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ABSTRACT

Hard gelatin capsules are manufactured from blends of
limed ossein (LOG), acid ossein and acid pigskin gelatins,
with LOGS usually forming the main portion of the blend.
Unfortunately, the quality of the finished capsule cannot be
predicted by routine quality control tests and ‘'poor' batches
of LOG are encountered which form unsatisfactory capsules.
In addition, differences between gelatin types are
encountered in practice but the supporting literature is
sparse and conflicting.

This work examines some properties of gelatins
pertinent to hard capsule manufacture in an attempt to relate
these to gelatin type and known performance on capsule
machines.

Molecular mass distributions (MMD) were examined by
polyacrylamide gel electrophoresis. Each different gelatin
type possessed a characteristic shape of MMD which could be
related to the source tissue and the treatment undergone
during gelatin manufacture. MMDs, isoionic point
determinations and an assessment of the content of protein
impurities by ultraviolet spectrophotometry failed to resolve
differences between 'good' and 'poor' LOG batches.

The drying rates of freshly-cast gelatin films were
studied under conditions of controlled humidity, temperature
and air velocity. No significant differences between gelatin
types was observed. Small variations in equilibrium moisture
content were seen and were tentatively ascribed to the
generation of water binding sites (free carboxyl groups)

during gelatin manufacture.



The mechanical properties of dry gelatin films were
examined by tensile stress-strain and stress-relaxation
measurements. Viscoelastic behaviour typical of a polymer in
the glass transition region was observed, and significant
differences in film fracture strain were observed but these
were not related to gelatin type. Optical rotation
measurements indicated similar orders of film crystallinity
and determinations of frictional characteristics similarly
revealed no varietal differences.

Overall, few differences related to gelatin type were
seen within the properties examined. There was no evidence
in these studies to explain the unsatisfactory behaviour of

‘poor' LOG batches in capsule manufacture.



ACKNOWLEDGEMENTS

| should Ilike to express my sincere thanks to the
following people  who made maj or contributions to  this

project.

Professor I1.W. Kellaway, Mr. R.T. Jones of Croda Gelatins PLC
and Dr. J. Hadgraft my supervisors, for their help, counsel

and constant enthusiasm.

Mr. B.E. Jones of EN. Lily and Co. PLC for the gelatin

samples and advice.

The technical staff of the Pharmacy Department, Nottingham
University and the staff of the 'Quality Control section of

Croda Gelatins PLC.

Dr. J. Hutchinson, Mr. F. Garlick and Mr. D. Wheatley of the

Material Sciences Department, Nottingham University.
Mr. R. Hatfield and Mr. P. Riley, of the Cripps Computing
Centre, Nottingham University for the computer program and

statistical advice.

Mrs. J. Round for the rapid and efficient typing.



CHAPTER |

| NTRODUCTI ON

1.1 GELATI N MANUFACTURE

Pharmaceutical grade gelatins suitable for hard
capsul e production are manufactured from the coll agenous
conponent of aninmal skins and bones. The raw materials are
crushed dried bones fromlIndia, fresh bones fromthe
sl aught er house, ox-hide fromtannery wastes and (particularly
in North America) pigskins,

A flow diagramof the main stages of gelatin
manuf acture is shown in Figure 1. There are many variations.
Good reviews are provided in references 3 to 7. Pigskins,
because of their high fat content, are alnost invariably
acid pretreated, ox hides are lined, and ossein is suitable
for either (7). The 'pretreatment' stage is a controlled
hydrol ytic degradation of the native collagen that greatly
i nproves the yield, extraction rate and physical properties
of the gelatin subsequently extracted (1).

Extraction at first enploys relatively |ow
tenperatures in which gelatin nolecules are solubilized

by hydrogen bond rupture, a process terned 'thernal
shrinkage'. This is aided by the Iimted scission of peptide
bonds and coval ent crosslinks that has occurred during
pretreatnment (10). Later extractions enploy increasingly
hi gher tenperatures and both higher and |ower nolecul ar nass

species are liberated by further coval ent bond breakage.
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The broadeni ng of the nol ecular mass distribution is
mani fest in poorer physical properties of successive
extracts (8,9).

Many ot her stages of manufacture involve potentially
hydrol ytic conditions (raised tenperatures, high and |ow
pH) and it is the art of the gelatin manufacturer to
m nimze degradation at these stages in order to produce a
gelatin of high quality and of the required physical
characteristics. Even so, because of the variable nature
of the raw materials as supplied, batch differences occur
in the final gelatins (9) and blending is often necessary
to ensure a product of nore uniformphysical properties.

Hard capsule gelatins are required to be of
particularly high quality and are subject to stringent
specifications of physical properties, inpurity content
and m crobial contamnation. (See Section 1.3.1).

1.2 COLLAGEN AND CELATI N STRUCTURE

1.2.1 The Mol ecul ar Organi sation of Collagen and Celatin

The nol ecul ar conposition and structure of collagen
and gelatin have been extensively studied and revi ewed.

A short resunmé is provided here but nmore conprehensive
accounts are to be found in references 11-17.

The am no acid conpositions of mamalian col | agens
are remarkably simlar and the resultant gelatins differ
only slightly in conposition fromtheir parent coll agens.
In conparison with other proteins, collagen possesses al
the commonly-occurring amno acids (wth the possible
exception of tryptophan and cystine) but contains unusually

| arge proportions of glycine (33%, alanine (11% and



proline and hydroxyproline (22%total), and |ess tyrosine,
met hi oni ne and hi stidine (<1%each).

The peptide chain in collagen has a nol ecul ar
wei ght of about 95,000 Daltons and gl ycine occurs at every
third residue. It is knowmn to be regularly subdivided into
regions of mainly polar and apolar am no-acid sequences,
the latter being characterized by the recurring tripeptide
sequence Glycine-Proline-X, (X can be any other amno acid
residue, frequently hydroxyproline). The regular glycine
spacing and tripeptide sequence have a profound effect on
the preferred conformation adopted by the chain, which is
a tight, left-handed helix of about three residues per turn
with a pitch of 9 8 This conformation is energetically
favoured because peptide bond angles and di stances are
close to their optiml values and am no acid side chains
may be accommodated wi thout distortion. It is further
stabilized by:

A) Steric hindrance to rotation provided by the
regul ar placings of the imno-acid residues, proline and
hydroxyproline.

B) The aggregation of three pol ypeptide chains in a
parallel fashion into a super helix (or triple helix) which
itself has a gentle right-handed turn of pitch 86 8. The
occurrence of glycine every third residue enables the
pol ypeptide chains to be sufficiently close for inter-chain
hydrogen bonding to stabilize the structure: one to two
bonds occurring every three residues. Covalent inter-chain
bonds infrequently occur but their nunber increases with

age of the tissue.



Wen it is subjected to mld heat or reagents that
break only hydrogen bonds, the triple helix collagen
"ol ecul e’ may be dissociated into a series of fractions.
These conprise the intact pol ypeptide chains (ternmed the
a fraction), dinmers linked by a single coval ent bond
(6 fraction), trimers (Y fraction) and various higher
oligoners. Wilst two of the pol ypeptide chains in bone
and skin collagen are very simlar (ay type) the third
(o, type) has been shown to differ significantly in amno
acid conposition and sequence.

There is a higher level of organisation beyond
that of the triple helix structure. Electron m croscopy
of native collagen has shown the ordering of triple helices
into linear aggregates or fibrils (18-20). These exhibit
a characteristic banding pattern of period 670 8 due to
the arrangenent of collagen nolecules within the fibril
It is considered that the polar regions of the polypeptide
chain are responsible for maintainance of fibril structure
whereas apolar areas are primarily involved in triple helix
stabilization.

Gelatin is very simlar to collagen in amno acid
content but differs in being conposed of not only cx-chains
and their oligomers but also the breakdown products of these
nol ecul es (the 'peptides'). This is a consequence of the
hydrol ysis of peptide bonds and coval ent crosslinks in
t he manufacturing process. Below the helix-coil transition
tenperature (HCTT),which occurs between 35 and 40°C (36),
gelatin in solution or in the gel state can reassenble

each of the levels of collagen structure described above.



However, because of the nol ecul ar fragmentation in gelatin,
renaturation can only be inconpletely achieved.

1.2.2 The Structure of Celatin Filns

The structural entities described above have all
been identified in mature "cold dried" gelatin filns, that
is,films dried below the HCTT. The pol ypeptide intranol ecul ar
helix inparts strong | aevorotatory power (28), X-ray
diffraction studies give patterns consistent with triple
helix structure (21, 22) and electron m croscopy reveals
structures of the dianmeter of the triple helix, aggregated
inafibril-like arrangenent (29). The larger fibri
di anmeters observed in filns (100 - 200 9) conpared with
those of gels (60 2) have been attributed to further
aggregati on on drying.

Celatin filmpossesses an anonal ously high negative
specific rotation which is not due to greater helica
content (24, 25) but to the axes of triple helices becom ng
coplanar with the filmas it contracts during drying (26,27).
Optical rotation is therefore a sensitive neasure of
renaturation but is conplicated by an orientation factor.
The relative contributions of the two may be separated (27, 33).

Calorimetry (25,29), infra-red spectroscopy (23, 30)
X-ray diffraction (23,32) and anisotropy of swell (31) have
al so been used to indicate the degree of structural order
in films. In contrast, filns dried fromsolution above the
HCTT ("hot dried filni') exhibit an anorphous X-ray
diffraction pattern, show no DSC peak for nelting of
structural order and have a specific rotation value no

greater than that of the hot solution. It is considered



that gelatin is nostly in a randomcoil configuration and
that little structural order exists in these filns (24).

Hard capsules are dried below the HCTT and this work
will be concerned only with "cold dried" filns.

The presence of the many |levels of ordered structure
within the filmgives gelatin a toughness and hi gh nmechani cal
strength anong bi opol yners (34). This, in conbination with
the solubility characteristics, cheapness and |ack of
toxicity and taste, makes gelatin a good material for the
production of hard capsule shells. The only mgjor disadvant-
ages are noisture sensitivity and susceptibility to m crobi al
growh. Patents have been granted for the manufacture of
hard capsules fromother polyneric materials (35), but these
have not proved popul ar.

1.3 HARD CAPSULE NMANUFACTURE

1.3.1 The Manufacturing Process

The first successful commercial manufacture of the
two-pi ece hard gelatin capsule was in 1874 by F. A Hubel,
a pharmacist in Detroit (37). The nethods involved have
changed little since then, except in the introduction of
aut omat ed machinery and factory air-conditioning.
Pharmaceutical gelatin supplied for hard capsule
manuf act ure nmust neet exacting quality control specifications
of physical and chem cal properties. The nost inportant of
these and their influence on the resultant capsule are
l[isted in Table 1.2. In many countries there are pharmacopoeial
specifications for capsule gelatin (44). Three types are

commonly used: acid and lime pretreated ossein gelatin and



Property | nport ance

Vi scosity Controls the thickness of pin
coating and therefore of the
capsul e shel |

CGel Strength An indication of filmstrength
pH Stability of gel strength
and viscosity.
Dye col our
S0, content H gh anounts cause dye fading
Particle size Uniformrate of solution
Ash cont ent H gh anpbunts cause opacity
of the finished capsule
Colour and clarity Uniformty of shade
Bacterial count Vi scosity |oss.
Bubbl e |i beration.
Putrefaction.

TABLE 1.2 The Properties of Gelatin and their
| nportance in Hard Capsul e Manufacture (2)




acid pigskin gelatin. They are blended in proportions
according to their availability, market price and the
previ ous experience of the manufacturer. Eli Lilley of
Basi ngstoke use a blend of 51 limed to acid processed
gelatins (39). Recently a high quality, |ow bloomgelatin
has been supplied as a low cost "filler" for incorporation
up to 10%in the blend (40).

Manuf acturing plants have been described in detail
in references 2, 38, 41 and 42. For successful manufacture,
cl ose environnmental control is necessary and the whol e
factory is tenperature and humdity controlled. Ei Lilley
mai ntain conditions at 42%RH and 23°c (2) and the follow ng
account is based on their production nmethod. O her
conpani es use closely siml|ar manufacturing processes but
operating conditions may differ (42). The production cycle
consists of preparing the gelatin solution, casting onto
metal nould pins, drying, stripping, trimmng, assenbly,
printing, inspection and packing.

CGelatin grist is swollen in demneralized water,
nmelted and stirred for 3 hours at 60°C and all owed to degas
at 60°C for a further 5-7 hours. The concentration of the
solution is approximately 30% w w. Dyes nmay be added up
to 3% titaniumdi oxide up to 2% (for opaque capsul es) and
sodi um dodecyl sul phate (wetting agent) up to 100 ppm The
solution viscosity, which controls the capsule wall thickness,
is measured and adjusted and the solution vats wheel ed out

to the capsul e maki ng machi ne.
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Rows of cooled lubricated steel noulding pins are
di pped into the hot gelatin solution, renoved and rotated
to spread the solution evenly around the pin. The coated
pins are fed into a succession of drying chanbers increasing
in tenperature from23 to 28°C. Drying takes 45 minutes and
the capsules are stripped fromthe pins, trimed to size
and the two halves assenbled and printed. The capsul es
contain approximately 3% excess noi sture; further drying
occurs on storage.

The new capsul es are visually exam ned against a
bri ght background for defects. The types of defects that
may occur are listed in Table 1.3. They are packed in
lined drunms to prevent noisture changes on storage. The
optimumhumdity range for storage is 30 - 4096R11(45-47),
above which capsules swell and lose rigidity and bel ow
whi ch shrinkage and brittleness ensues.

1.3.2 The Problens of Hard Capsul e Manufacture Rel ated

to Gelatin

The ideal gelatin for hard capsule production is
i nexpensive, and on bl endi ng produces capsules that are
fault-free, colourless, clear, strong, flexible and dry to
t he opti mum degree under the standard operating conditions.
Unfortunately, gelatins differ and their perfornmance on
capsul e- maki ng machi nes and the quality of the finished
capsul e cannot be predicted by the routine quality contro
tests on the raw materials.In practice 'good'and'poor'gelatins a:
encountered of which the latter cause problens in the

finished capsul es evident as:



Maj or Defects M nor Defects

Cracked Bubbl es
Cuttings inside Cor rugati ons
Doubl e dip Fl at spots
Hol es G ease
Mashed Heavy ends
Short bodies Pin marks
Splits ’ Scr apes
Tel escoped Short caps
Thin ends Specks

Tri mm ngs 7 Splits
Uncut bodi es Starred
Bad edges

Crinps

Dent ed Ends

Doubl e caps

Long bodies

Long caps

Long j oi ned

Qly

Thin spots

Uncut caps

Unj oi ned

TABLE 1.3 Vi sual defects in Hard Celatin Capsul es (43)

Maj or defects: cause failure as a container for
medi canent or problems with filling.

M nor defects: have no adverse effect on perfornmance
but are blem shes that nmake the capsul e
visual ly inperfect.
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a) an increased incidence of splitting and cracking-
type defects thought possibly a result of
overdrying during the standard 45 minute drying
cycle.

b) a lack of flexibility ('brittleness') which may
lead to difficulties in trimming or on subsequent
handling and filling.

Problems (a) and (b) can be related. An over-dried capsule
will be brittle and brittle capsules may fracture when
trimmed thereby increasing the number of visual defects.
However there is evidence (39, 48) that different gelatins
and blends may be inherently different as films, although the
literature is sparse and sometimes conflicting. Significant
differences are encountered in practice but supporting
numerical evidence is scarce (48).

Van Hoestetler (41) states that limed ossein gelatins
form ‘firm but hazy and brittle' capsules in which
flexibility and clarity is improved by the addition of acid
derived gelatins. Other sources (40,49,50) say pigskin
gelatin is the more brittle and, although its addition to
limed ossein improves film qualities, there is an upper limit
(50%) above which brittleness becomes an unworkable problem.
The increased brittleness of acid processed gelatins is
attributed to different film drying characteristics (50).
The inclusion of 30% or more acid ossein gelatin is claimed
to improve flexibility (49). One capsule maker (39) finds a
5:1 limed:acid gelatin ratio an ideal blend but this may not

be true of others using different operating conditions.
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There is a dearth of information relating the
physico-chemical properties of different gelatins to their
performance during hard capsule manufacture, and consequently
there is at present, no testing regimen suitable for
detecting 'poor' gelatin batches before they are put into
production. In addition, the influence of gelatin type on
the physical properties of gelatin films has received little
attention.

14 THE AIMS OF THIS WORK

It is proposed to examine some physical properties of
gelatin films pertinent to the manufacture and quality of
hard gelatin capsules and the problems thereof. This will
include studies of film drying rates, equilibrium moisture
contents, mechanical properties and frictional properties of
a number of well-characterized gelatin batches, in relation
to gelatin type and known performance on the capsule
manufacturing machines.

Characterization will involve molecular mass
distribution analysis, isoionic point determination and tests
for impurities not detected by routine quality control tests.
The molecular mass distribution is an important modulator of
gelatin physical properties and has been related to, for
example, setting time, gel rigidity and viscosity (51).

Film drying rates are claimed to differ with gelatin
type and might also provide an insight into the behaviour of
'‘poor' gelatin batches on the capsule-making machine and film
brittleness. Other properties, such as mechanical strength,

being equal then the use of a greater proportion of a faster-
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drying gelatin in the blend would confer advantages of time-
saving in the manufacturing process and more use of the
cheaper acid processed gelatins would reduce raw material
costs.

Equilibrium moisture content (EMC) values indicate
the water binding capacity of a film. Inherent differences
in BMC for different gelatins under the same conditions, may
result in different mechanical behaviour, as water is a
powerful plasticizer of gelatin films (52). Capsules that
contain low levels of moisture are known to be excessively
brittle (47).

The investigation of mechanical properties by tensile
testing will determine what (if any) differences occur
between types and blends of gelatin as mature films and may
reflect structural differences within the film.

Finally, the introduction of a 'glide test' for the
determination of coefficient of friction, as a specification
for raw materials for hard capsule manufacture indicates that
this property is also one recognised as giving rise to
problems (40). Varietal differences in film frictional

coefficients will be investigated.



13

CHAPTER 1| |

GENERAL EXPERI VENTAL

2.1 THE GELATIN USED IN TH S WORK

The batches of hard capsul e grade gel atins used
in this work were the products of five different
manufacturers. They are nunbered 1 to 10 and details are
given in Table 2.1

Batch 1 was a linmed ossein gelatin used in previous
studies (53). Batches 1,2,3 were |limed osseins known to
produce satisfactory capsules whereas 4,56 were 'poor'
bat ches that consistently produced unsatisfactory capsul es.

Batch 10 was a 60-Bloom al kali ox-hide gelatin
supplied as a low cost 'filler' for inclusion up to 10%
in the blend.

2.2 THE PREPARATI ON CF THI N GELATIN FI LNM5

2.2.1 Possi bl e Met hods

Thin gelatin films, of thickness 0.05 - 0.5 mm
have been prepared from aqueous solutions by the foll ow ng
met hods:
(a) Casting dilute solutions in shallow noul ds
and subsequently drying (21, 26, 54)

(b) Pouring a hot concentrated solution down an
inclined surface (34)

(c) Spreading a hot concentrated solution using a

hand- hel d chromat ogr aphy spreader (56).



Batch Type

M anufacturer

limed
limed
limed
limed
limed

limed

© 00 N O o1~ W N P

=
o

ossein (good

ossein
ossein
ossein
ossein

ossein

acid ossein
acid ossein

acid pigskin

(good
(good
(poor
(poor

(poor

capsules)
capsules)
capsules)
capsules)

capsules)

capsules)

alkali ox-hide (low bloom)

R Ol R P A W W NN R

Tab] - 2.1 The Batches of Hard Capsule Grade Gelatins

used in_this work




The substrate was a plastic, netal or siliconed gl ass
surface fromwhich the filmwas then stripped off. For
very thin filnms a nercury surface can be used (57).
2.2.2 Appar at us

In this work gelatin filnms were prepared using an

aut omat ed chromat ogr aphy spreader (58). (Plate 2.2).

This conprised two brass hoppers whi ch were pushed
along a siliconed glass plate by neans of a notorized
trolley at a constant speed of 10 em.s™ 1 The film

width was 5 cmand the thickness could be altered by
adjustnent of the gap at the rear of each hopper.
2.2.3 Met hod
A concentrated gelatin solution for spreadi ng was
prepared in the follow ng manner,
A A 25% WWm xture of gelatin and distilled water
was allowed to soak for at |east three hours at
room tenperature in a closed vessel.
B. The swollen gelatin was nelted in a water bath at
50°C for 2 hours.
C The nolten gelatin was mxed for 15 mn. using a
magnetic stirrer, and then allowed to stand
16 hours at 50°C to degas.
D. | mredi ately prior to use, the solution was m xed
for a further 10 min. to ensure honobgeneity.
For a conparison of the degradation of the gelatin solutions
prepared in this way wth that undergone by gelatin solutions
prepared in industry for the manufacture of hard capsul es

see section 3.3.



BATE 2.2

Automated Chromatography Spreader for Preparing Thin
Gelatin_Films






Films were spread at roomtenperature (20° = 1°c)
and when dry filns were required, were dried under cover
at 20 + 1°C and 40 + 396RH for 24 hours in the humdity and
tenperature controlled room

Casting conditions were kept constant as the
nucl eation and growth of triple helical areas is affected
by tenperature (60).

Exam nation for optical birefringence (59) on
clear, flat pieces of filmfailed to produce evidence of
nol ecul ar orientation arising fromthe spreadi ng procedure.
For uni axi al nmechanical testing it was inportant that filns
were isotropic.

2.3 THE DETERM NATI ON OF FI LM MO STURE CONTENT

2.3.1 Met hod

The nmethod was that of the British Standard Mt hod
(61) with one adaptation. The weighed filmwas placed inside
a folded sheet of alumniumfoil (a) and dried at 105 % 0.5°C
for 18 hours in an oven (b). On renoval fromthe oven, the
foil was pressed against the sanple, folded to seal, and the
foil and sample and foil alone reweighed. The percentage
wW w noi sture content was calculated on a wet weight basis

(69) thus:

Y = 100 (M - MD) Y : % noi sture content
M M : original sanple weight
My sanpl e weight after
drying
(a) Al um nium Foi |, Safeway Food Stores Ltd.,London. U K.

(b) Thernostat Oven, Tonson & Mercer Ltd., London. U K
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2.3.2 The Systematic error _involved in the Misture

Det erm nati on Mt hod.

The nethod has been used to el ucidate snall
differences in the noisture contents of different gelatins
(Chapter 5) therefore an attenpt was nade to estinate the
degree of systematic error involved in this procedure.

Figure 2.3 shows the noisture regain of a typical-
sized piece of gelatin filmupon renoval fromthe oven |,
both wapped in foil and unw apped. The foil itself did
not regain noisture.

The wappi ng and wei ghing of eight sanples (the
maxi num subj ected to noisture determnation at any one tine)
was acconplished in three mnutes. Extrapolating the curves
to zero tinme, the unwapped gelatin would gain 3.7ng
(Q46%) and wapped 2.0ng (0,359 in three mnutes. The
true systenatic error fromthis source probably lies in an
extrapol ati on between these two, using the 'w apped
curve after the initial 20 seconds and is likely to be of
the order of ~ 0.5%wW w

The very rapid regain of noisture immediately
after renoval fromthe oven could lead to differences
between the first and eighth sanple to be wapped. For high
preci sion experinments on repeated sanples (Chapter 5) this
effect was random sed by w appi ng sanples in rotation.

2.3.3 Met hod Reproduci bility and Accuracy

Eastoe and Wllians (62) have found that for gelatin
films the reproducibility of the British Standard Met hod



FIGURE 2.3

The Misture Regain of Dehydrated Gelatin Filmon

exposure to an At nosphere of 40% RtI at 20°C

Sanpl e size approximately 125 x 0. 2 nm
Weight 0.58 g. Sanples were renoved from oven at

t =0 and wapped at t = 0.3 mn.

Oo———0 Unwr apped film
*——o W apped film

NN Alumi nium foil only
(area 230 x 100 mm)



mIOF X 6  web Wb oM



18

was good (+0.1% n=4).

The results varied only slightly with oven tenperature
but nore so with the humdity inside the oven. An at t enpt
was nmade to control this variable by keeping the oven in a
humdity controlled roomat 40 + 3%Ry.

The nethod gives results that are only 0.1 to 0.3%
hi gher than drying to constant weight (three days at 105°C
(63) although the latter nethod nay itself be unreliable
due to the deconposition that occurs on prol onged heating
(15).

2.4 HM D TY OCONTRCL

2.4.1 Saturated salt sol utions

I norganic salts, used as saturated sol utions, and
their resulting humdities are detailed in Table 2. 4.
As used for conditioning filmstrips, the salts were
mai ntai ned as noi st pastes or slurries by the regular renoval
of supernatant liquid or the addition of fresh saturated
solution (64, 65).
There is disagreenent in the literature over the
precise humdity provided by saturated |ithium chloride
sol ution at 20°c. BS3718 (64) gives a value of 12%Ry
based on neasurenents nade by the National Physical Laboratory
(66) whereas other sources (67,68) cite values of 15%
Measurenents in this work nade relative to other
salt solutions, using the instrunent described in section
2.4.3 gave readings close to 12% Ry and this val ue has been

used in this work.



SATURATED SALT GRADE

SCLUTI ON 200C

TEMPERATURE
250C 30°C

35°¢C

RELATIVE HUM D' TY %

LI TH UM CHLORI DE Reagent 12 12 12 12
MAGNESIUM CHLORI DE Reagent 33 33 33 33
POTASSI UM CARBONATE Reagent 44 43 43 43
SODI UM DICHROMATE Reagent 55 54 53 52
AMVONI UM NI TRATE Analar 65 62 59 55
SODI UM CHLORI DE Analar 76 75 75 75
POTASSI UM CHLORI DE Anal ar 86 85 85 84
TABLE 2.4 Inorganic salts used for Humdity Control (64)

BDH Chem cal s Ltd.,

Pool e,

Dor set ,

U K

19
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Desiccators, for the individual conditioning of
filmstrips were built. Their design is shown in Figure 2.5.

2.4.2 The Hum dity and Tenperature-Controll ed room (HTCR)

The HTCR was equipped with a Qualitair Mdel 230TC
(a) unit which circulated, filtered and conditioned roomair.
Wth the provision of additional heat and humdity sources
for use at the highest or lowest hum dities, the air was
mai ntai ned at 20 (11f°c and the unit cycled the relative
hum dity about the required value = 3%

Spot neasurenents of tenperature and relative
humdity were taken using an Aspirating Wt and Dry Bulb
Hygrometer (b) and the roomwas continually nonitored by
means of a thernohygrograph (c).

2.4.3 AFUnidiLy Monitoring Instrunent for Drying Apparatus

Air inside the drying apparatus (section 4.2) could
not be nonitored by neans of wet and dry bul bs as a wet
bulb was found to release too nuch water vapour into the
system

An instrument was therefore used which enployed a
sensor, the capacitance of which varied according to the
water content of the dielectric. This instrument was hone
built and the circuit diagramis shown in Figure 2.6. RH

val ues coul d be read fromthe meter to better than 1%

(a) Qualitair (Ar Conditioning)Ltd. Castle Road, Euroli nk,
Sittingbourne,Kent, ME10 3RH
(b) Model 2026 ) Casella Ltd., Regent House, Britania

(c) Model T9154) WAl k, London N1.



HGURE 2.5
The Design of Individual Desiccators for Conditioning
Gelatin Films



Gelatin Film Sample

~————— Perforated Zinc Sheet

Trough containing

Salt Slurry ——

Screw-Top

Glass Container




The instrunment was calibrated and checked agai nst
a range of saturated salt solutions before use and was
accurate and responded rapidly within the range 20 to 80%
Ry. A lower relative humdities the instrunment took
several hours to reach a steady reading. Above 80%R, the

I nstrunment was unreliabl e.
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FIGURE 2.6

Circuit Diagramof the Hum dity Measuring |nstrunent used

in the Drying Apparatus
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CHAPTER I 11

CHARACTERIZATION

3.1 MOLECULAR NVASS DI STRI BUTI ON_BY POLYACRYLAM DE

GE—ELECTROPHORESIS
3.1.1 Jntrodusti-on

Celatins are highly pol ydi sperse. A conmercia

ossein gelatin has been reported to contain species of
3 7

nol ecular mass 4 x 10 to 1 x 10 Daltons (70).

Ther ef ore net hods such as osnonetry, light scattering and
visconetry that define average nol ecul ar weights (71) are

of limted value, and do not indicate the discontinuous
nature of the nol ecular mass distribution (MVD). Preparative
fractionation by coacervation has been used (72) but the
fractions thensel ves are pol ydi sperse (79, 86).

Techni ques avail able to separate heterogeneous
protein systenms include ultracentrifugation, gel perneation
chromat ography and gel electrophoresis (73). The first two
met hods have successfully separated o, 8 and y conponents of
denatured col |l agens (74) but, presunmably because of the
nmore continuous nature of the MVD, show poorer resolution
of gelatin conmponents than gel electrophoresis (8,51, 75).

The inert nature, lack of thernolability and ability

to be prepared in a variety of well-defined pore sizes has



led to the wi despread use of polyacrylam de gels as

el ectrophoretic substrates (76,77). Separation is achieved
by a conbination of electrophoretic effects and "nol ecul ar
sieving" by the pores of the gel. Trishna has also
reported good separations of gelatin using a cellul ose
substrate (82). Fujii and Katanura (80) using a tris
buffer systemat pH 7.5 separated two |ined gelatins
sufficiently well to identify « , 8 and y conponents.
Bartley and Marrs (78,79) obtained better resolution

using a formate buffer at pH 3.7 and established that the
separation of gelatin conponents by polyacryl am de gel

el ectrophoresis (PACGE) was primarily on a nol ecul ar mass
basi s, rather than one of charge. However,it is the work
of Tonka and co-workers (51,75,81) that has established
PACGE as a nethod suitable for the quantitative estimation

of gelatin conponents.

3,1.2 Appar atus and Reagents

ELECTROPHORESI S CELL

Di sc El ectrophoresis Apparatus

Cell maintained at 40°C. "Vokam stabilized
power supply.

Shandon Sout hern Products Ltd.,

Runcorn,

Cheshire. WA7 1PR
U K



S FIARE 3.1

A D agramof the H ectrophoretic Cell
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DESTAI NER
Transverse CGel Rod
Destai ner M. I11. SAE-2751
Shandon- Sout hern Products Ltd.,
Runcorn,
Cheshire. WA7 1PR
U K

DENSI TOVETER

REAGENTS

Chronoscan fitted with 20D | anp, 0503 aperture,
filter 5-042 optimm for Napthal ene Bl ack.

Joyce Loebel,

Gat eshead,
Tynesi de.

NE11l OQW
U. K.

The follow ng obtained from
BDH Chem cal s Ltd.

Pool e,
Dorset.

BH12 4NN

U K

G acial Acetic Acid

d yci ne

Sucr ose

Pot assi um Hydr oxi de Solution M3}l Analar grade
Ammoni um per sul phat e

NNN N Tetranet hyl ethyl ene-
di am ne ( TEMED)

Napt hal ene Bl ack 12B ) El ectrophoresis
gr ade

24



REAGENTS
The follow ng obtained from
Bi o-rad Laboratori es,
Wat f or d,

Herts.
U K

Acryl am de
El ectrophoresi s grade
Bi sacryl am de
The follow ng obtained from
Dr. |. Tonka

G ba- Gei gy
Fri bourg.

Nonyl pheno

- o 3
WATER Dei oni zed. Conductivity <2 milli mhos.cm

ELECTRODE BUFFER
0.015M gl ycine adjusted to pH 3.75 with acetic acid.

3.1.3 Met hod

25

The general nethod of gel-formng and el ectrophoresis

foll owed was that of Tonka (51,83) with sone modifications.
Pol yacryl ani de gels were forned at 20°C in gl ass
tubes under nitrogen by the nethod of Tonka. The pore-size

is controlled by the concentration of initiator (amoni um

per sul phate), activator (TEMED) and acryl am des present (84).

Two hours after casting, the tubes were nounted in the
el ectrophoresis cell. 10 yl of 0.5% Y/w gelatin in 20% % /w

sucrose solution was applied to the top surface of the gel



and the el ectrophoresis perfornmed at 10 mA (80-100v) for
30 mnutes followed by 20 mA for 10 mnutes. 5m of
0. 7% napht hal ene black in electrode buffer was added to the
| oner chanber and the el ectrophoresis continued at 20 nmA
for 20 mnutes, then 12 mA for approximately 70 m nutes
until the dye had enmerged fromthe top of the gel rods.
The rods were renoved fromthe glass tubes and transversely
destained in 7%%/w acetic acid solution at 800 nmA for
13 mnutes. Destaining in this apparatus was non-uniform
and the operation was checked conpl ete by neans of a bl ank
gel. Rods were nounted in the densitoneter taking care to
renove air bubbles which give rise to fal se peaks.
ptinmal instrument settings were found to be gain 4,
chart sanple ratio 3:1, nornmal node, wth wedge C or D
After identification, densitogram peaks were
integrated using the blank gel as a baseline. This usually
coincided with the | owest point of each densitogram
Each gelatin was run on 2.5 and 5%gels in order
to resolve the higher and Iower end of the nol ecul ar nass
spectrum The nost inportant factor in the quality of the
separations was found to be the fornation of the upper ge

meni scus by the nononer: water interface during casting.

26

Any degree of mxing resulted in poor resolution. Separations

were perfornmed in triplicate and the best one selected for
the densitogram Those show ng badly distorted, trailed or

di ffuse bands were di scarded.
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3.1.4 Resul t s

An I.A.G. linmed ossein gelatin (DFG Stoess 2766)
was run as a typical linmed ossein, and as a check on
experinmental accuracy. Densitograns are shown in figures
3.2 and 3.3. The peaks were assigned to their respective
conponents using published nobilities relative to that of
the o-peak (Table 3.4). Species of nolecul ar mass bel ow
that of the a chain (9.1 - 9.5 x 104t» are designated
"l ower peptides', those between g and y peaks, g peptides, and
between g and y , Y peptides. Conponents 1 to 6 are
hi gher oligoners and fragnents of simlar size whilst yu

is the mcrogel fraction which has been reported to have a
6 7

nol ecul ar mass of 2 x 10 to 2 x 10 D (81).

The 5% gel provides a better estimation of the
content of |ower peptides and the 2.5% gel resolves nore
clearly the higher conponents. Using the |ower peptides
content calculated fromthe 5% gel, the fractional areas
were normalized with respect to o« peak area and the results
expressed as a percentage total area. These values,in
conparison wth those of Tonka for the sanme gelatin (85),
are shown in Tables 3.5 and 3.6. a‘, and ay Ol i goners
and fragnents were poorly resolved and they are not shown
i ndependently. Wen the densitogramis subdivided into

many conponents, the agreenent with Tonka is |ess satisfactory

than using fewer fractions based on the clearest features of
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the trace i.e. the fronts of the 8 , a and A bands. The
subj ective assessnment of the begi nning and end of each
peak considerably influenced the result for the small
fractions if a finer subdivision was appli ed. In addition
peak overlap may cause overestimation of narrow fractions.
These constraints are illustrated by the |arge val ues

for the narrow A conponent conpared with those of Tonka.
The reproducibility of three separate determ nations on
this gelatin is showmn in Table 3.7.

Densitograns for an acid ossein (Croda 472) are
shown in Figures 3.8 and 3.9. The absence of a prom nent
a peak required the parallel electrophoresis of a |ined
acid ossein mxture to elucidate its position (Figure 3.10).
It was not possible to use the 5% gel trace to quantify
the | ower peptide content because of the lack of a well
defined a peak, and the high initial peak
whi ch made estimation of the total area difficult.

In Iimed osseins the content of |ower peptides is
consistently underestimated by the 2.5% gel traces and
there appears no reason why this should not also apply to
acid osseins. However, the results are conparable with
t hose obtained by Tonka (Table 3.11).

The densitograns for the two other types of gelatin,
the acid pigskin and the alkali hide (60 Bl oom), are shown
in Figures 3.12 to 3.15. Lower peptide contents were al so

estimated for these gelatins fromthe 2.5%traces al one.



FIGURE 3.2

Densi t ogram of the El ectrophoretic Separation of a Lined

Gssein Gelatin on 2.5% Pol yacryl am de Cel

Celatin : DFQE Stoess 2766
—3» : Direction of Electrophoretic mgration

The designation of fractions is explained in the text.
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FIGRE 3.3

Densi togram of the El ectrophoretic Separation of Lined

ssein CGelatin on 5% Pol yacryl am de Cel

CGelatin : DFG Stoess 2766
-3 .  Direction of Electrophoretic mgration
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COMPONENTS >g B+Bp a A <A
Conposi tion (%
RUN 1 28,9 16.8 22.6 3.7 28.0
RUN 2 28,5 16.0 21.6 3.9 30.0
RUN 3 30,0 19.2 21.1 2.8 26.9
Range of ‘
Variation (% 1,5 3.4 1.5 1.1 3.1

TABLE 3.7

The Reproducibility of PAGE Results for

Li red GCssein CGelatin DFGE Stoess 2766
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FIGJRE 3.8

Densi togram of the El ectrophoretic Separation of an Acid

Gssein Celatin on 2.5% Pol yacryl am de Cel

Celatin : Croda 472
—T : Direction of Electrophoretic Separation
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FIGJRE 3.9

Densi t ogram of the El ectrophoretic Separation of an Acid

Gssein Celatin on 5% Pol yacryl am de Cel

Celatin Croda 472

— Direction of Electrophoretic mgration



do



FI GURE 3.10

Densi togram of the El ectrophoretic Separation of a 2:1

Acid : Linmed OGssein CGelatin Mxture on 2.5% Pol yacryl am de

Gel.

Gelatin : Acid OCssein Croda 472, Limed Ossein Batch 1
—3 : Direction of Electrophoretic Mgration
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COMPONENTS >g g+ q:) a <a

Conmposition (%

Tonka (19) 23.1 19.0 5.5 52.5

This work - RUN 1 25.5 17.7 5.7 51.1
RUN 2 25.4 20.2 58 48. 6
RUN 3 25.2 18. 2 6.3 51.8

Range of

Variation (% 0.3 2.5 0.6 3.2

TABLE 3.11 Reproduci bility of PAGE Results for Acid

Ossein Gelatin Croda 472 and Conparison with

Results obtained by Tonka (85)




FI GURE 3.12

Densi togram of the El ectrophoretic Separation of an Acid

Pigskin CGelatin on 2,5% Pol yacryl am de Cel

Gelatin : Batch 9
— : Direction of Electrophoretic Mgration
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FI GURE 3, 13

Densi t ogram of the El ectrophoretic Separation of an Acid

Pigskin Celatin on 5% Pol yacryl am de Cel

Gelatin : Batch 9
—T : Direction of Electrophoretic Mgration



do



FIGRE 3,14

Densitogramof the H ectrophoretic Separation of the

60 BloomA kali Hde Glatin on 2.5/Polyacrylamide Gel

Gelatin : Batch 10
—3» . Direction of E ectrophoretic Mgration
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FI GURE 3, 15

Densi t ogram of the El ectrophoretic Separation of the

60 Bl oom Al kali H de Celatin on 5% Pol yacryl am de Cel

Celatin : Batch 10
— : Direction of Electrophoretic Separation
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GELATIN TYPE BATCH CONTENT CF COVPONENTS (%
NO.
>g B+B o A <A
p
LIMED OSSEIN [ 1 21.3 15.8 20.3 4.5 38.1
( Good)
2 24.3 14.9 27.3 6.8 26.7
L 3 21.8 18.6 21.1 3.6 34.9
LIMED OSSEIN [ 4 22.2 15.7 23.6 3.9 34.6
(Poor)
5 28.7 16.0 23.2 3.1 29.1
| 6 21.6 17.1 23.7 5.6 32.1
ACl D OSSEI N [ 7 28.6 15.1 4.4 52.0
| 8 22.6 17.4 6.0 55.5
ACI D Pl GSKI N l[ 9 31.1 22.1 5.6 41.1
ALKALI H DE " 10 10.1 12.6 4.0 73.3
60 BLOOM y
TABLE 3. 16 The Ml ecul ar Conposi ti on by PAGE of

Celatins used in this Wrk
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The conposition of all the gelatins used in this
work was determ ned by PAGE. A summary of the results is
given in Table 3.16 and the densitograns are contained
in Appendi x 1.

3.1.5 D scussi on

The MVD of a gelatin is dependent upon the source
tissue and the treatnment it receives during manufacture,
in particular,the pretreatnent and extraction stages.

Mature tissues such as ox-hide and ossein are nore
heavily cross-linked and subsequently require nore severe
treatment to produce good yields of gelatin than inmmture tissues
such as pigskin (9,87-89). Batch variations nmay be
introduced by different tissue ages and uncontrolled
degradation (mcrobial or by drying) of raw materials prior
to manufacture (4).

LIMED OSSEI N GELATI NS

The densitogranms (Figures 3.2, 3.3 and Appendi x 1)
reveal a l|large nunber of o chains, wth discernabl e peaks
for the g and y conponents, superinposed upon a broad spectrum
of oligoneric and fragnmented nol ecules from u-gel to | ower
peptides. Line pretreatnment is considered to selectively
cl eave specific bonds on the collagen nolecule, in
particular the covalent cross-links (3). Upon extraction,
this results in the release of many intact a-chains and
smal l er nunbers of intact g, y and higher oligoners

containing the surviving cross-links (90). The underlying
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conti nuous spectrumof oligoners and fragnments is forned
partially by the limted peptide bond cleavage that occurs
during pretreatnment and partially by the increasingly
severe conditions of successive extractions, that together
rel ease both higher aad |ower nol ecular mass naterial.

O the linmed ossein gelatins used in this work,
Batch 2 possessed the largest o content and a |ow proportion
of lower peptides. Batch 5 also has a smaller |ower peptide
content than the others, but has larger anounts of high nol ecul ar
wei ght conponents. There appears no clear distinction, on
the basis of the nmajor conponents of the MVD, between 'good
and 'poor' |inmed ossein batches for capsul e production.
ACI D OSSEI N GELATI NS

In acid pretreatnent non-specific peptide bond
cl eavage predom nates (89). Crosslinks are preserved,
| eading to nore conpact nol ecules that consist of |atera
aggregatesof chain fragnents held together by cross-Iinks
(71,91). The non-sel ective nature of the peptide bond
disruption is revealed in the densitograns which show a
nmore uni form degree of nolecular comm nution than |imed
ossei n, wi thout a prom nent a peak and with nore | ower
pepti des. The comments in the previous paragraph
pertaining to extraction are also applicable here.

There is little difference between the MVD of the
two acid ossein gelatins used in this work. The higher
>Y and lower g + gp fraction of batch 7 nmay be explained in the

uncertainty of ascertaining the position of the g peak.
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ACI D PI GSKI N CGELATI NS

The nost notable features of the densitogram are
the large g : a peak ratio and the broad initial peak of
very high nol ecular mass material apparent on the 2.5%
gel trace. Pigskins as supplied, are a young tissue with
little covalent crosslinking and they therefore require |ess
rigorous treatnent than nmature ossein for good yields.
a-chains are nore easily extracted intact,but as nost
crosslinks are preserved by acid pretreatnent, they appear
as oligoneric species. The lower extraction tenperature (9)
and absence of a demneralization stage curtails the peptide
bond hydrolysis at these stages and a greater proportion of
hi gh nol ecul ar wei ght material survives into the fina
gelatin. This is apparent fromthe determ ned conposition
(Table 3.16) where over 50%of the gelatin is of nolecul ar
mass greater than the a fraction.
ALKALI HI DE (60 BLOOM) GELATIN

The densitograns show this gelatin to possess a
| arge proportion of |ower peptides and the lack of an
initial peak on the 5% gel trace indicates that little
materi al of high nolecular nmass is present. In these
respects and with a lack of recognizabl e peaks, the trace
is consistent with that published for a highly degraded
linmed ossein gelatin wwth low gel strength and |ong

setting tine (93).



3.2 OTHER PHYSI CO- CHEM CAL PROPERTI ES

3.2.1 Manufacturers Anal ytical Data

The results of routine quality control tests carried
out by the capsule manufacturer are listed in Table 3.17.
The met hods used are those of BS757:1975. The gel atins
are within specification for the high quality of raw
material required for capsule production. Ash contents are
particularly lowin batches 1, 7, 8 and 9 which have been
dei oni zed during manufacture (112). pH and turbidity
val ues were determined in this |aboratory. Turbidity was
measured using an EEL nephel oneter with Unigalvo Head Type
20. (EBEvans EIectroseISiun1Ltd., Hai | st ead, Essex, UK).
25%"%/w sol utions at 50°C were conpared with a tinted
standard prepared at 25% turbidity of the ground perspex
standard. Results are expressed as percentage turbidity
relative to the perspex standard. For lined gelatins at
non-isoelectric pH, excess turbidity can indicate the
presence of suspended foreign matter (113). Acid processed
gelatins show a broad pH range of turbidity around the
isoelectric point (91,96) and this test is less reliable.

3.2.2 The Determ nation of |soionic Point

The isoionic point (pI) is the pH at which a
p.otein nol ecul e possesses equal nunbers of negative and
positive charges, in the absence of ions other than H*
and OH™ (94). It may be nmeasured as the pH of a deionized

protein solution (95).
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100 mM of freshly-prepared 2% gelatin solution was
passed through a colum (40 cmx 4 cm of Anberlite MB- 37
m xed-bed ion exchange resin nmaintained at 60°C (97). The
first 50 m of eluate was discarded and subsequent portions
recycled until consistent readings of pH were obtained.
A Corning Mddel 113 pH neter with a glass el ectrode was
used, freshly calibrated at pH 4 and 7. Limed gelatins
exhibit a sharp turbidity maximumat the pI and the appearance
of turbidity on cooling provided a useful check that the
isoionic state had been achi eved. For acid pretreated
gelatinsthis check is less reliable (91,96). Isoionic

points are shown in Table 3.18.

The pI of collagen has been estimated to |ie between
9.0 - 9.4 (15). Pretreatnment of raw materials causes
deam dati on of asparagine and glutam ne side chains with a
consequent increase in the nunber of ionized carboxyl groups
(98,99). The loss of amde nitrogen and | owering of pI have
been quantitatively related (100, 101). Am de conversion
occurs extensively (pI = 4.8 - 5.0) during line
pretreatnment but nuch less so during acid pretreatnent
(pI = 6.0 - 9,3) where the extent depends on the severity of
manuf acturing conditions. Acid ossein gelatins have | ower
pI values than acid pigskin gelatins because of dem neralization
(102), and have a broader distribution of charged species
than |linmed ossein gelatins because of unequal deam dation

of nol ecul es during manufacture (103).

+ BDH Chem cal s, Poole, Dorset, U K



CELATI N TYPE BATCH pI

Li med Gsseins (Good) [ 1 4.94
2 4. 88

i 3 4.90

Li med Gsseins (Poor) i 4 4.82
5 4.90

] 6 4. 90

Acid Gsseins i 7 6. 85
| 8 6. 62

Acid Pigskin |[ 9 8.78
Al kal i H de 60 Bl oom |[ 10 5.55

TABLE 3.18 The Isoionic Points of Gelatins (pI)

40
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3.2.3 The Detection of Protein Inpurities by Utraviolet

Spectroscopy.

Protein solutions exhibit intense absorbance in the
ultraviol et below 250 nm due to peptide bonds, and between
250 - 300 nmless intense peaks are observable fromthe
aromati ¢ am no acids tyrosine,phenylanilineand tryptophan
(86), Collagen is particularly poor in aromatic am no acids
and a highly purified preparation shows |ow and unremarkabl e
absorbance in this region (104), The spectrumover this
region can therefore be used to indicate the degree of
cont am nat i on by other proteins present as inpurities (105),

Two observations are pertinent to the application
of this procedure to gelatins.

(1) Lined gelatins possess intrinsically |ower
tyrosine levels than acid processed gel atins, because of the
| oss of tyrosine-rich telopeptides during limng (15).
Tyrosi ne peak neasurenents at relatively high concentrations
should therefore be a suitable test for tyrosine-rich inpurities
in limed gel atins.

(ii) Nucleotide bases,which are present to an
extent dependent on source tissue and manufacturing process,
conplicate the W/ spectrumin this region. Fortunately,
ionisation of the tyrosyl hydroxyl group in alkaline solution
shifts the tyrosine peak maxi mum from 275 nmto 292 nm
away from alnost all interfering nucleotide base maxi ma

(86, 106) .
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Cobett has shown that the shifted tyrosine peak
in gelatin is coincident with that of pure tyrosine above
300 nm (111) and chose 304 nmfor quantitative estimations.
Vari ous workers (108-110) have isolated in varying anounts,
a nucoprotein-derived inpurity fromgelatin which had a
tyrosine content a magnitude greater than that of the
parent gelatin. The inpurity content was related only to
the efficiency rather than the node of manufacture of
the gel atin.

1% gel atin solutions in water and 1MNaOH were scanned
between 240-320 nmusing a Perkin-El nmer*554 UV/visible
spectrophotoneter with quartz cells, and the appropriate
solvent as blank. Figure 3.19 shows spectra from each
gelatin type. They exhibit weak peaks at the sanme
wavel engths but these differ in intensity. The relatively
| ow absorbance of the lined ossein gelatin may be ascribed
to the loss of tyrosine and purine bases that occur on
[imng. The spectral shift in alkaline solution is shown in
Figure 3.20. The only remaining interfering nucleotide base
is uracil (ymx = 284 nm (48)) which accounts for the
broadeni ng of the tyrosine peak at |ower wavel engths.

Table 3.21 lists the specific absorbance coefficients at
304 nm (corrected for ash and noisture) of both 'good

and 'poor' Ilined ossein gelatins. Anongst the limted
nunber of |inmed ossein gelatins available there appears no

distinct relation between tyrosine content and suitability
* Perkin-Elmer Ltd., Beaconsfield,Bucks.HP9 1QA, U K



FI GURE 3.19

The U traviolet Spectrumof Different Celatin Types

in the Range 240 - 300 nm

1%

E 1cm

— Specific Absorbtion Coefficient (94)

A - Akali Hide (60 Bl oom) gelatin Batch 10
B - Acid Gssein gelatin Batch 8
C - Acid Pigskin gelatin Batch 9
D

- Linmed Gssein gelatin Batch 3
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E1cm

240 260 2é0 C?OO
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FIGRE 3.20

The Tyrosine Peak Shift in the Utraviol et Spectrum of

Glatin in Alkaline Sol ution

1%

E 10,;1 - Specific Absorbtion Coefficient

Solution of Gelatin Batch 3 in distilled vater
————————— Solution of Gelatin Batch 3 in 1M NaCH



1%

E1cm

0.51

260 280 300 320

Wavelength nm



GELATI N TYPE BATCH gl%

lcm

Li med Osseins (Good) [ 1 0. 358
2 0. 374

3 0. 405

Li med Osseins (Poor) i 4 0. 391
5 0. 401

| 6 0. 394

Acid GOsseins [ 7 0.741
B 0. 752

Acid Pi gskin [ o 0. 745
Alkali Hide [ 10 0. 806

TABLE 3.21 Sneci fic Absorbance Coefficients L_E}l%ém)

at 304 nm




for capsule manufacture. The alkali processed hide

gelatin appears to possess a hi gh tyrosine
content.
3.3 THE DEGRADATI ON OF GELATIN SOLUTI ONS PREPARED

FOR _FI LM SPREADI NG

In the capsul e manufacturing plant 30%"/w gel atin
solutions are prepared and allowed to degas at 60°C for
10 hours. This time-scale is inconvenient for |aboratory
work and the film spreadi ng techni que necessitates the use
of a less concentrated solution. [In the forthcom ng
chapters, filnms have been prepared fron12596w/m1gelatin
solutions that have been allowed to degas at 50°C for
18 hours. This experinent conpares by visconetry, the
degradati on undergone by gelatin solutions prepared by the
i ndustrial and |aboratory nethods.

25 and 30%%/w solutions in sealed containers
were prepared by swelling 4 hours then stirring and nelting
at 60°C for 15 mnutes. 30%solutions were allowed to stand
at 60 + 1°C for 10 hours and 25%sol utions at 50 + 1°C for
18 hours to degrade. Dynam c viscosity nmeasurenents at
60°C were perforned on solutions diluted to 6.7% ¥/ w using
a U-tube visconeter type C. The visconeter constant at
60°C was deternined using Dow Corning 200/20 cs Silicone
fluid.



The dynam c viscosity n was cal culated fromthe

rel ati onshi p:
' -1

n : dynamc viscosity (Kg wr2.s )
LIS g i density of solution (Kg m~ )
K K vi sconet er const ant

(2.727 x 107 m~2.s2)
t : time (s)

and the percentage viscosity drop by

DT] = TNgp - n X 100
T o
D, : percentage viscosity drop
e dynam c viscosity of an wundegraded gelatin

solution of 6.7% ¥/w concentration

n . dynam c viscosity of a degraded gelatin
solution of 6.7% W/w concentration

no Was det erm ned on undegraded 6. 7% ¥/w sol uti ons using the
sanme vi sconeter

Percentage viscosity drop values are listed in
Table 3.22. Mst gelatins undergo slightly less viscosity
degradati on under |aboratory preparative conditions than
industrial. The viscosity degradation of a gelatin is a
function of pH, tenperature and proteolytic enzyme content
(3,51) and may be related to an increase in |ower peptide

content (114) and a decrease in higher nol ecul ar wei ght

speci es (86),



GELATI N TYPE BATCH PERCENTAGE VI SCOSI TY DROP %

A B

Li mred Gsseins [ 1 59 51
( Good)

2 4,0 2.9

3 6,5 3.2

Li mred Gsseins ] 4 4,2 2.6
(Poor)

5 99 8.9

| 6 8,3 6.6

Aci d Osseins [ 7 58 5.0

8 4,0 4.2

Aci d Pi gskin [ 9 7.4 8.0

Hi de (60 Bloom [ 10 4.5 2.6

A : Industrial conditions 30%60°C 10 hours

B : Laboratory conditions 25% 50°C 18 hours

TABLE 3. 22 The Degradation of gelatin sol utions under

Laboratory and Industrial preparative

Condi ti ons




CHAPTER IV

THE DRYI NG OF CELATIN FI LM

4.1 | NTRODUCTI ON

The drying of a slab of wet solid into a noving air
stream under constant conditions is classically represented
by the drying rate curve shown in Fig.4.1, which may be
subdi vided into several distinct drying periods (156, 157):
I NI TI AL EQUI LI BRATI ON ( A- B)

A short period of tenperature equilibration as the drying
surface cools to the wet-bulb tenperature (WBT).

CONSTANT RATE PERI OD (B- Q)

Drying proceeds at a constant rate froma thin continuous
filmof water which covers the surface of the material and
is maintained by diffusional or capillary transport from
the interior. Heat input bal ances heat |ost by vaporization
and the surface tenperature remains constant at the VBT.

The rate of drying is controlled by the rate of vapour

di ffusion through the surface stationary air |ayer.

FI RST FALLI NG RATE PERI CD (C D)

Water transport is insufficient to nmaintain the continuous
surface film Dry spots appear and grow and the drying rate
falls steadily. The onset of this period (C) is terned the
critical noisture content (XCT)'

SECOND FALLI NG RATE PERI CD (D E)

D marks the secondary critical point (tertiary noisture

content) at which the surface filmhas conpletely evaporated..



FIQRE 4.1

An ldealised Drying Rate Qurve

X~, 1s thecritical noisture content



Drying

Rate
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XCI'

Mean Moisture Content X"-T-)»

—— Time
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The drying rate is controlled by the rate of internal water
transport to the surface and decreases nore rapidly than in
the first falling rate period. Drying tine is thickness
dependent.
EQUI LI BRI UM MO STURE CONTENT (E)
The equilibriumnoisture content (EMC) represents the water
retained by the material under given conditions. The drying
rate is zero and further noisture renoval may only be
acconplished by altering drying conditions. The anount of
renovabl e water (i.e. that above the EMC) within a wet
solid prior to drying, is ternmed the free noi sture content
(158).

Materials may be classified as porous or non-porous
according to their internal structure and subsequent drying
behavi our (157, 159).

a) Porous solids. (e.g. crystalline and granul ar

mat eri al s)
Water is held within a network of pores and capillaries.
During drying porous solids exhibit a pronounced constant
rate period, short falling-rate periods and | ow EMC and

X Internal noisture transport is primarily by capillary flow

Cr
and, during the falling rate periods, the noisture distribution
within the solid resenbles a receding neniscus.

b) Non- porous solids (e.g. clays, soaps, starch and ot her

coll oidal materials)
Water is nore intimately associated with, and may form a

integral part of, nolecular structure. These materials
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exhibit short constant rate and first falling rate peri ods,
prol onged 2nd falling rate periods and conparatively high
EMC and XCr val ues. Mdisture transport is by diffusion and
the noisture distribution within the filmis qualitatively
simlar to that predicted by diffusion theory (159).

However, conplications arise fromthe variation of diffusion
coefficient wth noisture content, and surface shrinkage

whi ch can markedly reduce water perneability through the
dried surface layer (160). Too rapid drying may result in
"case hardening" in which a hard dry surface |ayer forns and
makes further drying extrenely difficult. Stresses generated
by shrinkage may cause warping, cracking and fragnentation
of the drying surface (159,164). The tertiary noisture
content may be related theoretically to the EMC at 1OO%RH
and this relationship holds for many colloidal foodstuffs
(117).

Celatin gel belongs to the group of non-porous
solids, and the state of water within the gel ranges from
'free’ water with alnost unrestricted novenent to that
held rigidly at nmacronol ecul ar binding sites (122, 165).

A review of water binding by gelatin is provided in section 5.1,

The slow drying of a thin film (10% Y/w) has been
shown to exhibit a typical constant rate period and a critica
noi sture content of 2,4 < XC1'< 3 (140), Surprisingly, drying

rate appears alnost independent of filmthickness (140,167,168, 163)
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and Gerhmann and Kast (140) have postul ated that the
foll ow ng nechani snms nmay be responsi bl e:
1) The assistance of internal diffusion by hydrostatic
pressure generated by shrinkage of surface layers onto
the wet core,
2) The straining of surface |ayers(which increases
free volune) and stress orientation,both of which
may alter diffusional resistance.
3) Viscoelastic relaxations at the drying surface which,
by disturbing the surface noisture equilibrium,allow
a higher surface noisture |level than that provided by
di ffusi onal processes al one.
The magni tude of stresses generated by drying is greater for
t hi cker sl abs and these effects are enhanced at
greater filmthicknesses where the drying rate would
normal ly be |ower (ata given nean noisture content) if
di ffusi on processes al one prevail ed.
Wien gelatin is rapidly dried, steep interna
noi sture concentration gradients are set up and there is a
tendency to "case-hardening" (7). Faster drying at noisture
contents close to the EMC nay be achi eved by exposure to
X-rays (161),
The drying of a shrinking gel is a conplex phenomenon.
As a consequence of shrinkage and straining, internal noisture
must traverse a continuous change in nolecular structure

before reaching the drying surface and the diffusion coefficient
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is likely to be noisture dependent, A mathematical nodel

based on the shrinkage of local areas to fill voids |eft

by evaporating solvent has been presented,but it only

qualitatively fits experinental data (160), In addition,

during the drying of a freshly-cast wet capsul e shel

there is superinposed upon the drying process the concurrent

devel opnment of internal structure (166),

4,2

4.2.1

SLOW DRYI NG EXPERI MENTS

Aggar at us

Bal ance

M croforce bal ance type Mk IIB with encl osed head

C.I. Electronics Ltd.
Salisbury. Wilts. WK

Oven
| ncubat or-oven hybrid with internal fan

Genl ab Ltd.,
W dnes, Cheshire.

Ther nonet er
"Jenway 2000" Digital Thernoneter with thermocoupleg
R W Jennings Ltd.,
East Bridgford, Nottingham UK
Chart Recorder
Aut ograph 'S

Shandon Sout hern Instruments Ltd.
Canberl ey, Surrey. UK

Hum dity Sensor

as described in section 2.4
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Fl ow Meter
"Gp' flowreter

G A P. Laton Ltd.
Croydon, Surrey. UK

Salts for Humdity Control

as described in section 2.4.

A diagramof the apparatus is shown in Figure 4.2.
The bal ance head was enclosed within a closed-circuit
air-circulating system A punp provided an airfl ow of

3,3 x 10°m2.s1  which resulted in an air vel ocity of

2m s 1 past the sanmple. Humdity was controlled

3 x 10
by the saturated salt solution and nonitored by neans of
the humdity sensor described in section 2.4. Tenperature
was controlled by enclosing the apparatus within the 'oven'
whi ch was a hybrid conbining the precise tenperature contro
of an incubator with the rapid re-equilibration characteristics
of an oven. Tenperature was nonitored by neans of thernocouples
at various points in the oven and the tenperature of the
ai rstream before inpinging on the sanple was carefully
controlled to T + 0.2°C.

To introduce a sanple, it was necessary to break the
circuit, and the 2L ballast bottle provided a reservoir of
air at the appropriate tenperature and humdity to aid
rapid re-equilibration. Both tenperature and humdity had
returned to the appropriate values within 15 m nutes and

remained stable to + 0.2°C and + 2%R. throughout the drying

run.



FIGRE 4,2

A D agramof the Apparatus used in the S ow Drying

Experi nment s
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4.2.2 Met hod
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Celatin filnms were prepared as described in Section 2.2,

| mredi ately after spreading, a portion of the filmsurface
was overlaid with cover-slips to avoid drying into room
conditions. The filmwas allowed to stand for 12 m nutes
after which tinme it was sufficiently firm for manipul ati on.
Pi eces of area 2 cng were cut using a tenplate and scal pe
and the thickness neasured by mcroneter, sandw ching the
sanpl e between two coverslips. Sanples were chosen of the
desired thickness + 0.01 mm

At 18 mn. after filmformation the sanple was hung
on the bal ance arm and dried, the weight being continuously
recorded until no further change in weight was evident.
The sanple was then renoved, weighed and subjected to noisture
determ nation (see section 2.3).

These sanples were dried fromboth sides. Attenpts
were made to exam ne one-sided drying on a restraining
support but no satisfactory nethod was found to attach the

filmto the backing sufficiently well to prevent peeling.

4.2.3 Resul ts and Di scussi on

Figure 4.3 shows a typical drying curve. The results
were converted to the drying rate : noisture content plot
(fig. 4.4) by nmeans of a conputer progran1(Appendii 2) that
cal cul ated derivatives of cubic equations fitted to snal

segnents of the curve. The programwas verified by plotting



FIQRE 4,3

2

I b . T o of .  Cotat

FlmDying fromboth sides under Constant Conditions

Gelatin Batch 7

Thi ckness : 0.407 N
Ar velocity : 3x 10 %ms™}
Tenper at ure . 259C

Humi dity . 43%R,
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manually-determined tangents to the drying curve, as shown
in Fig. 4.4. The programgave the nore precise evaluation of
drying rates which are expressed as a rate of water |o0ss
for unit original surface area. In concordance with conventiona
dryi ng experinents (158) the nmean noisture content in this
chapter alone, is expressed as a dry weight ratio (kg H,0/kg
dry gelatin) and denoted‘by Xm. In all other work moisture
contents are expressed as a percentage wet weight ratio
(denoted by % noisture content) in line with current practice
within the gelatin industry (61).

The drying rate plot (Fig. 4.4) lacks an initial
constant rate period. It has been shown (140) that under
simlar drying conditions the critical noisture content occurs

at 2.4 < X, <3(140)and the drying in these experinents is

Lr
therefore occurring wholly within the periods of falling rate.
A clear secondary critical point is not apparent.

Fig. 4.5 shows the variation of drying rates with
filmthickness under constant drying conditions. Wthin the
range 0.32 - 0.56 mm filmthickness did not affect drying
rates within experinmental error, in concordance with the
results of previous workers (140, 163). This conclusion
assunes uni form shrinkage of surface area. The hypot heses
advanced for this unusual result have been detailed in section
4.1. Sanple thickness was maintained at 0.40 - 0.41 mmin

subsequent experinents, which is the approxi mate thickness

of the wet capsule shell after casting (39).



FIGQRE 4.4

Drying Rate against Misture Content Qurve for the Data

fromFi gure 4.3

X = - Man Misture Content ,¥8Hg0

“kg dry gelatin ’

» Conputer calculated drying rates.
O Dying rates determned manually fromtangents to the

dryi ng curve.
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FIGURE 4,5

The Variation of Drying Rate with Film Thi ckness

Celatin Batch 7
Mean + 1SD (N=4)

o

Tenperature 25°C

Hum dity 43% Ry

Mean Fil m Thi ckness
0,563 mm o o)
0.480 mm (@ I o
0. 407 mm .
0.320 mMm e o
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The variation of drying rates wth tenperature
and humdity in this systemare shown in Figs. 4.6 and 4.7
For the conparison of gelatins, drying conditions of 43% Ry
and 25°C were chosen; close to those used comerically to
dry the wet capsule shell. Fig. 4,8 shows the drying rate
noi sture content curves for representative sanples of
different gelatin types. Wthin experinental error, no
differences in drying rates are apparent. As a check on
this result the nmean drying tinmes between X 1.9 to 0.25 were
conpared. (Above %n = 1.9 reproducibility is poorer ;
presurmably the sanple had not yet fully equilibrated up to
this point. Belovaln = 0.25 the reproducibility is also
poorer due to the sanple twisting and disturbing the air flow)
Table 4.9 shows the nmean drying tines between these noisture
contents. Batch 7 may be shown statistically different to
batches 8 and 9 (T-test : 0.01 < p < 0.05), but the overal
range of nmean drying tinmes is only of the order of 5% (3 m n)
and it was considered doubtful whether experinental error had
been elimnated to this degree in this experinent.

In these experinents the overall drying tine was
around 80 m n. In the industrial situation capsules are
dried in 40 mn. as a result of higher air velocities.

Al t hough sl owdrying experinents are useful for det erm ni ng
precise drying rates, it is conceivable that varieta
di fferences may only be apparent at the faster drying rates

used commercially, when a degree of case hardening and | ess



FIGRE 4.6

The Variation of Drying Rate with Tenperat ure

Gelatin Batch 7

Mean + 1SD (N=4)

Film Thickness : 0.390 - 0.410 mm
Huim dity 1 43%Ry
Tenper at ure

35°C O
30°C —_2
25°¢C O——0 0

20°Cc —o
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FIGURE 4.7

The Variation of Drying Rate with Humidity

Gelatin Batch 7

Mean + 1SD (N=4)

Fi | m Thi ckness : 0.400 - 0.410 mm
Tenper at ur e . 25°C
Hum dity

12% RH O—0

43% Ry e— o

62% RH o——n

85% RH 2——a
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FIGURE 4.8

The Variation of Drying Rate with Gelatin Type

Mean + 1SD (N=4)

Thi ckness : 0.400 - 0.410 mm
(o]

Tenperature : 25 C

Hum dity . 43%R,.

"Good'" Linmed Ossein Celatin (Batch 2)
"Poor' Linmed Gssein Celatin (Batch 6)
Acid Gssein Celatin (Batch 7)
Acid Pigskin Gelatin (Batch 9)
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Drying Tinme (mn)

Gelatin Type Batch

Mean SD
'Good' Linmed Gssein 2 68. 3 1. 60
"Poor' Lined OGssein 5 66. 3 1.21
Acid Gssein 7 65. 2 0. 56
Acid Pigskin 8 64. 9 1.52

Table 4.9 Mean Drying Tines between Misture Contents

of xm:

56

1.9 to 0.25 in the Slow Drying Experinents
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structural devel opnent may be postul at ed. It was inpracticable
to drastically increase air velocities in the above apparatus
because of balance instability and the use of lower humdities
would alter the tenperature of the drying sanple.

An experiment was therefore designed to dry freshly-cast
gelatin sheet under airflow conditions sufficient to achieve

the industrial drying tine.

4,3 FAST DRYI NG EXPERI MENTS
4.3.1 Appar at us
Qpen glass tube : length 1m, internal dianmeter 75mm

Al um nium plate : square,flat plate with rim 5mm

wi de 0.5mm hi gh. Overal | di nensions

73 X 73 mMm
Hai rdryers : Model NEHDI |, EMEB, Nottingham UK
Anenonet er : Ther mo- anenonet er GGA235

Wal | ace Oy, Turku, Finland.

Cyanoacrylate : Loctite (UK) Ltd.,
gl ue VWl wn Garden Gty
U K

4,.3.2 Met hod

The experinent was carried out at 20 + 1°C and
42 + 3% Ry within the humdity and tenperature controlled
room (section 2.4). The tube was nounted horizontally and the
two dryers arranged at one end to bl ow unheated air down the
tube. Ar velocity was neasured at the opposite end by the
anenonet er probe placed just inside the tube. Ar velocity

was 3.9 + 0.1 ms~> towthin 5 mmof the tube wall.
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The internal surface of the plate was roughened with enery
paper and a thin ring of glue sneared around the rim The
pl ate was wei ghed, heated and placed on a |evelled surface,
A 25% w w hot gelatin solution was poured onto the plate
and the excess renoved while still nolten with the edge of
a steel rule. Filmthickness was controlled by wei ghing
the plate 5 mnutes after casting, A gel weight of 2,15 to
2,35 g gave a filmthickness of 0.41 £ 0.02 mm Under and
overweight, or blem shed filnms were rejected.8 mn after
casting, the plate was inserted in the tube and driers
switched on. At intervals of 4 mn. the plate was renoved,
rewei ghed and replaced, rotating the plate 90° each time to
avoi d | eading edge effects. Wighing took 20 s. On conpletion
of drying a portion of filmwas cut fromthe centre of the
pl ate, weighed and subjected to noisture determ nation.

4.3.3 Results and Di scussi on

Fig. 4.10 shows a typical drying curve under the
experinmental conditions. The apparent constant rate period is
sur pri sing and may result from a conbi nation of cruder
technique and faster drying rates nmaking the initial curvature
| ess easy to observe. However, although the noisture content
is below the critical noisture content for mature gels, the
immaturity of these freshly cast gels may aid noisture transport
and the mai ntenance of a wet surface. 1In this case, the initia
curvature seen in the slowdrying experinments nmay be expl ai ned

as a result of age or shrinkage. A conparison of the slope of
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The Drying of Gelatin Filmin the Fast Dryi ng Experinents

Celatin Batch 7

Tenper at ur e . 20°C
Huni di ty . 43+ 3% Ry
Air velocity . 3.9 ms"1t

Film Thi ckness : 0,42 mm

X ~: mean noisture content kg.kg 1
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Gel atin Type Bat ch Drying Time (min)

Mean SD
'@od' Linmed Gssein 2 43, 8 2,2
"Poor' Limed Gssein 6 43,1 3.3
Acid GCssein 7 39.4 2.3
Acid Pigskin 9 40. 7 2.9

Table 4.11 Drying tinmes between X,= 23 to 0.19

in the Fast drying experinents

n =4
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the linear portion (1,8 X 10™% kg.s'lnfz) with the drying
rate of a filmof water (3,0 x 10_4kg.s'1nf2) det er mi ned
under the same conditions suggested that drying was not
taking place froma wet surface.
The drying times between noisture contents corresponding
to those of the capsule before and after drying (ﬁn =2.3
to 0.19 : 70%to 16%wet weight basis) are conpared in

Table 4,11, The tinmes at X =0, 19 were considerably
m J

dependent on the noisture content determ nations which were
therefore perfornmed together. Paired t-tests at p = 0,05
reveal ed no significant differences between the four batches
within experinental error. This result does not entirely
preclude the possibility of varietal differences in drying
rates because of the low precision of the experiment. The
difference in nean drying tine between the 'good |ined ossein
and the acid ossein batch was 4.4 m nutes. Conpar ed

with an overall drying tinme of 40 m nutes a saving of 10%

in drying time may well be regarded as industrially worthwhile.



CHAPTER V

THE EQUI LI BRI UM MO STURE CONTENT OF GELATIN FI LMS

5.1 | NTRODUCTI ON

The proportion of noisture that cannot be renoved
froma hygroscopic material by drying in humd air is
termed the equilibriumnoisture content (EMC) at that
humdity (69). The EMC of gelatin is markedly dependent
on humidity, and to a |esser degree upon pH, tenperature,
nol ecul ar wei ght, nol ecul ar structure and whether equilibrium
has been achi eved by sorption or desorption or by cycling
bet ween the two.

The sorption and desorption isotherns are signoida
in shape; typical of those for many proteins, polyners and
gels (116-8, 135, 138) and may be anal ysed by the equations
of adsorption. Bel ow 4596RH the data is well fitted by the
B.E,T. equation (115, 118), Above 4596RH t he equati on of
Harkins and Jura (119) is applicable. Values of the nonol ayer
capacity (Vﬁ) cal cul ated using the two equations from
different portions of the isothermagree well (120).
However, the use of adsorption equations inplies a surface
phenonenon whereas in gelatin, noi sture sorption occurs
t hroughout the entire mass. The quantity V% has therefore
been interpreted at the nolecular |evel, being the quaﬁtity
of water bound when each hydrophilic site is occupied by

one water nolecule (118).
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O her authors (55, 121) have anal ysed sorption
isothernms of gelatin by neans of the Flory-Huggins equati on
for polynmer solutions. Below 26% w w noisture content the
interaction paraneter x has a value greater than 0.5,
indicating the favouring of polynmer : polyner interactions

and the co-existence of two separate phases (122). Only in
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the range 80 to 100% Ry may the sorption be regarded as sol ution

(X = 0.5) (118).

FromO to 100@6RH wat er nol ecul es are bound in

decreasi ng order of adsorption enthal py (123). Nuclear nmagnetic

resonance studi es (116,122, 124) indicate that bel ow 10%Ry ,
water is very rigidly bound,first as single nolecules and then
as clusters. Conpletion of the Langmuir nonol ayer has been
calculated to occur.at about 20%RH (125) with an increase

in conductivity due to the net of water nolecul es covering

the surface (116).

Above 80% R, bi ndi ng sites becone saturated and
further noisture is increasingly directed to form nultil ayers
of condensed noisture (125). There is evidence for the
appear ance of new water binding sites as polynmer : polyner
i nteractions decrease (47, 122) and it has been shown that
there is a failure of |arge nunbers of such bonds at these
high humdity |evels.

The main sites for the binding of water on proteins
are (115)

(1) The oxygen and nitrogen atons of the peptide

backbone chains and side groups.
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(i1) Si de-chai n pol ar groups of e.g. |ysine,

tyrosine and glutamc acid.

O these, (ii) when ionized have a disproportionate
effect on EMC due to their high binding capacity (6-8 water
nmol ecul es) relative to (i) (one water nolecule each) (126-
129). The EMC of gelatin increases with pH, particularly
frompH2 to 6, and a consideration of the groups involved
| ed Pouradier (118) to conclude that the increase in EMC
could be alnost entirely explained by the increasing ionization
of carboxyl groups on the nolecule. At pH6 ionized carboxyl
groups carry over 20% of the total nonol ayer capacity of
gelatin, though they are present only to the extent of
1.2 m.moles per gram

Studi es of degraded gelatins (130) and gelatin
fractions (118) indicate that nol ecular weight has little
influence on the EMC. This is predictable as only at very
| ow nol ecul ar wei ghts woul d the binding capacity of increased
nunbers of end groups becone significant relative to the
total capacity of the polyner side groups.

The degree of structural order within a film does,
however, appear to influence the EMC. At 60%Rrﬁ , which is
the point of maximum separation of the isotherns, collagen
(almost 100% triple-helix) has an EMC approxi mately 8%
hi gher, and cold-dried gelatin film (partially renatured)
approxi mately 2% hi gher, than hot-dried gelatin film (random

coil) (29,55). This has been attributed to the triple-helical
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structure orientating backbone peptide groups in a
configuration nore favourable to water binding (131).

Little work has been done on varietal differences
in EMC. Sheppard et al (130) have noted a | ower EMC for
an acid pigskin gelatin conpared with a lined hide gelatin
above 60% Ry.

Hysteresis, the separation of sorption and
desorption isothernms on cycling between |ow and high Ry
has often been reported and Rao and co-workers have indicated
varietal differences between gelatin batches. (132-138)
Unfortunately no details of tissue of origin or manufacturing
process are given. Hysteresis in gelatins has been inter-
preted using the theory of Young and Nel son (139) by York
(125) in terns of the balance of binding and diffusiona
forces at the sorting surface, or by the cavity concept of
Rao (135). There is evidence of a decrease in total
sorptive capacity in sone gelatins on repeated cycling
(125,138) and this effect has been attributed to a shift
in the pore-size distribution (123).

The final stage of drying of hard gelatin capsul es
takes place after manufacture (2). The follow ng experinents
are designed to examne gelatin filnms for batch differences
in EMC. If these do occur, can they be related to differences
in gelatin type and known suitability for hard capsul e

manuf act ur e?
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5.2 EXPERIMENTAL
5.2.1 Apparatus
(A) Individual desiccators )
) as described in section 2.4.1
(B) Saturated salt sol utions)
(O Oven-1lncubator hybrid with internal fan ) as descri bed
) in section
(D) Ther nocoupl es for tenperature nonitoring) 4.2
(E) Anal yti cal bal ance reading to four decimal places.

A. Saut er: Model 414/ 8
5.2.2 Met hod

Desi ccators were maintained for 2 days under
experinmental conditions prior to use. Dried gelatin filns
were prepared (as section 2.2) of thickness 0.14 to 0.18 mm
and pieces were cut 25 x 120 mm . They were plaged one in
each desiccator and were conditioned at T £+ 0.2 C
Tenperature uniformty was nonitored by neans of the
t her nocoupl es placed in different parts of the oven and
gelatins to be conpared were conditioned at the sane tine.
Desiccators were then taken fromthe oven and the strips
wei ghed. Mbdisture determinations were then perforned
under conditions, and wth the precautions for random zi ng
error due to atnospheric exposure, described in 2.3.

Ten replicates were perforned for each experinenta
poi nt .

5.3 RESULCTS AND DI SCUSST ONS

5.3.1 € variation i i U

conditioni ng TTTTE

The attainnent of equilibriumof filns conditioned




at 33%R,, and 20°C is shown in Figure 5.1. The noisture
content values are statistically indistinguishable after

3 days. Likewise there is no significant difference

bet ween noi sture contents at 7 and 14 days at 12%R; and
76%Ry (Table 5.2). At 86%Ry, the highest humdity,

attai nment of equilibriumcould not be verified as the

noi sture contents of filns conditioned for |onger than

7 days were considered unreliable because of m crobiol ogical
spoilage. Conditioning tinme was standardi sed at 7 days

i n subsequent experinents,

5.3.2 The Variation of EMC with humdity

Figure 5,3 shows the effect of humdity on the
EMC of filnms of a batch representative of each gelatin
type. Sanples conditioned at the sane Ry were subj ect ed
to noisture determ nations together and are thereby
conparable. At all R val ues the EMC of the acid pigskin
batch is significantly lower (T-test, p = 0.05) than the
"good' Ilinmed ossein batch. The other gelatins |lie between
t he two.

The rank order changes at 86% Ry but attai nnent
of equilibriumcould not be verified at this humdity.

Further experinents were perforned at 33% Ry,
this being within the range optinmum for the storage and
use of hard capsules (46,47).
5.3.3 The Variation of EMC with Tenperature

Figure 5.4 shows that the EMC of all the gelatin

films decreased with tenperature by approximately 1.5%
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FIGURE 5.1

The Variation of Misture Content of Gelatin Film

Wth Conditioning Time at 33%R, and 20°C.
H

Celatin Batch 7

Mean £ 1 std.dev. (N = 10)
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MO STURE CONTENT %

HUM DI TY
7 DAYS 14 DAYS
% RYT VEAN STD. DEV. VEAN STD. DEV.
12 7.77 0.21 7.70 0.13
76 19. 73 0.14 19. 68 0. 14
86 23.14 0.15 Spoi | age

TABLE 5.2 The Moisture Contents of Filns Conditi oned

for 7 and 14 days; at H gh and Low Humi dities at

20°c.

Gelatin Batch 7
N =10



FIGRE 5.3

The Variation of Equilibriumnoi sture content wth

Rel ative HUmdity .at 20°c.

Mean £1 std.dev.(N=10)

"Qod'" Lined Gssein Gelatin (Batch 2) o———0
'Poor' Limed Gssein Gelatin (Batch 6) -———o
Acid Gssein Celatin (Batch 7) o—— @

Acid Pigskin CGelatin (Batch 9) —a
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FIGRE 5.4

Tﬁe Variation of Equilibrium Misture Content with

Tenperature at 33% R..

Mean £ 1 std.dev. (N=10)

"Qod'" Linmed Gssein Gelatin (Batch 2) o

"Poor' Lined Gssein Celatin (Batch 6) o -
Acid Gssein CGelatin (Batch 7) ol o

Acid Pigskin Gelatin (Batch 9) »-—a
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over the range 20 to 30°c. This is a consequence of the
t her nodynam ¢ equi |l i brium existing between gel atin-bound
wat er nol ecul es and water vapour. Ghernmann and Kast (140)
have noted a |lowering of the EMC over the whol e sorption
i sot herm bet ween 20, 40 and 60°C al t hough superi nposed on
these results is the effect of the triple helix-coil reversion
whi ch occurs at around 40°C

The rank order of gelatins is simlar to that
of 5.2.2.
5.3. 4 The Variation of EMC with Gelatin Batch

The EMC val ues at 33%R,, and 20°C of the full range

n

of gelatin batches were determned in an attenpt to

el uci date whether the differences already observed were
due nmerely to batch variation or could be nore generally
ascribed to gelatin type.

The largest difference in EMC (Table 5.5(A))was of
the order of 0.6% and statistical testing (Scheffe Range
Test, p = 0.05) showed the only significant difference to
be between batches 2 and 9.

The ash contents of these gelatins are of the sane
order (0.1 to 0.7% as the difference in EMC. If the
results are recalculated adjusting for ash content the
spread of EMC val ues becones greater. The differences in
EMC are therefore not attributable solely to differing ash

contents (Table 5.5(B)).



68

Muich of the error associated wth these results
can be attributed to slight variations in the conditions
during noisture determnation runs. For each run the
different gelatinsenerged in simlar rank order but their
mean EMC was shifted higher or lower with respect to other
runs. This source of variation may be renoved by
subtraction of the run nean from each result. Table 5.5(C
shows the effect of this transformation in reducing the
error wwth respect to the differences between gel atins.

The non- honogeni ety of variances (max/mn variance
ratio = 8.3. p < 0.01) demands a non-paranetric test for
t he conparison of these values. Enploying a Mann-Witney U
test at p = 0.01,groups of gelatins significantly different
fromeach other are shown in Table 5.6. The groups divide
the gelatin batches neatly into their respective types,
suggesting that gelatin type may be influencing the EMC.

The possibility exists that these small but
significant differences in EMC are related to pH through
the proportion of carboxyl groups that are ionised. D lute
solution pH val ues, which provide a good indication of
filmpH (118) show no correlation with values of EMC
(Correlation coefficient r = 0.3) and pH cannot account for
the difference between batches 5 and 9 which have pH val ues
of 5.79 and 5.80 respectively. Likewise,ash contents may
affect EMC. Although no significant direct correlation
exists (r = 0.61, p > 0.05), considering the error associated
wWth the determ nation of each, this possibility nmust be

borne in m nd.



Equilibrium Moisture Content (%)

Type Batch (A) (B) (C)
Mean S.D. Mean  S.D. Mean S.D.
Limed ossein (good) 2 12.91 0.18}| 12.99 0.18 +0.35 0.08
3 12.60 0.21| 12.67 0.21 +0.03 0.07
Limed ossein (poor) 4 12.69 0.17| 12.77 0.17 +0.13 0.05
5 12.61 0.24| 12.71 0.24 +0.07 0.08
6 1256 0.22 | 12.67 0.22 +0.02 0.07
A cid ossein 7 1251 0.26 | 12.52 0.26 -0.12 0.15
8 12.49 0.18 | 12.50 0.18 -0.14 0.08
Acid pigskin 9 12.29 0.18| 12.31 @ 0.18 -0.33 0.11
Table 5.5 The Variation_ of Equilibrium Moisture Content with Gelatin

Batch

n = 10. Films conditioned at 33%

(A) Data as obtained
(B) Data adjusted for

ash content
(C) Data adjusted as (B) and calculated as a difference from
the mean EMC for each moisture determination run.

(0]
and 20 C.

H




GROUP BATCH GELATI N TYPE

1 2 'CGood" Linmed Gssein
2 3 'Good' Lined Ossein
4 " Poor' Linmed Gssein
5 "Poor' Linmed Gssein
6 "Poor' Linmed Gssein
3 7 Acid Gssein
8 Acid Gssein
4 9 Aci d pigskin
TABLE 5. 6 el atin Batches divided into Significantly

D fferent G oups on a Basis of EMC Val ues

by the Mann-Wiitney Utest at p = 0.01
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Due to pretreatnent during manufacture, acid and
lime processed gelatins differ in their carboxyl group
contents (Section 1,2) and when ionized, these groups are
maj or binding sites for water. The rank order of decreasing
carboxyl group content (as reflected by isoionic point) is
the sane as that for EMC nanely |inmed osseins > Acid
osseins > Acid pigskin. The difference in carboxyl content
between an acid pigskin (pI = 9,1) and a lined gelatin
(pI = 4.92) has been calculated as 0, 38 m.moles.g'1 (15)
of which approximately 95%woul d be ionised at pH 5,8 (142),
The difference in EMC determ ned here, between an acid
pi gskin (batch 9) and a typical lined gelatin (batch 3) is
0,31 m.moles.g_l; well within the binding capacity of the
extra carboxyl groups available. The differences in EMC
may therefore be explained in terns of differing carboxyl
group content, except for batch 2 which has an idiosyncratically
hi gh EMC. It is possible that the | ow EMC of the pigskin
gelatin examned could also be nerely a batch variation and
t he above conclusions can only be tentative.

The 'poor' Ilined osseins were not significantly
different frombatch 3, a proven 'good' |[|ined ossein, and
their EMC gives no indication as to the nature of their
inability to form good capsul es.

5.3.5 The Effect of Bl ending on EMC

The effect of changing the proportions of a blend

of an acid and a limed ossein gelatin on EMC is shown in
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Figure 5.7. The EMC appears |ower at the higher
concentrations of acid ossein than would be expected if
each gelatin contributed proportionately to the EMC

It would be inprudent to draw definite concl usions
fromthese results as the neasurenents are at the limts
of experinental precision and an analysis as 5.3.4 did
not produce further clarification.

In a study of m xtures of food biopol yners,
Iglasias et al (141) have found that where the EMC coul d
not be predicted fromproportional contribution it was
invariably lower. This was attributed to the invol venent

of water binding sites in polyner: polyner interactions.



FIGURE 5.7

The Equilibrium Misture Content at 33% R,, and 20°C

of Filnms of Acid and Lined Ossein gelatin Blended in

Different Proportions

Val ues adjusted for ash content

Mean + 1 std.dev. (N=10)

Cel ati ns: Li med Gssein Batch 2

Acid Gssein Batch 7
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CHAPTER VI

THE MECHANI CAL TESTI NG OF CGELATI N FI LNM5

6.1 | NTRODUCTI ON

6.1.1 The Behaviour of Gelatin as a Viscoel astic Pol yner

in the G ass Transition Region

Yannas (169) has concl uded that anorphous gelatin
exhibits a major glass transition between 175 to 200°C
and that therefore the viscoelastic behaviour of gelatin
parall el s that of synthetic polyners (170).

The glass transition tenperature (Tg) is an inportant
property of a polymer which marks the onset of free segnenta
novenent of polynmer chains and a sharp increase of the "free
volunme"” within the material. At tenperatures bel ow Tg
pol ymer chains are locked in fixed positions within a
di sordered lattice and nolecular notion is restricted to
vi brational nodes. The polyner has high nodulus (rigidity)
but is brittle with low inpact strength. This is termed
the glassy state. At tenperatures above Tg rubbery behavi our
is exhibited, with |ow nodulus and | arge recoverabl e
extensi ons possible. Many applications (including hard
carsules) require the material to possess a noderately
hi gh nodul us conbined with a lack of brittleness. Polyners
exhibit these properties at tenperatures around Tg (the

transition region) and they may be chemcally modified,

72



73

crystallized, blended or plasticized such that this region
is wthin the working tenperature of the material (170).

Pl asticizers are |ow nolecular mass substances that
facilitate nol ecul ar novenent and thereby reduce Tg (173),
Water is a powerful plasticizer of gelatin filns (it
depresses Tg by up to 5°C per 1% (29)) and at tenperatures
from0 - 120°C the noisture content doninates the mechanica
behavi our of gelatin (174),

An increase in plasticizer concentration alters
gel atin mechani cal properties in a manner equivalent to a
rise in tenperature (172,176), devitrification occuring at
approximately 13%noisture at roomtenperature (175), The
high intrinsic nolecular flexibility conferred by the
glycine nolecules in the chains is manifest at high plasticizer
concentrations (> 27%water (181)) when gel atin behaves as
a highly elastic rubbery gel (197), An increase in free
vol une (55) and nol ecul ar freedom (124) with el evation of
noi sture content has been denonstrated for the gel atin-water
system

Pol yners may be classified as anorphous (having a
random nol ecul ar configuration) or sem -crystalline
(containing areas of structural order). The two may be
di stingui shed by X-ray diffractometry. OCrystalline areas
act as crosslinks, increasing the nodulus in the transition
region and extending over a greater range of tenperature and
pl asticizer concentration, the useful region where high

nodul us and low brittleness coexist (170).
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The presence of areas of renatured helica
structure give "cold dried" gelatin film (CDF) the properties
of a semcrystalline polyner containing areas of both
anor phous and crystalline structure (177). In contrast,
"hot dried" film (HDF) exhibits the diffuse X-ray pattern
typi cal of anorphous polyners (22, 178) and contains very
little structural order. CDF possesses a greater tensile
strength and is less brittle than HDF at room tenperature.

At 75@6%¥ and above, CDF has a nmuch hi gher nodul us
but exhibits a |lower elongation to break than HDF due to
the restrictions on nol ecul ar novenent inposed by the
crystallite "crosslinks". (21,22,54). Further evidence of
this crosslinking effect is the limted swelling of CDF in
cold water (179). GCrystallite regions may be induced in
gelatin filns by stretching in humdities > 7396RH when the
nol ecul ar orientation is sufficient for areas of triple
helix to spontaneously form (32, 54),

6,1.2 The Tensile testing of Polyner Filns

The viscoel astic properties of polyners may be
assessed by a nmultitude of testing procedures (180), the
nost inportant being inpact, creep, stress-strain and stress
rel axati on experinments which nmay be perforned in a tensile,
conpressive, shear or flexual node (181). Wen the nmanufacturer
assesses the flexibility of a capsule shell by squeezing the
open end of a capsule half, he is performng a crude form of

fl exual stress-strain test: some areas of the shell are in



conpressi on but,due to mcroscopic flaws in the gelatin,
failure is nore likely in areas under tension and a tensile
test is nore likely to give a representative indication of
the strength in use. (180).

Uniaxial tensile stress-strain tests are w dely used
to evaluate polyner fiadms (153) and this work will wutilize
this type of test along with sone stress-rel axation studies.

A uni axial stress-strain test involves the continuous
measurenent of uniaxial |oad as the specinen is deforned
at a constant rate of elongation. The nomnal stress is
calculated fromthe |oad by nornalization wth respect to
original cross-sectional area,

F . :
o = i a - nomnal stress
(0]

F : uniaxial |oad

A, original cross-sectional area

and strain by dividing the elongation by the original length.

€ =L LO € . Stra|n
L | L : specinmen |length
° L, : original specinmen |ength

The tensile stress-strain nodulus (Young's nodul us), a
measurenment of rigidity, is the stress-strain ratio over the
initial linear portion of the stress-strain curve for which
Hooke's law is a good approxi mation

E = 2o E : Tensil e nodul us

Ae

The tensile strength (ultinmate breaking strength) of a
material is the stress at fracture, whilst fracture

toughness (a lack of brittleness) may be assessed fromthe
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energy absorbed by the material before fracture, i.e. the
area under the stress-strain curve.

The shape of the stress-strain curve provides
information. Fig. 6.1 (a) shows the changes in shape of
curve around the transition region. (i) is the glassy state
whilst (iv) is typical rubbery behaviour of a polyner
above Tg. (ii) and (iii) represent forns of behaviour in
the transition region where noderately high nodul us and
t oughness coexist. Although the tensile strength is |ower
than in the glassy state, greater elongations are possible
because the material can dissipate by deformation the
stress-concentrations around flaws that mght otherw se
exceed the breaking stress. The yield peaks that energe
mark the onset of a 'neck' over a portion of the specinen.

O her shapes of curves are evident for polyner
behavi our and are shown in Figure 6.1 (b-f) classified
according to their gross physical characteristics. The
type of curve obtained is dependent upon the interna
structure of the material, the degree of plasticization, the
conditions and the timescale of testing.

Tensile stress-relaxation testing involves the rapid
application of a small finite uniaxial strain and the neasurenent
of the decay of the induced stress. It is a neasure of the
ti me- dependent behavi our of a material under |load. The
rel axati on nmechani sns involved nay be analysed in terns of

vi scoel astic nodels (144). In this work which is purely



b)

f)

FIGURE 6.1

Types of Stress-Strain Curve (173,182,183)

The Variation of Behaviour around Tg:
1, Brittle fracture 3 assy region

2, Ductile behaviour )
) Transition region

3, Cold-draw ng after neck formation )
4, El astoneric behavi our Rubbery region

Hard and brittle

Hi gh nodul us and noderately high
fracture stress. Low el ongati on.
No yield peak.

Hard and strong

H gh nodul us and fracture stress.

Moder ate el ongation. No yield peak.
Hard and tough - H gh nodul us, fracture stress and
el ongation. Yield peak.

Soft and weak Low nmodul us and fracture stress.

Moderate el ongation. Yield peak.

Soft and tough Low nodul us. Moderate fracture

stress. Large elongation. Yield

peak.
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conparative, the stress relaxation nodul us neasured
60 seconds after application of the strain is used (144).
For a material exhibiting linear viscoelastic behaviour this

is defined as

E _(60) Er(60) ©  60-second stress
rel axati on nodul us

°(60) ' stress at 60 seconds

= 0C
_§60J

€

€ : applied strain

6.2 APPARATUS
(A) Instron Bench Mdel Tensile Tester,
(B) Sel f-Tightening Elastoneric jaws, 2713-001
Bot h the above obtained from
Instron Ltd,, H gh Wconbe, U K
(C Mcroneter Mdel 961M More & Wight, Sheffield,
A rigwas built for nounting the mcroneter
such that filmwdths could be neasured.
(D) Individual desiccators as described in

Section 2.4,1,
(E) Saturated salt solutions

6.3 STRESS STRAI N EXPERI MENTS

6.3.1 Method
Dry gelatin filns of thickness 0.13 - 0.18 mm were

prepared as described in section 2.2. Particular care was
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K.

taken to prevent filmflaws caused by air bubbles, inadequate

solution mxing (streaky filnms) and airborne dust particles.



Test strips of filmwere cut of width 5 mmand |ength
approxi mately 110 mm. The guillotine produced a better
edge and a nore uniformsanple wdth than either a hand-
hel d scal pel or a die-stanping machine. Care was taken to
mnimse surface scratching during cutting and fingernarks
were avoi ded by handling the strips with plastic gloves.
Speci nens were visually inspected against a bright
background and those exhi biting nmarks, notches, Streaks or
ot her abberations were rejected.

The strips were conditioned at 18 + 2°C over nwi st
salts or phosphorous pentoxide in individual desiccators,
maintained as in section 2,4,1, Prior to testing, sanple
wi dt h and thickness was neasured at three points along the
gauge |length using a micrometer. The sanple was rejected
If variation of nore than 3%in thickness or 1.5%in wdth
was apparent. Two marks 94 mm apart were nmade outside the
gauge |length before nounting in the centre of the jaws.
Aligning these narks with the edge of the roller-nounting
bar provided a gauge length of 50 mm

A stress-strain test to fracture was carried out and
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the | oad-el ongation curve recorded on the instrunent. Sanples

that slipped or failed at the grips or around a prom nent

stress-concentrating abberation were rejected. Ten strips

were tested for each experinental point. For those experinments

conducted at the standardi sed strain rate of 1 X 10'2 s'1

exposure to roomconditions up to the end of the test was not

nore than 3 m nut es.



Moi sture determnations were perfornmed in triplicate
on 250 x 120 mm sanples cut fromthe sane filns and

conditioned concurrently. To allow for noisture |oss or

gain to the atnosphere during testing, noisture determnation

sanpl es were exposed to room conditions for an equival ent
tinme to the strips before weighing.

6.3.2 Results and D scussion

6.3.2.1 The Load:-Elongation Curve

An idealised stress-strain curve, is shown in
Figure 6.2. Four paranmeters were used to characterize the
curve : the tensile nodulus (TM, the stress at the yield
peak (YSTS), the fracture stress (FSTS) and the fracture
strain (FSTN). The curve shape varied with noisture content
and sone exanples are shown in Figure 6.7 and discussed in
6.3.2.4. An inherent problemis the inaccuracies in the
measurenment of strain at |ow values fromtightening of the
grips and grip-holders (181). The delicacy of these filns
prevented the cenenting of strain gauges onto the sanple.
These experinents were conparative and the assunption was
made that this source of systematic error and others were
the sane for all experinments. However, strain values are
nmore correctly described as 'nomnal strain'.

Prior to a conparison of gelatins, experinents were

conducted to establish a suitable strain rate for testing

and sanpl e ageing tine.
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FIGQRE 6.2

An_ldealised Stress-Strain Qurve (182)

O : fracture stress
oy X stress at yield peak
s : fracture strain

E : tensi | e nodul us
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6.3.2.2 The Effect of Strain Rate

The effect of strain rate on TM and FSTS for filns
conditioned at the extrenmes of humidity (0 and 88%BRy) are
shown in Figures 6.3 and 6.4. These paraneters varied little
over the range of strain rates investigated (0.3 to 1.7 x 10'2
s~1), which is unusual k6 as for nost viscoelastic polyners,
t hese paranmeters usually increase with strain rate (153).
Simlar values for the TMof gelatin filns have been reported
at lower strain rates (56), The strain rate was standardi zed

at 1 x 10_25_1 i n subsequent experinents,

Strips were conditioned for 1, 3 and 7 days prior
to testing. Ageing has little effect on TM and FSTS
(Figures 6.5 and 6.6) although an increase in TMis seen
after 3 days at the highest noisture content (249 . It may
be postulated that this nmay be due to continued helica
growt h augnenting crystallite areas at a plasticizer
concentration that allows sufficient freedom of nol ecul ar
novenent (191). Ageing tinme was standardi zed at 3 days in
subsequent experinents.
6.3.2.4 The Effect of Moisture Content

Films of a 'good |ined ossein, an acid ossein and

an acid pigskin batch were tested over a w de range of

moi sture contents.



FIGURE 6.3

The Variation of Tensile Mdulus with Strain Rate

Gelatin Batch 7

Mean + 1 SD (N=7 to 10)
Conditioning Tine : 3 days
Condi tioning Hum dity

0%Ry O—0

88%RH *——o
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FIQRE 6.4

The Variation of Fracture Stress with Strain Rate

Gelatin Batch 7

Man = 1 SD (N=8 to 10)
Gonditioning Time : 3 days
Condi tioning HUIMdity

0% RJ 0O

88% Ry e o
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FIGJRE 6.5

The Variation of Tensile Mdulus with Sanple Ageing Tine

Gel atin Batch 7
Mean + 1 SD (N=8 to 10)
Conditioning humdity : 33%

Conditioning tine:

1 Day o _ -o

3 Days o . a

5 Days & A
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The Variation of Fracture Stress'with Sanpl e Ageing Tine

Gelatin Batch 7

Man + 1 SD (N=8 to 10)
Gonditioning HUIMdity : 33%R.,
n

Condi tioning Tine

1 Day e o
3 Days o .

SDays & a
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The shape of the |oad-elongation curve was dependent
on noisture content. At 3%and 8%noi sture, curves were of
the "hard-strong” type with noderate el ongation to break
and no yield peak. (Fig. 6.7(i)). At 13%noisture ayield
peak energed and a large elongation to break was observed
(Fig. 6.7 (2)). These traces were of the "hard-tough"
type. At 24%noi sture content the filmexhibited only a
small initial linear portion before plastic deformation and
there was a |low extension to break. At this level of
pl asticization the filnms are conparatively soft and weak.

TM decreased from approximately 3.5 x 109 Nhfz at

9 Nm™2 at 24%nmisture content (Fig. 6,8),

3%to 1 x 10
These val ues agree well wth other workers (34, 184) who

used |lower strain rates, but the maximumreported to occur
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between 8 - 15% noi sture was not observed in these experinents

(34, 56), No differences were apparent between the different

gel atin types,

8 7 2

FSTS decreased from1.8 x 10” to 4.0 x 10° Nm“ and
at 3% and 8% noi sture content the |ined ossein possessed
a higher FSTS than the acid ossein batch. (Fig.6.9). This
difference was small but significant (Utest : p<0.01).

Yi el d peaks were observed at noisture contents of
13% and above, and YSTS values followed closely those of
FSTS with no significant differences between gelatins

(Fig, 6,10),



HAGURE 6.7

The Variation of Load-Elongation Curve with Moisture Content

Gelatin Batch 2. Strain rate 1 x 10'2m s'l.

3 days condi tioni ng.

(1) 3% noi sture cont ent
(2) 13%noisture content (overl eaf)

(3) 24%noi sture content

Mean O oss-sectional areas: (1) 0.675 mm
(2) 0.711 mMm
(3) 0.939 mMm
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FIGJRE 6.8

The Variation of Tensile Mdulus with Misture Content

Mean + 1 SD (N=8 to 11)

Conditioning tinme : 3 days

Gel atins
Li med Gssein 2 »------9
Acid Gssein 7 [——D

Acid Pigskin 9 Arcneenenns A
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FIGJRE 6.9

The Variation of Fracture Stress with Misture Content

Mean + 1 SD (N=8 to 11)
Conditioning tine : 3 days
CGel atins
Li mred Gssein 2 e -9
Acid GCssein 7 o o

Acid Pigskin 9 A A
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FIGQRE 6.10

The Variation of Yield Stress with Misture Content

Man + 1 SD (N=8 to 11)

Gonditioning tine : 3 days

CGel atins
Limed Gssein 2 e
Acid Gssein 7 o
Acid Pigskin 9 & LA




6
o

g ®X s WN Xead pjaiA je csesg

20
Moisture Content

10

%



FSTN val ues had |arge standard deviations ; up to
20% of the nean value (Fig.6.11). Acid ossein and pigskin
batches did not differ but those of the |ined ossein batch
were greater at all noisture contents and showed a maxi num
at 13%noisture. TM FSTS and YSTS val ues being simlar,
this indicated the Iined ossein possessed greater fracture
t oughness at a noisture content corresponding to 33% R,.
This is wwthin the range of 30 - 4O%RH cited as optinum
for the storage and filling of hard capsules (46,47). The
entire range of gelatins were subsequently tested at this

hum di ty.

—— T o ——— —— Iy S S e S T

Table 6,12 shows the stress-strain characteristics
for unblended gelatin filnms over the entire range of gelatin
bat ches conditioned at 33% Ry for 3 days,

TM val ues varied over a range of 0,15 Nm'2x 109;
6% of the overall mean. Likew se FSTS and YSTS varied by
only 5% It was considered that these differences were of
[imted practical significance although it is of interest
to note the highest values of FSTS were those of the 'good
i med ossein and pigskin batches, FSTN val ues varied by
nmore than 45% and this data was subjected to statistical
analysis.

The significant max:minimum variance ratio

(f = 8.2: p<0.01) demanded a non-paranetric test for the
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FIGQRE 6.11

The Variation of Fracture Strain with Misture Content

Man + 1 SD (N=8to 11)

Gonditioning tine : 3 days

CGel atins
Limed Gssein 2 o__ o
Acid GCssein 7 OO
Acid Pigskin 9 A A
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conparison of gelatin batches. Two-tailed Mann Wit ney

Utests at p = 0.01 were perforned between pairs of batches.
Figure 6.13 shows the results of these tests and the information
is rearranged for illustrative purposes in Figure 6, 14.

Hori zontal |ines link batches not significantly different

e,g, batch 4 is not different frombatches 5 8 and 9,

The FSTN value of 2 is significantly hi gher than
all others, 9 has a large degree of scatter and cannot be
shown different to any other batch, 6, 7 and 8 forma
di stinct subgroup as do 3 and 5, 4 has elenents in comon
Wi th both subgroups.

The groupings are not along lines of gelatin type
and hence we can nmake no generalizations concerning the
relation of fracture toughness to type. Batch 2 appears
to possess an exceptionally high toughness,
6,3,2,6 __ The Effect of Blending

El ectrostatic interaction occurs in dilute solution
between |inmed and acid gelatins (192,193) and synergistic
increases in rigidity nodulus have been reported for gels
of 5 - 50% concentration containing blends of linmed and
acid osseins, an effect that increases with increasing tota
concentration, (185, 186),

Capsul es are manufactured froma blend of |ined and
acid gelatins and therefore experinents were conducted to

investigate the effects of blending on film mechani cal

properties.



FIl QRE 6.13

The Results of Paired Mann-Witney U-tests between the
FSTN val ues of (el atin Batches

+ indicates a significant (p<0.01) difference

bet ween the bat ches i ndi cat ed.

FIGQRE 6.14

A D agram showi ng the Gouping of el atin Batches not

Sgnificantly different fromeach other

The horizontal |ines connect batches not

significantly different.
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A linmed and an acid ossein were blended in varying
proportions and the filnms were tested after conditioning
for 3 days at 33% Ry, The results (Fig. 6.15) show that
bl endi ng has no effect on TM FSTS and YSTS. Figure 6.16
indicates that the addition of 20% acid ossein gelatin has
a disproportionate effect in lowering FRSTN. At no tine
is the FRSTN val ue higher than that of the unbl ended gel atins,.
6.3.2.7 Blends containing_ 'Good' _and_'Poor' Limed Osseiun

Celatins.

In the industrial process,gelatins are blended 5:1 ,
Limed : acid ossein (section 1.3.1) and the possibility
exists that 'poor' |imed ossein batches becone apparent
only when bl ended. Al batches of linmed ossein were bl ended
5: 1 (83%wWwIlinmed ossein) with an acid ossein batch and
the filns tested after 3 days at 3396RH. In addition, a
filmin which 10% of batch 2 blend had been repl aced by
batch 10 was also tested. 6.17 shows the stress-strain
characteristics of these filnms and figure 6.18 a statistica
anal ysis of FSTN val ues by the nethod of section 6.3.2.5.

Cel atins cannot be divided into significantly
di fferent FSTN subgroups on a basis of 'good or 'poor'
suitability for capsule manufacture. Batch 6 has the |owest
FSTN val ue consistent with the results on unblended filns
(6.3.2.5) where it is grouped with acid osseins. The

addition of 10% | ow bl oom hide gelatin does not depreciate

any stress-strain paraneter.



FlQRE 6.15

The Effect of Blending a Linmed and an Acid Gssein Gelatin

on The Tensile Mdulus, Yield Stress and Fracture Stress

of Gelatin Flns

Man £ 1 SD (N=8 to 11)
Cel atin batches 2 and 7
Gonditioning Tine : 3 days at 33% R
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FI QRE 6.16

The EHfect of Blending a Lined and an Acid Gssein latin

on Fracture Strain

Man £ 1 SD (N=8 to 11)
Gelatin batches 2 and 7
Conditioning Time : 3 days at 33% R.,
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FIGQRE 6,18

The G ouping of Gelatin Batches with FSTN Val ues not

Significantly Different at p = 0,01

The horizontal |ines connect batches not

significantly different.
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6.4 STRESS-RELAXATION EXPERI MENTS

6.4.1 Met hod

Dry filmstrips were prepared, conditioned and
mount ed as before (section 6.3.1). Sanple dinensions were
as 6.3.1 but 10mmw de and of gauge length 70mm A strain
of 0.01 (within the linear viscoelastic region) was applied
at arate of 1 x 10'25'1, and measured fromthe induced
stress and previously determ ned TM val ues. The 60-second
stress rel axation nodul us Er(60) was cal culated fromthe
stress:strain ratio after 60 seconds.

6.4.2 Results and Di scussi on

A typical stress relaxation curve (after conditioning
at 3396RH for 3 days) is shown in Figure 6.19. The overal
decrease in load was of the order of 1.3N after 60 seconds.
This necessitated the use of a pre-set zero-suppression and
a change in instrunment sensitivity.

Tabl e 6.20 shows val ues of E_(60) for unbl ended fil s
conditioned 3 days at 33@6RH. The range of neans is no nore

2)( 109 (6% of the overall nean) and reduces to

than 0.14 Nm
2% if a nmean TMvalue is used to calculate the applied strain.
This is wthin experinental error and also indicates that

much of the scatter may bé ascribed to variation in the

original TMdetermnations. Likew se E (60) values for 0 - 100%
bl ends (Fig.6.21) and 5:1 blends (Fig.6.22) are snoot hed by

using a pooled TM value. The range of 2% in this mechani cal

property is insignificant in relation to the errors of the

experinment and assunes no practical inportance.



FIQRE 6.19

A Typical Stress-rel axation profile

CGelatin Batch 8

Condi ti oned 33% Ry, for 3 days

Scale Ais for the initial |oading curve (A

Scale Bis for part B of the trace after a zero
suppression of 27.7N and a five-fold sensitivity

I NnCr ease.
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FI GURE 6.21

The Effect of Blending a Lined and an Acid Ossein CGelatin

on the 60-Second Stress Rel axati on Mbdul us

Celatin Batches 2 and 7 bl ended
Mean + 1 SD (N=5 to 7)
Strain cal cul at ed

a0 From i ndi vi dual TM val ues

J— 2 e]
a__ o Froma nean TMof 2.39 Nm Xx 10
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Gelatin Batch E 60

Mean SD
Li med Gssein (good) 2 2.245 0.026
3 2.228 0.008
2A 2.268 0.010
Li med Gssein (poor) 4 2.241 0.022
5 2.221 0.013
6 2.241 0.009
Tabl e 6.22 Val ues of 60-second Stress Rel axation

Modul us (E‘L6CQ) for Linmed Ossein Celatins

Bl ended 5:1 with Acid Gssein Batch 7

N=5to 7

Conditiongd 3 days at 33%Ry. 18 * 2°C.

e calculated froma nean TM of 2.428 Nm'“2 X 109
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6.5 THE OPTICAL ROTATI ON OF CGELATIN FI LMS

6.5.1 I nt roducti on

Sung (23) has concluded that optical rotation
measurenents provide a sensitive indication of helical
content in gelatin filns. The strong laevorotation oOriginates
not fromthe triple helix structure itself but fromthe
i ntranol ecul ar helical conformation of the pol ypeptide chains
held within it (74). The high specific rotation of filns
when conpared to gels, has been shown to be due not to high
helical content but to the orientation of helices in the
pl ane of the filmas a consequence of unidirectional shri nkage
during drying (24-26, 33). Coopes has shown that the helices
lie at an average of 18° to the plane of the filmfor a 2 mm
thick 5% gel dried to 90% gelatin content (26). The planarity
of the helices increases for filns cast fromnore dilute
sol utions (60).

O her factors affect the optical rotatory power of
cold-dried gelatin films. The gelling and drying tenperature
affects the nucleation and growh of helical areas (60,166,1923)
and drying rate and filmthickness determne the degree of
helical growh attai nabl e before nol ecul ar novenent
is "frozen" by evaporation of the solvent. Very rapidly-dried
thin filnms have a |lower specific rotation than slowdried
t hi cker ones (27).

Birefringence fromstrain, |ocal nolecular orientation,

foreign bodies and bl em shes nust be avoided for reliable results

(59).
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The follow ng experinent ains to conpl enent the
results of mechanical testing using optical rotation
nmeasurenents as an indicator of filmhelicity.

6.5.2  Method

Filns were prepared and slowdried under cover in
the HTCR as described in section 2.2. They were conditi oned
at 20°c 33%RH for 3 days.

An NPL Autormatic Polarineter type 143C (a) fitted
wth a sodiumfilter (589mm), four-place digital readout
and calibrated with sucrose (b) solution (194) was used for
the neasurenents. Unmarked, flat pieces of film of
thickness 0.16 - 0.18 mm were placed on top of the sanple
cell and held by a netal ring. Readings were offscale and
were brought within the range of the instrument by filling
the 1 cmsanple cell beneath with 12%w w sucrose sol uti on,
the rotation of which had been previously determined. F Im
rotation readings were taken and repeated after rotating the
sanpl e 90° to check for birefringence. D screpancies of
nore than 0.01 degrees (1% resulted in rejection of the sanple,,

The specific rotation was cal culated fromthe equation

Ea]zo = a
D 1. d
(a) Thorn Automation Ltd., Basford, Nottingham WK.

(b) Anal ar G ade, BDH Chemcals Ltd., Poole, WK
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[a]%o : specific rotation at 589nmand 20°C

a : nmeasured rotation (degrees)

1 : t hi ckness (dm

d : weightsof gelatin per unit volune
(g.cm-*)

1 was neasured with a mcroneter and d was determ ned from
pycnonetric vol une neasurenents (c) and filmnoisture
determnations. Eight replicate determ nations were
performed for each result.
6.5.3 Results

Over the range 0.16 - 0.18 mm [algo did not appear
sensitive to filmthickness (Fig. 6.23). The values are
consistent with data on slowdried filns presented by
Coopes (166).

Tabl e 6.24 shows [a]%o

val ues for each gelatin
film The quoted deviations are pooled fromthe determ nations
of optical rotation, volunme and noisture content by the nethod
of Topping (195). The results of a Mann Wiitney U-test,
carried out as in section 6.3.2.5 are shown in Table 6.25.

Acid gel atins possessed significantly hi gher [a]éo
val ues than lined gelatins. One
limed ossein (Batch 3) possessed a significantly |ower rotation

than any other batch. A blend of 50 : 50 limed : acid ossein

gelatins had a rotatory power no greater than that of the |ined
0ossei ns.

(c) Air Pycnoneter, Beckmann Ind., Irvine, C A, USA



FI GURE 6. 23

The Rel ation between Film Thi ckness and Specific Rotation

Celatin Batch 3
Condi tioned 3 days at 33% Ry



.600-|__® o ® oo

5507 1.7

Film Thickness

-4
m X 10

1.8



92

Gelatin Type Batch Mean Film 0 '
Thi ckness [“]?, (degr ees’)
mx 10-4  Mean SD
'Good Li med Gssein 2 1.75 -613.9 4.8
3 1.69 -596.0 10. 7
"Poor' Lined Gssein 4 1. 68 -616.8 4.7
5 1.71 -612.1 9.0
6 1.68 -611.2 7.4
Acid Gssein 7 1.72 --639. 6 8.9
8 1.71 -624.8 9.6
Acid Pigskin 9 1.67 -630. 2 8.2
Bl end 50: 50
of batches 2 & 7 1.75 -613. 2 4.4
20
Fabte—6724 ?he—Speei—f—i—e—Ro{—at—i—eﬁ—\v‘a-Hres—[a]]‘)‘ of —
Celatin Filnse (N=6 to 8)
G oup Bat ches
1 7
2 8, 9
3 2, 4, 5, 6, 11
4 3
Tabl e 6.25 G oups of Celatins significantly different

at p = 0.01 by the Mann-\Witney U-test
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CHAPTER VI 1

THE FRI CTI ONAL PROPERTI ES OF GELATIN FI LMS

7.1 | NTRODUCTI ON

Friction is the resisting force that arises when
the surface of a body slides over an adjoining surface (143).
It is expressed as the coefficient of friction (u) which is
the ratio of the frictional force (F) to the force acting

normal to the two surfaces (W.

=
I
= =

The static coefficient of friction relates to

s
the force required to initiate novenent, whilst the kinetic

coefficient describes the force required to sustain

Yx
nmotion at a given sliding velocity. In general, ug > u. .
The classical laws of friction (148) state that frictiona
force is:

1) | ndependent of the area of contact for a constant

normal | oad.

2) Proportional to the normal load (i.e. u is independent
of | oad),
3) | ndependent of sliding velocity.

Friction is a conplex summation of many factors arising from

the contact of mcroscopic surface irregularities (asperities)
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The entire normal load is carried by the tips of the
asperities which consequently suffer severe deformation
and are brought into intimate atomc contact. Over these
regi ons adhesi on occurs which, in thernoplastic polyners,
is nediated by van der Waal's Forces or hydrogen bondi ng
(146). Movenent requires the dissipation of energy in
shearing these junctions either at the plane of contact or
within the material nearby (144-146). For materials that
irrecoverably, plastically deformsuch as netals, the true
contact area is proportional to the nornmal load and |law 2
is a good approximation. However, wth rigid polyners
there is a significant contribution fromelastic deformation

and u obeys a law of the form
o= kw5l where 0.67 <x<I (144, 147) .

The self-sliding friction of rigid polynmers is
affected by many other factors. Tenperature, strain rate
(sliding velocity) and humdity alter viscoelastic
properties thereby altering v and a fast sliding rate w ||l
generate heat (149). Mol ecul ar orientation nmay give rise
to frictional am sotropy (150,151) "Slip-stick™ notion
may occur, and is attributed to Mg bei ng greater than By
(152,153). Sliding may generate static charges (149).

The age of the filmmy determ ne the degree to which
bl oom ng agents (slip additives) may have been extruded

fromthe matrix onto the surface thereby reducing friction (143)
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Finally, nmeasurenents of friction are notoriously
vari able (153) and are highly dependent on the condition
and cleanliness of the two surfaces.

7.2 APPARATUS

The apparatus for the determnation of static
coefficient of friction is shown in Figure 7.1 and apart
fromthe size of slider, was of the sane design as that
used for the determnation of "limt gliding angle" in
the gelatin industry (40). It consisted of a snmooth
| evel | ed base upon which a large glass plate was rai sed by
uni form novenent of a wood bl ock underneath. The slider
consi sted of a gelatin-faced m croscope slide of
di mensions 75 x 25 mmwhich was placed transversely upon a
piece of filmstuck to the large glass plate.

7.3 METHOD

Dry filnms were prepared as section 2.2 on clean,
unmar ked, grease-free,spreading plates. The surface of
the film formed against the glass was used for the sliding
surfaces. A piece of filmcut to size with a guillotine was
stuck onto the slider with doubl e-sided tape. Li kew se
a piece of 50 x 120 mmwas stuck transversely across the
glass plate. Each surface was examned for flatness with
reflected Iight and sanples wth damaged or curled edges,
or with surface marks were discarded. The gelatin film
was handl ed throughout with gloves. The slider was placed

upon the lower film and checked for freedom of novenent.



FIGRE 7.1

A Schenmatic D agram of the Apparatus used for the

Determnation of the Static Coefficient of Friction

of Gelatin Flns
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The glass plate was then lifted by snoothly propelling the
wood bl ock along the base at approxi mately 20 mm. s~ unti |
slip occurred. Readings were rejected if the slippage was
uneven, where 'blocking occurred (adhesi on due
to raised areas of filn) or where slip was initiated by

j erky movement.

The static coefficient of friction ug Vas
h

calculated as the ratio = , derived as follows (see
Figure7.1),
F _ Mg sin o« _ , h

y = w = = ~tan a = %

S W M) cos a 1
wher e

F frictional force

wW normal | oad

M mass of slider

g accel eration due to gravity

a angl e of repose

h hei ght of wood bl ock

1 di stance along the base of wood bl ock from

t he hi nge.

Experinents were carried out in the humdity and tenperature

controll ed room described in section 2.4.
7.4 RESULTS AND Dl SQUSSI ON

7.4.1 The Variability of Repeated Determ nations

Repeat ed determ nations on the sane sanpl e showed

consi derabl e scatter of results (Figure 7.2) attributable
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FIGURE 7.2

The Coefficient of Friction (“s) of Repeated Determ nations

on the sane Film Sanpl e

Celatin Batch 3

Fi I mconditioned at 33% Ry, 20°C for 3 days

Normal Load 0.1 1N
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to the variation of friction at different points of the

film (154). The use of an anti-static device* did not reduce
the scatter. A nean of 5 results was taken for each sanpl e,
this being nore reliable than a single reading. The snal
negative slope of a line fitted by linear regression through
the data may be explained in terns of surface wear or

static accunul ation. The value of 0.25 for gelatin film
condi tioned at 20°C and 33%R, for three days is within

the range for the self-sliding of many synthetic pol yner
surfaces (148, 153, 155) although Mg val ues are highly

dependent on individual preparative conditions.

7.4.2 The Effect of Normal Load

In cormon with many rigid polynmers u decreased
S

with increasing normal load (Figure 7.3) (153,155). This
is a consequence of the elastic contribution to asperity
deformation gescribed earlier. Normal | oad was standardi zed

at 1.1 x 10" N in subsequent experinents.

7.4.3 The Effect of Humdity

Fil m sanpl es were conditioned and tested between
29 - 52%Ry; the range of the humdity and tenperature

controlled room (HCTT). y increased from0.2 to 0.4 over
S

this humdity range (Figure 7.4). The |owering of nodul us
and yield stress with increasing noisture content would

lead to a greater asperity contact area and thereby an

* Anti-Static GQun, Zerostat Conponents PLC, St.Ives,
Canbs, U K



FIGURE 7.3

The Variation of Coefficient of Friction (”b) W th

Nor mal Load

CGCelatin Batch 3
Fi | m condi ti oned' at+ 3% Ry, 20°c for 3 days

Mean = 1 std.dev.(n=6)
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FIQRE 7.4
The Variation of Coefficient of Friction (y_) wth

Relative HHMdity

CGelatin Batch 3
Filmconditioned at 20°C for 3 days
Mean + 1 std.dev. (n=10)
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el evated frictional force. This parallels the increase
in y with tenperature observed for many polyners (155).
The simlarity of results between 29 and 36% Ry suggests
that this nay be a region where My is mninmally affected
by hunidity. Conditioning and testing humdity was

mai nt ai ned at 33% R

H
control of Ry at testing than the + 3% provided by the

I n subsequent experinents and cl oser

HCTT was achi eved by switching off the humdifier,
wher eupon room conditions remained stable for at least 1 hour.

7.4.4 The Effect of Ageing Tine

The ageing of filmsanples for 3 to 14 days had
little effect on the frictional coefficient (Figure 7.5),
and the energence of 'bloomng" agents was not apparent.

7.4.5 The Effect of Gelatin Type

Films of each gelatin batch and of a 50 : 50
l[imed : acid ossein blend were prepared, conditioned and
tested together. The results are shown in Table 7,6
Statistical analysis failed to reveal any significant differé&nces
bet ween batches and, considering the simlarity of their
def ormati onal behaviour (Chapter 6),this is not surprising.
However, it does show that after 3 days, m croconstituents
capable of acting as slip additives had not concentrated

at the surface of any batch.



FIGJRE 7.5

The Variation of Coefficient of Friction (ya) Wi th

Agei ng Ti e

Celatin Batch 3

Fil mconditioned at 33% Ry, 20°c

Mean * 1 std.dev. (n=10)
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Static Coefficient

Type Batch of Friction (y )
S

Mean S.D.

Limed ossein (good) 2 0.248 0.033

0.236 0.234

Limed ossein (poor) 4 0.279 0.033
0.256 0.040
0.263 0.040

Acid ossein 7 0.256 0.036
0.260 0.038
Acid pigskin 9 0.299 0.048

50:50 limed/acid ossein blend 2,7 0.276 0.026

Table 7.6
The Variation of Coefficient of Friction with Gelatin Batch

n =9t 11 o
Films conditioned at 33% RH 20 C for 3 days
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CHAPTER VI|I

GENERAL DISCUSSION

8.1 DISCUSSION

Only a small number of batches representative of each
gelatin type were examined in this work. It must be borne in
mind that differences observed between gelatin types may have
arisen through fortuitous selection and therefore the
conclusions reached on varietal differences between gelatins
are tentative.

Each gelatin type exhibited a characteristic shape of
molecular mass distribution (MMD) derived from the source
tissue and treatment undergone during manufacture. Acid
ossein gelatins (AOG) contained more lower peptides and less
intact a chains than limed ossein gelatins (LOG). The acid
pigskin gelatin (APG) contained a larger proportion of high
molecular weight species and an intermediate content of lower
peptides. This information can be related to film
properties.

The overall solution viscosity of a gelatin is
directly related to the relative frequency and chain length
of the different molecular species present (51). The higher
content of low molecular mass (MM) species in AOGs accounts
for their lower viscosities. It has also been suggested that
the branched molecules of acid processed gelatins are more
compact, by virtue of the remaining crosslinks, than

corresponding linear species that occur in LOGs (2).
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In gelatin gels, molecules of MM 6,000 daltons are
considered to remain in the sol phase and not contribute to
gel rigidity (51). However, in dry films, on account of the
low free volume, low MM species will be entangled in the
polymer network and will thereby contribute to mechanical
properties. Tensile modulus (TM) is independent of MM in
high polymers (198) and as film crystallinity (which does
alter TM) did not differ, the tensile moduli of different
gelatin films were similar.

Properties involving molecular slippage, such as
strain to fracture (FSTN), decrease with decreasing MM (199).
This is because short chain molecules have less probability
of connecting two or more crystalline regions, and are
entangled to a lesser degree thereby reducing the extent of
molecular slippage possible before parting company. AOG
batches, by virtue of their greater content of lower
peptides, would be expected to possess the lowest film FSIN
values, and this is the case. However, the difference
between LOG batches is not satisfactorily explained. LOG
batch 2, with a significantly higher FSTN, contains the Ieast-
lower peptides but less high MM species than other LOG
batches. It is possible that higher oligomeric molecules may
not make a contribution to physical properties consistent
with their size, because a proportion of their interactions
may be intramolecular.

The resolution at the extreme ends of the MMD is poor
and may not elucidate species responsible for the observed

differences in capsules. For example, the microgel particles



and even larger species may act as stress-concentrating
nuclei where fracture may occur more readily, thereby
weakening the film.

The generation of internal stress during drying of
the capsule on the moulding pin is of considerable
importance. In the film coating of tablets, internal stress
may cause an increased incidence of cracking and splitting
defects (200); precisely those that arise from the use of
‘poor' gelatin batches. Internal stress arises from the
dimensional constraint by the metal pin of the cast gel
attempting to shrink through loss of solvent volume. In the
early stages of drying free volume, and therefore molecular
mobility, is high and internal stress may be dissipated by
viscous relaxation involving a greater component of viscous
flow. As the film dries, molecular movement is increasingly
restricted, viscous relaxation becomes progressively more
difficult and internal stress is stored elastically, 'frozen
in" to the polymer structure.

Croll (201) has quantified internal stress

mathematically;

0'1 = - N \ys
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o; . internal stress

E . tensile modulus

v : Poisson's ratio

¢ Volume fraction of solvent in the dry film at
equilibrium

¢, - Volume fraction of solvent at the solidification
point.

b corresponds to the solvent fraction at which the

glass transition temperature (T_) coincides with the

o

temperature of the drying film. In gelatin films this
corresponds to a moisture content of around 25% (29).

This equation describes only equilibrium internal
stress and assumes thermal contraction of the pin to be
negligible. In practice, assuming ideal lubrication, there
will be some relief of internal stress by contraction in a
direction parallel to the axis of the pin.

If the internal stress exceeds the fracture stress
(FSTS) of the film, the capsule will crack. However, the
stress-strain curve of gelatins under ambient conditions
(Fig. 6.7) is such that while FSTS values may remain
constant, FSTN values differ. In this case it is the FSIN
which determines resistance to internal stress as it denotes
the degree to which the material is able to dissipate
internal stress by deformation.

Three factors are therefore involved in determining

the generation and susceptibility to internal stress:
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1) The moisture content at which Tg equates with ambient
temperature

1) The TM which is directly proportional to internal
stress

i) The FSTN which determines fracture toughness.

There is evidence that Tg does not differ between limed and
acid gelatins at the level of plasticization encountered
under equilibrium ambient conditions (29).

Batch 2, a 'good' LOG possessed the lowest TM and a
higher FSTN than all other gelatins. It is therefore likely
to develop less, and be more resistant to, internal stress.
All other gelatins had similar TM values but in terms of FSIN
may be grouped as 'intermediate’ and 'low' (Fig. 6.14).

Those in the 'low' FSTN group, which would be less able to
withstand internal stress, were both AOGs and a 'poor' LOG,
(batch 6).

Unfortunately no conclusions may be reached
concerning the ARG batch, because of the variability in FSIN
exhibited. In retrospect this was probably caused by a small
amount of apparently insoluble filamentous material
discernable in solution. After blending 5:1 with AOG, all
LOG films had statistically indistinguishable FSTN values
although the rank order was similar to that for unblended
films.

That capsules do suffer internal stress when drying,
Is apparent from the observation that they shrink after
removal from the pin (39). Even if the capsule does not

split on the pin, high levels of internal stress will reduce
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its ability to withstand externally applied loads, and it
win appear to be more brittle.

In applying the mechanical testing data to the
capsule on the pin two assumptions have been made. Firstly,
that the mechanical parameters measured at our necessarily
high strain rates are applicable to the rate of strain
applied during drying. Secondly, that the film structure is
comparable.

The casting conditions were deliberately chosen to
match those of capsule formation. However, film properties
(except in the drying experiments), have been examined using
films dried slowly overnight. This is an imperfect model of
the industrial situation where capsules are cast and dried
within 40 minutes. Because of the restriction of molecular
movement during the later stages of drying, capsules may not
attain the degree of helical maturity of slow dried films.
The effect of such a decrease in crystallite content would be
to shift film properties towards more glassy, brittle
behaviour (199). This may explain why few differences
between 'good’ and ‘'poor' gelatins were seen in this work
whereas they behave differently in practice.

The renaturation rate of individual gelatins might
also be important in determining the degree of crystallinity
attainable. In addition, the steeper internal moisture
content gradient in a rapidly drying film would lead to
greater internal stress gradients during drying. This effect
was observed in this work during attempts to produce flat,

rapidly-dried films. The result was twisted and distorted
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films that had detached from the glass base.

Overall there was little evidence in this work to
suggest reasons for the behaviour of 'poor' LOG batches.
'‘Poor' batches were indistinguishable in properties from at
least one of the two 'good’ LOGs in terms of molecular mass
distribution, viscosity degradation, foreign protein content,
isoionic point, film drying rate, equilibrium moisture
content (EMC), degree of helical renaturation and film
mechanical properties.

One 'good' LOG appeared to be exceptional in
possessing a significantly higher EMC, film fracture strain
and a-fraction content. It is possible that the reverse is
true; that batch 2 is typical of 'good' LOGs and that batch 3
possessed unusually poor physical properties. Only one piece
of evidence supports this; the low specific rotation value of
this gelatin which might indicate a lesser degree of helical
development. However, the question remains as to why this
gelatin performs well during capsule manufacture whilst
others do not.

The small but significant differences in EMC between
gelatin types have been tentatively ascribed to the degree of
exposure of major water binding sites (free carboxyl groups)
by deamidation during manufacture (section 5.3.4). An
alternate explanation, that the higher BEMC is due to higher
helical content is not supported by the film specific
rotation data.

The higher BEMC of batch 2 in comparison with other
LOGs may be postulated to be the product of further
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deami