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ABSTRACT

The starch contained in potato Ipomea batatas was extracted by milling, suspending in
water, centrifuga ion, reaction with sodium bisulphate, washing and drying. The starch
complied with the B.P (1988) identification test. It was modified into pregelatiniscd starch (PGS)
by drying the mucilage to form a dry powder, part of which was mixed with dilute nitric acid,
subjected to prolonged heart and dried to give matodextrin (M1)X). The modified products were
characterized using the following parameters; How rate, angle of repose, bulk densties, Carr's

index and moisture content.

The suitability of the modified products as various functional excipients in wet and dry
granulated tablets formulation were evaluated. Direct Compression of pure and various binary
mixtures as sole excipients were carried out.

The high dose 50()mg per tablet contains sulphamcthoxazolc, a non -self compressible
drug, while the low dose requiring maxima sole excipients as diluent contained in 5mg folic acid,
thereby congtituting only 6.6% w/w. While a Pelletizing machine was used to compact excipients
and active ingredients to dlugs that were comminuted into granules through the sieve to form
granules, the eccentric tablet pressmachine was used to compact the granules into tablets, the
properties of the tablets evaluated included weight uniformity, thickness, hardness, friahility,
packing fraction, compact density, tensile strength and disintegration time. Apart from thickness
and frigbility, which were inversdy related, the other parameters were directly related to the
compression pressure. The results are traceable to densification of compacts.

In direct compression, Avicd® and matodextrin produce more coherent tablets thereby
showing a high leve of binding action than pregelatiniscd starch which exhibited higher
disintegranl properties. Thus, a binary mixed powder depending on the proportion enhanced better
bioavailable properties with AVL/PGS and MDX/I'GS binary mixtures, for those tablets which
bicavailibility arc governed by the rate a which the tablets disintegrate. Paradoxicaly the highest
sole dry binder excipients containing 30% compared with 20% and 10% of the modified products

and Avicd® in sulphamcthoxazolc tablets produced the solles tablets. This could be attributed to
higher content of fines,

The thickness was in the following order; MDX/AVL® < AVL®/ PGS < MDX/PGS.

The more plastically compressible a compact the thinner is the compact.

Vi
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CHAPTER ONE

1O INTRODUCTION

STARCHES

Starches are widely distributed and readily available o abundant quantities
They are used for both domestic consumption and for industiial uses.  Once of the
carliecst work on the use of locally available starches as pharmaceutical raw material
was by Mital and Ocran (1968). They evaluated the binding and disintegrant propertics
ol starch from yam and cassava tubers i tablet Tormulation.  Other workers such as
Khan :uul- Rhodes (1972), also veported the dismtegrant propetties of starch. Nasipuii
(1972), equally evaluated the use of cassava starch as a binder and disintegrant i tablet
formulation.  Cassava starch was reported to act as lillers, binders and disintegrant in
dextromethophan hydrobromide tablets (Budaye, Ojile and Bangudu (1994).

Jaiyeoba and Opakunle (1978), have also shown the suttability of yam and
cassava as diluents and glidants w tablet formulations. Fsezobo and Ambujam (1982)
reported that starch mucilage produced from Musa Paradiasica is used as a binder and
provide sufficient strong force betv een particles to produce very pood coherent tablets.
Mast of the evaluation of the eflects of bder on granules and tablets have been carried
out by employing a single voluie of the binder while varying the concentration
(Esczobo and Pilpel 1976, Pilpel ci al 1975, Esczobo and Ambujam 1982, lwuagwu el
al 1980).

However, other workers {Ganderton and Hunter 1971, Opakunle and Spring
1976, Chalmers and Elworthy 1976, Nasipuri and Akala 1986) have shown that by
varying the volume of binder and Keeping its concentration constant also provided

changes in physical properties ol granules and tablets,



Pharmaceutical grades starch are derived from maize grain, potato and cassava
twbers.  The use of starch from wther sources have been extensively investigated.
Current advances in tablet technoiogy cspéc'ially in the use of high specd mullistation
table prcéﬁ and direet compressicn techniques have necessitated the use ol excipient
with good How and compression characteristics. Work on forming sodifications of
starch has been seanty in this country. Sta-Rx 1500 which is derived [rom starch has
“been known to possess somc dircc.t.. compressible characteristics.  [ts unavailability has
led to the use ol Avicel™ whick is microcrystalline cellulose which is closely and
chemically associated with starch as glucosidic units polymers and which was used for
comparative purposes.
1.1 'l'."\'llljl","l‘ AND TABLETING

Tablets are solid preparations cach containing a unit dese ol one or more active
ingredients. They are obtained by compressing uniform volumes of particles intended
| for oral Eldlllillisll‘illi;)ll. Some are swallowed whn_lc or alter being, chewed, some art
dissolved or dispersed in water belore administration and some arc retained i tie
mouth where the active wgredient s liberated,

The particles to be compressed consist ol one or inore active ingredicnts with or
without :Ill.\i“ill‘l}’ sluhsl:mccs Qlich 18 (I‘ilucnls, | binders, disintegrants, glidants,
lubricants, which are substances capable of modifying the behaviour of the active
ingredionts in the digestive tracl, while authorized colouring and flavouring agents.
Although it 15 possible 1o manufacture tablets in a wide range of shapes, official wablots
are delined as Uil'ClIhﬂll' discs with Bat or convex laces (B.1., 1988), Today, they are Lhé‘
most popular dosage [orm of administering medicaments (Guascl and Kauig, I‘)?S).’.

When properly formulated and manutactured, they conter the following propertics on



the wablets. They are able to withstand the ngours of the mechanical treatment mvolved
i the

. production, packaging. shipping and dispensing,

- free Trom delect -, contamination and are able to release the medicaments

im a reproducible and predictable manner,

I.I.1  Advantages of the Tablet Dosage Form
Tablets owe s populinity o a number of reasons, among which are the
lollowings;
- they offer means for repeated accurate dose of a drug without resorting
to use of a meterng unit, so the presence of a trained personnel is not

required,

they allow the incorporation of two or more incompatible drugs in one

dosage lorm;

L}

the unpleasant tiste can be masked by coating;

- they can be handled and transported casily by both the manufacturer
and patient,

- they are very stable and therefore have fong sheli-lives;

- they are amenable to mass production and the cconomies of high scale

production,

L2 Types of Tablets

There are dilferent types ol tablets which include the following:-

K45
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1.1L.2.1 Compressed Tablets:

This can be either plain (vocoated) or coated tablet. A plain tablet is prepared
by compressing a particulate solid n a die by the application of forces via two punches
upper and lower (Anon 1955) Coated tablets are those that, alier the normal
compression of the tablet, the coating materials are applied. the coating material could
be sugar coating, (tlm coating or press coating (Hogan 1983). Advantages in coating,
tablets include protection of mgiedients from the environment particularly light and
moisture. Many drugs have a bitier or otherwise unpleasant taste, Coating provides an
clhicient method of taste masking tablets which are casier to swallow. It aids patient
compliance with the dosage schemes. It aids e the rapud ideatification of product by
the manulacturer, dispensing  pharmacists and patients.  Coating also  Tacilitates
handling in high speed automatic filling and packaging equipment. It helps o add
mechanical strength to the tabler core. Cross-contamination is also reduced i the
manufacturing plant as dusting from tablet is eliminated. Functional (ilm coating ave

used to impart enteric or controlled release properties to the coated tablet.

1.1.2.2 Sublingual and Buccal Tablets:

Tablets placed under the tonpue sublingually or i the side of the cheek
(buccally) can produce an immediite systemic effect by enabling the drug to be directly
absorbed through the mucosa. Examples are isoprenaline sulphate (bronchodilator) and
glyceryl trimitrate tablets (vasodilator). These tablets are usually small and flat, they do
not contain a disintegrant and are compressed fightly to produce a fairly soft 1ablet. A

sweeting agent like surose 1s used 1o impact sweetness.



1.1.2.3 Chcw:.lhlc 'I‘sll:lctsﬁ

Chewable tablets can be taken at any time or place withont water or for ihe
patients with dilficulty in swallowing or for children who have not yet learnt how to
wash tablet down wilth water. Maunitol is normally used as a chewable base dilucat,
since it has a pleasant cooling sensation in the mouth and can mask the taste of some
objectionable medicaments. Chewable tablels are prepared by wet granulation but the
granules are not too hard and normally countain a high pmpmtidn of flavouring agent Lo
aidd palatabilicy which can in¢chiic chocolate base. A disintegrating agent is not

required, sinee the teeth perform this fumetion. Examples include antacids.

1.1.2.4 Eifervescent ‘Fablets:

When tablets contaming alkali metal carbonates or bicarbonates arc combined
with tartaric, or citrie actd, carbon Jioxide will be liberated, when the tablet is placed in
water thus cihaucing quick dissolution of the active ingredient.  Effervescent tablets
can be produced by wet fusion and heat fuston. With wet ﬁ'.si(;n techniques citrie acid
is moistened and added to sodium bicarbonate and granulated in a suitable mixer, the
maist ciirie acid acting 1o partially {use the powders. The granules are theo tableted
and then dried in an oven at 70°C belore being packaged in moisture - proof container
or alununium foil. The heal fusion technique  requires all the powders to be blended
dry with the citsic acid being in the form of citcic acid monohydrate.  The mixed
powders arc then heated 1o liberate the water of crystailization in the citric acid which

acts as the granulating agent,



1.1.2.5 Lozenges

Lozenges are compressed tablets usually at Teast 18mm in diameter which do
not contain a disintegrant and are sucked to dissolve m the mouth.

Generally, theve are two topes depending on the required action. The first type
produces a local eflect in the mounth or throat. This usually contains antiseptic (¢.g.
benzakonium) or antibiotic. 1t is palatable and slowly soluble. The formulation thus
contains some sucrose in fine powder, lactose and gelatin solution to impart a smooth
taste.  The formulation is compressed between Mat-faced punches (o allow greater
pressures to be applied. Flavours are normally incorporated to assist palatability. The
second type of lozenges produces a systemic effect. An example is the lozenpe which
contains vitamin supplements. It s also required to be sucked. It is a palatable way of

administering vitamins, Flavours are normally included in the lozenges.

1.1.2.6 Implants

tplants are very small pellets composed of drug substances only without
excipients.  They are normally about 2 to 3 cm i diameter and are prepared in an
aseptic manner and are therefore sterile.

By the use of surgical procedures, implants are inserted into the body tissues
from where they are absorbed very slowly over a period of months (Camphell et al
1958).  Implant pellets are used largely for the administration of hormones such as
stillbaestral, testosterone and dioxycortone acetate. Implants are produced on a single
station tablet press using the punch and die set which must also be sterilized. The die is
filled by hand since the drug does not flow. Particle size is large to produce slow rate

of absorption and to achieve a gradual release.



1.£.2.7 Suppositories And Pessaries

These are solid preparations eacli containing one or more active ingredients. They are
normally administered as a single dose for local action or sysiemic absorption of the
active ingredients. They are inserted tito the rectum, vagina or the urethra. Aller
insertion, suppositories soften, melt or dissolve in the cavity fluids.

They are used by both adults and children, There are theee types of suppositories:-
Reetal suppositories: The U.SP(1980) deseribes rectal suppositories for adults as
tapered at onc or both ends and usually weighing about 2 g cach.  Infant rectal
suppositories usually weigh about ane-half that of adult suppositorics. Drugs, having
systemic eflects such as sedatives, (ranquilizers and analgesics may be administered as
rectal suppository,  Tlowever, the largest single use category is probably (hat of
hacmorrhoid remedics. The 2g weight for adult rectal suppositorics were bascd on the
use of cocoa butter as the base, When other bases are used, the weights may be greater
or less than 2g, |

Vaginal suppositories: The U.S.P(1980) describes vaginal suppositories as usually
globular or oviform and weighing about 5g cach. Vaginal medication are available in 4
variety af physical forms e.g. creams, gels, or liguid which depart from the classical
concept ol suppositorics. Vaginul tablets however do nllccl the definition and represent
conventence both of administration and manulacture.

Urethral  suppositories:  Urethral suppositorics or bougies arc not  described
. specifically in the U.S.P. cither Ly weight or dimension.  Urethral suppositories are an

unusual dosage form and seldomily cncountered.
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1.2 TABLET MANUFACTURE
Tablets are prepared primarily by compression. This is done by compressing
[ine crystals, free ﬂlowing powders o granules in a dic between punches.  Tablet
machines used are annblc of exerling greai pressure n compacting tableting material
through the use of various shaped panches and dies.
The machines consists essentially ofi-
(1) hopper for storing, the materials for compressing,
(2) feed frame for disiributing Ilhc materials into the die;
(3) dies tor controlling the size and shape ol the tablet;
(4) punches l'pr coinpacting (.hg malerials within thcl' dies and shaping the tablet;.
(5 c:ums. for puiding the punches, .
All other patts of the tablet press ave desipned o control the functioning of
those listcd above. Generally, there ate two types of tablet compression machines - the
single punch and the malti-station rotatory press. These machines are similar in their
principles of operation and only differ m such aspects as the output, mode of
Ccompression and  the mechanical features  designed 1o control the cmuprcssiou‘
processes, _
.
For a material (0 be formed into tablets in the press, it must possess certain’
physical properties. These include:-
| M (he ability to flow frcely to give even fill ol the dic;
B oohusiveness for formation of strong tablels and

B lubrication to reduce [rictional effect on the die wall.



.2.1 Production Of Flowable And Compressible Materials

Since most materials have none or only some of these propertics, formulations
and prcpzlratio.ns h.'n;c been developed to impant these desivable characteristics Lo lhe
material W be compressed. The process of granulation is usually used (o achieve this,
The two main reasons for granulation are:-

(i) Lo convert the powder into a fice ﬂnwing form suilable lor compresston.

(i) to aid cohesion or compressivility of tl;c material during compaction in
order to form {irm tableis

1.2.2 Ways for Achicving these 2 Objectives of Flluw:l hility

anmd Compressibility .

N granalation forms larger aud more sphetical particles which ensure free
Nowing of the particles,  This is because sphc_rcs minimize terparticulate
l'ricl.i(_m.

i) granulation presents a range ol particle size distribution that resemble a
normal distribution cur‘.-*é, 'I'hiiﬁlimpliés:u small percentage of coarse and
fine particles with the rest in a narrow range in-botween,

1) pranulation allows a uniform distribution of alt the ingredients i the
formwlation therchy ensuring dose uniformity.

iv) g_,r:mululi{m mbuilds comprossible components that will confer physical
strength and form 1o the tables. thnl the dose of the druy is low, the
dilucﬁt fargely povern the physical propesties of the granules and tablets but
when the dose is high the drug will have the greatest influence,

There are basically three mnin methods l'of manufacturing compressed tablets,

nan'lcly:-

(1) wet granuiation;

(2) dry granulation (or sfugging),

’



(3) direct compress on.

1.2.3  Wet Granulation Method

This is the oldest and the most widely used method for the compressed tablets
The active ingredients and any diluent and part ol the disintegrant required in the tablet
formulation are mixed thoroughly.  The eflectiveness of this mixing stage determines
the distribution of the active mgredients and therefore aflects dose uniformity among
the tablets produced. The granules are now tormed by adding Liquid binder. Mixing
continues until uniform dispersion is attaned and all the mucilage has been activated
The amount of binder solutions added is dependent mainly upon the formulative

mgredients and the nature and the concenration of the binder. The wetted mass is then

passed through a screen of the desived mesh size. This vesults in the breaking up ol the:

wel mass mto coarse granules or aggregates. It s wsually done by an oscillating

granulator which prepare the granulation by extrusion through the screens with larpe

perlorations.  The purpose of this step is to increase the surface arca from which
moisture can be lost and thus ncrease the rate of drying of the granulation.  The
granules are then dried in one of the several equipments available.

A hot aiv oven with circulating air whose temperature is thermostatically

controlled may be used. Newer dricrs such as the fluidised bed drier may also be used.

The drying process remove the solvent that was used in forming the aggrepates and

reduce the moisture content to an optimum level of concentration within the granule

After drying the granules aie again sieved by passing them through a screen, the

size of which depends on the size of the tablet to be made. This step helps to break
down caked aggregates that might have been formed during the drying process. ‘The

lubricants are now added to the graoules afier any lumps or agpregates in the lubricants

'y
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have been broken down to increasc their conveying power. Any disintegrant that is left

to be added is now added at this stapge. This is mainly referred (o as exodisintegrant.

Advantages of Wet Granulation

the cohestveness and compressibility of powder s improved due to added

binder which coats the individual powder particles causing them to adhere

-
L]

to cach other to enable them form agglomerates called granules,
high dosage drugs having poor flow or compressibility properties must be
prepared by wet pranulation to obtain a suitable How and cohesion fin
compression; in this case. the proportion of binder required to tmpait

adequate compressibility and How is much less than the proportion of diy

binder needed to produce a tablet by direct compression,

(5)

good distribution and vniform contents for soluble low dosage diug and
codour additive are obtained if these me in the binder solution of a wey
pranulation,

wel granulation prevents agpregates of compouneuts of a homogenous
powder mix during processing, transferring and handling, »
the dissolution rate ol a hydrophobic drug may be improved by wet

granulation with the proper choice of solvent and binder.

Limitation of wet granulation is that it is a very expensive process because of

labour, time, cquipment and space requued. Thermolabile and hydrolysable matetials

cannot be prepared by this method since they require both wetting and  drying

1.2.4 Dry Granulation

In this method large masses of the mixture (diugs-and excipients) are compactéd

and subsequently crushed through o sieve (0 be sized into smaller pranules. For this

- 75780 |
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method to be used, cither the active mgredient or the diluent must have cohesive
properties i order for the large masses to be formed.

First, the ingredients are mixed thoroughly.  The powder is then compressed
into large tablets or slugs. The slugs are then broken up by a mill through a screen of
desired size.  Extra-granular excipients ¢.g. disintegrants, ghidants and lubricant are
added and the granules are now ready for compression,

Compacting mills can also be usced (o produce sheets as opposed 1o slugs in the
compaction method.  The powder to be densified passes between high pressure rollers
which compress it and remove the air. Excessive pressure which may be required to
obtain cohesiveness of certam material may result in a prolonged dissolution time
(Kovae, 1962).

Compaction mills available wnclude the Chilsonator made by FizPatrick and
Hutt Compactor.  The pre-compiession method which is also referred to as double
compression method s extremcly valuable for those materials which cannot be
compressed directly and are at the same time thermolabile and/or moisture sensitive
and also for preparing elfervescent tablets since  the dried acid and bicarbonate remain
fully inactive until the tablet is immersed in water.  However, granules made by dry
granulation tend to be friable and a considerable amount of lines tend to be produced

during the comminution,

1L2.S  Direct Compression Method
The direct compression is the process ol preparing tablets from the mixtures of
active mgredient and excipient powder (Rubinstein, 1993).  This technique provides

simplicity to the tableting process with an improved reliability and  enhanced



acceptability. The direet compression techniques invelve only the blending of the drug
and the excipients aud then followed by compression, .
The selection of direct compression excipients is however critical as the SUCCesS
of the techniques depend fargely on it. Apart [rom the advantages of saving space,
machinery, persounel and time, the direct compression techniques provide improved
chemtical and |;I1ysical stability compared to tablets produced by wet granulation
method.  Other advantages of the direct compression techaiques nclude the attractive
tablets produced, the faster rate of drug release and the case of automation of the
tableting process (David and Augsberger, 1977).
In formulations where active ingredients are moisture sensiltve, such as aspirin
“and ascorbic acid, th- replacement of wet granulation method with the dry granulation
or direct compression techniques would inerease chemical stability,  Lamberson m!:l
Reynor (1976) concluded that low cost and rapid production are certainly the greatest
attributes of the direet compression over the conventional technigues,
The ideal, direet compression tablet excipient should possess the following
pl'upcn_ics’:#
High Capacity: Depeading on the type of active ingredicat to be incorpotated, the
suilable direct compression excipient should be .ahlc to produce stable tablets,
| containing a high proportion u['||u;1-cqu|11:‘cssilnlc material (Armstrong, 1993),
Itigh compressibility: A tablet containing a high proportion of non-compressible .
material should have an excipient which is highty compressibie producing non-friable”
"tablets with good harduess and pressure profile.  Such excipicnt should also be capable
ol withstanding reworking with no {oss of ﬂuW or L;,nillprcssil)ilily.
Stability: The ideal excipient should be chemically compatible sith drug substances,

it should be cotourless, tasteless, produce a good mouth feel and be non-hygroscopic.



Good fluidity:  The ideal divect compression excipient should be hee lowing,
allowing continued uniform flow of the powder through the dies of the tableting press”
Bioavailability:  The  Ideal direct compression excipient should exhibit prompt

*

disintegration and allow the dissolution ol the active diug substance necessary for
.

systemic absorption.
Economy: A tablet excipient should be readily and locally available and be relatively
cheap. As a result of the extensive research on the physical and/or chemical
modifications ol diluents, disinteprants, binders and lubricants, more versatile direct
compression excipients are now available. Since vast majority of medicinal agents are
wot  direetly  compressible, divecily  compressible vehicles may be used.  Other
excipients ol significance in direct compression techniques include anhydrous lactose,
spray dried lactose, microcrystalline cellulose, amylose, dicalcium phosphate, granular
mannitol and crystalline sorbitol (Gunsel and Kanig, 19760). Though these properties
enumerated above are not embodied in a single material, in practice, it is desirable lclm
blend two or more compressible aids together (Wells and Lagridge, 1081).

Disadvantages of direct compression arise due to different particle sizes and
bulk density which can lead to stratification in handling and variations in drug content
of the resultant tablet.  Static charges may develop on the drug during mixing,  This
may  prevemt uniform distiibution  and inadequate mixing..  Good carthing  of
mixers/blenders are thus essential.
1.2.6  Other Methods of Producing Granules for Tablet

Production
1.2.6.1 Fluidized Bed Granulation

An attempt to reduce handling cost in wet

granulation process has necessitated

o

the introduction of this method.  Here the drug and filler are loaded into a chamber



through which a current of warin air is passed which thoroughly blends the maxtore
The binder solation is sprayed as a stream of droplets onto the fluidized powder and
thus granufation takes place as the particles are suspended in i, After granulation is
completed, the spray is stopped but the fluidizing hot aiv is comtinued and the product
dried as m a (luidized bed driee. This speeds up the process and still involves water and
heat. Granules can be produced very effectively in this type of equipment and to some

extent the granule size can be controlled.

1.2.6.2 Spray Drying Method

Granules can be produced directly by this method.  All the components of the
formulation - diluent, binder, disintegrant and lubricant are suspended in a suitable
vehicle to form a solution, suspension or a slutry to achicve a concentration of about 50
to 60% w/w.  The sluiry is then spray-dried to produce nearly spherical granules of
untform diameter 0.1 - 0.25 mm in size.

The spray-dried product is usually fice flowing, The spray drying process could
have been used on a very large scale but due to a very high capital cost, the advantages
of this process are usually outweighed by the high investment mvolved in installing this
specialised picee of equipment.

The three methods of tablet manufacturing may be represented by the flow

diagram as shown in Figurel below



FIGURE { FLOW DIAGRAM REPRESENTING THE THREE METHODS
OF TABLET MANUFACTURE.
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Step A = Dircet Compression
Step B = Dry Granulation Method
Step C = Wel Groulation Method
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1.2.7  F¥Factors Influencing the Choree of Granulation Methods
1.2.7.1 Drug Propertics:

The properties of the active ingredient in the powder mixture to be granulated s
inportant. Its moisture seasitivity and water solubility may preclude the use of the wet
granulation method since the dryving process requires the use of heat. Thermolabile diug
materials can also not be granalated using this method,  In such cases the dry method

ol granulatton will have to be used.

1.2.7.2 Dose of the DPrug:

I the quantity of active ingredient in the powder mix is very high, then the
mixing step is not oo critical since it would not be too dilticult for the diug to be well
distributed in the mix. Such a diug can casily be granulated using the dry granulation
method of either slugging o1 compaction. Where the reverse s the case e low
quantity of drug, the wet granulation method which involves extensive mixing will be

the best to ensure dose unifornity.

1.2.8 Factors Affecting Granulation

These can be divided into process and product variables.

l’l;u;c.ss variables arc those factors which crop up during the process of
granulation and may vary depending on the method of granulation. They include the
speed ol agitation, load of mixer, higuid, How rate, type of binder and its concentiation,
methods of addition of the binder, massing time and amount of liquid.

Ihe product variables are those which are herent in the components of the

powder mix used for granulation. They include particle size distribution ol the drug,

the simaller the paticles the caster the Suidisation in a fuidised bed diier. Wettability




“of the particles, solubility of’ the components and the type of powder used for

granukation,

i.2.9 lorces Responsible for Cohesiveness of Powders

'Fhe forces are ol various origin. Basically there arc two groups, mechanical
and natural. The mechanical forces ave applicd witl cither the paddle or the tumble
mixer. They bring the particles close ciiough o themselves for more important natural
forces to act, 'l'hcré are various natural forees in opcra.liuu between particles.

The most important oines are lh_c.vau der Waals {orees, valency aud clectrostatic

forces and mechanical interlocking of the paiticles.

1.2.9.1 Van der Waal’s Forees:

Those lorees result from mnlcuull:n'l::Illmuli;ni due 1o dipolc-dipu!é intoractions,
Bipolar ll;(;ICClI]cS tend to align themselves with their neighbours so that the negative
pole of the next results wm molecular attraction.  The distance separating the two
particles s very important since these lorces usually operate at a maximum range of

3 . ' '
[00A beyoud which their clfects are not pronounced.

The nature of the particles® surlice, that is, s, roughness also alfects the
operation of tllC!;G forces, since it determines to a large extent how close the parliclc-.ﬁ '

can be to cach other.

1,2.9.2 Electrostatic Forces:

'I'husc_:e develop as a resalt of the rubbing together of the particles witl the:
associated loss or gain of clectrons. - Charges, cither positive or negative, are (lhus *
developed on the p_arrticlcs depending on whether clectrons have been gained or lost.

KdSuquy |
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Since opposite charges will be developed on different particles, there is an attraction

between such particles.

1.2.9.3 Mechanical Interlocking:
This is the most important in the case of librous materials that are spongy in

nature with rough suirfaces. These surfaces can give rise to [tictional forces.

1.2.10 Forces Responsible for Formulation of Tablets
The binder solution contribute in two important ways. These are:

a. By the crystallization of soluble components. Some materials, which are soluble in
the binder solution, crystallise out on diying or evaporation of the wet mix.  This
results in u:nu:nl.iur. of those particles together.

b. By the hardening of the binder on drying.  The viscous binder thus form solid
bridge between the particles. “The presence ol a liquid which in most cases is water
can also exert capillary Torces that can hold solid particles together. This is due to
the formation of liquid bridges. The natwe and stienpth of the forces depend on the

amount of water present i the formulation

1.2.11 Stages of Water in Solid Particles
There are three main stages of water when it is added to solid particles.  These
Are-
a. Pendular stage: The solid paiticles are held together by lens shaped rings of liquid
with air spaces between the particles. A force is thus developed.  This force can be
represented by the Fischer (1920) equation:-

I ' 21T
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where - pendular force between the particles

( Rads of the solid particles
) ' Liquid surlace tension
0 - Contact angle between solid and liguid,
T a cirele constant which is equal to 22/7.
h. Funicular stage: This is « transition stage resulting from the addition of more

water. The air voids are displaced by the liquid with more bridges being formed.
e Capillary stage:  All the air voids have been completely eliminated but the
particles are still held together by the liquid. The forces by which the particles are held

together are capillary forces. It can be represented by the Rumf™s equation (1958 and

1963).
C o(l-1)y T 2
I dCos 0

where C Capitlary torces
[ Porosity (void fraction)
T Surlace tension
d diancter of particles
0 Solil/liquid contact angle

The heat produced durin: compression can cause the melting ol asperities
and/or the binding agents at temperature below their conventional melting points. I
cooling occurs, solid bridges are formed (Kurup and Pilpel; 1979),

Solid bridges can also be formed when crystalline substances are heated by

friction  during compression  and  then  cooled (Murray, 1968).  The water of

20



crystallisation fiberated during compression partially dissolves some of the solid and

finally redorm a erystalline bridge (Kurap and Pilpel, 1979).

1.3 l"UNI)AMEN'I'ALS OF POWDER COMPRESSION
1.3.1  Compression

I,l'it.}{“ w compression of granules it t:tl.alcls extra-granular  dismtegrants,
lubricants and glidants are added to the prepared granules and mixed thoroughly.
Suitable pressure is then applied by the punches (o compress the naxture into coberent

tablets in the die,

!
.

Dm'.i"g the compression process depending on the natare of the materials,
plastic deformation, mechasical fragmentation or asperitic welting or combination of
two or all are |I)Io's.t;ihlitl.:.n.lc.chanisn'\s which occur to preduce a cohereat tablet (York and
Pilpel, 1973).

;'1. Plastic Deformation

This is one of (he stages distinguished by several authors during the

compression of powder in dies (Heckel 1961). Hecke! plots was able o give the various

. types of powder 00|:|‘|i|'cs;§it)11;l] Cllill‘i.lcifCI'iSliCS. And also use it Lo assess plasticity of the
materials. By this mechanisim  the materials deform irreversibly with increase surlace
arca for bonding to form a coherent tablets {Garr, 1988). Particle size and shape alleet
hardness of co:ﬁpacl, the smaller the particle size the higher (he surface arca and thus
#hr.: higher the probability of more bond formation between the particles.

Iwuagwu et al, (1986) has shown that the poits of contacts increase with
ncrease in particle surface arca and therefore more bonds are tormed. Matcrials that
compact by plastic deformation have physical propertics of the compact been affected.

- by the particle size of the materials. Since particles do not fragment under pressure [or

_ ‘d:S'u_[M
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such material but undergo flow Lo increase surlfacearca available for bond formation, it
therelore means that the smaller the intial particle size the larger will be surface arca
under pressure and so mare bond formation oceur resulting in harder tablets with lesser

by,

I, Mechanical Fragmentation: is that mechanism !ly'whicll coherenl tablets are
obtained \V-ll.b‘ll i;ritt!c particles are compressed.  On application ol pressure the
particles shatter into pieces which is :lccumpanigd by percolation of those sialler
picces of the particles into spaces in-between bigger IJ;ll‘liC]CS with the formation of

bonding,

e Aspcrlic Mclt'ingl

York and Pilpel (1972) proposed aspertic melting as the third mechanism of
formation ol'lzll‘J[cLs blasqd ou temperature melting.

During tlahlct':ug, high pressure exist at the minute contact point between
particles where pressure is lmnsmil.th. lti ':|-dditi(m,;ihlc leat of interparticle friction is |
gencrated at these points and this combination of high pressure and high temperature
provide the conditions ftor the phenomenon ol asperity melting with  subsequent
bonding 10 oceur (York and Pilpel, 1972). Thus York and Pilpel (1973) found that fow

“melting point materials like stearic acid and gelatin when present in reasonable amounts
could melt during compression even below their conventional melting points.  Thus,
during decompression and as a result  of flow of the melted mass, there is a reduction
i pressure so that the materials that have melied will resolidify and form solid bonds or

bridges Lo Torm colicrent hard tablets. - s
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1.3.2 Removal of the Compressive Force

H consolidation of the pow der mass has ocenrred and an merease in the degree
ol interparticulate banding has been brought about by ragmentation, the remaval of the
[orce shonld have no eflfect on the tablet since there s no way in which the fragments
can rearrange themselves to recombine into the onginal particles,

However, purely fragmentary consolidation is unlikely to have occurred and so
the effect of foree removal on deformed particles must be either elastic (reversible) or
plastic (permanent). The dilTerence between the two is crucial in the consideration of
tablet formation, as exemplitied by the behaviour of a spring when subjected to an
extensive progressively wnercasing load (Hooke's Law)

IF the particles have deformed plastically then removal of the compress lorce
will have no ellect, since imterparticulate honds which are formed as a result of
mereased particle contact will not be distupted. However, if particles tend to revert to
then former shape coherence will be lost as a consequence ol the reduction wn the area
ol interpaticulate contact.  Mosi particulate systems show some clastic and plastic

propeities but it is obviously desirible that plastic deformation should predominate

1.3.3 Force Transmission throvugh a Powder Bed

Particles in the die wall of an cccentric tablet press is considered.  Force is
applicd by the descending upper punch on the press while the lower punch remains
passive and foree is tansmitted to it through the powder bed. The distribution of force
within the powder bed will not be untform but formed a more complex pattern caused
by the Torce bemng transmitted to and reflected from the die wall (‘Train, 1957)

There are two zones of high force at the periphery near the moving punch and

much lower in the powder mass o the vertical axis. On the other hand lower zones of



forces occur on the same axis much near the moving punch, The consequence of this
on tablet strength can be profound. Particle deformation whether plastic or elastic will
be proportional to the foree applied. The deformation is an essential preliminary step to
the formation of the interparticulate bonds on which tablet integrity depends. Thus, the
porosity of the tablet and hence its strengths will vary within the tablet and the weakest
pomts in the tablet structure will be those that receive the lowest force ie. on the face
of the tablet adjacent to the stationary punch and on the central axis near the moving
punch (applicable to cceentric press). But with rotary tablet press both punches move
and exert some force on the powder bed (Higuchi et al 1958),

The force distributed will be different.  Here, two low density zones near the
faces ol the tablet and a high density zone in approximately the centre of the powder
mass. Here because of non-uniforn density some areas of the tablet are stronger than
others. Furthermore, afler the compressing force is removed clastic recovery will occur
to a greater or lesser extent which will result in a reduction in the strength of
illlt:l'p:llliu‘lll:llt‘ bonds and  overall weakening of the tablet (Jarosz et al, 1982). I
theretore follows that if the tablet is 1o be distupted by clastic recovery this is most
likely to occur at its weakest pomt which is just below the top surface and is a
phenomenon often encountered in tiblet manufacture known as capping or lamination

However, by considering the non-uniform density distribution in the tablet it
can be seen that the weakness is not caused by the relative absence of solid material in
those parts of the tablet which have high porosity. If this place is compressed it follows
that the pores are filled with air at clevated pressure which will obviously assist in the
distuption of the tablet. Thus, anything which obstructs the expression of an during
compression will exacerbate capping, althoagh it is not the fundamental cause.  Such

factors include clearance between punch and dic, the speed at which the force is applied
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and presence of small particles in the granules making the passage of the air through
the tablet more tortuous.

Similarly, any stress which exceeds the breaking strength of the tablet will
cause the tablet to break at its weakest point. - A number ol stresses oceur when the
tablet is removed from the die alier compression. First, wear may occur at the point in
the die where the tablet is compressed e the dic is fl':lulilll]ﬂ“:\' wider at this poimt than
elsewhere.  Thus, when the tablet is ejected it is forced through an apenture of a
diameter slightly less than the tablet itsell. This will obviously stress the tablet and the
wterparticulate bonds wiay be overcome at their weakest points (Nelson, 1954), As the
tablet is extruded from the die. clastic expansion will occur not just in the axial
direction but also vadially. The latter oceurs progressively 1.e. one segment of the tablet
is free to expand while the one below it is still constrained by the die.  Disruption of

some mterparticulate bonds s an mevitable consequence.

1.4 TABLET DEFECTS
Tableting defects are problems thit oceur in the process of tableting. They may

be immediately visible afier compression or occur on storage.

4.1 Capping

Gunsel and Kanig (1976) defined capping as an expression which describes the
partial or complete separation of the top of a tablet from the main body. The type and
state of both punch and die sets can be responsible for capping.

The concave or bevelled-cdge faces of punches gradually curve inward with
use, and form a clavw which can pull the top of the tablet too loose. Dies develop wear

in the area of compression. A ring develops and enlarges to a point which the tablet



diameter is too  large to pass casily through the narrower orifice above the ring,
Improper  setting of the press can also canse capping.  Others mclude high clastic
recovery, polymorphic forms of drug, panticle size where there are excess fines leading
to air entrapment in the compacts. Inadequate binding and moisture content variations
are other possible causes of cappug i tableting.  Scared tablets are mare prone to

capping (Rippie et al, 1981).

L4.2  Lamination

This is soid to occur when there is separation of tablet mto two or more distinet
layers. The most importtant cause 15 usually ascribed to the entrapment of air among, the
granules which does not escape during compression but afterwards when the pressure is
released.

Granules that contain large amount of powder due to insuflicient binders are
prose to this difficalty,  Inadequate die wall tubrication can also lead to lamination of

tablets on cjection.

1.4.3  Chipping

In less severe cases of improper setting ol the press the tablet may merely chip
Another possible cause of chipping is the setting of the sweep-ofl blade. 117t is set too
high the tablet can chip partially under it and break oft A chip may then enter the feed
lrame and may alfect the other tablets. Tablets with flat faces or bevelled-edges are
more prone to chip when they stiike cach other than (hose with convex faces which

tend to shingle (mter leave) more readily and veduce the amount of edge contact
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144 Picking

This describes the removal ol material from the surface of tablet and its
adherence o the face of the punch,  Picking, of tablet may also result from niicro-
expansion of tablet immediately alter cotpression,  Tablels increase by about 17100
of their original sizcs immediately after compression due to the elastic nature of the

granudes resulting from improperly dried granules.

1.4.5 Sticking

This is the adhesion of pranules to the die wall. When it oceurs the lower punch
ails to move freely with conseqient strain on cam tracks and punch heads. The tevm
may also refer to butid up of materials on punch faces, Binding and sticking lead l{)
grunting of machine and pitting of the tablet. Insullicient lubrication of granules may
cause sticking .:lild |.)'i.cking. Low mc.lling point substance cither active mgredients or
additives such as stearic acid and polyethylene glycol may solicn from heat of
compression to cause sticking.  Dilution of the active ingredients with additional high
melting material and a consequent increase in weight may help 1o solve this prablem.
Exeessive meisture and [urther drying of the granules are then required. Sticking are

_wormally indicated by tablet [aces which arc dull,

1.4.6  Spontancous Cracking
treegular cracking within the tablet may occour innmiediately on ¢jection. This is
due to formation ol very hard pasts in the tablet: which expand differentially during

decompression.  This is usually caused by the use of recycled materials e,

regranulation process.
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1.4.7 Weak Equator
Sone tablets may be weak at the centre due mainly to inadequate compaction as
a result of pressure drop aloag the depth of the die. This happens when the thickness to

diameter ratio of the tablet is very high.

o8 Weight Variation .
Whien granulation s unsatisfactory cach tablet made from it iy vary in weight
beyond ;lccc|.}t.;llilc limits, The cause of weight variation in tablet include: the size and
distribution of granules being compressed where exeess large granules interfere with
the filling of the void spaces leading to weight variation.  Poor flow of granules may
lead to incomplete hilimg of the dic in some cases. Poor mixing of the lubricants and
glidants with the granules lead to ineflicient tilling of the dies.  Poor mixing is”

- sometimes revealed by the prunting sonad of steain during, tablet gjection, When the

fower punches are of wnegual lengths Jeading to change i volumetric (il of the die,

weight variation can also oceur.

1.5 EVALUATION OF TABLET QUALITY .

Drug  manufacturers are aware that tablets must meet  some pllysicul.
specifications in order o guarantce the quality of the tablets.  ‘Thesc spcciﬁc;ltinns"
include h:u‘nlnpss, disintegration time, (iiability, weight unilormity, thickness and
“dissolution rate (Guu.scl and Kanig, l‘jT(:}. These specilications must be ouuu'ullud-_;
within the production of a batch of 1ublets as wc“ as from bateh to batch m order to-
guarantce not only (he outward appearance of the product bul also its lhcl';lpcutic;

elficacy. While sonmic of these quality control tests are ofTicial, others are not but are
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auly being added by vatious manufacturers (o ensare that their tablets are of high

quality. .

1.5.1 Tablet Hardaess

A ‘i:tl)lct should be sufliciendy hard (o resist breaking during packaging,
shipment and normal handiing and yel soft enough 1o dissolve or disisntegrate properly
aller admaisteation. Nuerous instruments have boeen devised to test the harduess of
tablets,  This is a Iilill-])h:lrlll:]C{limciill cvaluation but very important sinee it is an

attempt to show low tablets withstand packing, handling and transpoitation.

Such appliances include:-

(1) ‘Monsanto Hardness Tester B
© This consist of a barrel containing a compressible spring held between two
plungers.  The lower plunger is brought tnlo contact with the tablel, pressure is then

applied to the spring by rotating, a screw.

’

‘This force the upper plunger against the spring and the foree is transmitted 10
the tablet. The nstrument has a calibrated gasge on the barrel with a zero adjustment
which expresses-the crushing Torce in kilograms (kg). In the industry, a loree of :lbmd
four (4 Kg) is considered 1o be the minimu_m permitied for a satistactory tablet (Ansel,

[981) depending on the dianer and the thickness of the tablet.

{i’i} Plizer Harvdiess Tester

The tablet is placed in the jaws ol the plicr-ltke instrument.  The tablet is
squeezed manually vntil it cracks. The force required to crush the tablet is indicated on
a dial indicator, |

&4.5, |



(i) Strong«CuhhIll:lrtlness"l‘cstcr |
It measures the applicd Toree required to break a tablet across its diameter.
The tablet is held between two jaws and pressure is applicd by means of a hydraulic
pump. A dial indicator records the final breaking force. ‘These instruments are very
popular because of their case of operation aud maiiltenmwc. But they sufier from some
impoﬂam.dul‘ccts which must be considered when they age being used.  These are
inconsistencies in the zeroing of the instrument which might vary depending on the
operator, The rate and nature of application of lin‘uu. are tmportant determinants ol thic
“values given by the instrument Since this can vary (Fom one operator (o another and
even when used by the sanie eperator at different times.  The results obtained become
usually subjective and difficult to conrelate. Imally, it should be noted that al of these
instruments actually measure resistance to crushing and not the tablet hardness per se.

A llulllbcf ol more exact inslrumc.n'ls whi.cli do not suller from most of the
([GmCiCHC};}S of the instrunients discussed above are available, They include the Instron
Tester and Transverse ‘Tester which measure the tensile strength of tablets. They also

take nto consitlcral.iqn the demension of the tablets. Okhamale et al (1992) gave the

ceuation for tensile streagth of a tablel as follows:-

Tx = PAD .
o di 3
where T, =" tensile strength (KgiZem® '
F = crushing strength (kgl)
) d = tablel diameter (cnr)
t = tublet thickness (o)
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1.5.2  Friability

A tablet must be sufliciently robust to withstand chipping, capping or breaking,
These problems, ate most frequent as a result of friction and shock. That is why
equipment such as Roche Friabilator are nsed to measure the resistance of tablets to
these problems.

Usually, twenty tablets are weighed and placed in the drum in which a curved
baflle is mounted. The drum is rotated at twenty-five rotation per minute (25 r.p.m) for
four minutes making the tablets to be scooped up and banged.  The tablets are then
removed, dusted and weighed.  Not more than one percent decrease in weight of the
free fall within the drum resulting in the breakage of excessive abrasion of the tablets
considered suitable to withstand shipment without being damaged.  The hardness and
(riability of tablets are measures of their mechanical strength. They give an indication

ol the extent of cohesiveness among the particles in the tablet.

1.5.3  Uniformity of Weight

Testing for weight uniformity is an attempt to minimize dose variation in
tablets. Since the tablet weight i adjusted to give the quantity of granulation that will
contain a unit dose of the medication, any variation in weight will result in dose
variation assuming uniform dispersion ol the active mgredients in the tablet mix. The
standard requires that twenty tablets be taken and their average weight determined. The
tablets are then weighed individuaily and deviation m tablet weight must be within the
official (_U,H.l‘, B.P) limits.

There are vartous lactors that could affect the die Rl and as such result in
weight variation among tablets.  These are poor llow, propetties of the materials,

bridging of the materials in the die or particles™ segregation during flow through the
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hopper. Since the tablet mix may cousist of paticles of widely dilferent sizes,
segregation could oceur during oy through the hopper. Thus, there may be excessive
more coarse materials at the start of the van resulting in more porous packaging and
“therefore fower tablet weight. At the end of the nim, there may be a higher amount of
fines resulting i the presence of more compact bed within the dic leading o an
increase in tablet weight. The tablet should therelore be checked at given time intervals

during production to avoid excessive weight variation.

.
3

-

1.54 (.‘(lu‘ltcut Uniformity

This test for dose variation in tablets, that ave of the same weight Such variation
arises from a non-homogenous distiibution of drug in the tablet granulation.

Twenty tablets or ol.hcr. numbers, as may be indicated uader the appropriate.
moaographs, are used for the assay. The tablets are crushed and analysed as may be
stated in the iudividmll monographs of the ollicial books. The limit of deviation in
content from the stated amount are also given w the official books and the contcﬁt nest
be within the stated limits,

1.5.5 Thickness and Dimmeter

They are both measured with micromeler serew gauge and vernier calipcrs.‘-
Tablets of the same i)[‘()(lllel should not vary in size as this will not only aflect patient
compliance but might also cause problems in packaging: ‘This is because (ablets of

mncqual size tend to block the channels of counting machines, The container might .

also prove inadequate in holding the required number of tablets,

The thickness of tablets can vary due to:-
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i sizé-::;cgrcgalion within the hopper which can lead to weight variation and
conscquently difterence in tablet thickness if the same compression pressure
is applied; ‘

it. 'cllzlngc it compression pressure:- the diameter is controlled by the dic and
punchies and so docs noi vary much. But the constant compression of tablets
in o particular avea of a dic migit result in a widening of that portion of the
die with \limc resulting in the diamcter of the tablet on formation being
farger than the (liennc;cr of the top of the die.  This can result i the
crubbling of the tablets during cjection,

iii. Thickness could give a measure of plasticity or compressibility of the same

tablet weight compressed al the same compaction force using varying

excipicnts.

L.5.6  Disintegration Test

This is an official method available i official books like the B.P.and U.S.P,
The equipment as specified in the B.P. (1988) consist of a perpex (ube with the botlom
enci of which is :’:cal&l with a b ten {10) mesh which is 1700pum sereen.

Six tablets are placed in the tube viich is attached to an arm and is raised and
iowcrcd at thirty cycles per minute throuph a water-bath ihcrmostalcd at 37 £ 1"C. Tt
should be adjusted such that at the top of the stroke the mesh nmust just break the
surface of the water while ac the bottom af the stroke the top of the tube must remain

Cabove the water level. As the machine is set in imotion the tablets steadily break-up and
the picees pass through the mosh.  All the tablets, except enteric coated, must pass
through the mesh in fiflcen minutes B.P. standard or 30 Imliuu[cs U.S.1” standaid unless

4

otherwise stated in the monographs. ‘ - 4 75 730
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1.5.7 Dissolution Studics

The dissolution of the diug from the fine particies is the most tnportant and the
rate linuting sicp in drug dissolution and absorption.  'This provides a means of
deterniining the rate at which a drug Bocs iutg solution and therelore its rate and extent
of ahsm‘pl‘ifm from the tablet formulation, thus Ihc!bi.om.railnhilily of the drug can be
predicied.

Therclore, the in-vitre dissolution test is carried out for two major reasons,

i, to ensure that the active medicanients in the tablet are (otally released on Gime
, . . . ) -
and
1. (o ensure untformily in the release of active ingredient in all batches. .

B.I. (1988) dib—‘-:ﬂ()lllll:ml apparatus consiste of four wmain parts:

(a) a water-bath

I

(L) a cylindrical stainless steel basket in which (he tablet is placed

o) a covered vessel - one fitre in volume in which (b) is linmersed, o

(dy avariable speed motor - say at 50, 100, 150 oscillations per minute.

Ouc tablet is plucéd in the lms!;ct situated 2.0 cin abave the bottom of the vessel .
which contain 900 mi of the medium specified In the mdividual drug monographs. ']'lu%-
medinm is mzlitit;lincd at a tehlpcmturc of 37° 4 0.5°C. The basket is driven by variable
speed motor :;tllhc rate specificd in the monographs.  Samples are withdrawa al_.
_spcciﬁud intervals or as recommended by the B'I_]' after forty-five minutes for
quantitative analysis,  Unless otherwise specitied, not less than 70% of thie stated
content of the tablet should have dissolved.  Five replicate are carried out, il oue of”

these fails to meet the standard, then five more tablets are tested and none should fail.

1
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The dissolution area under the curve can also be measured and compared with
the dissolution at any point in time to give the extent ol dissolution. Factors that can
atlect the dissolution test include the dissolution medivm, PH, temperature, vate of
rotation of the basket and formulation factors such as particle size, amount of binder,
lubricants and compression pressuic.

A direet correlation of result obtained m the dissolution tests outlined above
with w-vitro conditions is not ofien found (Levy, 1963) since it is very difficult to
design an appavatus that will exactly stmulate m-vivo conditions in-vitro.

In-spite ol all these the dissolution test sl serves as a convenient means of
testing to ensure that drug is released from the tablet and that there 1s a bateh to batch

untformity of release pattem.

1.6 TABLET EXCIPIENTS

Tablet excipients are used to convert pharmacologically active compounds into
solid dosage forms suitable for administration to patients (Wells and Aulton, 1993),
These are also referred to as additives or adjuvants and are indispensable in
pharmaceutical formulations without which very few products would be suitable o
convenient for administration.  The selection of such excipients is very important in
tableting

Among other applications, cxcipients as pharmaceutical aids are used to inmpart
acsthetics to drug products, enhance drug stability, control drug release, mask an
unpleasant taste and give a suuablie physical form to drugs. It is believed that the
number of important excipients currently in extensive use are about twenty-five but
then range of properties are such that they meet the needs of the six major categories

{OKhamale, et al, 1992). These mclude diluents, binders, lubricants, disintegrants,



colourmts and sweetners. Additives are chis.alied ::ucnnling to the primary functions
they perform in the tablet, Many additives will also often, have sccondary functions
which may or nmy.nut be of o hcncﬁci:ﬂ. nature in pood solid design of oral dosage -
forms. P
: L]
Some fillers or diluents may facilitate ablet dissolution which is beneficial
while others may impair dissolution. The mest effective lubricants are water repellent
- by their nature (hydrophobic) which may retard both disintegration and dissolution.
Bavitz and Schwartz, (1974) concluded in a paper evaluating common tablet .
diluents 1hat 1Ihci|' proper chaice becomes more criliclal whien  formulating water
insaluble drugs. | They showed that inert ingredient can proloundly affect the properties:
ol the final dosage form. A knowledge of the ])i'upcnieg of additives and how they
affect the propertics of the total formwlation is uecessary o provide guidelines in their
sefection.  This is particularly true when the drug concentration is small. The drug
plays a more significant role in determining the physical characteristics of the tablet as-
“the drag concentr;uimi inereases, ’
The two major classification of additives hyl funcrion include; !
those which atlect the caompressional charncteristics of the tablet ic. difuents, l\in(lcr?.‘
(adhesives), lubricants, adherents and  glidants  and  those  which  aflect  the
biopharmaceutics, chiemical and physical sf:ibility and marketing considerations which
include dilﬂinlcgr:mts, colorants, {lavours nlntl sweelners,
1.6.1  Diluents
They are also referred to as l'lllcli's :u‘uI are used to increase the bulk of the lglhlcl

s as to enable a formulation (o become suitable for compression. 1t is generally not

[easible to make a tablet with less than fifty milligram (50 mg) weight. Fillers are

o . k484, |
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selected to improve the binding and flow properties of the formulation. The list of most
common diluents was presented (HPE, 1993). These include Tactose, starch, Avicel@,
dicaletum phosphate, sucrose, mannital and sotbitol

It s essential that fillers be inert and stable. Compatibility and solubility must
be constdered in the selection of diluents c.g. the combination of amine salts with
Iactose i the presence of alkahi fubnicants resnlied i tablet which discoloured on aging
(Browley and Lachman, 1963). An ideal diluem should be relatively cheap and ment,

and be compatible with the active ingrediems

1.6.2  Binders

Binders are substances added to tablet formulations to impart cohesiveness and
structural strength to the powdered material so that the tablets made from them can
withstand handling processes

A substance used as a binder when added i the right amount should impart just *
the degree of cohesiveness that will require minimum compression pressure to compact
granules to tablets.  There are various binders in use depending on the method of
granulation o be used or whether manulacturing is to be diect compression or not
Those used wm wet granulation welude acacia which ts used in solutions with
concentrations ranging from 10-20% or even ligher depending on how much water the
mixed powder can tolerate

Gelatin: must be used when warm since i hardens on cooling and its dissolution
15 enhanced iF it is fust suspended i cold water and then heated i a water- bath.
Starch 1s one of the most usetul binders, especially m mucilage Torm when the drug is
msoluble and i high concentration. 1t is usually used i an amount equal to two

percent by weight ol the Tormuta while the volume ol the mucilage could vary from-.




L4 to 3.0 percent depending on the net solubility and particle size of the mixed powder
being granulated (Ojile et al, 20000 1t is used as a paste prepaved by suspending it w
one o one and hall part of cold water with the addition of four times as much as boiling
water.  Other binders are methyl cellulose, sucrose, sodium carboxy methyl cellulose
and polymers such as polyvinyl pyrollidone (PVIP). These binders can also be added
diy blended with the diluents and drug and then activated by the addition of water or
other solvents, although it is now known that the same binder added as a solution or
mucilage is more effective than when added dry to the formulation belore activation.
Dry binders are used in the direct compression of tablets. Those used for this purpose
mclude Avicel®@, amylose, and polycthyleneglycol (PEG).

The concentration of liquid binders used varies, depending on the binder and the
powdered materials to be granulated (Ople et al, 2000). In tumn, the concentration ol
the binder, along with its natwre and mode of  incorporation, influences 'I‘II:..'
compressional charactenistics of the tablets to be prepared from the granules. 1t is
therefore important o kiow the cllects of these binders on tablet properties and take
steps to eliminate those of them that are adverse. The presence of binders in pranules
used in tablet manufacture has some eflects on properties of the tablets.  Its most
noticeable effect is on the hardness and friability of the tablets which consequently
allect the disintegration and dissolution rate.

Jacob and  Plan (1968) vestipated  the effeet of inciease in binder
concentration on tablet properties they found that it resulted in decrease dissolution rate
of phenobarbitone.  Shubair and Dingwall (1977) using three different drugs showed
that wmvitro release levels ol the diugs were allected by the amount of binder (starch
mucilage). Nasipurt et al ( 1986) also reported the variation i starch mucilage

concentration produced by wet granulation. They found out that the mucilage up to

&
) ASu I IBRAHLM LIBRARY



10% w/w resulted in variation ol sranule size distribution but at concentration ol 15%
w/w mucilage there was a decrease in mean granule size from the optimum size
obtained at 10% w/w. They also found that at a higher mucilage concentration the
more viscous mucilages produced pasty masses which were not casily screened, which
they explisned as betg due to a decrease m boud formation that alse resulted e the
production of igher amount of fies.

Sakr et al (1972) reported that as the concentration of binder (gelatin) was
mereased e lactose tablet formulation, the frability of the tablets decreased while the
disintegration and dissolution rates decreased. The setardation effect on disintegration
and dissolution rates are not the only ellects ol using excessive binder n tablet
formulation. In a few extreme examples, excessive binder can result in tablet capping.
Premature wear out of tablet punches and dies is also another possible result of regular
compression of formulations with excessive binder. Inadequate addition of binders can
result i the production of excessively soli tablets which will not withstand handling
ellectively

All these indicate that selection of binder and s concentration are impostant
factors which should be properly controlled so that the medicament will be completely

released for quick bioavailability.

1.6.5  Disintegrants

A disintegrant is an ageni added to compressed tablets for the purpose of
causing them to break apart (disintegrate) in the fluid. Its major function is to oppose
the efficiency af the tablet binder and the physical forces that act under compressions to
form the mechanical body of the tablet. An ideal disintegrant is one that can cause the

break-up ol a compressed tablet at the proper time and place within the alimentary tract
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(G 1) so that the active ingredient can be released to achicve maximum absoiption at
the fastest possible rate or as desiied.

The disintegrant is very important in a conventional per oral tablet formulation.
This is because the dissolution rate and consequently the rate and extent ol absorption
may depend on the rate of disintegiation of the tablet,

Wagner (1971) suggested that tablet dissolution is a sequential process of the
disintegration of tablets into granvles or primary paiticles and then dissolution of drug
from them.  Although Wood (1967) stated that fast disintegration is not per se an
indication of dissolution and biologic activity but it is generally recognised that a good
disintegrant is a great asset i tablet dissolution and absorption,

Disintegrants have been classified chemically into starches, clays, celluloses,
alginates and gums by Feinsten and Bartiluci (1960),

Fakouli et al (1963) based their own classification on the mechanism of :u'tinn:
ol the disintegrants:

ten. agents which react with moisture to constitute a foan.

by effervescent substances which react with moisture (o form a gas

(cy substances which react with moisture and swell.

The starches among which are com, potato, wheat, rice, sago, cassava and
cocoyam are undoubtedly the most popolar class of disintegrants. Some of these
starches like com starch and potato starch have been used for decades as disintegrants
in the manufacture of compressed tablets and today are still the disintegrant of choice
most parts of the world.  Many aothonties consider starch as the best tablet
disintegrants available and the frequently used are corn starch and potato starch as
standard for evaluation of other disitegrants or in the evaluation of agents which might -

serve as disintegrants (Mital and Ocran [1968]. Khan and Rhodes [1972], Nasipuri
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[1979].) Some derivatives of starch are also used as disimtegrating apents with some of
them h:wilng better disintegrating properties than starch itself. One of these is sodium
cartboxymethyl starch which is abic to swell several times in water without its granules
rupturing. Unlike starch, it is not hygroscopic and disintegration time is unaflected by
aging when it is used in compresscd tablets

Gums, both natural and syothetic, are also used as dismtegrants. They are used
because of thewr ability to swell o water but because of therr tendency to become
adhicsive when wetted they are capable of becoming in situ binding agents rather than
disintegrants and so are not normally used.  These include locust bean gum, Karaya
gun, guar gum, tragacanth and agar, methvleellulose, sodium carboxymethyl cellulose,
alginate, polymer cation exchange resins and synthetics, like cross-linked PVP
(polyvinylpyrollidone) are also used as disintegrants, although not frequently.  The
disintegration time of tablets as a function of binder concentration has been shown by
various workers; - Esezobo and Pilpel [19706], Pilpel, Otuyemi and Kurup [1978],
Fsezobo and Ambu-Jam, [1982] Udeala and Chukwu [1985], Esczobo [1986], Ganr
[1O88 | They all showed that increasing the binder concentration caused a

corresponding mcrease i the disintegration times of all tablets formulated.

1.6.3.1 Incorparation of Disintegrant in the Tablet Formulation

Although there is complete agreement as to the uselulness ol disintegrants in the
formulation of compressed tablets. the mode of incorporation of the disimtegrants in
the tablet varies. Opinion is divided regarding the best method of addition. The main
point of divided opinion is with regards to whether the disintegrating agent should be
utilised intra- or extra- granularly (1e. whether it shoukl be added before granulation or
aller granulation just before compiession). Some workers (Rubinstein and Body, 1976)

added the total amount of disintegiants to granulation before compression arguing that
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the agent must be as dry as possivle for efficient activity and that this state can be best
controlled at this point i process. Others added the disintegrant to the active
ingredients and diluent during preparation of the granules.  This is based on the
assumption that much finer particles are obtained during disintegration than when the
disintegrant is incorporated extragranulaly (Shotton and Leonard, 1972),

The method most commonly employed is to add part of the disintegrant to the
powder formula prior to granulation while the other pat is added with ubnicant prior to
compression.  In a study of deag wegation of compressed tablets Rubinsten and lhnlS"
(1970) using tablets of dibasic calcium phosphate comtaining  varying proportions of
ntra and extragranulary maize starch, lound that the optimum starch combinations thai
produced the maximum surface arca in a tablet formulation was cither 2.5%
mtragranularly to 12.5% extragranularly or 15% mtragranalar starch. The proportion of
disintegrant  incorporated  into a tablet  fornwlation  depends on the  particular
tormulation, although a range ol 5-20% of the total granular weight is recommended.
The specific disintegrant to be uscd also alfects the quality . In general, the higher the
percentage of the disintegrant in the tablet formulation, the shorter is the disintegration
time, but  Commons et al (1968) investigated the mfluence of starch concentration on
the disintegration time ol tolbutanide and found that there appears to be a critical
starch concentration for dilterent granule sizes above which disintegration time

mcreases with further increase in proportion of disintegrant,

1.6.3.2 Mechanism of Action of Disintegrating Agents
The means by which disintegrant cause the rupture of tablets have been the
source of much controversy among research workers. A review of the proposed

theories explaining the mechanisin of action of tablet disintegrants are presented by,
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Billups and Cooper (1964) who oberserved that the most widely held opmion is that
tablet disintegration is by absorption of water by the disintegrating agent and
development of pressure within the tablet by swelling or expansion of the disintegrating
agent.

In then study they concluded that while water absoiption is a common
qualitative characteristic of many dismtegrating agents, it 1s not a quantitative measure
of their effectiveness. Disintegrating agents with the highest rate of water absorption
did not produce the fastest disintegration times. Some evidence supported the view that
disintegrating agents with the highest rate of water absorption produced the longest
disintegration time.  Their results also showed that the amount of water absorped by
corn starch dried to a constant weight alier exposure to ninety-cight percent relative
humidity was only 0.5% m lifty minutes.

The following are some of the theories that have been put forward to explain the

mechanism of action of disintegrants.

(1) Swelling-Rupture Theory

This theory states that a disintegrant, for example, starch when added to dry
granules before compression will swell wnd mechanically distupt the tablets.  This is
based on the observation by some investigators and generally accepted view that most
disintegrating agents swell when exposed to water (Kanig, 1976).

Crisallt and Becker (1955) have demonstrated that starch will absorb about
twenty percent ol its weight of water when exposed to ninety-five percent relative
humidity at 27 "C. Patel and Hopponen (1960) found that corn starch dried for two
hours (2 hrs) at 110 "C when suspended in water at 23 "C incrcased in volume by

seventy-eight percent within five seconds.  They also showed that in aspirin tablets

]
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where contact of starch grains were continuous in the interparticle spaces disintegration
was rapid and effective.  However, where contact was not continuous, disintegration
was slowed and appeared to depend on the degree of contact between starch grains and
aspirin particles and on the size o interparticle spaces. These observations led to the
conclusion that the primary mechanism of disintegration by starch in aspirin tablets |~.
by swelling action.  Lowenthal and Wood (1973) postulated that hydration ol the
hydroxyl group and sorption of water could account for slight swelling of 5 - 10% of
starch obtained. Ingram and Lowenthal (1966) had carlier found that this volume of -
swelling could result in about seventy percent (70%) increase m volume and the
swelling took a few seconds. These two combined eflects of the attachment of water |
molecules and the nerease in volume ol the starch grains cause sullicient force to
break-up the tablets.  Workers who held opposite views to the rapture theory have )
pointed out the observations that the extent ol swelling of starch suspended i water is
not enough to cause tablet disintegration and that s why many substances are poos
dismtegrants.  Other materials do not sweill but have good disintegrating propertics ¢.g. .
amylose (Manudhane et al, 1966).

Curlin (1955), testing the disintegration of aspirin tablet in cold water found by
microscopic examination that stuch grains were not swollen afier disintegration. .
However, Ingram and Lowenthal (1966) Tound that the swelling of the starch grains’
obscrved (5-10% ncrease in mean grain size) did not scem to be large enough to catse }
tablets to rupture. They therefore, concluded that it did not seem possible that untreated
starch will swell sulliciently at 37 "C to cause tablet disintegration. Some tablets -
contain disintegrants which are adhesive in the hydrated state for example, sodium
carboxymethyl cellulose.  The positive forces of penetration ol water and swelling of

particle must overcome the opposing forces ol adhesion within the particles to produce
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tablet dismtegration When the opposing lorces are equal to or greater than the
positive forces the result is a longer disintegration time.

Khan and Rhodes (1972) also found out that the disintegration time decreased steadily
with mereased disintegrant concentration for distintegrants which are adhesives when

in cantact with water.

(n Wiater Absorption-capiliary Theory

This theory maintams that a distintegrant especially stich, by vitue of ats
relative incompressibility, forms chains around the granules.  These chains form a
capillary network within the tablet and the higher the concentration of starch the greater
the number of capillaries formed. The capillaries are thought to promote the rapid
absorption of water into the tabler and subsequent break-up of the tablet. Commons et
al (1968) using comn starch soaked in a saturated aqueous odine solution and dried,
found that the grains form continuous chain along the channel between the granules
even at concentration below those required to make the tablet disintegrate. It appeared,
however that as the percentage ol starch was increased, thicker chiais ol starch were
lormed m the pore channels thus enlarging them and allowed water o enter the tablet
more readily and cause disintegration ol the tablets,

IKarr (1950) stated that starch in the natural state 1s msoluble in cold water but
appeared to absorh 25-30% water and does not swell appreciably. Crissati and Becker
{1958) had also shown that starch  absorbs about 20%, of its weight of water in fwenty-
lour hours, when exposed to an atosphere ol ninety-five percent relative humidity at
27 "C. The results of these works quoted above made Curlins (1955) suggest that the
disintegrating, cllects of disintegrant is due to capillary action rather than swelling is

tenable.  This theory is not without criticism. — Patel and Hopponan (1966) from the
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results of their investigation concluded that capillary per se did not appear to have a
disintegrating eflect, although under cestain conditions, related to pore size, i way play
a part in increasing the rate at which water was introduced nto the tablet matrix and
this was substantiated by the results of work carried out by Ingram and Lowenthai
{1960). Lowm;t'lml.;lml Wood (1973), using a scanning clectron microscope to study
the Tocation and structuse of starch grasns i aspicin :tilhlcts, reported that i any of the
surfaces examined, there was no channel or pores within :[llc starch which led (hem to
propose that the theory were sclected starch grains act as a “wicking agent” and draw
water into the tablet should be discarded. They were only able 1o observe occasionally
- chains of starch grains which were only vac grain thick and of finite length and .l;incE:
they were few and isolated they ﬁnultl not have a significant eflect on tablet
disintegration. The Icunplusi_{m seached by Lowenthal :ﬁul Burrus (1971) from the
results of their gtudy of the disintegrant on mcan pore diameter and porosily is that
!}Il'gc incan pore dimeter or purosity did not always give rapid disintegration time, nor

did small mean pore diameter or |).01'usily imply poor disintegration.
This also rules out the possibility that capillary is the ouly mechanism by which

disintegrants act.

(iif) Evaolution of Gas

LifTervescent tablets are bused on their ability to evolve gas. The gas produced
is carbon dioxide which is the product of the reaction of sodimn bicarbonate with citric
"and tartaric.acids in the presence of water.” As carbon dioxide is released within the
tablets an internal presswre develop:s within the tablets mtif the pressure is high cnongh
to cause the break-up of the tabler with cither the dissolution or release of the carbon

dioxide fram the veaction medium.

.
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1.6.3.3.3 Conclusion

Generally, the mechanisia of action of disintegrant is complex. It may be
mediated through several unrelaied phenomena. However, it seems that in most cases
the primcipal mechanism of dismtegrant, especially in starch, 1s pressure exerted by
mcreased volume in the presence of water with capillary possibly facilitating the rate of
penetration of water.  The condition reguined for rapid disintegration are sufficient

starch agglomerates, fow pressuic and presence of water (Lowenthal and Wood, 1973).

1.6.4  Lubricants

This is a substance which deforms casily when sheared between two surlaces.
When interposed between tabler and die wall, it provides a readily deformed (il
Hydrocartbon chain provides the deformable property.  So the granule surface s
covered by a hydrophobic maetial.  This retards disintegration of tablets alter
mgestion. The flow of granules, adhesion of granules or powder to punches and dies
and the release of tablets from its mould after compression are the three main problems
associated with tablet compression which are ameliorated by the group of chemically
diverse substances collectively referred to as lubricants. Cooper et al, [ 1958] defined
lubricants in tablet technology as substances which facilitate the passage ol granules
through the various orifices ol a tableting machine,

Based on their ability to carry out certain fumctions, lubricants may be classified

into three groups (Gunsel et al, 1976) as ‘ollows -

Lo4 1 Glidants:  These reduce interparticle friction, and climinate the problems

associated with flow of naterials from larger through smaller apertures in the
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tablet press. They are Lerined flov regulators or low promoters. Examples are

talc and starch.

1.6.42 Anti-ndhesives: They arc also roferred to as anti-sticking agents. ‘These are
es.';élltialiy deformed and prevent adhesion of tablet surface to punches and dies
during compression. Examples include stearic acids and soaps.

1.643 Lubricants: These are (he proper lubricants and reduce mterparticulate friction
between lllcldic walls and _maclliuc sutlfaces during cjection cycle thereby
facilitating tablet cjection. Examples are magnesium stearvate and tale,

The absence 'of a Jubricant during tablet ¢jection vesulls in scvere straining ol
the press and lhis. is frequently zudible as a characteristic grunting sound.  Another
mantlestation ol poar lubricants at this eritical stage is the presence of vertical irregular
striations  or ‘scratch marks’ on the edges of the gjected tablets.  Lubricants reduce the
tendency of tablets to cap and pick.  They must be added to granules properly to
achieve satisfactory results. They must therefore be finely divided by passing through a

o) - 80 steve mesh.

1.6.4.4 Mcthod of l'lllC(l.I‘I)(Dl‘Iltillg Lubricants
There are two principal ways of_ iucorp_orating a Iui:ric:mt into the tablet
formululi(_'nll: |
(iy The lubricant is' added to the dried granules prior to compression.  These extra-
granufar lubricants are thought to fimction by coating, the surface of the granales

with a flm which reduces mterfacial friction between the granules and the

compression  surfaces.  Magnesium  stearate and  calcium steavate are  good

examples,
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(0 Intra-granular lubricants: Cooper et ¢l (1958) found that it was possible to add the
fubricant to the initial powdered mixture of the active mgredients and other
excipients and subject them to wet granulation without loss of lubricating
properties. The impression that the lubricant would be enclosed within the granules
and covered by the binder, thereby losing its function was proved to be unfounded
since tablets prepared by the method had good physical propertics and exhibited a
reduction in disintegration tine,

The most commonly used lubricants are hydrophobic substances. Therefore the

primary problem in the preparation of a water soluble tablet formulation 1epresents a

number of compromise between compression clliciency and water solubility (King,

F980). So the optimum proportion of lubricant must be empirically selected

1.6.5  Flavours

Taste masking in tablets are often achicved by using sweetening substances as
diluents or by coating the tablet  However. it may be necessary (o incnl'pulnlc. i
Havouring agent. As these agents are ofien thermolabile. they cannot be added prior to

anoperation involving heat.  They are ofien added as spray dried, or sprayed on the

pranules as solutions.

1.6.6  Colourants

A pharmacentical colourin: agent (colourant) is usually a dye material It is a
pigment or other substance made Oy a process ol synthesis, or extraction, isolation o1
otherwise derived from vegetable, animal, mineral or other sources that are cmiployed

solely ina pharmaceutical product (o impart a colour.
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Hess et al, (1978) said many tablets are coloured to aid identilication, aesthetic
value and patient compliance. They are classilied according to their origm mto three

major groups: synthetic organic dyes, mineral pigments and natural colourants.

Judd et al (1963) evaluated that the vse of colour must comply with the
regulattons ol Food and Drug Administration (FDA) of the country in particular, so

themw uses may vary from one country to anothier.

1.7 STARCH

Starch in the pure form i a white amorphous, relatively tasteless solid which
possess no odour and 1s msoluble in cold water and m ordinary organic solvents such as
alcohol, ether and acetone.

Starches are markedly Iy groscopic and will absorh water when equilibrated
under normal atmospheric conditions, until the amounmt present is 10-17% (1.each,
1965).  Under the microscope soarch is seen to consist of thinly colourless, highly
refiactive patticles, the size and chape of which are specific for cach variety of starch
and therelore diagnostic. Under polarized Tight most intact starch particles exhibit a
dark cross whose centre s the hilinm which is the organic nucleus around which the
pranules has been formed, it may be placed centrally or nearer one end than the other
The starch particle also has stiations (concentric rings) which are fine lines
surrounding the hilium, that result from the highly statified structure of the majority of
starch particles. The hilium olten becomes replaced by a hollow fissure in commercial
starches because of the removal of the crystalloid part of the amylose during the

washing to which starches are subjected during preparation (Leach, 1965)
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1.7.1 Structure

Reviews of starch chemistiy (Green Moor, 1956, Goudalr and Guth, 1965) show
that u Ims. now been established that starch is a polymolecular system. I 1s known to
consist of chains of ¢-D- glucose pyranose units jomed m the main body by a-D (1-4)
elucosidic bonds.

By flilt:lit‘.lll:-ll.il‘lll into its similar components (first carried out quantitatively by
Schoch, 1945), it was found that <tarch is composed of the following two components

which are chemically distinguishable:

1:7:1:1 Al_nylnsc—ﬁl raight Chain Polymers

Amylose:  Common starch contamms about 20-25% ol amylose while the waxy
starches such as waxy maize starch, rice and sorghum might contain less. Amylose is a
lincar polymer composed of ¢-D- glucopyranose residue linked by w-D (1-4)
glucosidic bonds. Early methylation experiment mdicated the presence of 0.2 - 0.-1";;
of non-residual group in amylose which corresponded to a length ol about 200 - 350 1
- glucose residual units. Schock (1945) has also showed that the osmotically
determined molecular weight of maize and potato amylose agreed with a chain length
ol 200 - 350 D - glucose residues.

They were thus the first to suggest that amylose is a lincar molecule.

Bear, (1942) by studying the X-ray digaram of amylose was able to determine
the arrangement of the glucose units. He found that the glucose units were not arranged
in straigth chain but rather were coiled in a spiral form with the length of cach spiral

being 6 - D - glucose units,
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1.7.1.2 Amylopectin

It contains about seventy-1.ve to cighty percent (75-80%) of starch, consists of
high molecular weight polysacchirides and have «-D gluocpyranose residues lnked by
=13 (1-4) glucosidic bonds. The chains normally contain twenty (o twenty-five (20-295)
D-glucose residues and are interlinked to lorm a ramified bush-like structures by means
ol «-D (1-6) glucosidic linkages. Uvidence regarding the manner in which the glucose
units are combined in the two starch components have been obtained from methylation
studies (Haworth and Machener, 1932).  This consists ol treating the starch with
dimethyl sulphate or methyl oxide in alkaline conditions until cach free hydroxyl group
in the starch molecules are converted into a methyl ester. The methylated starch chains
are then split by hydrolysis with @cid into methylated supars which are identified and
estimated quantitatively.  The positions occupicd by the methyl groups in {ragments
correspontd with those of the unsul stituted hydroxyl groups in the original starch.

The main product from both the amylose and amylopectin fraction 1s 2:3.6 tni -
0 - methyl a-D- glucopyranose vhich confirmed the continuity as being long chain
linked in the 1-4 position,

Information on the extent of branching in the molecules can be obtained by
determining, the molecular weight of the polysaccharides and thus calculating the
number ol non-reducing ends per mo'ccule. The perodate oxidation method of
Greenwood, (1956) is also another source of evidence regarding the manner in which
glucose units are combined. 1t is based on the determination of the ratio of terminal to
non-terminal D-glucose units in amylose or amylopectin by determining quantitatively
the amount of formic acid produced on addition of periodic acid. One molecule of

formic acid is produced from cach non-reducing end unit and two molecules from cacl
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reducing end unit of a starch molecule and one molecule of formaldelyde is also
produced from each reducing end unit,

These methods i conjunction with molecular weight  determimmation have
enabled both the conliguration and the degree of branching to be known. The starch
granule 1s composed of hnear and branched starch molecules associated by hydrogen
bonding cither directly or throush water hydrate bridges to form radially oriented
crystalline arcas of various degice of order.  An mterconnected three dimensional
micellar lattice is formed by the panticipation of segments of individual molecules in

several micellar areas (Leach, 1965),

1.7.2 Occurrence

Starch is one of the most widely distributed substances in nature occurring in
most plants and in abundant quantities, it is tormed in the leaves and other green plants
from water, and carbon doxide in the presence of light and chlorophyll. This process is

called photosynthesis. Photosyntlictic process is chemically represented as -

Chlorophyll II;O P CO:+ Light Energy =2 Carbohydrate + 041

Carbohydrate 1s made up of starch which is stored in fruits | bulbs, tubers ete.
Here starch accumulates in sullicient quantities (o make its extraction commercially
viable.

Different plants use difterent structure for starch storage.  Thus in the
preparation of starches for commercial purpose, many different plant parts are used as
raw materials, for examples potato starch is obtained  from tuber, cassava from tuber of

Manihot utthssums, while wheat, iaize and rice starches are from cereals.
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The nxéllliml .1I1Iscd. (o separate li:c starch from protein and lihl'luus material which
might also be present in the plant part depends on the structure and composition of the
plant parts, The quantity of starcii available in a given raw material diflers from plant
o plant and even (he same plane of different varicties contain different amounts of
starch,

Examples ()["quanltity ol'st;nrchlprcscnl i S0ME Seurees are corn grains (71,5%),
rice grains (90.2%), potato tubers (12.5%), cassava tubers (31%), arrow root (25%) aud
sago (40%). These are average values.

The nature of the starch obtained also depends on the sources of tie starch and
differs from plant to plant. For example, starch derived from maize differs in particles
size, shape, gelatinization tempenture, amylose - amylopectin coutents, total liguid
content, paste clarity, texture and taste trom that of wheat starch. Badenhuizen (1965)
subdivided starch broadly into two groups according, to their origin citler in organs (hat

cretain a high water content or under conditions in which less water is available. The
first group include starches that are dcpusitcd in-tullcrs, bulbs, rhizomes and uuripe
lruits. In the S(_:cﬂn({ group are the cereal starches such zlslwhcnl starch and rice stacch,
The importance Iof these differences dopend on what the starch is to be used for. Tor
example, the paste clarity, taste and odour of a given starch is very important if the
starch s Lo be used in the food industry while it is unimportant 17t is o be used as a

dismtegrant in the pharmaceutical industry.

LT3 Extraction

The method of extraction of starch from the raw material (that is the plant part
m which il is present) depends on the natire of such raw materials. For example, the

method used for the extraction of potato starch lrom the wbers differs Gom that used
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for thie extraction of maize starch from the grains. There ave some steps however which
are the same in pringiple for dillerent saw malterials.
These steps are clearing of the material, a variety of procedures to retease starch

from the cell and separating it from the other constituents of the plant parts and then

finally diying the staveh and veducing i to the desired size.

1.7.4 General Uses of Search
Starches arc widely used for both domestic consumption and tndustries. So its
- demand is highly competitive. Cultivation for such foad can be stepped up to meet th?
destred need of both people and iudu.tlzll‘ics, In (his case, cultivation can be embarked
upon by inslitutions,'in(luslriqs or entreprencurs who wish to use this source of raw

‘materials. Amoug the uses are the following:-

1.7.4.1 'Téxtile Tudustry

Starch is a very uselul commodity in various industrics.  Starch and its

derivatives are usced in the textile induostries in four main ways:-

() 1L is used in sizing of warp yarns. This process strengthens the grain and
mproves its quality and ability o will.lst.au(l the mechanical operations of
weaving process as well as to add weight to the yarn in some cases.

(by 1t adds beauty to the fabric alier it has been printed,

() Starch also increases the consistency of paste in printing,

(@ M is also used iv the glazing and polishing and s;wiug thrcad. Corn starch is

commonly used 1 the textile industry especially in the United States of

e
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The amount of starch used for sizing s much more than that used for other purposcs in
the textile industries. During sizing, the strength of the yaru is increased {row ten to

thirty percent.

1.7.4.2 Food tndustrics

Differcat food producis make dilferent demand on the starches used inn their
production, 'l'hiﬁ depenils on the particular combinations of viscosity, gel formation,
clarity and lengtiv of paste desired and also on the efleets of other ingredicnts present in
the food.

The natural starch and their derivatives can also be used depending on the type
of [oad being processed. Con andlsorghum starches are mainly used in the tood
“industrics, ‘This may be due Lo their abundance and Tow cost.

Sorghum starch resembles comn starch alnd.l.hc two are interchangeable. 'I‘hcy
arc mainty used for thickening and padding push Blters,  They are suitable for products
.which are to be frozen because of the tendency of the paste to retrograde under
treatment. \

I i used in caned food but lhc.sulroh has to undergo special treatment like
oxidation (o remove miy micro-organisms which may be resistant 10 heat during
canning {Schopmeyer and Felton. 1941, Wurburg et al, 1902).
1.7.4.3 Paper Industrics

Starch iS;\ISGd- extensively in the paper industries. The use of starch in the paper
dustries dates as tar back as lhe middle ages when stareh was usced as binders and

stickers to bind what Lgyptians used the as paper, called papyus.



Ever since then, starch is sl being used in the paper industrics. 1t is used not
only as stickers and binder but also to improve the quality of the paper. It was recorded
i the United States that as much o s one hundred and lifiy thousand tons of starch was
used in the paper industries that year in 1963 (Anan, 1963). That made the paper

industries the largest single industrial consamer of starch products.

L7.4.4 Pharmaceutical Industry

Starch has many uses in wedicine and pharmacy.  Starch has been found to be
quite effective in drying up dermuatitis, lessions, where there are water exudates as a
result of which it is found as a complement in such pharmacenticals. as dusting
powders, pastes, oimtments and cmulsions. 1 is also used as a bulking agent in some ol
these prc|:';1|'ulinn.~;. Starch finds it greatest and most important use in pharmacy in the
manufacture of compressed tablets. which are very important Pharmaceutical dosage
form. 1t is used as a binder, diluent, disintegrant and its derivatives as directly
compressible vehicles. As a diluent or bulk agent, it is used as a filler. when the drug is
required to be taken in very small coses. 1t is used for this purpose because it is bland.
odourless and digestible. As a binder, it is used as a mucilage to bind powders together
to form granules and add to the cohesive strength alrcady available in the bulking
agent. Starch is used here because of its ability to form pastes. It is used as a

disintegrant to cause the tablet to break-up.

1.7.5  Stareh as Pharmaceutieal Excipient
The most important property of starch is its ability to swell in the presence of
Huids and to produce a viscous puste when heated in water.  The extent of chinges

induced by heating depends on the temperature and time involved (Greenwood, 1967)



and is also greatly influenced by the starch species (Gunsel and Kanig, 1976). The
swelling of the starch particles 15 duc 1o the penetration of water and subsequent
hydration of the starch.  Viscosity of the starch water mixture is high because of the
crowding eflect of the swollen balloon-like particles.

The structure and nature of the starch particle makes this behaviour possible.
The starch particle is composed of linear and branched starch molecules associated by
!!y:lmgcu.humling cither directly or through water biidges to torm radially oriented
micelles or crystallime arcas of various degree of order.  An inter-connected three
dimensional micellar lattice is formed by the participation of scgments of individual
molecules in several micellar arcas.  The overall strength of the micellar network
(which is dependent on the degiee of association and the molecular anangement)
controls the belhiaviours of starch 1 water {Leach, 1965).

Subjecting the aqueous suspension of staich to the influence of heat weakens
the micelar network within the particle by disrupting the hydrogen bonds which pernnt
further hydration and irreversible starch particles swelling (gelatinization).  This
process accordimg to Chabot et al (1970) includes the loss of birelvingence, leaching of
amylose into solution and tangential swelling of the starch particles resulting i the
formation of a small bladder. Ini ally, some amylose is retained i the interior cavity
but rupture, collapse and dissolution of the swollen granules occur during prolong
heating,

As the starch particle swells, starch molecules that have been fully hydrated
separate from the micellar network and difluse into the medium.

Evidence has been provided by Schoch (1945) to prove that in a dilute starch
paste an equilibrium is established so that the concentration of soluble starch in the

water mside the swollen particle s the same as that in the surrounding aqueouns phase.
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The highly swollen particles and their fragments adhere to each other and in effect form
a matrix held together by associative bonding. Thus it can be seen that the apparent
viscosity of a starch paste is caused by the propertics of individual swollen entities,
presence of soluble starch and the interaction s or cohesiveness between swollen parties.

Hofstee (1953) mvestigated the mital increase in viscosity of starch treated
with heat and moisture, or starch in 30% agueous glyeerol suspension. He lound that
the extent of increase in viscosity during gelitinization is related to the water absorbing
powder of the starch particles.  This relationship between moisture content and
viscosity was reported by Goering and Delaas (1972) They found that tuber stavches
had low pasting temperature because they are formed under conditions of high moisture
content and increase with increasing amylose content due to hydrogen bonding.

The mdividual starch particles inany piven starch do not bepin to swell at the
same time but rather over a temperature range of about 10 “C.  “This is becanse
gelatinization begins from portions of the gronnles where the bonding is weakest since
the degree of bonding differs in individual paticles of each starch species.

The addition of certain chemicals markedly alter the properties of starches. The
properties aflected include gelatinization temperature, range of starch paste either
enhancing gelatinization by aceelerating the disruption of hydrogen bonds or mhibiting
gelatimization by acting as desolvating agents

Chabat et al (1970) found that chemizal modification of com waxy maize and
sorghum starches affect starch properties such as pasting temperature, particle swelling
and the paste properties. These alteration of starch properties by addition of chemicals
is dmportant in o the formulation o pharmacenticals and  should be taken into

consideration in formulation studies. Mansour and Guth (1968) in their investigation to
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determine the complexing property of some drugs with starch found that all the starches
tested, formed complexes with the drugs used.

Amylopectin was found to be the main complexing component of starch.
Chemicals such as sodium sulphate depress starc]i particle gelatinization, while acitls
and hypodtluridc reduce starch paste viscosity.  On the other hand sodium nitrate
however lowers gelatinisation temperature as docs esters and clhers which increase
pm‘liclé swelting,  In addition on cooling starch paste also has propertics of interest,

| Starch paste arc phyéicully unstalhlc and thus tend 1o become less soluble on standing, 4
phenomenon which is referred to as retrogradation. Retrogadation is mainly duc to the
- amylose fraction since amylopectin solutican in water are known o be relatively stable. |

Amylose, because of its long mwlecular chains and the numerous hydroxyl
gi‘olllls present in- i, Illas i great fcndcu@y fulr bondiﬁg'hctwccn chatns, thus producing
bundles OI'I;imylusc maolecules and hence rigid gels and insoluble precipitates. The rate
of retrogradation in a given starch paste depends on the amylose percentage in the
starch, the method of preparation ol the paste and the size of the amylose molecules

| (Whistler and Jollns;m 1948, Lanak et al, 1949). Goering, ot al (1975) also found the
pasting peak of starch paste was duc to the break-down of an amylose, fatty acid
complex, Thc]'}ust.c'formiug propeily of starch is most impottant in the use of staruh_abl‘
a binder to form granules in the manufacture ol'comprcsﬁ:cl tablets.

The compressibility of siarch is annlhcr- property that is usclul in the
pharmaceutical industry. Most starches are poorly compressible alone and it is possible
that poor adheston between these agents and othier lablet components is an asset Jn
disimtegration elficicucy since wickiing activitly is enhanced (Gunsel and Kanig, 1976).

I

Poor compresstbility also ncreases the porasity of tablets (Commons, ot al, 1968). All






