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Introduction.

Glue, a crude and impure form of gelatine,

obtained by boiling down the skins of animals has

been known for centuries, and highly valued for ite

adhesive properties. Although it was an article in

eosxaon use, knowledge of the nature and behaviour of

glue was, until very recent times, confined to

observations which could be made by craftsmen.

Subsequent however to the investigations of Graham,

gelatine became typical of a group ef substances

termed emulsoid colloids, and has since bean the

subject of continuous experiment, so that there

gradually grew up a very large body of scientific

literature describing its properties. Various boobs

are available ("The Chemistry h Technology of

Gelatine A Glue" - Bogue 1922, Glue & Gelatine" -

Alexander 1923, "Proteins and the Theory of Colloid

Behaviour" » Loeb 1922) giving a reliable and

complete aeeount of early work on gelatine and

provided with references to the original papers.

They also furnish expositions of the rival theories

advanced to account for the behaviour of gelatine.

Perusal of the literature will show that the

chemical and physical properties of gelatine have

given rise to much controversy. So doubt this is

partly due to the complicated nature of the substance

itself, but it also arises from the inability of

different investigators to attain concordant results.

The discrepancies may be attributed to two causes.
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firstly,gelatine is not very stable, except in the

dry condition, end its properties in solution depend

on the previous treatment it has received. Thet is

to say, the viscosity, jelly-forming power, end other

characteristics depend upon its previous history.

Secondly, end probably of much greater importance is

the influence of the method of preparation, a factor

which was completely neglected in most investigations.

Although every precaution was taken to purify the

gelatine used for researches, the method of

preparation was either unknown, or not considered of

sufficient importance to merit description. The

confusion which arose from this neglect may be

dsmonstrated very clearly by a study of papers

dealing with the iso-electric point of gelatine, the

position of which has recently bean shown to be

dependent upon the method of preparation.

Up to 1922, the iso-electric point of

gelatine was stated to be at Ph 4.7. Prom this time

on the position of the iso-electrie point received

much attention. Wilson ft Kern (J.A.C.S.1922,44,2633

and 1923, 45. 3139} found two points of minimum

swelling with change of Ph, one at Ph 4.7 and the

other at Ph 7.7. They suggested that the two points

represented the iso-electric points of the gel and

the Sol forms of gelatine. Then Gerngrose ft Bach

(Biocheui. Z. 1923, 143 . 542) obtained different

samples of gelatine which had iso-electric points

varying from Ph 4.45 to Ph 5.55 according to their
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source. Gelatine from bone ranged from Ph 4.5 to

Ph 5.0. while that from hide powder had values round

about Ph 5.5. Again Enagga & Schryver (Biochemical
Journal 1924, 18, 1070. 1095) explained variations

of the "Bausmann* numbers of gelatines prepared from

the same material by different methods, on the ground

that the different reagents used in preparation

brought about differencesin molecular arrangement.

Theea are the earliest papers in which the importance

of the source of the gelatine and it© method of

preparation are considered.

The full significance of this work does not

appear to have been appreciated at the time, for

Hitchcock (J. Gen. Physiol 1924, 6, 457} by means of

experiments at 40°C on osmotic pressure, viscosity,

and Ph of solutions of gelatine, containing varying

amounts of acid and alkali, could find no support for

the view that gelatine at 40°C had any iso-electrie

point other than at Ph 4.7. Bogue & O'Connell

(J.A.C.S. 1925, 47. 1964} using a polarimetric method,

found the iso~electric point of solutions of

gelatins to be at Ph 4.7. There was no indication of

a second iso-electric point at Ph 7.7. lo.Ostwald

and others (Kelloidcham. Beih. 1925, jy|, 412} however*

stated that commercial gelatines differed with respect

to the Ph at which given buffer solutions showed the

minimum swelling effect. One gelatine was at its

point of least swelling at Ph 4.7, another at Ph 5.2.

Ghosh (J.C.S. 1927, 1250} and Pallet (Corapt. Rend.
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1928, 186. 128?) could find no evidence of a second

iao-eleetric point.

In 1928 two interesting papers appeared,in

both of which stress was laid on the method of

treatment of the precursor, and the type of material

from which the gelatine was made. Kernot & Knaggs

(J.B.C.I. 1928. 4£, 96t) investigated the value of
gelatines of different origin, prepared both by

alkaline extraction and acid extraction, ae

emulsifying agents. They were able to show that

there was a distinct difference between the behaviour

of gelatine made by acid treatment arid that made by

alkaline treatment. Briefer & Cohen {j.I.B.C. 1928.

20. 408} investigated the iao»electrie point of

different gelatines using the opalescence method.

They found that gelatine made from acid treated pig¬

skin had an isoelectric point at Ph 8. Gelatine mads

from lime created sinews, lime treated splits, and

lime treated pieces had an iso-eiectric point at Hi

4.9. Briefer (J.I.E.C. 1929. j&, 266} subsequently
examined the behaviour of gelatine, made from pigskin

and calfskin using the lime process and the acid

process, and claimed that gelatine had no specific

iso-electric point. He stated that there existed two

types of gelatine, with iso-eiectric points at Ph 4.5

and Ph 8.

It might have be in inferfad from these papers,

that the method of extraction, and possibly the type

of precursor were of primary importance in fixing the



character of the resulting gelatine, but

investigators still continued to find the iso¬

electric point of gelatine between Ph 4*5 and Ph 5.

(Hitchcock J. Gen. Physiol 1929, 12. 495 and J. Gen.

Physiol 1931. 14, 685. Johlin J. Biol. Cham. 1930,

66. 231). hater Sheppard 6 Houch {J. Physical

Chest. 1930 , 34 . 216?) confirmed the fact that alkali-

treated and acid treated pigskin gave different

types of gelatine, and other papers en the subject

indicated that the importance of the method of

preparation was gradually being realised. lice

( J. Amer. Pharm. Assoc. 1935, 24, 1062) stated that

the efficiency of gelatine as a stabiliser of

emu Is lone depended on its method of preparation. He

stated that gelatine prepared by acid treatment had

an iso-electrie point at Ph 6, while gelatine prepared

by alkaline treatment had an iso-electric point at

Ph 4.7. Duiitskaja (Kolloid. Z. 1935, 72, 205) having

investigated the matter by three different methods

found three kinds of gelatine with iso-electric points

at Ph 4.87, Ph 5.09, and Ph 5.65 - Ph 6.08. He said

that natural unchanged collagen had an iso-electric

point at a higher Ph than "gelatins, and the variable

values found for gelatine were due to different

degrees of hydrolysis. finally Petrov & Paainski

(J. Phys. Cham. Buss. 1936, 8, 24) once again working

on gelatine made from acid treated pigskin, described

it as anomolous gelatine with an iso-electrio point of

Ph 6.5 - Ph 8. They claimed that alkalis and baffer
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mixtures converted the anomoloue form into the

normal variety.

It is clear from this summary, that until the

importance of the method of preparation was recognised,

there was no way of explaining the very iaconeiatent

results obtained when determining the position of the

iso-electric point. While later papers undoubtedly

showed that more than one type of gelatine existed,

insufficient work had been done to establish

definitely the relation between the method of

preparation and the kind of gelatine produced. The

possibility that the nature of the precursor might

also be of importance was not entirely ruled out,

Further, no paper was available which dealt

specifically with the preparation of gelatine* It

therefore appeared that a systematic study of the

process of making gelatine would fill a gap in the

literature of the subject. This has bean attempted

in the present series of investigations, the general

purpose of which was to prepare gelatine by every

possible method from a variety of materials, to

observe what happened during the preparation, and to

determine what influence the method of preparation

had upon the gelatine. Particular attention was

paid to the ieo-electrie point, in view of its

importance, and known irregular behaviour.



itature of Haw Material upon the Iso-electric Point

illy Strength and Time of gxtraction.

gxpsrimontal Methods.

Before describing the expsriments it is

necessary to explain the methods adopted in obtaining

the various measurements. Instead of measuring Ph,

the acidity of the gelatine was estimated as grins*

sulphuric acid per 100 grme. air dried gelatine.

Acidities were actually determined by titrating

solutions of gelatine with IT caustic soda, using

phenol-phthalein as indicator, and working at a

temperature of about 40°C. When the gelatine wae

alkaline, its alkalinity was expressed as a minus

acidity. In any determination where acidity had to

be found, or whore the gelatine had to bo brought to

a given acidity, boiled distilled water was used.

Iso-electric points were found by making use

of the well known property of gelatine* that dilute

solutions when cooled and allowed to set to a jelly.

become very opalescent at their iso-electric point.

The gelatine to be examined was made up in boiling

tubes as 2% solutions. The acidity of the gelatine

having been previously determined, it wae possible to

make up a number of tubes exhibiting a range of

acidities by replacing so much of the water required
a i«

for the solution with !>5* caustic soda, or 3c sulphuric
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acid. £ach tube diffared from the next by .2%

acidity as sulphuric acid. After the gelatine was

softened by soaking, it was melted up. and cooled in
. ... .... ... , . . ... .. „ ... „...

ice. the tube shoving most opalescence indicated

the acidity at which the gelatine was at Its ieo-

electric point.

The beet measure of the quality of a gelatine

le the strength or firmness of the Jelly it makes with

water at a given concentration. The Jelly strength

was measured by a machine similar to the Bloom

Gelometer (now a etandard pieee ef apparatus) but

differing in certain details. Jellies were made with

Z% or 1% solutions, and tested at 4*0. The results

were converted into those which would have been

obtained if the Bloom Gelometor had been used (for
' t%% eolations). This method of determining the

Jelly strength was known to be accurate* particularly

as a standard gelatine was used as a reference.

Viscosity determinations were carried out on

most of the gelatines made during the course of the

experiments, but as the figures behaved in a

completely arbitrary manner the results have not been

shown. Viscosity does not appear to be influenced
■

by the type or quality of a gelatine.

The gelatine was extracted from the raw

material, by heating on a water bath. The ratio of

water to material, and the extraction time varied with

the degree of swelling of the material. The

temperature wac kept between 70° and 60°C. When
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sufficient gelatine had been extracted to eat to a

fairly stiff Jelly in ice, the extract was poured off,

and the volume measured. The concentration of

gelatine was then found by means of a specially

graduated hydrometer, which enabled the yield of

gelatine to be calculated. The yield for each

extraction has been shown, as for any particular

material, this figure gives a reliable indication of

the readiness with which it can be made into gelatine,

particularly when the time of extraction is also

taken into account. The solution was filtered,

pured into plates, and chilled ao as to make a jelly*

The elabe of jelly were spread on netting and dried o.

off in a current of hot air. Zt was thus possible

to carry out accurate work on the dried gelatine*

(The gelatine contained 12% to 15% moisture depending
- ....... ... .... .. , .

on atmospheric conditions). Beyond careful

filtration, and in certain cases washing nothing

was done to purify the gelatine, because of the
.

-j- - .

practical difficulty of making large enough quantities,
... - - •

. -x - * J - . ... ... *;_• '■ ' T

and because purification was thought to be unnecessary*

The consistency of the results obtained justified

this supposition. It may be noted that most of the

gslatine made was fairly pure. That is it had a

low ash content, and a small proportion of

degradation products.
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Preliminary i£xper imentb .

In order to dotermine what variations were

llksly to be found in the position of the iso¬

electric point, a preliminary examination was made of

a number of commercial gelatines, from which the

following results were obtained;-

Tjrpe of Gelatine. leo-eloctric Point
Acidity,

1. Pig Skin.
Alkaline process. .G?$6

2. Osseins. " 1.42JS
Alkaline process.

3. Pig Skin. - .25#
Acid process,

4. Pig Skin. ,73J&
Alkaline process.

5. Sinew. 1,45^
Alkaline process.

0 * Sinew. • • 5j£
Acid process.

It was evident from these figures, that

gelatine, as obtained commercially, had no definite

position for ite iso-eleetrie point; nor was there

any readily recognisable relationship between the

method of preparation, and the type of gelatine

produced except that the ieo-electric point of acid

prepared gelatine was found to lie on the alkaline

side of neutrality, while the ieo-electric points of

alkaline prepared gelatines lay at various positions

on the acid side of neutrality. This accounted for



u.

the lack of agreement in published figures, which was

simply due to the iso-alectric point of different

gelatines falling at different Hi values.

Mixtures of equal parts of certain of the

samples were also examined. the iso-electric point

of a mixture of (4) and {5} was found to be at an

aeidity of t*Q%, while for a mixture of (5) and (6)
two iso-electrie points were found, one at -.1#

acidity, and the other at Z.3?£ acidity. Zn the case

of the first mixture what was actually observed was a

rather long range of opalescent tubes, in the middle

of which the leo-eleetric point was assumed to lie.

Owing to the Isoelectric points of the constituents

being too close together, the region of

opalescence overlapped, and it was thus impossible to

detect two separate points. The second mixture

however, made up of components whose iso-electric

polnte were farther apart, showed two regions of

opalescence with a range of perfect clarity in between,

so that the two points were readily distinguishable.

As commercial gelatines are frequently

mixtures, it was therefore possible for than to have

two iso-electric points, provided the iso-electric

points of the constituents were sufficiently far

apart. This was probably the reason why several

workers claimed that gelatine had two iso-electric

points. They may have bean working with a mixture

of different types. The experiments on mixtures

also showed that when gelatines with different
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properties were mixed in eolation each preserved its

own character; there was no combination.

As unlimited quantities of certain samples

were available in the form of powder, the opportunity

was taken of cheeking the results obtained by the

opalescence method, by means of swelling experiments.

Samples (4) and (5) war£ selected for this purpose.

Small amounts i& grs.) of the powder were suspended

in water, in graduated stoppered cylinders.

Quantities of acid and alkali were then adued to give

a range of acidities, the cylinders made up to the

same volume with water, and wall shaken up. «Xter

the gelatine had stood for sufficient time to come

into equilibrium , it was found that in both cases,

the tubes in which the gelatine occupied the least

volume were those whose acidity corresponded with that

of the ieo»electric point as found by the opalescence

method. A range of tubes was also prepared using a

mixture of equal parts of the two gelatines. The

point of minimum swelling, at an acidity of l.Q%,

again agreed with the iso*electric point as found by

opalescence.

Gelatine from Pigskin.

The first part of the investigation proper

consisted in extracting gelatine in every possible

way from four materials which were typical of all

natural products known to produce gelatine. (The

ekin and swimming bladders of fish excepted}.
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Pigskin was selected as one of the materials to fee

examined. As fax as was known, it had received no

previous treatment beyond dehairing and freesing.

The skin was cut into shreds, to facilitate handling,

and 500 grs. were used for each extraction. The

results are shown in Table 1.

Gelatine extracted from pigskin with no

prior treatment was of poor quality, and email in

quantity. Its iso-electrie point was found to be at

.48^ acidity. Acid treatment produced gelatine of thji
very highest jelly strength, and the yield was the

beet of all the extractions. The iso-electric point
, > .....

• V

Was at -.27% acidity. Pigskin soaked in milk of

lime yielded gelatine of similar good jelly strength,

though in rather less quantity. The better result

was obtained with the longer lime soak. Both

gelatines made by the use of lime alone, ware found

to have iso-electric points at 1.45)1 acidity. The

use of acid prior to lime appeared to produce a

gelatine of exactly the same properties as resulted

from the use of lime by iteelf. Although two of

the actual figures obtained for the iso-electric

point ware above 1.45^ acidity, this s#st fee

attributed to experimental error, for in spite of

repeated efforts, it was later found impossible to

aake gelatine with a higher iso-electric point than

this figure.

By following lime treatment with acid,

gelatine was obtained similar in yield and jelly
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2S%iS_l.
Iao-
Slectric

Time of Jelly Point
Treatment Extraction Yield Strength Acidity

gone
§oaoaked in

water and washed 2 fire. 4.3$ 152 .48$
free of dirt.

Acid only.
Soaked in

2% cone. HCL. 1 fir. 12.0$ 242 -.27$
SoIn. for one
week and washed.

Acid followed by lixae.
Soaked in

2$ conc. HCL.
SoIn. for one 1 Hr. 4.6$ 234 1.23$
weok, then 8
fceaks in lime
and washed.

Soaked in
1$ cone. HCL.Soln.
for 14 days and 1# fire. 7*0$ 242 1.6$
washed. Soaked in
line for 12 weeks
and washed.

Soaked in
2$ conc.HCL. SoIn.
for one week. Then 1-$ firs. 6.6$ 238 1.55$
soaked in lime for
7 months and
washed•

"fcBfc. 1*.
for 6 wsska and if firs. 9.0$ 187 1.45$
washed.

Soaked in lime
for 12 weeks and 1& firs. 10.0$ 251 1.48$
washed.

Lime followed by Acid.
Soaked in lime

for 8 weeks and
washed. Than in . 1 fir. 4.0$ 190 1.01$
1$ conc.HCL. Soln.
for a week, and
washed.

Soaked in lime
for 12 weeks then
washed. Soaked in 1 fir. 7.0$ 242 1.35$
2$ conc.HCL.SoIn.
for one week,
and washed.
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strength to that produced by line alone* The iso¬

electric points however fell eloee to, but rather

below X.45% acidity* £xoapt for the cample made by

water extraction, which had very poor physical

characteristics, all the gelatines possessed similar

properties, all without exception were similar in

appearance, but the position of the ieo-electric

point varied according to the method of preparation.

Kith an acid treatment the ieo-electric point fell

on the alkaline side of neutrality to phenolphthalein,

with no treatment it lay on the acid side of

neutrality, while lime treatment raised the iso¬

electric point to an acidity of 1.45^.

It was necessary to confirm the results

obtained for the iso-eleotrio point of gelatine made

by treating pigskin with acid after soaking in lime.

The small divergence noted might have arisen from

experimental errors, and the true iso-electric point

have fallen at 1.45$ acidity, or nearer the point

found for gelatine prepared with acid alone. Two

lots of pigskin were therefore soaked in lime for four

months, a period sufficient to ensure that any action

of lime on the skin would be complete. One lot of

akin which was extracted after washing yielded

gelatine with an iso-eiectrie point of 1.50$ acidity.

The other lot of pigskin, was washed, soaked in

successive small quantities of acid until it remained

definitely acid, and washed again. Solatine

prepared from pigskin treated in this way was found to
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have an iso-electric point at 1.16^ acidity. The

experiment was repeated with another lot of pigskin,

resulting in gelatine whose iso-eleetric point lay

at 1.31%' acidity. It was clear from these results

that the lowering of the isoelectric point by acid

after a lime-soak, though slight, was definite.

O.Latin. fro. Drlad Sinew.

: | -

Dried sinew was chosen as the second material

to he examined. The sinews were clean, and as far

as was known had received no treatment except drying.

For each extraction 200 grs. was used. As the

•inewe were exceedingly hard, and hut slowly

attacked by reagents or water, they were carefully

crushed. The results obtained are shown in

Table 11. >

Sinews were found to behave in exactly the

same way as pigskin. Acid treatment produced

gelatine whose ieo-electric point fell Just on the

alkaline side of neutrality to phenolphthalein.

When the sinews received no treatment but washing, it

lay on the acid side of the neutral point. Provided

the time of soaring was sufficiently long, lime

treatment yielded gelatine with an ieo-electric point

at 1.45^ acidity. It appeared that if the time

allowed in lime was too short, the ieo-eleetrie point

fell between .25% acidity, and 1.45^ acidity. That

is lime treatment resulted in the ieo-electric point

of the gelatine moving gradually towards a higher
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Boat
uOM9CI

and washed
Is water.

Acid only.
Soaked in

2% eonc.HCL.
Sols, for 2
days and
washed.

17.

Table II.

Time of Jelly
.attraction Yield Strongth

8 Sri. 11.4# 115

2 Hrs.

Acid followed by lime.
Soaked in

2# conc.BCL.
Sols, for 2
d%ys. Washed.
Soaked in
lime for 3
weeks. Washed.

Soaked in
2% conc.HCL.
Sola, for one
week. Washed.
Soaked in
lime for 11
weeks. Washed.

°nlr-
Soaked in

lime for 4
weeks, and
washed.

Soaked in
lime for 12
weeks, and
washed.

Soaked in
lime for 15
weeks, and
washed.

Soaked in
lime for 7
months, and
washed.

23/? 207

4 Hrs. 16.8# 126

li Hrs. 11.4# 255

2 Ere. 11.0# 156

li Hre, 19.0# 255

li Hrs. 29.0# 242

2i Hra. 25.0# 227

Iso¬
electric
loint
Acidity

.23#

-.24#

1.11#

1.45#

,93#

1.

1.61#

1.46#
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acidity.

As the figures obtained for the position of

the ieo-electric point After periods in lime of 1Z

and 15 seeks tooth exceeded 1.45/' acidity, it was

necessary to ascertain if this was due to experimental

error, or was an effect caused toy prolonged lixae

treatment.'' Accordingly, sinews were soaked in milk

of lime for seven months, a much longer period, and

gelatine extracted in the usual manner. This

operation was not easily carried out, as the sinews

became very swollen and gelatinous. However, all

difficulties were surmounted, and it was found that

the iso-electric point did not rise above 1.45#

acidity. The higher figures obtained after shorter

soaking periods must have been due to experimental

errors.

As with pigskin the use of acid prior to

lime treatment had no influence on the nature of the
I'

^ "

gelatine produced, the results being similar to those
'% ■'■••••. • • - . ; ••
•t

obtained by the use of lime alone. Owing to

practical difficulties arising from the readiness

with which sinews swell, the behaviour of limed sinews

in acid was not investigated.

The jelly strength of the samples prepared

toy the lime method was better in the case of this

material, than that of the eatapleprspared toy the acid

method, tout both were higher The difference probably

arose from the physical structure of the sinews,

which made the quick acting acid process less
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affective. Jfor the same reason the gelatine

prepared by extraction with water was of lower jelly

strength than gelatine made from pigskin in the same

way.

Gelatine from Osseins.

The third material selected for examination

was osseins, the gelatine yielding portion of hone.

Thie ie a manufactured material, so that ite previous

history ie not known with certainty. Osseins ie

however generally made by leaching degreased hone with

dilute Hydrochloric acid, until all the mineral

conetituente are dissolved away, The organic portion

left behind ie then washed and dried. The supply

available was definitely acid to litmus when suspended

in water. For each extraction 200 grs. of dry osseins

was used. The results are shown in Table 2IX.

When extracted without previous treatment,

or after soaking in milk of lime, thie material

appeared to behave in the same manner as the others

already examined. In the one case the iso-elactric

point of the gelatine lay just on the acid side of

neutrality to phenoiphthalein, and in the other case

at an acidity of 1.45$. Again the use of acid before

the lima treatment appeared to have no influence on

the final results

when however, osseine was treated with acid,

the figures obtained showed a divergence from what

had been observed in the case of pigskin and sinews.
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Tabla III,

Treatment.

Sona
Soaked in

water and
washed.

Acid only
Soaked in

1$ conc.BCL.
Sola, for one

week and washed.

Soaked in
2$ conc.HCL.
SoIn. for one
week and washed.

Soaked in
3$ cone* HCL.
SoIn. for one
week and washed*

Soaked in
4# conc. HCL.
SoIn. for one

week and washed.

Lime alone.

Soaked in
lime for 11 weeks 1 Hr. 23.6$ 255 1.45$
and washed.

Acid followed by lime.

Soaked in
2$ conc. HCL.
SoIn. for 10 days 1 Hr. 27.S$ 242 1.54$
and in lime for
10 weeks and then
washed.

Lime followed hy acid*

Soaked in
lime for 11 weeks.
lashed and soaked 1 Hr. 19.0$ 255 1.50$
in two changes of
.2$ conc. HCL.
So In. andragaln
washed.

Electric
Time of Jelly Point

Extraction TieId Strength Acidity

3i Hrs. 19.3$ 146 .43$

-V*

2# Hrs. 13.6$ 1S1 .45$

4 Hrs. 17.5$ 165 .1$

4 Hrs. 24.0$ 165 .35$

3 Hrs. 11.5$ 165 .45$
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The jelly strength of the osseins gelatine was

relatively low, and the ieo-electric point fell at

the same acidity as that of untreated osseins*

Although four extractions with increasing quantities

of acid were carried out, in every case the iso¬

electric point lay on the acid side of neutrality to

phenolphthaleln. Wider similar conditions, the

oaterials previously examined yielded gelatine with

ieo-electric points on the alkaline side of neutrality,

The length of time required for extraction and the

low yield were indications that acid did not react

readily with osseins* Treatment of limed oeeeine

with acid tod no effect upon the position of the iso¬

electric point, which was the earns as for osseins

soaked in milk of lime alone, hut this may have been

due to the small amount of acid being insufficient to

bring about the lowering of the ieo-electric point

noticed in the case of the other materials.

As osseins except when treated with acid,

behaved similarly to tho other materials studied, and

as the difference was rather small, it was considered

essential to confirm that the divergence actually

existed, and had not arieen from errors or faulty

technique. Table IV shows the results obtained from

a series of experiments carried out for this purpose.

The previous figures having suggested that

acid was not reacting as well on osseins, as on

pigskin and sinews, measures were taken to render the

attack of the acid as effective as possible. The
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Treatment
Osseins out up

fine. Soaked in
2% eonc.HCL.Soln.
and washed.

Soaked in 2
lots of SCOecs.
£ HaOH. Washed.
5* Soaked in
1$ cone.HCL.SoIn.
and washed.

Soaked in 2 lots
water containing
8 grs. UaOH.Waehed.

: Soaked in
2% cone.HCL. So In.

i and washed.

Soaked in water
: containing 10 gre.
' HaOH. Washed.
Soaked in
2% conc.HCL.3oln.
Washed. Extracted
in water containing
|5cce. cone.HCL.

Soaked in water
containing 20 grs.
HaOH.Washed. Soaked
in 2% cone.HCL.Soln.
Washed. kxtraeted in
water containing
:Sees. cone. HCL.

Soaked in water
containing Sees.
|cone. HoSO4.
Washed for 2 Hrs.

Soaked in water
containing a little
ammonia* Washed in
distilled water.
Extracted with
1 litre water contain¬
ing ices.cone.HCL.
Soaked in lime for

10 weeks and washed.

Soaked in litae for
10 weeks. Washed.
HCL.added until
neutral, washed.
Extracted in water
containing 200 ccs.
M 2^304.

Table 17.

Time of Jelly
■Extraction Yield Strength

5 Hrs. 11.3$ 162

Iso—
Electric
Point
acidity

.25$

4 Hrs. 15.7$ 146 •06$

5 Hre. 14.4$ .33$

liHrs. 23.4$ 175 .35$

2iHrs. 16.8$ 194 ;33$

I Hr. 32.5$ 213 ;46$

liHrs. 18.0$ 194 ,35$

liHrs.

2 Hrs. 173

1*46$

1.15$
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lump* of osseins were relatively large, and the

material hard, hence in the first experiment the

oeeeine was cut up fine, to present a greater surface

to the aeid. This had no influence on the result.

On the assumption that proteins other than collagen

were protecting the gelatine-containing portion of

the osseins from the action of the aeid, in the next

four experiments a preliminary treatment with caustic

soda was used. Thie method was subsequently shown
*

to he effective in extracting gelatine from rabbit

skin.

The concentration of caustic soda was varied

from |p up to quite considerable amounts without
any visible result on the position of the isoelectric

/, ■ . point, which remained on the acid side of neutrality

to phenolphthalein. It should be noted however.
I , b ; ' * '
that a preliminary treatment with large quantities of

caustic soda improved the jelly strength of the

gelatine, and reduced the extraction time.

In another experiment hydrochloric acid was

replaced by sulphuric acid, as there was a possibility

that a dibasic acid might behave differently from a

monobasic acid. While the position of the iso¬

electric point remained unaffected by this alteration,

sulphuric acid treatment resulted in rapid extraction,

and gelatine of very good jelly strength was obtained.

There was also a chance that impurities

remaining in the gelatine were bringing about a

permanent change in the position of the iso-alectric

point. Accordingly an experiment was carried out in
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which every precaution was taken to reduce

impurities to a minimum. The oseeine was first

soaked in water containing a little ammonia, and then

washed with distilled water. After extraction, the

dried cakes of gelatine were washed with distilled

water containing ammonia, and finally with distilled

water* Owing to this purification, the isoelectric

point was very sharp, hut it remained as before on the

acid side of the neutral point* Washing the osseins

appeared to improve the rate of extraction, and also

the jeii,y strength of the gelatine. The results of
v ■ - ■ • ' ..*« • ■ • T:1 -rf ■ " \ t
this series of experiments were eo consistent, thatJ V... , ... - , .. ...

any doubt as to the reality of the small difference
pT ■< ^ :
between the position of the iso~eleetrie point of

gelatine made from osseins, and from other materials

by treatment with acid, could no longer be entertained.

The final experiment carried out with

ossein# related to the effect produced by treating

limed osseins with acid, the previous results not

having been conclusive. Two lots of osseins were

soaked for ten weeks in milk of lime, and washed.

One lot was then extracted with no further

preparation, while the other was acidified with

eulphuric acid before extraction. The addition of

acid lowered the iso-eiectric point from 1.46/.'

acidity to 1.15^ acidity, an effect similar to that

observed in the case of pigskin, Osseins thus

produced the same types of gelatine as other materials,

with the exception noted above.
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gelatine from Rabbit Skin,

The fourth material selected for close

examination was dried rabbit skin. This was in the

form of finely shredded waste skin produced in the

manufacture of hats. Because of the thinness of the

skin, and the fine shredding, it was a convenient

material to work with, as reagents rapidly penetrated

to all parts of the skin. nothing was definitely

known of the previous treatment to which the skins

had been subjected but as they were acid in reaction,

contained sulphate, and were light in colour, it was

assumed that they had been bleached with sulphur

dioxide. The skin contained considerable amounts of

fat, but whether or not this was natural grease it

was Impossible to say. naphthalene was present,

having bead used as a preservative. For each

experiment 200 grs. was used, and the results are

shown in Table 7.

gelatine made from rabbit skin by extracting

in the presence of acid, was found to have an iso¬

electric point on the alkaline side of neutrality.

When the extraction was carried out with water, the

iso-eiectric point lay Just on the acid side of the

neutral point. By soaking the skin in milk of lime

for a relatively long time, considering the fineness

of division of the material, gelatine was obtained

with an iso-electric point at an acidity of 1.33'/'.

This was a lower acidity than would have been

anticipated from the behaviour of other materials,
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Table 7.

Treatment

Mooe

Soaked and
washed in
water.

Iso¬
electric

Time of Jelly Point
extract ...on Yield Strength Acidity,

2 Hrs. 13.7$ 159 .47$

Acid alone

Soaked in
2$ conc.HCL.Soln.
and washed.

2 Hrs. 16.0$ 255 ~.27$

Soaked in
several changes
of lime for two
weeks and washed.

Soaked in five
changes of lime
for 51 days and
washed.

Soaked in eight
changes of lime
for 8 weeks
and washed.

1 Hr. 17.0$ 21? 1.28$

liHrs. 17.5$ 260 1.33$

1 Hr. 21.5$ 263 1.41$

and it appeared reasonable to suppose that if the

rabbit skin had been left in milk of lime, for a

longer period of time, the iso-electric point would

finally have reached 1.45$. In a subsequent

experiment the ieo-electric point was found to be at

1.41$ acidity after an eight weeks soak in lime.

Babbit skin therefore, with varied treatment

produced the same types of gelatine as the other

materials. Probably because of the thinness of the

skin, and the fine shredding, the jelly strengths of

the rabbit gelatines were very high.
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The Influence of Time of soaking in Lime*

While carrying out these experiments on

various materials, using different methods of

preparation, it became evident that gelatine could be

produced by the use of aeid, without any long

preparatory period of soaking, and moreover with an

iso-electric point falling within narrow limits of

variation. When lime was used, a long soaking period

was required for the ieo-elaciric point to fall in its

normal position, and there were greater possibilities

of variation* A study of the gelatine obtainable

at different times, during the soaking period in milk,

of lime was thought likely to be of interest.

The material originally selected for the

experiment, oxhide trimmings from the slaughterhouse,

chosen because it was supposed not to have been

treated in any way, proved to be quite unsuitable.

After a short soak in milk of lime, the skin broke

up almost completely* The experiment was repeated

with another lot of the same material, in case the

bad behaviour in the first attempt had been due to

bacteria, but this only served to confirm the previous

observations. It was then concluded that the pieces

of ekin had been scalded. The results as far as

they could be obtained are shown in Table VI*

In order to makaaaufficient gelatine for the

various determinations, it was necessary throughout

this investigation to use 1 Kilo of the wet hairy
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Table VI.

Ibo-

Treatment

lashed
only.

14 days in
lias. Washed.

28 days in
lime, lashed.

skin for each extraction. The scalding of the skin

had a most detrimental effect en the quality of the

gelatine produced. It also appeared to shift the

iso-electric point to the acid side* Gelatine made

from untreated hide of this type, was known to be at

its ieo-electric point at an acidity of the

scalded skin, otherwise untreated yielded gelatine

whose ieo-electric point was at .75?$ acidity.

Scalding also made the hide much more susceptible to

attack by lime, the iso-electric point reaching its

maximum in 14 days. Apart from demonstrating the

sensitivity of skin to heat, this experiment was of

little interest.

The material eventually used was trimmings of

oxhide, untreated except for ealting to assist

preservation* The salt was carefully washed out

before the skin was put into milk of lime. The hair

was readily scraped off after the skin had soaked for

Electric
Time of Jelly Point
Extraction IStrength Acidity ,

€ Hrs. 1.7?: 102 .8/9

6 Hrs. .9% 79 ,T/Z

4 Hrs. 1.7jf 123 1.0#

2 Hrs. 2.9^ 134 1.3?*

*

3 Hrs. 1*8$ 102 1.3#
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a abort time is lima. During the soaking period the

lima was changed weekly. Owit*g to the inability of

the lime to ramose completely the large amount of

proteins other than collagen, present in the skin,

the gelatine made became extremely dull when acidified.

These proteine being soluble in hot faintly alkaline

solution were extracted along with the gelatine and
• •* * *• ' ' ' ' "" k "

appeared as a fine cloudy precipitate whenever acid

was added.

In order to be able to use the opalescence

method for fixing the isoelectric point, some means

had to be found of removing the dullness. This was

accomplished by washing. Before the gelatine was

filtered, it was acidified. Some of the dense

opalescent precipitate was no doubt removed by the

filter, but the solution was still very dull. after

drying, the gelatine cakes were washed with distilled

water containing a little ammonia, and finally with

distilled water. The cakes were then dried a second

time, after which solutions of the gelatine were

found to be clear* It was then possible to carry

out the experiment, the results of which are shown .

in Table VII.

The figures obtained illustrated very clearly

the function of lime treatment in the production of

gelatine. The iso-electric point of the gelatine,

starting at the acidity characteristic of untreated

skin, rose rapidly at first, reaching an acidity of

1.0/4 in three weeks. Thereafter the rise was
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Table VIZ.

Time of
Treatment

Washed only.

4 days in
lime, washed.

10 days in
lime. Washed.

SI days in
lime, lashed.

S3 days in
lime. Washed.

42 days in
lime. Washed.

63 days in
lime. Washed.

Iso¬
electric

Jelly Point
attraction Yield Strength Acidity

4 Hrs. 3.3$ 118

3 Hrs. 3«0/o 172

2 Hrs. 4.6$ 175

2 Hrs. 3.3$ 223

1 Hr. 3.0$ 217

l£Hra. 4.4$ 217

1 Hr. 3.8$ 220

.24$

.53$

.74$

1.06$

1.16$

1.33$

1.40$

slower, an additional six weeks being necessary for
■

the Iso-electric point to reaeh the normal position of

1.4$ acidity. The Jelly strength, starting from a

very low figure, rose faster than the iso-electric

point, reaching its maximum in three weeks. The

remaining soaking period of six weeks did not in any

way improve this figure. The time of extraction,

which was relatively long at the beginning gradually

shortened reaching its minimum in four weeks.

The fact that the Jelly strength and

extraction time moved more quickly towards their

final values than the iso-electric point, provided an

explanation of the abnormally low values frequently

found for this constant when examining gelatine made

by the alkaline prosess. When making gelatine on a
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largo scale by this process, the extraction would bo

carried out whenever the preparation of the material

had reached a stage enabling good Jelly strength* to

be obtained, irrespective of the position of the

iao-alectric point.

During the period the skin wae in lime,

swelling took place* This wae hardly noticeable in

the early stagee, but later became very marked. It

was also observed that the precipitation which

occurred when the gelatine was acidified, gradually

decreased ae the time of soak lengthened. Sven after

nine weeks, however, the gelatine was still rather

dull. This indicated that lime was removing proteins

other than collagen, although with this type of skin

it was not possible to remove all the foreign matter.

Owing to this difficulty of obtaining clear

gelatine from thick akin which had not been split, to

make it thinner, or cut into fine shreds, it was

evident that a better procedure was to follow a soak

in lima With acid extraction. Treatment with lime

removed readily soluble impurities, while extraction

with acid prevented the solution of any of the more

resistant foreign matter remaining in the skin. It

was also concluded from this experiment, that

careful preparation of the material was of more

importance than filtration, for, unless certain

Impurities were removed or otherwise denied access to

the gelatine, no amount of attention to filtration

could produce water clear gelatine.
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The method used in this experiment could

be applied to control with accuracy the operation of
t' "v' ■"" " • ' ■

soaking material in lime. At present this is
■ v.... - , • r ' », •- ....

accomplished by observation and experience. the

condition of the material could be ascertained from

time to time, by drawing a sample, extracting gelatine,

and finding its iso-electrio point* Whenever this

approached 1.43^ acidity the material would be ready

for extraction. Provided reasonable care was

exercised in sampling, which always requires attention

when working on a large scale, application of this

method would provide rigid scientific control, for an

operation which has hitherto depended partly on

guess-work.

Summary.

The results from the five groups of expo ri«
i '''-x'

mente, when considered together, enabled a number of

deductions to be made* When water alone was used for
I ' ■ '
extraction, the rate of extraction, and the jelly

strength of the gelatine was invariably poor* Apart

from this, and provided the action of lime was

allowed to reach completion, there was no evidence

{that the rate of extraction, or jelly strength was

influenced by the method of preparation, or the type

of material.

The position of the iso-electric point

however, depended on the method of preparation, but

not on the nature of the material from which the
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gelatine was extracted,. This rule was of general

application, except for oseeine, when there was a

slight divergence when the acid process was used,

Jfour definite positions corresponding to
I •

four methods of preparation were found for the iso-

tleetrie point; for gelatine extracted with acid,t acidity; for gelatine extracted with water,

at .5^ acidity; for gelatine extracted with acid after

previous lime treatment, at 1.2^ acidity; for

gelatine extracted after lime treatment, at 1.45^

acidity. Thus if each position of the iso-eleetric

point was supposed to he characteristic of a

particular type of gelatine, it would he necessary to

assume the existence of four different varieties.

Variations in the position of the iso¬

electric point other than those enumerated ahova

could be accounted for by a consideration of the lime

treatment. The results showed that acid acted

quickly on all the materials. Lime on the other

hand required a very long time in which to react,

fehen gelatine was extracted after a short soak in

lime, the jso-electric point was at a low acidity,

and the jelly strength poor. as the time of soak

increased, the jelly strength improved, and the iso¬

electric point roee to a higher acidity. In this

way arbitrary variations were possible in the position

of the iso-electric point. The same argument

undoubtedly applied to gelatine extracted from liiae-

treated material with acid.
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It was thus evident, that to obtain gelatine

| with & definite iso-electric point, the method of

preparation required particular attention, otherwise

the iso-electric point could fall anywhere between

acidity and 1.45£ acidity.

Ih. Action of a»ryt» and Caustic Soda.

While working with rabbit skin an experiment

was tried with baryta in the hope of finding an
V j r . . _■ .■ "r • '.v '-
alkali which would speed up thepreparatory process

of soaking. It was found however, that after #

j short soak, the iso*elect?le point of the gelatine

had only moved slightly towards the acid side. this

j alkali thus behaved similarly to lime, and

considerable time was likely to be required to bring

the process to completion.

In any attempt to hasten the preparation of

material for extraction, the most obvious alkali to

try was caustic coda, which had for long been used

for this purpose in conjunction with milk of lime.

Owing to practical difficulties arising from the

greater amount of swelling produced by this reagent

in skin and sinew, caustic soda had not been used

when working with other materials. 4s these

difficulties did not arise to the same extent with

rabbit skin, provided the amount of alkali used was

not excessive, it was found possible to carry out a

series of experiments with caustic soda, the results

of which are shown in fable Till.
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Treatment

Table VIII,

Time of
Extraction Yield

Jelly
Strength

Xeo-
Electric
Point
Acidity

Baryta only.
Soaked in

saturated Baryta
solution for
6 daya and
washed*

Caustic Soda alone.

8 Bra. 19.0$ 197 .72$

Soaked in
excess ef
caustic soda
overnight and
washed.

Soaked in
excess of
caustie soda
overnight and
washed.

Soaked in
caustic eoda*

jfor 3 days
and washed.

Soaked in
two changes of
water each
containing
Bgra.haOH.
(Total soaking
time 2 weeks)

@hd washed.

Soaked in
four changes of
water each
containing
Bgra. HaCH.
(Total soaking
time 4 weeke)

yhd washed.

liHrs. 15.5$ 71 >46$

l$Hre. 17. 207

1 Br. 18.5$ 165 .73$

liHra. 14. 263 .56$

liHrs. 17.1$ 270
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Soaking the skin overnight in an excess of

alkali, did not alter the position of the iso¬

electric point from that in the absence of alkali.

T&e poor Jelly strength of this particular sample

indicated that bacteria had attacked the gelatine

during the drying process, hence the experiment was

repeated. Although a high Jelly strength was thus

attained, the iso-electric point remained in the

same position. By allowing more time for the caustic

soda to act. and by using larger quantities, gelatine

was obtained with an iso-electric point at i75/l acid it

further experiments sere carried out. but it was

found impossible to produce gelatine from rabbit skin

by caustic soda, with an iso-electric point at a

higher acidity*

The short time of extraction and the high

Jelly strength of the samples made by caustic soda

treatment, sere indications that the reaction was

complete, and that therefore the iso-electric point

had reached its maximum acidity. On the other hand,

if caustic soda was, contrary to general belief,

reacting no faster than lime, the low iso-alactric

points were due to the relatively short soaking

periods allowed in the experiments*

In order to clarify this point, mid also to

determine if caustic soda behaved in the same manner

with other materials, an experiment was carried out

with ox-hide. One kilogramme of wet salted ox-hide,

having been washed free of salt, was soaked in caustic
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soda solution for 23 days. The or iginal solution

contained 8 grs* of caustic soda, and was followed toy

a fresh solution of 8 grs., and two of 16 grs.

During the soaking period it was observed that the

skin swelled quickly, and to a greater extent than in

milk of lirae, and that the hair was not removed as it

is toy lime* After washing gelatine was extracted with

the following results:*

Iso¬
electric

Time of Jelly Point'
Extraction Yield Strength Acidity

4 Hre. 4% 160 .6%

The iso-electric point of this sample fell

in the region of acidity previously found for gelatine

extracted from rabbit skin toy caustic soda, and thus

appeared to confirm the fact that the iso-electric

point of gelatine extracted by caustic soda lay at a

lower acidity than that of lime extracted gelatine*

But the extraction time was long, and the Jelly

strength peer, definite indications that the process

of preparation had not reached completion. In view

of the generally accepted belief that caustic soda

required lees time than lime, 23 days should have been

a sufficiently long period of preparation. A

factor which might have influenced the results was

the higher eoneen irs.fi rm of hydxoxyl ion during the

soaking period. If this had oeau reduced and

maintained at a level more comparable with the
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concentration of hydroxyl in lime-water, the result*

obtained might have bean more consistent.

Zt was evident from the laconelusive nature

of the experimente with caustic soda, that the

extraction of gelatine with this alkali required more

investigation of a very thorough nature, consequently

any further discussion of this aspect of gelatine

preparation was deferred. While the properties of

this type of gelatine might oe of considerable

theoretical interest, it ie unlikely to be met with

in practice.

The Influence of gh during extraction upon the
Jelly Strength and Time of Extraction.

i """,

In the experiments hitherto carried out, no

particular note was made of the acidity at which the

gelatine was extracted. It was known that the

presence of acid and alkali, other than in small

amounts, accelerated hydrolysis to such an extent,

that a marked depreciation took place in the

properties of the gelatine. If variations in the

amount of acid and alkali were small, and the time of

extraction was adjusted accordingly, no deleterious

effects were noticeable in the finished product. It

wae thought possible howev n-, that the extraction of

skin at it iso-electri© point (or point of minimum

swelling) might have some influence on the qualities

of the resulting gelatine.
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Tha point of minimum swelling of skin was

important in another rospeet.When skin was not swollen

with large volumes of water and reagents, it could he

more easily washed, with a resultant improvement in

the purity of the gelatine. it was therefore

decided to find the point of minimum swelling, and to

extraet gelatine from skin in this condition.

The Determination of the Point of Minimum

Swelling of Rabbit Skin.

A number of papers have been published

relating to the ieo-electric point of skin. Wilson

* Gallun (J.X .JE.C. 1922. 15, 71} stated that this had

previously been found for calf-skin to be at Ph 5.

In their experiments they found two points of

minimum swelling one at Ph 5*1. and the other at

Ph 7.6. They arrived at these conclusions by

measuring the thickness of purified skin immersed in

solutions of varying Ph. Keunier & Chambard

(Rev. Gen. Colloid 1926. 161) working on carefully

purified calf-skin, found its lso-elactric point to be

at Hi 5.5. Gustaveon (J.Soc. heather Trades Cham.

1926. 10. 202) found the iso-electric point of hide

powder to be at Ph 5. In the same year

Pavlov (Kolloid Z. 1926, 40, 72) stated that the

swelling curve of hide in HCL. si.owed two minima

corresponding to the iso-alectric points. In spite

of the experimental difficulties arising from the
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nature of the malarial, these results agreed fairly

well, and it could be assumed that the point of

minimum swelling lay about Ph 5, but it was difficult

to believe that one sample of skin could have two

iso-eiectric points.

The material selected for swelling

experiments was dry shredded rabbit skin, which had

been found to respond rapidly to the addition of acid

or alkali, owing to the extreme thinness of the skin

and the fineness of the shred. Thick skins such as

ox-hide were considered unsuitable, as the slow rate

at which diffusion took place into the centre of the

skin, rendered accurate observation of swelling a

matter of great difficulty, and it was not a simple

|operation to reduce thick hide to a state of
" ' '

division in any way comparable with rabbit skin.

A quantity of shredded rabbit skin was cut

up as fine as possible, sieved to make it more

uniform, and carefully mixed. Two portions of ten

graiones were then titrated using phenolphthalein and

caustic soda. This could be done accurately as the

skin at once absorbed practically all the caustic

soda. The acidity of the skin was found to be l.it'/l.

Into a series of stoppered 100 ce. graduated

cylinders were placed ten gramme portions of skin,
||

and varying quantities of 7 caustic soda to bring

the skin to different acidities. The tubes were

made up to lOOccs. with distilled water, well shaken,

and allowed to stand overnight. As the amount of
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ewelling varied in no regular manner, the skine ware

washed by decantation with distilled water, which

comewhat improved the consistency of the results*

The figures obtained were as follows:-

Volume of Skin Volume of Skin
Acidity before washing. after washing,

% CCS. CCS.

1.8 90 93

1.0 89 9?

.8 93 93

.6 90 96

.4 93 99

.8 96 100

*0 94 103

-.2 100 103

Even after washing* the results were

irregular and the amount of swelling at either end of

the range of acidity was smaller than expected;

from which it was concluded that the skin had been too

closely packed to allow of swelling. Another

experiment was therefore carried out in which five
" " " *

•"..••• 'a*- " - '• * *. •
I '

gramme portions of skin were used in place of ten
I v • ' •; . • • '

gramme lots. From this the following results

were obtained:-
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Volume of Skin
Acidity after washing.

% cce.

1.2 > 50

1.0 50

.8 58

.8 60

*4 62

.2 66

.0 70

-.2 70

Os this occasion the swelling varied

regularly with variation, in acidity, hat was

confined entirely to the alkaline side, and was again

lees than might have been anticipated.

For these reasons another eet of tabes was

prepared in whieh the range was extended on the acid

side. The results were ae follows:-

Vblume of Skin
after washing.

% ccs.

5.0 64

2.4 52

1.8 50

1.2 55

.5 56

.0 56

*.6 64
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In spite of the large amount of acid used,

the swelling was unexpectedly small, and a vary slight

degree of alkalinity produced as much welling as a

large quantity of acid. The point of minimum

swelling was at an acidity of a figure which

appeared too high to represent the true point of

minimum swelling of rabhit ekin. As the experimental

method used was simple, and precluded the possibility

of large errors, it was clear that the skin itself

contained a substance which reduced its capacity to

swell, particularly in the presence of acid.

When handling the tubes after washing, it

was observed that ekin to which caustic soda had been

added became whiter than untreated or acid treated

skin. Caustic soda was apparently removing some

substance from the skin. Whan this happened some of

the caustic soda was neutralised, or used up in such a

way as to become ineffective as a swelling agent.

A number of experiments were carried out to verify

this assumption. Sufficient acid was added to a

tube containing washed skin at an acidity of -.2#

to raise its acidity to 1.2# (the acidity of the

untreated skin). When the tube had bean left long

enough for the acid to be absorbed, it was found that

the ekin occupied a much larger volume than the

untreated akin, which had been washed and soaked for

the same length of time in water. Although both lots

of skin should have bean at the same acidity, it was

found by the use of B.D.H. Universal Indicator, that
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the portion of skin which had been laade alkaline,

washed, and raacidlfied, was more acid than the ekin

which had been washed and soaked in water.

These observations having been confirmed by

repetition, showed definitely that a substance was

present in the rabbit ekin, which ueed up caustic

soda, and inhibited swelling in the presence of acid.

Therefore, in order to study the behaviour of rabbit

| skin in acid and alkali, the disturbing element had
j first of all to be removed, by treating the ekin with

caustic soda and cashing.

Before carrying out actual swelling

experiments, it was desirable to know, to what extent

caustic soda treatment and washing, would interfere

with the subsequent accurate adjustment of the ekin
1 to various acidities. Two ten gramme quantities of

j ekin were soaked in sufficient caustic soda to bring
them to -.2% acidity. They were then washed by

decantation esing boiled distilled water. It was

j found by titration that the washed ekin was almost

neutral to phenolphthalein, and that when acid or

alkali was added, it was absorbed almost

quantitatively. Iricarrying out a swelling experiment

errors in acidity were thus unlikely to be more than

•8£.

Sight tubes were then isade up, each

containing 5 grme. of akin, and the appropriate

amount of caustic soda to make the ekin neutral to

phenolphthalein. After standing overnight the skin

was washed by decantation with boiled distilled water.
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Acid or alkali was added to give a range of acidities*

and the tubes given time to reach equilibrium. The

volume of skin in the various tubes was then as

follows

Acidity Volume of Skin
% CCS.

2.0 80

1.9 74

1.0 99

,5 56

0.0 67

- .8 76

*1.0 90

-1.5 100

The amount of swelling in this experiment war

much greater than had hitherto been observed, although

the skin still showed a tendency to swell rather more

in alkali than in acid. This latter phenomenon may

ve been due to incomplete washing* The point of

minimum swelling was found to be at an acidity of about)

<> 1%*

The experiment was repeated with a different

range of acidities, when the following results ware

obtained:-

***

hat
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Acidity Volume of Skin

% CC6.

2.3 79

i.t 79

1.6 _ 65

1.1 55

.7 50

.3 53

-.1 66

•.5 74

-.9 83

These figures confirmed that rabbit skin was

at its point of minimum swelling at art acidity of .1%,

(shown by use of Indicator to correspond to Fh 6)^
a value close to that found by tteunier & Chambard

for calfskin.

The Extraction gxperimente.

Zt was now possible to carry out an

extraction from rabbit skin wh ch had been brought to

its iso-electric point, m order to determine if the

resulting gelatine had any special properties; For

this purposb 200 grs. of shredded rabbit eiin were

eoaked in boiled distilled water, and 240 ccs; m

caustic soda waned, q quantity sufficient' to make the

skin neutral to phenclph thalein. The material was

then washed with boiled distilled water, and when clean
H

transferred into water containing 140 ccs. —
o

sulphuric acid, the amount necessary to bring the skin
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to it* point of minimum swelling. Gelatine was

extracted by raising the temperature to 70°C, when

the following results were obtained:-
.

.. - •::•<

leo-
Tisse of r Jelly Electric Point

Extraction Yield Strength Acidity
'

■ ■ " ' - •

$ Hr. 19.8^ 360 (by extra- -.2,%
pol&tion)

. • .

h i' . ; .. J
the gelatine made in this way wae of

exceptionally high Jelly strength* Extraction was

rapid, and the yield was goodi The iso-eloctric

point fell below neutrality to phenolphthalein, the
■k : - :
poeiton characteristic of an acid extraction* It

followed from this, that the acid added to briiifc the
' '

* n V.... ■ ' • '■ •'
ekin to its point of minimum shrinkage functioned as

free acid* and that there was no particular reason for

extracting skin in this conditions

Another point in the range of acidity at

which special conditions might arise, was at the

phenolphthalein end point. Accordingly an extraction

Was carried opt in the same way as the previous

experiment, except that no acid was added. The skin
k ' ' .

was thus extracted neutral to phenolphthalein* with

these results:*

Iso-
Tims of Jelry Electric Point

I Attraction Yield Strength Acidity
li Hrs. 11.7/S 247 *53^
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On this occasion, extraction was slow and

the yield poor. The jelly strength was good,

although inferior to that obtained in the last
I ..

experiment. The iso-electrlc point fell at the same

acidity as that of gelatine extracted with water alone.

It was evident that some free acid or alkali had to

be present in order to aesiet extraction, and thus the

phenolphthalein end-point represented a condition to
r " ' ' •- • • .

be avoided in the making of gelatins. In this way
.

the neutral point was of sore importance them the iso-

electric point of the skin.

The method used in these experiments was

jeoneidered to be particularly applicable to the
examination of the behaviour of rabbit skin with

Caustic soda. Previous experiments had not fulfilled

expectations, and gelatine made from rabbit ekin by

extraction with caustic soda had snown a persistently

low ieo-elactrlc point at .75$ acidity. The new

method of operation enabled the alkalinity of the

skin to be known at the moment of extraction* Two

experiments were carried out in which the skin was

made neutral with caustic soda and washed. Sufficient

caustic soda solution was then added to bring the
■

acidity to 9$. and the skin extracted, with the

following respite:—

Time cf Extraction Yield

1 Hr. 24.2$

1 Hr. 19.0$

Jdll.y Strength

145

173
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Treatment

Two soaks
in 210 ccs.
ft ftaOH and
F washed.

throe soaks
In 210 ocs.
ft ftaOH.. and
ITS washed.

two soaks
in 420 ccs.
X UaOH and
f washed.
Then soaked

I in 180 ces.
ft ftaOH.
s

TshjLeja.

Time of Jelly
Extraction Yield Strength

li Hrs. 11.9^ >255

2 Hrs. 12.7% >255

Iso¬
electric
Point

.03^

1 Hr. 25.4$ 213 .76%

place, hut when the skin had heen properly washed, it

was not difficult to remove the precipitate by

filtration, and the gelatine was soluble.

The three experiments did not throw any light

on the effect of caustic soda treatment upon the

position of the ieo-eleetric point. In the last

experiment, where larger quantities of caustic soda

were used, and the skin was allowed to remain in the

solutions for three days, the iso-electric point was

shifted to the acid side, reaching the saxae acidity as

was found in previous experiments. The Jelly

strength obtained was high, thus giving no hint of any

insufficiency in the time of soak, which the position

of the iso-electric point appeared to indicate. The

difficulty of understanding these results, confirmed
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an earlier opinion that the action of caustic soda

on shin required separate investigations.

The Influence of Method of Preparation
■■III ■> IIHiCg3l—WMPP——MWWBEB—B»'llr I Hl.l»llgsga«a«fa II ll.rinll I IXMJ»

the Melting Point.
"Ml I'll "I'l, 'I '"T'i '

So far the only way in which the method of

preparation had been shown to influence the properties

of gelatins sas in altering the position of the iso¬

electric point. In seeking for other effects of a

Similar nature, a certain amount of guidance was

available from technical experience. For a number o

technical applications the melting point and setting

points of gelatine were known to be of very great

importance. In particular cases when high melting

and setting points were necessary, gelatins made by

the acid process was preferred, from which it was

Inferred that this type of gelatine had higher melting

and setting points than the alkaline variety. The

melting and setting points of a solution of gelatine

depended on the Jelly strength. That is to say

gelatine of a given Jelly strength at a stated

concentration had the same melting and setting points]
as any other gelatine of similar Jelly strength at the

same concentration. While this undoubtedly held for

gelatines prepared in the same way, there wars strong

reasons for supposing that the method of preparation

caused the relationship between Jelly strength and

melting point to vary. it number of experiments were
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carried out, which showed that this was the case.

A gelatine jelly, unlike a pure substance,

had no sharp melting point or setting point, hut the

temperature at which the Jelly changed into a liquid*

or the liquid became a jelly, could be determined with

reasonable accuracy, and comparable results obtained,

provided the method was carefully defined. For

melting point determinations, the falling-sphere

method was used. Gelatine solution was sucked into

a small tube 10 cms. long by .2 cms. internal diameter,

and the bottom closed with a cork. The gelatine was

than caused to set, by immersing the tuba in a mixture

of ice and water for X Hr. A steel ball^6* in

diameter was placed on the surface of the jelly* and

the tube strapped to the bulb of a thermometer. The

thermometer and tube were heated very carefully with

constant stirring in a beaker of water. The melting

point was taken to be the temperature at wh^ch the

eteel ball just disappeared below the surface. The

setting point was found by gradually cooling a small

quantity of the gelatine solution in a boiling tube,

stirring all the time with a thermometer. The

setting point was the temperature at which the

gelatine ceased to flow, when the tube was inverted.

Two samples of gelatine were obtained, which

were found, by careful testing, to have the same jelly

strength. One sample had been made from rabbit akin

using an acid treatment, while the other had been

made from ox-hide after soaking in milk of lime. In
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order to compare the aeaipl.ee as nearly as possible

under similar conditions, the gelatines were brought

to their iso-electric points, washed in running water,

and then in distilled water. Teeta carried out on

the samples gave the following reeulte:-

acid gelatins alkaline Palatine

Jelly Strength 188 *8?
Ash .38$ .56$

Melting Point)53^ 35.®°C 33.8®C
Setting PointiSOlB* 35.0°C 32.3°C
I»o-alectrie
Point. 0.0$ acidity 1.4$ acidity

although both gelatines were of the same Jelly

strength, the one made by acid extraction had a

higher melting point than the one made by lime

extraction.

A number of other experiments were carried

out, without bringing the gelatines to their iso¬

electric points, and without washing, as there were

practical difficulties in the way of obtaining large

enough quantities for the teste required. These

results are shown in Table X.

The gelatines examined fell into two groups,

one with a jelly strength at 210, the other at 223.

In the first group the lime-treated sample had the

lowest malting and setting points, and the gelatine

made by acid treatment the highest. The third

sample of this group, which had been made by an acid

extraction of limed hide, was found to have melting
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Table X.

Material and
Method of
Preparation.

Jolly 33jg Solutions
Strength Melting Pt. Setting Pt,

Ox-hide lira©
treated.

Ox-hide lime
treated followed
by acid.

Rabbit acid
treated.

Ox-hide lime *
treated followed
by acid.

Rabbit acid
treated.

207

210

210

223

223

34,0°G

35.2°C

36.0°C

36.2°C

3?.8®G

31.6°C

33.0 °C

34iO°C

34.8°C

35 irO°C

and setting points which lay between those of the

other two types. This was unexpected, but the

gelatines in the second group showed the same

behaviour.

These results were still further confirmed

and amplified by experiments on sheep-skin* Two lots

of sheep-skin which had been soaked in lime, were

extracted after the lime had been removed with acid.

The gelatine obtained was compared with a sample of

the same jelly strength made from rabbit skin by

extraction with acid alone, giving the figures shown

in Table XI. There was rather a large difference

between the melting points of the two sheep gelatines,

but even the higher of the two results did not reach

the melting point of the rabbit gelatine.
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Table XI.

Iso¬
electricPoint* 33* Solutions.
Acidity Melting Pt.3etting Pi.

1.2# 55.5°C 50.0°C

.68% 36.0°C 33.4°C

-.2# 57.0°C 35.4°C

A point of very great interest was that the

sheep gelatine with the lover iso-elactric point, had

the higher melting point. The cause of the variation,

in the properties of the sheep gelatine was attributed

to incomplete treatment with lime. Zn the case of

the firet sample, the shaep-skin had been left

sufficiently long in milk of lime, to produce gelatine

with an iso-electric point at 1.45# acidity, which the

acid had brought back to 1.2# acidity. Zn the case cf

the second sample, the skin had only been long enough

in milk of lliae, fox the gelatine to have an iso¬

electric point at about 1.0# acidity which the

aubeequent aeid treatment had reduced to .68#.

The melting and setting point of gelatine was

by these experiments shown to vary for gelatines of the

same Jelly strength, the variation depending upon the

method of preparation. Further, the variation

followed step by step, alterations in the iso-electri©

point of the gelatine. When the iso-electric point

Jolly
Treatment Strength

Limed
Sheep-skin 250
acid treated.

Limed
Sheep-skin 230
acid treated.

Babbit skin
acid treated. 227
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was flit its maximum acidity the waiting point was at

it* minimum. Aa the iso-electric point moved to the

alkaline aid*, the melting point relative to jelly

strength gradually rose, reaching it* maximum when

the iee^electric point reached ita lowest acidity.

During the progress of the investigation on

the melting and setting points of gelatine, it was

recollected that Smith (J.A.C.S. 41. 1919, 155 and

elsewhere) had stated that gelatine did not exist

above 38°C in the gel form. Bogue (Chem. Met. 2ng.

1923, 64. 165) had not only confirmed this, but

claimed that the melting point and jelly strength

were parallel functions. The latter statement has

been shown to be ineorrect, or at least to hold only

when the gelatines compared had the same iao-electric

point! The former claim, in the light of the

variable behaviour of the melting point seemed likely

to require qualification.

This was tested by means of 40$ solutions of

rabbit gslatine of very high jelly strength, prepared

by the acid method. The first sample investigated
o

was found to have a melting point of 42.5 C and a

setting point of 38®C. The 40$ jelly remained

perfectly stable and firm in an incubator kept at a

temperature of 40®C.
To confirm this result, another sample was

obtained from a different lot of rabbit skid, using

the acid process, and efforts were made to ensure

that inorganic impurities were as low as possible, as
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these were known to have an influence on the melting

and setting point. The ash content of the sample as

originally made was 1.2%, and a 40^ solution had a

melting point of 39.3°C, and a setting point of 37.5°G
By washing the gelatine with distilled water, the

ash was reduced to .G4j£« The melting point was then

40.5°C, and the setting point 38°C. Zt appeared

therefore that gelatine could exist in the gel form

at temperatures higher than 38°C. Any maximum

temperatures for the exietenee of gelatine in the

gel form no doubt varied with the position of the

ieo-electiic point.

Th. CooT.r.ion of s.latlna of th. Acid Typ.

into 0«i.»ttn« of tha ftltollna T/f«.
'm

Since varying the method of preparation had

been shown to result in gelatine of different types,

the question arose as to the possibility of changing

one type into another. Petrov & Paeinski (J. Phy.

Chem. Ruse. 1936, 9, 24) claimed to have converted

gelatine of the acid type into gelatine of the

alkaline type. As lime in the course of its action

upon collagen, caused the iso-electrie point of the

gelatine obtained, to move gradually to a higher

acidity, it seemed possible that a similar effect

might take place with gelatine itself. Starting with

gelatine of the acid type, whose iso-electric point

was at a low acidity, treatment with lime might move
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the iso-eiectric point to the higher acidity

characteristic of gelatine of the alkaline type. The

difficulty was, however, that alkali hydrolysed
- - ■

■ - ■. •••>.

gelatine in the cold, while collagen was not attacked,

and it appeared likely that gelatine would

disentegrate before sufficient observations could be

obtained.

The experiment was nevertheless attempted,

using an acid prepared rabbit-gelatine, whose iso¬

electric point was at O.Q# acidity, and jelly strength

253. This was chosen on account of its high jelly

strength, which allowed of considerable deterioration

before the gelatine became too weak to handle. Some
.

cakes of the sample were soaked in milk of lime*

After four days immersion, the gelatine had broken up

so badly that it was obviously impossible to continue

the experiment.

A second attempt was made, substituting lime-

water for milk of lime, which proved rather more

successful. From thue to time cakes were removed

from the lime-water, soaked in very dilute

hydrochloric acid to remove the lime, washed, melted

up, filtered, and dried in a current of warm air.

In this manner the following results were obtained:-

Iso-Hleetric Point
Days in Lime Water. Acidity.

0 .0#

3 .5#

7 .6$

u .4#

25 .7%
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After twenty-five days soaking in lime-water,

the gelatine was visibly breaking up, and the

experiment had to be discontinued. Meanwhile the

Jelly strength had dropped from 255 to 102, and the

iso-eiectrlc point had moved a little to the acid sid##

but it was still very far from reaching its possible

maximum acidity. Although the process of changing

the acid type into the alkaline type appeared to be

taking piaca, the rate at which the reaction proceeded

was slower than the rate at which the gelatine was

hydrolysed. There was no method by which the

relative speed of the reactions could be altered,

hence it was concluded that while the transformation

might be theoretically possible, the operation could

not in practice be carried to completion.

After consideration of the theory necessary

to account for the variable iso-electric point of

gelatine, it became clear that gelatine of the acid

type could only be converted into gelatine such as was

obtained from limedmaterial extracted with acid. The

maximum iso-electric point attainable was thus not

1.45^ but between \% and The claim to have

converted gelatine of the acid type into gelatine of

the alkaline type was thus both practically and theor¬

etically inadmissable.
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tmtadjrith^uBtic^o^

The dulness end insolubility encountered in

rabbit skin gelatine mada by caustic soda treatment

was of very great interest, not only because these

properties were highly objectionable in themselves,

but because the nature of the occurrence provided a

demonstration of one of the functions of the liiueing

process. As it was clear that the cause of the

trouble could be removed by successive leachings with

caustic soda, the liquour obtained from rabbit skin

which had stood overnight in sufficient caustic soda

to make it neutral, was submitted to an examination^

The caustic soda extract which was partly a

solution, and partly an emulsion, was first of all

taken down to dryness in the steam bath, dried at
o

110 C, and then examined with the following results:-

Analysis of Dry Caustic Soda Extract
of the original skinJ a

Ash 12.1?'

Grease 16+0%

Nitrogen Q.9%

Sulphur .5%

The ash arose mainly from caustic soda added

to the skin. The grease was hard and dark, and was

most likely natural fat. Nitrogen-containing

substances formed about 70% of the extract. This
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could not have boon collagen, so that nitrogeneous

compounds other than collagen, present in the skin,

were soluble or emulsifiable In caustic soda.

The dulneee which occasioned wo much

difficulty during oper&ti ns With caustic soda was

undoubtedly caused by these substances. It could

have arisen in two ways. Xf the caustic soda had not

removed all the nitrogeneous impurities, when the akin

was heated with caustic soda, these went into

solution along with the gelatine. When acid was

added, as the substances were insoluble in caustic

soda, precipitation took place. Xf the washing had

been insufficient, then some of the nitrogeneous

impurities in solution in caustic soda were left in

the skin, to contaminate the gelatine on heating.

The same precipitation was found to take place, when

gelatine was made from rabbit skin, or ox-hide, by

me&ns of a lime treatment. There was no doubt that

one purpose of the preparation of skin with lime, was

to remove nitrogeneous substances other than collagen,

presence of which in the gelatine gave rise to

dulnees.

The sulphur found in the extract had its

origin in the hair, and other nitrogeneous sulphur

containing bodies present in the skin. Sulphur

itself was known tqbake gelatine insoluble under

certain conditions, but the insolubility might also

have been caused by the precipitation of organic

sulphur compounds soluble in alkali but not in acid.
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Discussion.

These investigations representing a careful

study of the transformation of collagen in its various

forms into gelatine shoe that two properties of

gelatine vary with the method of preparation, the

iso*electrie point and the melting point. The source

of the collagen does not appear to he of any

significance.

There are two mays in which this phsncssenon

may he regarded. Gelatines made in different ways

are similar except for the two properties mentioned

above, that is thsy are indistinguishable to handle,

and have similar physical characteristics. Tor this

reason it might be said that they are all samples of

one substance with a variable isoelectric point.

The objection to this explanation is that the change
* •

of the reo-elsetrie point from a low acidity to a high

acidity indicates that the substance is becoming lees

basic in character, which can only arise from some

alteration in its chemical structure. It therefore

appears necessary to assume that gelatine exists in

different forme.

The simplest way of obtaining gelatine is to
•

•

heat a collagen-cmtaining body with water, which shows

that the reaction taking place is one of hydrolysis.

Gelatins prepared in this way has an iso-electric po^nt

which lies in between that of acid-peppered and

alkaline-prepared gelatine, at & - acidity of •$;&.
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Collagen ie known to have & very large molecule

formed by condensation of amino-acids, but as the

condensation can take place in various ways,

the actual structure is a matter of speculation. It

is clear however that there may be numerous points

in the molecule where acidic and basic groups can be

hydrolysed, and the molecule split. As the resulting

gelatine has an iso-electric point at a lower acidity

than that of collagen, it might be concluded that

only acidic groups are being attached. This however

cannot be the case, for it is quite a simple matter

to show that ammonia is evolved when collagen is

heated with water, so that basic groups are also

being hydrolysed. As a resit of the destruction of

both acidic and basic groups the iso-eleetric point of

gelatine prepared by heating with water, falls at an
I.

. ' ,

acidity between that of the acid prepared variety and

that of the alkaline prepared variety.

The second type of gelatine, and the one

whose characteristies are moet definite, is that

prepared by heating with water containing a little

acid. Extraction can be carried out whenever the

acid iaadded, whereas with alkali, extraction must be

preceded by a very long soaking period. This

difference in the speed of the reactions may be

regarded as another indication of a probable difference

in the chemical constitution of the two gelatines.

The iso-eiectric point of acid-prepared gelatine

always falls at neutrality to p..enolphthalein, or at
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a slightly lower acidity, in fact lower than the

iso-electric point of any other form of gelatine.

There are two ways of accounting for this

behaviour, (l) When acid is used to assist

hydrolysis, no basic groups in the collagen molecule

are attacked, so that relative to other types, acid-

treated gelatine Is more basic. (S) The groups in

the collagen molecule which are attacked, are acidic

in nature, and in the splitting of the molecule some

of them are destroyed, which has the effect of making

the resulting gelatine more basic. That this second

effect is in reality taking place is 'shown by the
• # * •" * -• * ' • '

lowering of the ieo-elsctric point which occurrs

when lime-treated collagen is subsequently treated
9

with acid.

When collagen is soaked in milk of lime, a

third type of gelatine is obtainable. For this kind

of gelatine to have definite properties, the period

of soaking must be considerable, otherwise the iso¬

electric point varies from ,5£ acidity up to the

final figure of 1.45$. During the soaking period,

collagen altars in such a way, that when heated in a

faintly alkaline condition with water, it is

hydrolysed into gelatine rapidly. While collagen is

soaking, ammonia or amines are evolved. For example

when rabbit skin is soaked in lime, a very strong

amine odour is noticeable. Proteins other than

collagen, which are invariably present, might account

for some of the ammoniadcal compounds displaced, but

even when the collagen has bean well purified.
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ammonia eun still 5s detected. It may Toe added

that, during the extraction process, which is carried

out after the collagen has been further purified by

washing, alkaline vapours are always detectable above

the heating vessel. That collagen itself is the

source of some of the ammoniaical compound* can thus

hardly be doubted.

It is quite clear that during the period of

preparation in lime water, a reaction is taking place.

Lime is attacking the collagen molecule at points

where it can displace basic groups. The reaction is

extremely slow, thus differing very much from the

corresponding reaction with acid. After the collagen

has fixed a small amount of lime, it is very easily

hydrolysed to gelatine on heating with water, the

moleoule probably breaking up at points where lime is

attachad. The gelatine, owing to the loss of

nltro^eneous basic groups during the preparatory

process, is more acidic in nature, and has therefore

an iso*else trie point at a higher acidity than other

types. While for the sake of clarity, the reaction

with lime and the hydrolysis are described as

following one after the other, there is no doubt that

hydrolysis begins even in the cold, whenever the lime

has reacted with some collagen, so that the reactions

proceed concurrently. This is clearly shown by the

loss of nitrogeneous material, particularly when the

period of soaking is unusually long.

Although consideration of the method of

preparation of alkaline prepared gelatine, shows that
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it must differ slightly in constitution from the acid-

prepared variety, the variability of its iso-electric

point might he used as an argument against it being a

definite substance. Provided reasonable care is

taken, however, there is no doubt that a definite

type can be prepared with an iso-eisctrie point at

1.45$ acidity, and moreover, the variations of the

iso-eleetric point can be reasonably explained.

All material used aa a source of collagen for

staking gelatine has a definite physical structure, and

the reaction with lime is not taking place in solution.

In addition the speed of the reaction is extremely

slow. When therefore, material is placed in milk of

lime, in the beginning only the surface can be

attacked. As time goes on. progressively more and

more of the collagen is acted upon, until finally the

reaction is complete. If at any intermediate stage,

before all the material has reacted with lime, a

portion is withdrawn and extracted with hot water,

hydrolysis may take place in two ways simultaneously.

The portion of the material attacked by lime yields

gelatine of the lime-treated type with an iso-elsctric

point at 1.45$ acidity. The part so far untouched by

lime yields gelatine of the species obtained when

collagen is heated with water alone, having an iso~

electric point at ,5$ acidity. As the reaction with

lime proceeds gradual alteration in the proportions of

the two types of gelatine extracted results in the

iso-electric point rising from .5$ acidity to 1.45$

acidity.



67,

In an early part of this pa* er, it was
'

shown that a mixture of gelatines showed two iso-
'

■ -

electric points, provided these were sufficiently far

apart. The difference between .&p. acidity and 1.45JS

acidity is however too small to permit of the

detection of two Iso-elsetric points by the opalescence

method. for a mixture of equal parts of the two kinds

of gelatine, all that is visible is a rather long

range of dulness, with a single iso-electric point at

1.0JS acidity. Apart from this, the proportion of

each type in the mixture could only on rare occasion#

be euch ae to make two iso-eleetrie points possible,

that is there both are present in nearly the same

amount.

While the foregoing is a possible explanation

of the variability of the iso-alectric point in

gelatine extracted from lime-treated material, it

does not account for the rapidity of hydrolysis, and

the good quality gelatine obtainable with iso-electric

points considerably below the maximum figure. This

can only be explained by assuming that the reaction

with lime takes place in stages. It has been shown

in a number of ways that the collagen molecule is

large and therefore may have a large number of points

suitable for attack by lime. The behaviour of

collagen with lime suggests that the molecule is more

readily attacked at certain places than others.

Whenever lime reacts at some points the molecule

becomes readily hydrolysed, and gelatine of good

quality can be extracted. There are however other
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points available for attack by lime, where the

reaction can take place provided sufficient time ie

allowed. As more linkages in the molecule are

attacked toy lies, with the resultant displacement of

hasis groups, the ieo-electric point moves to the

acid side. These considerations emphasize the
-

.. •; ... >'• V ' ■' >»

necessity of a long treatment, if gelatine of the

alkaline type is to toe of definite composition.

A fourth type of gelatine ie obtained when

material after soaking in lime is extracted in the

presence of acid. Its ieo-electric point lies at a

slightly lower acidity than that of gelatine produced

with the aid of lime alone. This is entirely

consistent with the theory suggested for the

formation of the other types. Provided the material

has been subjected to the action of lime for a

sufficient length of time, the maximum amount of lime

is fixed toy the collagen,with the consequent loss of

the greatest number of basic groups. Whan acid is

later added to material In this condition, acidic

groups in the molecule are attacked and destroyed,

which in effect ie equivalent to the replacement of a

portion of the basic groups previously raaoved.

When the collagen is hydrolyeed, no matter where the

molecule splits, the iso-electric point is thus bound

to fall at a lower acidity than that formed when lime

ie used alone* The reduction in the acidity of the

iao-eiectric point brought about toy an acid

extraction, appears to be of the same order of

magnitude whether the material has been previously
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treated with 11me or not. Thie Is exactly what

would be expected If the theory advanced for the

formation of the various forme of gelatine is correct.

In view of the existence of gelatine in

various forms, and as three varieties are of common

occurrence, it is essential when carrying out research

work to ascertain which type ie being used. Since

gelatine made from untreated material with the aid of

acid, and gelatine made from material soaked in milk

of lime have the most regular properties, these

varieties are to be preferred, but In all cases the

position of the ieo-elaciric point should be checked.

If this had always been done, the lack of agreement

between different investigators would either not have

occurred, or have been capable of explanation. The

other variety of gelatine available, made from material

treated with lime and then with acid, has le e certain

properties as the reaction with lime may not have ^ean

allowed to reach completion, and the quantity of acid

used may have be n insufficient to neutralise all the

lime. although extraction with water alone ie the

time-honoured method of making gelatine, it is unlike¬

ly ihat this type will be encountered as the process

is so destructive of quality as to be unpractical.
'

The investigations descriuod in this paper

although complete as regards the particular matters

examined, suggest what might be interesting lines of

research. The most obvious of these would be a

study of the action of cauetic soda at different
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concentrations upon collagen in its various natural

forme. Then the nitrogen content of the different

types of gelatine might be investigated. If the

reasons suggested for the movement of the iso-eiectric

point are correct, gelatine extracted with acid should

have the maximum nitrogen content, and gelatine

extracted with lime the minimum nitrogen content.

There would also appear to be considerable scope for

a careful examination of other properties and

reactions of gelatine using definite types.

Summary.

The results so far obtained may be briefly

summarised as follows:*

1. Commercial gelatines have ieo-eiectric points

which vary from *13$ acidity to 1.45$ acidity.

Under suitable conditions mixtures can exhibit

two ieo-electric points;
■

.
.

Z* The position of the iso-elecfcric point of

gelatine depends upon the treatment to which the
i

material, from which the gelatine has been

attracted, has been subjected, and is independent

of the kind of material used.

3. The relationship of the melting point to

jelly strength varies with the position of the ise!

-electric point, gelatine of the highest melting
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point (relative to Jelly strength) being obtained

when the isoelectric point ie at its lowest

position, and vice versa. as a consequence of

this, gelatine can exist in the Jelly form above

38°C, which has been suggested aa the upper limit•

Unless the ieo-electric point of gelatine

(and also the relationship of melting point to

Jelly strength) is regarded as a variable it is

necessary to asrume that gelatine exists in four

forms.

(a) Gelatine extracted with acid:

ieo-elactric point, «•>»2.% to 0.0% acidity

(b) Gelatine extracted after lime treatment:

iao-electric point, 1.4S$ acidity

(c) Gelatine extracted from lira® treated material

by means of acids

iso-eleetric point,1*2$ to 1*5$ acidity

(d) Gelatine extracted by means of water alone:

iso-electric point, *4$ to *9$ acidity

The first three are the varieties in „

commercial use.

The proportion of basic to acidic groups in

the different Jypes of gelatine decreases in the

order (a) y {&) y (c) ^(b)*
It ie impossible to convert gelatine extracted

by means of acid into the variety obtained from
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lime-treated material. It is theoretically

possible to convert the acid variety into type

(c), but the conversion cannot be properly

carried out on account of the destruction of the

gelatine.

7. The iao-elactric point of rabbit skin lies

at .7% acidity (Ph 6). This is of no importance

in the extraction of gelatine, which however

should not be carried out at neutrality.

8. The process of soaking material in lime can

be controlled by noting ua position of the iso¬

electric point of the gelatine obtainable at

different times, but it should be noted that the

maximum Jelly etrength and maximum speed of

extraction are attained before the action of lime

is complete as Judged by the ieo-electric point.

9* The use of acid for extraction prevents the

occurrence of dulness in gelatine, which arises

from the action of lime and caustic soda on

proteins other than collagen.
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