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U 
' N I F O R M I T Y  in shortenings is dependent  in 

pa r t  upon the analyt ical  controls tha t  are used 
dur ing their  prepara t ion.  This applies both to 

hydrogenated  and s tandard  or blended types. An 
investigation of known analytical  methods used for 
control on shortenings, was made at  the A r m o u r  
Laboratories.  The purpose of this investigation was 
to improve these methods so that  they would be bet- 
ter control guideS, or to develop a new and bet ter  
method. The result of this investigation was the 
development of a mechanical  device labeled the " C "  
Number  Machine, in which the " C "  represents  con- 
sistency. The machine principle has proved to be 
more valuable than  methods such as iodine value, 
Wiley melt ing point, congealing point, and cloud- 
point determinations. 

T~e p r inc ip l e  involved in this machine is the in- 
creasing viscosity in an oil as crystals  fo rm dur ing a 
t empera tu re  drop. The application of this principle 
is accomplished as follows: A standardized glass tube 
containing a definite volume of liquid fa t  or oil is 
immersed vert ically to a set depth in a constant tem- 
pera ture  cold water  bath. A reciprocat ing p lunger  
of special design mounted on a t i ter  thermometer  
moves in the tube at a definite rate similar to a piston 
in a cylinder. A cap on the tube acts as a guide for  
the thermometer .  As the oil is cooled in the water  
bath,  crystals  form. The frict ion between the plunger  
and the oil increases as a result of increasing viscosity 
of the oil until  a point is reached at which the tube 
rises and falls with the plunger. When the rise of 
the lube reaches a definite height, an electric switch 
is closed, and the result ing flow of cur rent  causes a 
buzzer to sound. A tempera ture  reading is taken on 
the thermometer  to which the p h m g e r  is attached. 
This value is the " C "  number  in degrees Centigrade. 

Definite advantages  of this machine over other 
methods are its accuracy, sensitivity, and speed. 

The pure ly  mechanical aspect of the determination 
eliminates the subjective errors common in  o t h e r  
methods.  Reproducibi l i ty  of results by  inexperienced 
operators  is the rule ra ther  than the exception. In  
one series of check runs the max imum variat ions 
among five operators  was 0.3°C. 

The sensit ivity advantage of the " C "  number  
makes it an ideal control for  hydrogenat ion,  because 
greater  un i formi ty  in finished shortening is possible. 
Sensit ivity of the " C "  number  is i l lustrated in the 
curves of figure number  one. Samples of soybean oil 
were removed at intervals dur ing hydrogenat ion and 
analyzed for  Wijs  iodine value,- congealing point, and 
" C "  number.  A plot of the iodine number  against  
the other constants is i l lustrated. I t  should be noted 
that  the slopes of all of these curves change ra ther  
ab rup t ly  at about  the same iodine value. This iodine 
value is called the critical point. Below it the physical 
characterist ics of the hydrogenated  produc t  begin to 
change more rapidly  for  small decreases of the iodine 

* Now a Major  in the U. S. Army Air Corps. 

BI  

8o  

79 

78 

77 

7.S" 

w 

"to 

~ 9  

I ; 8  

t7  18 l a  zo  Z t  z z  z $  .Z4 Z~  .~e Z7 28  ,~9 .~o 31  3Z  ,33 34  3S  
OE:~iI~F.E3 CENT/GRADE 33  34  3 f f  36  37  . 38  39  "~0  ~ ; t  4~ .  

WIL£Y  MELTING POJNT 

Fro. 1. 

number.  A comparison of the sensitivity of the vari-  
ous methods depended upon their rate of change be- 
yond the critical point. In  table number  one is listed 

T A B L E  I 

Iod ine  V a l u e  "C"  N u m b e r  Congeal  Wi ley  M . P .  

75 17.8  26 .3  35 .5  
74  18 .7  27.3  3 6 . 4  
73  20 .8  29 .4  38 .3  
72  22 .9  30 .4  3 9 . 4  
71 24 .9  31 .4  40 .1  
70 26 .5  32.2  4 0 . 7  

the various analytical  results between iodine values 
of 70 and 75. Between the values 73 and 75, the sensi- 
t ivi ty of the three methods was comparable.  IIowever,  
in the iodine range of 70 to 73, the var ia t ions per  uni t  
iodine value of the three methods were about  as 
follows : 

" C "  number  ..................................... 2°C. 
Congealing point  .............................. 1 ° C. 
Wiley melt ing point  ........................ 0.8 ° C. 

The grea ter  sensitivity of the " C "  number  plus the 
speed of its determinat ion makes it a superior  method. 
Normal ly  a " C "  number  determinat ion requires only 
five minutes. 

Because the " C "  number  was an a r b i t r a r y  value, 
it became necessary to determine the appropr ia te  hy- 
drogenation end-point  range. Uni form plast ic i ty  in 
the finished shortening was the criterion used in deter- 
mining this end-point range. Dur ing  the course of the 
hydrogenat ion of soybean oil, samples of va ry ing  " C "  
numbered  product  were removed. These samples were 
plasticized, and penetra t ion determinations were run  
on the shortenings at  70°F. 

I L L U S T R A T E D  in figure number  two is a plot of 
the penetra t ions  on two separate hydrogenat ions 

against  the " C "  number :  The penetra t ion values as 
given in figure number  two were determined by  the 
method described by  A. D. Rich (1). The expressed 
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