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Spectrophotometric Determination of Total Gossypol in 
Cottonseed Meal and Cottonseed Meats 
F. H. SMITH, Department of Animal Industry, North Carolina State College of Agriculture and 
Engineering, Raleigh, North Carolina 

T 
HE NEED for  a simple expeditious method fo r  the 
estimation of total gossypol (bound and free) in 
cottonseed meal and cottonseed meats has not 

been adequately fulfilled by previous methods. Such 
a method would be of considerable benefit to the 
cottonseed processing industry,  to feed manufactur-  
ers, and to nutritionists. 

Bound gossypol (4), originally designated as D-gOS- 
sypo1 (3), was first determined gravimetrieally as 
dianilinogossypol (3, 5). I t  was extracted by means 
of hot aniline f rom cottonseed meal, which had been 
extracted previously with ether to remove the free 
gossypol. The extract  was concentrated and allowed 
to s tand  several days so that  crystallization might 
occur. A modification of this method (8) permit ted 
the extraction of the free and the bound gossypol 
by a mixture of hot alcohol and aniline. The gossypol 
in the dianilinogossypol precipitated from the ex- 
t rac t  was designated as total gossypol. The bound 
gossypol was determined by subtracting the free 
gossypol, found by chemical analysis, from the total. 
More recently total gossypol has been determined 
speetrophotometrically as the p-anisidine derivative 
(7). The details of extraction by the p-anisidin e 
method have been modified, and aniline has been 
substituted for p-anisidine as the coloring agent (6). 
Aniline has been substituted for p-anisidine in the 
revised A.O.C.S. Tentative Method Ba 8-55 (1).  

The speetrophotometric method presented herein 
utilizes the reaction of gossypol with aniline and 
reduces the manipulative operation and time per de- 
termination. In  this method the sample is t reated 
with 72% alcohol (aqueous) to soften the particles of 
either cottonseed meats or cottonseed meal and to 
r u p t u r e  any residual resin glands eontaining gossy- 
pol (2, 3). Then the sample is heated with aniline, 
and the dianilinogossypol thus formed is extracted 
with chloroform and measured speetrophotometri- 
tally. This method may be used for cottonseed meals 
which either contain acidulated cottonseed oil loots 
or have been aniline-treated. 

Reagents, Materials, and Equipment 
Glacial acetic acid: reagent grade. 
Ethanol  72% (by weight) :  dilute 830 ml. of 95% 

ethanol to 1,000 ml. with distilled water af ter  adding 
0.2 ml. of glacial acetic acid (9). 

Aniline: freshly distilled, water-white. 
1 Published with the approval of the Director of Research, N. C. 

AgJ'icultural Experiment  Station, as paper No. 758 of the Journal  
Series. 

Chloroform: U.S.P. grade. 
Ei ther  pure gossypol or pure  dianilinogossypol 

for standardization: dianilinogossypol may be ob- 
tained by extract ing cottonseed meats with ether, 
removing the ether and precipi tat ing dianilinogos- 
sypol with aniline. Dianilinogossypol is purified by 
recrystallization from either boiling benzene or chlo- 
roform containing a small amount  of aniline. The 
purified crystals are washed with ether, air-dried, and 
then dried 12 to 16 hrs. in a vacuum oven at 50~ 

Asbestos: medium fiber. 
Glass beads: 6 ram. in diameter. 
Hyflo Super-Cel: remove traces of iron, which re- 

act with gossypol, by boiling 100 g. of tIyflo Super- 
Cel with 600 ml. of distilled water and 50 ml. of 
concentrated hydrochloric acid for 10-15 rain. and 
filter on a large Bnehner  funnel.  Wash well with 
distilled water. Repeat the process, dry, and pul- 
verize to a powder. 

F i l te r  tube: Corning 9480 or similar. 
Bell jar :  a j a r  with an aper ture  in top, Corning 

95470, or similar; perforated porcelain disk or plates, 
diameter 22 ram. 

Wash bottle: equipped with a back-pressure check- 
valve for  dispersing chloroform. 

Mechanical shaker: conventional type. 
A War ing  Blendor may be used in place of the 

shaker for the extraction, small jar  with screw cap. 
Place an aluminum foil liner inside the screw-cap 
over the regular  washer by pull ing the foil over the 
top of the jar  and screwing the wet top over it, 
then fold the edges of the foil over the outside of 
the lid. Remove the screw-cap containing the liner, 
and punch a hole approximately 3 ram. in diameter 
through the center of the cap from the inside to 
serve as an air vent. The bearing in the jar  assembly 
should be lubricated af ter  about 15 determinations. 

Spectrophotometer:  A Beckman Model DU was 
used in this study. Any  other good spectrophoto- 
meter or photoelectric eolorimeter should be saris- 
factory, af ter  establishing a s tandard  curve for  the 
instrument.  

Standard Calibration Curve 

A standard optical-density-concentration curve for 
pure gossypol as the aniline derivative in chloroform 
was prepared as follows. First,  25 rag. of pure gossy- 
po] were dissolved in chloroform, diluted to 100 ml. 
with chloroform, and mixed. A 10-ml. aliquot of the 
s tandard was t ransferred to a 100-ml. volumetric 
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flask, diluted to volume with chloroform, and  mixed. 
Aliquots of 2, 4, 5, and 7 ml. of this solution, equiva- 
lent to 0.050, 0.100, 0.125, and 0.175 rag. gossypol, 
respectively, were t rans fe r red  to 25-ml. volumetric 
flasks. The aliquots were heated on a water  bath 
regulated to a t empera tu re  slightly below boiling for  
40 min. a f ter  adding 0.5 ml. of f reshly distilled 
(water-white) aniline in order to convert  the gossy- 
pol to dianilinogossypol. The solutions were allowed 
to cool, diluted to 25 ml. with chloroform, and  mixed. 
The optical density was determined at  440 m~ on 
the Beckman Model DU spectrophotometer,  using 
chloroform as a reference solution. Optical density 
plotted against  concentration expressed as rag. of 
gossypol/25 ml. of solution gave a s t raight  line 
(F igure  1), indicating that  the s tandards  conformed 
to Beers '  law. The ~q~ ~m. value for  gossypol as the 
dianilino derivative determined on the Beckman spec- 
t rophotometer  at 440 mt~ is 821.2. 
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Fro. 1. Calibration curve of gossypol as the aniline deriva- 
tive in chloroform. 

Inasmuch as pure  gossypol may  not be readily 
available, an al ternate method for  the prepara t ion  
of the s tandard  optical-density-concentration curve 
is to dissolve 32.3 rag. of purified dianilinogossypol, 
which is equivalent to 25 mg. of gossypol, in chloro- 
fo rm and dilute to 100 ml., then mix. Transfer  10 
ml. of the solution to a 100-ml. volumetric flask, add 
2 ml. of f reshly  distilled aniline, dilute to volume 
with chloroform, and mix. Transfer  aliquots, as pre- 
viously indicated, to 25-ml. volumetric flasks, dilute 
to volume with chloroform, mix, and read the optical 
density, using chloroform as a reference solution. 
This optical-density-concentration curve is equivalent 
to the one prepared  f rom pure  gossypol, as evidenced 
by an ~ E~m. value of 826.0 at 440 m~. 

Analytical Procedure 
Cottonseed meal: place 0.5000 g. of cottonseed meal 

or cottonseed meats, ground to 40 mesh, in a 250-ml. 
glass-stoppered flask, add 2 ml. of the p repared  72% 
ethanol, and allow to s tand for  10 rain. a t  room tem- 
perature .  Thoroughly mix 2 ml. of f reshly  distilled 
aniline with the sample and, with s topper  removed, 
place on the metal  top or porcelain covers of a water  
bath for  45 rain. with the steam regulated to keep 
the water  in the bath  slightly under  boiling. This 
operation, which results in the format ion  of diani- 
linogossypol, should be Carried out under  a hood. 

Meanwhile prepare  the filter b y  placing the per- 

forated porcelain disk in the filter tube inserted 
through a rubber  stopper in the aper ture  at the 
top of the bell jar .  With  vacuum applied, pour  a 
suspension of asbestos in water  through the filter tube 
to fo rm a layer  over the porcelain disk. Follow with 
tlyflo Super-Cel  suspended, in  95% alcohol to form 
a layer of Hyflo Super-Cel about 2 ram. thick and 
to remove the water  f rom the filter. Wash the filter 
with a few ml. of chloroform to remove the alcohol. 
I t  is necessary to have the filter free of water  to pre- 
vent tu rb id i ty  in the filtrate. The filter may  be used 
repeatedly by removing the residue with a small 
spatula. 

Add 60 ml. of chloroform to the flask containing 
the anil ine-treated sample, swirl to mix, and insert  
the s topper t igh t ly  with a twist ing motion to pre- 
vent it f rom being expelled by  internal  pressure. 
Place the flask on a mechanical shaker, and shake 
with sufficient vigor to keep the sample washed down 
from the walls of the flask for  15 rain. Remove the 
stopper, and rinse it with chloroform dispensed f rom 
a fine-tipped washed bottle. F i l te r  the extracted mix- 
ture under  10-to-15-in. vacuum through the prepared  
filter, receiving the filtrate in a 100-ml. vo lumet r ic .  
flask placed under  the bell jar .  Rinse the flask with 
chloroform dispensed f rom a wash bottle, and pour  
the washings through the filter. Wash the filter with 
several small portions of chloroform, then dilute to 
100 ml. with chloroform, and mix. 

( In  lieu of shaking, the samples may  be treated 
with alcohol and aniline in 50-ml. beakers and then 
t ransfer red  to the War ing  Blendor j a r  with 60 ml. 
of ehloroformi blended for 3 rain., and filtered.) 

Transfer  2 ml. of the filtrate to a 25-ml. volumetric 
flask, dilute to volume with chloroform, and mix. 
Read the intensi ty of the color on a spectrophotometer  
or photoelectric colorimeter at  440 m~, using chlo- 
roform as a reference solution. The weight of gossy- 
pol, in rag., in the aliquot diluted to 25 ml. for  reading 
may be scaled f rom the s tandard  curve or calculated 
f rom the a value derived f rom the optical-density- 
concentration relationship. The rag. of gossypol in 
the 25 ml. of solution times 10 gives the total gossy- 
pol, in percentage, when the foregoing sample size 
and dilutions are used. 

Cottonseed meats:  extract  0.2500 g. of cottonseed 
meats (ground to about 30 mesh),  as described for 
cottonseed meal, except that  40 to 50 glass beads are 
placed in the flask to complete the comminution of the 
sample while shaking with chloroform for  one hour. 
An aliquot of 2 to 5 ml., diluted to 25 ml. with chlo- 
roform, is usual ly  sat isfactory for  reading the color 
density. 

Gossypol values are slightly higher f rom a 0.25-g. 
than f rom a 0.5-g. sample of cottonseed meats. This 
does not seem to be the case with cottonseed meal. 
The uncooked cottonseed meats appear  to hold a 
minute amount  of gossypol, as indicated by  a slight 
yellow color which was more marked for  the larger  
sample. The yellow color in the residues could not 
be removed by  shaking again  with chloroform. I t  
could be removed however by  t rea t ing  with aniline 
a second time and then shaking with chloroform. 
About 0.01 to 0.02% gossypol was obtained by the 
second extraction. These observations indicate that  
some component  or components of the cottonseed have 
an affinity for  gossypol ahnost as great  as that  of 
aniline. This point  war ran t s  fu r the r  study. 

The coarsely-ground cottonseed meats  are thor- 
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oughly comminuted by shaking with beads for one 
hour. The mean value for 24 samples shaken one 
hour  was only 0.006% higher than that  for the same 
samples shaken 30 rain. The difference between val- 
ues obtained by the proposed method and the A.O.C.S. 
Method Ba 8-55 were of the order shown for cotton- 
seed meal. The values by the former were higher 
without exception. 

In  the development of this method various levels 
of alcohol and of aniline and different periods of 
heating were used in the extraction to determine 
the conditions necessary for the complete extraction 
of total gossypol f rom samples of cottonseed meal. 
The data in Table I indicated that  2 hal. of 72% 

TABLE I 

The Effect of Alcohol, A n i l i n e ,  and Time of H e a t i n g  on the 
E s t i m a t i o n  of Total  Gossypol in  Cottonseed ~ e a l  

Cotton- Determi-  T r e a t m e n t s  
n a t i o n  

seed . No. Alcohol Ani l ine  t I e a t  m e a l  

m l .  m l .  m i n ,  

1 2 1 20 
2 2 1 20 
3 1 1 45 
4 1 1 45 
5 2 2 45 

A 

B 

4 
5 
6 
7 
8 
9 

10 

2 45 
2 45 
2 45 

1 30 
1 30 
1 45 
1 45 
1 45 
1 45 
2 45 
2 45 
2 45 
2 45 

Gossypol 
content  

% 
1.38 
1.37 
1.40 
1.30 
1.46 
1.46 
1.43 
1.45 

1.50 
1.38 
1.48 
1.56 
1.53 
1.51 
1.59 
1.59 
1.60 
1.57 

ethanol and 2 ml. of aniline were adequate to obtain 
the maximum amount of gossypol. Heat ing for at 
least 45 rain. on the water bath was required to drive 
off the alcohol and water  to give a clear solution 
when the meals were extracted with chloroform. Un- 
der these conditions uniform and consistent results 
were obtained. 

I t  was found that  the chloroform-cottonseed meal 
extract  mixture could be filtered through a plug of 
glass wool, which was readly washed free of diani- 
linogossypol by  small portions of chloroform. The 
filtrate and washings collected in 100-ml. volumetric 
flasks were diluted to 100 ml. and mixed. A portion 
of this solution was filtered through Whatman No. 4 
filter paper into a 50-ml. volumetric flask, af ter  dis- 
carding the first few milliliters to pass through the 
filter. The funnels were covered with watch glasses 
during filtration to prevent  evaporation. 

Fi l t rat ion under  vacuum through the filter tube 
placed in the top of a bell ja r  has been the system 
generally used because i t  is rapid and is not affected 
by evaporation of the solvent or the presence of the 
extracted residue since the solution is made to vol- 
ume after  the filtration is completed. Nevertheless 
values obtained from extracts filtered through glass 
wool and then through paper  have been satisfactory. 

The proposed method was applied to meals con- 
taining 3% added acidulated cottonseed soap stock. 
Satisfactory results were obtained by reading against 
chloroform. At  higher levels of loots, or with highly 
colored products, a chloroform extract  of the sample 
should be used, and in the case of aniline treated 
meals must be used, for the reference blank. 

Comparative Analysis of Cottonseed Meals 
by Different Procedures 

A. Proposed Method vs. " p - A n i s i d i ~ e "  Method. 
Data obtained from the analysis of six cottonseed 
meals are presented in Table II .  Results, by  the 
proposed method, from extraction by the Waring  
Blendor are presented in column under  Blendor, and 
those from extraction by shaking are presented in 
column under  Shaker. The samples, af ter  the alcohol- 
aniline treatment,  were shaken for one hour  with 
65-70 ml. of chloroform, t h e n  filtered and diluted. 
The optical density was determined as previously 
described. 

Results f rom the analysis of the same six cotton- 
seed meals by the method of Pons et al. (6) are 
shown under  "p-anis id ine ."  

Duplicate samples of each meal, Table ~I, were 
extracted by the Blendor, the shaker, and the p-anisi- 
dine method, and the extracts of the former two were 
analyzed by the proposed method and the lat ter  by 
the p-anisidine method. 

Statistical analysis of the data  in Table I I  showed 
that  the difference between the Blendor and shaker 
extractions with chloroform was not significant at 
the 5% level, but  the mean value for  the meals by 
the p-anisidine method was significantly lower "than 
the value obtained by the proposed method. 

B. Proposed Method vs. A.O.C.S. Method Ba 8-55. 
Six samples of cottonseed meal, Nos. 7-12, were an- 
alyzed for total gossypol by the proposed method. 
These meals were extracted by shaking with approxi- 
mately 60 ml. of chloroform af ter  they had received 
the alcohol-aniline treatment.  The effects of time of 
shaking, methods o f  filtration, acidulated loots, and 
reading on Evelyn colorimeter vs. Beckman DU 
spectrophotometer were studied. Comparative val- 
ues were obtained by  the A.0.C.S. Tentative Method 
Ba 8-55 (1) for  total gossypol. 

The statistical analysis of these data  showed that  

T A B L E  II 

Total Gossypol in Cottonseed lVfeal Determined by the 
Proposed and the p-Anisidlne :Methods 

Cottonseed Effect of extraction methoda p-Anisi- 
meal  No. d i n e  

1 .................................... 

2 ................................... 

3 .................................... 

4 .................................... 

5 .................................... 

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

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Determi- I 
n a t i o n  

:/ 
a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

B lendor  Shaker  

% % 
1.358 1.361 
1.358 
1.358 1.370 
1.358 

1.306 1.325 
1.325 
1.318 1.312 
1.321 

1,095 1.067 
1.104 
1.095 1,080 
1,095 

1,352 1.312 

% 
1.294 
1.279 
1,268 
1.265 

1.184 
1,181 
1.166 
1,163 

1.039 
1.033 
0.969 
0.969 

1.253 
1~349 
1.352 
1.349 

1.355 
1.352 
1.382 
1.385 

1.219 
1,222 
1.225 
1,234 

1.286----- 
0,013 c 

1.253 
1,331 1,265 

1.265 

1.355 1.242 
1.233 

1.358 1.236 
1.236 

1.198 1.143 
1..143 

1.188 1~.143 
1.152 

1.271+--- 1 . 1 8 2 •  
0.008 0.029 

a By proposed method. 
b The two values  for a and b indicate  two al iquots  were r e a d  f r o m  

each extract.  
r S t anda rd  devia t ion  per  dupl ica te  d e t e r m i n a t i o n ,  
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there was no significant difference between shak- 
ing 15 and 60 rain., Table I I I ,  or filtering under  
vacuum or through glass wool, then through paper.  
There were no significant differences noted when 3% 
acidulated cottonseed loots were added to the sam- 

TABLE IIl 

Faotors Affecting the Est imat ion of 
Total Gossypol Mean Values 

Mean L,S.D..oz 

Alcohol--aniline-chloro form method 
Shaking  time, 15 v s .  60 rain. 

(respectively) ......................... 
Glass wool v s .  vacuum ................ 
Beckman DU vs. Evelyn 

colorimeter .............................. 
Foots v s .  no loots ...................... 

% % 

1.075 
1.082 

1.073 
1.073 

1.080 

1,078 0.005 
1.077 0.014 

1.079 0.015 
1,082 0.012 

0.921 0.015 

N . S .  a 
N.S. 

N.S. 
N.S. 

Alcohol-aniline-chloroform v s .  
A.O.C.S. Ba  8-55 .................... t t t .S.b 

a Nonsignificant. 
b ~Iighly significant. 

ple, or values obtained by  the Beckman DU spectro- 
photometer  or Eve lyn  colorimeter. Yalues obtained 
by the proposed method were higher than  those by 
the A.O.C.S. Tentat ive Method Ba  8-55 to a highly 
significant degree. 

Results obtained f rom aniline-treated meals are 
shown in Table IV. These data show that  the amount  
of go ssypol converted to aniline gossypol by the 
aniline processing t rea tment  of the meal may  be 
obtained f rom the chloroform extract  blank by  read- 
ing against  chloroform as the reference solution. 
This value subtracted f rom the value obtained f rom 
the alcohol-aniline t reated sample is the bound gossy- 
pol content. The addition of the 2 ml. of 72% alcohol 
and heat ing on the water  bath, then extract ing with 
chloroform, gave lower values for  the gossypol pres- 
ent as the aniline compound, 0.292 v s .  0.331%, re- 
spectively. This was probably  caused by the hydroly- 
sis of aniline gossypol and the combination of the 
l iberated gossypol with the protein of the meal. 

Specificity of the Proposed Method 
Specificity of the proposed method was estab- 

lished by  comparing the spectral-absorption (turves 
F,~'/~ values of the dianilinogossypol extracted a s  ~ 1  era. 

f rom the respective meals with tha t  obtained with 
pure  dianilinogossypol dissolved in chloroform. The 
excess aniline was removed f rom the cottonseed meal 
extracts  by washing 5 nil. of the solution in a sep- 
a ra to ry  funnel,  af ter  adding about 10 ml. of chlo- 
roform, successively with 1.0, 0.5, 0.2, and 0.1 ml. 
of glacial acetic in 25 ml. of water  and then four  
times with 25 ml. of water. The chloroform solu- 
tions were dried with anhydrous  sodium sulfate and 
read vs. chloroform. The ~ E~em. values for the vari- 
ous wavelengths were calculated f rom the amount  of 
gossypol found in the washed and dried chloroform 

TABLE I V  

Determinat ion of Gossypol in Anil ine-treated Cottonseed Meal 

Determi- As tASlota As Meal :No. n~tion aniline bound 

13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Determi- ] As 
nat ion ] anil ine 

No. --I cpd. 

% 
1 0,326 

0,335 

1 0.366 
0.356 

% 1.Ts7 % 0,326 1,211 [ 0,861 0,335 0,876 
/ 

0.366 1.129 I 0.763 
0.356 1,120 / 0.764 

solution by reading the optical density as described 
by the proposed method. Spectral  curve A, Figure  2, 
is the mean of six individual  curves, one each for  
samples 7 through 12. This curve is very similar 
to curve B obtained f rom pure  dianilinogossypol. 
The differences were slight in the ul traviolet  region 
with the maxima and minima occurring at  the same 
wavelengths and the curves coincide above 400 m~. 
These da ta  indicate tha t  the mater ia l  read by  the 
proposed method is dianilinogossypol, with the pos- 
sibility of the presence of a very  small amount  of an 
aniline compound of a .gossypol  derivative. Conse-  
quently the values obtained should be considered as 
total gossypol. 

Residues of meals Nos. 7-12 extracted by A.O.C.S. 
Tentat ive Method Ba  8-55 (1) were combined, placed 
on a Buchner  funnel,  and washed free of liberated 
gossypol with 70% acetone. Then the residues were 
treated o I~ the water  bath with 5 m]. of 72% alcohol 
and 2 ml. of aniline, then shaken with chloroform 
for  one hour, filtered, and diluted to 100 ml. Five 
nil. of this solution were washed free of aniline and 
dr ied;  the spectral  curve, expressed as ~.~r was de- 
termined on a Beckman DU spectrophotometer.  This 
curve is similar to those of dianilinogossypol, indicat- 
ing that  all of the gossypol or gossypol derivat ive was 
not extracted by the Ba 8-55 method. 

This observation is substant iated fu r the r  by ex- 
t rac t ing  the residues f rom the Ba 8-55 method, washed 
free of l iberated gossypol with 70% acetone, by the 
alcohol-aniline-chloroform method and by  removing 
the ehtoroform under  reduced pressure to about 0.5 
ml. When the residue Was taken up in about 20 ml. 
of hexane and passed through a column packed with 
equal par ts  of magnesium oxide and Hyflo Super-Cel, 
a band formed at the top of the column similar to 
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WAVELENGTH IN MILLIMICRONE, 
FIo .  2. S p e c t r a l  a b s o r p t i o n  c u r v e s  o f  d i a n i l i n o g o s s y p o l  i n  

c h l o r o f o r m .  
A .  M e a n  c u r v e  o f  d i a n i l i n o g o s s y p o l  e x t r a c t e d  f r o m  one  s a m -  

p l e  e a c h  o f  c o t t o n s e e d  m e a l s  N o s .  7 to  12  b y  p r o p o s e d  
m e t h o d .  

B .  P u r e  d i a n i l i n o g o s s y p o l .  
C. T h e  a l c o h o l - a n i l i n e - c h l o r o f o r m  e x t r a c t  o f  r e s i d u e s  f r o m  

t h e  A . O . C . S .  B a  8-55  m e t h o d  a f t e r  w a s h i n g  o u t  t h e  l ib -  
e r a t e d  g o s s y p o l  w i t h  7 0 %  a c e t o n e .  
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tha t  formed by a hexane solution of pure  dianilino- 
gossypol under  similar conditions. 

Reagent  blanks included with 14 sets of determi- 
nations by the proposed method gave an  average 
density of 0.0015 on the Beckman DU speetrophotom- 
eter. The O.D. range was -0 .002  to 0.004. These 
values are sufficiently low that  it is not necessary 
to run  reagent  blanks with each set of determinations.  

Samples of 0.5000 g. of meals Nos. 7 to 12 were 
t reated with 2 ml. of alcohol, extracted with chloro- 
form, and diluted as directed, then read on the 
Beckman DU spectrophotometer.  The mean O.D. 
was 0.0047 with a r a n g e  of 0.0'0'3 to 0.007. These 
low values are the justification for using chloroform 
as the reference solution. The extract  may  be used 
as a reference solution to correct for  the low O.D. 
obtained f rom the chloroform extraet  when the lllti- 
mate in accuracy is required. 

There were no significant differences, in the results 
obtained with the Beckman DU spectrophotometer  
and the Eve lyn  eolorimeter on meals Nos. 7 to 12 by 
the proposed method, Table I I I .  These da ta  indicate 

t h a t  ins t ruments  such as the Evelyn  colorimeter give 
accurate results by this method, and any good photo- 
electric eolorimeter or spectrophotometer  should give 
sat isfactory results af ter  establishing a ealibration 
c u r v e .  

Along with simplicity, greater  accuracy, and a high 
degree of precision the proposed method offers the 
advantage of a great ly  reduced t ime requirement  as 
conlpared to methods previously used. An analysis 
m a y  be completed in about 1.5 hrs. 

Summary 
An improved method has been developed for  the 

determinat ion of total  gossypol in cottonseed and cot- 
tonseed meal. The sample is heated with aniline to 
convert  the gossypol to dianilinogossypol, which is 
extracted with chloroform and measured spectropho- 
tonletrieally. The values for total  gossypol are slightly 
higher and more accurate and precise as determined 
by the proposed method because of more complete 
extraction than  by  a recent p-anisidine method or 
the revised A.O.C.S. Tentative Method Ba  8-55. The 
advantages  of the proposed method are its simplicity, 
accuracy, reproducibil i ty,  and expeditiousness. 
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Fat Emulsions. Effect of Polyoxyethylene and Alkyl Content of 
Emulsifiers on Stability to Sterilization 12 
W. S. SINGLETON, J. L. WHITE, RUTH R. BENERITO, and KATHERINE F. TALLUTO, 
Southern Regional Research Laboratory, 3 New Orleans, Louisiana 

I 
N DISCUSSIONS Of the theoretical and pract ical  as- 

pects of emulsions as found in the extensive lit- 
erature  of the subject, for example, the book by 

Berkman and Egloff (1), the role of the specific in- 
fluence of emulsifying agents on certain propert ies  
of systems of oil (vegetable or hydrocarbon)  and 
an aqueous phase in constant proport ion has received 
little attention. Sherman (2) repor ts  the influence 
of the emulsifying agent  on the viscosity of water-oil 
emulsions at room temperature ,  s ta t ing  that  he found 
but  few previous observations on the specific influence 
of emulsifiers. Broughton and Squires (3) repor t  a 
similar s tudy  with oil-water systems, in which the 
effect of the type of stabilizer on the viscosity was 
determined. These two reports,  concerned with tests 
made at  room temperature ,  consti tute the only avail- 
able informat ion  as to the effect of various emulsifiers 
Gn the: proper t ies  of emulsions. 

I n  the development of fa t  emulsions for intravenous 

1 Presented at fall meeting of American Oil Chemists' Society, Cin- 
cinnati, O., September 30-October 2, 1957. 

2 This work was supported in pa r t  by funds from the Office of the 
Surgeon General, U. S. Army. 

One of the laboratories of the Southern Utilization Research and 
Development Division, Agrciultural Research Service, U. S. Depart- 
ment of Agriculture. 

alimentation, one requirement  is that  such emulsions 
must  be stable under  conditions required for  sterili- 
zation, namely  121~ for 10-30 rain. I n  the l i terature  
repor ts  cited above, no reference is made to the char- 
acteristics of fa t  emulsions at elevated temperatures .  
Heat ,  in fact, is a means of demulsifieation in a stand- 
ard  test for  emulsion stabil i ty (4). Differences in the 
characteristics of emulsions at ord inary  tempera tures  
and at 121~ therefore are to be expected and actu- 
ally were found. These differences most probably are 
caused by variat ions in interracial  tension, sohlbility, 
or other phenomena involving the emulsifying agents. 
Emulsifiers of the nonionic type are soluble in water  
because of association of their  hydrophil ie  groups with 
the water  molecules. As the t empera tu re  of such solu- 
tions increases, the degree of association decreases 
unti l  at  a critical t empera ture  the point  of solubility 
inversion is reached and turb id i ty  follows. Benerito 
and Singleton (5), in determining the effect of heat  
on the solubility of hydrophil ic  emulsifiers, found 
that  the critical t empera ture  at the point  of solubility 
inversion of nonionic emulsifiers in water  is highest 
for  those emulsifiers which are very  hydrophilie.  As 
the content of hydrophil ic  polyoxyethylene groups in 


