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point whereupon it levels off or decreases slightly. 
Here again, the number of ethenoxy groups required 
for optimum detergency varies with the hydrophobie 
fatty alcohol chain length and to some extent with 
each individual detergency test. As in the previously 
cited experiments (1, 2),  two-thirds of an ethenoxy 
unit for each carbon atom in the hydrophobic unit  
are required for over-all optimum detergency. In 
other words, one part by weight of the fatty alcohol 
or acid should be condensed with two parts by weight 
of ethylene oxide. It may be also pointed out that the 

TABLE II  

Detergency of Polyethenoxy E~hers 

Composition of 
Alcohol Used 

I. a 3.2% Myristyl 
28.4.% Oetyl 
19.5% Stearyl 
45.4% Oleyl 

3.5% Linoleyl 

II .  b 3.2% Myristyl 
28.4% Cetyl 
68.4% Stearyl [ 

Pure Octadecyl Alcohol 

Detergency Values of Condensation Product 
C'ontaining 16 Moles of Ethylene Oxide 

Whiteness Retention Soil Removal 

Hard 
Water 

109 

105 

103 

Hard 
Water 

129 

120 

120 

Soft 
Water 

116 

117 

116 

Soft 
Water 

107 

103 

102 

' Sample of a :Makanol and b Makanol I i  generously supplied by the 
Stepan Chemical Company, Chicago, 511. 

nature of the hydrophobic fatty alcohol portion of 
the molecule does not greatly influence the deter- 
gency values unlike the case of the polyethenoxy 
alkanoates (1) .  

Experiments with Commercial Grade 
Fatty  Alcohols 

From the data obtained above, it also seemed de- 
sirable to select several coramereially available long 
chain alcohols, condense these with ]6 moles of ethyl- 
ene oxide per mole of alcohol, and determine the de- 
tergency values of built mixtures in comparison with 
the polyethenoxy derivative of a purified octadeeyl 
alcohol. The composition of two such commercially 
available alcohols and the detergency values of their 
polyethenoxy derivatives in the built mixture are re- 
corded in Table II. 

It would thus appear that the presence of some 
unsaturated fatty alcohol, such as oleyl, in a poly- 
cthenoxy ether ~ v e s  son~ewh~t improved over-all 
detergency over those containing saturated alcohols 
alone. 
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The Pigments of Crude Cottonseed Oils. I. The Inhibition of 
Color Reversion in Crude Cottonseed Oils 
J. M. DECHARY, R. P. KUPPERMAN, F. H. THURBER, and R. T. O'CONNOR, Southern Regional 
Research Laboratory, 1 New Orleans, Louisiana 

p , IGMENTS in cottonseed oil have become a serious 
problem within the past 10 years because of the 
rapid change from hydraulic to screw-press and 

prepress-solvent extraction procedures. In the hy- 
draulic mills the cottonseed meats are moistened and 
cooked at high temperatures, and the oil is extracted 

1 One of the laboratories of the Southern Utilization Research Branch, 
Agricultural Research Service, U. S. Department of Agriculture. 

at relatively low pressures. Under these conditions 
nearly all of the pigments remain in the press cake, 
and there is produced an oil with good refining and 
bleaching characteristics. In mills which employ low 
temperature, dry cooking procedures, and high pres- 
sures in the presses, a greater percentage of the pig- 
ments is extracted and oils more difficult to refine and 
bleach are produced (1).  
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A. "Synthetic" N[aterial. 
B. Isolated from Crude Cottonseed Oil. 
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(All spectra in anhydrous pyridine) 

At the present time representatives of the cotton- 
seed industry  have estimated that  over 25% of the 
crude oil now received at refineries cannot be bleached 
readily to a satisfactory color. Much of this oil would 
refine and bleach satisfactorily if it were not for the 
long storage periods at elevated temperatures between 
processing and refining. During this period some of 
the pigments change from alkali-soluble to alkali- 
insoluble forms (color reversion) and are not removed 
by the conventional refining procedures (2).  

A pigment  already identified as a component of 
crude cottonseed oil i s  gossypol, a polyphenolie bi- 
naphthMdehyde. Spectrophotometric data indicate 
that  it occurs in a modified form in the oil or possibly 
in combination with other components of the oil (1). 
This modified form and pure gossypol give identical 
absorption spectra when reacted with p-anisidine and 
can be quanti tat ively determined by  characteristic 
absorption at 447 mt~ (4). The amount  of gossypol 
may vary  from less than 0.01% to as much as 1.4%, 
depending  on the original pigmentation of the seed 
and the processing conditions used to extract  the oil 
(4).  In  a series of screw-pressed oils color reversion 
was found to be directly proportional  to the amount 
of gossypol originally present in the oil (3). From 
these results it would appear that  the removal of 
gossypol f rom crude cottonseed oils might p reven t  
color reversion. 

The objective of this paper is to describe the prin- 
ciples under lying the cause and prevention of color 
reversion in crude cottonseed oil. The assumption 
that gossypol is a major  factor in color reversion was 
tested by  removing it f rom crude Oils prior  to storage 
by use of a reagent which forms an oil-insoluble com- 
pound with gossypol. Analytical and speetrophoto- 
metric data are given which afford some insight into 
the mechanism of inhibition of color reversion. 

E x p e r i m e n t a l  

Reaction of Gossypol with p-Aminobenzoic Acid. 
Aromatic amines which react with aldehydes to form 
oil-insoluble Sehiff bases should be suitable reactants 
for the removal of gossypol, part icularly those amines 
which contain a carboxyl group, such as the amino- 
benzoic acids. Sehiff bases were prepared  from pure 
gossypol and a number  of aromatic amines, includ- 
ing p-aminobenzoie acid. The latter served to fulfill 
most completely the requirements noted above. 

In small-scale experiments 200 g. samples of crude 
cottonseed oil containing about 1% of gossypol were 
treated with 1.4 g. of p-aminobenzoie acid by shaking 
occasionally and heating in a water bath maintained 
at a temperature  of 75°C. After  two hours the pre- 
cipitation of the orange colored di-p-carboxyanilino- 
gossypol appeared to be complete. The composition 
of this compound, af ter  careful washing successively 
with petroleum ether, ethanol, and ether and drying 
in vacuum, is identical with that of a sample prepared 
from pure gossypol and p-aminobenzoic acid in 95% 
aqueous ethanol, as is shown by elementary analysis: 

Caleula ted  for  C4~H4oOloN~: C, 69.83; H, 5.33; N, 3.70. 
F o u n d :  C, 69.28; H, 5.41; N, 3.78 for  the "synthetie" 
Sehiff base and C', 69.55; H, 5.52; N, 3.52 for  the  Sehiff 
base i so la ted  f rom erude cot tonseed oil. 

The Schiff base does not melt at temperatures  be- 
low 350°C., but  the absorption spectra of the " syn-  
the t i c"  material and that  of the isolated material are 
identical as are shown in Figure  1. 

Treatment of Crude Oils with p-Aminobenzo~c, 
Acid. To establish fur ther  the principle of "color  
reversion inhib i t ion"  crude cottonseed oils were ob- 
tained from six different mills (four screw-pressed, 
one hydraulic-pressed, and one solvent-extracted o i l ) .  
Immediately upon collection at the mills 1-gal. sam- 
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FIG. 2. Crude Screw-Pressed Cottonseed Oil. 
A. Control. 
B. Treated with p,-Aminobenzoic Acid. 
C. Control Oil Stored for 30 Days at 37-38°C. 
D. p~Aminobenzoic Acid Treated Oil Stored for 30 Days at 37-38°C. 
E. Control Oil Stored for 30 Days at 37-38°C. then treated with 

p-Aminobenzoic Acid. 
(All spectra in isooctane solution) 
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T A B L E  I .  

T h e  Effect .  of  p - A m i n o b e n z o i o  A c i d  T r e a t m e n t .  o.n t h e  P~ef ining a n d  B l e a c h i n g  
P r o p e r t i e s  o,f C r u d e  C o t t o n s e e d  O i l s  A f t e r  30  D a y s  S t o r a g e .  a t  3 7 - 3 8 ° C .  a 

T y p e  of  Oil  

No.  1 ; S c r e w - P r e s s e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No.  1 +  P A B A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 

No.  2 ; S c r e w - P r e s s e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No.  2 + : P A B A  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

No.  3 ; S c r e w - P r e s s e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No.  3 + P A B A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No.  4 ;  S c r e w - P r e s s e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No.  4 + P A B A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No. 5 ;  H y d r a u l i c - P r e s s e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No.  5 + P A B A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No.. 6 ; S o l v e n t - E x t r a c t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No. 6 + P A B A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G o s s y p o l  

B e f o r e  A f t e r  
S t o r a g e ,  % 

0.65 0.53 
0.00 0.00 

0 . 5 4  0 . 4 2  
0 . 0 0  0 . 0 0  

0 . 3 1  0 . 2 0  
0 . 0 0  0 . 0 0  

0 . 2 5  0 . 1 7  
0 . 0 0  0 . 0 0  

0 . 1 2  0 . 0 7  
0 . 0 0  0 . 0 0  

0 . 9 6  0 . 7 5  
0 . 0 0  0 . 0 0  

F r e e  
F a t t y  A c i d  

B e f o r e  A f t e r  
S t o r a g e ,  % 

1 .6  1 .6  
1 .4  1 .1  

1 .3  1 .3  
1 .1  1 .1  

0 .9  1 .0  
1 .1  1 .0  

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

2 .0  1 .9  
2 . 4  2 . 3  

0 .5  0 . 8  
0 .5  0 .5  

Refining 
L o s s  

Befo re .  A f t e r  
S t o r a g e ,  % 

1 0 . 2  1 0 . 7  
9 .7  9 .7  . 

9 .3  8 .7  
6 .5  6 . 2  

5 .4  6 .6  
2 . 8  1 .9  

1 0 . 3  1 0 . 6  
5 .0  6 .5  

8 .0  7 . 5  
4 . 9  5 .2  

5 .6  6 . 3  
1.3 2 . 9  

t¢,ofined 
Oo lo r  b 

B e f o r e  A f t e r  
S t o r a g e ,  % 

B l e a c h  
C~)lor 

B e f o r e  A f t e r  
S t o r a g e ,  % 

7 .2  9 .1  2 .8  4 . 3  
8 .6  7 .0  2 .6  2 .2  

5 .7  7 .5  
5 .1  4 , 3  

5 . t  5 .6  
4 .8  4 . 4  

7 . 4  1 0 . 5  
6 .6  5 .1  

6.1 7 .6  
5 .4  4 . 5  

1 2 . 5  1 4 . 1  
3 .0  3 .6  

2 .0  2 . 6  
1.7 1 .5  

1.3 1 .6  
1 .4  1 .0  

2 .8  5 .1  
2 .1  1 .9  

1.9 3 .0  
] .7 1 . 4  

4 .7  1 4 . 6  
0 .7  1 .0  

a p - A m i n o b e n z o i c  A c i d  ( P A B A ) .  
b R e f i n e d  a n d  ble ,ach co lo r s  w e r e  d e t e r m i n e d  by tlhe A m e r i c a n  Oi l  C h e m i s t s '  S o c i e t y  P h o t o m e t r i c  M e t h o d .  

ples of the oils were set aside as controls, and identi- 
cal samples were t reated with p-aminobenzoie acid. 
Since the amount  of gossypol in the oils could not be 
deternlined at the mills, an  excess of the reagent  
(25 g.) was used. The samples were maintained at 
75°C. for  two hours and with occasional shaking. The 
samples were then shipped to the laboratory by  air 
express and stored at 3-4°C. until  they could be 
analyzed. 

The t reated oils were filtered to remove the precipi- 
ta ted Sehiff base, and both the control and the t rea ted  
oils were then analyzed for  gossypol, free f a t ty  acid, 
refining loss, refined color, and bleach color. Portions 
of both the t reated and control oils were stored at  
37-38°C. for 30 days, and the analyses were repeated. 
The difference in red color of the refined and bleached 
oils before and a f te r  storage was used as a measure 
of color reversion. Gossypol in the control samples 
was determined by  the method of Pons and associates 
(4) and the absence of gossypol in the t reated s a m -  
ples by  the disappearance of the characteristic gossy- 
pol absorpt ion band  at 376 m~ (Fig. 2). Free  f a t ty  
acids, refining losses, and refined and bleach colors 
were determined by  the official methods of the Ameri- 
can Oil Chemists '  Society. The results of the analyses 
are shown in Table I. 

As is shown in the table, the treatlnent removed all 
of the gossypol f rom the oils, and there was no in- 
crease in refined and bleach color af ter  storage of 
these oils. That  is, color reversion was entirely pre- 
vented. Evident ly  color reversion begins as soon as 
the oil is extracted since the refined and bleach colors 
of the t reated oils were in most eases lower than  those 
of the control oils even before storage. This was par-  
t icular ly noticeable with the solvent-extracted oil. 
This oil contained near ly  1% of gossypol and the color 
of the refined oil was 12.5 red units  while tha t  of the 
treated, refined oil was 3.6 red units. Af te r  storage, 
the control solvent-extracted oil refined to 14.1 units 
of red color and could not be bleached while the 
t reated oil gave essentially the same refined and 
bleach colors as were obtained before storage. See 
Table I, oil No. 6. 

Af te r  storage of treated, filtered oils a small amount  
of di-p-carboxyanilinogossypol had precipitated.  This 
indicates that  the reaction was not quite complete 
before filtration and accounts for  the fur ther  decrease 
in refined and bleach colors observed among t reated 
oils at the end of the storage period. This explanation 

is substant ia ted by  the increase in the total absorp- 
tion of the oil in the region of 450 m~ af ter  p-amino- 
benzoic acid t rea tment  (see Curve " B "  of Fig. 2). 

I n  addition to color reversion inhibition, the fol- 
lowing conclusions can be drawn also f rom the data 
shown in the table. Some of the gossypol disappears 
dur ing storage of the control samples;  free fa t ty  acids 
did not change apprec iably  throughout  the experi- 
ment ;  and refining losses were reduced in all of the 
t rea ted  samples. I t  is possible tha t  this reduction 
could be accounted for by the co-precipitation of 
gums, waxes, and pigments  other than  gossypol with 
the Schiff base. 

In  addition to these studies, others were made on 
(A) oil stability, (B) the removal of pigments dur ing 
the alkali refining, (C) t rea tment  of color reverted 
oils with p-aminobenzoic acid, and (D) spectrophoto- 
metric examination of the t reated and control oils. 
The stabilities of the stored, bleached oils were de- 
te rmined by  the method described by  Mehlenbacher 
(5). No significant difference was found, both t reated 
and control oils required 10.1 to 12.8 hrs. to acquire 
100 milliequivalents of peroxide per  kilogram. 

Treated oils were stored without filtering, and the 
pigments  were removed dur ing the alkali refining 
procedure. The refined and bleached oils obtained in 
this manner  were l ighter  in color than  those obtained 
f rom the control oils, but  not as light as those obtained 
f rom treated oils which had been filtered prior  to 
storage. This is to be expected since the di-p-carboxy- 
anilinogossypol present  ill the t reated oils is subject  
to considerable hydrolysis  and a i r  oxidation when 
dissolved by  the alkaline solutions used in the refining 
procedure. Portions of the control oils which had been 
stored at 37-38°C. for  30 days were treated with 
p-aminobenzoic acid and af ter  fi l tration yielded re- 
fined and bleached oils which were l ighter in color 
than the stored controls but  darker  than the treated, 
stored oils. 

Ultra/violet Spectra of p-Aminob enzo.ic Acid Treated 
Cottonseed Oils. Figures  2, 3, and 4 are the absorp- 
tion spectra of samples of one of the screw-pressed 
oils (No. 4 of Table I )  at each stage of the experiment.  
The changes occurring in these spectra  can be inter- 
pre ted by  reference to previous studies on the absorp- 
t ion of crude cottonseed oils (6, 7, 4). The spectra of 
crude screw-pressed cottonseed oils in isooetane solu- 
tions are exhibited by  Figure  2. Curve " A , "  the 
spect rum of the original control oil, shows the ab- 
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FIG. 3. A l k a l i - R e f i n e d  S c r e w - P r e s s e d  C o t t o n s e e d  Oil .  
A. Control.  
B. Treated  with p-Aminnbenzoic Acid. 
C. Control  Oil Sic.red fo r  30 D,~ys at  37-38°C. 
D. p-Aminobenzoic Acid Treated Oil Stored for  30 Days a t  37-38°C. 
E. Control  Oil Stored for 30 Days a£ 37-38°C. then t rea ted  wi th  

p-Aminobenzoic Acid. 
(All spectra in isooctane soh~tion) 

sorption band with a maximum at 376 m~ a t t r ibutable  
to a gossypol-like pigment  which is characteristic of 
crude screw-pressed cottonseed oils. This band  dis- 
appears  entirely on t rea tment  of the oil with p-amino- 
benzoic acid (Curve " B " ) ,  demonstra t ing the com- 
plete removal of the pigment  by  this reagent. In  
Curve " B "  bands  with maxima at  425 and 450 m~, 
which are characterist ic of earotenoids, are shown. 
Obviously these bands, masked in the spectra of the 
control oil by  the large amounts of gossypol-like pig- 
ments, are now revealed by  the chemical t rea tment  
as such. Curve " B "  thus resembles the spectrum of 
an alkali-refined cottonseed oil where the bands at- 
t r ibu tab le  to caroten(~ids are revealed as the masking 
gossypol is removed b y  the alkali-refining procedure 
(1).  I t  is to be noted tha t  tile to~al absorption of the 
oil in the region 450 m~ has been increased by  the 
chemical t reatment .  The most obvious explanation 
for  this. increased absorption is tha t  the carotenoid 
bands are superimposed on a smooth absorption in- 
creasing toward the shorter wave lengths. This smooth 
absorpt ion must  arise f rom a trace of di-p-carboxy- 
anilinogossypol, which is in solution in the t reated 
oil. This explanation is supported by  a s tudy of band 
shapes of other t reated cottonseed oils. 

Curves " C "  and " D "  of F igure  2 arc similar to 
Curves " A "  and " B , "  respectively. Curve " C "  is 
the spectrum of the same control crude screw-pressed 
cottonseed oil a f te r  storage for  30 days at 37-38°C., 
and " D "  is the t reated oil af ter  similar storage. 

Curve " E "  of F igure  2 is the spectrum of the crude 
screw-pressed cottonseed oil, which was stored for  30 
days  a t  37-38°C. a~d then t reated with p-aminoben- 
zone acid. The curve is similar to that  of other t reated 
samples (Curves " B "  and " D " )  but  the total ab- 
sorption at about  450 m~ is sonlewhat greater.  This 

means that  either a somewhat grea ter  quant i ty  of di- 
p-carboxyanil inogossypol has dissolved in the t reated 
oil a f te r  storage, or the reagent  does not remove the 
gossypol-like pigments  as effectively f rom the stored 
oil. F rom spectral  evidence alone it would be prefer-  
able to t rea t  the crude oil before, ra ther  than a f te r  
storage. 

F igure  3 shows the spectra of the same screw- 
pressed cottonseed oil af ter  alkali refining.  The five 
spectra represent  samples t reated in the same manner  
as the crude oil. As most of the gossypol-like pig- 
ments have been removed f r o m  the oil by  the alkali- 
refining procedure, the spectra  are all quite similar, 
being characterized by  the carotenoid bands with 
maxima at 425 and 450 m/~. Two conclusions become 
apparen t  upon closer inspection of F igure  3. The 
chemical t rea tment  removes more of the gossypol-like 
pigments  than  the alkali-refining procedure. The spec- 
t r a  of the t reated oils before and af ter  storage (Curves 
" B "  and " D " )  reveal less absorption than  those of 
the control oils (Curves " A "  and " C " ) .  As the 
t reated samples undoubtedly contain a trace of the 
di-p-carboxyanilinogossypol,  their  absorpt ion would 
be expected to be increased in the carotenoid region, 
as in the ease of the crude oils. The higher absorption 
of tile control samples must  be a t t r ibuted  to ~com-  
plete removal of the gossypol-like pigments.  The 
spectra of the sample of oil t reated with p-aminoben- 
~oic acid af ter  storage exhibits a somewhat higher 
absorpt ion than the sample t rea ted  before storage, 
again indicating either more reaction product  in the 
oil or less complete removal of the gossypol-like pig- 
ments. In  either case, spectral  data  indicate that  treat-  
ment  of a crude cottonseed oil with p-aminobenzoic 
acid before storage is more effective than  t rea tment  
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FIG. 4. A l k a l i - R e f i n e d  a n d  B l e a c h e d  S c r e w - P r e s s e d  Cot ton-  
seed  Oil .  

A. Control.  
B. Troated with p-Aminobenzoic Acid. 
C. Contxot Oil Stored for  30 n,ays a t  37-38°C. 
D. /~.-Aminobenzoic Acid Treated Oil Stored fo r  30 Days at  37-38°C. 
E. Control  Oil Stored for  30 Days at  37-38°C. then troatod with 

p.-Aminobenzoic Acid. 
(All spectra in isooctane solution) 
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af ter  storage, as was concluded also f rom a s tudy of 
the spectra  of t rea ted  and control crude oils. 

Bleaching removes all t races of carotenoids, and 
there is no significant difference in the spectra of the 
t reated and the control screw-pressed cottonseed oils 
a f ter  alkali-refining and bleaching (Fig. 4). 

In  this s tudy the carotenoids o f  the cottonseed oils 
have not been identified, but  the p-aminobenzoic acid 
removes interfer ing pigments  to s~eh an extent tha t  
the t reated oils should serve as an excellent source of 
mater ial  for fu r the r  studies on these yellow pigments  
normal ly  found in crude cottonseed oils. Pre l iminary  
experiments  with the objective of separat ing and iden- 
t i fy ing the earotenoids of such a t reated cottonseed 
oil have been a l ready initiated in this laboratory.  

Discussion 
The use of p-aminobenzoie acid to precipitate gossy- 

pol f rom freshly p repared  crude cottonseed oils pre- 
vents color reversion on storage of these oils under  
conditions which promote color reversion. The fact  
tha t  gossypol was precipi tated by  the reagent  was 
proved by  the recovery of a gossypol derivative, di- 
p-earboxyani]inogossypol,  f rom the precipta~e and by  
spectrophotometrie data. Other materials  of unknown 
nature  are co-precipitated by  this t reatment ,  but  their  
role in color reversion has not been established. These 
findings establish the principle of the  cause and pre- 
vention of color reversion in crude cottonseed oil. 

This work suggests an effective approach to the in- 
hibition of color reversion during the storage of crude 
cottonseed oil. In  order to be pract ical  however the 
reagents used to precipi tate  the gossypol must  be eco- 
nomical or the gossypo] derivative must  have sufficient 
value of its own to pay  for  the extra cost of t reatment .  

Summary 
Trea tment  of f reshly prepared  crude cottonseed oils 

with p-aminobenzoic acid and subsequent removal of 

the di-p-carboxyanilinogossypol formed makes it  pos- 
sible to store the oils at  a relatively high tempera ture  
(37,38°C.) and for  an extended period of time (30 
days) without incurr ing any  adverse changes in the 
refining and bleaching propert ies  of the oils. In  ad- 
dition, a considerable decrease in the refining loss of 
the crude oil is obtained, and the stabil i ty of the 
bleached oil is not affected b y  the t reatment .  

Spectrophotometric  studies made dur ing all phases 
of the chemical t rea tment  and during the refining and 
bleaching procedures show that  the p-aminobenzoic 
acid removes almost completely the gossypol-like pig- 
ments which are present  in the crude oils and yields 
oils having the characteristic carotenoid spectrum. 
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Analysis of Butylated Hydroxyanisole in 
Paper and Paperboard 
JAMES J. AUSTIN, Eastman Chemical Products Inc., 1 Kingsport, Tennessee 

T H E  use of buty la ted  hydroxyanisole ( B H A )  in 
paper  and paperboard  used for  packaging fa ts  
and oils, and in foods containing fats and oils has 

made a method of analysis necessary. This discussion 
includes qualitative and quant i ta t ive methods for  
B H A  in paper  and paperboard.  A new method for  
the rap id  quanti tat ive determination of B H A  in pa- 
per  is given, which makes an analysis possible in 25 
minutes. 

Dur ing  the past  few years a number  of antioxi- 
dants  have been proposed for use in paper  for  food 
packaging. Among these are gum guaiae, resoreinol, 
lecithin, soya bean flour, and oat flour. Beniz (1) 
has now reported the use of bu ty la ted  hydroxyanisoIe 
ill paper.  Before any chemical can be accepted for  
use in pape r  in eonta'ct with foods however, accurate 
methods of analysis must  be available. 

Sales represent,alive for Tennessee Eas tman  Company, Division of 
Eastman Kodak C o m p a n y .  

The use of 2,2'-bipyridine and ferr ic  chloride has 
been widely accepted (5) as entirely sat isfactory for  
the analysis of buty la ted  hydroxyanisole in fats  and 
oils when other phenolic antioxidants are not present. 
Since this method was a l ready available (2), the only 
problem involved in tile analysis of B H A  in paper  
and papcrboard  was to remove the B H A  from these 
materials  and get it into an alcoholic solution. 

Quantitative Analysis of BHA in Paper 
L o n g  M e t h o d  

When B H A  is applied to paper  and paperboard  by 
the usual techniques, it is dispersed in extremely fine 
particles over a vast surface area, which means that  
any method of removing B H A  from these materials 
must  involve int imate contact of a suitable solvent 
for  B H A  with all the fibers of the paper  and paper-  
board. I t  appeared that  a soxhlet extraction would 


