled with 8.5—11.0 minims of fill formulation. capsules are:

Softgels can be easily manufactured in any shape . Oral dosage form
with a plane of symmetry and any size (to contain up
to 25 ml) via appropriate die design. The shapes of

soft gelatin capsule are round, oval, oblong, tube. A « Specialty Packaging for single use application

recent survey has shown that smaller sized Softgels such for ophthalmic, and ointment products

. Suppository

Gelatin or other

edible polymers &
plasticizer Colorants,

opacifiers
& flavors

Water soluble
or

Possible enteric
or delayed
oil soluble release coating

fill liquid

APl in solution
or suspension.
Added suspending
agents, dispersants,
viscosifiers, etc.

Fig 1.1.Softgel components

22 UNIT 1 The Principles of Encapsulation



J..a.ajd»uﬁdiuﬂ.ﬁa.!.\_a.;LLa.i_\u!ua).:fi.\.ﬁJ
IS e 29390 @ Byas Al ¥gan <)
S 38T g gglins ) SN g AUTL) c¥gan Y
‘g anle Sylaio

Al a8 e¥ew S olandas Q)
rdil)) e¥ g SUT Algadl lolasawX oL Lesd
Gub e s Sl ole,d) 8 pasias g

]l
el S8 pasis *
80 Jlo=iawd dand P B pasia °

Lm0l g pguell dugsl wilniio Jio baslg

Gelatin or other

edible polymers &

plasticizer

Water soluble
or

oil soluble
fill liquid

reinll ol of ilad o) Lolassh 8Me plasuief cullazs
Lola s Jold1 09, Losie laas (Landal)
u_nb.‘a_».u.\.\.aJJ o>dg-aid) Al ¥ g ST S 965y
Webaiano Lglinss @ill Gorb oo 3555 Sall dui¥arall
$aae @) plasiiawly Al dlgun SI @ Jicg Lv_).ul.vg
(MINIMS) > plasuily g I dew L] Jic
e .(MINIMS 11,7¥ Joley o2 So yivando 1,+) JS
Alas ol &l Alg e ST Lo geasans JLEU Jrw
£lgadl 4uiS,5 50 MINIMS 1), —A0 & 1) Gulid
dlggn JSug JSb aly sl ¥g S gl o Se
Lgaiees 5Se) mndly JShull 3olp3 20 ddas 3920y
S 095, - el il plasinly (elo 10 o> )
Lu|9.h_w|9 )Ln.b.n_u.\.o Lng.A.u Lv‘).vb Al ¥ g, ST

Colorants,
opacifiers
& flavors

Possible enteric
or delayed
release coating

APl in solution
or suspension.
Added suspending
agents, dispersants,
viscosifiers, etc.

A ¥ SV eilig o 1) JS Ll

¥ Sl dties dulacisale 182agl | 23



s

e © © © ©

= 03700 oA M 0B 0k 237 80 o8R8 o285

OBLONGS

v

(=Y - S tsS & s
R P2 i o 2% B2 2% off dle odl $3e oS- Ui

OVALS

= > > <> <> <
B LJATIN ot ATes oM 0% aitd BBee o33 3% odd i

D D D -Gl -
S 7810 222780 452 8%

2T, 25 188,

B L0880, oIS P2

-_— - E- -

a8 e, AT T

Fig 1.2 Examples of softgels

1.9.1 Advantages of soft gelatin capsules

Some of the distinctive advantages of soft gelatin
capsules are:

. They permit liquid medication to become easily
portable.

. Accurate, precise and uniform dose.
. Hermetically sealed (inherently)

. Better bioavailability of the drug and fast onset of
action

. Biopharmaceutical characteristics can
be adjusted by selecting liquid, emulsion,
suspension or powder fill.

. Reduced dustiness; lack of compression stage in
manufacture

. Reduced gastric irritancy compared to tablets
and hard shell capsules

. Safe: reduced operator and environmental
contamination with highly potent or cytotoxic
compounds

. Smooth slippery and easy to swallow

24 | UNIT 1 The Principles of Encapsulation

Specialty packaging become available

1.9.2 Disadvantages of Softgel Capsules

Generally, product is contracted out to a limited
number of specialty houses, e.g. Scherer, Banner.

Generally more costly to produce than tablets or
hard shell capsules

More intimate contact between the shell and
contents than with dry-filled hard shell capsules -
stability a concern.

Not adaptable to incorporation of more than one
kind of fill into the same capsule (compare with
hard shell capsules)
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1.10 A Comparison between Tablet and Capsule Production Stages

In comparison with conventional tablet production, capsule production does not
require expensive and time consuming operations like repeated mixing and sieving,
or granulation and compression. This makes capsules as an attractive option for the
pharmaceutical industry.

Table 1.2 Production process operations in the manufacture of tablets and capsules.

" . . o Filling into capsules
Addition of lubricants/mixing/sieving, as necessary

o k~ w

. Packing
Compression

Tablets Capsules
1. Weighing
2. Preparing ingredients
3. Mixing o
, 1. Weighing

4. Granulating o .

. Preparing ingredients
5. Drying o

o Mixing
6. Sieving
7.
8.
9.

Packing

Learning Activities

Cary out further internet research
on the principles and emerging
technologies in encapsulation.

Test Yourself

1. What are the principles and
functions of encapsulation?

2. Define the physical and chemical
properties of capsules.

26 | UNIT 1 The Principles of Encapsulation
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. Learning Outcomes
QL
.I‘ At the end of this Unit, you will:

1. lllustrate the procedures for encapsulation by
interpreting SOPs.

2. Feed the capsulation machine with the mixed
product.

3. Assemble and demonstrate the correct
encapsulation procedures.

2.1 Introduction

You have learnt already the principles of
encapsulation and are able to apply the SOPs for
encapsulation. In this Unit, you will carry out the
process of encapsulation on different encapsulation
machines.

2.2 Encapsulation Machines

Commonly referred to as capsule filler, the
encapsulation machine has the ability to fill many
different products. Powders, granulations, liquids,
tablets and capsules can be filled into a two piece
capsule.

Encapsulation machinery technology varies a great
deal from one manufacturing to the next. Not all
machines can fill a wide variety of products; most
are designed to handle free flowing powders much
like powders that are prepared for a tablet press.

The capsule filler must first position all of the
incoming capsules into an upright position

28 | UNIT 2 The Procedures for Encapsulation

The Procedures for
Encapsulation

(rectification), separate the cap from the body (top
from bottom), attain the proper fill volume (capsule
weight), and then the product filled body is rejoined
with the cap and ejected from the machine. Some
capsule filling machines have the ability to compress
or tamp the powder for proper filling volume and
weigh control.

Encapsulators can be defined as:

1) Hand operated
2) Semi-Automatic

3) Fully Automatic

The Hand Operated capsule filler requires the
operator to organize the capsules in the correct
position, separate the cap from the body, and fill and
close the caps (basically the hand filler is a holder for
the capsule body).

There are exceptions and some hand operated fillers
assist the operator with separation and closing
functions. The Semi-automatic machine requires
the operator to move rings (capsule holder rings)
from the rectifier to the filling and closing stations
allowing for production up to 25,000 capsule per
hour.

Automatic machines with speeds up to 90,000 per
hour can be divided into two categories: Continuous
and Intermittent operations. The intermittent motion
machine is divided into segments. Each segment
indexes from each machine function; rectify, fill,
tamp, close and eject.
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The automatic machine is a continuous operation
somewhat comparable to a rotary tablet press in

that the rotation is continuous and does not start
and stop.

2.3 Capsule Filling

The dosing systems in industrial scale filling
machines may be divided into two groups:

I Dependent (Auger) systems: which use the
capsule body directly to measure the powder.
Uniformity of the fill weight can be achieved if the
capsule is filled completely.

The dependent dosing systems are semiautomatic
in operation, requiring an operator to transfer the
capsule holder from one operation to the next. The
output from such machines varies between 15000
and 25000 per hour and is dependent on the skill of
the operator.

Il Independent systems: where the powder is
measured independently of the body in a special
measuring device. Weight uniformity is not
dependant on filling the body completely and the

capsule can be part filled.

The independent dosing systems are fully automatic
systems, using a dosing mechanism that forms

a 'plug’ of powder that is transferred then to the
capsule shell.

Plugs are soft compacts formed at low compression
forces (10-100N), they are soft because they are not
the final dosage form as they will be contained inside
the capsule shell.

There are two types of plug forming machines:
. Dosator system:

. Tamping finger and dosing disc system.
Dosator systems:

These consist of dosing tube inside which there
is a movable spring-loaded piston, thus forming

a variable- volume chamber in the bottom of the
cylinder.

The dosator system is the most commonly
used capsule filling system and could either be
intermittent or continuous in motion. The output
could reach up to 150 000/ hour .

B =
g
E
B
S S
%
N N

Fig 2.1 Diagram of a dosator or dosing tube system
(A) compression force platen;(B) piston; (C) dosing tube; (D) powder hopper; (E) plug
ejection platen;(F) capsule body in bush; and (G) powder plug.
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ejection platen;(F) capsule body in bush; and (G) powder plug.
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2.4 Tamping Finger and Dosing Disc

. Inthe system a dosing disc forms the bottom of
a revolving powder hopper.

. Thedosing disc has a series of accurately drilled
holes in which powder plugs are formed by
several sets of tamping fingers.

. Sets of tamping fingers (stainless steel rods) are
lowered into them through the powder bed to
compress the plug.

. Ateach position the fingers push materials into
the holes, building up a plug before they index on
to the next position.

. Thus, the plug is formed in a series of tamps and
not in a single action as on the dosator machines

. Atthe last position the finger pushes the plug
through the disc into a capsule body.

. The powder fill weight can be varied by the
amount of insertion of the fingers into the disc,
by changing the thickness of the dosing disc, and
by adjusting the amount of powder in the hopper.
Thus selection of the correct thickness of disc
is important, because if the fill weight cannot be
achieved, the machine has to be dismantled to
change it

. The machines that use this system are all
intermittent in motion.

2.5 Pellet Filling

Capsules for modified release purposes are usually
formulated with granules or coated pellets fillings.
They are filled on an industrial scale using machines
adapted from powder use (pellets are not to be
compressed during the process). All dosing systems
are based on chamber with the volume that can be
easily changed (Dosator systems). Since pellets

are not supposed to be compressed, they are held
inside the measuring devices by mechanical means

32 | UNIT 2 The Procedures for Encapsulation
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Fig 2.2Schematic diagram of a dosing disc and tamping
finger system:

(A) over-load relief spring; (B) tamp-depth adjuster; (C)
tamping finger; (D) powder hopper; (E) powder bed; (F)
dosing disc; (G) suction; (H) support plate; (I) ejection
adjuster; (J) guide block; (K) transfer block; (L) capsule
body in bushing; and (M) powder plug.

(e.g. inverting the dosator or applying suction to the
dosing tube).

In calculating the weight of pellets that can be filled
into a capsule, it is necessary to make an allowance
for their size. Unlike powders (which have a much
smaller size), they cannot fill all available space
within the capsule because of packing restrictions.

The degree of this effect will be greater the smaller
the capsule size and the larger the particle diameter.

2.6 Procedures for Preparation of Raw
Materials for Hard Gelatin Capsules

The first step in the process is the preparation of the
raw materials.

» A concentrated solution of gelatin, 35-40%, is
prepared using demineralised hot water (at 60-
70 C), in jacketed pressure vessels.
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This solution is stirred until the gelatin has
dissolved and then a vacuum is applied to
remove any entrapped air bubbles.

Aliquots of this solution are then dispensed into
suitable container and required amount of dye
solutions and pigments suspensions added.

The viscosity is measured and adjusted to

a target value by the addition of hot water
(remember, higher the viscosity, thicker the shell
wall to be produced).

The prepared mixes are then transferred to a
heated holding hopper on the manufacturing
machine.

Hypromellose solutions are prepared in a similar
way but with the additional gelling agent such

as carrageenan, and a co-gelling agent, such as
potassium chloride, to convert them into a gelling
system.

2.7 (A Model) SOPs for the Encapsulation
Process

1.

The Manufacturing room must be cleaned and
signed off by a QA officer, Production Supervisor
(PS) or Team leader (TL).

The cleaning of the encapsulation machine must
be approved prior to and after the installation of
the change parts and ancillary machine parts.

The status of the following ancillary equipment
for the encapsulation machine must be approved
by a QA Officer, PS or TL before assembly on the
machine can take place:

. Powder filling station.

. Powder/granulate supply hopper.

. Capsule supply hopper

. Faulty capsule station.

. Closing station

. Capsule discharge station.
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. Extraction hoses
. Compressed air line(s)

The equipment must be left in the clean
encapsulation room on the appropriate tool trolley
provided ready for inspection and approval.

All relevant labels must be approved and signed for
prior to use of the equipment.

4. The product-specific ‘Capsule Size Change Parts'
must be checked and approved by a QC Officer,
PS or TL before they can be brought into the
room. These parts comprise the following:

. Tamping Pins
. Capsule segments (upper and lower)
. Dosing Disc

. Capsule Magazines

5. Place a cleaned, approved discharge cone
and lay-flat tubing in the space provided in
the corresponding discharge station over the
encapsulation room.
Ensure that the tubing is secured to the base of
the discharge cone and the powder/granulate
supply hopper.
Place an 'IN USE' status label for the discharge
station and a separate ‘IN USE' status label for
the discharge cone on the discharge control
panel.
The 'In use' label must indicate:
. Product name
. Product strength
. Product batch number

. Part/room number

6. Bring the following into the Manufacturing room:

. The appropriate BMR.

. Clean buckets, labels, clear polythene and
black bucket liners.

. Labels (Bucket 'IN-PROCESS' and 'IN USE')
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. Sample containers

. Polypropylene scoop.

. Floor balance

. Table balance

. Capsule transfer system

. Capsule de-duster/ metal detector and sorter
(if applicable)
. Capsule polisher (if applicable)

7. Insert the required liners into the buckets and
attach the bucket labels. Unless otherwise
advised by the PS/TL or QC officer, each bucket
will require one black liner, one clear liner.

8. The QC Officer, PS or TL must check the
following:

. All equipment and materials are clean.
. Allinformation is correctly recorded.

. All details of materials within the room are
entered into the BMR.

. All buckets are checked as being clean prior
to placing liners inside buckets.

9. Anote must be made in the BMR regarding
the total number of approved buckets at the
start of encapsulation. If for any reason during
encapsulation additional buckets are required,
these buckets are to be independently checked
prior to use and a comment inserted into the
relevant section of the BMR.

10.Locate the Intermediate Bulk Container (IBC)
containing the granulate/powder that is to be
encapsulated and move it to the correct drop
station. Do not load the IBC onto the discharge
station at this time. It is necessary to have the
identity of the granulate/powder and the IBC
confirmed by a QC officer, PS or TL before the IBC
can be loaded onto the discharge station.
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11.Load the IBC onto the discharge station using the
lifting equipment. The IBC must have also an ‘IN
USE' status label attached indicating the product
name, strength, batch number and IBC number.

12.Place the "IN-USE" labels on the white buckets.
13.Place IN USE' status labels on the following:

. Door of the Manufacturing room

. Encapsulation machine

. Polisher/de-duster, metal detector and sorter

. Table balance

. Floor balance

. Vacuum cleaner

. Drop station

. Drop cone

. Capsule conveyor

. Capsule polisher

14.The batch must be signed into the room by anQA
officer, PS or TL before encapsulation can begin.

15.Connect the compressed air at the service
assembly.

16.Charge the capsule supply hopper with empty
capsule shells.

17.Charge the Powder/granulate supply hopper with
material from the IBC.

2.8 Risks and Hazards Associated with
the Encapsulation Processes

In Module 102, we discussed extensively on various
occupational health and safety measures to ensure
that you are well protected to limit your exposure

to various safety risks and hazards during various
manufacturing operations. In the encapsulation
process, like the tableting process, you are faced
with many similar safety risks and you are advised
to take appropriate caution to protect yourselves.
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Remember at all stages, that appropriate PPE should from leaks and spills and rejected products.

be worn, safety precautions adhered to, and that
Waste waters may contain inorganic salts,

sugars, and traces of drug substances or

powders which may cause both environmental
Some of the following risks are associated with the pollution and safety risks to the workers.

you are constantly monitoring your health through .
regular health check-ups too.

encapsulation process:
2.9 Significance of Monitoring the

. Fast-moving parts, high noise levels and . .
el? 2 Encapsulation Machine

dust emissions during their operation of the

machines/equipment. The monitoring and continuous quality checks on

the encapsulation machine will ensure higher quality

=  Special concerns when workers are exposed capsules with no defects. This is also carried in order

to toxic solvent vapours and potent drugs as to ensure that the machine is operating smoothly

airborne dusts during the unit operations of
capsule filling.

without any faults.

The following table highlight f th
. Capsule products generate solid and liquid € Toflowing table highlignts some ot the

wastes during cleaning and sterilization, and

2.9.1 Manufacturing problems

Table 2.1 Manufacturing issues
FAULT CAUSE MACHINE REMEDY
Optimise height configuration of
the dosing disk

Tamping ring facing dosing disk
Machine stops ‘Sticky' product atanangle

Provide recesses at the dosing
disk

Increase air gap (S~0.Tmm)

Optimise tamping pressures.

Optimise powder feed to the
De-mixing of powder Powder has bad flow properties tamping stations for example by
additional powder levellers (to be
provided by Engineering)
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Powder is ejected from the dosing
bore during tamping

Powder with air enclosures

Adjust the powder level

Adjust the number of cycles

Adjustment of tamping pressures:
Maximum tamping pressure at
tamping station Lower tamping
pressure at the following tamping
stations ->a>b>c>d>e

Review the possible use of softer
tamping pin springs
Air gap (S, 0.02mm)

Powder collapses upon ejection
from dosing bore

Powder with a dust percentage

Optimise tamping pressures
Reduce gap (S~0.02-0.03mm)
Review the possible use of

'Harder' tamping springs

faults, causes and how to remedy them on the
encapsulation machine.

You should also be aware that various quality
assurance tests are carried out in order to ensure
quality finished products. This is also true in the case
of encapsulation processes where the Production
Team should carry out ‘start up analysis tests' and
‘end analysis and finish-up tests'. These checks can
be categorised as IPCs too.

2.9.2 Start-Up Analysis Tests

The following aspects are analysed at the start of
the encapsulation process:

a. Capsule weight

1.1 Weigh 20 capsules individually using the IPC
checkweigher located in the In-Process Control
Room (IPC).

1.2 Review average filled capsule weight together
with high and low weights.

Calculate the filled capsule weight bias on the IPC by

summing the high and low weight deviations from
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the average.

1.3 Write the result on the IPC printout. Ensure that
the batch number, product code, ‘T' limits (T1, T2
and T3) and target weights are correct on the IPC
printout as per the BMR.

1.4 Carefully review the ‘flag’ weights from the
printout against the BMR specifications. The
individual filled capsule weights must comply with
the limits as specified in the BMR.

1.5 Attach the printout to the BMR 'Start-Up
Analysis' page.

b. Capsule length

2.1 Measure the length of 10 capsules with a digital
callipers or suitable measuring equipment.

2.2 Record each individual result and the mean value
on the 'Start up Analysis' page.

c. Capsule Disintegration

3.1 Perform a disintegration test on 6 capsules.
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3.2 Record the results on the 'Start-Up Analysis'
page.

d.Capsule condition check

Check the overall condition of an appropriate sample
size of capsules for any of the following defects (the
sample size is defined on the BMR):

. Wrong capsules

. Empty capsules

. Wrong capsule contents
. Foreign matter present

. Split/Broken capsules

. Leaking capsules

. Underweight capsules

. Marked/Dented capsules
. Capsule Closure Failure

. Poorly polished capsules

Record the results in the 'Tablet Condition Check'’
section of the 'Start up Analysis' page.

Ensure that all the test results that are entered into
the BMR at the product ‘Start-Up Analysis' and
throughout the encapsulation section are rounded
correctly to the required number of decimal points, in
comparison to the BMR specification.

Note: If an Out-of-Specification (00S) result is
encountered during the ‘Start up Analysis', the

machine may require adjustment to correct the
00S result.

Ensure that the correct numbers of capsule samples
are taken for both the ‘Start-Up Analysis' and
throughout the encapsulation run.

A QA officer, PS or TL must approve and sign off
the 'Start Up Analysis' sheet before production
can begin, to confirm that the capsules are being
manufactured to the BMR specifications.

All capsules produced up to this point must be
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discarded into a suitable waste container, which
must be labelled accordingly. All samples weighed
on the table balance must be disposed of in the
'‘Capsule Reject Bin' located on the wall beside the
table balance. Unless otherwise requested, the 'Start
up Analysis' sample must be disposed of in the
Parma waste bin in the IPC.

After completion and approval of the 'Start Up
Analysis', set up the ancillary equipment to the front
of the machine so that the capsules can undergo
de-dusting, metal checking, sorting and polishing
(if required) are de-dusted on line. Once the metal
checker is installed the operator must carry out

a metal token challenge. This involves passing a
0.3mm FE, 0.5mm Non-Fe and a 0.bmm SS token
through the metal checker. This must be recorded
in the Manufacturing BMR. (If the challenge fails the
operator must inform their supervisor immediately.)

2.9.3 End Analysis and Finishing-Up

Upon completion of encapsulation, the operatormust
ensure the following is completed:

1. End Analysis' test, which is the same as the 'Start
up Analysis' test described in section above.

2. QA officers must condition check the batch of
capsules before the bags are sealed.

3. Collection of the 'Composite’ sample for the
Quality Control laboratory

4. Once QC approval has been obtained, weigh the
batch and record the yield on the BMR. Send the
completed capsule batch to the stores.

Note: Any remaining empty shells should be placed

back into the supplier bag and sealed. The bag
should then be placed back in the capsule box and

again sealed. The Capsule shell part label is to be
illed in with the weight of the remaining shells
and returned to the warehouse. The weight of the
returning shells is to be recorded in the BMR.

5. The BMR from the completed batch must be returned
to the production office for checking by a MS.
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2.10 Capsule Filling and its Monitoring
Process

You should give very special
consideration to the choice of
appropriate control procedures
for the filling operations. Proper
monitoring of the filling process is
carried out through two specific
methods. Firstly, it is carried out
through process control and
management of the encapsulations
machine and related processual
parameters which include the
following:

. Standard fill weight

. Mechanical pellet fillingchamber
. Machine Speed

. Capsule separationvacuum

. Compressed air pressure

. Mini-filledcapsule sorter

. capsule Locking Length

Secondly, the monitoring ensures that the finalised,
filled capsules meet the appropriate regulatory
requirements which include weight variation,
solubility, and disintegration which we shall discuss
later in In-Process Control Tests for Capsules in
subsection 2.11.

Now, let us further analyse some of the common
defects found during the capsule production process
(hard gelatin capsules) as illustrated below. In the
following Table 2.2.
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2.11 SOPs for In-Process Tests During
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Table 2.2 Common defects and causes in Capsule Production

PROBLEM DESCRIPTION CAUSE(S)
HOLE An irregular opening in the cap Supaller fssue
or body
Possible supplier issue
SPLIT A split in the film starting from Poor handling
the cap or body edge Misalignment of capsule segments
Orienting issues
Possible supplier issue
Poor handling
CRACKED A cap or body with many splits Misalignment of capsule segments
Orienting issues
Closing issues
UNCUT BODY/CAP An untrimmed cap or body Supplier issue

FAILURE TO SEPARATE

Cap and body may not be
separated properly

Possible supplier issue

Blocked vacuum filter

Insufficient vacuum.

Blocked lower segment(s)

High temperature during transport or
storage

A piece or the whole trimmed end

Possible supplier issue
Poor handling

TRIMMING of a cap or body inside a closed L
Misalignment of capsule segments
capsule ST
Orienting issues
DOUBLE DIP B SIS Supplier issue
dipped
SHORT BODY Cap length is Tmm less than the Suppller fssue

specified length

JOINED IN LOCK

Capsule is in locked position

Supplier issue
Orienting issues

DOUBLE CAP

A capsule with an additional cap
covering the body end

Possible supplier issue

Separation caused by excess vacuum
during transport from capsule conveyor
to capsule feed hopper.

Separation during filling process, and
capsule cap attaching to filled lower
body during the subsequent polishing
process

UNJOINED

A single cap or body

Possible supplier issue

Separation caused by excess vacuum
during transport from capsule conveyor
to capsule feed hopper.
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Possible supplier issue

Reduce vacuum at orienting station
This issue may also result in ‘cutting’ of
the end of the lower body.

A thin area in the capsule
shoulder which may rupture
when the capsule is filled

THIN SPOT (CAP
SHOULDER)

Poor handling

Misalignment of capsule segments
A mechanically damaged capsule | Orienting issues

that has been squashed flat Use of scoop to remove excess filled
product from bucket at the weighing
stage

MASHED

Length of cap or body is Tmm

LONG CAP/BODY more than the specified length

Supplier issue

The cap or body is damaged in Poor handling

PINCHED the segments. Pinches>3mm are | Misalignment of capsule segments
classified as a Major A defect. Orienting issues
Poor handling
A closed capsule with a Misalignment of capsule segments
TELESCOPE protruding piece of either cap or Orienting issues
body produced by a double split. | Over-fill of powder/granulate in the filled
capsule

. Possible supplier issue such as capsule
Capsule not closed sufficiently to PP P

LONG JOINED engage the pre-lock length Out-of- Specification (00S)
g9a9 P Incorrect setting at the Closing Station
DYE SPECK A eIBITEe) SIpel: e pIg et Supplier issue
aggregate
Possible supplier issue
A cap or body with the end Peerlieneling

INVERTED END Misalignment of capsule segments
Orienting issues

Problems at the discharge station

pushed inwards

Mould release aid spots on the

GREASE inside of the capsule

Supplier issue

The edge of the cap is roughly
trimmed. The imperfection at it is

DLACEDARIG ST R IS greatest>1mm into the specified

Supplier issue

length.
Cap or body is damaged in the Poor handling

SMALL PINCHED segment. Pinches <3mm are Misalignment of capsule segments
classified as a Major B defect. Orienting issues

A thin area in the cap or body
THIN SPOT wall that may rupture when the Supplier issue
capsule is filled.
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Capsule Production

1.

50 |

At all times when handling capsules, operators
must take the opportunity to assess the capsule
condition. If any defect is observed, highlight the
issue immediately to the relevant Supervisor/QA
officer.

Operators must take note of the testing
frequency for the IPC tests outlined in the BMR
as different markets have different testing
requirements.

During encapsulation, there must be continuous
condition checking of the buckets by QA officers,
Manufacturing Supervisor or Team Leader. The
encapsulation operator must not allow a build-up
of unchecked buckets within the room, in case a
capsule defect has gone unnoticed.

Ensure that the QA officer, Manufacturing
Supervisor or Team Leader enters the capsule
description onto the capsule ‘Condition Check’
page.

If for any reason the encapsulation equipment
has to be cleaned during encapsulation, ensure
to closely monitor the condition of the capsules
produced after restarting the encapsulation
machine.

During the encapsulation of the batch, the
granulate/powder hopper volume must remain
constant at all times until the IBC is almost
empty. The batch must continue running until the
granulate/powder in the powder/granulate feed
hopper reaches the 'Level Control Initiator’. Never
allow the encapsulation machine to run “dry” of
granulate/powder.

Ensure that all steps are signed for in the BMR
as each action takes place. Take care to ensure
that IPC values entered into the BMR are within
specification as outlined in the BMR.

If an Out of Specification (O0S) result is

UNIT 2 The Procedures for Encapsulation

encountered during an 'In Process Check' (IPC),
the machine must be stopped and the root cause
must be established. The operator must use the
following procedure:

. Notify PS / QAOfficer of the OOS result

« Remove the ancillary equipment from the front
of the machine.

. Adjust the machine accordingly to achieve the
previous encapsulation parameters.

. Set up the ancillary equipment to the front
of the machine when the encapsulation
parameters are within the BMR specification.

. If the previous encapsulation parameters
cannot be achieved, then a QC officer or
Production Supervisor must be notified and
corrective actions must be taken before
encapsulation can proceed. Any comments
written in the BMR by the operator must be
signed and dated.

9. Ensure that a composite sample is taken from
each bucket compressed.

10.Ensure the samples are taken before the bucket
is weighted and recorded in the Manufacturing
BMR.

11.Ensure that each bucket is weighed to three
decimal points with the weight entered into the
BMR to three decimal points, and also on the
corresponding bucket label.

You should note that in order to ensure the accuracy
of this weighing operation, the floor balance is
re-tared after every third bucket if the product

is not controlled. For controlled products, every
bucket must be tared. If an additional composite
sample is placed in the last bucket, the weight of
the securitainer will be included in the tare weight.
Ensure that the balance used is set correctly and the
level bubble for the balance is centred.
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12.Visually assess the top portion of each bucket
for capsule defects after filling and prior to its
removal from the floor balance.

13.Ensure that for those products that require
desiccants that the correct quantity of desiccant
bags are present and introduced to the tablet
bucket according to the BMR.

2.12 Storage of Capsules

2.12.1 Empty capsules

Usually, empty capsules are shipped with a moisture
contents between 13 to 16%. And you should ensure
that this moisture contents is maintained. Also, avoid
exposing the capsules to high temperatures or to
cycles of high and low temperatures. There is also

a tremendous volume of air inside the capsule that
can extract or release moisture from the capsule.
Maintain the area where you store the capsule at
15to0 25 ° C and 35 to 55% relative humidity (RH).

Do not store empty capsules in freezers. The empty
capsules are also very susceptible to damage
because of the capsule walls are unsupported.

2.12.2 Filled capsules

The storage requirements for filled capsules are
based on the product stability profile. The warehouse
storage areas should be temperature—mapped and
monitored to ensure the room temperature is under
control and that product specific refrigeration/RH
control requirements are maintained. Ideally, the
storage areas would be equipped with alarms and
there would be a product-specific product handling
procedure that explains how to deal with out-of-
limit temperature/humidity incidents. If the product
is stored in bulk containers for a significant period
of time prior to packaging, you should institute
procedures to monitor bulk product stability.
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2.12.3 General storage recommendations

Protect the capsules from direct sunlight by storing
them away from windows and skylights. They
should be stored away from radiators, heat registers,
hot water pipes and team pipes.

Keep the capsules out from under potential sources
of water condensation, such as water pipes, and
keep pallet load off the floor.

Learning Activities

In groups, discuss how to avoid
common problems of capsule
production processes

Test Yourself

1. Which are the common
encapsulation machines used
in Jordan Pharmaceutical
Manufacturing firms you visited?

2. Explain the IPCs employed during
capsule production.
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