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V. Rheological Properties in Relation to the Uses of Gelatine and Glue and to 

The simplicity of forming either a viscous solution or a gel from a i r - d r y 

gelatin
1
 has tempted many investigators to study the rheological properties 

of the gelatin-water system. Unfortunately the value of the results obtained, 

and also often of the theories advanced to explain them, has been severely 

restricted in many of the investigations by a failure to recognize that 

"gelatin" is a family name, covering a wide range of related materials. The 

properties of different members of the family can show very large diver-

gences, so that the particular gelatin used in any research work requires 

most careful specification. Otherwise it may not be possible to relate the 

work to existing knowledge, nor will it be possible to repeat it using a similar 

gelatin.
2
 A short account of the manufacture of gelatine is included in Sec-

tion II to make clear how the different types of gelatin arise, and also to in-

dicate what range of O r o o e r t i e s may be encountered. 

A further difficulty, which occurs especially in measurements on the gel 

forms, arises from the influence of thermal history on the elastic and re-

lated rheological properties. Thermal history is also of importance for the 

sol forms which exist in the region of the melting and setting temperatures. 

This is emphasized by the difference between these two temperatures as 

usually measured for a single gelatin gel. 

Precautions must also be taken in order to avoid hydrolysis of the gelatin 

molecule in aqueous solutions or gels during experiments. This will become 

increasingly significant, under neutral p H conditions, either as the tem-

perature is raised above 40° C. or as the concentration of proteolytic en-

zymes (in the solution or as intracellular bacterial enzymes) is increased. 

The thermal hydrolytic reactions are catalyzed by hydrogen and hydroxyl 

ions so that the rate of breakdown is increased sharply at acid and alkaline 

pH's . In these conditions, however, bacteria do not multiply and most 

enzymes have little action. The extent to which hydrolysis has occurred 

can normally be assessed by subsequent measurement of some suitable 

property such as the reduced viscosity, but this is complicated by the simul-

taneous occurrence of at least two and possibly more different types of hy-

drolytic reaction (p. 323), which affect different properties in varying de-

grees. 
1
 The term * 'gelatine" is used for the commercial or laboratory product including 

inorganic salts and any other impurities. "Gela t in" refers to the derived protein only. 
2
 A . G. Ward, Brit. J. Appl. Phys. 5, 85 (1954). 
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The main section of this chapter (Section I I I ) is a presentation of the 

more important experimental facts concerning the behavior of gelatin, 

whether in the form of a gel, a concentrated or dilute solution, or a dry solid 

material. Although the results quoted, in most instances, have quantitative 

validity only for the actual gelatins used, other gelatins would show quali-

tatively similar behavior. 

There have been numerous theories concerning the structure and behavior 

of gelatin gels, but the complexity of the problem is at present too great for 

any satisfactory quantitative theory to be developed. In Section IV the 

more important theoretical views are briefly discussed but no attempt has 

been made to include speculative theories for which there is little direct 

evidence. 

In Section V a brief review of industrial gelatine testing will be given 

relating it to the requirements of the many industries which use gelatin, 

either under the commercial name ' 'gelatine" or as the main constituent 

of hide and bone glues. In virtue of the small value of most of the early pa-

pers, the bibliography has not been made exhaustive but the more reliable 

papers have in general been included. 

II. The M o d e of Production a n d Composi t ion of G e l a t i n e 

1. T H E M A N U F A C T U R E O F G E L A T I N E 

Gelatin is a derived protein, the precursor for all commercially manufac-

tured gelatine being mammallian collagen. Collagen is widely distributed 

throughout the body in the connective tissues; it occurs in skin, bone, and 

sinew associated with only minor quantities of other organic substances. 

Skin and bone are the main commercial sources of collagen for conversion 

to gelatin, but sinew is also used to a limited extent. Bone is demineralized 

with hydrochloric acid to give "ossein," which can be handled by the same 

processes as skin. The same or similar raw materials are used in the manu-

facture of hide and bone glue, although the process is somewhat different 

in the latter instance. 

If the collagen of any tissue is heated with water at a neutral p H a slow 

conversion to gelatin takes place, the gelatin being found in solution. The 

temperature and duration of heating needed are, however, so prolonged that 

extensive hydrolysis of the gelatin takes place, leaving a product with im-

paired gel-forming power and lowered viscosity in solution. The essence 

of the commercial gelatine-manufacturing process lies in treating the collag-

enous raw material so that a product as little degraded as possible is ob-

tained. This involves increasing the rate at which collagen can be con-

verted to gelatin, at a sufficiently low extraction temperature (e.g., 60° C.) 

without at the same time impairing the gel-forming power by the treatment 

used or by effecting too radical a reduction of the viscosity of the product. 
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T w o processes are used commerc ia l ly :
3 ,4

 the alkaline process, in which 

the collagen receives a lengthy low-temperature pretreatment with mild 

alkali before being extracted with warm water at a p H near neutrality, 

and the acid process, in which little or no pretreatment is used other than 

that necessary to give the raw material an acid p H (pH = 3.5 to 4.0) in 

some instances), and the extraction with warm water takes place at this 

p H . The gelatins obtained by these two processes differ in properties in 

important respects. This emphasizes the need for care in selecting gelatins 

to use for rheological work. 

In the alkaline process, a lime suspension is normally used, to pretreat 

the raw material, which is placed in large concrete pits or tanks either at 

ambient temperatures or at a controlled temperature in the region of 15 to 

20° C. A period of two to three months is quite usual for the duration of the 

pretreatment. The full extent of the modifications to the raw material 

caused by the alkali is only imperfectly understood. Certain impurities are 

removed, of which some (mucopolysaccharides, other proteins) may well 

have a cementing action on the collagen. The collagen chain is ruptured at 

certain points giving fragments more readily dissolved during extraction, 

and an over-all loss of cohesion is shown by the increased swelling which 

occurs. In addition the amide ( — C O N H 2) groups present in the side chains 

of glutamine and asparagine residues become converted into carboxyl 

(—COOH) groups. This changes the charge balance in collagen, and in 

the gelatin derived from it, by increasing the number of acidic groups (nega-

tively charged when ionized). As a result the isoionic (and isoelectric) 

point, p i , is reduced from the region of p H = 9 to p H = 4.8 to 5.0. The 

value of the isoionic point of gelatin is usually very similar to that of the 

pretreated collagen from which it is derived. The position on the p H scale 

of the isoionic point has a marked influence on the p H dependence of var-

ious gelatin properties, especially the viscosity (p. 325). 

After completion of the alkaline pretreatment, the collagenous material 

is washed in various types of drum and paddle washers and brought to a 

p H near neutrality (pH = 5 to 8 according to individual requirements). 

Water is added and extraction is carried out in stainless steel or aluminium 

tanks at 60 to 65° C. After a few hours the first ' 'liquor' ' or gelatine solution 

is run off, filtered, evaporated, set, and dried. Water is again added and the 

extraction continued at a rather higher temperature. In this way, a number 

of liquors are obtained at higher and higher temperatures, usually ending 

near 100° C. for the last liquor. The gel-forming power drops uniformly 

through the extraction, but the solution viscosity (measured under standard 

conditions) may be a maximum in the second, third, or fourth extraction. 
3
 W. M . Ames, J. Sei. Food Agr. 3, 454 (1953). 

4
 A. G. Ward, Chemistry & Industry p. 502 (1954). 
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T A B L E I 

TYPICAL FIGURES FOR THE PROPERTIES OF EXTRACTED GELATINES
5 

R a w material, hide. Lime pretreatment, 10 weeks at 20° C. 

Extraction, p H = 6. Gelatine isoionic points, c . p H = 5. 

Extraction 

1st 2nd 3rd 4th 5th 

Temperature of ex-

traction 60° C. 70° C. 80° C. 90° C . 100° C . 
B loom jel ly strength 

( a t 6 % % c o n c n . ) . . 230 g. 189 g. 125 g. 98 g. 70 g. 

Viscosi ty . C p . (40° 

C. 6 % % c o n c n . ) . . 5.9 7.4 7.7 7.1 5.1 

In Table I figures are given to show how the "jelly strength" (p. 361) and 

solution viscosity change with the successive extractions. 

Commercial products are often blends of two or more extractions from 

different batches of material. This makes fractionation of commercial 

samples into portions of differing molecular weight of little value unless 

the history of the sample is known. 

In the acid process, the raw material is steeped in dilute acid for a 

sufficiently long period for a reasonably uniform p H to be established 

throughout the thickness, and extraction then proceeds as for the alkali-

pretreated material. The increased rate of hydrolysis during extraction 

at the acid p H appears to affect the viscosity more sharply than the jelly 

strength, at least for the earlier extractions. In contrast to the example of 

Table I, the viscosity falls throughout extraction. The amide groups are 

largely intact after the acid process, so that isoionic points near p H = 9 are 

usual. 

Hide glue is made by the same processes as gelatine but often the raw 

material, or the extent of pretreatment, is such that extraction must be 

carried on at higher temperatures to give reasonable extraction rates. 

This reduces the values of the jelly strength and viscosity. 

In bone-glue manufacture, degreased bones are treated successively with 

live steam (pressure 5 to 30 p.s.i.) and hot water, the glue being extracted 

in the hot water. The mineral present in the bone lessens the effectiveness 

of the pretreatment of the collagen and also reduces the extraction rate by 

rendering contact between liquor and collagen difficult. As a consequence, 

although gelatin is the main constituent of bone glue, it has a reduced gel-

forming power and also a lower solution viscosity. This, however, increases 

the range of properties from which to select a material for a particular use. 

5
 D . Fysh, private information. 
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T A B L E I I 

TYPICAL PROPERTIES OF GELATINES, BONE AND H IDE GLUES 

Rigidity Viscosity 

Raw δ.65%
1
 10° C. δ.65%

1
 40° 

Sample Material Process dynes/sq.
2
 C. c.p. pH pi 

A Ossein Alkal ine
6 

100,000 7.1 6.1 4.9 
Β Ossein Alkal ine

6 
62,500 22.8 6.2 5.1 

C Hide Alkaline 70,000 7.4 7.5 4.9 
D Hide Alkaline 39,300 9.1 7.2 5.0 
Ε Hide Acid 72,000 6.2 4 .2 9.1 
F Ossein Acid 74,600 4 .2 4.5 8.6 
G Hide Alkaline 29,600 6.2 7.0 5.0 
H Hide Alkaline 15,000 3.5 6.0 5.0 
I Bone Bone glue 9,000 2.8 5.5 5.3 
J Bone Bone glue 3,400 2.1 5.5 5.3 
Κ Bone Bone glue 650 1.9 5.3 5.1 

Viscosi ty of water 40°C. 0.656 

In Table II , typical figures are given for the properties of a number of 

gelatines and glues, illustrating the very great quantitative differences in 

properties encountered. 

2. T H E C O M P O S I T I O N O F G E L A T I N E 

Commercial gelatines consist—apart from 1 to 3 % of inorganic salts— 

almost entirely of the derived protein gelatin. The salts present depend to a 

considerable extent on the process used, but are usually made up of sodium, 

potassium, and calcium chlorides and sulphates, with small amounts of 

many other metals, phosphate, etc. It is possible to remove these salts 

either by dialysis—using the method of Loeb—or more simply by de-

ionization using a mixed bed of anion and cation exchange resins. In Table 

III the most recent amino acid analysis of two hide alkali-process gelatins 

is given. The technique used was that of Moore and Stein,
8
 and the 

results are of a high order of accuracy. This is illustrated by the agree-

ment between the figures for the two gelatins, which were first and third 

extractions of the same raw material. 

The figures are in good agreement with other recent published figures. 

The discrepancy between the recoveries by weight and by nitrogen is prob-

ably due to small quantities of nonnitrogenous impurities, some possibly 

linked to the gelatin molecule. 
6
 Laboratory samples prepared by the authors. 

7
 This concentration W/W is that used in industrial testing (7.5 g. gelatine or glue 

at 15% moisture content with 105 ml. water) . For practical reasons many glues are 
tested at twice this concentration. The rigidity is after 17 hr. maturing at 10° C. 

8
 S. Moore and W. H . Stein, / . Biol. Chem. 192, 663 (1951). 
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T A B L E I I I 

AMINO ACID COMPOSITION OF FIRST AND THIRD EXTRACTION 
LIMED H IDE GELATINS (EASTOE

9
) 

Grams Amino Acid 
per 100 g . of Dry, Residues per 100,000 

Ashfree Gelatin Molecular Weight 

1st Extn. 3rd Extn. 1st Extn. 3rd Extn. 

Tota l N
a 

. . . . 18.19 18.15 
Alanine . . . . 11.0 10.8 123 121 
Glycine . . . . 27.6 27.49 368 366 
Valine 2.57 2.49 22.0 21.2 
Leucine 3.41 3.23 26.0 24.6 
Isoleucine 1.72 1.73 13.1 13.3 
Proline . . . . 16.5 16.32 143.3 141.6 
Phenylalanine 2.29 2.17 13.8 13.2 
Tyrosine 0.27 0.32 1.5 1.7 
Tryptophan — — — — 
Serine 4.08 4.29 38.9 41.2 
Threonine 2.20 2.22 18.5 18.6 
Cyst ine/2 0.00 0.00 0.0 0.0 
Methionine 0.86 0.98 5.8 6.7 
Arginine 8.7 8.8 50.2 50.5 
Histidine 0.82 0.80 5.2 5.1 

Lysine 4.26 4.38 29.0 30.0 
Aspartic acid 6.6 6.93 49.7 52.1 

Glutamic acid . . . . 11.6 11.42 79.4 77.7 
Amide N

a 
0.12 0.11 8.5 8.1 

Hydroxyproline . . . . 13.4 13.9 102.3 106.0 
Hydroxylysine 0.91 0.95 5.6 5.8 

118.0 119.2 1098.1 1098.2 

Mean residue weight (by w t . ) . . . . . . . . 90.4 90.7 
Mean residue weight (by N) 

% recovery (by wt.) . . . . 99.1 99.4 

% recovery (by N) . . . . 100.2 100.6 

a
 No t included in totals. 

In acid process gelatins 36 % of the total aspartic and glutamic acid resi-

dues are present as amide groups. 

N e u m a n
1 0

'
11

 has shown that there is little significant difference in amino 

acid composition between gelatins or between their parent collagens, 

within the mammalian class. Fish collagens and gelatins, however, show 

9
 J. E . Eastoe, Biochem. J. 61, 589 (1955). 

1 0
 R . E . Neuman, Arch. Biochem. 24, 289 (1949). 

11
 R . E . Neuman and M . A. Logan, J. Biol. Chem. 154, 314 (1950). 
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T A B L E IV 

N-TERMINAL RESIDUES OF GELATIN 

Residues per 100,000 M . W . 

Alkali Processed Hide Acid Process Pigskin 
Gelatin Gelatin 

Glycine 0.83 0.74 
Serine 0.19 0.10 
Threonine 0.11 0.08 
Alanine 0.11 0.24 
Aspartic acid 0.11 0.13 
Glutamic acid 0.10 0.07 
Others 0.12 0.19 

Tota l 1.57 1.55 

Mn 64,000 65,000 

appreciable differences which may well be related to the inferior gel-form-

ing power of certain of the fish "gelatins" or of fish glue. 

The amino end groups of gelatin have been determined by Courts ,
1 2

"
14 

using the Sanger fluoro dinitrobenzene technique. Some typical results 

are given in Table IV. 

The values of the number average chain weight Cn are similar to those 

given by Pouradier from o s m o m e t r y
1 5 , 1 6

. Results with fractions, for Cn 

using fluoro dinitrobenzine, and for Mw by light scattering suggest that it 

is unlikely that gelatin molecules have each single polypeptide chains. 

T h e active groups in gelatin are listed in Table V . The important ionizing 

groups behave in the expected manner when titrated with acid or alkali. 

Figure l
1 7
 shows a typical titration curve for an alkali-process gelatin. 

From the curve, analytical figures for the ionizable groups may be found, 

in fairly good agreement with the figures of Table I I I . 

All gelatin samples are very heterodisperse
1 5 , 16

 with a range of molecular 

weights which may extend up to 400,000. Gelatins made from alkali-proc-

essed precursors at low extraction temperatures probably contain little low-

molecular-weight material. Short fragments produced in the pretreatment 

dissolve in the alkaline pretreatment liquor, and the extraction causes 

little further breakdown. Acid-process gelatins will be likely to contain a 
12

 A . Courts, reported in A. G. Ward, Nature 171, 1099 (1953). 
13

 A. Courts, Biochem. J. 58, 70 (1954). 
14

 A . Courts, Biochem. J. 58, 74 (1954) ; 59, 382 (1955). 
1 5
 J. Pouradier and A. M . Venet, J. chim. phys. 47, 11 (1950). 

1 6
 J. Pouradier and A. M . Venet, / . chim. phys. 49, 85 (1952). 

17
 A . W. Kenchington and A. G. Ward, Biochem. J. in press. 
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α-amino 1 c . 7 Posit ive 
Imidazole 3 7 Positive 
e-amino 20 9-10 Posit ive 
Guanidino 30 > 1 2 Posit ive 
Carboxyl (alkali processed gelatin) 78« 3.5-5 Negative 
Carboxyl (acid processed gelatin) 50« 3.5-5 Negative 
Hydroxyl 105 — None 
Peptide bonds 657 — None 

° Difference due to amide groups in acid-process gelatin. 

proportion of low-molecular-weight material produced during extraction. 

Lower grade material, including bone glue, in which considerable breakdown 

occurs during extraction, will contain a low-molecular-weight portion. 

Summarizing, the only fully verified major chemical differences between 

gelatins are in the proportion of carboxyl groups remaining in the amide 

form, and in the number of end groups, the latter corresponding to varia-

tions in chain length. Physically, both the various mean molecular weights 

(Mn, Mw , etc.) , and the distribution of molecular weights vary from 

sample to sample. The existence of ionizable groups on the gelatin molecule 

causes certain properties to be p H dependent, the behavior varying accord-

ing to the isoionic point of the gelatin being studied. 

It is not yet possible to analyze all the rheological data in terms of struc-

ture but it will be seen (p. 349) that the structural description of the pre-

vious paragraph is inadequate to account for all properties even qualita-

tively. This is also evident from a comparison of the properties of the pairs 

of gelatines in Table II , A, B, and C, D. 

III. The Rheologica l Propert ies of G e l a t i n 

Gelatin is a powerful gel-forming agent, the lower limit of concentration 

to form a detectable gel in water at 2° C. being 0.5 g./100 ml. for the highest 

grades of gelatine. The ability of gelatin gels of a given concentration to 

support a shearing stress is dependent on the temperature. If the tempera-

ture is raised slowly the elastic deformation for a given shearing stress in-

creases rapidly, and plastic components become significant. At a fairly 

well-defined temperature, the gel melts to a solution devoid of yield value, 

even at short loading times. The viscosity of the resulting solution decreases 

T A B L E V 

ACTIVE GROUPS IN GELATIN 

No. of 

Active 

Groups per pK 

60,000 M.W. (40° C.) Sign of Charge 
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J I I I I I I i l l ! 

2 4 6 8 10 12 

FIG. 1. Titration curve of an alkali-processed gelatin p i = 4 . 9 2 . 4 0 ° C .
1 7 

as the temperature is increased. The gel-sol transition temperature or melt-

ing point is not a constant of the gelatin but depends also on the concen-

tration, although the change in melting point for a substantial change in 

concentration is not large. The viscosity of gelatin solutions in the region of 

the melting point changes with time, decreasing if the solution was obtained 

by warming a gel (or a solution) originally at a lower temperature, and in-

creasing if obtained by cooling a solution that originally was at a higher 

temperature. This anomalous behavior is attributed to the formation of ag-

gregates of the gelatin particles which, in the limit, leads to gel formation. 

Above a temperature in the region of 35 to 40° C. there is no sign of aggre-

gation effects, and changes in solution viscosity only result from degrada-

tion. 

Lower quality gelatines and the majority of glues, which contain a sub-

stantial proportion of the products of hydrolytic breakdown, are not able 

to form gels at the lower concentrations. The gels which are formed melt 

more readily than those of high-grade gelatines and give solutions, the 

viscosities of which indicate the reduced size of the dissolved molecules. It 

is convenient to classify the rheological properties of aqueous solutions 

and gels of gelatin in three main groups, corresponding to the simple picture 

of the molecular processes given above. 

1. Properties of the solutions outside the anomalous region. 

2. Properties of the gels. 

3. Properties in the transition range between gels and sols. 
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1. V I S C O S I T Y O F G E L A T I N S O L U T I O N S O U T S I D E T H E A N O M A L O U S R E G I O N 

The viscosity of gelatin solutions has been the subject of many studies. 

The results given below are selected to illustrate the more important as-

pects. There are two ranges of concentration into which the experiments 

can be divided: (i) Below 1%. In this range interference, even of purely 

hydrodynamic character, between the molecules is small, (ii) Above 1 % , 

where normal viscometry is reasonably applicable. A t the highest concen-

trations, the material is only appreciably fluid at temperatures near 100° C., 

and few data are available concerning this region. 

Although in many instances the origin and characteristics of the gelatins 

which have been used in these investigations are unknown, the viscous be-

havior of gelatins shows much greater regularity from sample to sample 

than for many other properties in spite of wide numerical differences. I t 

will be seen, however, that the distinction between acid-process and alkali-

process gelatins is a factor of some importance. Before describing the main 

results, the effect of rate of shear is considered as this indicates the validity 

of using a viscosity coefficient where nonuniform rates of shear are used 

(e.g., Ostwald viscometers). The effect of hydrolysis will be briefly noted 

as this also affects all measurements. 

a. Rate of Shear. 

The dependence of the viscosity of gelatin solutions, above the gelation 

temperature, on the rate of shear has been investigated by Bungenburg de 

Jong and co-workers.
10
 They used an Ostwald-type viscometer and varied 

the rate of shear by applying different air pressures to one limb of the vis-

cometer. Measurements made over the range of concentration from 1.93 

to 16.6 g. gelatine per 100 ml., for p H values from 3.4 to 6.6 and at tem-

peratures from 42.10 to 50.79° C. showed that under these conditions the 

viscosities were independent of the rate of shear. A slight dependence is, 

however, shown at low concentrations. 

b. Hydrolysis. 

The viscosity of gelatin solutions decreases irreversibly with time when 

they are heated, the effect becoming more marked at higher temperatures 

or at higher acidities or alkalinities. Many observers
1 9 , 20

 have followed the 

degradation of gelatin in solutions, under various conditions of tem-

perature and p H . Sheppard and H o u c k
2 1 , 22

 investigated the thermal deg-

18
 H . G. Bundenberg de Jong, H . R . Kruyt , and J. Sens, Kolloid Beihefte 36, 429 

(1932). 
19
 W . M . Ames, Soc. Chem. Ind. 66, 279 (1947). 

20 C. E. Davis , E . T . Oakes, and H. H . Browne, J. Am. Chem. Soc. 43, 1526 (1921). 
21
 S. E . Sheppard and R . C. Houck, J. Phys. Chem. 34, 273 (1930). 

2 2
 S. E . Sheppard and R . C. Houck, J. Phys. Chem. 36, 2319 (1932). 
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radation of gelatin solutions at 40, 50, 60, 70, and 85° C. and at several 

values of p H . B y plotting graphs of rate of change of fluidity against pH , 

and by comparing these with the curves of Northrop
23
 for the variation of 

the velocity constant of hydrolysis with p H determined by the rate of re-

lease of amino groups, they concluded that the decrease in viscosity was 

the result of the hydrolytic rupture of the molecular chains of gelatin. 

This result has been largely confirmed b y the recent studies of Courts
1 2 - 14 

on end groups. It would appear that 40° C. is, in most conditions, a tempera-

ture at which both aggregation and degradation of molecules are small and 

it is therefore a useful temperature of measurement whenever these effects 

should be avoided. The kinetics of gelatin degradation have recently been 

considered by Pouradier and Venet ,
24
 the assumption being made that the 

rate of chain breaking depends on the molecular weight by means of the 

relation Kx — kMx , where Kx is the rate of bond breaking in the molecular 

species χ of molecular weight Mx and k is a constant. Although the exact 

relation is probably in error, the general treatment appears likely to be a 

useful contribution. 

c. Dilute-Solution Viscosity 

For many materials it is possible to define an intrinsic viscosity by ex-

trapolating the reduced viscosity-concentration graph to zero concentra-

tion. This technique is valid so long as the environment of the solute 

molecules does not change as the concentration changes except for the 

substitution of solvent for solute molecules. For gelatin, this latter con-

dition cannot be fulfilled owing to difficulties in maintaining both p H and 

ionic strength constant during dilution. Even using deionized gelatin, which 

gives a solution at a p H virtually identical with the isoionic point for con-

centrations greater than 1 %, the low concentrations cannot be achieved 

by simple dilution with conductivity water since the p H would then rise 

toward neutrality as the gelatin concentration approaches zero. Even small 

p H variations produce marked changes in dilute-solution viscosity for de-

ionized gelations. 

A more satisfactory approach is the use of values of p H and ionic strength 

such that small variations in these quantities do not affect the viscosity. 

Stainsby
25
 has shown th,at in the presence of IM NaCl in the p H range 7 

to 10 the reduced viscosity 1/C log e vTei. , which to a first order is mathe-

matically equivalent to ? ? Sp . / C , is nearly independent of gelatin concentra-

tion up to 1 % concentration, and consequently it is sufficient to measure 

the reduced viscosity at one gelatin concentration with these conditions, 

say 0.2 g. (100 ml.) , in order to characterize a gelatin. This is also found in 
2 3
 J. H. Northrop, J. Gen. Physiol. 3, 715 (1921). 

24
 J. Pouradier and A. M . Venet, J. chim. phys. 49, 238 (1952). 

2 5
 G. Stainsby, private information. 
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Gelatin Concentration ( g / lOOml ) 

F IG. 2. η8/ϋ and 1/C l o g , ητ as a function of concentration for an ashfree alkali-
processed gelatin at its isoelectric point (pH = 5.08) in pure water. Temperature 
35° C .

25 

practice for deionized gelatin at the isoionic point, although the p H of each 

solution requires adjustment. Figure 2 illustrates the variation of r? s p./c and 

1/C log e rçrei. with concentration for a deionized alkali-treated calfskin 

gelatin at its isoionic point (pH = 5.08) and at a temperature of 35° C. 

Pouradier and co-workers have used the Lt ηΒρ./0 at the isoionic point to 

determine the relation between this limit and the molecular weight. 

(1) The effect of pH and added electrolyte. The effect of p H and electrolyte 

on the reduced viscosity of a deionized alkali-treated calfskin gelatin 

(p i = 5.08) is illustrated in Figure 3. The reduced viscosity is a minimum 

at the isoionic point and rises to maxima at p H = 3.1 and p H = 10.7. 

This behavior is similar to that found for aqueous solutions of polyelectro-

lytes by Katchalsky.
26
 The reduced viscosity of co-polymers of methacrylic 

acid and vinylpyridine was a minimum at the isoionic point and increased 

to maxima in both the acid and alkaline ranges. The addition of electrolyte 

decreases the dependence of reduced viscosity on pH, and in 1.0M NaCl, 

the reduced viscosity is independent of p H in the p H range 7 to 10 (see 

curve 3 of Fig. 3 ) . These conditions of p H and electrolyte content are very 

convenient in use, because small discrepancies in p H or salt concentration 

have a negligible effect on the reduced viscosity. Stainsby
27
 has accounted 

for his results theoretically on the assumption that the presence of a net 

charge distributed along the gelatin molecule gives rise to repulsive forces 

which are a maximum at zero ionic strength. A t the isoionic point there is 

no net charge, and the numerically equal positive and negative charges 
2 6

 A . Katchalsky, J. Polymer Set. 7, 393 (1951). 
2 7
 G . Stainsby, Nature 169, 662 (1952). 
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0 1 L I L _ 

0 4 0 ^ 8 . 0 1 2 0 

F IG. 3. Reduced viscosity of gelatin in dilute solutions as a function of pH and 
salt content. Alkali-treated precursor, p i = 5.08. Curve 1, 0.2% ashfree gelatin in 
pure water; curve 2, 0.2% ashfree gelatin in 0.017 M salt; curve 3, 0.2% ashfree gelatin 
in 1.00 M salt.

28 

along the chains cause the maximum folding. As the p H is raised or low-

ered, the net charge increases, and the chains unfold. However, in order to 

raise or lower the pH, acid or alkali requires to be added. A t a certain stage 

the counter ions resulting from these additions are sufficiently numerous 

to reduce the forces between the charges. Hence beyond certain pH's the 

unfolding is reduced again. Electrolyte addition similarly reduces the forces 

for a given net charge. The p H dependence of the reduced viscosity of an 

acid-processed pigskin gelatine
25
 is very different, as would be expected 

from the different relation of net charge to p H ; in particular when deionized 

material is used to which acid and alkali have been added, there is a broad 

minimum stretching from p H 6 to 10. This illustrates that each type of gela-

tin should be studied individually and great care is necessary when applying 

the known properties of one gelatine to another. 

(2) Relation of reduced viscosity to temperature. Stainsby
2
 has measured 

the reduced viscosity of 0.2 % solutions of an alkali processed calfskin gela-

tin (pi = 5.08) at temperatures of 10, 25, 35, and 40° C , in the presence 

of l.Oikf NaCl and in the p H range 7 to 10. While the reduced viscosity is 

independent of temperature in the range 35 to 60° C , it is higher, and in-

creases with time, at 25 and 10° C , presumably because of molecular ag-

28
 J. Pouradier and A. M . Venet, chim. phys. 47, 391 (1950). 



R H E O L O G Y O F G E L A T I N 327 

gregation. A t 0.1 % concentration, the figure at 25° C. agrees with that at 

35° C. if measured a short time after cooling. 

(3) Relation of reduced viscosity to molecular weight. Pouradier and Venet
28 

fractionated an alkali-processed gelatin (p i = 4.75) and investigated the 

osmotic pressure and reduced viscosity of solutions of the fractions at sev-

eral concentrations. Values for the number average molecular weight, Mn , 

of the fractions were calculated from the limiting value of osmotic pres-

sure at zero concentration and these were compared with the values of 

reduced viscosity extrapolated to zero concentration. The osmotic-pressure 

measurements were made at 38.5° C , the p H being maintained at the iso-

ionic point by means of acetic acid buffer. The reduced viscosities were also 

measured at the isoionic point at 35° C. The limiting value of the reduced 

viscosity was related to the number average molecular weight according to 

the equation 

Lim. w . = 1.66 Χ 10~
δ
 M n

 0 8 85 

C—θ 

It is doubtful whether Pouradier's results justify quoting three significant 

figures for the index. Without serious error the results could be interpreted 

as a direct proportionality between the limiting value of reduced viscosity 

and Μ η , or alternatively a lower figure for the index. 

Scatchard et al
29
 measured the reduced viscosity and osmotic pressure of 

degraded ossein gelatin solutions. They determined the limiting value of 

the reduced viscosity 1/C log e 77 r ei . at p H 7.0 in the presence of 0.15M NaCl, 

at a temperature of 55° C. Values of Mn from the osmotic pressure measure-

ments were shown to be approximately proportional to Lim 1/C log e r/rei. 
c->o 

for values of Mn from 45,700 to 15,000. 

d. Concentrated Solution Viscosity. 

One might expect the nature of the gelatin solution to change as the con-

centration is increased, quite apart from the increased hydrodynamic in-

teraction between the gelatin molecules. However, no fundamental change 

has been detected from viscosity measurements at concentrations as high 

as 50 g./100 ml. 

The viscosity of solutions of an alkali-processed gelatine (Davis Co . , 

Australia) of p i = 5.0 and in the concentration range 15 to 48 g./100 ml. 

was measured by Cumper and Alexander,
30
 using a concentric-cylinder ap-

paratus at 40° C. They found that the limiting value of vap./C as C —> 0 

was in excellent agreement with the value of the reduced viscosity obtained 

from dilute-solution measurements. The authors with Stainsby
31
 investi-

29
 G. Scatchard, J. L. Oncley, J. W . Williams, and A. Brown, Am. Chem. Soc. 

66, 1980 (1944). 
3 0
 C. W . N . Cumper and A. E . Alexander, Australian J. Sei. Research A5, 146 

(1952). 
31
 G. Stainsby, P. R . Saunders, and A. G. Ward, «/· Polymer Sei. 12, 325 (1954). 
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gated the concentrated-solution viscosity (at a concentration of 5.5 g./lOO 

ml.) and the dilute-solution viscosity (at 0.2 g./100 ml.) of fractions of 

several types of gelatin, including acid- and alkali-processed hide and os-

sein gelatines. The temperatures used were 40° C. for the concentrated-

solution measurements and 35° C. for the dilute-solution measurements. 

The p H of the solutions used was approximately 7.0. It was found that 

there was no significant departure from a unique connection between the 

two measurements for all fractions of all types of gelatine, and it was con-

cluded that the concentrated-solution viscosity could be used as a measure 

of the average size and shape of gelatin molecules under given ionic con-

ditions. 

(1) Concentration dependence. The concentration dependence of the vis-

cosity of concentrated gelation solutions has been investigated by many 

observers .
1 8 , 32 34

 Although neither the gelatin samples nor the conditions of 

measurement of the viscosities were identical, all the results indicated that 

the viscosity of a given gelatine solution is approximately an exponential 

function of the concentration, at least over a limited concentration range. 

Davis and Oakes,
33
 using a hide gelatine, found that the logarithm of the 

relative viscosity of solutions measured at p H = 8.0 and at a temperature 

of 40° C. was directly proportional to the gelatin concentration, in the con-

centration range of 1 to 5 g./lOO ml. The authors' work has shown that this 

is only an approximation, the divergence in the concentration range 1 to 

6 % being quite marked. A t much higher concentrations, Cumper and 

Alexander
30
 found that the viscosity of solutions of a demineralized alkali-

processed gelatine (Davis Co . , Australia) in the concentration range of 

15 to 48 g./100 ml. could be represented by the equation 

log ^ = - 1 . 5 + 4.3 X 10~
3
<7 + 3.5 X 1 0

_ 6
C

2 

(2) pH dependence. Several w o r k e r s
3 2 , 33

 have investigated the manner 

in which the viscosity of concentrated gelatin solutions depends on p H . 

The p H effect is similar to that for dilute solutions, in that the viscosity is 

a minimum at the isoionic point and there are maxima in the acid and alkali 

ranges. Stainsby
25
 found that the viscosity of solutions of the same alkali-

processed calfskin gelatine already studied in dilute solution (p. 325) gave, 

at a concentration of 5.5 g./100 ml., a minimum at the isoelectric point and 

maxima at p H = 3 and p H = 11. Under the conditions used, it was con-

firmed experimentally that hydrolysis was negligible. Using a de-ashed 

Eastman gelatine (presumably alkali-processed), Sheppard and Houck
21 

32
 R . H . Bogue, Am. Chem. Soc. 43, 764 (1921). 

3 3
 C. E . Davis and E . T . Oakes, Am. Chem. Soc. 44, 464 (1922). 

3 4
 J. H . Northrop and M . Kunitz, J. Phys. Chem. 35, 162 (1931). 
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investigated the viscosity of solutions of concentration of 7 g./lOO ml. at 

40° C , at many values of p H between 1.9 and 12.0. Their results followed 

the behavior indicated above, but they found that the shape of the vis-

cosity-pH curve changed with the age of the solutions, and that the vis-

cosities at the extreme values of p H decreased rapidly, particularly on the 

acid side, as the result of hydrolysis. For solutions of age 14 hr., there was 

no maximum on the acid side of the viscosity-pH curve. 

(3) Effect of added electrolyte. The viscosity of concentrated solutions of 

gelatin is in general decreased by the addition of electrolyte. Cumper and 

Alexander
30
 found that the viscosity of solutions of the alkali-processed 

gelatin they were using, at 40° C. in the concentration range 27 to 45 g . / 

100 ml., was decreased by adding NaCl up to an ionic strength of 1.5, when 

it began to increase again, possibly because of salting-out effects. Stainsby
25 

has investigated the effect of sodium chloride on the viscosity of solutions 

of the alkali-processed calfskin gelatine (p i = 5.08 and concentration 5.6 

g./100 ml.) at 35° C. as a function of p H . His results are illustrated in Fig. 4. 

The relative viscosity is reduced by the presence of salt at all values of pH. 

It should be noted that the viscosity difference between the maxima, and the 

minimum at the isoelectric point, is much smaller than for the dilute solu-

tions. This is to be expected because the ionic strengths are very much 

higher at a given p H for the solutions to which salt has not been added, 

owing to the buffering power of the gelatin molecules. There may be some 

secondary effects resulting from the presence of other gelatin molecules. 

(4) Temperature dependence. The decrease in the viscosity of concentrated 

solutions of gelatin with increasing temperature is roughly exponential for 

temperatures above the gelation region. If measurements are continued into 

ι 1 J 

1 I 1 

2 6 JO 14 
PH 

F IG . 4 . The relative viscosity for 5 . 6 % solutions of an alkali-processed calfskin 

gelatin at 3 5 ° C . Upper curve—no salts. Lower curve—0.03 M N a C l .
25 

5 13 

tr II 
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FIG. 5. Viscosity as a function of temperature for two concentrations of an alkali 
processed gelatine.

30 

the gelation region then the viscosity rises rapidly, e.g., Davis and Oakes
33 

found that the slope of the viscosity-temperature curve changed discon-

tinuously at 38° C. for a 1 % solution of a hide gelatin (pH = 8.0). Cumper 

and Alexander
30
 treated their results in a different way. They plotted the 

logarithm of the viscosity against the reciprocal of the absolute temperature 

(Fig. 5 ) . They used deionized alkali-processed gelatine (Davis Co. , Aus-

tralia) at concentrations of 27 and 45 g./lOO ml. The slopes of the graphs 

changed abruptly at a temperature of 43° C , indicating that the viscosity 

increases more rapidly with temperature below 43° C. It appears from this 

that the minimum temperature of measurement for the viscosity of gelatin 

solutions, in order to be uninfluenced by gelation effects, must rise above 

40° C. for the higher gelatin concentrations. 

(5) Action of ultrasonics. The irradiation of a solution of gelatin by ultra-

sonics reduces the viscosity of the solution. This is presumably due to break-

down of the gelatin molecules. It has been confirmed by Morel and Grabar,
35 

who found that the number average molecular weight, deduced by osmotic 

pressure measurements, was reduced. When the gelatin solutions were 

subjected to prolonged irradiation, the viscosity decreased until finally it 

became almost steady. It would appear that the molecules are not broken 

3 5
 J. Morel and P. Grabar, J. chim. phys. 48, 632 (1951). 
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down further once a limiting size has been reached {Mn = 2 0 , 0 0 0 ) . These 

solutions failed to gel when cooled. 

( 6 ) Effect of added substances. Organic Liquids. The viscosity of aqueous 

solutions of gelatin is modified by the addition of organic liquids miscible 

with water. These liquids may be classified in two groups: ( 1 ) those which 

precipitate gelatin, such as ethyl alcohol and acetone, and ( 2 ) liquids such 

as acetic acid and formamide, for which gelatin is soluble in the pure liquid. 

The absolute viscosity of solutions of gelatin in mixtures of water and ethyl 

alcohol increases with increasing percentage composition of ethyl alcohol, 

until at sufficiently high concentrations the gelatin is precipitated. How-

ever, the relative viscosity of these solutions decreases with increasing al-

cohol concentration, which parallels the effect of précipitants with nonpolar 

polymers. Mardles
36
 studied the viscosities of solutions of best quality 

Coignet and Nelson gelatines in solutions of water mixed with acetic acid 

or formamide. He found that the curve relating viscosity and composition 

of the solvent was similar in shape to that for the pure liquids but greatly 

exaggerated, i.e., the viscosity of the gelatin solutions increases to a maxi-

mum and then decreases as the composition of the solvent changes from one 

extreme to the other. 

Chrome Alum. Hardening substances such as chrome alum form bonds 

with certain groups on the gelatin molecule, and consequently the viscosity 

of chrome alum gelatin solutions changes with time. Pouradier,
37
 using a 

de-ashed Eastman-Kodak limed calfskin gelatine showed that at a gelatin 

concentration of 0 . 8 5 g . / 1 0 0 ml. and chrome alum concentrations between 

2 . 5 at 1 0 . 0 % , at p H = 4 . 7 5 , the specific viscosity decreased and that at a 

gelatin concentration of 1.7 g . / 1 0 0 ml. and similar conditions of chrome 

alum and p H the specific viscosity increased as the time increased. This 

can be explained by assuming a preponderance of intramolecular bonding in 

dilute gelatin solutions, which becomes negligible in comparison with inter-

molecular bonding as the gelatin concentration increases. 

Formaldehyde. Bogue
38
 states that formaldehyde reacts with gelatin to 

form an insoluble condensation product. He studied the viscosity tempera-

ture curves of formaldehyde-glue solutions and found that below 4 0 ° C. 

there was in the initial stages a reduction in viscosity, whereas above 5 0 ° C. 

a rapid reaction occurred with increasing viscosity and finally gelation. 

2 . R H E O L O G I C A L P R O P E R T I E S O F G E L A T I N G E L S 

The temperature range of existence of gelatin gels is small—from the 

point at which the gel melts to a solution (which depends on the grade of 
3 6
 E. W . J. Mardles, Biochem. J. 18, 215 (1924). 

37
 J. Pouradier, Discussions Faraday Soc. 16, 180 (1954). 

38
 R . H . Bogue, "The Chemistry and Technology of Gelatin and Glue , " p . 190. 

McGraw-Hil l , New York , 1922. 
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gelatin and on its concentration) to the ice point (below which ice crystal-

lizes out) . The properties of gelatin gels are continually changing with time, 

e.g., the rigidity of a gelatin gel maintained at constant temperature in-

creases with time and shows no sign of becoming constant. For precise work, 

it is essential to maintain accurate temperature control because the me-

chanical properties of the gels are sensitive, not only to the temperature 

of measurement, but also to the thermal history of the gel. It is clear from 

the foregoing that measurements of the mechanical properties of gelatin 

gels require special apparatus and techniques. 

It is convenient to express the results of experiments where a shearing 

stress is applied to gelatin gels in terms of a modulus of elasticity, the rigid-

ity modulus. Such a modulus can always be denned for vanishingly small 

deformations but it will be seen that within reasonable limits of accuracy 

the modulus can be used for a variety of measurements where the strain is 

not sufficiently large to require the use of finite strain theory. When a 

gel is maintained at constant strain, the stress gradually decreases with 

time, and the gel exhibits stress relaxation. Experiments where small stresses 

are applied for short times indicate that although time-dependent effects 

are present (elastic aftereffects), the strain is recoverable when the stress is 

removed. However, when the stress is applied for a time of the order of an 

hour, the strain does not return to zero on removal of stress, corresponding 

to the occurrence of plastic flow. When a shearing stress is applied to a 

gelatin gel for a short time, of the order of 30 s e c , creep is very small and, 

provided a certain limiting strain is not exceeded, Hooke 's law is obeyed. 

Under these conditions, assuming Poisson's ratio to be 0.5, and that the 

conditions of setting produced no preferred orientations, it is possible to 

calculate Young's modulus of elasticity from the modulus of rigidity by 

means of the relation Y = 2G (1 + σ) = 3G. It will be seen that at higher 

values of strain, H o o k e d law does not apply and the interpretation of these 

results requires the use of finite strain theory. N o serious attempt has yet 

been made to apply to gelatin gels an approach similar to that used so suc-

cessfully for rubber, and other elastomeric high polymers. 

a. The Elastic Moduli 

( 1 ) Dependence of the modulus of elasticity of gelatin gels on strain. Sheppard 

and Sweet
39
 using a torsion apparatus, investigated the validity of Hooke's 

law for gels of a typical "hard gelatin" at concentrations ranging from 8.5 

to 34 g./100 ml. Hooke 's law was obeyed almost to the breaking point and 

there was no evidence of a yield point. However, Poole
40
 found that Young 's 

modulus of gels of Nelson's N o . 1 photographic gelatin was a function of 

extension for values of Ae/e0 between zero and 0.4 (Fig. 6 ) . This variation 
39
 S. E . Sheppard and S. S. Sweet, J. Am. Chem. Soc 43, 539 (1921). 

4 0
 H . J. Poole , Trans. Faraday Soc. 21, 114 (1925). 
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0 . 4 

T A B L E V I 

DEPENDENCE OF MODULUS OF RIGIDITY ON SHEAR STRAIN
41 

Modulus of rigid- 6.56 6.58 6.61 6.64 6.66 6.69 6.75 6.80 6.84 
ity X 10"

4 

(dynes /cm.
2
) 

Average shear 0.044 0.056 0.069 0.081 0.108 0.121 0.135 0.147 0.161 
strain 

has recently been confirmed by the authors' results in shear
41
 for an alkali-

processed calfskin gelatin (p i = 5.08). Table V I gives results for a gel of 

concentration 5.5 g. /100 ml. after maturing for 17 hours at 10°C. and meas-

uring at 10° C. (p. 336 for method) . These results show clearly that when 

values of rigidity are quoted, it is necessary to quote the strain region in 

which they were measured. The authors have found that the apparent 

rigidity increases rapidly with increasing strains of the order of 0.5 to 1.0 

and also that the rigidity of different grades of gelatin depends on the 

strain in different manners. Consequently any methods of measuring the 

rigidity or related properties of gelatin gels, which depend on high local 

strains, such as many industrial methods of measuring ' ' jelly strength" 

4 1
 P. R . Saunders and A . G. Ward, Proc. 2nd Intern. Congr. Rheol., Oxford p . 284 

(1954). 
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ol I I I I I I I 
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Extens ion 

F IG. 7. Rate of extension-extension curves for a 16.7% gelatin jelly at 15° C .
4 0 

are suitable only for comparisons of the rigidity of gels of similar gelatins. 

Hatschek
42
 confirmed Poole's results for increase of Young 's modulus with 

increasing strain in extension, but found that Young 's modulus for 10% 

gels of a hard gelatine at 17° C. decreased with increasing strain in compres-

sion. 

(2) Methods of measuring the elasticity modulus of gelatin gels. Longitu-

dinal Extension of Gel Specimens. Young 's modulus of gelatin gels may be 

determined by methods normally applicable to solids, e.g., the bending or 

stretching of strips of known dimensions.
43
 Poole

40
 investigated the behavior 

in tension of gels of Nelson's N o . 1. gelatine with concentrations ranging 

from 3.2 to 32.0 g./100 ml. and at temperatures from 5.7 to 27° C. He ex-

tended cylinders of gel of known dimensions by hanging weights on the 

end. Gels which were èo weak that they might distort under their own 

weight were supported by buoyancy in an immiscible liquid and the stress 

was applied by means of one arm of a gravimetric balance. He also investi-

gated the extension of the gels at constant load as a function of time of 

loading and found that plots of rate of extension vs. extension were linear 

up to a certain extension, and then became curvilinear (Fig. 7 ) . The slope 

of the linear part was independent of load and the final portion of the 

curve corresponded to an irreversible flow, since for extensions greater 

42
 E . Hatschek, J. Phys. Chem. 36, 2994 (1932) ; Trans. Faraday Soc. 29, 1108 (1933). 

4 3
 A . Leick, Ann. Physik 14, 139 (1904). 
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T A B L E V I I 

EXTENSION OF GELATIN GELS (POOLE
4 0

) 

Extension at Observed 
Nature and Permitted Transition Permanent 
Condition Load Extension Point Difference Extension 

33 .3% 19° C . 100 g. 0.172 cm. 0.154 cm. 0.018 cm. 0.023 cm. 
33 .3% 19° C . 150 0.244 0.222 0.020 0.020 
33 .3% 19° C . 200 0.308 0.292 0.016 0.018 
33 .3% 19° C . 308 0.482 0.452 0.030 0.039 
15% 5.7° C. 60 0.189 0.179 0.010 0.009 
21% 5.7° C. 100 0.179 0.170 0.012 0.009 
40% 5.7° C. 300 0.158 0.152 0.006 0.006 
20% 18.7° C . 30 0.129 0.124 0.005 0.005 

than the critical value the jelly acquired a permanent extension. The ir-

reversible extensions probably involved the same mechanism as Ferry's 

stress relaxation (see p . 350). Some of Poole's results are shown in Table V I I . 

Longitudinal Compression Method. One serious difficulty encountered 

in extension methods is the gripping of the gel specimens without damage. 

This difficulty is removed if the gels are compressed instead of extended. 

Hatschek
42
 measured Young 's modulus by compressing cylinders of gelatin 

gel in a simple press. The cylinders were cast in wax-coated metal tubes 

and by setting the gels above paraffin wax and below paraffin oil the ends 

of the cylinders were flat. The ratio of length to diameter of cylinder was 

never greater than 1.4. This method, however, introduces serious difficulties 

in connection with friction at the surfaces at which the compression loads 

are applied. 

Torsion of Cylinders of Gel. The modulus of rigidity of a gel may be de-

termined by subjecting cylinders of gel to torsion, in the same way that the 

static rigidity of a metal wire or rod is measured. Sheppard et αΖ.
44
 modified 

the technique by rotating one end of the cylinder of gel at a constant speed 

while the other end was free to rotate against a restoring torque, which 

increased in proportion to the rotation. He was able to measure the modulus 

of rigidity right up to the point at which the gel ruptured. This method, like 

all methods which involve the use of gel test pieces, has the disadvantage 

that the dimensions of the specimens must be known accurately and that 

the specimens are fragile and easily damaged. These difficulties are over-

come in the following methods. 

Concentric-Cylinder Apparatus. M a n y workers have used a concentric 

cylinder apparatus to measure the modulus of rigidity of gelatin gels
4 5
"

4 8
. 

4 4
 S. E . Sheppard, S. S. Sweet, and J. W . Scot t , Ind. Eng. Chem. 12, 1007 (1920). 

4 5
 E . Hatschek and R . S. Jane, Kolloid-Z. 39, 300 (1926). 
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This method has the advantage of involving a nearly constant shearing 

stress. The gel is set in the annular space between the concentric cylinders 

and a known torque is applied to one of the cylinders, while the other cylin-

der is allowed to rotate against the known restoring force of a wire suspen-

sion. Kinkel and Sauer
46
 used this type of apparatus to investigate the creep 

curve of gelatin gels, at constant shearing stress. They found that the angu-

lar increase Δ0 after time t was given by the empirical equation Δ0 = k 

log t + C. However, the duration of the observations was only of the order 

of minutes and it is not clear whether the equation would hold for longer 

times. It is also not clear what proportion of the deformation must be re-

garded as irreversible. The relation they give cannot be reconciled with 

Poole's equation for creep. 

Longitudinal Shearing of Gels Set in a Glass Tube . Kinkel and Sauer
46 

measured the rigidity of gelatin gels by observing the distortion of the 

gel meniscus when air pressure was applied to a gel set in a glass tube. 

Adhesion of the gel to the wall was sufficient to prevent slip. The shearing 

stress varied from a maximum at the tube wall to zero along the axis of 

the tube. Recently the authors
41
 have modified this method by measuring 

the volume displacement of the gel instead of its longitudinal displacement. 

B y allowing this volume change to displace mercury along a capillary tube 

it was possible to measure the volume displacement accurately. The method 

is now probably the most convenient for a rapid measurement of the rigid-

ity modulus in the small-strain region. 

Transverse W a v e Propagation. Ferry
49
 has described a method for meas-

uring the modulus of rigidity of gelatin gels, which makes possible an in-

vestigation into any dispersion of the dynamic rigidity with frequency. 

The wavelengths of transverse vibrations Λ in a gelatin gel of density ρ 

are measured at various frequencies ν by observing the strain double re-

fraction stroboscopically. The modulus of rigidity G = p A V . This method 

could be used to investigate the damping characteristics of a gelatin gel by 

observing the decay in the amplitude of vibration as a function of the dis-

tance from the source of vibration. 

(3) Change of rigidity with time at constant temperature. When a gelatin 

solution gels, it does not assume a constant value of rigidity, even though 

its temperature is constant; on the contrary, the rigidity increases rapidly 

with time for several hours before settling down to a slow increase. It has 

never been observed to attain a constant value. The rigidity, as measured 

by Ferry's method of transverse vibrations, at three concentrations of com-

4 6
 E . Kinkel and E . Sauer, Ζ. angew. Chem. 38, 413 (1925). 

47
 F. W . Schremp, J. D . Ferry, and W . W . Evans, J. Appl. Phys. 22, 711 (1951). 

4 8
 C. W . N . Cumper and A. E . Alexander, Australian J. Sei. Research A5, 153 (1952). 

49
 J. D . Ferry, Rev. Set. Instr. 12, 79 (1941). 



R H E O L O G Y O F G E L A T I N 337 

mercial calfskin gelatine, is shown in Fig. 8 as a function of time of matur-

ing the gel. It is clear from these results that a gelatin gel cannot possess a 

unique value of the modulus of rigidity, and that for comparative work it 

is essential to specify the age as well as the aging temperature of the gel. 

However, Ferry
51
 has found that by precooling the gel at a low temperature 

of, say, 0° C. for 24 hours and then raising the temperature to the tempera-

ture of measurement, the rigidity changes rapidly at first, but reaches an 

approximately constant value within about five hours. This is illustrated 

in Fig. 9 for an Eastman-Kodak calfskin gelatine Mn = 37,000, gel concen-

tration 2.74 g. /100 ml., aging conditions 0° C. for 24 hours, and measuring 

temperature 15° C. It is likely that slow further maturing would occur, but 

the method is a useful practical device. 

(4) Rigidity as a function of temperature. It has long been recognized 

that the rigidity of gelatin gels is markedly dependent on the temperature 

of measurement, varying from relatively large values at 0° C. to zero at the 

melting point. Ferry
51
 has measured the rigidities of gels of a degraded os-

sein gelatine (Mn = 45,000) at several different concentrations ranging from 

2.3 to 5.75 g./100 ml. and at several temperatures, and has plotted his re-

sults as G/C
2
 vs. temperature (Fig. 10). These results were obtained by 

5 0
 J. D . Ferry, Advances in Protein Chem. 4, 21 (1948). 

51
 J. D . Ferry, J. Am. Chem. Soc. 70, 2244 (1948). 
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F IG . 9 . Change of rigidity with time at 15° C , gelatin Mn = 37,000, concentra-
tion = 2.74 g./100 ml., pH = 5.4, # after warming from 0° C ; Ο after cooling from 
37° C .

51 

precooling, and aging at 0° C , then bringing the gel to the temperature of 

measurement as described earlier. Since the points representing several 

different concentrations of the same gelatin fell on the same curve, the rigid-

ity for this gelatin is seen to be proportional to the square of the gelatin 

concentration (see p . 339). The points in the neighborhood of 0° C. clearly 

do not represent equilibrium values, because the gels have only been ma-

tured for 24 hours without precooling. Consequently the point of inflection 

in the curve may be regarded as an artefact. Higher values of the rigidity 

at 0° C. would be obtained if it were possible to precool below 0 °C. There 

is a spread of values of G/C
2
, at temperatures near the melting point, but 

this is to be expected because the melting point of a gelatin gel is a function 

both of the concentration and of the time at a given temperature. Several 

other gelatines were investigated, including calfskin and pigskin gelatines 

supplied by the Atlantic Gelatin Company, and the general shapes of the 

curves were similar. However, a degraded ossein gelatin (Mn = 34,000) 

gave a separate curve for each concentration, indicating that the square 

law of concentration dependence did not apply. Ferry and Eldridge
52
 in-

vestigated the temperature dependence of the rigidity of a gel of a degraded 

6 2
 J . D . Ferry and J . E . Eldridge, J. Phys. & Colloid Chem. 53, 184 ( 1 9 4 9 ) . 
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T e m p e r a t u r e ( ° C ) 

F IG. 10. G/C
2
 plotted against temperature for a gelatin, Mn = 45,000. Concentra-

tions in grams per 100 ml. Ο 5.75; φ 4.6; 0 4.0; © 3.45; <g> 2 . 5 ; Ô 2 .3 .
51 

ossein gelatin (Mn = 44,440), at 4.17 g./lOO ml. concentration, which had 

been precooled at 15° C. for 24 hours, instead of at 0° C , the temperature 

then being raised before measuring the modulus. The results, together with 

those for a gel aged at 0° C , are shown in Fig. 11. In both cases, the values 

of rigidity are identical, except for temperatures in the immediate vicinity 

of 15° C. 

(5) Dependence of rigidity of gelatin gels on concentration. The investiga-

tions of Leick
43
 indicated that the rigidity of a gelatin gel was proportional 

to the square of the gelatin concentration. In the light of their own work 

on a typical "hard gelatin," Sheppard and Sweet
39
 concluded that Leik's 

results applied to a special limiting case and that the rigidity was propor-

tional to the n
t h

 power of the gelatin concentration, where η ^ 2. However, 

Kinkel and Sauer
46
 investigated several types of gelatin, including some 

which had been thermally degraded, and found that the square law was 

true for unspecified commercial gelatines but that the more general law of 

Sheppard and Sweet applied to degraded gelatins, with η being greater than 

2; e.g., a gelatin which had been degraded at 100° C. for 3}^ hours, gave 

η = 2.745, while the undegraded gelatin gave η = 2.0. Poole
40
 working 

with Nelson's N o . 1 gelatine in the concentration range 3.23 to 32.0 g . /100 
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FIG. 11. Comparison of rigidity after chilling at 0° C. and at 15° C. chilled 
at 0° C . Ο chilled at 15° C .

62 

ml., found that the square law was approximately correct at 5.7° C , 

11.5° C , 18.0° C , and 27.0° C. More recently Ferry,
51
 using the method of 

transverse vibrations, found that the rigidity of a degraded ossein gelatin 

(Mn = 45,000) at p H 7.0 in the presence of 0Λ5Μ NaCl, was closely pro-

portional to the square of the gelatin concentration, up to a concentration 

of 5 g./100 ml., the relation being confirmed at several temperatures. How-

ever, at higher concentrations there was a slight departure from the square 

law. The rigidity of another degraded ossein gelatin (Mn = 29,000) did 

not obey the square law at any concentration. The authors
41
 have investi-

gated the concentration dependence of the rigidity of an alkaline-treated 

calfskin gelatin (p i = 5.08) both deionized and as supplied. The results are 

illustrated in Fig. 12, where the rigidity, measured at 10 ± 0.02° C. after 

ageing for 17 hours at 10° C , is plotted against the square of the gelatin 

concentration. Some of the gelatin was deionized using a mixed resin bed,
53 

giving an ash content of 0.05%. N o part of either the demineralized or nat-

ural curves is linear and the gradient of the curves decreases steadily with 

increasing concentration. This is illustrated by Table V I I I , which contains 

values of n, from the general equation G — k(c — a)
n
 for various ranges of 

concentration, a is the minimum concentration for gelling. These values were 

obtained from a graph of log G vs. log (c — a). 

5 3
 J. W . Janus, A. W . Kenchington, and A . G. Ward, Research (London) 4, 247 

(1951). 
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Although the rigidity of demineralized gelatin is higher than that of the 

gelatin as supplied, at concentrations above 10 g./lOO ml., the reverse is 

true below this concentration. For instance, at 20 g./lOO ml. the rigidity of 

demineralized gelatin is 6 % higher than the gelatin as supplied, while at 

1.6 g./100 ml. it is 3 0 % less. Differences in rigidity between deionized gela-

tin and normal gelatin containing a small amount of inorganic ash might 

be expected, because of the different ionic strengths (see p . 345). It was 

found experimentally, b y adding NaCl to the demineralized gelatin, that 

the rigidity difference at 2 0 % concentration could be completely ac-

counted for by differences of ionic strength, and also the larger percentage 

differences at very low concentrations could be partly accounted for. Very 

similar results were obtained for an acid-processed pigskin gelatin. 

Cumper and Alexander
48
 have recently investigated the concentration 

dependence of the rigidity of gels of a gelatine (Davis Co. , Australia) (p i = 

5.0 at 25° C.) over the concentration range 5.0 to 52 g/100 ml. They found 

that the square law was approximately valid up to a concentration of about 

20 g . / 100 ml., but that above this concentration the rigidity began to in-
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MEAN VALUES OF η FOR VARIOUS RANGES OF CONCENTRATION 

Demineralized gelatin 

Concentration range 1.5-2.0 2 .0-5 .0 5 .0-8.0 8.0-20.0 

(g./100 ml.) 

η 2.44 2.13 1.64 1.55 

Natural gelatin 

Concentration range 1.2-1.5 1.5-2.0 2 .0-5 .0 5 .0-8.0 8.0-20.0 

(g./100 ml.) 

η 2.18 1.98 1.87 1.62 1.49 

crease more rapidly than predicted by the square law. This result is unique 

in that the results of other observers for many different gelatines indicate 

that as the concentration rises toward 20 g./lOO ml., the rigidity tends to be 

less than the value predicted from square law. This could mean that there 

is a point of inflection in the graph of rigidity against the square of concen-

tration, and it is clear from the elasticity of sheet gelatin that the rigidity 

must increase more rapidly than predicted by the square law at some stage 

in the high-concentration region. 

From the considerable amount of work on the concentration dependence 

of the rigidity of gelatin gels, it is unlikely that there is a simple relation 

between concentration and rigidity which would apply to all gelatines. 

Furthermore, a general relation of the type suggested by Sheppard and 

Sweet does not hold over the whole concentration range for any one gelatin, 

but it could be of use over short ranges of concentration. A fact which must 

not be overlooked, in assessing the work of the many contributors in this 

field, is that not all of them have investigated the same property, since the 

pretreatments which the gels have received are very different. 

The Rigidity of a Mixture of Gelatins. Ferry
59
 has investigated the rigid-

ity of the gels of a mixture of two degraded ossein gelatines (Mn = 45,000 

and 22,000) as a function of temperature. Assuming the validity of the 

square law of the concentration dependence of rigidity, the rigidity of a 

mixture of equal parts of each gelatin is given by \/Gmix. = 

( V G i + VGz)/2. The experimental results are illustrated in Fig. 13, to-

gether with the calculated mean values ( V G i + VG2)
2
/2 and (Gi + G 2) / 2 . 

The gelatin concentration was 5.75 g./100 ml. The equation based on the 

square law is completely verified and the arithmetic mean values are in 

considerable error. Although the same agreement for mixtures would not 

be expected for all gelatins, the square law forms a satisfactory basis for 

industrial blending where a particular rigidity or jelly strength is required. 

(6) The elasticity of a swollen gel. Northrop and Kunitz
54
 investigated the 

5 4
 J . H . Northrop and M . Kunitz, J. Gen. Physiol. 8, 317 (1926). 

T A B L E V I I I 
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G\ H
-
 G2 

φ m i x t u r e o f e q u a l p a r t s b y w e i g h t ; ( c a l c u l a t e d ) ; 

( V G T + VGlJ ( c a l c u l a t e d ). t l 

elasticity of a gelatin gel as a function of the concentration, which was 

changed by allowing the gel to swell in water. Contrary to the results for 

the elasticity of gels prepared in the normal way by allowing solutions to gel, 

they found that the modulus of elasticity was nearly proportional to the 

gelatin concentration itself. They interpreted these results as indicating 

that the elasticity of the gelatin chains remains constant independently 

of the amount of water held in the gel. 

(7) Rigidity as a function of pH. Gerngross
55
 found that the rigidity of 

gelatin gels, measured in arbitrary units by means of a penetration instru-

ment, was independent of pH, over the p H range 4.4 to 9.0, at 10% con-

centration, and from p H 4.3 to 6.7 at 1.5% concentration. Cumper and 

Alexander
48
 (1954) have investigated the rigidity of gels of a gelatine p i = 

5.0 (Davis Co. , Australia), concentration 27 g. /100 ml. gelatin, at a constant 

ionic strength of 0.15, at a temperature of 25° C , over the p H range 0 to 13 

6 5
 O. Gerngross, Kolloid-Z. 40, 279 (1926). 
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pH 

FIG. 14. The rigidity of an alkali-processed gelatin p i = 5.0, at a concentration 
of 27 g./100 ml., as a function of p H .

48 

(Fig. 14). The rigidity is slightly dependent of pH, in the range 6 to 9, 

and it is interesting that it is a maximum at p H = 9 and not at the isoelec-

tric point. However, there is a change of slope near the isoelectric point, 

and the rigidity drops rapidly as the p H decreases below 5. Similarly the 

rigidity drops rapidly as the p H is increased above 10. Since there is no in-

dication of whether the reduced viscosity of the solutions formed on melting 

the gels was measured after the rigidity measurements, it is not clear 

whether the decrease in rigidity observed at extreme values of p H was due 

at least in part to degradation. Work in progress at the British Gelatine and 

Glue Research Association has, however, confirmed that even in the absence 

of chain degradation, the rigidity of gels is lower at pH's outside the region 

5 to 8. A particularly sharp fall is shown by acid-process gelatins at acid 

pH's , especially at temperatures above 15° C. 

(8) Dependence of rigidity on added substances. It has already been seen 

that the presence of the small amount of inorganic ash normally found in 

commercial gelatine is sufficient to change the rigidity of gelatin gels. In the 

past, several investigations into the effect of electrolytes on the rigidity of 

gelatin gels have been made but they were mainly of a semiquantitative 

nature. However, it was known that rigidity was usually reduced by the 

presence of electrolyte.
54
 Bundenburg de Jong and Henneman

56
 showed 

that the modulus of elasticity of a 14 % isoelectric gelatin gel (p i = 4.8) 

in the presence of increasing concentrations of potassium fluoride passed 

through a minimum at about 0.5 M and then increased. The elasticity de-

creased steadily with increasing concentration of potassium chloride, 

nitrate, and iodide, and the relative magnitude of the effect increased in the 

order given. 0.75 M potassium iodide decreased the elasticity to 36 % of 
6 6

 H . G . Bundenberg de Jong and J. P. Henneman, Kolloid-Z. 36, 123 (1932). 



R H E O L O G Y O F G E L A T I N 345 

4 0 , 

0 0 5 10 1.5 

\ ] Ionic Strength 

FIG . 15 . The rigidity of gelatin at two concentrations as a function of the square 

root of the ionic strength, pH = 5 . 0 , temperature 2 5 ° C .
4 8 

the salt-free value. More recently Cumper and Alexander
48
 (1954) have 

investigated the problem using a gelatin with p i = 5.0 (Davis Co. , Austra-

lia), at concentrations of 10 and 27 g./lOO ml. at 25° C , by adding various 

quantities of NaCl up to a maximum ionic strength of 3.0. They plotted 

their results as rigidity vs. the square root of ionic strength (Fig. 15), and 

and found that apart from the very highest salt concentrations, the plot 

was linear and the results could be fitted to the equation 

G = Go(l - 0 . 7 7 V ? ) 

where (? 0 is the rigidity in the absence of salt. 

The effect on gelatin gels of certain nonelectrolytes, which are also pré-

cipitants, e.g., ethyl alcohol, was investigated b y Sheppard and Sweet.
39 

They found that rigidity was increased by the addition of alcohol up to 

about 2 5 % when higher concentrations tended to reduce the rigidity. Up 

to 40 % alcohol the gels ruptured in a similar manner to pure gelatin gels, 

but above this concentration an elastic limit was reached above which al-

cohol and water were squeezed from the jelly, indicating a very coarse 

structure. 

The addition of cane sugar or glycerine increases the modulus of elasticity 

of gelatin gels (Sheppard and Sweet,
39
 Hatschek

4 2
) . Hatschek measured 

Young's modulus of 10 % gels of a hard gelatine in solutions of 30, 40, and 

5 0 % cane sugar or glycerine, at several temperatures between 10.8° and 
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F I G . 16. Young 's modulus of elasticity of 1 2 and 1 5 % gelatin gels, measured at 
9 . 2 ° C. after immersion in 2 % formaldehyde for various durations.

42 

21° C. The modulus increased with increasing content of cane sugar or 

glycerine, but there was no simple relation between the increase and the 

composition. The modulus for gels containing glycerine increased continu-

ously for two months. 

When gelatin gels are immersed in formaldehyde or exposed to formal-

dehyde vapor the modulus of elasticity of the gels increases very markedly. 

This increase is irreversible and Hatschek
42
 suggested that it is the result of 

the formation of condensation products. Hatschek investigated Young 's 

modulus by compression of cylinders of hard gelatine gels which had been 

immersed in 2 % formaldehyde for times up to 600 hr. His results for two 

gelatin concentrations are shown in Fig. 16 (temperature of measurement 

9.2° C ) . The elasticity increased rapidly for the first 200 hours and then 

became almost constant. The maximum values of Young 's modulus at-

tained by the hardened gels expressed as a ratio of the values for the un-

hardened gels were 17.4 and 16.7 for the 12 and 15% gels, respectively. 

It is clear that substances such as urea and phenol, which depress the 

melting point and which in large concentrations prevent gel formation, 

will, at lower concentrations, cause a decrease in the rigidity. 

(9) Rigidity as a function of molecular weight. When a solution of gelatin 

is subjected to high temperatures, say 50 to 100° C , the rigidity of the gels 

formed from this solution decreases i rreversibly.
1 9 , 57

 The more severe the 

conditions, the larger the decrease in rigidity, until in the limit the gelling 

properties of the solution are completely destroyed. Scatchard et al.
29
 pre-

57
 R . J . Croome, J. Appl. Chem. 3, 2 8 0 ( 1 9 5 3 ) . 
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F IG. 17. Rigidi ty plotted against number average molecular weight, at 5° C , 

O , at 15° C. • : open points, degraded series; closed points, additional samples.
51 

pared several samples of gelatin of differing average molecular weight, 

measured viscometrically and osmotically, by deliberately degrading an 

ossein gelatin. The rigidity at 5 and 15° C. of these samples was investi-

gated by Ferry
51
 by the method of transverse wave propagation, and his 

results are illustrated in Fig. 17, where rigidity is plotted against number 

average molecular weight. The points for the degraded series fall on a 

smooth curve but some additional points representing undegraded gelatins 

are scattered about the curves. These results indicate that the details of 

the gelatine preparation are of importance in determining the rigidity of a 

gelatin gel. Using a further set of degraded samples, Ferry
52
 measured the 

rigidity of their 4 % gels at 5, 10, 15, and 25° C. He plotted the results as 

VG/C vs. weight average molecular weight (Fig. 18). He also recalculated 

his earlier results on this basis and found that all the results fell on straight 

lines, characteristic of the temperature of measurement, and that the slopes 

of all the lines were identical. The intercepts on the molecular-weight axis 

were a function of e ~
B / RT

 and the results could be expressed by the empirical 

equation 

i ^ l / 2 

% = 1.22 X 10" 4 (Mw - 3.1 X i o V 7 9 0 0 ß r) 
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FIG . 18 . G
ll2
/C plotted against weight average molecular weight at four different 

temperatures. Ο data of reference 5 2 , φ data of reference 5 1 . 

In a footnote Ferry mentions that the rigidity of the fractions of a calf-

skin gelatin, fractionated by Sheppard, with number average molecular 

weight varying from 80,000 to 120,000, was almost independent of molecu-

lar weight. He pointed out that these results were difficult to reconcile 

with those for the degraded samples. 

Recently, the authors
31
 have investigated the mechanical properties of 

the fractions of several different types of gelatine, including acid- and alka-

line-processed hide and ossein gelatines. The fractions were prepared by two 

different methods
58
 but the main results were independent of the method of 

fractionation. The molecular weights of the gelatin fractions have not yet 

been determined, but the reduced viscosities of the fractions, which ( c f . 

Pouradier
2 4

) are approximately proportional to the weight average molecu-

lar weight, were determined and used to indicate relative molecular weights. 

The reduced viscosity of the five fractions of a typical lime-processed hide 

gelatin were 0.37, 0.56, 0.79, 1.02, and 1.05. The rigidities were measured 

at 0° C , after ageing for 17 hrs. at 0° C ; then the temperature was raised 

and the rigidities were measured, after sufficient time had elapsed for the 

rigidity to become reasonably steady at the new temperature. Using this 

procedure, the rigidity was measured at progressively increasing tempera-

tures of 10, 17.5, and 25° C , which almost cover the whole of the tempera-

ture range of existence of a gelatin gel. A t 0 and 10° C , the rigidity of the 

5 8
 G . Stainsby, Discussions Faraday Soc. 18. 2 8 8 ( 1 9 5 4 ) . 
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FIG . 19 . Rigidi ty of 5 . 5 % gels of the fractions of an alkali-processed gelatin, at 

four temperatures as a function of reduced viscos i ty .
31 

fractions of all gelatins of the same isoionic point not only failed to give a 

common relationship to the reduced viscosity (and hence molecular weight), 

but were found to be effectively constant for all fractions of any one gelatin 

and identical with the value of the unfractionated gelatin (Fig. 19). It is, 

of course, evident that below a certain limiting molecular weight, the rigid-

ity will be dependent on the molecular weight, but it appears that only the 

last fraction of any of the high-grade gelatins examined contains even a 

small percentage of such material. It is also clear that at higher tempera-

tures and lower gelatin concentrations, the rigidity will be influenced by the 

molecular weight, and this has in fact been observed experimentally. A t 

17.5° C , the molecular weight appeared to influence the rigidity, and this 

tendency became more pronounced at 25° C. As might be expected from 

this, all fractions of a single gelatin did not have the same melting point, 

the range being up to 7° C. The rigidity of 2 % gels of the fractions depend 

on the molecular weight at all temperatures, including 0° C , and again the 

effect is more pronounced at higher temperatures. The rigidities of 1 1 % 

gels of the fractions behave in a manner similar to the 5.5 % gels. Although 

the rigidities of the 2 % gels show a dependence on molecular weight at all 

temperatures, there is no unique relation between rigidity and reduced vis-

cosity at any temperature. Table I X gives the results for a lime-processed 

hide gelatin (pi = 4.95) and an acid-processed pigskin gelatine (p i = 9.2) 

at 5.65 g./100 ml. concentration. 
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Alkali Process 
Unfractionated 0. 56 109,000 72,000 43,000 6,000 
Fraction 1 0. .80 107,000 69,000 43,000 9,000 
Fraction 2 0. .68 111,000 73,000 44,000 8,000 
Fraction 3 0. .54 105,000 71,000 43,000 5,000 
Fraction 4 0. .45 112,000 76,000 43,000 3,000 
Fraction 5 0, .30 101,000 62,000 19,000 0 

id Process Pigskin 
Unfractionated 0. .47 117,000 73,000 41,000 8,500 
Fraction 1 0. ,77 118,000 72,000 43,000 12,000 
Fraction 2 0. .52 111,000 72,000 40,000 8,000 
Fraction 3 0. ,38 110,000 68,000 36,000 3,200 
Fraction 4 0. ,24 99,000 55,000 18,000 50 

a
 1/C log . vrei. , Gelatin cone. = 0.2 g./100 ml. 1 M NaCl , pH = 7.35° C. 

6
 Gelatin cone. 5.65 g./100 ml. 

Since the rigidity of the gels of different gelatin samples show considerable 

differences, and since the rigidities of the fractions of any one of these 

gelatins are independent of molecular weight at 0 and 10° C , it is neces-

sary that some other structural feature, at present unidentified, will be 

present in varying degree in different gelatins and that this structural 

feature must be associated with the mechanism of gel formation. A neces-

sary consequence of these experiments is that the relation between rigidity 

and weight average molecular weight, obtained by Ferry for degraded 

gelatins, is almost certainly fortuitous, although the degradation will pro-

duce some low molecular weight material which will not take part in gel 

formation. The thermal degradation of gelatin may perhaps be a process 

which changes the structural feature postulated above as well as reducing 

the average molecular weight. 

b. Stress Relaxation and Plastic Flow 

Ferry and co-workers
59
 have used a concentric-cylinder apparatus to in-

vestigate stress relaxation in gelatin gels and its dependence on temperature 

and thermal history. They used an ossein gelatin Mn = 34,000 which had 

been deliberately degraded by Scatchard et al.
29
 The gelatine concentration 

was 5.92 g./100 ml. The outer cylinder of the apparatus was rotated through 

59
 M . Miller, J. D . Ferry, F. W . Schremp, and J. E . Eldridge, J. Phys. & Col-

loid Chem. 55, 1387 (1951). 

T A B L E I X 

RIGIDITIES OF FRACTIONATED GELATINS 

Rigidity (dynes/cm.
2
)

b 
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Viscosity- 0° C. 10° C. 17.5° C. 25° C. 
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a known angle and the inner cylinder, which was restrained by a very stiff 

suspension, responded with a small rotation. Stress relaxation was followed 

by observing the change in the rotation of the inner cylinder with time. 

The static rigidity modulus was identical with the values of the dynamic 

rigidity modulus as determined by the method of transverse wave propaga-

tion, which showed that there are no elastic mechanisms with relaxation 

times between 10~
3
 and 10

2
 sec. contributing to the rigidity. It is possible 

that the creep observed by Poole in times of the order of 10
2
 sec. is too small 

to give significant results under Ferry's conditions. The stress-relaxation 

data indicate a distribution of viscoelastic mechanisms with relaxation 

times between 10
3
 and 10

6
 sec. This distribution is shifted to shorter times 

by increasing the temperature and to longer times by increasing the time 

of ageing before application of stress. The short-time rigidity was unchanged 

during stress relaxation and, consequently, the relaxation was attributed 

to dissociation of linkages which join again to form unstrained configura-

tions similar to those originally present. 

c. Mechanical Properties of Sheet Gelatine 

It is convenient to consider the mechanical properties of sheet gelatine 

in this section, since sheet gelatine, which contains something like 10 to 20 % 

moisture, may be regarded as a gel of extremely high concentration. Poole
40 

measured Young 's modulus for sheets of Nelson's N o . 1 gelatine and another 

unspecified gelatine, which had been dried to constant weight at 135° C. 

The results were the same for both gelatines, within experimental error 

(i.e., 3.1 X 10
10
 dynes /cm.

2
) , and corresponded to zero moisture content. 

Bradbury and Mart in
60
 have investigated the elasticity, tensile strength, 

and extension at break of gelatin films, as a function of the temperature of 

drying the film and also of the relative humidity during measurement. 

They prepared gelatin films in two ways : 

(i) The normal industrial method of allowing a 5 % solution to gel and 

then drying it initially with cool and then with warm air. Bradbury and 

Martin used air at 20° C. and 7 0 % R . H . which was satisfactory for the 

thin films. 

(ii) Preventing the solution from gelling by drying at 56 to 60° C. and at 

a relative humidity of 7 0 % . The nearest industrial approximation to this 

is drum drying. 

Specimens, 5 by 6 cm. were cut from the sheets and were conditioned in 

atmospheres of controlled humidity and temperature, before being sub-

mitted to tensile test, using a loading rate of 25 kg . / cm.
2
/ sec . The results 

are shown in Fig. 20 and 21. 

A t all humidities, the low-temperature preparation had a greater tensile 

strength than the high temperature preparation and also up to 65 % rela-
6 0
 E . Bradbury and C. Martin, Proc. Roy. Soc. (London) 214, 183 (1952). 
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FIG . 2 0 . Load-extension curves at relative humidities from 4 5 to 6 5 % indicated 

on the curves: Ο film dried at 2 0 ° C ; · film dried at 5 6 to 6 0 ° C .
6 0 

tive humidity it had a greater extension at break, although above 6 5 % 

relative humidity, the reverse was true. Up to 6 5 % relative humidity, 

the load extension curves show no obvious yield point, but at 75 and 85 % 

relative humidity, the curves show an apparent yield point, beyond which 

the extension per unit load is greater than in the initial part of the curve. 

At these high humidities, the extension is of a different order of magnitude 

and increases extremely rapidly with increasing humidity. It is of interest 

that even when the hot film had been extended by 130% of its length, it 

returned to within a small percentage of its original length on the removal 

of load. There was probably little plastic flow during the extension of the 

film owing to the high rate of loading. The different properties of the hot-

and cold-dried films might possibly have been due to two other factors, 

namely, the rate of drying and the moisture content of the film when 

equilibrium was attained with the moist atmosphere. However, subsidiary 

experiments showed that these two factors had a negligible effect on the 

mechanical properties of the film. Films were also prepared at temperatures 

of 60 to 90° C. and 80 to 100° C , but the properties of these films were very 

similar to those prepared at 56 to 60° C. It was demonstrated that degrada-

tion was absent, by redissolving the hot-dried film and redrying at 20° C , 

when the properties of the film were the same as the cold-dried films. It 

was concluded that the difference in properties of the films was caused by 

a difference in structure. 
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FIG. 21. Load-extension curves at relative humidities of 75 and 85%. Ο and # 

as in Fig, 20. 

Bradbury and Martin suggest that the proportion of "crystalline" re-

gions differs in the two instances, being higher for the cold-dried films. 

This would be expected to affect the physical properties. A n alternative 

explanation would suggest a molecular rearrangement during gel formation 

involving intermolecular hydrogen bonds in place of the intramolecular 

bonds at higher temperatures. It is possible that both these explanations 

are true in part, and that also the effects of varying degrees of orientation 

produced in different drying processes requires careful Consideration. 

3. R H E O L O G I C A L P R O P E R T I E S I N T H E G E L A T I O N R E G I O N 

The boundary between gelatin solutions and gels is in no way as definite 

as that between solid and liquid for a crystalline type of material. Rather, 

there is a boundary region, where the properties of solutions of gelatin de-

pend on the thermal and mechanical history. Thus, by rapid cooling of a 

gelatin solution it is possible for the solution to be liquid at temperatures 

where it would normally be a gel, although gelation cannot be long delayed. 

It becomes impossible to obtain cftiditions where the measured properties 

remain even approximately constant as a function of time. The formulation 

of methods of measuring physical quantities, such as melting point and ap-

parent viscosity, requires care even if the objective is only reproducible 

results. 

a. The Melting and Setting Points of Gelatin-Water Systems 

Although many of the methods of measuring the melting and setting 

points of gelatin gels and sols, at present in existence, are satisfactory for 

relative results, none of them can be considered suitable for measuring what 

might be termed absolute melting and setting points. The main difficulty 

appears to be one of definition. The absolute melting point of a gelatin gel 
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would be the temperature at which the gel ceases to support a finite shear-

ing stress, when the temperature is increased at an infinitesimal rate. All 

practical methods must of necessity involve a finite rate of change of tem-

perature, and usually appreciable stresses. An extrapolation procedure, al-

though possible, is extremely tedious for a measurement mainly of industrial 

interest. The melting and setting points, as determined by related methods, 

never coincide, the former always occurring at the higher temperature. The 

slower the rates of change of temperature, in any experiment, the smaller 

the discrepancy between the two temperatures. The mechanical history of a 

solution of gelatin also has a pronounced effect on the melting point; e.g., 

Richardson
61
 found that by vibrating a dipper in the surface of a gelatin 

solution, he was able to depress the setting point by 8° C , i.e., from 18 to 

10° C. 

(1) Empirical Methods of Measuring the Melting and Setting Points of 

Gelatin. M a n y empirical methods have been devised for measuring the melt-

ing and setting points of gelatin gels and sols, and have been described in 

detail elsewhere.
62
 However, the operating principles of a few of the better 

known methods are described below. Cambon's method, which is specified 

in British Standard Nos . .757/1944 and .847/1945, measures the tempera-

ture at which a brass cup falls away from a plug of jelly, after heating at a 

constant rate of 0.25° C. per minute. The temperature of collapse of a gel 

set in an inverted test tube has been used as a measure of the melting point 

by several workers, including Gordon and Ferry.
63
 Sheppard and Sweet

64 

described a method which depends on the penetration of a weight into the 

gel when the latter melts. These two workers also devised a method which 

can be used for determining both the setting and the melting points. The 

method measures the temperature at which air bubbles, from a constant 

pressure reservoir, stop flowing (setting point) or start flowing (melting 

point) through the solution of gelatin, the temperature of which is lowered 

(setting point) or raised (melting point) at a known rate. 

(2) Factors Affecting the Melting Point. The melting point of gelatin gels 

increases rapidly with gelatin concentration up to a concentration of about 

5 g./100 ml. and then more slowly (Sheppard and Sweet
6 4

) . Using an ossein 

gelatine (Mn = 45,000) Ferry
65
 found that the plot of log e (cone.) against 

\/T(melting), was linear above a concentration of 2 0./1OO ml. The linear 

part could be represented by an equation of the form log e C = (a — b)/RT. 

61
 E . G. Richardson, Trans. Faraday Soc. 29, 494 (1933). 

62
 R . H . Bogue, "The Chemistry and Technology of Gelatin and Glue , " p . 404. 

McGraw-Hill , New York , 1922. 
6 3
 R . S. Gordon and J. D . Ferry, Federation Proc. 5, 136 (1946). 

64
 S. E . Sheppard and S. S. Sweet, Ind. Eng. Chem. 13, 423 (1921). 

6 5
 J. D . Ferry, Advances in Protein Chem. 4, 23 (1948). 
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For another ossein gelatin (Mn = 29,000) this general equation held, but 

both the constants a and b had different values. 

Pleass
66
 investigated the effect of p H on the gelation of solutions of puri-

fied Coignet's "Gold Label" leaf gelatin (ash content approximately 0.02 % ) . 

The results were presented as isothermal contours, plotting the concentra-

tion of gelatin necessary for gelation, against the p H . At 0, 12, and 18° C., 

the concentration required for setting was constant at about 0.5 % in the 

p H range 4 to 8, but outside this range the concentration required for set-

ting increased rapidly. The presence of electrolyte of the order of 1M either 

reduces the melting point of gelatin gels, as with NaCl and K S C N , or in-

creases the melting point as, for example, with N a 2 S 0 4 . However, these 

effects are usually of the order of only 1 or 2° C., a notable exception being 

K S C N . Ferry
67
 found that the 1.1 % gels of an ossein gelatin (Mn = 45,000) 

which usually set at 26° C , were prevented from setting even at 0° C , by 

the presence of 1M K S C N . 

Pouradier and Venet ,
28
 and subsequently the authors,

31
 have investi-

gated the melting points of the fractions of several gelatins, and find that 

for any one gelatin there is a unique relation between melting point and 

reduced viscosity (and therefore molecular weight). However, for all gela-

tins, including both alkali- and acid-process types, there was no unique re-

lation between melting point and reduced viscosity. This may result from 

the same unknown factor which determines the rigidity of gelatin gels, 

since the melting point may be considered as the temperature at which 

the rigidity becomes zero. 

b. Changes in Viscosity and Rigidity at the Melting Point 

It would be reasonable to predict a discontinuous change in viscosity and 

rigidity at the melting point. However, Richardson
61
 has shown that while 

this prediction is correct for the rigidity, it is quite erroneous for viscosity. 

Measurements of damped torsional oscillations of a disc suspended in a 1 % 

solution of an unspecified gelatin, cooled at a rate of about 3° C. per hour, 

provided values of both the viscosity (or internal friction for the gel) and 

the rigidity. Figure 22 illustrates the results. Curve A is a quantity inversely 

proportional to the rigidity, while curve C is a quantity inversely propor-

tional to the viscosity. Curve Β gives the fall of temperature with time. 

The initial part of curve A is related to the rigidity of the torsion suspension, 

and the discontinuous change illustrates the sudden appearance of elastic 

properties in the gelatin solution. The viscosity increased gradually as the 

solution cooled, with no discontinuity at the moment of gelation. Richard-

son concluded from these results that the increase of viscosity is not the 

dominant factor in determining gelation. 
6 6
 W . B . Pleass, Proc. Roy. Soc. (London) A126, 406 (1930). 

67
 Reported in J. D . Ferry. Advances in Protein Chem. 4, 20, 26 (1948). 
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F IG. 22. Changes in viscosity and elasticity during gelation of a 1% gelatin solu-

tion. For explanation of curves, see tex t .
61 

c. Anomalous Viscosity 

The viscosity of gelatin solutions in the neighborhood of the melting point 

changes with time and also is dependent on the rate of shear. Consequently, 

it is regarded that the solutions show anomalous viscosity. Davis and 

Oakes
33
 found that there was a temperature (38.0° C.) at which the vis-

cosity of the 4 % solutions of a high-grade commercial hide gelatin was in-

dependent of time. Below this temperature the viscosity increased with time 

and above it there was a decrease with time. It was shown by Bogue ,
68 

and independently by Sheppard and co-workers
69
 that the temperature at 

which anomalous viscosity effects disappeared depended on the concentra-

tion. They concluded that there was no critical transition temperature from 

gel form to sol form but rather a zone of transition temperatures. Sheppard 

and Houck
21
 studied the viscosity of solutions of a commercial calfskin 

gelatin and two lots of Eastman "de-ashed" gelatin. They found no evi-

dence of a transition temperature, but found that there was an intermedi-

ate temperature at which the viscosity at first increased because of gelation 

effects and then decreased as the result of hydrolysis. It appears that the 

solutions of all gelatins exhibit anomalous viscosity under certain conditions 

of temperature and p H . Also it seems probable that factors, such as ex-

tremes of p H or the presence of substances such as K S C N or urea which 

prevent gelatin solutions from gelling even at 0° C , will depress the tem-

perature at which anomalous viscosity effects are observed. 

(1) Rate of Shear. The direct effect of shear has been observed by Ostwald 

6 8
 R . H . Bogue, J. Am. Chem. Soc. 44, 1343 (1922). 

69
 S. E . Sheppard, F. A. Elliott , and S. S. Sweet, Trans. Faraday Soc. 19, 261 (1923). 
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and Stuart in the concentration range of 0.8 to 1.4 g. /100 ml. The fall in 

apparent viscosity with shear was sufficient to be apparent even when 

measurements were made at successively smaller rates of shear. There 

would appear to be a time thixotropic effect, together with other anomalous 

effects from the orientation of the large aggregated particles. 

IV . Theories of G e l Formation 

A full review of theories of gel formation in relation to protein gels has 

been given by Ferry,
71
 and it is not proposed to duplicate this discussion. 

Ferry's concludes (p. 46 in ref. 71) : " M a n y of the properties of gelatin gels 

can be at least qualitatively explained on the basis of a network structure 

formed by the junction of these elongated molecules here and there, caused 

by secondary bonds at widely separated loci of attraction. The bonds are 

evidently dissociated by increasing temperature and result probably from 

van der Waals forces. The details of the association equilibrium and chemi-

cal nature of the groups involved are still uncertain.'' Elsewhere (ref. 71, 

p . 43) Ferry suggests that only some five to six such loci may be necessary 

per gelatin molecule. 

None of the more recently reported work is seriously in conflict with the 

point of view Ferry has put forward, which was based in part on the earlier 

work of Hermann and Gerngross.
72
 Unfortunately recent work has added 

comparatively little to make the theory more definite and quantitative. 

Only three aspects need further consideration : the recent work on the rigid-

ity of fractionated ge la t ions ,
3 1 , 5 8, 73

 the new interpretation by Robinson 

and B o t t
74
 of the muta-rotation effect, and recent studies by Boedtker and 

D o t y using light scattering.
75 

It appears likely that, at a molecular weight corresponding to a reduced 

viscosity of about 0.2,
58
 the power of gelatin molecules to take part in gel 

formation is lost, certainly at normal concentrations (5 to 1 0 % ) . This stage 

may be regarded as corresponding to only two loci per molecule or perhaps 

less. The corresponding molecular weight is in the region of 15,000, which 

means that in a gelatin molecule of molecular weight 60,000 there would be 

some eight loci. This agrees well in order of magnitude with Ferry's esti-

mate. In gel formation at low temperatures it is clear from the experimental 

results that, provided the molecular weight exceeds the minimum, it mat-

ters little whether there are two molecules of, say, 30,000 M . W . (molecular 

weight) or one of 60,000. This is understandable if effectively all loci are 

7 0
 W. Ostwald and W . W . Stuart, Kolloid-Z. 78, 324 (1937). 

7 1
 J. D . Ferry, Advances in Protein Chem. 4 (1948). 

7 2
 K . Hermann and O. Gerngross, Kautschuk 8, 181 (1932). 

7 3
 G. Stainsby, Adhesives and Resins 1, 222 (1953). 

7 4
 C. Robinson and M . J. Bot t , Nature 168, 325 (1951). 

7 5
 H . Boedtker and P. D o t y , / . Phys. Chem. 58, 968 (1954). 
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used in either instance. It is true that the gels continue ageing, indicating 

either more bonds or firmer structures, but under the conditions usually 

used in measuring gelatin rigidities, most bonds have already been formed 

in 18 hr., the rate of increase of rigidity modulus being then rather small. 

The problem of deciding the precise structural form of the loci and of the 

bonds formed between them has been greatly complicated by recent 

w o r k
3 1 , 58

 since it is now clear that the structural feature constituting each 

locus must be capable of being broken down and blocked in certain circum-

stances. The breakdown clearly occurs during the making of gelatin from 

collagen, and probably also occurs in gelatin solutions, at least under some 

conditions of degradation. 

Robinson and Bo t t
74
 have utilized the known configurations of polypep-

tide chains, in relation to their optical rotation, to suggest that the marked 

muta-rotation effect (change of optical rotation in the sol-gel transition) 

for gelatin may result from a change in chain folding. They suggest a change 

from intrachain hydrogen bonding in the gelatin sol to interchain hydrogen 

bonding in the gel. In virtue of the magnitude of the muta-rotation effect, 

it is a little difficult to reconcile this view with Ferry's suggestion that there 

are only rare loci of attractive centers which form the interchain links. 

Boedtker and D o t y
7 5

 have studied the light scattering from gelatin solu-

tions at temperatures above the transition region, from dilute solutions at 

temperatures below the normal region of setting, and also from dilute gels. 

Their results confirm the complete dispersion of gelatin molecules in solu-

tion at 40° C. The ossein gelatin used (PI 11-20, alkali-pretreated, extracted 

p H = 4.5, of the Charles B . Knox Gelatine C o . ) , was precipitated with 

alcohol to give the staring material, which gave a value of Mw of 90,000. 

This is rather high in relation to values of Mn of 60,000 to 70,000 previously 

obtained for high-grade ossein gelatins, but may well be explained by the 

distribution of molecular weights present. 

B y taking very dilute gelatin solutions (0.09 to 0.9 g./100 ml.) , cooling 

them to 4° C. for 24 hr. and then returning to the region of 18° C , repro-

ducible light-scattering results were obtained. Mos t measurements were 

made at the isoionic point (pH = 5.1) with 0.15M NaCl. In these condi-

tions stable aggregates were formed, the size of which was a function of the 

initial concentration but not of subsequent dilution. This suggests that the 

aggregation forces affect a number of groups and act co-operatively as in 

crystallization so that, once formed, the aggregates have stability. The 

particle weight of the aggregates increased from 208,000 for C = 0.087 

g./100 ml. to 5,900,000 for C = 0.539 g./100 ml. Analysis of the results 

showed a particle shape corresponding to a Gaussian distribution of the 

mass about the center of gravity, rather than to rigid spheres or rods. 

In the absence of salt, at the isoelectric point, very large aggregates 
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(40,000,000 M . W . ) are formed, presumably because of electrostatic inter-

action. These aggregates give rise to the isoelectric opalescence which has 

previously been so extensively studied. 

In the gel state the light-scattering results were explained by the assump-

tion that stable aggregates are formed, which are then linked together by 

molecular fringes or elongated particles, essentially as suggested by Her-

mann and Gerngross.
72
 The aggregates are of the same order of size as the 

largest particle formed in nongelling solutions in the same conditions of 

temperature. 

One of the outstanding properties of collagen is the highly ordered bonded 

structure revealed by low-angle X-ray scattering by the electron micro-

scope .
76
 The forces bringing about this order are powerful enough so that 

when certain types of collagen are induced to pass into solution or pseudo-

solution (without heating), the same ordered patterns may be recreated 

by precipitation. 

It is interesting to speculate that the structural features of the collagen 

molecule causing the ordering may be carried by the irregular fragments of 

the collagen chain present as gelatin in gelatin solutions. Although no longer 

able to restore a fibrillar order as in collagen, they may still cause bonds 

which give a firm and stable gel. This view has been put forward also by 

Boedtker and D o t y
7 5
 on the basis of their light-scattering results. Some 

slight increase in probability is given to the hypothesis by the parallel 

effects observed with fibrin
77
 where also long spacings have been detected. 

V . Rheologica l Properties in Relation to the Uses o f Ge la t ine a n d G l u e , a n d to 
Industrial Testing M e t h o d s 

Gelatine and glue find uses in the majority of industries, although cer-

tain industries—food, paper, textiles, photography, abrasives, gummed 

paper, distemper, joinery, and furniture—may be of greater quantitative 

importance than the others. In many of these industries, the rheological 

properties are either essential in the product, or exert their influence during 

the manufacturing process itself. 

Table jellies, when prepared by the housewife from tablets or crystals, 

must set in a reasonably short time to a gel which melts in the mouth. In 

addition, the viscosity of the gelatine-sugar-acid mixture used has a marked 

effect on the manufacturing process, which involves mixing, eliminating air 

bubbles, and pouring onto glass or into moulds. 

In most adhesive uses of glue, the solution viscosity influences the thick-

ness of the film of adhesive which is applied, and the strength of the final 

dry glue is a contributory factor in the strength of the bond formed. In 

7 6
 Reviewed by R . S. Bear, Advances in Protein Chem. 7, 1 (1951). 

77
 C. Z . Hawn and K . R . Porter, Exptl. Med. 86, 285 (1947). 
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addition, the " tack" at the stage at which two surfaces are to be joined 

when the glue is on the point of setting, is an essential feature of animal 

glues. The rapid formation of a gel, after the joint is made, is of key im-

portance in assembly work or in packaging, since the gel strength obtained 

is often sufficient to secure the joint until drying out occurs. 

The viscosity plays a most important part also in the various sizing opera-

tions (textiles, paper, carpets, house walls), since here again it determines 

the amount of the glue solution (size) which is transferred to the surface t o 

be sized. The dry-film properties then modify the behavior of the sized 

materials, and will themselves be dependent on the method of drying. 

There are, of course, other properties which influence the uses of gelatine 

and glue such as surface activity, color, photographic sensitivity, taste, 

smell, content of heavy metals or of calcium salts, but there are very few 

instances in which a gelatine or glue can be specified for a particular use 

without referring either to its power of gel forming or to the viscosity or 

some characteristic (melting point, setting point, setting time) of the melt-

ing process. 

On the basis of existing knowledge of gelatin structure and properties, a 

gelatin (or animal glue) must be specified by means of its isoionic point, its 

molecular weight distribution, and a suitable measure of the gel-forming 

power, such as the rigidity of a carefully matured gel of known concentra-

tion at 10° C. However, such a program is not commercially practicable, 

even if adequate for the purpose. 

The value of p i may in most instances be deduced from the process used 

in manufacture, all alkaline-process gelatins giving p i ' s from 4.8 to 5.2, 

while acid-process gelatins (where no alkali has been used) giving a p i of 

about 9. The direct measurement of p i by the mixed-bed-resin technique 

of Janus, Kenchington, and Ward
53
 is, however, very simple, and may be 

applied to materials of unknown origin. 

An idea of the mean molecular weight can be obtained from the viscosity 

measurement. Alternatively, the viscosity determination under standard 

conditions (B.S.757) may be regarded as a direct guide to the viscous be-

havior in use. There is considerable evidence that this is a reliable pro-

cedure, since changes of temperature or concentration do not normally 

change the order for a set of samples as far as viscosity is concerned. It is 

necessary to bear in mind the different p H dependences of the viscosity for 

gelatins of different p i ' s (p. 326). 

This leaves the assessment of the gel-forming power to be considered. 

This is the least satisfactory measurement. The Standard Instrument 

(B.S. 757, A . O . A . C ,
7 8

 etc.) , now widely used in America, the British Com-
7 8

 Official Methods of Analysis of the Association of Official Agricultural Chemists 
p . 339 (1950). 
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monwealth, and in Europe, called the Bloom G e l o m e t e r ,
7 9 , 80

 is itself diffi-

cult to maintain at high accuracy. In the test, a gel is set in a wide-necked 

bottle at 10° C. for 17 hr. A plunger, 0 .5 in. in diameter, is then forced 

4 mm. into the gel by loading at 40 g . / s e c , the load necessary being re-

corded as the Bloom jelly strength. The measurement is essentially con-

cerned with elastic strains. Recent improvements ,
8 1 , 82

 including means of 

checking the instrument using a spring steel strip called the D u m m y 

B l o o m ,
82
 and the issue of the British Gelatine and Glue Research Associa-

tion Jelly Strength Standard Gelatines and Glues, have made the test com-

mercially satisfactory. 

There is no certainty that the order of a series of gelatins as indicated 

by the B loom test will be the same when the modulus of elasticity, or any 

other mechanical property, is measured at other temperatures, and espe-

cially at different p H values. The results are also affected by the presence 

of salts, sugars, glycols, glycerols, polyvalent ions, etc., in different ways. 

As a result many user industries have empirical tests in which the gelatine 

is tested under conditions simulating those of use. The Bloom test is espe-

cially valuable in securing uniform supplies from a single manufacturer 

using a consistent process, or from a group of manufacturers using similar 

processes. 

N o attempt is made here to review the innumerable mechanical tests 

for gelatin gels which have been devised.
83
 A t one stage almost every firm 

in every country had its own variant. Although some are still retained for 

internal use, their results are now translated with varying degrees of relia-

bility into figures on the Bloom scales. Some of the early tests measured a 

fracture property rather than an empirical modulus. Such tests give figures 

quite unrelated to Bloom grading figures, but so little is yet known concern-

ing rupture of gelatin gels that there is no point in discussing these methods. 

As soon as the main problems of relating structure and properties have 

been solved, it will be possible to devise tests to ensure that all significant 

gelatin and glue properties are controlled. Although this stage can be clearly 

envisaged, it is still some years from realization. 
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Nomenclature 

C Concentration g./100 ml. solution 

Cn Number average chain length 

G Shear modulus 

/ Ionic strength 

Mn Number Average Molecular 

Weight 

Mw Weight Average Molecular Weight 

p i Isoionic point 

pK Dissociation Constant (logarith-

mic) 

R Gas constant 

Τ Absolute temperature 

Y Young ' s modulus 

»?red. Reduced viscosity (1/C log« r ; r ei . ) 

rçrei. Relative viscosity 

r ; Sp . Specific viscosity (number) 

σ Poisson's ratio 




