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dium-earbon catalysts, thereby speeding up the deter- 
minations, improving their precision, and extending 
their  utility. 

Acknowledgment 
The authors wish to thank A. C. F. Mason for the 

glass construction work and Miss Leah Katz for  prep- 
aration of the drawings. 

REFEI~ENCES 

1. Joshel, L. M., Ind. Eng. Chem. Anal. Ed., 15, 590-59l (1943). 

, 2. Mason, A. C., F., unpublished. 

3. Noller, C. R., and Barusch, M. R., Ind. Eng. Chem. Anal. Ed., 
14, 907-908 (1942). 

Pack, F. C., ]Planck, R. W., and Dotlear, F. G., J. Am. Oil Chem. 
Soc  29, 227-228 (1952). 

[Received J u l y  22, 1953] 

A Rapid Dielectric Method for Determining the Oil 
'Content of Flaxseed ' 
W. HAWARD HUNT, M. H. NEUSTADT, JOE R. HART, and LAWRENCE ZELENY, Grain Branch, 
Production and Marketing Administration, United States Department of Agriculture, 
Washington, D. C. 

T H E  theory and application of h igh-f requency 
oscillators to chemical analysis was covered in 
a previous paper  (1).  Briefly summarized, the 

basic principle in the application of high-frequency 
oscillators to chemical analysis depends upon the fact  
that  when a solution or solid is placed within the 
coil or between condenser plates of a high-frequency 
oscillator, it affects the characteristics of that oscil- 
lator to an extent determined by the nature and con- 
centration of the sample. Any  one or more of the 
characteristics or their changes, such as plate or grid 
current,  plate or grid voltage, or f requency changes 
may be measured. The addition of the sample to the 
coil or Condenser produces changes in f requency in 

1 
accordance with the formula:  f - -  

2~ ~/LC 
where f ~ f requency 

L ~ inductance of the oscillator coil 
C-- -capaci tance  of the parallel resonant 

circuit 

The electronic tester described in the previous pa- 
per functions on the principle that  the radio fre- 
quency impedance of a condenser is changed when 
the properties of the dielectric between the plates 
are altered. The test cell condenser is designed to 
hold liquids. At  the beginning of a test the cell is 
empty, and the dielectric between the cylinders of 
the cell is air. When an oil solvent is poured into 
the test cell, the impedance is lowered and the fre- 
quency of the oscillator is changed. The change in 
f requency is indicated on the frequency meter. When 
a small quant i ty  of oil is added to the solvent, the 
impedance is raised. I f  more oil is added to the sol- 
vent, there is a fu r ther  change in the dielectric value 
and a corresponding increase in the impedance of 
the test cell condenser. Impedance changes shift the 
f requency of the oscillator circuit and are indicated 
on the frequency meter. 

The previous paper covered in detail the equipment 
and procedure for determining the oiI content of soy- 
beans by a dielectric method. The purpose of the 
present paper  is to describe the modifications in the 
procedure that are necessary to adapt  the dielectric 

~The study on which  these f indings are based  wa~  m a d e  u n d e r  
authori ty  of the Agricultural  Market ing  Ac~ of 1946 (RMA, Title I I ) .  

method for determining oil content to flaxseed an- 
alysis and to present conversion data for  computing 
percentage of oil f rom dielectric readings. 

The Application of High-Frequency Oscillators 
to, Analysis, of F4axseed for Oil Content 

Briefly, the dielectric method for determining the 
oil content of flaxseed and soybeans consists of simul- 
taneously grinding and extracting the sample in a 
Stein Labora tory  Mill (Figure  1) 2 in the presence 
of orthodichlorobenzene, filtering, and then measur- 
ing in the Steinlite LOS Unit (Figure 2) 2 the dielec- 
tric value of the filtrate and converting this value to 
percentage of oil. 

The major  difficulty faced in adapting the method 
to flaxseed was in the filtering. The flaxseed-ortho- 
dichlorobenzene mixture, a~ter simultaneously grind- 
ing and extracting with the mill, was a gelatinous 
mixture that  required f rom 30 minutes to several 
hours to filter. This occurred regardless of the mois- 
ture content of the flaxseed. Vacuum filtering and 
pressure filtering, using many different types of filter 
paper, were tr ied without appreciably reducing the 
filtering time. As a similar filtering difficulty with 
wet soybeans was resolved by heating the samples 
for  five minutes with inf rared radiant  heat (1), tests 
were made to determine the effect of inf rared  radiant  
beat on flaxseed. I t  was found that  such heating of 
flaxseed for  4 minutes--regardless  of original mois- 
t u r e - w o u l d  prevent  the formation of a gelatinous 
mixture  during the grinding operation and the filter- 
ing time was reduced to 6 to 8 minutes per sample. 

Since a current  of air blowing over the sample was 
also necessary to carry  off the released moisture and 
to hel p keep the surface of the samples cool and 
thereby lessen the danger of scorching, a special in- 
frared,  forced-draft ,  drying uni t  was designed and 
built  (Figure 3). This unit  consists of two Chroma- 
lox, 2 type I~AD, 800-watt inf rared radiant  heaters 
mounted parallel On adjustable rods in a cabinet that 
has a perfora ted metal floor and a blower uni t  de- 
signed to blow air up  through the floor. The heaters 
can be adjusted to any height up to 10 inches above 
the samples. The height used for flaxseed and soy- 

2The mention of firm names  or t rade  products  does not imply that 
they are  endorsed  or recommended  by the Department of Ag~ricult~ure 
over other firms or similar products  not  mentioned. 
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F~O. 1. IIigh-speed grinder-extractor. 

beans is 7 inches above the samples. The three t rays  
for  holding the samples are each 8 x 6 x 1~/~ inches 
and are divided by  a par t i t ion to make two compart-  
ments, each 6 x 4 inches. Samples are placed in each 
compar tment  and, a f t e r  heating, are poured out sep- 
ara te ly  by  covering one compartment .  There is an 
opening 15~6 x 181~ inches in the f ron t  pa r t  of the 
cabinet at floor level for  insert ing the t rays  into the 
unit. The t r ays  are made of finely per fora ted  metal  
or of heavy woven-wire screen so tha t  air  blowing 
up through the floor of the cabinet will pass through 
the samples. 

Analytical Procedure 

1. Tu rn  on the LOS unit  and  allow ]t to warm up 
for  at least 15 minutes before taking any  readings. 

2. A solvent-oil mixture  should be kept  in the liq- 
uid cell at all times when the ins t rument  is not in 
use. Dra in  this solution out and wipe both electrodes 
clean and d ry  with a soft cloth (p re fe rab ly  cheese- 
cloth) and fill the cell with solvent. Allow to stand 
for  a few minutes and then drain  and reclean the 
electrodes. Balance the ins t rument  b y  turn ing  the 
selector switch to the red but ton and rotate the com- 
pensator control unti l  the meter  needle is at 45 (red 
line) on the " c h a r t  sca le"  of the meter. Refill the 
cell with solvent and read the meter  with the selector 
switch at the " A "  position. Li f t  the electrode to 
allow the solvent to drain  out over the thermistor  
and take the tempera ture  reading of the solvent on 
the " t e m p e r a t u r e  sca le"  of the meter. Ad jus t  the 
solvent reading to 85~ by  adding 4.5 seale divisions 
per  degree below 85~ or by  subtract ing the same 

value for  each degree above 85~ I f  the solvent 
reading, when adjusted to 85~ is more than ~ 5 
scale divisions f rom a reading of 45 " A , "  determine 
the solvent correction to be added or subtracted to 
subsequent readings. 

3. Determine the moisture content of the flaxseed 
if it is desired to express oil content at some fixed 
moisture basis. 

4. Weigh to the nearest  0.1 g. 80 g. of flaxseed and 
place in the t r ay  of the dry ing  unit.  Preheat  the dry- 
ing unit  for approximate ly  ] minute before put t ing  
the sample into it. Hea t  the sample for  4 minutes, 
s t i rr ing occasionally with a spatula  to prevent  sur- 
face overheating. 

5. Place the dried sample in the extraction eup Of 
the Stein Labora to ry  Mill and add 120 ml. of ortho- 
dichlorobenzene, which has been previously adjusted 
to the proper  dielectric value, '~ f rom an all-glass auto- 
matic pipette or dispenser. Grind and extract  for  4 
minutes. Timing of the operation may  be controlled 
by  the time switch on the mill. 

6. F i l te r  with vacuum through a 15-em. Buehner  
funnel  fitted with Wha tman  No. ] filter paper  or 
equivalent. 

7. Fill  the test  cell near ly  full  with the filtrate. 
St i r  the contents, vigorously by  rap id ly  rota t ing the 
inner electrode back and for th  through an are of 
approximate ly  270 ~ for  about  5 seconds. Snap  the 
switch arm into the eomleetor housing and tu rn  the 
selector switch unti l  a reading can be made on the 
scale. Disconnect the switch arm, reagitate,  and take 
a second reading. Repeat  this procedure unti l  three 
consecutive readings are in exact agreement.  This is 
necessary to insure that  the liquid and tile cell are 
at equil ibrium temperature .  Diseonneet the switch 
a rm and l if t  the center electrode f rom the cell. Read 
the tempera ture  scale a f t e r  the solution has drained 
over the thermistor  for  5 seconds. 

8. Convert  the meter  reading to the " a s  i s "  oil 
content f rom the conversion table and then correct 

aThe  m a n u f a c t u r e r  of the  a p p a r a t u s  h a s  p rov ided  an  a d j u s t e d  and  
blended solvent  of the a p p r o p r i a t e  p roper t i es  u n d e r  ~be n a m e  Steinl i te  
Solvent  No. 1. 

Fro. 2. The electronic tester. 
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RELATIONSHIP BETWEEN THE OIL CONTENT 
OF FLAXSEED A N D  METER READINGS 
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FiG. 4. Relationship between the oil content of flaxseed and 
meter readings. 
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Fro. 3. Infrared, forced-draft, drying unit (with front panel 
remorea). 

this value to oil content at 85~ To convert the oil 
content results f rom an " a s  i s "  basis to any moisture 
basis desired the following formula  is used: 

% oil X ( 1 0 0 -  desired moisture basis) 
X 100 

(100 - -  aetn al moisture) 

Notes on Procedural Steps 
a) P~/ore making any  tests on the solvent and be- 

fore each sample is placed in the cell, the ins t rument  
must be balanced with the selector switch on the red 
button. Before balancing, the cell must  be empty  and 
wiped d<v. 

b) As a rule, the solvent needs to be checked only 
onee a day. 

c) Flaxseed having a moisture content below 5% 
poses a speeial probleln. I ts  moisture content can- 
not be accurately determined by electrical means and 
also a sho r t e r  grinding-extract ion time is necessary 
(3 minutes) .  

Experimental Data and Results 
The successful applicat ion of the dielectric method 

to the analysis of soybeans f o r  oil content, as de- 
scribed in a previous paper,  gave indication that  the 
method would be applicable to flaxseed and perhaps  
other oil-bearing seeds. Af te r  pre l iminary  studies 
with flaxseed and modification of the method for  soy- 
beans to flaxseed, 74 samples of flaxseed ranging in oil 
content f rom 37.04% to 44.14% were analyzed under  
varying conditions of t ime and tempera ture  of extrac- 
tion, using two electronic testers for reading each 
sample under  vary ing  and at constant room tempera-  
tures. Replicate determinations were made on eacb 
sanlple, and their  r.leter readings were g~'aphicaIly 
plotted against  the oil content as determined by  the 
regular  extraction procedure. F igure  4 shows the 
distr ibution of these points along the regression line. 

The regression line is plotted f rom the regression 
equation : 

y - -  34.92 + .14567x 

where y - - o i l  content (percentage)  
x ~ m e t e r  readings 

A conversion table to translate meter  read ings  into 
oil content w a s  p repared  f rom the regression equa- 
tion. The s tandard  error  of estimate in determining 
oil content by  the dielectric method was found to be 
0.346 in terms of percentage of oil. The coefficient o f  
correlation was found to be @ 0.97. 

Discussion 
The method of analysis described above a p p e a r s  

to be quite suitable for pract ical  application to the 
rap id  determination of the oil content of flaxseed. 
Results on a single sample can be obtained in about  
20 minutes, the variable being the rate  of filtration. 
I f  a series of samples is analyzed, then the time per 
sample is fu r ther  reduced because the grinding- 
extraction of one or more samples can take place 
while previous extracts  are filtering. I t  is estimated 
that  two analysts working with two grinder-extractors  
and one electronic tester could analyze f rom 20 to 25 
samples per  hour. 

The technique of analysis is simpl e enough so that  
n o n - c h e m i s t s  can, with br ief  instructions, per form 
the analysis with the speed and accuracy previously 
indicated. 
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