
milk exhibits a spontaneous lipolysis, 
since the only condition necessary to 
initiate the hydrolysis of fat is the cooling 
of milk (26). Tarassuk and Jack (25) ,  
using exclusively this type of milk, pre- 
pared a series of spray-dried whole milk 
and ice cream mix powders, varying pre- 
heating temperatures from 71' C. 
(160' F.) to 93' C. (200'F.) for 12 to 15 
seconds. The powder was packed un- 
gassed and gassed and stored at  21" C. 
(70' F.) and 38' C. (100' F.). Their 
data show that relatively low moisture 
content of dehydrated milk is not a 
limiting factor of milk lipase activity. 
If a dehydrated product is made from 
naturally lipolytically active milk (re- 
quiring no other activation than cooling 
of milk), hydrolytic rancidity will develop 
in powder upon aging. The lipolytic 
activity in this case is not stopped by pre- 
heating the milk before drying as high 
as 93" C. (200' F.) for 15 seconds. How 
high it is necessary to heat milk before 
the lipase of naturally lipolytically active 
milk is completely inactivated has not 
been established. 

I t  has been observed that the acid 
degree of fat in powder has to be about 
4.0 or above before hydrolytic rancidity 
can be recognized organoleptically in 
reconstituted milk. In  fluid milk hydro- 
lytic rancidity can be organoleptically 
detected when acid degree of milk fat 
is about 1.0 or above. I t  is possible 
that an incipient hydrolytic rancidity 
of dry whole milk which is not recog- 
nized organoleptically may be criticized 
as stale. 
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Application of Intrinsic Viscosity 
HAROLD A. SWENSON, THOMAS H. SCHULTZ, and HARRY S. OWENS 

Western Regional Research Laboratory, Albany, Calif. 

A study was undertaken to provide further information on tests for pectin grading, as a 
poll of American preservers has shown 71% in favor of a breaking measurement of the 
plunger type and 24% in favor of a rigidity measurement. A balance-plunger apparatus 
was developed, by which both small deformations and breaking strengths can be meas- 
ured. Grades obtained from these measurements generally differ, but curves of intrinsic 
viscosity vs. grade can be used to estimate grade by elasticity, if grade by breaking has 
been determined, or the reverse if grade by elastic modulus has been determined. The 
curves and viscosity measurement alone offer a rapid and fairly reliable means of 
obtaining pectin grade values that would be procured by gel measurements of both types. 

N A POLL OF AMERICAN PRESERVERS I (70), undertaken to determine the type 
of test preferred for pectin grading, 71y0 
favored a breaking measurement of the 

plunger type while 24y0 preferred a to provide further information about the 
rigidity measurement. The remainder two properties involved and their rela- 
(5%) considered both tests necessary. tionship to intrinsic viscosity. A balance- 
This paper reports a study undertaken plunger apparatus is described, with 
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which measurements of both small de- 
formations and breaking strengths can 
be made. 

A sensitive balance-and-chain assem- 
bly was adopted, which employs features 
used in a number of plunger testers (27). 
Both breaking-strength and elasticity 
can be measured with the one apparatus, 
thus avoiding the use of a combination 
of existing testers such as the Tarr-Baker 
(2.23) or motor-driven plunger (4. 77,27) 
for breaking and a precise shear tester like 
the Campbell (6) Saverborn (77) or Owens 
and Maclay (76) instruments for rigidity 
measurements. For comparative pur- 
poses the advantage of making both tests 
under like conditions is obvious. The 
easy removal of stress \\ith a balance 
makes repeated rigidity tests possible 
within the elastic limit of the gel. 

Preparation of Jellies 

‘The acid-in-glass method (8, 9 )  was 
followed. Standard jelly glasses as well 
as dishes. 4.5 cm. deep by 7.0 cm. in 
diameter, were used. Three milliliters 
of jelly maker’s acid (4.8 molal citric 
acid) was used per glass and an equiva- 
lent amount in the dishes. This resulted 
in a p H  range of 2.2 to 2.6, depending 
on the pectins used. ‘The jellies were 
prepared to 6570 solids; the refractom- 
eter reading on the cold jellies ranged 
from 65.5 to 66.5Yc. Drafting tape ex- 
tending 0.5 inch above the top of the 
glass was used. The jrlly surface was 
covered with mineral oil an hour after 
pouring, and the tops of the leveled gels 
were sliced off with a sharpened jeweler’s 
hack-saw blade after 38 to 24 hours’ 
cooling and removal of the tape. The 
temperature of storage was 25 f 1 C. 

Chain Balance Tester 

The apparatus shown in Figure 1 is 
composed of the center post, balance arm, 
and stirrup supports from a 1-kg. capac- 

Figure 1 .  Chain balance 
tester 

2. Motor 
1 .  Throw switch 

3. Chain support 
4. Micro switches 
5. Chain 
6. Plunger 
7. Ge l  platform 
8. Counterweight 
9. Scale in millimeters 
10. Timer 

ity balance with 5-mg. sensitivity, in 
combination with the chain support 
from an analytical balance. A I-r.p.m., 
reversible Telechron motor serves to 
move the chain support and an electric 
timer is wired in for greater ease and 
speed in reading than is possible if the 
calibrated tape is read directly. 

The plunger support hangs 5 cm. to 
the right of the center knife-edge and is 
attached by means of two adjustable, 
tapered, steel pins fitted from each side 
into a hole bored through the brass 
beam. The plunger support is threaded 
on the inside, so that the plungers, 
cemented to a threaded bolt, can be 
changed easily. 
-4 rack-and-pinion gear is used to ad- 

just and support the gel platform in 
stationary position during the test: and 
a curved scale in millimeters is placed 
behind the pointer tip to follow de- 
formations. A microswitch serves to 

stop the pointer at the zero point after 
the motor is reversed. Three smooth- 
flowing silver chains, chosen for per- 
manent use, are 24 cm. long: and weigh 
19 grams each. They were calibrated 
by means of a platform balance pan 
under the plunger. A loading rate of 
0.63 gram per second was found. - -  

To make the meas- 
urement, the gel in 

Tester the dish. freshlv sliced 
Operation Of 

off, is gently raised to engage the plunger 
and again raised or lowered to secure the 
zero point of the balance. After the 
motor is started, the pointer is followed 
by eye as compression proceeds, afford- 
ing measurement of small strains within 
the elastic limit of the gel as well as 
complete stress-strain curves by inter- 
rupting the motor and quickly noting 
the timer reading at  varying compression 
depths. The sudden release of the 
pointer marks the breaking of the gel, 
at which moment the switch to the 
motor and timer is thrown. A correc- 
tion is necessary due to the apparent 
chain weight. which is ineffective be- 
cause of the drop of the balance arm. 
This correction is not constant, as the 
gels break at different depths, as shown 
in Figure 2. which plots the variation in 
depth of compression at  break as related 
to intrinsic viscosity. 

Stress-strain curves to the breaking 
point jvith a plunger 8 mm. in diameter 
can be seen in Figure 3; they indicate 
that Hooke’s law is obeyed in only a 
small portion of the total range of de- 
formation. The curves agree with 
earlier ones (7, 75) in that the stress- 
strain relationship goes through an in- 
flection. Figure 4 illustrates stress-strain 
curves obtained by use of a plunger 20 
mm. in diameter, so that smaller loads 
in grams per square centimeter of 
plunger area could be used. In this 

Figure 2. Variation in compression at break with intrinsic viscosity 
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can be equated through the plunger 
dimensions, jellies of like strength were 
tested with three plunger sizes. The 
results of the tests with the motor-driven 
plunger and scale (Table I) illustrate 
that stresses expressed as force, per unit 
area have little meaning and that the 
plunger size must be specified. This 
unit has been retained throughout this 
paper because of common usage. It 
appears from Table I, however, that 
loads might be better expressed in terms 
of grams per centimeter of circumference, 
a probability suggested by Stoloff (27), 
in agreement with the assumption that 
the method measures primarily shear 
forces. 

As the weight of chain which could be 
used on the balance was limited by the 
necessity for smooth flow and by the 
strength of the chain support, a plunger 
larger than 8 mm. in diameter could not 
be used and break the strongest gels 
which might be encountered in testing. 
The good agreement between the plung- 
ers, 15 mm. and 10 mm. in diameter, . 
obtained by expressing load in terms of 
plunger circumference (Table I), was 
found in further tests to extend as well 
to the plunger 8 mm. in diameter. This 
size, used in the breaking tests, could be 
used in the elasticity measurement as 
well? except that the pointer moves more 
rapidly and precision is lower than with 
a large plunger. As a consequence, two 
plungers Lvere interchanged and an in- 
verted rubber stopper, 20 mm. in diam- 
eter, was used for the elasticity measure- 
ment. The smaller plunger was fash- 
ioned to a similar shape. 

Table 1. Effect of Plunger Size on Breaking 

Breakina Stressa 
Plunger I Plunger 2 Plunger 3 

(15.5-Mm. Diamefer) ( I  0.0-Mm. Diameter) (5.0-Mm. Diameter) 
Pectin Grams1 Grams/ Grams/ Grams/ Grams/ Grams/ 

Sample cm. sq. cm. cm. sq. cm. cm. sq. cm. 
No. Grams circum. area Grams circum. area Grams circum. area 

1 8 9 . 5  1 8 . 4  47 .4  61 .0  1 9 . 4  77 .6  17 .8  1 1 . 3  90 .8  
2 71.0 1 4 . 6  37 .6  42 .0  1 3 . 4  5 3 . 4  1 4 . 0  8 9 71 .4  
3 46 .0  9 . 4  24 .4  29 .0  9 . 2  36 .9  7 . 6  4 . 8  38 .8  
4 69 .0  1 4 . 2  3 6 . 6  57 .0  18 .2  72 .5  13 .5  8 . 6  68 .8  

a Tests with the three plungers were made on a number of jellies poured from a large 
batch prepared with each pectin sample. 

case, the curves show that Hooke's law 
is obeyed by pectin gels and indicate 
that this region should be used for 
grading by elastic modulus measure- 
ments. 

Several elasticity tests can be made on 
one gel, as the surface isnot distorted, and 
four breaking tests can be made on one 
gel, as a small plunger is used. To  avoid 
dehydration, the freshly cut surface 
should not be exposed to the atmosphere 
more than 30 minutes before measure- 
ment of the elasticity. 

Jellies were 
tested in 
various dish 

Wall and End 
Effects in Breaking 

sizes with the motor-driven plunger and 
scale, using an inverted rubber stopper 
as a plunger. No side wall effects were 
found when the ratio of gel diameter to 
plunger diameter was 3 or more, and 
no end effects in the range of depths 
studied which was 3.4 to 8.0 cm. Sub- 

typically found after breaking the gel. 
Bender (4) and Meschter and Lataillade 
( 7  7 ) ,  for example, recommend slices 6 to 
7 mm. in depth for breaking measure- 
ments. 

A rubber stopper is amply 
strong to resist distortion by 
the eel and was found 

Choice Of 

Plunger 
" 

preferable to metal for testing gelatin gels 
by Shepperd and Sweet (79). The de- 
gree to which the plunger edge should 
be rounded is important; if the edge is 
too sharp, discontinuous shear a t  the 
edge is likely to occur, while if the edge 
is too rounded a proportional stress- 
strain relation cannot be obtained with 
elastic gels (79). 

T o  check on the degree of rounding, 
rubber plungers were tried which had 
sharp, medium, and rounded edges. 
The best reproducibility was found with 
a medium edge in conformity with the 
earlier work on gelatin gels. The edge - - - 

Pectin Grading by Breaking 
sequent measurements were made above used is similar to that on an ordinary 
these limits, although in breaking tests rubber stopper. 
the minimum jelly depth may only need To determine whether breaking For determining a standard breaking 
to exceed the depth of the fracture cone strengths with different plunger sizes strength, a commercial lemon pectin, 

Figure 3. Stress-strain relation to breaking limit Figure 4. Linear stress-strain relation within elastic limit 
Gels from a citrus pectin with intrinsic viscosity 5.1, at varying con- 
centrations 

Gels from a citrus pectin with intrinsic viscosity 6.9, a t  varying concentrations 
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Figure 5. True/assumed grade vs. breaking strength 

\vhich had a like grade (250-i.e., 250 
grams of soluble solids gelled by 1 gram of 
pectin) measured both by breaking with 
the motor-driven plunger and by sag meas- 
urement was chosen. The advantage of 
choosing a pectin of the same grade by 
breaking and rigidity measurement for 
this purpose is emphasized by reference 
to Figure 7, which relates grades by the 
two methods to intrinsic viscosity. A 
standard gel made to assumed grade of 
250 ivith this pectin breaks with a stress 
of 86 grams per sq. cm. of the 8-mm.- 
diameter plunger surface. 

To  establish the method for grading 
with this standard, jellies from several 
citrus pectins and an apple pectin were 
prepared at  varying pectin concentra- 
tions and the breaking strengths were 
measured. The methoxyl contents of 
these pectins, except in the case of a 
slow-set citrus pectin, all ran close to  
10%; and the intrinsic viscosities ranged 
from 3.6 to 8.1 deciliters per gram. 

The assumed grades (per cent soluble 
solids in jelly divided by per cent of 
pectin) were plotted against breaking 
strength. True grades \rere then ob- 
tained by reference to the breaking 
standard, 86 grams per sq. cm., on the 
curves, and arbitrary breaking-strength 
values were chosen above and below the 
standard and related to assumed grade. 
The ratios of true to assumed grade 
obtained in this way were then plotted 
against breaking strength as shown in 
Figure 5. The influence of intrinsic vis- 
cosity on this relationship, as indicated 
in the figure, is small and in most cases 
can be neglected. The use of the solid 
line \vould result in an error of less than 
270 in grade if jellies from pectins a t  
the two extremes of intrinsic viscosity 

number were prepared 20% below or 
above standard strength. The average 
standard deviation in grade (see foot- 
note to Table 11) from a large number 
of breaking measurements with the 
balance and use of the curve in Figure 5 
was less than 5. 

Grading by Elasticity 

The elastic measurement depends on 
loading rate, as Cheftel and Mocquard 
(7) have shown, and irreversible dis- 
tortion results if small strain is pro- 
longed. However, a t  a loading rate of 
0.2 gram per sq. cm. per second, with a 
plunger of 20-mm. diameter a t  deforma- 
tions which lie within the Hookean 
portion of the stress-deformation curve, 
no apparent distortion of the gel results 
and the pointer returns immediately to 
the zero point lrhen stress is removed 
within a minute or so. Gels prepared 
with a number of pectins, each at  several 
concentrations, were compressed to a 
depth of 1.5 mm., equivalent to a pointer 

deflection of 10 mm., which is within 
the elastic limit mentioned above. The 
relative standard deviation in grams of 
load required for a large number of 
these measurements averaged less than 
270 (see footnote to Table 11). Follow- 
ing a procedure similar to that used with 
the breaking-strength data, assumed 
grades were plotted against elasticity. 
For standard elasticity, a value of 7.3 
grams per cm. of pointer deflection was 
chosen in order that grades would corre- 
spond with those obtained by the sag test, 
which was run concurrently on all jellies. 
The ratios of true to assumed grade were 
then taken from the curves of assumed 
grade us. elasticity and plotted against 
elasticity in Figure 6. Table I1 illus- 
trates the agreement in grades obtained 
by this means and by sag test. 

Relation of Grade to Intrinsic Viscosity 

The intrinsic viscosity, or limiting vis- 
cosity number, may be obtained by 
measuring the relative viscosity a t  vary- 
ing low concentrations in the presence 
of salt and at p H  6 (5). The natural 
logarithm of the relative viscosity is 
divided by the concentration (grams per 
deciliter) and the quotient is plotted 
against concentration. Extrapolation of 
the line obtained to zero concentration 
gives the intrinsic viscosity, which has 
been shown to be related to the weight 
average molecular weight of the polymer 
(74). By use of a graph which relates 
relative viscosity a t  some given concen- 
tration to intrinsic viscosity (5), only one 
viscosity measurement need be made. 

Curves showing the relation of grade 
by breaking and by elasticity to intrinsic 
viscosity are shown in Figure 7 .  I t  can 
be seen that grades differ on the same 
pectin, depending upon which test is 
used, and that the variation is related 
to the molecular weight or degree of 
polymerization of the pectin. Highly 
polymerized pectins have a much higher 
grade by breaking than by elasticity, 
Lrhereas the converse is true, although 
to a lesser degree. \shere the weight 
average degree of polymerization is low. 

Table 11. Comparison of Grades by Sag and Elasticity Measurements 

Sag Test Elarticify Test 
Pectin Standard Stondard 

Sample No. of deviationa No. o f  deviationa 
No. tests Grade (grade)  tests Grade (grade)  

1 6 190 1 . ?  12 193 1 . 2  
2 6 269 2 . 9  12 268 1 . 9  
3 b  5 249 2 . 5  12 251 2 . 4  
4 7 278 2 . 3  12 272 2 . 2  

5 S.D. = [Zdz/(-V - l ) ]  where d is the deviation from the average and ili the number 
Relative standard deviation referred to elsewhere in the paper is defined of measurements. 

as S.D. X 100 divided by the average. 
b Lemon pectin used for establishing standard breaking strength. 
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The dependence of gelling ability and 
jelly strength on the molecular weight 
of pectins has been reported (78, 20). 
A relation between relative viscosity and 
grade by breaking strength, similar to 
the curve of intrinsic viscosity us. grade 
by breaking strength in Figure 7, \+as 
shown by Myers and Baker (72) on a 
series of pectins of varying viscosities 
prepared by heat degradation. 

From the standpoint of pectin grading 
by use of intrinsic viscosity values, some 
pectins fall from 5 to 8% from the gen- 
eral curves, indicating that a precise 
value cannot be obtained. Somewhat 
similar, though more restrictive, con- 
clusions were reached by earlier investi- 
gators (7 .  3, 72, 73, 24), who indicated 
that viscosity measurements should be 
used for grading only pectins of like 
source and like history. The deviations 
from the curves in Figure 7 may result 
from samples which consist of mixtures 
of pectins having markedly different 
molecular weights (22) .  

To summarize, the curves of intrinsic 
viscosity us. grade can be used to estimate 
grade by elasticity if grade by breaking 
has been determined or the reverse when 
grade by elastic modulus has been deter- 
mined. In addition, the curves and a 
viscosity measurement alone offer a 
rapid, fairly reliable means of obtaining 
the pectin grade values that would be 
procured by gel measurements of both 
types. 
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Figure 7. Jelly grade vs. intrinsic viscosity 
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