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A simple method for the determination of the earbonyl 
value of thermally oxidized fats, using hydroxylamine hy- 
drochloride, is described. Normal octyl alcohol containing 
pyridine was used as a solvent, and the reaction was 
allowed to proceed at room temperature for 24 hrs. The 
titrations were carried out with the aid of a pH meter. The 
method was standardized against aliphatic aldehydes and 
ketones. The restflts of analyses showed that the different 
pure compounds reacted to an extent of 98% or better at 
room temperature. 

The method has been successfully applied for the deter- 
ruination of the earbonyl value of themnally oxidized fats. 
n-Valeric acid and the fatty acids with higher molecular 
weight were not found to interfere in the determination of 
the carbonyl value by the present method. 

NUIVIBER of analyt ical  procedures for  the deter- 
minat ion of aldehydes and ketones, based on the 
use of hydroxylamine hydrochloride, have been 

reported.  The amount  of earbonyl  oxygen present 
was quant i ta t ively determined by  est imating either 
the amount  of unreaeted hydroxylaminc (1,2) or the 
amount  of water  formed dur ing  the reaction (3), or 
by  est imating the hydrochloric acid l iberated (4,5,6, 
7,8). Lapp in  and Clark (9) have described a proce- 
dure  which employs 2,4-dinitrophenylhydrazine for  
determining traces of carbonyls in aqueous or alco- 
holic solutions. This method with some modifications 
was employed by  Heniek et al. (10) for  the determi- 
nat ion of carbonyls in rancid  fats  and foods. These 
analyt ical  procedures were not found to be reliable 
for  the quant i ta t ive  determinat ion of carbonyl oxy- 
gen in thernmtly  oxidized fa ts  because of their  limited 
solubility in all but  a few suitable solvents. A method 
for  the determinat ion of the carbonyl  content of 
thermal ly  oxidized fats, using hydroxylamine  hydro-  
chloride as a reagent  and n-oetyl alcohol as a suitable 
solvent, is presented in this paper .  

Experimental 
R e a g e n t s  

Hydroxylamine Hydrochloride Reagent. Thir ty-  
five grams of hydroxylamine  hydrochloride (reagent  
grade) were dissolved in 160 ml. of distilled water,  
and the result ing solution was diluted to 1 l i ter with 
95% earbonyl-free ethyl  alcohol. 

Standard Sodium Hydroxide in Methanol. Twenty  
grams of sodium hydroxide (analyt ical  reagent)  were 
dissolved in a small amount  of wa te r  and diluted to 
1 li ter with absolute methyl  alcohol and standardized 
against  s tandard  hydrochloric acid (0.5 N) .  

Pyridinc-octyl Alcohol Solvent. Five ml. of pyr i -  
dine (analytical  reagent)  were diluted to 1 l i ter wth 
n-octyl alcohol. 

1 Presented at the fall meeting, American Oil Chemists' Society, New 
York, October 17-19, 1960. 
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A p p a r a t u s  

A Beeknlan p t I  meter, Labora tory  Model H2, 
equipped with s tandard  glass electrode and s tandard  
calomel electrode, wtcs used in this work. 

Analytical Procedure 
One gram of the sample to be analyzed was weighed 

into a 250-ml. glass-stoppered Er lenmeyer  flask. F i f t y  
ml. of pyridine-oetyl  alcohol solvent were pipet ted into 
it, and, if  necessary, the flask was heated on a hot 
plate unti l  the sample was dissolved. Fi f teen ml. of 
hydroxylamine  hydrochloride reagent  was then added 
with a pipette.  The flask was stoppered, the contents 
were mixed well and left  in the dark  for 24 hrs. at 
room temperature .  A blank determination was car- 
ried out simultaneously, following the same proce- 
dure, but without the fa t  sample. 

At  the end of the reaction tinle contents of the flask 
were quant i ta t ively t ransfer red  to a 250-ml. beaker 
with 10 ml. of 95% earbonyl-free ethyl alcohol. The 
p H  of the blank was recorded. The reaction nfixture 
containing the fa t  sample was then potentiometri-  
eally t i t ra ted against  s tandard  0.5 N sodium hydrox-  
ide solution in a 10-ml. micro burette.  The alkali 
was added in increments of 0.1 ml. with shaking 
af ter  each addit ion until  the p H  of the solution 
approached that  of the blank. The t i t ra t ion was then 
completed by adding the alkali drop by drop unti l  
the p H  of the t i t ra ted solution was the same as that  
of the blank. 

Calculat ions  
V x N x 1 , 0 0 0  

Carbonyl  value, meq/k i logram = W 

where V = ml. of s tandard  sodium hydroxide re- 
quired for  t i t ra t ion 

N = norniali ty of s tandard  sodium hydroxide 

W = weight of saniple in grams used to deter- 
mine earbonyl value 

Results and Discussion 
A series of aldehydes and ketones was obtained 

commercially and purified in the laboratory  by distil- 
lation. These aldehydes and ketones were analyzed by 
the procedure of B r y a n t  and Smith (4) and by  the 
modified procedure described in this paper  (Table I ) .  
The results obtained by  the present  method agreed 
closely with those obtained by  the method of B r y a n t  
and Smith (4).  Low values obtained by  both the 
methods in some of the samples probably  resulted 
f rom the impuri t ies  carr ied over dur ing  distillation. 
The results indicated tha t  the modified procedure 
can be successfully used in the analysis of earbonyl  
compounds. 
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T A B L E  i 

Analys is  of Carbonyl  Compounds 

% F o u n d  % Found  
Compound ( B r y a n t  (P resen t  

and  Smith  
method) method)  

n -Bu tana l  ............................................................ 
Crotonaldehyde ................................................... 
n -Hexana l  ........................................................... 
n -Hep tana l  .......................................................... 
n-Octanal  ............................................................ 
n -Nonanal  ........................................................... 
n-Decanal  ............................................................ 
n-Dodecanal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2-Heptanone  ....................................................... 
5-Hexene-2-one ................................................... 
5-Nonanone ......................................................... 
Di-iso-propyl-ketone ............................................ 
Benzaldehyde ...................................................... 
Anisa ldehyde  ...................................................... 
2-Octanone .......................................................... 

94.5 
95.1 
96.1 
95.2 
97.6 
96.5 
98.2 
98.6 
98.4 
98.7 
97.7 
98.2 
98.5 
94.6 
94.1 

95.1 
95.3 
95.8 
96.3 
99.1 
97.2 
98.8 
98.4 
98.3 
98.5 
98.1 
99.0 
98.6 
95.0 
94.2 

I t  has been shown that, dur ing thermal  oxidation 
of a fat, there is an increase in the carbonyl value 
(11). The at tack of oxygen produces carbonyl groups 
in the glyceride molecules. Pa r t  of this a t tack takes 
place at the double bond, and some of the changes are 
also known to occur at the methylene group since the 
presence of a,f~-unsaturated carbonyl group has been 
demonstrated (12). In  order to find out if the earbonyl 
group present  in the tr iglyceride molecules could be 
determined, tr iglycerides containing one or two moles 
of keto acids (12-oxo-9-cis-oetadecenoic acid) were 
prepared  in the labora tory  according to the method 
of H a r t m a n  (13). These tr iglycerides and the keto 
acid were analyzed for  the carbonyl content accord- 
ing to the modified procedure, and the results are 
presented in Table I I .  The results indicated that  
hydroxylamine hydrochloride reacted with the car- 
bonyl groups in the glyceride molecules and gave 
97-98% reaction. This method can therefore be 
used not only for free aldehydes and ketones but 
also for the carbonyl groups present  in the triglyc- 
eride molecules. 

T A B L E  I1 

Analys is  of Tr iglycer ides  Con ta in ing  Keto Acid a 

Compound % Carbonyl  
found 

1 2 -Oxo -9 -c i~ -oc tadeeeno i c  acid ................................................ 98.2 
a ,a ' -Palmito,  /~-ketoyl t r ig lycer ide  ............................................ 97.2 
a-Palmito,  a ' f l - ke toy l  t r ig lycer ide  ............................................. 98.1 

"Keto acid ---- 1 2 - o x o - 9 - c i s - o c t a d e c e n o i c  acid. 

T A B L E  I I I  

Effect of Fa t ty  Acid on Carbonyl  Value 

Mixture  % acid 
added 

F r e s h  corn oil con ta in ing  5 .13% of n-hexanal,  
valer ic  acid ............................................................ 

F resh  corn oil con ta in ing  4 .96% of n-octanal, 
valeric  acid ............................................................ 

Thermal ly  oxidized corn oil, 
valer ic  acid ........................................................... 

Thermal ly  oxidized corn oil, 
caproic  acid ........................................................... 

Thermal ly  oxidized corn oil, 
pa lmi t ie  acid .......................................................... 

Carbonyl  
value,  a 

meq/1 ,000  
g. 

486.0 
491.5 
482.3 

382.4 
378 .7  
380.2 

321.6 
319.8 
320.3 
320.8 

323.1 
324.2 
321.7 
322.6 

324.6 
324.3 
325.0 
322.7 

a Calculat ion of the  carbonyl  va lue  is based on the weight  of fat  u s e d  
for the  e x p e r i m e n t .  

T A B L E  IV 

Effect of React ion Time on Carbonyl  Value of 
Thermal ly  Oxidized Corn Oil 

Time of reaction,  Carbonyl  value,  
h o u r s  meq/1 ,000  g. fat  

4 199 
8 270 

12 297 
24 319 
48 320 

T A B L E  V 

Recovery of Carbonyl  Corn ,ounds from Synthet ic  Mixtures  

Mixture  

Fresh  c o r n  oil and n-hexanal  b 

Fresh corn oil and 2-heptanone r 

% Carbonyl  
added 

0.0 
0.71 
1.32 
2.50 
3.60 
5.13 
9.07 

0.86 
I 1.44 

3.34 
5.26 
8.38 

Experi-  
Carbonyl  mental,a 

va lue  
calculated meq/1 ,000  

g. 

0.O O.0 
68.0 68.5 

126.5 128.2 
239.5 242.3 
344.9 341.3 
491.5 486.0 
869.0 861.6 

74.3 75.8 
121.6 124.0 
286.7 292.1 
452.0 457.8 
719.3 707.0 

a Average  of three de terminat ions .  
b n-Hexanal  95 .8% pur i ty .  
c 2-Heptanone  98 .3% pur i ty .  

Small amounts  of carboxylie acids are usually 
formed dur ing  thermal  oxidation of a fa t  (11). A 
number  of mixtures  of thermal ly  oxidized corn oil 
and free f a t ty  acids were therefore prepared  and 
analyzed for  carbonyl  value to determine the effect 
of free f a t t y  acids (Table I I I ) .  The results indicated 
that  the addit ion of free f a t t y  acids up to 6% to 
the thermal ly  oxidized corn oil did not affect the 
earbonyl value. Addit ion of valerie acid to fresh corn 
oil containing 5.13% n-hexanol or 4.98% n-oetanal 
was also not found to interfere  in the earbonyl value 
determination (Table I I I ) .  I t  was fu r the r  observed 
that  addition of 75 rag. of valerie, eaproie, or palmitie 
acid to the blank solution used in the experimental  
procedure did not lower the p H  of the solution. 
Free  f a t ty  acids were thus not found to interfere in 
the determinat ion of carbonyl  value when the t i t ra-  
tion of hydrochloric acid l iberated f rom hydroxyl-  
amine hydrochloride was carried out up to the p H  
of the blank solution in the experimental  procedure. 

The effect of vary ing  the time of reaction on the 
carbonyl value of thermal ly  oxidized fa t  was carried 
out to determine the op t imum time for completion of 
reaction (Table IV) .  Corn oil subjected to thermal  
oxidation for  24 hrs. at  200~ required about 24 
hrs. for  the completion of the reaction at room tem- 
perature.  There was no significant increase in car- 
bonyl value when the reaction mixture  was allowed 
to s tand for  48 hrs. 

Fresh  corn oil was mixed with n-hexanal or 2-hep- 
tanone in va ry ing  proportions,  and these were ana- 
lyzed to s tudy the recovery of carbonyl  compounds 
(Table V) .  The experimental  values agreed closely 
with the theoretical values;  recovery was found to be 
between 98.5 and 102%. Reproducibi l i ty  of the method 
was studied by carrying out tr ipl icate analyses on 
four  successive days, using thermal ly  oxidized corn 
oil. Averages of tr iplicates were found to be in good 
agreement  and there was no significant var ia t ion in 
the results when the analyses were carried out on 
different days  (Table V I ) .  

The method was applied to the estimation of the 
carbonyl value of heated fats. Fresh  corn oil, cot- 
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T A B L E  V I  

Reproduc ib i l i t y  of Carbonyl  Va lue  

D a y  

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

Carbony l  va lue  of T.O. Corn oil a 
_ _  meq / l~000  gi  . . . . . . . .  Average 

A i B C I 
l ~ I  ~ . ~  ! 319 ,6  

319.3 / 319.6 / 322.1 l 320.3 
320.7 320.3 [ 316.4 I 319.1 
321.7 318.2 319.2 319.7 

A v e r a g e  319.7 4- 1.71. 
a Corn oil hea ted  for  24 hrs .  a t  200~ 

T A B L E  V I I  

Effect  of T h e r m a l  Oxida t ion  a on Carbonyl  Value  of F a t s  

T A B L E  V I I I  

Effect  of Saponif ica t ion  or  T r a n s m e t h y l a t i o n  on 
Carbonyl  Va lue  

Sample  Carbonyl  va lue  
m e q / 1 , 0 0 0  g. 

T.O. corn oil ~ ...................................................................... 1' 433 
Methyl  es ters  of T.O. corn oil b ............................................ ! 253 
Methyl  es ters  of T.O. corn  oil r ............................................ I 240 

a Corn oil hea ted  for  4,8 hrs .  a t  200~ 
b By  saponif ica t ion  and  methanolys is .  

By  t r ansme thy l a t i on  u s i n g  s o d i u m  methoxide.  

Carbonyl  va lue  as ] 
Corn oil umq/1 ,O00 g. ] Coconut  oil 

HoUrSof . cotton seed oil _ _  _ _  
h e a t i n g  ~ 

A B !1 A B 

4 86 0 77 0 132 0 
8 174 124 179 143 160 119 

12 238 167 I 234 ] 171 [ 184 I 131 
24 [ 320 [ 219 [ 296 l 233 I 24,4 / 175 

a T h e r m a l  oxida t ion  ca r r i ed  ou t  a t  200~  
A = C a r b o n y l  va lue  de t e r m ined  acco rd ing  to the  p r e s e n t  method.  
B : C a r b o n y l  va lue  de t e rmined  acco rd ing  to the  method  of B r y a n t  and  

Smi th  ( 4 ) .  

tonseed oil, and coconut oil were subjected to thermal  
oxidation at 200~ Samples were drawn at various 
intervals, and carbonyl  values were deternlined (Ta- 
ble V I I ) .  I t  was observed tha t  the earbonyl value 
of the fa t  increased with an increase in the time of 
heating. I t  was fu r the r  observed that  the method of 
B r y a n t  and Smith (4) gave lower results for the 
earbonyl  values of heated fats. 

Thermal ly  oxidized fa ts  exhibit a dark brown color 
when they are dissolved in a solvent. This dark  color 
was found to interfere  with the detection of the end- 
point according to the method of Bryan t  and Snfith 
(4), in which bromophenol blue is used as an indi- 
cator. Fu r the rmore  various solvents, nalnely, ethyl 
alcohol (4),  isopropyl alcohol (14), and benzene (10) 
were not found to be suitable for  the determinat ion 
of earbonyl values of thermal ly  oxidized fats  because 
the reactants  did not remain  in solution dur ing the 
reaction with hydroxylamine  hydroehloride, result ing 
in an incomplete reaction. I f  the thermal ly  oxidized 
fa t  is converted to methyl  esters either by saponifi- 
cation, followed by methanolysis or by  direct trans- 
methylation,  using sodium methoxide as a catalyst,  it 
is possible to keep the various reactants  in solution 
dur ing reaction with hydroxylamine hydrochloride. 
However  it was observed that  there was a reduction 
in the carbonyl  value of about 40% as compared with 
the results obtained by  the present  method (Table 
V I I I ) .  

In  order to get an accurate estimation of the car- 
bonyl value of a fa t  it is therefore desirable to main- 
tain solution of the sample dur ing  reaction and to 
retain the glyceride s t ructure  of the fat. Among 
the various solvents investigated, n-octyl alcohol was 
found to be most effective in mainta ining the fa t  in 
solution dur ing the reaction with hydroxylamine hy- 
droehloride. The difficulty of judging  the end-point 
of the dark-colored solutions was overcome by  using 
a p H  meter  for  ti trations. 

in the determinat ion of carbonyl value by the pres- 
ent lnethod there is a decrease in pH because of the 
release of hydrochloric acid, which is subsequently 
t i t ra ted against  s tandard  sodium hydroxide solution. 
Roe and Mitchell (6) have shown that  inorganic and 
organic acids in terfered with the deternfination of 
carbonyl compounds by the differential p H  method, 
causing high results. These authors have however 
used only acetic acid to show the effect of free f a t ty  
acids. Dur ing  thermal  oxidation a fat  is exposed to 
very high temperatures,  namely, 180~ or above. At  
this high tempera ture  the fa t  is not expected to con- 
tain free acetic, propionic, or butyr ic  acid. These 
fa t ty  acids, if formed dur ing  thermal  oxidation, will 
be removed f rom the oxidizing sample because of 
their  low boiling point. In  recent experiments  car- 
ried out in our laboratory  on the thermal  oxidation 
of t r ipahnit in,  monolauro-dipahnit in,  and inonoJleo- 
dipalmitin,  free f a t ty  acids were isolated f rom the 
thermal ly  oxidized fats  and analyzed by gas-liquid 
chromatography.  None of the samples were found to 
contain low-molecular-weight f a t ty  acids up to and 
including eaprie acid. Fu r the rmore  it is evident f rom 
the data presented in Table I I I  tha t  valerie acid or 
f a t ty  acid with higher molecular weight, which are 
mast likely to be present  in thernmlly oxidized fat,  
do not interfere in the determination of carbonyl  
value by this method. 

Although peroxides are known to interfere with the 
determinat ion of carbonyl compounds (15), this prob- 
lem does not arise in the ease of thermal ly  oxidized 
fats. The peroxides formed dur ing oxidation are de- 
composed at the high temperature ,  and almost none 
is present in the final product.  Therefore no a t tempt  
has been made in this paper  to s tudy  the interference 
of peroxides in the deternfination of carbonyl value. 
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