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T A B L E  II 
Nitrogen Analyses of Pure. A m m o n i u m  Salts  

S a m p l e  

Fisher  r e a g e n t  
a m m o n i u m  sulfate  ....... 

A.O.C.S. s tandard  
&nllnonium sulfate  ....... 

N.B.S. mono- 
amnmnium phosphate_ 

Theoreti- 
cal % N 

21.20 

21.20 

12.18 

%N 
found by 
Kjeldahl  
method  

21.]8  

21.17 

12.17 

% N f o u n d  
formalde-  

h y d e  pl~ of 
t i t r a t i on  5% solu- 
A.O.A.C. ~ion 

2.26 
(1) 

21.19 5.2 

21.18 5.5 

tion. The A.O.C.S. s tandard annnonium sulfate is 
marked " l o t  No. 42848, 25.70% NH3."  This corre- 
sponds to 21.14% of nitrogen. A 5% solution of pure 
ammonium sulfate should have a pH  of 5.2 to 5.3 at 
room temperature.  

Table I [ [  presents our analyses of a number of 
reference chemicals. These analyses were obtained 
over a period of several months (dur ing our partici- 
pation in the Smalley Series), and the results were 
collected and compiled. 

T A B L E  I I I  
Nitrogen Analyses of Reference Chemicals 

Subs tance  

A m m o n i u m  sul fa te  
r e a g e n t  ............................ 

A m m o n i u m  oxalate 
r e a g e n t  ............................ 

1-Cystine 
r e a g e n t  ............................ 

Acetan i l ide  
r e a g e n t  ............................ 

Benz id ine  
r e a g e n t  ............................ 

U .S .P .  n icot in ic  
acid .................................. 

Theory 

21.20 

19.71 

11:66 

10.36 

15.21 

11.38 

N. of 
all~ zses Mean 

21.18 

19.69 

11.59 

10.31 

15.09 

11.37 

Average  
devia t ion  

0.009 

0.007 

0.O0O 

0.005 

0.008 

0.007 

NOT~: Iden t i ca l  n i t rogen  analyses were obtained on three specimens 
of acetani l ide.  These were sample 141 from the U. S. Nat iona l  B u r e a u  
of S tandards ,  the micro-analyt ica l  s t a n d a r d  of the Br i t i s h  Drug  Houses,  
and  an  E a s t m a n  Kodak sample. 

Discussion 
Our rapid Kjeldahl  method (4) has been modified 

to use sample weights up to 5 g., new one-piece dis- 
tilling apparatus,  and weight buret te  technique in 
the titrations. In  the distillation step, zinc was elimi- 
nated and a minimum of excess alkali was used. 
These improvements, along with other refinements 
described above, resulted in improved precision. 

This special investigation (which included analy- 
ses 02 reference chemicals, precipitation of ammo- 
nium chloroplatinate, demonstration that  the alkali 
isolated was completely volatile, intercomparisons 
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of standards, and standardized solutions and other 
checks) proves that  the Smalley Oilseed Meal Sam- 
ples contain about 0.05% units more of nitrogen than 
the average analyses of the part icipat ing laboratories 
which used the official A.O.C.S. procedure (2). Had  
these laboratories used the latest modification of the 
A.O.A.C. procedure (1),  it is likely that  somewhat 
higher values would have been obtained. We believe 
that  the A.O.A.C. procedure is superior to the A.O.- 
C.S. procedure because the digestion temperature  is 
higher, the digestion heating intensity is specified, 
and the acid used in measuring the ammonia is 
standardized directly and then checked against the 
standardized sodium hydroxide solution. 

The report  of R. C. Be r ry  (3) compared high and 
low digestion temperatures  on cottonseed meal, meat 
scrap, and fish meal. The increase in protein recovery 
was 0.937, 0.57, and 0.713% units, respectively. I t  
is not surprising therefore that  we should obtain 
slightly higher nitrogen values in using our very in- 
tense digestion conditions, wherein complete miner- 
alization of the nitrogen is obtained in about 15 ~nin. 
on 1-g. samples. Insufficient sample was available to 
us to investigate the relative importance of the two 
factors likely responsible for  our higher niCrogen re- 
coveries. These are a more intense digestion and a 
one-piece distilling apparatus,  which is purged at 
the end of each distillation. Insufficient sample also 
made it impossible for us adequately to estimate the 
importance of the errors resulting from segregation 
of the particles during the filling of the containers 
and dur ing  the weighing out for analysis. I t  is felt  
that  better  agreement among laboratories and better  
precision within laboratories would result if sam- 
ples could be issued which have a lesser tendency to 
become heterogeneous on handling. 
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Separation of the Oxidation Products of Fatty Acids by Means of 
Gas-Liquid Partition Chromatography 1 
JANINA NOWAKOWSKA, E. H. MELVIN, and RICHARD WIEBE, Northern Utilization Research 
and Development Division, 2 Peoria, Illinois 

A T .  , ] 'AME S  A N D  A .  J .  P .  M A R T I N  (2) h a v e  s h o w B  

that  gas-liquid part i t ion chromatography can 
be successfully used for the analysis of natu- 

ral fats and applied the method to goat 's  milk, olive 

1 p r e s e n t e d  at  the fal l  meeting,  Amer ican  Oil Chemists '  Society, 
Chicago,  Ill., September 24 -26 ,  1956. 

2 One of the d iv i s ions  of the Agr i cu l t u r a l  Research  Service, U. S. 
D e p a r t m e n t  of Agr icul ture .  

3 The ment ion  of f i rm names  or trade  produc t s  does  not  imply t ha t  
they are endorsed  or recommended by the U . S .  Depar tmen t  of Agri -  
cu l ture  over other  firmu or s imi lar  products  not  mentioned.  

oil, and f a t ty  extracts f rom bacterial culture. The 
work reported here is a prel iminary s tudy of the oxi- 
dation products  of soybean-oil fa t ty  acids by means 
of gas-liquid chromatography. 

Apparatus and Procedure 

A stainless steel column, 6 ft. 3 in. long, and 8-mm. 
I.D., was packed with Celite ~ impregnated with D.C. 
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T A B L E  I 
Methyl :Esters of Monocarboxylic Acids 

Retention time, minutes, flow rate of helium 13  m l , / m i n .  

Compound Temperature, ~ 

1 5 0  1 6 0  1 7 0  2 0 0  2 1 0  2 1 5  2 3 0  2 4 0  2 5 0  

Ca Methyl caproate . . . . . . . . . . . . . . . . . . . . . .  
C7 Methyl enanthate . . . . . . . . . . . . . . . . . . . .  
Cs Methyl caprylate . . . . . . . . . . . . . . . . . . . . .  
C9 Methyl pelargonate . . . . . . . . . .  . . . . . . .  
Cm Methyl caprate . . . . . . . . . . . . . . . . . .  . . . . . .  
C1~ Methyl laurate . . . . . . . . . . . . . . . . . . . . . . . .  
C~+ Methyt myristate . . . . . . . . . . . . . . . . . . . .  : 
Cta Methyl pahnitate . . . . . . . . . . . . . . . . . . . . .  
CLs Methyl stearate . . . . . . . . . . . . . . . . . . . . . . .  

7 : 4 0  
1 1 : 1 9  
1 6 : 4 1  
2 8 : 5 9  

6 : 4 5  
9 : 2 4  

1 3 : 0 5  
2 0 : 2 0  

5 : 5 1  
8 : 2 1  

1 1 : 1 8  
1 6 : 2 3  
2 4 : 3 8  

4 : 2 5  
5 : 1 1  
6 : 3 8  
8 : 0 3  

1 1 : 0 7  
2 1 : 0 5  
4 2 : 1 0  

8 : 1 5  8 : 0 3  
] 4 : 3 4  
2 7 : 1 3  

6 : 3 1  
] 0 : 1 0  
1 7 : 3 8  
3 1 : 2 6  

5 : 2 8  
8 : 1 5  

1 3 : 4 2  
2 3 : 5 2  
4 2 : 2 2  

5 : 1 6  
7 : 4 7  

1 1 : 5 3  
2 0 : 0 0  
3 4 : 0 7  

( 

silicon, h igh-vacuum grease in the ratio of 10:1 by 
weight. Cetite No. 545 was size-graded by screening 
to a particle size 40-120 mesh, acid-washed, and dried 
according to the method suggested by James and 
Martin (3) .  The column was suspended in an elec- 
trically heated, well-insulated, air bath kept to within 
• 1 7 6  The sample was introduced into the column 
with a calibrated, micrometer pipette and hypoder- 
mic syringe through a rubber serum cap. At  higher 
temperatures the rubber cap was kept cool by water 
circulating through a small  copper condenser sol- 
dered to the steel tube just  below the cap. The com- 
ponents  of the sample were eluted with helium, and 
the gas-vapor mixture was passed through a thermal 
conduct ivi ty  Gow-Mae TR-II  detector for analysis. 
The detector consists of two thermal conduct ivi ty  
cells, a reference and an indicating cell, which form 
two arms of a Wheatstone bridge circuit. 

The presence of vapor changed the thermal con- 
duct ivi ty  of hel ium in the indicating cell and affected 
the temperature of the heated tungsten filament and 
consequently its resistance. The change of resistance 
was registered with an automatic,  10-millivolt Leeds 
and Northrup recorder. The detector housed in a 
thermostat  was mounted outside of the constant-tem- 
perature, air bath containing the column. The short 
connecting tube between the column and the detector 
was enclosed in a small separate heater to prevent 
condensation of vapor. 

This arrangement permitted the variation of the 
column temperature from room temperature to 250 ~ 
C. while the detector  temperature was kept constant 
in all determinations at 197~ i.e., 3 degrees below 
its safe max imum operating temperature.  A constant 
hel ium flow rate 12.7 to 13 ml . /min ,  was maintained 
in all determinations.  The outlet end of the column 
was open to the atmosphere. 

Results  and Discussion 

In  the analytical  s tudy of the oxidation of fat ty  
acids from soybean oil it was necessary first to in- 
vestigate the best conditions for the separation of 
known mixtures  of  compounds  most  l ikely to occur 
in the oxidized product. Since the methyl  esters have 
lower boiling points than their parent fat ty  acids, 

C~ 

I I i 
45 40  55 

Cio 

~ RA 

I I I I I I 
30 Z5 20 15 I0 5 

TIME. MINUTES 
METHYL ESTERS. MONOCARBOXYLiC ACIO$. C10,Cl2~CI4 Cl6 ' AND CIO ' 

T 250" C Flow role He 15 ml per rain. He press.3,?..3 cm H<J. 

Fro. 1 

they can be resolved at a correspondingly lower col- 
umn-temperature.  Moreover Cls and also some lower 
acids are not stable at column temperatures necessary 
for their separation. The methyl  esters were there- 
fore used throughout  this study. The oxidized prod- 
ucts were converted to their methyl  esters, using a 
semi-micro adaptation of the method described by 
Clinton and Laskowski  (1).  

The opt imum conditions for the separation of a 
mixture of esters of monocarboxyl ic  fa t ty  acids, as a 
funct ion  of retention time, are represented in Table 
I. The results show that a compromise must be made 
between temperature and spacing of individual  com- 
ponents.  At  200~ for example, it would take 42 
min. to complete the separation of a mixture of esters 
of cupric, lauric, and myristic acids while at 2400C. 
the total time is reduced to about 14 min. with suffi- 
ciently large spacing between the components for 
easy identification. A mixture of nearly equal vol- 
umes of methyl  esters of monoearboxyl ic  acids with 
an even number of carbon atoms from cupric to ste- 
uric acids was prepared. Figure 1 ~ illustrates the 
resolution of this mixture at 250~ 

A similar relationship between temperature and re- 
tention t'ime was found for mixtures of methyl  esters 
of dicarboxylic fat ty  acids (Table I i ) .  It was noticed 

T A B L E  I I  

Methyl Esters of 1)icarboxylic Acids 

Retention time, minutes, flow rate of helium 13 m l . / m i n .  

C o m p o u n d  T e m p e r a t u r e ,  ~  

22O 

Ca Oimethyl 
malonate... 

C~ Dimethyl 
suceinate.. 

C~, Dimethyl 
glntarate.., 

C .  D i m e t h y l  
adipate . . . . .  

C~ Dimethyl 
pimalate .... 

Cs I)imethyl 
subarate. ,  

C~ ])imethyl 
nzelate . . . . . . .  

Cm l)imethyl 
seba ( , a t  "~ ., 

1 5 0  

8 : 4 6  

1 3 : 2 5  

2 0 : 4 2  

3 1 : 4 9  

5 2 : 0 8  

1 7 0  

5 : 3 4  

8 : 3 8  

1 2 : 0 5  

1 7 : 5 0  

2 6 : 3 9  

180 

5 : 0 0  

7 : 2 9  

9 : 5 8  

1 3 : 4 8  

I 9:33 

2OO 

3 : 2 7  

5 "22 

1 2 : 3 9  

1 8 : 2 4  

2 4 : 3 2  

3 3 : 4 4  

7 : 1 7  

1 1 : 1 9  

1 4 : 4 6  

1 9 : 4 5  

2 4 0  

8 : 2 6  

9 : 3 5  

1 4 : 0 0  

however that the resolution temperatures for these 
esters are lower than would be expected from a con- 
sideration of vapor pressures of the pure esters and 
indicate the influence of the stat ionary liquid on 
partial pressures. A chromatogram of the dicar- 
boxylic esters from pimelate to sebaeate (C7-Clo), 
F igure  2, shows that a good separation for this mix- 
ture can be obtained at 215~ 

Difficulties were experienced in resolving some 
mixtures of esters of mono- and dicarboxylic acids. 

+ All figures were prepared from actual tracings of the recorder with 
time ordinate moving from right to left. 
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f Cs  C? 

I I I I I I 1 
35 30 25 20 15 I0 5 

T IME,  MINUTES 
METHYL F'STERS OF DICARDOXYLIC ACIDS C7, C8.C9,C10. 
T 215*C F~OW rote 12.Tml pot rnin. He preli=,fS,~*r 

Fro. 2 

It  was found that those with three carbon atoms 
apart, like malonate and caproate or adipate and 
pelargonate, have retention times lying too close for 
good separation. A liquid phase with different sepa- 
rating characteristics is being tried and may solve 
tbis difficulty. 

The oxidation was carried out according to the 
procedure of Lemieux and yon Rudloff (4), which is 
specific for olefinic linkages. In accordance with the 
method, oxidation of oleic acid should result theoreti- 
cally in pelargonie and azelaic; oxidation of linoleic 
in malonic, caproic, and azelaic; and oxidation of 
linolenie in propionic, malonic, and azelaie acid. The 
individual C~s unsaturated fatty acids, oleic, linoleic, 
and linolenie, were investigated first. These acids 
were of the highest purity obtainable commercially. 

The chromatogram of the oxidized products of 
oleic acid in Figure 3 shows the two prominent peaks 
for the methyl esters of pelargonie and azelaic acids 
in nearly quantitative ratio of 1:1. There is however 
an intermediate peak, or possibly two peaks, which 
have not been as yet identified. 

Figures 4 and 5 give the results for the oxidation 
of linolenic acid at column temperatures of 200 ~ and 

--  ~ PELARGONATE 

I I I I / 
20 IS I0 5 0 

TIME, MINUTES 
METHYL ESTERS OFOXIDIZED DLEIC ACID 0 . 0 2 4  ML T 2 4 0 ~  

Flov~ rote 12.7 ml per min. He press. Z~O,4. cm Hg. 

FIG. 3 

240~ The multiplicity of peaks was unexpected. 
It  may indicate the presence of impurities in the 
original linolenic acid and/or of the possible migra- 
tion of double bonds or of other chemical changes 
taking place during oxidation. The prominent peak 
in either diagram is methyl azelate. Tentative identi- 
fication of the other peaks was attempted from the 
standard plots of log retention volume against the 
number of carbon atoms and from log retention vol- 
ume against 1/T for mono- and dicarboxylie acids. 

r 

6 4 3  
9 8 5 2 

25  20  15 I0  S 0 
TIME, MINUTES 

METHYL ESTERS OF OXIDIZED LINOLENIC ACID O,02ML 
T ; ' 4 0 " C  Flow rote 12.7 m l per rain. He Dress. 30.4r 

Fro. 5 

From these plots there appeared to be present methyl 
malonate or caproate, or both, pelargonate, myristate, 
and possibly methyl esters of C,1 and C1~ carbon 
atoms. Considerable study will be needed to clarify 
the results. Since the oxidation product of methyl 
linoleate gave similar chromatograms, these are not 
shown. 

The identification of flat small peaks in Oxidized 
products in oleic, linoleic, and linolenic acids by re- 
tention time only (or volume) presents difficulties. 
ttowever their chromatograms indicate that these 
acids contain, in addition to saturated components, a 
mixture of one, two, and three double-bond C~8 acids. 
This is confirmed by the fact that the peak for methyl 
azelate is always too large to originate from one 
source only. 

Figure 6 is a chromatogram of methyl esters of 

I I 
4 0  35 

4 

I I I I I I I 
30 25 20 15 I0 5 0 

TIME, MtNUTES 
METHYL ESTERS OFOXIDIZEO NEO-FAT Nol40.O.O4ML.T2tS"C 

Flow rote He 12.7ml per rain. He press. 26.2 cm H 9. 

FIG. 6 

oxidized Neo-Fat No. 140, a commercial product con- 
sisting of approximately 45% oleic, 55% linoleic, and 
a trace of linolenie acids. Figure 7 is a ehromatogram 
of an oxidized mixture of saturated and unsaturated 
fat ty  acids derived from the hydrolysis of soybean 
oil. These chromatograms and others, taken at dif- 
ferent temperatures, indicate again the presence vf 
many additional compounds besides those expected 
by a simple oxidation of the fa t ty  acids. Neo-Fat, 
similar to tinolenic acid, ga~e nine discernible peaks 
when only three or four were expected. I t  is possible 
that columns with still better resolving power and 
better detecting methods might reveal an even 
greater number of components in these acids. 

The peaks in Figure 6 from right to left appear to 
fall in the position of monoearboxylic C~, C6, Cs, C9, 
C1o, Cll, C9 dicarboxylie, and C14 and C~ monocar- 
boxylic acids. The first peak at the extreme right 
may result from the incomplete removal of dichloro- 

E __ a 

I I 
55 50 45 

7 

6 2 

I I I I I I I I I 
40 35 30 25 20 15 I0 ,5 0 

TIME. MINUTES 
METHYL ESTERS OFGO<IDIZED LINOLENIC ACID 0 .024  ML. TEOOeC. 

Flow rote 12.Tml. per rain He press.2Scm H 9. 

FIG. 4 
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AZELATE 

CI8 

I I 
6 0  55  5 0  

Ci6 

w 

] I i I I I 
4 5  4 0  S5 S0 25  2 0  

TIME MINU'rES 
METHYL ESTERS OFOXIDIZE0 SOYBE~AN OiL. 0.055 ML .T 240  ~ C. 

He Flow rote 12.T ml. per min. He press. 
30 ,4  cm Hg. 

Fro. 7 

PELARGONAT( 

I I I r 
IS IO 5 0 

ethane f rom the methylat ion process while the second 
peak may  contain also malonate since retention vol- 
ume of these two esters are pract ical ly the same. 

The main oxidation products  f rom soybean oil, 
F igure  7, are similar to those of Neo-Fat.  The last 
two peaks, reading f rom r ight  t o  left, are methyl  es- 
ters of palmitic and stearic acids originally present  
in the saponified oil. 

Conclusions 

The oxidation of o]eie, and par t icu lar ly  of linoleic 
and linolenic acids, indicated the presence of a con- 
siderable number  of unexpected products  in addition 
to those foreseen f rom a simple severance of the dou- 
ble bonds. The chromatograms of the oxidized pure  
C~8 acids, of Neo-Fat  No. 140, and of a mixture  of 
f a t t y  acids f rom hydrolyzed soybean oil showed a 
s tr iking similari ty in m a n y  respects. I t  was not pos- 
sible to ident i fy  all the peaks, especially those of 
trace amounts,  in the ehromatograms and to obtain a 
quant i ta t ive estimate of the oxidation products. 

Fu r the r  work on this is in progress. The results 
indicate tha t  gas-liquid par t i t ion  chromatography is 
a sensitive method for the s tudy  of the oxidation of 
vegetable oils. 
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