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BSTRACT

The microbial cont--ination levels at various stages
ci tablet manufacturin,  ':re monitored, using Folic acid
tablets.

The raw materials “or (ae production of Folic acid
tablets were examined “cr ’eéneral microbial contamination,
especially fungal and bacterial organisms., The bacterial
contaminants were differc itiated by their merphological
characters. Tests were also carried cut to detect the

presence of specific patiogens, namely Escherichia coli,

Stophylococcus aureus, salmonella species and Pseudomonas

aeruginosa, using appropriate diagnostic media. Both the
Wet=Cranulation and Direct Conpression methods cf tablet
production were useds The ta'l-ts were subsequently
subjected to quality coniiol tests to assure compliance

with Official Standards. 7"he microbial contamination levels
anta types at the various stages of tablet production in
each tabletting method wer:c determined. Tablets were
produced under two dificrent cnvironmental conditionsg

a Teaching Laboratory and 2 locn~l Pharmaceutical Manufacturing
Laboratory. Microbiolosical analysis were similarly

carried out, The effect of the quality of water used and
the drying temperatures on the microbial contamination

levels of the wet granulocs were also investigated.

The results ¢f this invesiigation indicated that the
bacterial counts c¢f the tablet products were influenced by

the follcwing factors:

(a) the microbial flors and level »f the starting raw

materials. Raw materials of natural origins were more



ABSTR4CT (Contd!')

- e W B

highly contaminated than those of semi-synthetic

and synthetic ones;

(b) the level of microbia) contaminaticn of the wet
granules. The microbial contamination levels
of the initial mixin. stope was greatly increased
during the wet mixin; sta e of the Wet-Granulation
method, due to incurporation of binder solution, that

was in itself highly ccentaninated.

(¢) the temperature of drying the wet granules. The
high level of microvial contaminants in wet granules

.was substantially édecreéascd when dried at 50°C,
while drying at lower tesperature of 28°C encouraged

bacterial proliferation,

(d) the tablet precduction environment, The higher
microbial contaminntion levels of environment B
gave tahlets of hither immicrobial contamination levels
compared with tablets prouuced in a lower microbial

contamination enviroi ment A,

Tablets produced by the Direct Compression method

gave lower level of micronicl cuntamination than those
of wet granulation method, AN the tablets produced
complied with official microbial limits except the batch

by the wet granulatl 4ol and dried at 28°C,

Pl SN
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Microbial convarination refers tc the presence
of micro-organisms n: i(oreign bodies in preparations
where their presence is undefirable, \hile some
pharmaceutical preparations such as parenterals and
Ophthalmic producis are reguired to be sterile, others
which are not introduced uirectly into the bloed
circulation are no. expected to meet this sterility
requirement, The lalter group are generally
referred to as !lon-sterile Fharmaceutical Preparations.

This category incluies:-

(a) Oral preparaticns e.p, tLablets, capsules, syrups,

oral powders, .rples and mixtures,

(b) Topical preparation$- Cintmeats, lotions, creams
and solutions vcant to se applied te abrzuﬁ&i ?
skin.

It has long boen appreciated that to produce
satisfactory prepurations which would net show signs
of spoilage, constari attention must be paid to
formulation, high stuudards of cleanliness and good
hygiene both during marufacture and subsequent

dispensing.



Parenteral po:parst.ons, by virtue of their route
of administration nic recuired to be sterile, otherwise
they could easily =orusne disezses, A nrumber of
incidents involvin K inicciions of the eye due te the
application of vaiiois eye preparations in Sweder,
Britain and United Jit-ies of America (Kallings et al.
1966, Ayliffe et al. 1906 [lemington (1970)), led to
the recommendation tList all preparations mcant for
application to the eyes linve to be sterile, This is
necessary when it is realised that apart from the
self=-irrigation mec'anisn through the lachrymal
glands, the eye as it 1o, has virtually ne defence

mechanism against inv-ding organisms,

Recently, the.: Lsve been increasing numbers af
reporcts f drue-bhoraue  infections recordeu in the
medical press frow wicely separated areas of tre
VWorld, Kallings ¢t 21, (1966), traced an outbreak of
Salmonellosis to tablels contamning a drug of na*tural

*

origin, to the prescoce of large numbers of

Entervbacteria in soue synthetic drugs. Infections
associated with the use ot thyroid tablets and carmine
dye Capsules have ul=o een reported in the United
States cf America and britain (Kunz and Ouchterlong 1955,

Kormany et al 127), 1Ilese and many other documented

reports (Table 1.1 - prompted the need to establish



2
microbiological 3racards for pharmaceutical products
in many countries, 1Mie 2stablishment of such
standards become mers necsssary when the following

points are considoered,

(a) An empty, restin, sicmach has a pH of 1 = 2 which
is bactericidnl, 1hig is raised to pH 4 = Y in
the presence oi food at which the bactericidal
activity of zastric fluid is greatly reducec,
Further down tle .Lu.mcch is the small intestine
which is slightly alkaline, devoid of any
antibacterial activity and has even been known to

favourably suphort the proliferation of bacteria,

(b) The presence o a larie¢ number of non-pathogens
would tend to ~.l =1 st lhe body's defence
armamentariun, i ereby lowering the body's
resistance, a:s a resvit of the fact that the bedy's
defence, especially the white blood cells,
can not differeniialbe between pathogens and
non-pathogens, In large numbers, the non-pathogens
can colonise the intestine from which some may
migrate to othicr resions, thereby becoming an
infectio® ris", ioreover, some of the non-pathogens

by their prodncts of fermentation, can



Table 1.1: CONTAMINANTS FOLND 1IN PHARMACEUTICAL PRODUCTS

YTaE PRODUCT CONTAMINANT

1¢07  Plague Vaccine Cl. tetani

1943 Floure§cin eye-drops Ps, aeruginesa

1946  Talcum Powder L tetani

1948  Serum Vaccine Staph. aureus.

1955 Chloroxylenol disinflectant Ps, aeruginesa

1966  Thyreid tablets Salm,. muenchen.

1966 Antibiotic eye ointment Ps. aerugipesa

1966  Saline solution Serratia marcescens

1967 Handcream Klebsiella pneumoniae

1967  Carmine pawder Salwm, cubana.

19€9 Peppermint water _ Ps. aeruginesa

1970 Chlorhexidine-cetrimide - Ps, cepacia

antiseptic solution

1972 Intravenous fluius Pseudomonas, Erwinia and
Enterobagter spp.

1972  Pancreatin Powder Salm. agena

1977 Contact lens soluiion Serratia and Enteroubacter
Sppe.

1981 Surgical dressin: s Clostridjum spp.

Adapted from Pharmaceutical !Microbiolngy, bdited by

Wele Hugo and A,D. Rusasel, 3rd rdition, 198> Blackwell

Scientific Publications, Chap 18, pg 356.
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cause stomaci licomfort e.f. carbon dioxide and
gas production b5y gaprophytic orpganisms. Also,
some hitherce non--r-tho; ens have new been
recognised as pathogrns, i'or exemple, Aspergillus
species by il rociction of aflatexin, is now
implicated in il:e iucreased number of maligmant

tumors. his Aspergillus species is -

common in groundnuts and coconuts,

(c) The toxins procuced by some bacteria especially
the exotoxin: have uecen shown to be highly
poisonous in c.all asounts and do easily overcome
the body's doience pochanism. Botulimium tmxin

produced by Zlostridium botulinium and toxins

produced by . lostricium welchii are eften the
cause of various deyrees of headachey -vemiting,
diarrheea, par.lysis and even death; symptons
which are freguenily nssociated with foed

poisoning.

The knowlz=d-e i L érug-borne irfection may
have 3serious effccis on debilitated patients ard even
on normal healtiiy individuals prompted the
Pharmaceutical suciely of Great Britain in 1971 and
the Public Health Laboratory Services in 1972, to

set up Woerking Partics to investigate the numbers and



2 :
types of organisms in nedicaments given to patients,

-

paying attention to the following areas:- -

(a) In Manufacturing; .

Fog e

(1) raw materials,

R
o

“

(ii) finished products in their final

o containers; _ o L

Lw T

{b) In Hospitale znd in General practice Pharmacies:
(i) products as received from manufacturers,

v (ii) products after repeated dispensing from

bulk packu and on hespital wards.

>

Tﬁe problem ¢i microbial contamination could
have been solved by specifying that all pharmaceutical
products shall be sterile and cispensed in sealed
unit-uose packs. This, Lowever is net a practical
proposition because of the cost and the preduction
problem inwelved. Accepling the alternatire of
allewing a lowlevel of micrebigl contamiiants for
some pharmaceutical preparations raised certain

-,

contiol problemg, This control requirements is

subject to the fTolliowing considerationss:-

{(a) The variety and level of micrebiel contaminants
in various phariwaceuticals and aglso the

. significance of ti.eir presence,
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(b) The source eof cuch microbial contaminants

(2) The hazar'=: th:i cain be associated with their
presence

(d) The measurz~ “h:i can be taken to reduce the
population «i ithe nicro-organisms or to grevent

their proli oratior when the preparation is
being dispenied in o general practice

pharmacy, in e nospital or when being used
in the hospical wz.0 or by’g patient in hi3s

home,

J 1.1 TYPES OF MICROBIAL COLFAMINAMTS

Many of the stucics ¢n microbial contamination
of pharmaceutica'!z ":a7 initially been based on twe
approaches, namel © (a) total number @f micreybial
contaminants (bacteria, mould and fungi); and
(b) identificatio.. of the contawinants based on
colonial and cell morpiolcey and biochemical tests.
In 1971, tne repcrt oif the Fharmaceutical fociety
Working Party rev:. ied that the quantity of viable
organisms isolated from various pharmaceutical
products ranged froum U to 10° per gram or mililitre (ml).
Reports by otncr workers went further to classify
and identify th. conta iuants, Beveridge ((1971),
and Bowman et al, (1971, 1972) included the frllowing

among the contaninonts:~ Bacillus species,
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Pepicillium Chrvsopenum, Other Penicillium species,

Aspergillus niger, Yeast, Pseudomonads beside

fs,aeruginosa, Staph. @areus, Staph. epidermidis,

Coliforms (£. coli in few cases), and rarely
Salmonella specivs, In the report by the lPublic
Health Laboratory Services Working Party 1972,

567 distinet bacterigl types were identified in

the 393 samples ol various pharmaceu*ical
vreparaiions. Dotails of the report show thac the
most frequent isolates were cocpulase megative

Saphylococci and Micrococci, followed by

Pseudomonads and related oxidase positive gram e

negative bacilli, Other organisms often isolated

but in low numbers include Flavobacterium species, :

Achromobacter species, Cladosporium species,

Alcaligenes and Leuconostic species. Results of

the investigations ol various other workers revealéd}
that the type and gquantity of contaminants in most
cases were invariably deyendent on the type of .
preparations (White el al (1968) and Bowmen (3969),
Beveridge and Hope 1971). Mixtures ase more heavily
contaminated than liquid extracts, containing

I seudomonads and Staphylococcus species, while

arcmatic waters have high concentration of

Pseudomonads, Yeast and mould ave common contaminants

of c¢izams and ointments,



12

14241

SOURCES OF MICR)3TAL CONTAMINATION

The quality of Pharmaceutical products is
greatly influenccd by ihe environment in which they
are manufactured, {he¢ raw materialc uezd, the
pondition of thc cauipment used in making the product,
the personnel involved in the production, the
packaging materials and other factors. The level of
microbial contamination of the final product may
thus represents the contaminants from these v:rious

SOUrces,

RAW_MATERIALS

Contaminants found in finished products have in
many case. been traced to the use of contaminated
raw materials., According to current Good
Manufacturing Practice (GIFP) in maaufacturing,
processing, packing or holding for drugs,
"representive sanplec of components liable to
microtia’ contamination (e,g. of animal and botanical
origin) shall bc subjuctcd to microbiclogical tests.
Sucii samples shall contain n» micro-organisms which
ar. objectionable in vicw of the incended use",
Included in the lisl of raw materials are: <he
active ingredients, the diluents other adjuvantis
and vzhicles., An cxtensive and variad microbial

flora is usually associated with untreated raw materials



whiech are derived from nztural sources. Products
such as dessicated thyroid, pancreas and cochineal
which are derived from snimal sources arce casily

contaminated with animsl-borne patheogens such as

B, coli and Salmonella, species { Kunz and

Ouchterlong (195%), and kormany et al 1967). Fer
producte »f botanical origin, gram regative bacteria

such as Erwina and Fsecudomonald species and the gram

positive, spore-forming bacteria (Bacilius and

.'fW;Lactobacillus species), mould :nd non-mycellated

Yeast are commonly implicated. Investigations carried
out established the fact that raw materirls of
natural origin aroc morc heavily_poﬁtaminated than
inorganic and lastly semi~synthetic and synthetic

components (Westwood, 1971). Those introduced by

. sewagge includes the animal borne pathosens ano

- Salmeonella specics especially in gums (acacia and

tragacanth) and digitalis. Kaolin, tale,

magnesium and aluminium salts including other

inorgan.c components from the soil have also been
implicated as socurces of contamination in their final
products. White et al (1968), showed thal the use
of grossly contamingted powder in the formulation

of tablets and ointuents, resulted in highly -
contaminated product. Beveridge and Todd (1973)

showed that contamination of B.P.C. antacid mixtures
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by E. coll and P:,aeruginosa was due to the type

of interraction betwesen these organisms and the

- trisilicote” component. This type of interraction

alsc accurs with keoolin and bentonite and 1t has

.

been attributed to electrostatic attractions

between the negatively charged cell surfaces and the

pasitivély charged edges of the clay crystals,
Additives are sgmetimes of greater rask than the
active 1ngredieﬁts as.sources of confamination.
Wilsen (1972) showed that the growth of

Ps.aeruginosa in Peppermint Water B.FP. was due to

nutrients leached from talc with which the . \_7%'
peppermint oil was initially triturated before :
dilution to make the selution. Kallings et al. (1968)
found that colifora contanination of tablets of

barbiturates and tronguillizers were due to the

Starch used in the formulztions.

WATER

The greatest potential source of ~owhamination
to pharmaceuticals is water, which i1s used in the
fornulation of many prcducts as well as for various
washing and cooling processe;. The microbial flora
of water depends on the quality of the raw water
and any procesgsing it rcceived and the distribution
system. Fresh water generally contains micro-organisms,

g

B
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usually of the non-pathogenic typés such as

12

Flavobacterium, Alcaligenc species, Pod

Chromobacterium nd some Pseudomonads. The se

orgarisms are non--exacting in their nutritional
requirements. The dissolved organics such as
tannins, dead plants and animal cells in water due
to so0il and sewage, 1s responsible for such

additional bacteria as Bacillug, Interobacteria,

Streptococcus and Clostridium species, Water from

such sources as streams, ponds, surface water are
more heavily contaminated than thuse from running
rivers, Water fro. deep wells are relatively pure
due to the filt ration by the diffe-ent strata of
the soil, Rain water is inevitably contaminated as
it descenas from the atmosphere where it comes in
contact with contaminated air. Distilled and
de-ionlzed waters are usually made use of in the
fharmgceutical Industry, De-ionized water is
inevitably contaminated as it flows from the
ion~exchange column which is easily contaminat=d
because it is not ensily accessible to washing and
cleaning, hence acting as a reservior of bacteria.
Distilled water is usually free froi micre-organisms
and contamination cccurs as a result of a fault in
the cooling system, the storage used or distrihution
system. In the report by the Pharmaceutical Society
o
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vorking Party (1971), »t uns shown .that of the BoP.Co
mixtures preprued, water contributed the highest
number of vialle vrgantsm:, The starzge peried
is the stage at which distilled water is usually
heavily contaminatcd. Favero et al. (1971),
reported a thous=nd fold increase .n the number
of‘sé,aeruginosl in distilled water stored in a
tank at 37°C for 24 hours, and more at 25°C.
Bacteria may gain access to water distribution
system through any outlet such as cork er tap and
hose pipes which are not regularly disconnec’ed
and disinf=cted, HRezservior of infecti on may build
up in any unused sections of pipeline as well as

in boester pumps ~nd water meters,

1.2.3 AIR AND ENVIRONMENTAL CONDITIONS

The mnvironuwent under which pharmaceutical
products are made can also influence the level of
microbial contaminantion, The sort ol hygiere,
cleanliness, or movement allowed into the place
influeacus the final microbial count of the product,
Air by itself cqa: not support bactarial growth
since it lacks the natural environment for thz growth
snd reproduction of bacteria such a3 adequate
moisture and nutrients in a form that can be utilized,

Hewev2r, it does a@ctas a vehicle, carrying
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micro-organisms from one urea to another
especially the svore-bearing Bacillus, and

Clostridium species; Staphylococcus, Streptecoccus

and Corynebacterium species, moulds, mucur and yeast.

The microbial flors of air depends on the sort
of activities thnat is carried out in that
environment. An ~re- containing working machinery
and active porsonr.l have higher microbial count
than one with a still atmospherz, more in dusty than
in clean rooms, The air microbi~l flora also
fluctuates with the scvnsons., The dusty harmattan
season aid the spre.d of bacteria, but less in wet
season where the atmosphere is more numid and dampe

microbial flora of air can alse be increased by
handling of contawinsted products during.dispensing,
blending and their addition to formulations. In
particular, the use of starches and ‘sugar in the dry

state increases the mould count of air.

Some packnging components especially those of
card and paperboard hove a high microbial flora of
both mould and bLacterin and this is often seflected
in high air counts around cartoning gnd pachaging

machincs,
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Microbial flora varies from one place to
another. Whitby and Ramphing (1972) found

Ps,aerugincsa in sinks, floors, mops in Pharmacy

and wards of hosoitnals but none in corresponding
areas in domestic homes., Bair d and Shooter (1976)
and Baird et al {1976) traced Ps, acruginosa
contaminated medicaments to Pharmacy environment at
which the preparation was made, The sort >f
environuent sometimes dictates the type of
ﬁicro-orgunisms nresent in that enviironment, When
swabs are +aken to compare the bacterial flera of

a read surface witih a ward floor, the ro,d swabs

?}: look very dirty but cultures on blood agar Incubated

at 37°C usually yields n scanty growth of organisms,
harmless to man, compared with heavy growth from

hospital wards, 1ladcen with Staph. aureus

(Juan-Stokes and Ridgway 1980). In the buildings
where manufacturing tolkes place, moulds are commonly
found especially on walls and ceillings. They are
common in pourly ventilated buildings witk painted
walls., The organisms derive their nutrients from
th2 plaster on which the paints has been applied,
tius a hard gloss finish is better than a seft matt,
Cracks on fleors -nd dust collecting traps such as
windows ana other edges and overhead pipes are

common reserviors for bacteria,
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EQUIPMENT :

gt

If is quite obvious that cértain amount of
specialized production cquipment iu necessary in
the manufacture of a satisfactory nraduct Kach
piece of cquipment uscd Lo manufacture or pack
medicaments has itg own peculiar areaz where
microbial growth nay be promoted. Traces of .
product left in the transfer pipes or indentations
or scracches on the inner surfaces of kettles can
bring about rapid imultiplicaticn of vrganisms
resulting in contaminotion of subsequent baiches
of the product., Purtions of equipment that do nnt
make themselves avalloblo to cleaning can enasily
become infective sites. For instance, Basset (1971)
traced an outbreak of pneumonia in the newborn to
the use of Pscudomonas contaminated suctien
apparatus., Joints and cross connectlions “n pipe
often provide a site tfor microoial growth.

Morse et al. (1967), ir.ced the octurrencc of

septicaemia due to ! ebisiella pmeumonize to a hand

cream dispenser, ug:d in dispensing the drug.

PERSONNEL o

The microbial flora of air and the environment
at which pnarmaccutical production takes place is-

greatly affected by the personnel lnvolved.a® the
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various stages of'production. Micro=-organisas can
be transferred Trom tlie operater to pharmaceutical
peoducts. The skin is rich with various types of
bac seria., Body tissues are continuously
disintegrating. It has Leen estimated that at
least 6,0 gm of dead skin material is sloughed off
daily from an adult, This mrans that a let of
bacteria is shed into the environmenc daily. Of the
natural skin flora, Staph. aureus is perhaps the
most undezirable organism, It is cemon on the
handg and face, not casily eliminated by washing
since it resides i. the deep layers &f the skiu,
Other commonly present fypés are Sarcima species

and diphthercids, It is lknown tiiat:

¥

(i) Man is intimately associated with brcteria,

(1i) Different arcas of the skin.cérry differenc
types and numbers of microbes, Gram negative
rods such as Alcalisene species are resident
In most regions of the skin while lipophilic
yeast is prescnt in the fatty and waxy

secretions of the skin.

#

(1ii) Zach individual is different and the daily

microblal prarile may fluctuate,
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(iv) Coughs and sneezcs cre prohfic sources nf
air contamination, especially dreorlet infectious
organisms, Talking has been shown to increuse
the mizrobial (lora of a clean enclosad

environment,

Bacteria other than the natural skin 1lora
may be transferred from the operator as a result of
poer personal hygiene. This include feacal organisms
from theanal region, and those from wounds and
dbscesses, Open wounds usually support the growth

of pathogens such as Staph., aureus, Streptdcoccus

pyegenes , lMicrococci, ©&~haemolytic and

non-haemslytic Streptococci, enterococci, and in
rare cases, Clostridium species., These infections
of the wound may occur without showing any clinical
manifestations, normzlly associated with such
bacteria, Organisms from nasal passages often
transmitted arc Staph. aureus, limited quantity ef

Staph. albus and Saprophytic Streptococci of the

viridans group,

CONTAINERS AND PACKAGING COMPONENTS

The containcres in wirich praduct are packed can
very much introduce microbes to its contents. The

microbial flora of packaging material is dependent
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(1v) Coughs and sncezcs wure prolific  sources of
air contamination, especially droplet infectious
organisms, Talking has been shown to increuse
the misrobial Tlora of a clean enclosed

environment,

Bacteria other than the natural skin ilora
may be tr =usferred from the operator as a result of
poer personal hygiene. This include feacal organisms
from theanal region, and those from wounds ana
dbscesses, Open woﬁndu usually support the growth

of pathogens such as Staph, aureus, Streptococcus

ene Micrococci, O~haemolytic and
LXopcnes coccl

non-haemslytic Strevtococci, enterococci, and in
rare cases, Clostridium species, These infections
of the wound may occur without showing any clinical
manifestations, norm=lly associated with such
bacteria, Organisms from nasal passages often
transmitted are Staph. aureus, limited quantity ef
Staph. albus and Saprophytlic Streptococci of the

viridans group,

CONTAINERS AND PACKAGING COMPONENTS

The containcrs in which praduct are packed can
very much introduce microbes to its contents. The

microbial flora of packaging material is dependent
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upon its composiilcn mrd storage conditions,
Packaging components made of glass, metal and
plastic usually have low microbial contents due to
lacx of nutritive scurces for bacterial g—~owth,
They however becowe contaninated sometimes due to
fﬁdﬁ;transportation in cardboard boxes or durirg
storage with spores of moulds such as Aspergi.lus,

Penicillium, Cladcsporium and Bacillus species,

Packaging materials made of cellophane, cellilose
acetate, polyvinyl chloride, Ppiyethylene and
polypropylene usually have lew microbial levels.
However, cardboard and paperboard boxes unless
treated, carry mould spores and such bacter.a as
Bacillus and Micrococcus species. Closure liners
of pulpboard or cork unless treated specially wich
preservatives are pood sources of contamination for
liguid and semi-solid preparations, Crntainers and
closures stored in dawp condicions or coming in
crntact with surar, prot-ins and glycerol will
become susceptible to microbial attack, JTn a report
by the Public llealth Labcoratory 8ervices Working
Prrty (1971), it wns shown that every wype of
erganisms was morc common in preparations dispensed

in Pharmacy containcrs than in the origina)l
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Manufacturer!s pack. The containers usually
brought by patients Yor filling of their
prescription are sometimes not propurly washed and

are contaminated prior to containment of

preparations.

e

STORAGE OF DRUGS

The: Sterace condition at which the raw material
and final preoducts are subjected to 1s very
impertant, This is more so far hygroscopic suostances,
The minimum water activity Aw, Jor Osmophilic yeast
is 0.60, spoilaée moulds 0,80, and most spoilage
bacteria 0,71, Storage ¢f pharmaceuticals in damp
conditions will exceed this Aw and thﬁs enhnnce
bacterial growth. Alsoc, some packaging used for raw
materials such as unlincd paper sacks, when Stored
in damp condition, will absorb moisture and be
subjected to micrdbial deterivraticn -nd centaminate
the contents. While the microbial count may remain
stationary or even decrease in scme solid preparations
such as tablets during the period of Sterage, it
may likely incriase in others such as mixtures,
lotions and creams few days on Storse and later
level off. (Khante 1979), The prevailing situation
hewever depends on the constituents and tvpe of the

pharmaceutical product concerned.



1.2.8

1249

21

DISPENSING OF I PRCDUCT AT THE PHARMACY

- . e

Microbial conizidination is frequent with
products such as oint ents and creams that sare
dispensed from wide=moulthed, multi-dose containers,

Morse et al (19€7) traced the occurrence of

Septicaemia due to Klebsiella pneumoniae to a

handcream dispenser in which the cream is dispensed

with,

IN=USE_CONTAMINATIUN

Higher rates of contamination are often
associated with products after opening and use.
This is more so with drigs dispensed from bulk
containers in hosvital wards and pharmacies, as
compared with thiose in use in the general community.
There are fewer ooportunities for contamination in
homes since smaller quantities are used by
individual patients, Mugo and Wilson (1970), and
and Harte et al (1978), showed a high proportion
of eye-drop and eye ointuent preparations which

had been contaminated during the period of use.
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HAZARDS  ASSOCTATED LTH MICROBIAL CONTAMINATION

The capacity of bacteria to initiate disease
in a host i.e, pathogenicity is'dependent o many
facirrs. Bacterial pathogenicity requires the
attributes of transmissibilfty, infectivity and
virulence, The pathogenicity 1s often related te
the dasage of the pathogens, its phase of growth
and its endowment with virulence factors.
Infectivity of = bacteria i.e., tne ability to
penetrate the body's first line ¢ f defence, is in
turn dictated by the host's degree of immunity.

Th? second factor - transmissivility which is the
abilitv to spread from one host or reservior to
another involves the potential to grow profusely

in cavities and fluids and get disseminated 1in
lavpge numbers to sites of infection. 1In e“fect, it
is 1ose related, Virulence is the thiru factor that
influences the pathogenicity of bacteriu,.
Fpidenjological dnta shiowed that within a microbial
family, ther» arc diffcrences in yirulence, thus

Shigella dysentariae, group cne end in particular

type I causes more serious dysentary than the group 4

(Shigella Sonnei)., Among these factors, it ig the

dose of the ingestud orgenism and its virulence thet

had been areas of focus in microbial contamination
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end the basis by which microbial limits with
respect to control has been and is being st in

various literaturcs,

nvestigations conducted om Sslmonella and

Pscudomonns species showed that a host needs to

ingest approximately 1,5 X 105 of Salmonella

organisms before showhng clinical symptons of illness

while 106

of Ps.geruginosa need to be ingested
before its colonisation of the bowel., (Buck ana
Cooke, 1969). Infact, cach bacterium has its own
Jevel at which it.causes illness. Also, this
critical microbial level is significantly reducad
in the presence of trouma, foreign bodies or 1f
sccompanied by drugs having a wvasocongtrictive action.
Reports of serious infections assocciated with the
use of non-sterile pharmoceutical products abound.
Most of the implicated contaminants in the proaunts
are Ps geruginosa, oalmonella species,

Staph. aureus and E, coli, Though some of these

bacteria arc not renlly highly palhogenic, they
however serve as ar indicator oI feacal contamination
€.ge E.coli, implying unhygienic production
conditions. The presehce of pathogenic organisms
such ac B5..aerupinosa in cosmetics, creams, and

lotions, especially in solutions of disinfectunts
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have been implicated in the cause of various
infectious conditions ranping from minor skin
infections to loss of sight ?nd fata) Septicaemia.

In Sweden, 1964, (Kallinzs et al 1966), eight cases
of severe eye disorders were reported in workmen
treated with a Pa aeruginosa contaminated antibiotic
ointment, As a result of the infection, one patient
lost an eye and ithe other seven had reduced visuel
acuity. In another documented reports (Remington,
1978), rive out of eighteen corneal ulcers in a
hospital, loss of four eyes in an industrial
infirmary and loss of sipght in two dogs werc all
traced to Flourescin and Eserine Eye drops, whicl

were feund to be contarinated with §. aeruginosa,.

Noble and Savin (19€6), Baird and Shooter (1976),

also reported P&, aeruginosa infections du=s to use of

contaminated creams, Ayliffe et al (1965) and

Basset (1971), traccd the following diserse conditions:
Meningitis, pneuuonia, respiratory tract infections,
urinary tract infections, Septicaemiz, arterial
thrombosis and wound infcctions to the use of

Ps. seruginosa contaminatedproducts and surgical

equipments. Bacteremia had also been caused by
Fg, thomasii duc tc contamination of autoelaved

fluids. ["Phillips et al (1972), and Lapage (1973)_7.
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Many cascs of Sazimoncllosis had also been
reported as a recsult of ingestion of tablets
contaminated with Salmonclla sprcies. Presence of

.........

Salmonella spucics can cause typhoid and

paratyphoid fever, Thirty cases of salmorellosis
due to Salmonella cubana coccurred in hospitals in
the United States of America, following the use of
infected carmide dyc capsules used in the
investigation of intestinal abnormalities

(Xormany et al 1967). Salmonellosis had al:o been
reported to be causcd by the usgs of infected dried
yeast used in tubc-feeding and also in case of
contaminated thyrois cspsules (Kunzand Ouchterlong
(1955). Glencross (1972) reported the case of
infection of two balicvs by Salmonella species
following the usc of infected pancreatin in the
treatment of fibrocytic diseases of the pancreas
which resulted in the hospitalization cf one of the
babies for treatuent, Feppermint water-flavoured

antacid mixtures contamirated with I'a aeruginosa had

also been found to cstablish bowel infections.

Between 1960 and 1964, documented cases of food
pnisoning in the rsood Industry showr.i that the

causative agents in most instances were Staph. aureus

and Salmonellatyphi. In an investigation conducted in

Sweden 1964, (Kallings ¢t al 1966), apart from the
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hi n numbers: of res.tod gontaminated batches, an

acute gastroenteritis cnused by Staphylococcus

enterotoxin was also roported. Though Staph. cureus

may not affect nermal perscns, it can cause
infections in the¢ very young, the aged and in people
with impaired immunological defaonce mechanisms,

Although most 8irains of Staph. aureus are human

pathogens, the virulcnce of particuler strains
varies due to a single 'phage type. The main i1eason
why Staph. aurcus is n damger are the¢ number of
cocci inevitably present in wards and its ability to
survive and remain virulent in an environment laden

with antibiotics,

The level of microbial contamiration in a
procduct 2an also influence the physico=chemical
degradation in pharmoaceutical products, The
degradative versatility of microbes is such that a
great najority >f orpanic conpounds can be ciaemically
modified 8t a fast rate tander mild conditions when
compai'.d to those rcactions initiated hy non-biologic

process, Pseudomonas organisms are not solely a

health hazard, They represent a potential economic
loss in terms of product spoilage. They have been
responsible for the degradation of Shampocs, facial

lotions and sun scrcen preparations.  (Tenenbaum 19€7).
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They attack hydrucarbons, including petrolatum and
utilize alkancs nixl arcmatics such as hexane ard
benzene (Rogoff 1962). 7They produce lipases and
oxidise fatty aciiis as well as a variety of
carbchydrates (Sultzer (1961), Alrord and Pierce
(1963))e In addition, they produce protolytic and

and amylotic enzymcs. Many of the thickening and
suspending agents used in pharmaceutical formulations
are subject to depolymerisation by micro-organisms,
and this greatly affucts their specific propeities,
Some therapeutic agemts are acted upon by microbes

to irnfluence their degradation., For example, aspirin
is easily affected to yicld irritant salicylic acid,
uross microbial contaminotion of emulzions have led
in some instances to phase separation (Hugo and
Ruscel 198p), f-ncid smell and objectionable tastes
of some products nre often due to microbial

contamination,

On2 of the greatest hazaras of microbial
contarination is in the cose of potable watery
Sometimes, the growth of micro-organism lead not only
to a chaage in wolcr quality but to biodeterioration
of the material c.oncermed, Ten year inspection of
two underground scrvice roserviors constructed in

19€1 revealed thal the polyurethane joincing material

1]
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has.been colonized and paftially destroyed by fungi
to such an extent that some leakages has occurred
(Burman and Colbourne, 1977)., Of all the plumbing
materials, plasticized polyvinyl chloride has been
part_cularly susceptible to microbial attack,

leading to potable water quality deterioration,

OBJECTIVE AND 3COPE OF #FIu. INVESTIGATION

i

This investigation is undertaken to rmoniter
the microbial contamination levels from the raw
materials, through variocus stages of tablet
production, using folic acid under different
productior cnviroument and employing differen! tablet
tredult’ on methods. Al the end, the quantitative
coniribution of each factor and the collective.
contribution of the factors mentioned ahove among
others, to the final microbial contaminaticn levels
of che tablets will be obtained. It is expected
that the result of this investigation would provide
a basis ¥ar recommending some remedial steps te

local manufacturcrs,
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Compressed taolots are solid dcesage forms

prepased by compaction of z formulation containing

the drug(s) and certain excipients selected to aid

the processing and improve the properties of the

product. The term 'Comprossed tablet' nisually refers

to a plain, uncoated tablet for oral ingestion

prevared by a sin;lc compression, Tablets are the

most widely used of all pharmaceitical oral dosage

forms

(1)
(is)
(1ii)
(iv)
(v)

for the following main reasonsge

Convelience oi administratien,

Stability over cxtended period of time,

ease of administration,

Cheapness with rezards to manufactuie, onc
high degree of =ccuracy in delivery of its
interded doze, Tablets come in different Zorms
os shapes to fulfil different functicas. The
variety includcs buccal, chewable,
effervescent, layer, film conat:d and sugar

ceated tablcis,
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TABLET PRODUCTION T A “AHLET PRESS

Tablet formul.' o¢.:. desipn may be descrited ~s
the process whereby the formulator insures that the
correzt amount of urupg in the right form is
delivered at or over the proper time at thz proper
rate and in the desired location, while having its
chemical integrity protccted to that point., Teblets
are made by compression of a solid formulation
containing a drug or drugs and excipients on a tablet

presse

The tablet press consist of a set eof die and
an upper and lower punches with facilities for a
hepper which provides for holding and feeding the
grarmletion, a feeding mechanism for €eeding the
granulatien to thc die-cavity, provision for
placement ef punchcs =and dies, and cam tracks for
guiding the movement of punches. Tablev presses are
of twa types = the sinilc station press and tae
multistativn rotuary prees, Each tablet press
depending on its design can produce at rates ranging

from a few numbers to few thousand tablets per minutes,

The first stage in the compression process is the
filling cycle durin; which the lower punch is lowered

to a preset point to form a cavity in the die to
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provide a volume corrcsbonding to the correct fill
weight for the tablot, The¢ fred shoe is then puiied
out of the way, and ihe uppir punch descends inte
the die=cavity to compress the tablet, Next, the
lower punch is raiscd level with the surface of the

die teble so that tnc fecedshoe can eject the tahlet

as it comes over the die for anotker fill cycle,

7
7,

FEED SEOE OVER DIE

EJ%CTION

COIIPRESSICN

FIG, 2¢1: ©Schematic diagram of
the Compression Process in
a Single-Punch Tablet-Press,

#Adapted from 'Pharmaceuiical Desage
iforms: Tablets,Volume 1, 1980, Ed.
e Ae Lieberman & Lachman pz. 11J
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The granules fcr filling into the die=-cavity

must satisfy thrce sain reguirementss-

(1) Good flow propertics for precise volumetris

feeding ot the mnterial to the die=cavity;

(ii) Compressibility to form the compact; and
(1ii) Adequate lubricant properties for ejectiun
of the tablet,

Because most of or nll of the active ingredients
for one reason or the other lack the above properties,
excipients which will impact such lacking prcperties

are added,

TABLET EXCIPIENTS

A tablet formulation contains a number of
excipients beside thc sctive ingredients, Each
excipient is selectud to mect or satisfy the needs of
processibility and orocuct use. The commonly used
excipients include fillers, binders, glidauts,
lubricants and disintegrants, and in some cases

flavours, sweetner's :snd colours.
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FILLERS

Fillers or diluents are used to increage the
bulk of the tablet to give adequate size fo% a
formulation to be comprossed inte tablets., Fillers
alse improve the flow and binding properties of the
formulation., It is essential that diluents!be inert
and stable., Among the insocluble fillers are €alcium
Sulfate, Dicalecium phosphate, Calcium Carbonate,
Starch, Microcrystalline celiﬁlose and modi%ied
Starnhes. The s0luble Tillers include laetose, sucrose,
Mannitel and sorbitel.. The cheice of a3 diluent
depends on the désirsd property ef the pr06$ced tableé

and the inherent preoperty of the activs imgredients,

BINDERS

Binders are those substances that are

incorporated into Formulations te increase the 
hardness of the resulting compact. They control te
a great extent, the granulation particle size,
uniformity, adequate hardness, ease of compjession

and the tablet general quality. Binders are either
sugars, or natural gums of polymeric_substanjes. They
include pelyvinyl alcohols, gelatin, tragacanth, agar,
acacia, ethylcellulose, methylcellulose, \

polyvinylpyrrolidine, starches and polyacrylamides,

¥ * SR Y
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They are used in concenbration ranges of
2 - 10 % w/w as aqueous prstes or aqueous

solutions. - o ¥

LUBRICANTS

These are incluried in the formulation to ease
tablet ejection from the die, to prevent sgticking of
the tablets to thie punches and alce to reduce ioel
wears and tears cspecinlly of the dies and punches.
The particle size, tha type and thz stage of
production at which it is incorporated, arc¢-very
critical to the perfornance of its function.

Lubricants coat the tablet granules. A general

approach is to add the lubricant to the dry granulation

Just before compression. Lubricants may be
hydrophohic, for example, uvils and fats which are the
most widely used, or soluble for exanple, those for
Effervescent tablots. Lubricants are added at «
concentration range of 0,5 ~ 5 % w/w znd they include
sfééric acld, Magnesium Stearate, Zinc stearate,
Calcium Stearate, Polyethylene glyeol, Sedium
benzoate, Sterotex, sodium lauryl sulphate, light
Mineral oil, hydrogenated vegoetable oils and

Polyexyethylene monostonrate,
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DISINTEGRANTS

Disintegrants -r¢ scded to tablets to cause the

break-up »f tablots intc individunl granules when

placed in an aquevus onvironment., A disintegrant
can further causcs vivnk-up of the granules inte
powcer particles from which tne zranulation was

prepared. Disinte;rants sre¢ either added externally
in which case, it is addcd to the dry granules just
prior to compression c¢i internally, in vhich case, it
is added before wet-mixing, Some fo.,mulators use a
combination approacl:s The disinuegrating property

in most cases is due to its ability sn contact with
wa.er to swell, hyd..Lc, change in volume or position
or react chemically to cpuse disruptive changes within
tne tablet matrix, Commonly used disintegrantsare
Starch, Microcrystalline Cellulose, Veegum, Bentonite,
Alginic acid, Kaolin, Explotab and zcid=brse

comvinaticns in cuncontrations of 5 = 20 % w/w.
GLIDANTS

Glidants arc thosce substances that are added to
cohesive powders arnd granulations to reduce their
interparticulat: friction, They therefore improve flow
from the hopper into the dic-cavities, hence ensuring

proper and uniform fill of the die, JIn gener:l,
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hydrophillic glidunts ore more effective on
hydrophillic powd.: ¢ thon on hydrophobic powders

and vice=versa for hydrophobic glidants, For any
particular systen, thuere is usually an optimum
concentration avuve which ithe glidants may start to
act as antiglidancs, 1his optimum, among other things
depend on the ppistur: level in the sample, Some

of the glidants in usc are Starch, talc, the
Stearates, Magnesium oxide, Magnesium carbonate,
calcium sillicate ! silica aerognls at concentration
ranges of 0,2 - 10 % w/w depending on each glidant
selected, The sillicn type glidants are the most
effectave. The effectiveness of glidants can be
evaluated either using the angle of repose or timing
the time it takes » mensurcd quantity of sample to

pass through an orific. of known diamcter,
COLOz

Colours, in alditioun Lo nethestic value help to
distingvish one product from another during product

manufacture, Besidcs, it help, the patient to

-identify particular medicaments. A sclection is mace

from the list certificd by the Food and Drug
Administration (FDA). Colouring agents can be added
during the wet mix or incorporated through a specially

designed spray drier.
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(¢) Preparation of binucr solution.

(d) Mixing of »indor solution with powder mixture
to form a wet ansg,

(e) Coarse screcning oi wet mass using 6 - 12 mesh

size screens.

(£f) Drying of moist granules,

(g) Uereening of the dry granules through 14 - 20
mesh screen,

(h) Mixing of screened granules with lubricants
and disintesrants.

(i) Tablet comprcssion,

These various steps involved in the wet
grenulaticn process aove significant effects on the
tabletting propoertics o/ the resulting granulations,

W2t granulation mcthod hns 2 number ol advantages.

(1) The cohesivencss ond compressibility of powders
is improved leading to application of lower
pressures for comnpression, thus resulting in

improvement in tocling life and machine wear,

(ii) It is the rccommended method of granulation for
high dose drugs having poor flow or
compressibility properties since through it, both

properties arc adequately improved.
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(iii) It provides iood distribution of colour
additives nd uniform content for soluble low
dosage drugs as Lheseé can be added in the

binder solutiovn hefore incorporaticn,

(iv) It prevents segregation of components of a
o homogenous powd .1 olx during processing,

transferring and handling,.

(v) Tt improves the dissolution rate of
hyd—rophobic drugs if propur choice of solveut

and binder is mnode,
. i |

Wet granulation, huiwever, has its drawback and
limitations. The gzreatestof its drawbacks is its
cost. It is expensive in terms of labowr, time,
equipment, energy and space requirements, The use
of scoluble dyes in wei granulation can be a
disadvantage as it often couses migration of the dyes

.during the drying cycle. Another inherert limitation
of wet granulation is that any incoompatibility
between formulatiuvn components will be aggravated by.
the granulating_solvent which brings them Intu close

contact,
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DIRECT COMPRESSION METHOD

...........

Dircet comprussicr uvsually involves relatively
simple steps of blending and compression, It offers
increased product stability, reduces ccst, has fewer
operations, fewer picces of equipment, fewer labour
force and much shoirtcer time (from days to few hours)
to do the required work nd in most cases with Letter
products., For instance, time for preparation is
reduced to a point whire finished tablets can be
produced in the laboratory iy 15 - 20 minutes. The
elimination of heat and moisture in direct compression
is also a great advantage since the hazards
ass>ciated with them cen not arise., Also, fewer
chemical stability problems are enccountered with the
direct compression process. During the quality
control, since only onc substance is examincd
(rather than one mnde of many componerts), many nf the
difficulties which may bi associated with improper
or inadequate blending of various addiiives are
obviated, Changes in diss Zution profiles are less
likely to occur in tablcts made by direct compression

than in wet graaulation mcthod,

In mast cascs of dircet compression, the original
drug is compresscd without change (chemical or
physical), so that during the subsequent

interparticulate breake-up, the basic drug particles
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(v) High capacity, ithat is, the amount of the active
ingredient it ¢ c rry and still be

compressible,

(vi) The bulk density is critical as there is no

densificativn strge in direct compression,

(vii) Beside the above properties, it should be
tasteless, colourless, inexpensive, good mcuth
feel, good hardniss=pressure profile, accept
colour uniformly and have particle size range

equivalent to wost active ingredients,

There is no vehicle that mects all the abov»
requirements, the choice of one or a mixture of some
solely depeids on thc formulator, the characteristic
of'thp active ingrcdients nnd the use to which the
resulting tablet is to be directed. The two most
critical consideraticns for the choice of a vehicle
for direct compression are the fluidivy and
comrressibility, Tlic direct compression vehicles
most commonly usc¢d are:=- OSpray-dried lactose,
Emdex, Emcdmpress (unmillc i dicalcium phosphate),
Fast=Flo lactose, Anhydrous Lactose, Sta-Rx 1500
Starch, DT-Pac, Nu = T=b nnd Microcrystalline Cellulose
FPH 101 and PH 102,
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Other necessary excipients in direct
compression are lubricants and glidants, Colours

may be added if necessary,

The direct coumpressicn process involves

basically three steps:-

(1) Milling of the drugs and excipients
(1ii) Mixing of all ingredients

(iii) Tablet compression,

Despite its -ppeal, the direct compression
procgss should not be considered zn easy ene, it has
its problems and drawbackse, It is not easily
api licable for tablet production of high dose drugs
which have inherent poor flujdify and compressibility,
since the quantity of fillers needed t.u be adced in
such a case is very limited, Proper blendi.g in
case of low=dose druys is another limftatior.,, and
related is the proper dispersal of coleurs in the
tablet matrix. The physico-chemical p.operties of
individual ingredisnts such as particle size,
fluidity and moisture are likely to be more critical
in tablets produced by direct compression than these

prepared from granulations,



Lk

F1G 2-2: Diagramatic representaticn of the methods ef Tablet

Milling of drugs = < o Mixing of
and excipients Pathway C . milled Powders
Pathway A
Mixing of
milled
powé[fs Pathway B
Compression
Preparation of Binder into slugs
sclutjon
Mixing of binder solution Mixiny of all milled
with Powder mixture powders L
Screening of
J/ slugs
Wet screening
Mixing with
lubricants and
disintegrant

N\

Drying =P t
5 Dry 5 MAXIing ——
screening ‘7with Tablet
lubricants
S5a Compression
Disintegrants

Pathway A - d#et Granulation method
Pathway B « Direct Compression me<*hod

Pathway C = Dry granulation methed.
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Dry granulation refers to the granulation of a
powder mixture by compression, without the use of
heat and moisture, Though it is tue least desirable
of the three methods of tablet production, it is
however the method of choice in the following

cases:—

(a) In moisture sensitive and or heat sensitive
materials which because of its inherent
properties and dose can not be tabletted by

direct compression,

(b) For anhydrous zoluble materials that tend te set

when wet,
Some of its disadvantages ares:-

(1) 1t requires a specialized heavy-duty press to
form slugs.

(i1) A Pressure-roll press such as the “hilsonator
can not be uced with jnsoluble drugs saince this

may retard dissolution rate,

(iii) It does not permit uniform colour distribution
as can be achicved with wet granulation wher: the

dye can be incorporated in the binder solution,
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(iv) The process tend to create wore dust than in
wet granulation, thereby increasing the

potential for cross contamination.
. - . _'.“;:“ _.

The dry granulation process entéiis the follewing
steps:= . T f h\‘
Milling of drugé and excipients_'
Mixing of milled powders .'
Compression into large, hsrd tablets, to make stugs,
Screening of slugs
Mixing with lubricants and disintegrants

Tablet Compressiocn,

The slugginghprocesé is the umost critical stage.
There are many factors which influence how well a
material may slug and subseqguently affect the

pruperties of the resgulting siugs, These aret-

(1) Compressibility or c¢ohesiveness of the matorial:

(1i) Compression ratio of the powder, which is exposed
as the ratio of the depth of die fill te slug

thickness,
{(iii) Density of the powders

(iv) Machine type - Single punch o1 rctary, and
Machine size;

(v) Punch and die sizes and clearance;



(vi)

(vii)

Kl

same

by
Slug thickness; and
Speed of compression and pressure used to

produce the slugs.

The excipients used in dry granulation are

as those usza in the other two processes,

However, the powder flow properties do net have to

be as good as in direct compression, so alss is the

compressibility since higher compaction pressurcs

are used.

LESIRABLE PROPURTIES COF £ GOOD TABLET .

Whichever metiod of manufactuare that is used,

the resuliing tabivts must have satisfactory properties

such as:- -°

(1)

(i1)

The tablet must be sufficiently strong and
resistant to abrassions during handlirgz such as
manufacture, packaging, transportation and uase.
This is determined by hardness test and

friability test,

The drug i7a thoe tablat must be bgoavailable which
is determincd by disintegraticen and dissclution

tests,
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(iii) The tablet must be uniform in weight and in the
drug content of individual tablets, This is
measured by tavblet weight variation and content

uniformity tests.

(iv) The tablet must be ¢legant in appearauce and
have the characteristic colour, shape and

other markings that identify the product.

(v) The tablet muzt retain all of ils functional

attributes such as drug stability and efficacy.

The properties of a tablet are affected by beth
the formulation and the method of manufacture, and
between these two factors, there is a high degree of
interrelationship, A suitable formulation is critical
to the manufacture of satisfactory tablets, but the
formulation must be designed according to the needs,
advantages and liuii: tion of the manufacturing method
and equipment us-i, B5ince tablet manufacture involves
the processing of powders, a high degrce of control
of the temperatur> and humidity of the work area is

necessary.
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31 PHYSICO=CHSMICAL i "VERTIES AND USKS OF

The knowledgce of the physicoe=chemical properties
of the active inpgredient in a preparation is important
as this forms one of the basis for the choice of

formulation and manufacturing procedure to employ.

Felic acid is a member of the vitamin B group,
present as free compound or in combiration with
several Lf+) = glutamic acid moie.tie€s, in peptide
linkages, in liver, me=t, spinach, yeast and green
leafy vegetables, It is a2lso produced synthetically,

It has the chemic=l structure given below:
ﬁi
H, N "// P
’ | \ ﬁE-J\\‘ E-—AI"H
o Ho-g-criz-c,ﬂz-ca({'-m
0 H

N=P=(2-Amine-4=hycroxypterid=-6=ylmethylamino)
benzoyleb (+)= glutamic acid, (:9H19N706 = 441 .4,

Felic acid occurs as an Irange-yelliw, tasteless,
almost odourless, microcrystalline pewder containing

5 = 8,5 % of water, It is insoluble 1a most erganic
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solvent and cold woter, sparingly soluble in boiling
water, soluble in ~lkoli and acidic solutions. It
is incompatible with oxidising and reducing agents,
and ions of heavy mctrls, Solutions of folic acid
are easily inactivalod by ultra-violet lignt. Folic
acid should be stored in zir-tight containers,

protected from lirht,

Folic acid is used in the treatment of nutritional
macrecytic anaemin, megaloblastic anaewia, anaemia of
pregnancy, in pellagra, spruce and perm:cious agaemia,

It is necessary for the normal production of red bloed
cells, including moturation of meraloblasts to
normoblasts.. It iz given on a daily dose of 5 - 20 mg
in megaloblastic onavmia - ssociated with ion deficiency,
and 200 = 500 ug daily in the prophylaxis of
megaloblastic anaemin of pregnancy. It is readily
absorwved from the grstreintestinal tract and well

tolerated,

REASONS FOR THE CIOICE OF FOLIC ACID IN THE

INVESTIGATION OF iICROBIAL CCNTAMINATION OF TABLETS

DURING MANUFACTURE

Commercial folic acid tablets are being produczed
by both wet granulation nnd direct compression,methods,
The quantity of Folic 2cid m each tablet iw very

small, hence neccssitating incorperation of vehicles
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and other tablel excipients before granules/pdwder
mixture can be compressed into tablets, The
passibility of incorporation of these excipients
enables one to study Ulheir effects on the overall

microbial contamination level of the final tablets.

Baeteria do not utilise already made iolic
acid in its biochemical reactions. They
synthesize their own internally within the
cytoplasm from folic acid precursors, Folic acid
beside, is not a nutrient for bacteria, and has no
antibacterial effect, These enumerated properties
prompted the choice of folic azid tablet, as the
prototype, in the investigation ef microbial

contamination ¢f *tablets during manufacturing.

MATERIALS AND SQUIFMENT

MATERTALS

Most of the raw materials used were obtained
from bulk packages in the Department of Industrial
Pharmacy and Quality Control and few others from
the Department of Pharmaceutics and Pharmaceutical
Microbiology, both of Ahmadu Bello University,
Zaria, Nigeria, The materials and their original

sources were as stated below,
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Dicalcium Phosohate Powder
. obtained irum A, Ce Christlieb (Nig.) Ltd.,
Lagos, Nigeria;
Folic acid powder Lot !lo 642651
F. Hoffmann-La *oche Co, Ltd, Basle, Switzerland;

Gelatin B.P. 1973,

Tennaxt Ltd, U.k,.;
Maize Starch (Powder) Lot No 70680
May and Baker Ltd, U.K.;
Microcrystalline Cellulose (Avicel) PH101, 512€ 5.,
Batch No 881, Fluka AG;
Lactose (Anhydrous) E.P,
- obtained from A, C, Christilied (Nig.) Ltd,
Lagos, Nigeriaj
Lactose (Hydrous) U.S.Ps Batch Ne 7259
Whey Products, U.K;
Pelyethylene ~lycol 6000, Prod. 29577
British Drug Houses Chemical Ltd, U.K;;
Talc (fine Powder), Art No 8070

E. Merch, Darmstadt, U.K.

EQUIPMENTS

Erweka Disintegration Apparatus G.M.B.H
Type Zi3 No 41728

Made in Western Germany

Erweka Granulator G.M.B.H,.

Type FG3, No 40536
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Erwel:a Tabletting Machine
K Type FKO, Single Station Punch

Made in Western Cermany

Gallenkamp Hot Oven Dox, size 3
Mettler Instruments AG, Switzerland
Mettier Loading Balance, Type P163
Mettler Instruments AG, Switeerland
Roche Friabilator, FErweka Type TA3R
Made in Western Germany
Manesty Granulator with Shaft
Manesty Machines Lid
Liwerpool, England
Manesty Tabl:t Press, 23 ~ Station rotary set
Manesty Machines Ltd
Liverpcol, England

Pregsier Vernier Callipers

Monsante Hardnoess Tester
Monsanto Ceo, St Lious, United States of
America

Mortar and Pestle

Manesty Drum Mixer,

Manesty Machines Ltd, Liveorpool, England.
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363 EXPELRIMENTAL

3.3,1  WET GRANULATION _METHOD

e mim———

Table 3.1 WET GRANULATION FETEOD WORKING FORMULA*

COMPOSITION ©+ QUANTITY
1« Folic acid . 245 kg )
. } Initial Powder
Maize Starch _ 5060 kg mix
2. Gelatin C 1.h kg Binder
solution
Distilled water 26.6 kg
3« Folic acid 2¢5 kg
Talc o 0.932 kg

Magnesium stearate  0.286 kg

#This is the working formula bLeing uced in
a local Pharmaceutical Manufacturing firm
1> Kadung State,

| The weighed amounf of Foiic acicd in Stage
I was mixed with the calculated weighed amount
of maize starcin powder in a Manesty Drum mixer
for twenty to thirty (20 - 30 minutes). This was
the approach for large batch size (abou* 500,000
to 1,000,000 tablets batch size). In the case of
small batch size of about five thousand tablets,

the mixing was done using the spa’ula technique,
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The gelatin binder solution was prepared as
follows:=- The weijhed nmount of gelatin powder
was hydrated for abosut 0 -+5 minutes., It was
then heated on hot plate until a homogenous
clear solution was oburined, Sufficient quantity
of hot water was added until the requ}red amount,
was obtained and it was allewed to cool to 35%

before being used,

The prepared binder solution in case of a
large batch size, was added to the initial powder
mix (in stage 1), in a Manesty Granulator,
granulated for about *© Minutes, In case of small
batch size, th Dhindcr solution was added in
portions to the powder mix and kneaded thoroughly,
using pestle in 2 mortar, granulation heing dune
at a constant speecd until a wet mass was obtained.
The wet mass was subjected to wet screening using
sieve mesh size of 1.25 mm in an Oscilliating
granulator (Erw kn Type FGS). The wet screening
granulations were dricd at 50°C for #t least one
hour., Another batch was similarly prepared tut dried

at the room temperature 28 - BOOC) overright,

The dried granules were then dry screened using
either a 1.0 mm or 0,8 mm mesh screens in an

oscillating granulator, The obtaired granules were
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then mixed with the remaining quantity of Folic
avid, the lubricsnts amd glidants (Talc and

magnesium stearate), in o drum mixer.

DIRECT COMPR&S51ICHN

In each formulation, the calculated amcunt of
each ingredient was weighed and mixed thoroughly
together in a drum mixer and taken to the Tablet

Press for comprcssion,

Table 3.2 DIRECT COMPRESSION WORKING FORMULA

COME OCITION FORMULATION
__________ 4 II III IV
Folic acid 500 g 500 g 500 ¢ 500¢g

Microcrystalline Cellulose 2.2 kg 3.5 kg 2.0 kg 2.5 kg
(Avicel PH 101)

Dicalcium Phosphate Powdcr - 2,0 kg - -
Anhydrous Lactose 340 kg - 1.2 kg -
Polyethylene glycol 6000 - - 2.0 kg -
Maize starch granules - - - 2.8 kg
Magnesium stearate 30 g €0 g 30 g 100 g
Talc 500 g - 30U g 100 g
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Jede3 TABLET COMPRESSION

Whichever method was used fer the preparation
of the granules (for compression), the compression
process was the same. The compression into tablets
were done on a pow:r driven single Punch
(eccentric) Tablet Press (Erweka Type Eku) using
a single set of 5.00 mm bevelled edge punches and
die, The ocompresslon presgure and dle-fIll settings
were held constant for cach batch peoductien,

3elt QUALITY CONTROL TESTS

Jelio THICKNESS TESTS

The thickness (in mm) of at least ten tablets
of each batch was determined using a Fressier Verinieyg,
Calliper. Three scts of readings were oBtained, The.
variztior. fron the uverage is an indication ef the
uniformity -or otherwise of the weights &f the tabletsgg

p}ovidod the same compircasional ferce was used
threugheut in a batch.

3.4,2  WEIGHT VARIATION TEST

The mean weirht of at least ten tablets were
taken and the weight of individual tablets also
determined using a Laboratory Mettler balance P163,

The percentage deviations from the meen weight were
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(sece table below).
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ailowable weight
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BP 1980

variations

WEIGHT VARIATIONS

I T S

No, of Average weights ol Tablets

% Deviations

Tablets in sample form
in
sanmple average weight
20 80 mg or less + 16 + 15
Greater than 80 m;, but less
than 250 mg + 75 + 12.5
250 mg or more # 5 + 10.0
No. of tablets in the sample
that may deviate by more than the
above percentage Not more None
than two
10 80 mg or less + 10 + 15
Greater than, 80 ug, but less
than 250 mg * Te5 + 12.5
250 mg or morc :.5.0 & 10,0
No. of tablets in the sample
that may deviate by mere than Not more None
the above percentage than one

A perfect menufacturing procedure would yield a

batch of tablets having

identical weights and medical

content; hencc inc determination of weight variation

gives an indication of the variation of tablet active

ingredients.




3.‘4.3

Seliok

3el4e5

59

FRIABILITY TE3T

For each formulation, ten tablets were weighed
and put in a Rocle rriagbilator, Operated at 25 rpm.
(rotations per minute) for four minutes. The loss
in weight (frinvility) is cxpressed as a percentage
of the original weight, For a four minute test,
the percentagc loss should not be greater than
0.8 % w/w while [or a 10 minute test, +the loss
should be in the range of 1 = 5 % w/w.

CRUSHING STRENGTII TEST

This is another parameter for the determination
of hardness test of tablets. The crushing strength
of ten tablets ol cacn formulation were d:termined
using a Monsanto linrdness Tester. The mean values
of these were recorded, There is no official limit
for the crushing strength of tablets but nevertheless,
they must be hard enoupgh to withstard handling without
breaking, chipping or crumbling but not so hard as

to prolong the disintepration tine,

DISINTEGRATION TEST

Taking six tablets at a time (B.P. method), the
disintegration times were determined on a Manesty

Disintegration Test Unit, (2ZT3, No. 41728). Distilled
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water thermostated =t 37° & 1°C was used as the
disintegration mcdium, Test was rcpeated to obtain

three sets of read.ing for each batch,  Ne disc

was used throughout,

The B.P. 1980 specified disintegration time
for uncoated and compression coated tablets is

within 1% minutes,

RESULTS

The results ’cr friability, disintegration
times, hardness (crusning strengtn) and thickness
are as shown in Table 3.4 and weight variation
percertages show: in Table 3.,5(a) and 3.5(b)
Tablets uf C, (see Tavtle 3,4) was produced by wet
granulation metnod hy a Pharmaceutical firm and was
therefore subjected to Quality Control tests, t% serve
as a standard for comparison for those produced by
the same experimeni.al procedure in this research work,
Tablets of 01 which were produced by direct
compression was used to serve as a standard for
those folic acid tabletls produced by same preoceduwe
in this research work, in the wet granulation,
tablets proiuced Ly dryving the wet granules at roem
temperature were more colour intense and have greéter
tendency te cap than those produced from granules dried
at 50°C. The percentage weight variations of all the '

tablets are within official limits,
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Peicentage wWelght veriations from

Weights of Tablets
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Average

) )
ﬁig- Average Welght = 56,05 mg Averagezweight = 59.8 mg
Ho. ... s

Weight % % Devi- .Wedi % % Deviation
(mg ) Weight ation {mg Weight from Average
from -
Average
1 59 -.f1§o.6o 0,60 60 100,33 0,33
2 59 100,60 0,60 60 100,33 0,33
3 58 ©98.89 1.1 61 102,01 2,01
4 58 98.89  1.11 60 |, 100,33 0,33
5 57 97419 2.81 58 96.99 3.01
6 59 100,60 0,60 €0 100,33 0,33
7 56 95.45 4,52 58 96.39 3.01
8 59 100,60 0,60 60 - 100,33 0,33
9 60 102.30 2,30 61 102,01 2.01
10 59 100,60 0,60 =9 98,66 1,34
11 59 100,60 0,860 62 103.68 3.68
12 59 100,60 0,60 58 %6.99 3,01
13 57, 97.19  2.81 60 100,33 0.33
14 59 100,60 0,60 G2 103.68 3.68
15 60 162,30 2,30 60 100.33  0.33
16 59 * 400,60 0,60 €1 02,01 2,01
17 61 104,81 4,01 61 102, 2,01
18 58 98.89 1,11 59 05,32 4,68
19 58 %8.89 1,11 60 100,33 0,33
20 59 100,60 0,60 60 100,33 0,33
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DISCUSSION

The two most impertant or commonly applied
methods of tablet mnatuufacturing, wet granulation and
direct compression methods, have been used in the

production of folic acid tablets.

The results depicted in table 3.4, shows twe

- important observatlious vis-a-viz effect of

temperature of drying wet granules, and the type ef

granulation employel. the first prominent observation

 indicates that tablets of wet granulation dried at

50%: (A2) have superior qualtty wich respect te the

- various quality r~ontrol tests especially with
_peference to hardness, friability and disin*egration

patterns, when compared to those produced from

gravules dried alt room tempcrature (A1). Tablets of
A1 beside having greater thickness, lower crushing
strength and very low disintegration,time, have
friability values greatcr than the officially accepted
limi% of 0.8 % w/w, Drying at room temperature
resulted in granules of higher moisture content
{(moisture content at room temperature is invariably
higher than at BGOC). Fees and Hearsey (1972) showed
that molsture exerts some additional effects (beside
its surface tension effect) which cause a reduction

in compact strength., The predeminant effect of
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moisture is to reduce the strencth o1 actual bonds
formed during compaction. On application of
compressional force, an appriciable hydrodynamic
pressure within the interstitial fluid will resist
compaction and prevenl irntimate contact hetween the
particles of the compressed material. This is
precbably the basis behind the higher values of
thickness of tablets produced by drying granulation
at room temperatinre, Invariab.y, where the compact
strength of tablets is low, the <lisintegration is very
fast since the interparticulate bond In such cases

is weak,
I . ' L

It is not quite clear why thé.tablets preduced
"from granules dried at room temperature is mere colour
intense than those prrduced from granules dried at
5C°C. 1Ir A1, the slow rate of drying enables the
sparingly soluble microcrystalline folic acid te
penetrate the particles of the filler the more, :Also,
the wettar surfaces of granules of A1 (because of its
higher mcisture content) allows it to affix more of

the cecond portion of folic acid which was added before

compression.

4
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The type of granulafion employed greatly affects
the quality of the resulting tablet. Tablets produced
by.direct compression showed good qualities such as
low friability, relatively higher hardness values
and good disintegration pattern except formulation
B ITI, The reglative high friability value of
formulation B IIT ig due to the plastic t.ature of one
of its compunent - polyethylene glycol, It is this |
polyethylene glycol, because of its hydropaobic rature
that is responsible for the high disintegration time
{20 minutes), In direct compression, there is ne
wetting stage involveu. Some uf the vehicles like
Avicel, Dlcalcium phosphate and Lactose have inherent
property of absorbing mcisture from the atmesphere,

The little amount of water they contain and »r tﬁat
absorbed is adequate i most cases to act as a lubricant
by reducing interparticulate rfriction which had to

be overcome before o compact can be made. The lower
disintegration in direct compression table's (2 minutes
compared to 5 minutes for A2) is due to the fact that

in direct compression, during disintegration, the
ingredients breagk=-up dircctly into its individunl
particles whereas the preakeup in wet granulation
tablets is first into granules and later inte individual

A

particles,

Cr
4
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One of the major probvlems corfronting direct
compression is its flowabiity,. In *his work, forced
feeding of the dic¢ cavity had to be resorted to
because of poor'flow from the hopper tc the aie,
Overecming this great drawback, tablet production will
be more economically produced and resulting tablets

are assured of better quality,

The tablets producedby the tw¢ methods of tablet
ﬁanuiacturing compared very favourably with the
commer cial folic acid tablets as judged on tihe B.P,
Quality Centr¢l tests, Therefore, observations on
microbial coantamination durirg various stages could
be taken as gen:rally typical of occurences during

tavlel productiorn,



69

CHAPIER _FOUR

DETERMINATION OF MTCRCUIAL CONTALINATION OF RAV
MATERIALS OF FOLIC ACLI: TABLETS

UENERAL METHOODS

Microbial limit tests are used for the estimation
of the number of viable aerobic bacteria and fungi
present, and to ensure the absence of some
derignated micrcbial pathogens from Phormaceutical
prcducts. In routine tests, four organisms:

Ps. aeruginosa, Staph. aureus, E. coli and

Salmonella species are the objeects of focus,

41,0 METHODS OF DETLIIION OF MICROBIAL CONTAMINANTS

The methodology should take into account the

properties of the product to he examined.
For example:-

(a) The solubility of the product and the nature
of the components, The sample can be diluted,
dissolved, suspended or emulsified as the case
may be, in a2 suitable sterile liquid,
Polysorbat: 20 or €. can be used for

emulsification,

(b) The presence of any antimicrobial properties;

which, can be eliminatedeither by dilution,
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In the first stage, the sample fo'ﬁeltested
is suspended anc diluted in nutrient broth, and
later incubated. liutrient broth serves as @
Fenergl purpose medivm and a non-toxic diluent,
Growth from the nutrient broth is sub-cultured
(about 1 ml) into a selective liguid m:dium, te
selectively cultiveates the desired species. Typical
examples »f such medis include Salt meat media for

Staph. aureus, Selenite and tetratnionate troth for

Salmenells species,

The growth obitained from aboﬁe ére sub~cultured
into differential media, which are usually both
selective and disgnostics They are not only designed
to allow for growth of specific type(s) of organisms,
but in addition comtain indicator substances which
are affected by the growth of particular 6rganisms
to produce characteristic reactions., For example,
indicators of acid and gas production, usually with
a change of colour, Exnmples of these type of media
include: MacConkey Agar, ~ .. . Mannitol Salt

Agar, Trip le Sugar Iron Agar, V.gGI Johnson Agars

[

among many othcers, i
From the diagguostic medis, colonial
characteristics, cell morphology and biochemical tests

are performed as shown in Table4,?1, The tests can only
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give presumptive identifications while complete

identification reqguire more considergble informations,

Table 4,71: CHARACTERISTICS OF THE COMMONL! DETECTED

CONTAMINANTS |
Organisms Selective Differential v Plochemical
media media tests
Staphe aureus Salt meat Vogel Johnson Agar, Gram ctain
. mecia Mannitol Salt Agar, coagulase
Baird Parker Agar  phosphatase

Bl Ay e _— -

Sugar fermen-
tation, gluccse,
lactos=e sucrose,
dulcitol
Mannitol.

Gram stain

Salmonella, Selenite and Xylose lysine
TTTTSDp tetrathion- deoXy~cholate
. _ ate broth (xI.D), Deoxychol-
_‘ . ate citrate Agar
! Bismuth su.fite
]’ Agar
E, 22&; Minerals MacConkey Agar,
. . modified Eorin Methylene
P giutamate  blue Agar

Indole (44°C),
MRVP citrate,
lactoese
ricinoleate
broth (&447°7)
Gram s*ain

L o L

- Ps. acruginosa Lilly-Lowbery Cetrimide (0.03 %)
L broth Agare
(containing
nalidixic
acid)

e

[ P T R )

Oxidage
Diffusible
piguent
rreduction,
growth at LE C

Gram stnin.

TESTS FOR STAPHYLOCQCCUS AUREUS

bai 1

A 10 % homogenate of the sample is made, 10 ml
of the heomogenate is inoculzted into 90 ml of

Casein-soyabean dizest medium or nutrient broth. If

.
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there is growth after incubation for 24 - 48 hours
at 3700, streak: nre made from the medium onto

Agar surfaces of either Vozel Johnson, Balird-Parker,
or Mainitol Salt medium, 'This is then incubated

at 37°C for 2 - 5 doys, after which tke resulting
colonies are compared in their charactceristic
appearance to those shown in Table 4,2, If there is
any correspondencc, some biochemical tests are
car~ied out to further ascertain proesencze of

Staph. aureus, It is however preferable to carry out
a cortrol test al the same time with 2 Stardard

Staph. aureus cells, subjected to *he same treatment

as with the test sample,

Table 4.2 MORPHOLUG)CAL Ai.D BIOCHEMICAL CHARACTERISTICS
OF Staph, aurcus ON DIAGNOSYIC/SELECTIVE MEDIA

.- e ow e .- -

Differential Vogel=diohhson Mannitol Baird-Parker

medium Agar Salt Agar Agar
Characteristic Black surrounded Yellow Black shinning
colonial by yellow zones, colonies colonies
morphology with surrounded by
yellow clear zones
zones. (2 = 5 mm).
Cram stain Gr +ve +ve Cocci +ve Cocci

Cocci in clusters in clusters in clusters

—— Lo T SR -

Coagulase test +ve +ve +ve

e — - e e — —

Fuoupi.ctase test +ve +ve +ve
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It is knowa that some species ot bacterla are

however able to srow on some of these media e.g.

Bacillus and 3Staph. epidermidis. It is therciore

important that lue coagulase ~nd phospaatase cests
are done which sre both negative for

Staph. epidermidis,

The coagulase test which is commonly done
routinely is carried out as follows:= With a loop,
culcures from the selective media are tiranslerred to
tubes containing 0,5 ml of rabbit or horse plasma,
with or without suitable additives and kepl in a
water bath reguloted ot 3700 Jor =z period of 24 hours,
The tubeélare exnmined at 3 hourly intervals for
coagulation. Awscence of coagulation indicates
aoserce >f Staph. aureus hence the sample can be
coﬁéidered to pass the test. For a sufcesaful
coagulase test, il is necersary that an 18 - 24 hours
culture of the crganisi is used, This is done by
sub=culturing firoum the differential media into
nutrient broth, -tiaewn incubated at 37°C for

18 = 24 hours bef .r. performing the test,

TEST FOR_PSFUDOHOUNAS AERUGINOSA

A 10 m of the Lomogenate is inoculated inta
Lilly Lowbury broth, where this is available or into

either Ceseln~goyabean digest broth or nmutrient broth
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and incubated at 37°C for 24 — 48 hours. From this,
streaking is done on egtrimide agar

(0,03 %) and incubated at 37°C for 2 - 3 days.
The presence of well developed -olonies of gram
‘negative bacilli with an intense greenish diffusible
zones around the colonies is a conclusive evidence
of the presence of Ps. seruginosa. Developuent of
weak pigment nr none indicates the need tor a

confirmatury test,

From the cetrimide agar surfaces; cultures are
tpgnsferrgd to surfaces of otnerﬁééér
média i o for detection of pyeeyanin and
flourescin, iﬁcabating tor thrée days at 37°0., Results
confirming to those in Tabled,3,and also if it tallles
with tnat of contrel, glves a presumptive indication

for the presence ol Pg. perugincsa,

[

Fer confirmation, oxidase test is done. This
involves the trausfer of cultures of the suspected
organism onto a strip of filter paper which had been
previously treated with N, '=-dimethyl-p-phenylene
diamine dihydrochloride, Failurc ef the develdpment

of pink coluur within seconds which changes to purple,

shows the gbsence of Pg. aeruginesa.
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MORPHOLOGLCAL ArD BIOCHEMICAL CHARACTERISTICS

FOR Pg aeriicinoss Cil DIAGNOSTIC AGAR MEDIA

. —

Cetrimidoe .Q: acrugirosa
Agar Ao medlium
for detection

of flourcscin

Media

P3 aeruginosa

Agar medium for
detection of
pyncyanin

- ks e om e

L

Characteristic Generally Gencrally Greenish yellow
colonial greenish colourless to yellow.
morphology to yellowish
- . & e —r- 8 W o A A asEe

louresce Greenish Yellowish Blue

Ve light
Oxidase testi +ve +ve +ve

B o e -w e o w o o ow

Gram Stain gr =ve rods gr =ve rods

gr =ve rods

e e s— - - - - -

Growth at 42°C Lye +ve

+ve

[ T R R

It is known that pigment production Ly

Pseudomonas 1s very variable and depends markedly on

environmental conditions,

pyocysnin (blue=-green, diffusible)

The two main pigments are

and flourescin

‘Diffusible, grecu under U,V,), but there are some

strairg thet produce brown pigment and some melanin,

Further, up to 10 perccnt of strains may be non=-pigment,

Early examination of

characteristic pipgments may be masked,.

ultures is essential or the

Vell isnlated

colonies are essc¢ntial as pigment may diffuse and be

taken up Wy non-pi mentcd, aon-pseudomonads, thereby

giving a false improssion, Also,

addition of nalidixic

acid at a concentraiion of 15 ug/ml further ensures the
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Lo
growth of Pg aeruginosa only on cetrimide Agar medium,

- Addition of peptone and magnesium salts to the medium
is alsgo known to cnhances the produccion of \
flourescent pigments, which are characteristic t%

Ps.aeruginosa.

L4143 TESTS FOR ESCHERICHIA COLT S R I

i
A
Sl

H

A 10 % homogenate solution of the szmple iz made,
and incubated at 37°C for 24 = 48 hours. Ten milillitres
of thisg is inoculated into 100 ml of Macéonkey broth,
and inQubated at 37°C for 18 - 24 hours. One ]
millitre of the medium is subclltured into 5 ml gf
MacConkey broth and incubatcd at 44°C for 24 hours.

Yrom this medium, culturcs are plated out anto the

agar surfaces of MacConkey medium, incubated once again

at 37%C for 24 ~ 48 hours. Emergonce of red colonies,

non-mucoid, of gram negative bacilli and surroundegd

by a redaish precipitation zone, gives a presumption

of the presence of E, coli. Biochemical test such as

L Mackenzle tests or aXternatively, tests for methyl red
(MR), citrate, Indole ond Voges - Proskauer {(VP) are
performed, Control test should be carrieé out at same
timz, Simulation to the characteristics given 1in |

Tavle &.hyconfirms the prescnce of E. c:liJ

o - . S
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Additional cest thint can be perfermed

include: -

(1) Innoculation of @ tube of lactose

ricinole 1ie o

Table 4.4: MORPHOLOGICAL, Al RPIOCHEMICAL CHARACTERISTIC

-

AL
OF E, COLI O DIFFERENTIAL MEDIA

R e — ————————w % 0 4 & & sie ® .

Characteristic Biochemical Reactions
Mmedia coloni il
Morphoio:ity
MacConkey Brick=-red, waoy Indole -
Agar have surrounding MR +
zones of precipitnted Ve -
bile, Citrate -
LRNB (44°C)
24 hrs Gas
Grar Stain -Ve& COCCO=
pacilli

O S ————————————————. A W .%o w e .

-» broth (LRNB) with the su-~pected culture and
incubated at 447°c, Production of gas within 24 hours

indicate the prescice of E. colis

(ii1) Streaking irom suspected colonies to agar surfaces
of Levinc Busin-Mcthylene-Blue medium and
incubating nt 37°C for 18 - 24 hours., Upon
examination, if ccleuies exhibit a
characteristic metallic sheen under reflected
light and a blue-black appearance under
transmitted light, then E. coli presence is

confirmed,
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TESTS FOR SALMOMELLA SPECIES -

79

~

]

A 10 % homomunate ¢f the sample in nutrient

broth or fluid sova=bvan Cdsein digest medium is

incubated at 3[06 for 2 oays, 1 ml of the povtién

is transferred iato about 10 ml of either Seleni+e

cystine broth or fluic tetrathionate media

incubating at 37°C for 12 - 24 hours.

Streaks from

this medium are mnde onto agar surfaces qf Brilliant

Green, Bismuth sulfite or xylose lysine

deoxychclate medium, and incubated for 1 « 2 da?s at

37QC, Charactoristics of the resulting colonies are

compared to those shown in Table 4.0

A

Table £.5: MORPHOLOGICAT. AND BIOCHEMICAL CHARACTERISTICS OF

SALMONELLA SPECIES ON DIFFERENTIAL MEDIA

L ¥

P T R T

Bismuth
Medium s11fite

Agar
Charncteristic Black or
Colonial green
Morphology

[

CGram Stain
Sucrose
Lactose
Dulcitel
Glucose
Mammitel
Urca

Lot SR W

Cr =-ve bacilii

-
_ e _
AG EVnriable*)
AG (A)+
AG
-

W e p—

Xylose~lysine
Deoxycholate

Brilliant
Green Agar

Red with or
without
black centres

-t

Small,
transparent,
colourless

or pigk to
white,
onague,
Surrounded by
Pink

Gr =ve baccili
e R
—-ve '

AG fvariable)*

AG (A)*

Az :

-ve o

Gr -ve bacilli
 -yve
-ve
AG ?variable)*
AG (a)*
AG
-ve
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AG = Acid ond gos

A -~ Acid only

* result for Sol. tzphi

Characterigtic colonies are- inoculated into a
slant butt tube oo iripple sugar Iron Agar medium,
and also into urva broth, The formation of gas and
acid in the butt (typified by yellow colouratior.)
and the absernce ol acidity from the surface {shown
by red or no colour cheange) togetheyr with a
concomittant absence of red cclour in'ihg urea broth
indicates presence of Salmonella. If acid but no
gas 1s produced in the butt, further confirmatory

test hawe to be donc, Tywpical biochemical results

are as shown in Toiulesl.5 and 4.6 for wost SalmoneHe

species and 3al. typhi, Complete identification cou

on.y be based on i detailed sernlugical studies.

Table 4.6: TERFORMANCE OU SCHE UALMONLLLA SPECIES ON

TRIPPLE 3UGAR IRCw AGAR MEDLUM

R

PP AP P s

Organisms Butt Slope H,5
Salmonella typhosa A NC or ALK -
Snle paratyphi AG NC or ALK -
Sal, Schottmuelleri - AG NC or ALK ‘
Srle holeraesuls ' AG NC or ALK -
Sal, enteritidig : AG NC or ALK +
Sods typhimurium _ oAb NC or ALK +
A = Acia (yellcw
AG = Acid (vellow) =mnd gas formation
NC = No changs in colour
ALK = Alkaline (red)
+ = Hy8 (black)

né HyS (no black colour)
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...........

This test has now bucome official a”
recommerded by vhiw: committee of official
Laboratories wnd Oru; Control Services, and the
section of Industrial Fharmacists, FIP, 1975, which
limits the number of othor enterobacteria besides
E. coli and Salmonells spcocies in non-sterile
pharmaceutical _re¢parations. This t2st involves
inoculating decrcising curntities of the homogenate
(corresponding to 1.0, 01 2nd 0.01 gram) iuto
suitable quantitics of scvlcctive media such as
Entereobacteriace  mrichusent oroth (Mossel) and
incubating at 37 . (or 24 - 48 hours, From this,
cultures are st . « d opteagar sur faces of crystal
violet, neutral roco, bite Sotipns, with dextrose medium
and iacubated at 37°C for 18 = 24 hours. Growth ef
well=-developed colonics, penerally red or reddish,
of gram negative brcilli constitute a positive result,
The data In Tabl: {,7indicotes the acceptable level

provided that th: tcsts for E, coli and Saimoneclla

are negative,
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Table 4,7: ACCEPTABLE LIMITL O LYVILROBACTORIA IN NON-STERILE

PREPARATIONS
Hesults with quantites Interpretation
a0 23 0,19 g . M
+ + + Re jected
El + - Accepted
< - - Accepted
- - Acceptea
Lie145 METHODS OF ENUALIATICH C. VIABLE CRGANISMS

The most common mcthods of determining level of
microbial counts ~rc pi-ting metheds, membrane
filtration and Gt tube dilution techniques.

Norpally, platin;; methods ore preferred but other
techniques cn be ewploy d depending on the nature

of the product, :¢i filtcrsble liquid products,
membrane filtration is the method of choice especially
if microbial coninmin~tion level is lew. For similar
products tnat are watcer insoluble, the tube dilution

technigue is utilized,

(a) PLATING METHODS

Plating metheds pencerally inveolve placing a
known volum: of » suitable dilution of the sample

in or on 2 s0lid mediumand incubating, The resuttin
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colonies ar< iten counted, A dilution of the
sample that wculd yield betw-en 30 and 300
coloniss per piste is preferred, I1If the count
is low, a hi-h w~rgin of error may occur, High
numbers of colonu.s would lead ty overcrowding
of colonies, The more common plating methods

include the following:e
(1) Pour Plate Mcthod

This can be of o single agar layer or
double agar layer, In the single agar layer
m2thod, 1 ml of a suitable dilution of the
sample is ai“ed 1¢ » 20 ml me Lted nutrient agar
that has boon coolod to 45°C, gently mixed and
poured into < sterile plate, It is allewed to
set, cool:d and then incubated at inverted
position at 37°C fer 1 = 2 days. In case of fungi
and moulds, saobounr-wd dextrose agar is used in
place of Nutrient ngar, Some antibiotics such
as tetracyelinics, ciloramphenicol and
Penicillin C in cnlculnted amount can be .
wncorpormted in lhe media Lo prevent the growth
of bacteriu, Incubation is done nt 22 - 25°C

for five dayse.
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In the double opgar layer precedure,,i15 ml
of rutrient - »r is allowed to set on the
petri-digshcs, 1 ml of the solution of the
cample is thon mixcd with 7 mi of sufficiently
cooled (1o 45°C) nutrient agar and poured over
the first layer, ollowed to set and incubated
at 37°C for 1 - 2 days in an inverted position.
In pwoth cis:s, tric number of colonies growing
within and on th: surface of the agar layer
represents the numbcr of viatle cells in the

1 21 of the somple sclution used.

............

In this casc, o staadard dropping pipette
is used to drop five drops of the solution oi
tne samplc on the surface of an over-dried
nrtrient agor plate, The pipette tip is held
2 = 3 cm from the aper surface. The drops ars
allowed to dry, care token not to allow the
drops to run into crnch other. The plates are
inverted and incubated at 37°C for 1 - 2 days.
The number of colonies pepresent the number of
viable cells in the volume of § drops of the
sample solution. The volume of each drop should
have been proviously cnlculated, The surface
viable metnod weoy yicld nigher count tou damaged

cells,
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(1i1) Roll - Tube lwthod

(b)

In this method, plugged test tubes
containin; ~bout 2 ml nutrient agar are melted
and cooled v 45°C, With a standard dropping
pipette, 5 dreps oi the solution of the sample
are dropp2d (v the molten agar test tubes
directly in such a way that the drops fall
straight to tne bottom of the tube and do not run
down the sides of the tubes, The test tube 1is
then shaken slightly without 1ntfoducing air
bubbles and is rolled under a jet of cold water
from the tap so that a thin filr of solidified
agar uniformly covcrs the test tube, The test
tube is then inverted anu incubated at 37°C for
24 « 48 hours, The number of colonies is
recorded and it represents the amount of viable
c21lls ir the 5 drops of the samnle solution,
from which Ly extrapglation, the number present

in 1 ml or 1 FPm of sample can be ob*ained.

TUBE DJLUTIiON MET, ODS

These re bt-sed on the premise that counts
are distributed in ~ccordaice with the Poisson
Theory whicn prodicts that at any given level of
mean count, thcere is a known probability of

getting no org-nism in the sample 1s€e no growth
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is obtained wnen samile ig introduced into
broth and iucubated. All other samples will
have one or more orgainisms and so will show

growth on inoculaticn inte broth,

The techulques Iinvolve tﬁe preparation of
a series of dilutions and inoculating frem cach
dilution intn serveral tubes of nutrient broth,
After incubation, the pattern of sterile and
fertile tubes is recorded and the count
detvermined by reference to prepared tahles,
Tnis is the “Most Probable Number® MPN, Tube
dilution rz2trods are generally used when very
low courts particularly of swarmirg organisms
are expected or whicn the presence of insoluble
s7lids would interfere with other methods, The

errors involved here are hoaever large,

Tube Dilution Method (U,S.P.) 1980

In this welthods fourteen 28 x 150 mm
test tubes containing 9 ml of sterile nutrient
broth are used. ‘Twelve of the tubes are
arranged in four scts of three tubes each, One
set Of’three tubes is set agide to serves as
negative control to prove the sterility of the
medium, The other two tect cubes are labelled

as A and B respectively. 1 ml of the dilution
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of sample is pipetied into each of a second set of
three test=-tubes ¢ test tube A, The contents are
shakened thorouzhly to effect mixing, The set of
three tubes is labelled 1:10 dilution, From tube A,

1 ml is pipetted into another set of three test tubes
and as well into tube B, The contents are aggain

mixed, This new sct ofe three tubes ic labelled 1:100
dilution, From tubeﬂﬁ, 1 ml is again pipetted to the
last set of three test tubes, labelled 1: 1008 dilutions
and mixed., All *the four sets of three tubes

tegether wit1 tubes A and B are incubated at 37°C

fbr 48 hours. The number and patterm of tube showing
growth is recorded. and from prepared tables,
the probable nusber f cirgoniomE in the dilution ef

the sample used is calculzted (Table 4.8).
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Table 4:8 MOST PROBABLE HUMBLR (MULTIPLE} U.B.P.

Cbgerved Combinations of uo, of tubes shewing MR ¢f
growth in each set,. organisms
per gm/ml
. No ef mg or ml ol sample per litre
S (Lilutien :
i en s et e levels)
1:10 1:10C 1:1000
3} 3 5 1100
3 l "3 2 1100
3 3. 1 4€0
5 3 0 240
3 2 3 29C
3 2 ? 218
3 2 1 150
' |
3 2 0 »5
3 1 3 160
5 1 2 - 128
3 1 1 s
3 1 ] 43
3 . 0 3 95
3 v 2 64
3 0 1 39
3 0 ® 23

(ii) FiSHER AND YATES METHOD

This ia 2 mathematical approach gr |
calculatiap the most probable number of viable
organisms in a product. The precess &f dilution
series is samnc as emplayed for the U.S.7P. tube
dilution mnethou. . In this, the following notations

are glvenr:-

o
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e ———

S = number of dilution levels

dilution fTactor

bt}
]

numbar of tubes at egeach dilution level.

o
]

The most accurate eztimate of the number of
viable bacteria per tube at any given level 1is
cbhbtained by uolving the equation ef maximum =~ .~ ..
likelihoed, By statistical data, 87 .7 % of —he
information is contained in the tetal number X of
fertile or Y of sterile tubes counted without regard
to level., If X is the number of organisms rer tule
at the highest concentration, the value ¢f X for
which the expec™ i number of sterile tubes is egual

to the ebserved nuaber is given by theiquestion belows:

[P

......e

\*;.i' 2 5=/
' Y = n(e'} + e")"? +e*)t/a+ "X/o )

:-g The solution is easily obtained for a 1e-fold

dilution from Fisher and Yates table, All that is

reguired to be done is to calculate the mean fertile

<
level, x =7 ano the nean sterile level

7
¥y = 8 =X = ;;‘ and to find the tabular valce K

- corregponding to the ohserved x ¢r y for the

appropriate numbcr of levels, Then

log X = » log a - kK, \

Fer an accurate determination of X, meore dilution

levels then are used in the U.S.P. methud is necessary,
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A knowi: volune of sample sclutien-is
passed throurh & sterile bacteria proef
membrane filter, The membrane containing the
cells is ~se-tically transferred to freshly
prepared nutrient zgar plate or a sterile filter
paper pad soned in nutrient broth. After
incubation at 37°C for 24 - 48 heurs, the
resulting colonizs are counted. The numbcr of
colonies should not be more than 200 per membrane.
This number represents the sample filtered,
Usually, a membrzane filter of pere size of
0.45 u is made use of, This method is very
suitable for relatively large volumes of solution
containing swall numbers cf bacteria. Fer yeast
and mculd counts, the same proceuure should be
followed and the membrane tilter plated on.a

tungal medium conisining antibiotics.

Among the three major methods for the
enumeration of bacteria in a sample, the plate
method is tne best because it permits a precise
count within a large range of concentrations,
Filteration unethod is least suitatle hécause opnly 20«5
colsnies arc allowed per membrane wnile the
srecision ol Most Probable Nurber (MPM) is very
poor, Differences in the iatter bPetween workers

can be statistically highly significant.
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442,0 MATERIALS

The raw materials used were same in source
and quality as describec in Chapter Three, Page
51 = 52

CULTURE MEDIA

Nutrient broth, Mutrient Agar, Sabouraud
Dextrose Agar, Cetriwide Agar, Mannitol Salt Agar,
Bismuth Sulphite .A;ar, MacConkey Agar and iripple
Sugar Iron Agar, They were all dehydrated oxoid

Products produced vy Oxoid Ltd, Loncdon

4,3,0 EXPENIMENTAL

43,1 Prepacvai.on of :lomogen.te Solution

Nutrient oroth was used throughoui as the
ailution medium. 10 §@ of the raw material was
weighed into stcrile swall beakers, and later
transferred aseolically Lo the 30 ml nutrfent broth
in the conical fiasks, The contents were uniformity
mixed either by s'ight apitation or by shaking
vigceronsly for . unute or tw? d2pending on the
solubility of the raw materia,. Such substances
like lactose a’ mziuc starch were readily soluble
at the 10 % w/v wwo enate solution,

Others like talc, &vicel, Folic acid and Dicalcium
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phosphate were =asily dispersed in suspension ferms,
However, for maznesium Stearate powder, 2 % v/v
Polysorbate 80 {Twecn 30; was added to the nutrient
broth, before it could be uaiformly diépersed. For
gelatin granules, a lower percentage of 2-5%Y, Wy of the

homogenate solution was made as a 10 % w/v one

.easily gelled on standing. A preliminary

investigation was also carried out, especially to
ensure that appropriate dilution levels were used
which would give a desireble microbial level range

that can easily e counted,

Pour Plate (Viable .Counting) Mcthod

The prepared sterile Nutrient Agar and
Sabouraud Dextrose Agar were melted in a water-bath
at 98° - 100%¢, Usgsing sterile pipettes, 1 ml of the
prepared homogenatle solution were drawn into sterile
plates, The melted ggar was allewed to coel to 45°C
and slightly below, poured on the plate containing
1 ml of the homozenate solution. Replacipg the cover
of the plate, the content were mixed uniformly by
tilting gently and rotating the plate, After, the
content was allowed to solidify and set. Ten plates
were used for eacihh dilution, at each time, in case
of Nutrient Agar while three plates, in case of

sabouraud Dextrose Agar., The whole process was
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carried out under the Laminar Air Flow Cabinet. The
set plates were then incubated in the inverted
position at the avproprinte temperature and time
conditions = nutrient agar plates at 370 + 2°C for
24 = 48 hours and the Sabouraud Dextrose Agar plates
at 22° - 25°C for 2 - 3 days. The number of colonies
were counted using a Gallenkamp Colony Counter,
and the total number present per gram ef the raw
material was determined, In cases where the
homogenate sclutions had suspended particles, for
example, Avicel, the suspension was allowed to settie
and purtions from the supernatant layer were used

an

for the analysis, B

FLVNELIP oF

The common contaminants were examined based oun
their colonial morphology with simple staining and

Gram stain,

Lxsmination For Selective Organisms

Since nutrient broth was used in preparing the
homogenate sgolution, it acted as a pre-enrichment
medium, Abvut 10 ml of the homogenate solutions were
transferred to sterile test-tubes and incubated at
37°9C for 24 - 48 hours, to allow fer sufficient growth.

Subsequently, cultures from this were streaked (plated)
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on appropirate denydration agar. Cultures were taken
from the 48 hours ivceiib-ied homogenate solution and
streaked on thc agar ~urfrces of the differential/

diagnostic medin,

From standard cultures of Staph. aureus

.........

and Ps. geruziivs:. (NCIC 10662), streaks were made on
appropriate diagnostic agars such as Mannitol Salt,

Bismuth Salphite, WMacConkey and Cetrimide Agars,

.They (Standard Organisms) served as controls, Both

test and control plates were incubated at 37°%¢

for 18 « 24 hours, The colonial morphology of the
test and Control plates were compared. Where

there were similaritics, microscopical examinations
were done and where necessary, other differential
media and or biochemical test were employed,

(see Tables 4.2, 443, 4.4, 4,5 and 4,6).

RESULTS

The raw materials were tested for their level
of contamination and typcs of contaminants. The
result for the number of organisms are shown in

Table 4 09 .

The various types of contaminants were
differentiated bascd on their morphological
characters, and gram stain results. Tests showed the

absence of the desimated specific pathogens
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Bs. aeruginosa, >tapb. gureus, E. colj and

Salmonella specics, The different bacterial

.....

contaminants ar: as stnown in Table 4,10,

Table 4:9  MICROBIAL LAVELS 1% THE RAW MATERIALS

R S s & e s wa ® s s s

Raw materials Bacterial Counts Fungal Count

“cfu per gram Cfu PET gram

——— - T

Folic Acid 5 3
Microcrystalline 5 2
Cecllulcse PH 101
(Avicel)
Dicalcium phosphate 5 6
APowder)
Magncsium Stearate 35 b
Lactose USP 60 1
Starch Granules 391 17
maize Starch 4L20
Talc 230 5
Celatin 1200 0
Polyethylene glycol

6000 (Powdered) 10 20

#Cfu = Colony forming Units
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in Raw Material: #or Zolic Acid Tahlets

. LI TR R I T

Substance

Celanial Horphology

—

N

L]

IFolic
Acid
Powder

Pathogens

Microscopical
Identified

characters

A W R meLkem e

1e Light yvellowilsh
circular, flat,
entire, Opaque,
Smooth cnd
shinning <elony
having a halo
around it,

Qff-whitc, flat,
dpague, circular,
slightly zZranuler,
ragially striated
and crenated
edged culony,

Orange, circular,
flat, transiuent,
lobate edped,
smooth ~nd
shining colony
with wide halo,

Gr +ve bacilli,
in long chains

0-5 u X 3.01.1

Gr +ve coccl,
in chains
and olusters.

(0.7 - 0,8 u)2

None

Gr -ve rods,
singly and
diplobacillus,

0.4 ux OB -
1.0 1

Be Magn.-
sium

Stearate

—

Light yollow,
circular, raised,
entire, opocue
and shinning
colony,

Red, circular,
raised, lobate,
Opaque, dull and
striated colony.

White to dirty
white, irregular,
flat, Opevue,
crenat=d, and
smooth colony.

White, spreading,
flat, Opague,
crenated,

smooth and
shinniag cclony,

Gr +ve cocecl in
chains and ¢lusters.

O ux 0,4 1

Gr +ve cocci,
mestly single,

0.6 u x 0.6 u
None
Gr +ve
bacilli,
singly with
SporesSa.

0,%u x 3.0 -
4.0 u

Gr +ve bacillus,
singly, with
terminal gcpores,

0-51-1}(1.5"
2.0 u

PRI T S P T R,
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sSubstance

Colonial Morpiology

I

o e —

Ce Lactose
powder
B.P¢/

UlS.Po

1. Light Orange,
ciruclar, flat,
Opaque entire,
dull and stiriated
colony.

2. Milky white,
irregular, raised,
epaque, undulate
and shinning
colony.

3« Cream, irregular,
epaque, sli;htly
raised, lobate,
granular with
papillae,

4, Dirty white,
irregular, flat,
opaque with
fimbriate edpe,
smooth and dull
coleny.

D, Talc

1« Pink t» Pinkish
red, circular,
raised, opaovue
entire, smooth
and shinning
colony.

2, Orange, circular,
raised, opaque,
entire, radially
striated, and
granular colony,

3+ Yellow, circ'lar,
raised, entire,
opaque and
smooth colony,

4. Dirty white,
irregrlar, ilat,
translucent dull,
lobate and smooth
colony

Microscopical Pathogens
characters Identified

Gr ~ve cocen=
baclilli,
singly and in
shert chains
0.5 u x 0.4 u,

Gr +ve single

rods with

terminal

spares.

-}04 "‘Oes u x
10 .

Gr +ve single

bacillus with

spores.

O.4 ux 1,0 =
2.0 ug

Cr +ve single
and ¢’
diplnbacillus.
O.g ux1.0 -
19 W,

Gr +ve cocci, in
clusters, few in
chains. >
(005 o OI? l.l)

Gr -ve rods,

singly-

0.5 ux0.8 =
1.5 u.

Gr +ve coccj in
groups, singly
and dipln,

O.46 u x 0.4 u,

Gr +ve rods,
diple, in
chains of

4 cells, with
terminal
spores.
0.8 ux 1.0 -
2,80 Wy
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Substance Colonial Morpholopy Microgcopical Pathogens
characters Identified
5. Colourless, .+« Gr +ve cocci,
circular, rzised, in groups and
transpareat, chains of None

slightly lzibale and 2 - 3 cells,

7.

10.

ol W e

ghimning colimy,

White, circular,
raised, opaque,
almost entire,
shinning colony,

Grey brown,
circulgr, eutire,
raicsed,
trangluemt,
smeoth colony.

Colourless,
irregular,
crenated, fiat,
transparent and
smooth colony.

Ash, circular,
entire, dcng,
cpague dull mmd
granular colony.

Milky white,
circular, dunc,
entire, opayuea,
smoeth and
shinning colony
of diametey size
1 - 2 mm,

Se Micro- T4

Miiky white

LT

Gr 4+ve reods,
singly with
polar speres.
0.5 u + 2.0 u,

Gr +ve cocci,
mostly
diplececcus. P
(C.4 = 0,5 u)

Cr -ve bacillus,
mostly singly,
few diplebacillus

0.5 u x O;é U.

Gr +ve cecci,
chains mostly.
0.7 u x 0.7 U,

Gp +ve coccl,
sihgly, some in
in groups.

(0.5 - 0.6 u)

FETppe

Gr +ve coccil,

crystall~ circular raised, mostly in
inre entire, opadue, clusters. 2
cellulnsge amooth and (0.4 = Q.5 ug)
(Avicel) shinning colony, None
2. Yellew, circular, Cr +ve coccl,
flat, entire, mainly in
epaque, shinning <hains.
colony with 0.7 ux 0,7 u.
pronuunced

L e e W

papillae.

LS S i

R T




9%

)

Substance Colonial Moroholopy Microscopical Pathogens
characters ldentified
e Maize 1. Yellow, circular, Gr +ve coccil,
Starch raised, entire, in groups, and
Powder Opaque, smooth and singly. o
: shinning colony. (07 -~ 0.8 ug)

2, Off-white, Gr +ve coccel,
irregular to singly and in
spindle shapéd, TOUDS >
rpaque, dull, 0B =~ Va7 u)-,
undulate fo
entire, slighktyy
raised, smcoth
colony.

3. Pinkish=brown, Gr +ve bacillus,
circular, raised, mostly single None
epaque, entire, and diplobac~
and granular illus, with
colony. SPOres.

0.5 u X 1,0 =
2.5 u,

4, Cream, irregular, Gr +ve bacillus,
rhizoid, opaque, mogtly diplsb-
umbunate, coarse acillus,
granular colony 0.9 ux 2.0 u,

5« Pinkish red, dowe, (r +ve cocci,
entire, circular, in short
opaque, smooth and chains of
shinning colony 3 -~ 6 cells, ,
of diameter size (O = 0.6 u)

4 mm,
Ge Starch 1. Buff to colourléss, Gr +ve, small
Granules spreading, flat, rods, few
(Wet almost entire, diplu ané s
granula=- transiucent, short chains,
ted) slightly with central,
granular calony oval o sporas,

of diametor : ;
size greater than LE5Eux1.0 -
3C am., o 7.5 u.
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Colonial Morpholeoyy

Substence Microscopical Pathogens
chnracters Identified

2« White, serrnted, Ur -ve rods,
almost flat, singly and
translucent, few diplob=- None
crarse colony of ancillus.
diameter size 0.5 ux 0,8 =
10 = 12 mn, 1.0 u,

3. Yellewish orange, Weakly gr +ve
circular, flat, rods, singly

<. entire, almost and few

opaque, smooth diplobacillus
and shinning with granules,
colony of 0.8 = 1,2 u
diameter sizc % 1B = 2,9 ua
5"6mm.

4, White, circular,
raised, entire,
opaque smooth
colony of diaucter
size 2 - 3 mm,

seme o . -

He Gelatin

1o Greenish yellow,
circular, entire,
dome, epaque,
smoo{h and
shinning colony,

2. REd, Circu.‘..‘]i‘.
entire, dome
opaque, swooih
and shinninj;
colony.

3. Yellowish rcd,
cir~ular, flat,
'mndulate, some
raised, tr_.sl-
ucent smooth
colony.

R e

Gr +ve rods,
mostly single,
with central,
subterminal,
oval SEOTES.
0.4 u x 2.0 u,

Gr +ve cocci,
mostly in
chains, few
clusters., 2
(005 - O.E) U.)

Gr +ve cocci,
singly and
diplucci.

0e6 u x 0,6 u,

Gr +ve
diplobacillus,
some in <hains,
0,4 - 0,5 u x
15 Us

hone
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Substance

----------

ile Celeotin

R T RS -

b

Celourless,
irregular, loLzte,
flat, transparent,
granular and dull
colony,

Light to giey
brown, circu!-rr,
crenated, raisecd,
granular and
transparcnt
colony.

Buff to grey,
circular, flat,
crenated,
transparent and
granular colony.

............

..........

™

Pathogens
Identified

Gr -ve, a
mostly single
rnd few
¢iplebacilus,
(-"c_‘j - 007 u x
\).8 - 2.0 Le

Gr +ve cocci,
wostly single
(0.4 = 0,5 u)®

Gr =ve cocce-=
bacillus,
mostly single,
Ok = 0,5 u x
0.8 u

-

None







