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(Fig. 2) were constructed. Herein each unit of the 
coordinates is equal to 1 g. ; for the curves A, B, and 
C it is however, as mentioned above, 0.1 g. 

Summary 
The presence of oleic acid in mixtures containing 

palmitie and stearie acids has the effect, within cer- 
tain limits, of lowering the melting point without the 
irregularities observed in those cases where the for- 
mer is absent. Experiments have been made which 
show that this behavior of oleie acid has a counter- 
part, insofar as solubilities are concerned, in its in- 
fluence on the solubility of the same ternary system 
in methanol. Thus the quantities of the solid fatty 

acids dissolved are, within commercially important 
ranges, proportional to the amount of oleic acid pres- 
ent in the mixture. 
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A Procedure for the Determination of Total Unsaturation in the 
Products of in Vitro Oxidation of Fatty Acids in 
Biological Systems 
S. MUKHERJEE, Department of Applied Chemistry, Calcutta University, Calcutta, India 

N U M E R O U S  halogen absorption methods are 
available for measuring the unsaturation of 
fats and fat ty acids and the majority of cus- 

tomary methods are satisfactory when the fat is avail- 
able in an anhydrous state. The estimation of the 
absolute amount of unsaturation produced in the 
course of the biological oxidation of fat ty acids in 
vitro in the presence of mold suspensions presents a 
problem of considerable difficulty. The prevalent 
methods for estimating unsaturation of fat ty sub- 
stances, viz., those of Wijs, Hanus, and Hubl, that 
have been used by previous investigators in the field 
of fat metabolism entail the laborious process of ex- 
traction of the fatty acids from the reaction mixture 
by the ether-alcohol mixture, evaporation of the sol- 
vent, and the determination of the iodine absorption 
of the residual fat, which must be present in an abso- 
lute anhydrous state. The difficulty experienced in 
complete extraction of the fatty matter and the con- 
sequent inaccuracy of the results obtained has been 
mentioned again and again, and so far absolutely no 
attempt has been made to devise a method for the 
determination of unsaturation produced in biological 
systems without involving the extraction methods. 
The interest in evolving a suitable method for the 
estimation of the unsaturation of the reaction fluid 
obtained in the biochemical oxidation of the fat ty 
acids in in vitro experiments lies in the fact that the 
absolute quantities of the fatty acids employed in 
such experiments are exceedingly small to effect an 
efficient extraction by the prevalent technique with 
ether-alcohol mixture and that for easy manipulation 
such estimation of unsaturation should only be made 
in aqueous solutions of salts of the fat ty acids. Gos- 
wami and Basu (1) employed hypochlorous acid re- 
agent for determining the unsaturation of oils and 
fats, and their method consisted in first preparing 
the soap and then conducting the absorption of the 
hypochlorous acid for effecting the saturation of the 
double bond. 

The method originally employed by them has how- 
ever been modified greatly by the present author, and 

an extensive investigation regarding the concentra- 
tion of the acid, the relative amounts of reagents, and 
the time of reaction has resulted in a more simplified 
method. 

Experimental 
The acid is weighed directly into a 250-ml. reagent 

bottle, provided with a ground glass stopper, and 
treated with 5 ml. of glacial acetic acid (A. R.);  10 
ml. of sodium hypochlorite solution (approximately 
0�9 N) is added by a pipette and the bottle stoppered 
immediately. The stopper is sealed by moistening it 
with potassium iodide solution. A definite reaction 
time is allowed for the absorption of IIOC1, after 
which 10 nil. of a 15-p.c. solution of potassium iodide 
is added and the flask is kept in the dark for 5 min- 
utes. Distilled water (100 ml.) is added and the lib- 
erated iodine titrated with 0.1 N thiosulfate. The 
amount of HOC1 absorbed is determined by carrying 
out a blank experiment�9 The results can be expressed 
in terms of iodine equivalents of the HOC1 absorbed 
by the fat ty acid, and the absolute amount of acid 
can be calculated directly from the volume of thio- 
sulfate consumed. 

A study of the relative effect of time, reaction 
temperature, sample size, and excess of reagents, fac- 
tors which are of primary importance in the addition 
of halogen to double bonds, has been made, using 
pure oleic acid (1.V 89.86) as a substrate. Table I 
indicates that halogen absorption is almost complete 
within 5-10 minutes at 37~ when 0.1-0.12 gm. of the 
sample are used. 

The amount of reagent used in excess varied from 
210 to 236%. As a safe limit a 15-minute reaction 

TABLE I 

Effect of Time and  Tempera ture  on the Determination of Unsa tu ra t ion  
of Oleic Acid by Use of Hypochlorous  Acid Reagent 

Temp. 
(~ 

5 ~ 1  
1 6 ~ 1  
3 7 ~ 1  

5 10 15 30 60 [ 1 2 0  [ 2 4  
rain. rain. rain. rain. rain. min.  [ hr .  

89:43 I 89165] sg:so 89:s6 I s9:90 [ s9:90 8: 
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TABLE II 

Effect of Excess Reagen t  and  Sample  Size on De te rmina t ion  of 
Iod ine  Number  by t lypoch lorous  Acid Method 

A m o u n t  of acid taken 

0.0832 ....................................................................... 
0.0893 ....................................................................... 
0.0882 ... ................................. ~ ............................ 

0 .1415 ....................................................................... 
0.1515 ...................................................................... 
0.1476 ....................................................................... 

0.1973 ....................................................................... 
0 .1920 ....................................................................... 
0.2315 ....................................................................... 

15-minute  react ion 
per iod at  37~ 

Percen t  
excess Iod ine  

reagent  No. 

89.18 
291 89.87 
368 89.90 

182 89.12" 
296 89.85 
377 89.86 

152 88.82 
273 89.78 
351 89.83 

period can be recommended for  the absorption of 
hypochlorous acid. F r o m  the data of Table I I  it 
appears that when ': about 300% excess reagent and 
a 15-minute time period is used, this procedure gives 
reproducible results for  the iodine number. The sam- 
ple size is relatively unimpor tant  provided a large 
excess reagent is used. The following table (Table 
I I I )  records the results of the estimation of oleic, 
linoleic, crotonic, and ricinoleic acids by  use of this 
procedure. The acids were employed in the form of 
their sodium salts, an approximately N/10 solution 
being prepared  in each ease and different volumes 
pipetted in order to vary  the weight of the acid taken. 
The solution was acidified with glacial acetic acid and 
treated with 0.14 N sodium hypochlorite solution as 
before. Duplicate experiments were performed with 
the same volume of soap solution and the mean val- 
ues tabulated. 

T A B L E  I I I  

t typochlorous  Acid Method for  Es t ima t ion  of F a t t y  Acid 
Weights  b y  Iodine  Equ iva l en t s  

Acid added 

Name A m o u n t  (rag.) 

Oleic 90.0 9 0 5  
180.0 180.0 
225.0 226.2 
450.0 450.0 

Linoleic  102.5 102.8 
2O5.O 203.O 
401.0 401.0 
256.3 256.2 

Orotonic 141.6 141.7 
140.2 139.5  

2.80 2".79 

Ricinoleic  151.0 150.2 
302.0 301.7 
226.5 226.5 

Acid calculated 
f rom t i t ra t ions  

(rag.) 

The results of Table I I I  clearly show the accuracy 
of the method in estimating the concentration of a 
known fa t ty  acid in terms of iodine equivalents. The 
following table records the results of estimation of 
crotonic acid on a semi-micro scale by  use of the hy- 
pochlorous acid method. 

The ease with which HOC1 adds at the double bond 
quantitatively, as evidenced by experimental  results 
in Tables I I I  and IV, places in the hands of fu ture  
investigators in the field of fa t  metabolism a very  
useful tool for  exploring such reaction products. 

Consideration should be given to the interference 
of other intermediaries of f a t ty  acid oxidation with 
the HOC1 reaction, viz., ketone bodies and beta-hy- 
droxy acids. Experiments  conducted with crotonic 
acid in the presence of different amounts of acetone 

and beta-hydroxybutyr ic  acid lead one to the con- 
clusion that  acetone must be removed from the reac- 
tion mixture before HOC1 estimations may be taken 
to give an accurate measure of the quant i ty  of un- 
saturation. The presence of beta-hydroxybutyr ic  acid 
has no interfer ing influence on the reaction. This is 
fu r the r  substantiated by  experiments with 12-hy- 
droxy oleie acid (ricinoleic acid) when the amount of 
HOC1 absorbed gives a t rue measure of the double 
bonds. The hydroxyl  group is left  unat tacked (Table 
I I I ) .  

The results of the experiments with ricinoleie acid 
conclusively prove that  with HOC1 reagent no sub- 
stitution reactions take place. 

For  the estimation of unsaturat ion in the product  
of biological oxidation of fa t ty  acids, it is only neces- 
sar.v to precipitate the proteinacious substances with 
trichloracetic acid, remove the ketone bodies, if any, 
and then directly apply the hypochlorous acid pro- 
cedure for estimation of the unsaturation. 

T A B L E  I V  

Semi-Micro Es t ima t ion  of Crotonic Acid by I-IOC1 :g~[ethod 

Acid added Acid calculated 
from t i t r a t ions  

Name Amoun t  (rag.) (mg.)  

Crotonic 0.1290 
0.0258 
0.0129 
0.00645 
0.3096 
0.0172 
0.02150 

0.1284 
0.0256 
0.0130 
0.0063 
0.3096 
0.0172 
0.02152 

Recommended Procedure. The reaction fluid (5 
nil.), of which the unsaturat ion is to be measured, 
is t reated with trichloracetic acid (1 ml. of 100% 
solution) to precipitate the protein mat ter  and cen- 
t r i fuged for 5 minutes, and the clear solution made 
up to vohune in a 10-ml. graduated cylinder with 
one or two washings. An aliquot par t  is used for the 
estimation of unsaturation.  A 2-ml. aliquot of the 
solution is pipetted into a 150-ml. Er lenmeyer  flask 
provided with ground glass stopper and acidified with 
5 ml. of glacial acetic acid (A. R.) and the solution 
gently heated, neutralized with Na2COs, and evapo- 
rated nearly to dryness on a water bath to ensure 
complete removal of acetone. The contents are dis- 
solved in 5 ml. of distilled water, made strongly acid 
with 5 ml. of glacial acetic acid (A. R.), and 2.0 ml. 
of s tandard 0.1 N HOC1 solution added and the reae- 
tion carried out as before. The l iberated iodine is 
t i t ra ted against N/500 thiosulfate. The amount of 
HOC1 absorbed can be obtained by  running a blank 
experiment with 2.0 ml. of the ttOC1 reagent. The 
result can be expressed as percentage total nnsatu- 
ration in terms of iodine equivalents of the HOC1 
absorbed. 

S u m m a r y  

1. The unsaturat ion produced during the biological 
oxidation of fa t ty  acids in vitro can be determined 
by use of a hypoehlorous acid reagent, which readily 
adds at the double bond of the system as follows: 

- -  C H  - -  C H  - -  OH 
I[ -t- HOC1 ) ! 

- -  C H  - -  C H  - -  C1 

2. The addition is quanti tat ive and complete within 
10 minutes. The use of 15-minute reaction time at 
37~ is recommended. 
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3. The method can be employed for  the semi-micro 
estimation of unsa tura ted  acids. 

4. There is no chance of subst i tut ion and hence 
prolonged reaction times are without any  influence. 

5. The results are affected by  the presence of 
ketone bodies, bu t  b e t a - h y d r o x y  acids cause no in- 
terference with the estimation. 

The method has been successfully extended for  
the estimation of total  unsa tura t ion  of oils and 

fats, which will form the subject  mat te r  of a fu ture  
communication. 
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A 'Comparison of Several Methods for Determination of 
Non-Oil Constituents of Raw Linseed Oil 

J. N. SHAW, J. W. GARRETT, and S. O. SORENSEN, Archer-Daniels-Midland Company, 
Minneapolis, Minnesota 

D U R I N G  the year  of 1950 a total  of I billion, 87 
million pounds of linseed oil was produced (1).  
A large port ion of this oil was sold and con- 

sumed as raw linseed oil. In  establishing quality, a 
grading factor  such as refining loss is not applicable. 
Raw linseed oil must  be evaluated by  tests showing 
its qual i ty as a raw oil. 

Both the American Society for Testing Materials 
and the Federa l  Government  have set up similar speci- 
fications for  the evaluation of raw linseed oil. With  

TABLE I 

A.S.T.M. and  Federal  Specifications for  R a w  Linseed Oil 

Tes~ I Specification 

Specific Gravi ty  at 15 .5 /15 .5~ ............................. I 0.931 to 0.936 
I 

Acid Value, Maximum ............................................ I 
[ 

Saponification Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

Unsaponifiable, l~aximum, % ................................ 

Iod ine  Value, Wijs, Minimum ............................... 

Loss on H e a t i n g  a t  105 to l l 0~  ~[aximum, % .... 

Appearance  .............................................................. 

Color ........................................................................ 

Foots ,  Maximum, % 
Hea ted  Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chilled Oil ............................................................ 

4.0 

189.0 to 195.0 

1.50 

177.0 

0.3 

Clear and  t r anspa r -  
ent  a t  65 ~ C. 

Not darke r  than  a 
freshly p repa red  
solution of 1.0 g. of 
K_~Or207 in 10O ml. 
of pure  I-IeSO~ (Sp. 
Gr. 1.84) 

1.0 

4.0 

one exception the tests such as specific gravi ty ,  acid 
value, iodine value, saponification value, etc., are com- 
mon to the grading of all vegetable oils. The excep- 
tion is the " F o o t s "  test. This test, the Walker -Wer tz  
Method of Foots  Determination,  has been in use for  
approximate ly  22 years, and dur ing this period the 
only modification has been the inclusion of a heated 
oil and chilled oil section, a change made within five 
years  of the initial adoption of the test. 

In  1923 and 1924 the ASTM Subcommittee V of 
D-1 spent considerable t ime on collaborative work 
on the Foots Determinat ion (4, 5). Nine samples of 
oil f rom various sources and of different ages were 
examined by  seven laboratories dur ing each year.  Va- 

rious modifications were considered, including pre- 
heating of the oil in a water  ba th  a t  65.5~ for one 
hour or pre-cooling of the oil in an ice ba th  for  12 
hours before car ry ing  out the Foots Determination.  
A centr ifuge modification was also considered. 

Af te r  collecting all of the data and examining it 
very  critically, the subcommittee reached this con- 
clusion in 1923: " T h e r e  is but  one conclusion that  
can be drawn f rom the data . . . and that  is that  in 
all modifications and upon all types of oil the (Foots) 
test is very inaccurate.  The average error  varies f rom 
55% to 130% when the results of the determinations 
by  the several modifications of the methods are con- 
sidered . . . therefore the subcommittee concludes that  
the ASTM and the Suther land modifications (centri- 
fuge procedure)  of the ASTSI  Foots test are both in- 
capable of yielding accurate results in the hands of 
skilled operators. Consequently it is recommended 
that  this test not be advanced to s tandard  at  this 
t ime . "  And in 1924 the subcommittee came to this 
conclusion: " T h e  variables in the method seem to be 
too great  to allow for  sat isfactory results. The figures 
speak for  themselves. The s u b c o m m i t t e e ,  therefore, 
must  re luctant ly  reaffirm the position taken in its last 
yea r ' s  report ,  namely, that  neither this test, nor any  
modification of it proposed to date, is sufficiently ac- 
curate for  use in the s tandard  specifications." 

However,  in spite of the above conclusion, the Foots 
test  was made a p a r t  of the tentat ive specifications 
for  linseed oil in ]926 and short ly thereaf ter  became 
a s tandard  specification, which has remained essen- 
t ially unchanged to this date. 

Original Foots Test. American Society Materials, 
DSl-18T (6) 

I .  P E R C E N T A G E  OF F O O T S  

1. The amount  of Foots in p roper ly  clarified pure  
raw linseed oil f rom North American seed, as deter- 
mined b y  the test specified below, shall not exceed 
2% by  volume. 

I I .  5 ~ E T H O D  OF D E T E R M I N A T I O N "  

2. The following reagents are required:  
a. Acetone that  will pass United States Pharma-  

copoeia specifications. 


