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(NI = 85.1, NoH = 188, NA = 188) while the specific 
nmnbers  equal the specific molecular constant (N = 
N~ = Non = NA = 3.35). As is seen in Table I for 
oleie acid, linoleic acid, and linolenie acid, the s.pe- 
cifie iodiue number  (NIl is in the rat io of 1, 2, and 3, 
respectively, to the corresponding specific molecular 
constant (N) for each compound. '~ 

When a complex mixture  is being examined, the 
use of specific nmnbers  will permit  a nmre rapid  
in terpreta t ion and indicate in a more direct fashion 
the nature  of the mixture.  This is par t i cu la r ly  t rue 
when the data  are used in conjunction with modern  
instrumentat ion,  inf rared  and ultraviolet  speetropho- 
tometers, vapor  phase chromatography,  etc. 

Several examples of convenienee of the new pro- 
cedures with mixtures  are given below: 

E x a m p l e  I 

M i x t u r e  o f  a l c o h o l  a n d  a c i d :  

Convent ional  numbers  

I o d i n e  n u m b e r  (N~)  = - 6 3 . 2  

H y d r o x y l  v a l u e  (NoH)  = 83.6  

A c i d  n u m b e r  (NA) 118 

Specific numbers  (mil l imoles per gram)  

Spec i f i c  i o d i n e  n u m b e r  (N~)  = 1 .49 

Spec i f i c  h y d r o x y l  n u m b e r  ( N o ~ )  = 1.49 

Specific a c i d  n u m b e r  ( N a )  = 2.1.1 

The ident i ty  of the specific iodine and hydroxyl  
numbers  suggests the possibility tha t  the unsatu- 
rated and the hydroxyl  functions may  be in the 
same molecule and tha t  the acid is saturated.  This 
information is readily available and not buried, as 
in the conventional numbers.  

E x a m p l e  I I  ( h y p o t h e t i c a l  ca se )  

U n k n o w n  e n z y m e  f l -mono-  m i x t u r e  o f  
t r i g l y c e r i d e  t r e a t m e n t  + g l y c e r i d e  + a c i d s  

Conventional  numbers  

N~ 59 .2  71.3 47.2  

N s  196  157  209  

NA 0 0 209 

Specific numbers  ( m i l l i m o l e s  p e r  g r a m )  

N~ 2.33 2 .81 1.86 

N-s 3 .49  2 .81 3.71. 

NYa 0 0 3 .71 

The ratio, of the Ns to N, in the star~cing material  
is 3 to 2, indicat ing that, since this is a triglyeeride, 
there are only 2 double bonds present.  The ratio of 
Ns to. NI in the monoglyceride is. 1, indicat ing that  
the beta-acyloxy group has one double bond and 
fu r the r  that  the molecular weight is 1 /Ns or 356. 
Sinee this. is a monoglyceride, the acid residue must  
be mo.nounsaturated C~s (monoglyceride - glycerol + 
w a t e r = 3 5 6 - 9 2 + 1 8 = 2 8 2 ) .  The ratio o fNA toN~ 
in the acid mixture  isolated is 2 and, since there were 
only 2 double bonds in the original tr iglyeeride and 
one remains in the monoglyceride, the acid mixture  has 
only one double bond. Combining this with the data 
for  the tri- and monoglyeerides leads to the conclu- 
sion that  the acids isolated have a to.tal carbon con- 
tent  of 34. None of this can be found using the 
conventional numbers  without tor tuous calculation. 

The following points are to be stressed. The defini- 
tion of the specific molecular constant provides a 
rational basis for  repo.rting data in te rms of the basic 
units, moles and grams. The specific numbers  pro- 
vide a more rapid  and less emnbersome method of 
correlat ing data. The mult ipl ic i ty  of conventional 
numbers  is replaced by a constant or an integral  
multiple of it, easily obtained f rom the molecular 
weight only. 

i t  is suggested that,  for an inter im period, both the 
conventional numbers  and the specific numbers be 
reported,  and then only the specific numbers.  
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The Measurement of the Hardness of Margarine and 
Fats with Cone Penetrometers 
A. J. HAIGHTON, Unilever Research Laboratory, Vlaardingen, The Netherlands 

T DRESE~TT the " h a r d n e s s "  of margarine,  fats, 
etc., is measured with various types  of instru- 
ments, but  the results obtained are not directly 

comparable. Consequently much time is wasted in 
correlating these data. In  spite of the differences be- 
tween the instruments  the measurements  made with 
them all depend on the same rheologically defined 
quantities, such as yield value, viscosity, mM elastic 
modules. In  order to overcome these difficulties, an 
a t tempt  was made to express the hardness unambigu- 
ously in one theologically defined quanti ty.  Fo r  this 

purpose the elastic modulus is unsuitable because it 
is not decisive for  the hardness. As the viscosity and 
the yield value are closely related, 1 either of these 
quantit ies is sufficient rheologiea]ly to define the sys- 
tem, but, because of its simplicity, the yield value was 
chosen. A reliable ins t rument  for the rapid  measure- 
ment  of this yield value is the cone penetrometer,  vari- 
ious types of which are deseribed in tile litera- 
ture (1-5) .  

1 I t  can he derived (Figure  1) that  the products  of P~ tan al : Pe 
tan aa----constant .  (The angle 1 8 0 - - a l  ~ represeut,~ the viscosity.) 
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The Yie ld  Value  

A s  m a r g a r i n e  and  f a t s  haye  to be cons ide red  as 
quas i -p la s t i c  m a t e r i a l s  when  sub jec t ed  to d e f o r m a t i o n ,  
t he i r  behav io r  d u r i n g  flow can be es t ab l i shed  f r o m  a 
shear  s t r e s s / v e l o c i t y  g r a d i e n t  curve  ( F i g u r e  1) .  I n  
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double  l o g a r i t h m i c  plot ,  s t r a i g h t  l ines  a re  ob ta ined .  
F r o n t  the  r e su l t s  of a g r e a t  n u m b e r  of m e a s u r e m e n t s  
wi th  rod  p e n e t r o m e t e r s  and  b y  m e a s u r i n g  the  flow 
t h r o u g h  cap i l l a r i e s  (6) i t  a p p e a r e d  t h a t  these l ines  
r u n  p r a c t i c a l l y  p a r a l l e l  so t h a t  t h e y  can be r ep re -  
sen ted  b y  the gene ra l  f o r m u l a :  log S--= log' F + n 
log P ;  (S = F . P " ) .  
in  which  : 

S = velocity gradient 
P = shear stress 
lP = fluidity (reciprocal viscosity) 
n ~ parameter (constant) 

So these flow curves  are  d e t e r m i n e d  b y  F .  F o r  p u r e l y  
p r a c t i c a l  cons ide ra t ions  however ,  use is o f ten  made  of 
po in t s  P1, Pf,  etc., on the  abscissa  ( F i g u r e  1),  which  
a re  ca l led  the  " y i e l d  v a l u e s . "  

These po in t s  a re  ob ta ined  b y  d r a w i n g  a t a n g e n t  
t h r o u g h  po in t s  B~, Be, etc., l y i n g  on the  same b u t  
a r b i t r a r i l y  ehosen he igh t  So of the  curves.  M a t h e m a t i -  
ca l ly  i t  can be p r o v e d  t h a t  these t a n g e n t s  in te r sec t  
each o the r  in  one p o i n t  S~. on the  o rd ina te ,  and  the  
abscissa  in  P~, Pf,  etc., in  accordance  wi th  the  gen- 
e ra l  f o r m u l a  : 

p.m 
Yie ld  ~'alue = K.  ~ g / c m  ~ (1)  

in which 

K -  n - 1  \ n / - - -  

VSo n 

and  P, ,  and  Sm are  the  eohrd ina te s  of  one p o i n t  on 

the  cu rve  chosen a t  r a n d o m .  I n  p rac t i ce  n a p p e a r s  
to be r e a sona b ly  cons tant .  A t  a def ini te  va lue  fo r  So, 
K becomes a cons t an t  and  the  y ie ld  va lue  can then  be 
ca l cu la t ed  f rom only  one measu remen t .  

I t  should  be borne  in  m i n d  t h a t  m a r g a r i n e  and  f a t s  
become sof te r  when  k n e a d e d  or  when  o the r  de fo rma-  
t ions  t ake  place.  I n  o r d e r  to avoid  these d e f o r m a t i o n s  
d u r i n g  the m e a s u r e m e n t  or  a t  leas t  to r educe  t hem to 
a min imum,  the  h a r d n e s s  has  to be m e a s u r e d  at  low- 
ve loc i ty  g rad ien t s .  

Yield Value  Determined wi th  Cone Penetrometers  

W i t h  cones�9 the  r a t e  of d e f o r m a t i o n  wi l l  be g r e a t  a t  
first,, b u t  the  cone is soon r e t a r d e d ,  a n d  so u l t i m a t e l y  
the  ha rdnes s  is m e a s u r e d  at  low-veloc i ty  g rad ien t s .  

V a r ious  i nves t i ga to r s  have  used  the  cone p e n e t r a -  
t ion  fo r  the  d e t e r m i n a t i o n  of h a r d n e s s  of  ma te r i a l s ,  
such as p i tch ,  paraff in ,  w a x  grease,  etc. 

Mohr  (1) d e r i v e d  a f o r m u l a  for  the  y i e ld  va lue  
m e a s u r e d  wi th  a cone pe ne t rome te r ,  which  was im- 
p roved  b y  R e b i n d e r  and  Semenenko  (2)  a n d  l a t e r  b y  
A g r a n a t  (3) .  

This  f o r m u l a  is expressed  as fo l lows :  

Yie ld  va lue  = K '  W / p  2 g / a m  2 (2)  

in  which  K '  is a cons tan t ,  on ly  d e p e n d e n t  on the  ang le  
a of the  cone, W is the  we igh t  of the  cone (kg)  and  p 
is the  p e n e t r a t i o n  d e p t h  ( cm) .  The  d e r i v a t i o n s  are  
in t r i ca t e ,  and  the  ca l cu la t ion  of K '  is compl ica ted .  
F o r  m a r g a r i n e  and  f a t s  the  d e r i v e d  f o r m u l a  (2) can- 
not  be used  in  the  same f o r m  as va r ious  compl i ca t ions  
wi th  th i s  m a t e r i a l  arise.  F a c t o r s  which  inf luence this  
y ie ld  va lue  a n d  m u s t  be t a k e n  into account  a re  : 

a. smoothness  o f  the c o n e - - I t  is necessary to clean the cone in 
order to reduce the influence of friction as much as possible. 

b. sharpness  o f  the cone t i p - - A  reduction factor should be in- 
troduced when working with nonideally sharp cone tips. The 
actual depth becomes p + p', in which p' is the height of the 
truncation. 

e. s t ructural  hardness  and  worl~ h a r d e n i n g - - O n  calcuI~ting the 
yield vMue from equation (2), Agranat starts from the as- 
sumption that the material is ideally plastic. This is cer- 
tainly not the case with fat  and margarine. 

d. durat ion of  the p e n e t r a t i o n ~ G e n e r a l l y  the cone comes to a 
standstill after 2-3 seconds, but under unfavorable condi- 
tions (soft samples and small cone angles) the penetration 
can go on for hours. For routine determinations however 
a time of 5 seconds gives reproducible results and was there- 
fore chosen as the standard time. 

e. ]cinetic energy of the c o n e - - I t  should be borne in mind 
that the penetration depth of a given cone is not only de- 
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FIG. 2. Yield values as a function of cone penetration, meas- 
ured with cones of v~rious angles and weights. 
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pendent) on its weight but also on the kinetic energy of the 
moving cone, which was neglected in the formula derived 
by Agranat (3). 

Calculation of the Yield Value from the Penetration 
Depth o~f a Cone 

Yield values P1, P2 (Figure 1) have only a relative 
value because they represent the force necessary to 
cause a certain, though small, deformation $1. As 
stated in the foregoing section, equation (2) is not 
quite valid because these above-mentioned factors are 
not fully taken into account. An empirical formula 
has been found by plotting yield-values, as measured 
with other instruments, against the cone penetration 
depths p, in a double logarithmic graph. Figure  2 
shows a number of parallel lines for  various cones. 
The slope and distance of the lines are indicative for 
the relationship : 

Yield value = K W / p "  g /cm 2 (3) 

Front a great number of measurements with margar- 
ine fats and shortenings n appeared to be 1.6. 

The penetration depth p is nleasured in 0.1 ram. 
W is the weight of the cone, and the K-value, which 
depends only on the angle of the cone, is a constant. 
The mean K-values found empirically for Cones, with 
angles increasing by 5 ~ are given in Table 1. Pa r t  of 
these values are obtained by graphic interpolation. 

T A B L E  I 

K for  cone angles  of 15 to 90  ~ g r a p h i c a l l y  
de t e rmined  p a r t l y  by i n t e rpo l a t i on  

Cone ang le  a (deg ree s )  K (mean va lue )  

] 5  
20  
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

3 0 7 0 0  
1 9 0 0 0  
1 3 0 0 0  

9 6 7 0  
74~0 
5 8 4 0  
4 7 0 0  
3900  
3 3 0 0  
2 8 1 5  
2 3 5 0  
2 0 0 0  
1 7 0 0  
1 4 2 5  
1 2 5 0  
1040  

When extremely soft and extremely hard samples 
are used, the scattering in the (mean) K-values is 
great. To avoid this the angle and weight of the cone 
should be adapted to the sample to be investigated. 

Some Particulars of Cone Penetrometers  

Various suitable penetrometers with changeable 
cone are on the market. Most of them are provided 
with a scale on which the penetration depth in 0.1 ram. 
can be read off. Some of them are provided with an 
automatic arresting device for a penetration time of 
at least 5 seconds. To this latter type belongs for 
instance the Hutchinson penetrometer, which is used 
in our laboratory. The original calibration in 0.1 ram. 
is however replaced by a scale from which the yield 
value can be read off directly. (Figure 3). The cone, 
which we made of aluminum, has a shaft aud a cone 
tip of hard steel. The cone angle is 40 ~ and the total 
weight of cone and moving parts is 80 g. The measur- 
ing range can be extended by introducing an extra 
weight of 80 g. The yield value is then found by 
doubling the scale reading. 

In  the Insti tute of Petrolemn penetration method 
(I.P. 49/46 and 50/48) use is made of a special 

Fro. 3. Penetrometer with scale for reading yield vafue direetIy. 

"grease cone," which is in fact a double cone. In  
Figure  4 the dimensions of this cone are given. 

This cone is often used in the determination of the 
hardness of soft greases, petrolatum, and fats (4). 
However the expression of the hardness in the pene- 
trat ion depth as sneh is, in our opinion, not justified 
because its relationship with the yield vMue is corn- 
plieated (Figure 4). The break in the curve occurs 
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Fro. 4. Penetration depth of aa A S T M  cone  as function of 
tile yield value o2 margarine and fat samples of various 
hardness. 

at a penetration depth of 150 scale units (0.1 ram.) 
and occurs at the place where the cone of 30 ~ changes 
into that of 90 ~ 

General Remarks 

The consistency range between very soft and very 
hard samples lies between yield values of approxi- 
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ulately 25 and 2,000 g./enf ' .  This range Call be cov- 
ered by three cones (each of 100 g.) with angles of 
30, 60, and 90 ~ , respectively. The penetrat ion depth 
can then easily be kept between 75 and 250 scale units  
necessary for  a good reproducibili ty.  I f  necessary, 
the weight of the cone is doubled. For  the correct 
in terpreta t ion of yield ~-alues the following table may  
be used as a guide: 

TABLE It 

Assessment of Margarines and Shortenings by Means of a Great 
Number of Thumb Tests as Compared with Yield Values 

Yield value (g. /cm -~ _ Assessment 

< 50 Very soft, to just pourable 
50-100 Very soft, not spreadable 
00-209 Soft, but already spreadable 

200-800 Satisfactory plastic and spreadable 
800-1,000 Hard,  but satisfactorily spreadable 

1,000-1,500 Too hard, limit of spreadability 
> 1,500 Too hard 

In  the following table the "usab i l i ty  r a n g e "  of 
some fa t  products, by which is understood the hard- 
ness limits at which a product  is just usable for  a 
special purpose, is given. I t  is not possible to give uni- 
versal limits. They have to be established for a spe- 
cific country and a. specific product  by statistical eval- 
nation. 

TABLE l l i  

Usability Range of Some Products in Yield Values (g. /em '2) 

Table margarine ................................................ 200-1000 
Puff-pastry margar ine  or fat ............................ 800-1600 
Sof~ shortening for stmrtcake . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 300 
Normal shortening (cake, etc.) . . . . . . . . . . . . . . . . . . . . . . . . .  200-700 
Hard  bakery fats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300-900 
Fats for- dough, etc.( "warm"  bakery) . . . . . . . . . . . . .  150 600 

Ill the procedure for  the hardness measurement  of 
margar ine  and fa ts  the thermal history of the product  
and the pre t rea tment  ( tempering) of the sample 
should be taken into account. 

Procedure for Determination of Penetration Values 
of Margarine and Fats 

Principle. The hardness is measured by allowin~ a 
metal  cone of known angle (1.5 to 90 ~ ) and weight (75 
to 250 g'.) to penetra te  into a sample for  5 seconds. 
The cone is clamped into an appara tus  with which the 
penetrat ion depth can be determined, calibrated in 
0.1 mm. or directly ill yield values. 

Tempering. To avoid mldercooling the samples are 
placed in a refria 'erator for  some hours and subse- 
quently at the measuring tempera ture  for 24 hrs. or 
longer when samples of more than 250 g. are used. 
As is true for  dilatation measurements  with fats, pre- 
vious cooling has proved to be the most sat isfactory 
to get the best reproducible results in hardness meas- 
urements.  

Measureme~t. Careful ly  smooth the surface on the 
s~ot where the penetration will be carried out. Place 
the sample rap id ly  under  the cone and tip accurately 
upon the snlooth surface. Allow the cone to penetra te  
into the sample for 5 seconds. Read the penetrat ion 

depth in 0.1 nun. or in yield values. I f  the penetra- 
tion depth is < 7.5 ram., the measurement  is repeated 
with doubled weight of the cone or a smaller cone 
angle is chosen. 

Calculation. The yield value is calculated from the 
penetration depth by means of the general formula :  

C = K W / p "  

in which C = yield value in g./enl e 
W = weight of cone and all par ts  belonging 

to it ( =  total  cone weight in g.) 
n = 1.6 (for margarine,  butter ,  shortenings) 
p = penetrat ion depth in 0.1 mm. 

K =  factor  dependent on the cone angle  
(Table 1) 

Summary 
In  order to be able to compare the results of hard- 

heSS measurements  on margarine,  fats, shortenings, 
etc., measured both with cone penetrometers  and oth- 
er rheological instrunlents, several measurements  have 
been made with various cones and samples. The re- 
sults obtained showed tha t  the yield value can be 
eMeulated f rom the following fo rmula :  

C = K W / p  1"6 
in which C = yield value 

K = factor  dependent  on the atl~'le of the 
cone 

p = the penetrat ion depth in 0.1 ram. at a 
penetrat ion dur ing  5 seconds 

W = the weight of the cone (grams)  

This formula  appeared to app ly  for  cones with 
angles between 15 and 90 .o over a very wide hardness 
range (between 45 and 8300 g. /cm 2) for  margarine,  
fat,  shortening, and butter .  

The advantages of the proposed procedure for de- 
termining the yield value are that  is is an objective 
measure instead of a " t h u m b  t e s t ; "  results obtained 
with various cones can be compared ; and this method 
is highly suitable for  standardizing.  
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