
MA~CH 1954 H E N l C K  ET AL. : E S T I M A T I N G  C A R B O N Y L  C O M P O U N D S  91 

TABLE V I  

Carbonyl Content in Aged Laid  a 

Carbonyl 
Days at 62.5°C. 

0 0.8 9 14 23 

Saturated ..................................... 6.4 6.7 9.4 9.9 37.7 
Unsa.turated ................................. ] .9 2.2 6.4 6.3 18.3 
Total ....................................... ...... 8.3 8.9 15.8 16.2 56.0 

Micromole/gram. 

unsaturated carbonyl exceeds that of the saturated 
while the opposite effect is noticed in the lard. The 
increase in the carbonyl of these aging vegetable oils 
parallels the increase in the peroxide, but at lower 
values. The appearance of rancid flavor in both oils 
accompanie d by similar peroxide and carbonyl val- 
ues suggests that a relationship exists. A marked in- 
crease in the rate of formation of saturated carbonyl 
after the rancid flavor appears is observed in both 
oils. Fur ther  work is in progress t o  explain these 
observations. 

Summary 
A convenient method for the quantitative determi- 

nation of the carbonyl compounds in fats and oils is 

described. The procedure is based upon the formation 
of the 2,4-dinitrophenyl hydrazones of the carbonyl 
compounds in the presence of t r ichloroacet ic  acid 
catalyst and the color imetr ic  determination of the 
hydrazone compounds in alkaline solution. Stand- 
ardizations arc presented for the simultaneous deter- 
mination of saturated and allenic carbonyl content 
from the absorbences at 430 and 460 mt~. Applica- 
tions of these procedures to edible oils are described, 
and data are presented showing the carbonyl values 
in relation to other criteria of change. The problem 
of correlating changes in the carbonyl content of oils 
with flavor deterioration is now under investigation. 
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The Antioxidant and Antipolymerization Properties of Gossypol, 
Dianilinogossypol, and Related Materials 
W. G. BICKFORD, F. C. PACK, L. E. CASTILLON, and C. H. MACK, Southern Regional 
Research Laboratory, 1 New Orleans, Louisiana 

T HE availability from certain other investigations 
in this laboratory of preparations of gossypol 
and several related materials led the authors to 

evaluate these materials for thei r  antioxidant and 
antipolymerization properties. Mattill (15) and oth- 
ers (11, 18) have reported the antioxidant properties 
of gossypol, and more recently tIove and tIove (13) 
have investigated the antioxidant activity of diani- 
linogossypol. The potential availability of gossypol 
in amounts exceeding 40,000 tons annually (4, 17) 
with no current  commercial outlet makes gossypol a 
particularly attractive raw material for investigation. 

I t  was realized at the outset that the toxicologi- 
cal properties of certain of the materials tested were 
unestablished. However the concentrations at which 
gossypol has been found to be effective are below 
reported deleterious physiological levels (3, 9, 12). 
Dianilinogossypol moreover is said to  be physiologi- 
cally inert (12, 13). Similarly the fact that gossypol 
and related materials are highly colored even in di- 
lute solution was recognized as a probable deterrent 
to their use as either antioxidant or antipolymeriza- 
tion agents except in those cases where color is un- 
important. 

Experimental 
Preparation of Materials. The polyphenolic bi- 

naphthalene compound, gossypol, was obtained from 
acetone extracts of cottonseed pigment glands. This 
pigment was. purified by  crystallization from diethyl 
ether-light petroleum naphtha mixture. The yellow 

1One o~ the laboratories of [he Bureau of Agricultural and Industrial  
Chemistry, Agricultural  Research Administration, U. S. Department  of 
Agriculture. 

dog-toothed prisms of gossypol (1, 6) melted at 
184QC. 

Dianilinogossypol was prepared according to the 
method of Clark (8). It was recrystallized from chlo- 
roform and yielded orange rectangular plates (2) 
m.p. 300°C. 

The combination products of gossypol-glycine and 
gossypol-'area were prepared by combining equal parts 
by weight of gossypol and urea and nine parts by 
weight of gossypol with one part '  by weight of gly- 
cine. The ingredients were combined in aqueous so- 
dium hydroxide solution of pH 11. The pH of the 
mixtures was lowered to 7 by addition of hydrochloric 
acid, and the solutions were lyophilized. The yellow, 
dried combination products were water-soluble and 
contained sodium chloride (5, 7). 

Gossypolaminobenzenethiol was prepared by dis- 
solving one g. of gossypol in 20 ml. of diethyl ether. 
To this was added 4 ml. of 2-aminobenzenethiol. The 
product was washed with diethyl ether and dried. It  
was repeatedly recrystallized from hot benzene until 
further recrystallization did not increase the melting 
point. The orange boat-shaped crystals melted at 270 ° 
C. The formation of gossypolaminobenzenethiol might 
be expected to result from the reaction of 2 moles of 
2-aminobenzenethiol with one mole of gossypol, pro- 
ducing a Schiff's base similar to dianilinogossypol. 
But the analytical data for gossypolaminobenzenethiol 
do not support this assumption. 

Anal. Calc'd for Caott~oO6S2N2: C, 68.9; H, 5.46; 
N, 3.83; S, 8.74. 

Found: C, 72.5; H, 5.8; N, 4.02; S, 3.3L; ash, 0.21. 
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The absorption spect rum of gossypolaminobenzene- 
thiol in ethanol solution exhibited maxima at 249.5, 
258, 309-311, and 442 m~. The spectrum of this 
compound in ethanol or chloroform is similar  to the 
absorption spectrum of dianilinogossypol in either 
solvent. Fu r the rmore  the absorption spectrum of the 
gossypolaminobenzenethiol-antimony tr ichloride reac- 
tion product  possesses, spectral  characteristics which 
are similar to those of the dianilinogossypol-antimony 
trichloride reaction product.  Dianilinogossypol and 
gossypolaminobenzenethiol react similarly with ferric 
chloride, potassium permanganate ,  and Feh] ing 's  so- 
lution. Both are insoluble in aqueous basic solution 
and are readily hydrolyzed to gossypol by  strong 
acids. 

An.tioxidant Activity. The ant ioxidant  act ivi ty of 
the several materials  was evaluated at  a concentra- 
tion of 0.05% in two substrates,  a) refined, bleached, 
a n d  deodorized cottonseed oil having an initial per- 
oxide value of zero and b) fresh, commercial prime, 
s team-rendered lard, free of added antioxidants  and 
peroxides. 

Each antio xidant  to be tested was incorporated in 
each of the substrates at  a concentration of 0.05% 
with the aid of 1-3 ml. of purified absolute ethanol. 
An equivalent  amo~.mt of ethanol was added to the 
control sample. Twenty  g. of the fortified substrates 
as well as their  controls were placed in test tubes 
previously cleaned with a detergent (10) and were 
aerated with purified air  at the rate of 2.33 m]./sec. 
(14, 19) at 97.7°C. At  regular  intervals a 1-g. sam- 
ple was renloved f rom each tube, and the peroxide 
value was determined according to the method de- 
scribed by  Moore and Bickford (16). All of the sta- 
bility measurements  were made in duplicate. 

Antipolymeriza:tion Activity. The effectiveness or 
lack thereof, at selected concentration levels of the 
various inhibitors acting within the several mono- 
mers, was measured as change in viscosity. Viscos- 
ity was determined by  means of the Gardner -Hold t  
bubble  tube standards.  The viscosity values thus ob- 
tained, of course, lack accuracy f rom the absolute 
standpoint.  For  the purpose of comparat ive evalua- 
tion and f rom the s tandpoint  of ease of experimental  
manipulation,  the bubble  tube technique is ideal. 
Each monomer, freed of stabilizer by  vacuum dis- 
tillation, was added to a series of viscometer sample 
tubes. Each sample tube of the series contained a 
selected concentration level of the par t icular  mater ial  
u n d e r  investigation. The bubble tubes eontaining 
monomer and inhibitor were subjected to the poly- 
merizing t rea tment  (ultraviolet  light or heat) .  The 
sample tubes were then compared, at intervals with 
the Gardner -Hold t  bubble  tube standards,  and the 
extent of polymer  format ion  as indicated by  increase 
in viscosity was recorded. Controls (monomers free 
of inhibitor)  were set up for  each series. Each treat-  
ment (stabilizing" mater ia l  and individual concentra- 
tion level thereof)  was replicated, t t ea t  polymeriza- 
tion was carried out in a thermostat ical ly controlled 
water  bath. Polymerization by  ultraviolet  l ight was 
carried out at room tempera ture  with the samples 
placed equidistant f rom the l ight  source. 

Results and Discussion 
The ant ioxidant  act ivi ty of gossypol and related 

substances in lard and cottonseed oil is shown in 
Table I. 

T A B L E  I 

Compar i son  of A n t i o x i d a n t  Ac t iv i t i e s  of Gtmsypol and  V a r i o u s  Othe r  
I n h i b i t o r s  in L a r d  a n d  Cottonseed Oil 

A n t i o x i d a n t  a 

Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
] - Iydroquinone . . . . . . . . . . . . . . . . . . . . . . . . . .  : ...... 
Gossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dian i l inogossypol  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gossypol-urea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gossypol-aminobenz ene-thiol  ........... 
Gossypol-glycine . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~.. 

L a r d  

A N[ Anti-  
, 0 b I ox idan t  
h o u r s  index c 

---;Z-- ~ - o  
4;:i; / g:~ 
52.0 / 5.8 
55.5  6.1 
66 .0  7.3 
49 .0  5.4 

Cottonseed oil 

AO~I I Anti-  
ox idan t  

hour s  b index e 

- ~ ' ~ /  ~.o 
35.0  3.9 
14.5  [ 1.6 
12.2 1.4 
13.3  :1.5 
12.5  I 1 .4  
12 .4  1.4 

a T h e  an t i ox idan t s  w e r e  used  in  a concen t r a t i on  of 0 . 0 5 % .  
b N u m b e r  of hour s  r equ i r ed  by the  sample  to acqu i r e  a peroxide  

conten t  of 100 mi l l i - equ iva l en t s  per  k i l o g r a m  of fa~t d u r i n g  a e r a t i o n  a t  
97 .7°C .  wi th  an  a i r  flow of 2 .33 ml . / sec .  

eIgatio of AO]t{ hour s  of s tabi l ized to uns tab i l i eed  subs t rMe.  

Hydroquinone was included in both the antioxi- 
dant  and ant ipolymerizat ion tests for purposes of 
comparison. Table I indicates the ant ioxidant  per- 
formanee of gossypol and the gossypol-related ma- 
terials. The effectiveness of the related materials  is 
roughly equivalent to gossypol on a molar basis. Such 
a relationship has been commented on earlier in the 
case of dianilinogossypol and gossypol by  Hove and 
Hove (13). 

The ant ipolymerizat ion act ivi ty of gossypol, diani- 
linogossypol, and hydroquinone in styrene, vinyl ace- 
tate, and methyl  acrylate are shown in Table I I .  

T A B L E  I I  

Compar i son  of An t ipo lymer i za t ion  Act iv i t ies  of Gossypol, n i a n i l i n o -  
gossypol a n d  H y d r o q u i n o n e  in V a r i o u s  Monome,rs 

I n h i b i t o r  

Control  d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dian i l inogossypol  .. . . . . . . . . . . . . . .  
Di~ni l inogossypol  .. . . . . . . . . . . . . . .  
Hydroqu  inone . . . . . . . . . . . . . . . . . . . . .  
t I y d r o q u i n o n e  . . . . . . . . . . . . . . . . . . . . .  

Sty- 
% renea,c 

.. . . . .  68 
0.01 68 
0 .05  142 
0 .01 114 
0 .05 ~ 1 6 4  f 
0 .01  90 
0 .10  ~ 142 

Vinyl  
i~ee- 

tateb,¢ 

BO 
($6 

> 160  e 
90 

160 e 
60 

160  

]Vle.thyI 
acry-  

late~,¢ 

19  
23 
72 
43 
96 
19 
19 

a E x p r e s s e d  as the t i m e  in hour s  r e q u i r e d  at  70°C.  to t t a in  a vis- 
cosity of 148 poises m e a s u r e d  a t  25°C .  

bExpressed  as the  n u m b e r  of l lours  r e q u i r e d  u n d e r  u l t r a v i o l e t  i r r ad i -  
a t ion  fo r  the samples  to a t t a i n  a v iscosi ty  of ] 4 8  poises m e a s u r e d  a t  
25°C.  

c All v iscosi t ies  w e r e  m e a s u r e d  by m e a n s  of n G a r d n e r - H o M t  Bubb le  
Viscomete r. 

d S u b s t r a t e  w i t h o u t  added inh ib i to r .  
eViseosi ty  sti l l  Iess t han  0 ,50  poises a f t e r  160  hours .  
fV i scos i ty  m e a s u r e d  80 .4  po,ises at 164  hours .  

Dianilinogossypol at the 0.05% level is a very effec- 
tive polymerization inhibi tor  for  each of the monomers 
studied. Dianilinogossypol at  the 0.01% level is very 
nearly as effective as a polymerizat ion inhibitor as is 
hydroquinone at ten times tha t  concentration. At  both 
the 0.01% and 0.05% level dianilinogossypol is su- 
perior as a polymerization inhibitor to gossypol at 
equivalent concentrations. I t  is noteworthy that  in the 
role of antipolymerization agents, the relative effec- 
tiveness of gossypol and dianilinogossypol is reversed 
with respect to their  ant ioxidant  activity. 

Monomers protected with gossypol or kindred prod- 
uets are highly colored and range f rom light yellow 
to br ight  orange even at low levels of concentration. 
This fact  imposes certain obvious limitations on the 
use of, these materials  except in those cases where color 
is un impor tan t  or where ul t imate  removal of the in- 
hibitor is contemplated. 
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[ R e c e i v e d  A u g u s t  5, 1953]  

Reactions of Fatty Materials With Oxygen. XV. 1 Formation of 
9,10-Dihydroxystearic Acid and Cleavage Products in the 
Oxidation of Oleic Acid and Methyl Oleate in Acetic Acid 
H. B. KNIGHT, E. F. JORDAN JR., R. E. KOOS, and DANIEL SWERN, Eastern Regional 
Research Laboratory, '~ Philadelphia, Pennsylvania 

T H E  prolonged autoxidation of unsa tura ted  fa t ty  
materials  in the absence of solvents leads eventu- 
ally to highly viscous products  through which 

efficient dispersion of oxygen is extremely difficult 
(11). The obvious solution, namely, use of a diluent, 
is complicated by the problem of finding an " i n e r t "  
nlaterial. Consideration of possible " i n e r t "  solvents, 
as well as examination of the l i terature,  indicated 
that  glacial acetic acid most nearly meets the require- 
nlents and, in addition, it possesses the characteristic 
of accelerating autoxidation reactions (1, 5, 13). 

This pape r  describes the results obtained in the 
autoxidat ion of oleic acid and methyl  oteate at 25-30 °, 
65 °, and 115-120°C. in acetic acid solution with co- 
bal t  acetate (or occasionally cobalt oleate) as the 
catalyst.  Samples were wi thdrawn at suitable t ime 
intervals,  the acetic acid was recovered, and the 
non-volatile residue was worked up to isolate 9,10- 
dihydroxystear ic  acid, short-chain cleavage products  
(mono- and dibasic),  unoxidized and monohydroxy 
materials,  and polymers.  

Experimental 
M~terials Used. The elate acid and methyl  oleate 

(composition: oleic, 94-98%; linoleic, 0 .3%; satu- 
rates, 2 -6%)  were p repared  f rom olive oil (7). Cobal- 
tous acetate and glacial acetic acid were analytical  
reagent  grade. Cobaltous oleate was p repared  f rom 
purified oleic acid as described previously (11). 

Autoxidation Procedure. A typical  exper iment  at 
65 ° is described in detail. (Tables I, I [ ,  and I I I  sum- 
marize the results obtained at 25-30 ° , 65 ° , and 115- 
120°). A solution consisting of 1,000 g. of olcic acid 
(or methyl  oleate), 10.1 g. of cobaltous acetate (or 
33 g. of cobaltous oleate), and 2,000 ml. of glacial 
acetic acid was p repa red  in a 5-1., three-neck flask 
equipped with a thermometer ,  a reflux condenser, and 
two f r i t ted  discs immersed in the solution. A vig- 

1Paper XIV is reference 10. 
~ P r e s e n t e d  at the Fall Meeting of the American Oil Chemists' Soci- 

ety, Chicago, Ill., Nov. 2-4, 1953. 
aOrta of the laboratories o{ the Bureau of Agricultural and Indus- 

trial Chemistry, Agricultural Research Service, U. S. Department  of 
Agriculture. 

orous s t ream of air  or cylinder oxygen was passed 
through the solution while the tempera ture  was main- 
tained at  65 °. Samples of the solution (ca. 450-500 
ml.) were wi thdrawn at suitable time intervals for  
isolation and analysis of oxidation products.  

The acet ic  acid was recovered under  reduced pres- 
sure and the residue analyzed. The oxidation was 
stopped when the iodine number  became substan- 
tially constant (5-10);  this usually required 150-250 
hours at 65 ° . The peroxide values were negligible 
throughout.  

The residue was refluxed for  six hours with an 
excess of 6 N aqueous sodium hydroxide, acidified 
while hot with 6 N sulfuric acid, and s t i r red vigor- 
ously. A dark brown viscous oil separated.  Af ter  
the mixture  had cooled to room temperature ,  it was 
t reated with ether and  the aqueous layer  was reex- 
traeted. The combined ether solutions, in which a 
considerable quant i ty  of insoluble white solid was 
suspended, was washed three times with small quan- 
tities of water  to remove excess sulfuric acid and 
salt. These washings were reextracted with ether, 
and all ether solutions were then combined. The 
ether :solute rat io was approximate ly  3 : 1 a t  this 
point. The ether solution was cooled to 0 to 5 ° and 
filtered, and the solid was washed once with a small 
amount  of cold ether. The precipi tate  was substan- 
tially pure  high-melting 9,10-dihydroxystearie acid, 
m.p. 129-130 ° and neutralization equivalent, 317-323. 
A mixed melt ing point with an authentic sample, 
m.p. 130-131 °, showed no depression. The yield was 
12-17%, depending' on the oxidat ion time (Table  I I ) .  
[An addit ional  1-2% of slightly impure  high melt ing 
9 ,10-dihydroxystear ic  acid, m.p.  120-123 °, could be 
obtained by evaporat ion of the ether, solution of the 
residue in acetone (,5 ml. per g. of solute) and cooling 
to - -20  °, followed by  recrystall ization of the precipi- 
tate f rom 95% ethanol at 0°.] 

The dark-brown viscous residue obtained af ter  re- 
covery of the ether was converted to methyl  esters by  
refluxing for  eight hours with a large excess of anhy- 
drous methanol  (sulfuric acid catalyst) .  These esters 
were distilled from a Claisen flask to a max imum pot 


