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moles per  kilo. The Inaxinluln value for  sample B was 
212 af ter  16 hrs. while the max imum for samples C, 
D, and E was 242, 286, and 325 af ter  12 hrs. Sample 
A showed a continuous increase in carbonyl and did 
not exhibit a max i nm m  concentration in earbonyl  on 
continued t rea tment  as found in samples B to E. 

Discussion 

I t  was shown that  the thermal  oxidation of corn 
oil at 200~ caused a decrease in iodine value and 
increases in refract ive  indices and viscosity. The 
linoleie acid content of the oil decreased f rom 53% 
to 30% dur ing  a 24-hr. t reatment .  However  dur ing 
the t rea tment  the monounsatura ted  acid content of 
the oil increased f rom 26% to 39.9%, suggesting 
that  oifly one double bond of the linoleic acid was 
involved in p a r t  of the reactions. 

Since only one oxygen containing funct ional  group, 
c'.g., carbonyl, was produced in any  substantial  amount,  
it was possible that  this group played some pa r t  in 
secondary reactions. I t  is doubtful  that  the m a n y  
changes which took place dur ing  the twelf th  to six- 
teenth hour of heat ing were mere coincidence. In-  
creased aerat ion dur ing  heat ing appeared  to produce 
a more pronounced change but  did not appear  to 
change the type  of reaction. Even  samples which 
had not been aerated were found to decrease 10% 
in iodine value. 

]in the sample aerated at  2,400 ml. per  minute  per  
kilo the decrease in iodine value was greatest  dur ing 
the first 14 hours, and was least dur ing  the final ten 
hrs. In  addition, the rise and decline of the carbonyl  
value paralleled tha t  of samples B through D. I t  
appears  that  the changes produced dur ing the first 
12 to 16 hrs. differ f rom those produced later. I t  
has been suggested that  the initial decrease in iodine 
value might  be caused by the format ion of cyclic 
monomers (12). However  the presence of air  or oxy- 
gen might  give rise to other reactions which could 
also give a decrease in iodine value. Previous stud- 
ies (3, 8) have been carried out in the absence of air 
or Oxygen. Tile changes noted in the present  s tudy 

were carried out in the presence of oxygen and there- 
fore could differ f rom those in which the product ion 
of cyclic monomerie mater ial  has been reported.  

In i t ia l ly  the oil was at tacked by the oxygen to pro- 
duce carbony] groups. Pa r t  of this a t tack was at the 
double bonds, but some changes must  have occurred 
at methylene groups since the presence of a,fl-unsatu- 
rated carbonyl  groups was indicated (6). Other re- 
actions involving the double bonds were also taking 
place, including conjugation. Some of the products  
of this initial period are easily polymerized, and 
when these have built  up to a certain concentration, 
a f ter  12 to 16 hrs. of t reatment ,  polymerization in- 
creases, producing the final products.  

Summary 

The thermal  oxidation of corn oil proceeds in two 
steps, an initial period of 12 to 16 hrs., characterized 
by a decrease in iodine value and a rapid  increase in 
carbonyl  value, and a second phase in which a slower 
decrease in iodine value, a slight decrease in carbonyl  
value, and a rapid  increase in viscosity occurred. 
Increas ing  the rate of aerat ion caused greater  mag- 
nitude in changes but  did not alter the over-all two: 
phase reaction. 
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The Analysis of Nitrogen in the Smalley Oilseed Meal 
'Series, 1955-56 
C. H. PERRIN, Canada Packers Ltd., Toronto, Canada 

C 
ANADA PACKERS' RESEARCH LABORATORY entered 
the  Smalley Oilseed Meal Series in August ,  
19o5. The nitrogen analyses were per formed 

by the rapid  Kje ldahl  procedure (4) developed by  
this labora tory  because this is the method in routine 
use by  our control laboratories. This method requires 
a digestion t ime of about 15 rain. on 1-g. samples, 
and the t empera tu re  of the digestion and concentra- 
t ion of mercu ry  are considerably higher than  that  
obtained in the official A.O.C.S. Method (2).  F rom 
the beginning it was apparen t  that  our ni trogen 
analyses were consistently higher than the Smalley 
median value used in scoring the series, and our 
problem was to establish whether these higher nitro- 
gen analyses were t rue  or false. 

I n  order to increase the accuracy of our work the 
following precautions were taken. 

1, Weight  bure t te  technique was used in all t i t ra t ions,  in- 
cluding s tandardizat ion of solutions. 

2. The accuracy of our Gram-atic balance was checked 
agains t  one-piece weights bear ing a certificate f rom the Na- 
t ional Physical  Labora tory ,  England.  

a. The su]furie acid used for  t i t r a t ing  the ammonia  was 
s tandardized aga ins t  sodium carbonate,  mercuric oxide, and 
sodium hydroxide solution which had been s tandardized (by 
weight)  agains t  acid potass ium phthala te  obtained f rom the 
U. S. Nat ional  Bureau  of Standards.  

4. The reagent  blanks were measured both by the usual 
digestion with sugar  and directly by  the use of Nessler  re- 
agent.  They were found  to be insignificant. 

5. To assure  complete recovery of ammonia  a new solid 
glass still was designed. A glass leg was blown onto the end 
of the t rap.  Inside the leg is a long, glass, cold finger which 
eliminates condensation on the outside surface. 

The end of the condenser dips directly into the receiving 
acid. At  the end of each distillation the cooling water  is 
turned of f .  I n  approximately 30 seconds s team issues fronl 
the end of the condenser, eliminating the retent ion of traces 
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of  a m m o n i a .  T h u s  al l  r u b b e r  connect ion,  s a r e  e l i m i n a t e d  ex- 
c e p t  f o r  t he  s t o p p e r .  

6. To  r e d u c e  a l k a l i  c a r r y o v e r  to t h e  l owes t  p r a c t i c a b l e  l eve l  
no z inc  w a s  u sed  to p r e v e n t  b u m p i n g .  Also  the  excess a l k a l i  
w a s  he ld  to a m i n i m u m .  

7. F reque l~ t  cheeks  w e r e  m a d e  to p r o v e  t h a t  the  s a m p l e s  
h a d  no t  d r i e d  out  p r i o r  to the  n i t r o g e n  a na ly s e s .  I n  m a n y  
cases  t he  r e s idue  f r o m  t h e  m o i s t u r e  a n a l y s i s  ( r e p r e s e n t i n g  a 
5-g.  s a m p l e )  w a s  t r a n s f e r r e d  to t h e  800-ml.  K j e l d a h l  f lask  a n d  
digested. 

Table I illustrates our consistent tendency to find 
a higher percentage of nitrogen than the median val- 
ues used in  scoring the Smalley Series. 

TABLE I 
Nitrogen Analysis of 1955-56 Smalley Oilseed :bieal Samples 

Smalley Our aver- Differ- 
Sample No. median age ence 

1 ........................................................ 
2 ........................................................ 
3 ........................................................ 
4 ........................................................ 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 ........................................................ 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11 ........................................................ 
12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 ........................................................ 
. 4  ........................................................ 
15 ........................................................ 
~[ea]a ................................................... 

% 
6.50 
7.40 
7.22 
7.20 
8.27 
7.21 
7.25 
7.35 
7.46 
7.50 
7.34 
7.08 
9.65 
7.66 
7.73 

% 
6.54 
7.47 
7.27 
7.25 
8.27 
7.24 
7.31 
7.40 
7.52 
7.55 
7.40 
7.13 
9.73 
7.70 
7.78 

% 
0.04 
0.07 
0.05 
0.05 
0.00 
0,03 
0.06 
0.05 
0.06 
0.05 
0 . 0 6  

0.05 
0.08 
0.04 
0,05 
0.05 

Exper iments  will now be described which support  
the conclusion that  the Seedmeal Check Samples con- 
tain more nitrogen thau the median values indicate. 

Experiment I. Sample: Smalley No. 11, 1956. Me- 
dian value ~ 7.34% N. A 1.4-g. sample was digested 
exactly as instructed in Ba 4-38 of the A.O.C.S. Offi- 
cial Methods. The distillation was performed, using 
our improved glass condenser, and the ammonia was 
received in boric acid. The indicated percentage of 
ni trogen was 7.39. The t i t rated contents of the re- 
ceiver were placed in a Kjeldahl  flask with a slight 
excess of U.S.P .  grade sodium hydroxide,  and the 
distillation was repeated. Again the indicated per- 
centage of 7.39 was obtained. The t i t ra ted contents 
of this second receiver were t ransfer red  to another 
Kjeldahl  flask, and, using our improved glass con- 
denser, the ammonia was received in an evaporat- 
ing dish containing excess chloroplatinic acid. The 
weight of the ammonium chloroplatinate corresponded 
to 7.39% nitrogen in the sample. I t  was confirmed 
that  the ammonium chloroplatinate was completely 
soluble in hot water. A control experiment on pure 
dried ammonium sulfate yielded the theoretical weight 
of ammonium chloroplatinate. 

Chloroplatinic acid differentiates between ammo- 
nium and sodium (the only other possible alkali 
present) .  

Experiment II. Several Kjeldahl  distillations were 
performed using distilled water in the receiver. The 
ammonia was eliminated by boiling down the con- 
tents of the receiver to dryness. No visible residue 
of fixed alkali could be detected. On adding dis- 
tilled water  and indicator, no addition of s tandard 
acid was necessary to br ing to neutral i ty.  

Experiment III. The active pur i ty  of the Mallin- 
ckrodt " P r i m a r y  S t a n d a r d "  sodium carbonate used 
to standardize our  sulfuric acid was determined. (The 
Mallinckrodt assay of this substance was 99.95% to 
100.05% NafC03.) By  boiling it in solution with a 

slight excess of acid potassium phthalate and back- 
t i trating,  assays of 99.98% and 99.98% Na.,CO, were 
obtained. When the same sodium carbonate was ti- 
t rated with a s tandard solution prepared by weight 
from constant boiling point hydrochloric acid, the 
assay was 99.94% Na~C03. 

Expe,~ment IV. Fisher Reagent ammonium sul- 
fate was boiled with a small excess weight of sodimn 
hydroxide solution which had been standardized by 
weight against N.B.S.  acid potassium phthalate in 
the absence of carbon dioxide. The solution was 
back-titrated with s tandard acid used in the Kjeldahl 
work. The indicated percentage ni trogen was 21.18. 

Experiment V. One gram of dried ammonium sul- 
fate was boiled in a solution containing excess, dried, 
sodimn carbonate, and the residual alkali was t i t rated 
with our s tandard acid. The calculated recovery of 
ammonium sulfate was 0.9998 g. I t  is probable that  
the sodium carbonate and the ammonium sulfate 
were about equally pure. 

Experiment VI. Standard  hydrochloric acid was 
made up by weight f rom a constant boiling point 
concentrate. Its calculated strength checked closely 
with its estimated strength, using sodium carbonate 
as a p r imary  standard. When this s tandard hydro- 
chloric acid was used in the analysis of check sam- 
ple No. 14, the indicated percentage nitrogen was 
7.70, agreeing perfect ly with our original analysis 
(Table I ) .  

I t  was f requent ly  observed that  we enjoyed greater 
precision when analyzing pure  chemicals than when 
analyzing Smalley check samples. Exper iments  VII ,  
VIII ,  and IX  indicate that  significant errors derived 
from fai lure of the seedmeal samples to remain ho- 
mogeneous dur ing necessary handling. 

Experiment VII. In the case of a few of the check 
samples, parallel determinations were run  on 0.1-, 
0.3-, 1.0-, 2.0-, and 5.0-g. samples. The weights of the 
reagents were constant except for the sulfuric acid, 
which was carefully adjusted to maintain a digestion 
temperature  of approximately 370~ There was no 
significant difference between the average analyses 
obtained, proving the absence of a serious propor- 
tional error. However the precision of the analyses 
noticeably increased with the sample size. 

Experiment VIII. Check sample No. 8 was di- 
vided in half. One-half was analyzed eight times, 
and the average deviation from the mean was 0.021% 
units of nitrogen. That  fract ion of the other half 
passing a 60-mesh screen was analyzed six times, and 
the average deviation from the mean was ,'educed to 
0.0042% units of nitrogen. 

Experiment IX. Another  check sample was sep- 
arated into several screen fractions. The portion re- 
tained on 35-mesh had a nitrogen content of 4.68%. 
The fract ion retained on an 80-mesh screen analyzed 
6.91% N. The fraction passing ]00-mesh analyzed 
8.07%. When the same sample was poured out of 
the bottle into a small conical pile, a portion taken 
from the bottom of the pile analyzed 6.17% N. A 
portion taken f rom the top of the pile had a differ- 
ent appearance and an analysis of 6.68% N. 

Experiment X. Table I I  presents our  analyses of 
two samples of ammonium sulfate and a single large 
crystal of monoammonium phosphate received from 
the U. S. National Bureau of Standards.  The crystal 
was prepared for  piezoelectric work, and it is be- 
lieved that  it closely approaches theoretical Composi- 
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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. 


