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As less toxic cottonseed meals are becoming commercially available methods for free 
gossypol assay in mixed feeds are needed for experimental use and for control. The 
method here proposed is based on the color developed in the reaction of phloroglucinol 
with gossypol in strong acid at room temperature. The extracting solvent excludes 
many substances that react with phloroglucinol. Interference by reactive substances 
brought in by the solvent is minimized by carrying out the reaction at room temperature. 

N .4TTEMPTS TO FOLL.O\Z CHANGES in I free gossypol in mixed feeds. spectro- 
photometric methods applicable to cot- 
tonseed meal gave obviously erroneous 
results b% hen applied to prepared rations 
containing. the same meals. Alfalfa 
meal, > ellow corn. barley. oats, and 
I\ heat contain substances which either 
react \+ith the reagent or absorb at  the 
\ \  ave length a t  which measurements are 
made in the case of the p-anisidine 
method (5). Moreover. extracts pre- 
pared by the latter method were cloudy 
\\hen the sample contained yellow corn 
or odts and no satisfactory color measure- 
ment could be made. After this ex- 
perience, extracting solvents and gossypol 
reagents which might be applied to the 
determination of free gossypol in mixed 
feeds \\ere investigated. As a result 2- 
butanone-water azeotrope ( 6 )  containing 
aniline Lias developed as the solvent for 

the extraction and phloroglucinol ( 7 )  was 
adopted as the gossypol reagent. 

Absorption curves of the red solution 
developed from the reaction of phloro- 
glucinol with pure gossypol are shown 
in Figure 1. The one peak a t  550 mp is 
evident a t  three gossypol concentrations. 
The red color is apparent a t  0.006 mg. of 
gossypol per 25 ml. 

The term “free gossypol.” apparently 
introduced by Clark. Selson, and Jones 
(3) .  has come into use with little organ- 
ized experimental background of either 
biological or chemical nature to support 
it; consequently it is not well defined 
even by an empirical standard. As 
usually understood. free gossypol refers 
to that portion of the gossypol or gossypol 
derivatives in cottonseed meal which mav 
be toxic to animals. In  the absence of 
exact information as to this relationshi 1% 
the term can be applied only to the 

amount of gossypol brought into solution 
by a specified solvent under specified 
conditions. 

Results of extraction studies 1% ith buta- 
none-water azeotrope containing aniline 
show that a very soluble form of gossypol 
is extracted from a screu-pressed meal 
containing a loir level of this fraction in 
about 10 minutes (Figure 2). 4 similar 
rapid extraction is shown from a h \ -  
draulic meal containing still more of the 
same soluble form and also from a soivent 
meal irith a very high level of this frac- 
tion. The lattcr solvent meal v a s  pre- 
pared in t!ie laboratory in order to ob- 
tain a product \\ ith a very high free gos- 
sypol content. It seems reasonable to as- 
sume that free gossypol should be very 
soluble in appropriate solvents and should 
come into solution readily. Therefore. 
the very soluble gossypol extracted in the 
first 10 minutes under the conditions out- 

Figure 1. Absorption curves of gossypol solutions 
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Figure 2. Rate of extraction of gossypol from cottonseed meals 
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lined here should include the free or toxic 
substances in these meals. This premise 
is supported by the rather sharp break in 
these extraction curves after about 10 
minutes. The second break after the 4- 
hour period is due to the change in the 
time scale. Actually, the curves show 
that after the initially rapid extraction 
there is a gradual increase in the gossypol 
extracted up to 380 hours. This slowly 
extracted gossypol must be bound in a 
manner very different from that extracted 
so readily in the first few minutes. In 
fact, further investigation may show that 
free gossypol is defined by this 10-minute 
extraction limit. For the present, how- 
ever, because of the uncertainties in the 
meaning of these values, the method here 
reported is based on 1-hour shaking ex- 
traction of the meals with butanone-water 
azeotrope containing aniline as the sol- 
vent. Preliminary results on cottonseed 
meals and feeds of low free gossypol con- 
tent showed no difference in static or 
shaking extraction. As Figure 2 shows, 
1-hour extraction places the free gossypol 
well on the plateau of the extraction 
curves. Yet there is little practical dif- 
ference, as far as toxicity estimates are 
concerned, in the amount of gossypol ex- 
tracted from meals of the common types, 
a t  either 10 minutes or 1 hour. 

Apparatus 

photometer. 
Coleman Model 11 Universal spectro- 

Reagents 

Ethyl alcohol, 95%. 
Isopropyl alcohol. 98 to 99%. 
Hydrochloric acid. concentrated C.P. 
Phloroglucinol solution. 0.4 gram per 

100 ml. of ethyl alcohol. Purify phloro- 
glucinol by boiling a saturated water 
solution with Darco for 5 minutes, filter- 
ing, cooling, and then filtering off and 
drying the resulting crystals. 

Aniline, redistilled from zinc (4). 
Butanone-water - azeotrope-aniline 

solution. Distill a mixture of 2-butanone 
and water (1O:l) and collect the azeo- 
trope boiling a t  73" C. Dissolve 5 ml. of 
redistilled aniline in azeotrope and dilute 
to 1000 ml. Use 50 ml. for extractions. 

Procedure 

Dissolve 0.038 gram of pure 
Standard gossypol in butanone-water- Gossypol azeotrope-aniline solution Curve 

and make to 250 ml. Take 

and 45-ml. aliquots and dilute to 50 ml. 
Pipet duplicate 2-ml. aliquots of each of 
these into 25-ml. volumetric flasks, and 
add 1 ml. of phloroglucinol reagent and 
2 ml. of concentrated hydrochloric acid. 
Allow to stand 20 minutes a t  room tem- 
perature for full color development and 
dilute to volume with ethyl alcohol or 
isopropyl alcohol. Use 1 ml. of ethyl al- 
cohol for the blank in place of the 
phloroglucinol reagent, dilute imme- 
diately after the addition of 2 ml. of con- 
centrated hydrochloric acid, and make to 
the mark after 20 minutes. Measure the 
absorption at  550 mp in a 1.0-cm. cell in 
a spectrophotometer, reading the sample 
against the blank. 

The standard solutions up to and in- 
cluding a concentration of 0.182 mg. per 
25 ml. are stable in ethyl alcohol for 48 
hours in darkness. Prepare a standard 
absorbance curve from the values, as 
illustrated in Figure 3. I t  is advisable to 
work in the range 0.02 to 0.10 mg. per 25 
ml. for best results. 

2-, 5-, lo-, 15-, 20-, 25-, 30-, 35-, 40-, 

It'eigh 0.2 to 2.0 Determination 
Of Gossypol in grams of cottonseed 

meal or 5- to 10- 
Cottonseed gram samples of 
And Feedstuffs mixed feed, ground - 
to pass a 1-mm. screen, into 250-ml. 
Erlenmeyer flasks, add 50 ml. of buta- 
none-water-azeotrope-aniline solution, 
stopper, and shake meals 1 hour and 
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Table 1. Free Gossypol in 
Cottonseed Meal 

Mefhod 
D- Phloro- 

Anisidhe glucinol 
Free gossypol, 

Meal % 
Screw-pressed 0.013 0.018 
Hydraulic 2 0 .097  0 093 
Hydraulic 3 0 080 0.082 
Solvent- 

extracted 1 0 390 0.440 
Solvent- 

0 444 0 448 extracted 2 

feeds 2 hours on a mechanical shaker. 
Filter the extract. transfer 2-ml. aliquots 
to 25-ml. volumetric flasks, and proceed 
as in the preparation of the standard 
curve. The filtered extracts of meals and 
feeds must be assayed within 1 hour for 
accurate results; otherwise the free 
gossypol increases (up to 60 hours) olsing 
to breakdown of soluble combined forms. 
Calculate the percentage of gossypol in 
the sample from the standard curve. 

Results 

Extracts from cottonseed meal pre- 
pared by this method sholv absorption 
curves similar to those for pure gossypol 
(Figure 4). The curve is characteristic 
of meals of three representative types. 

The phloroglucinol and p-anisidine 
methods (5) are compared in Table I, 
!There each value is the mean of two or 
more determinations. The evident agree- 
ment between these two methods on these 
meals is significant because the back- 
ground of the p-anisidine method (5) in 
animal experiments shows that it is useful 
in differentiating toxic and nontoxic 
meals. 

Experience has shoivn that many sub- 
stances in common feed mixtures may 
interfere in the spectrophotometric de- 
termination of gossypol. The absorption 
curve of an extract prepared by the above 
method from a mixture of 2OyG hydraulic 
meal, 717, wheat, 8% alfalfa meal, and 
1Yc mineral mix is shown in Figure 5. 
Substitution of corn, oats, or barley for 
the \\.heat had no appreciable effect. 
The curve is typical of the gossypol- 
phloroglucinol reaction. except that the 
ascending leg is slightly displaced. The 
magnitude of this displacement appears 
to be related to the age of the feed, but 
there is no detectable influence on peak 
absorption at  550 mp. 

In the determination of the free gossy- 
pol in mixed feeds, it !vas found that a 2- 
hour extraction on a mechanical shaker 
is necessary if the volume of solvent is the 
same as that used on meals. The size of 
sample necessary probably accounts for 
the slo\rer extraction from mixed feeds. 

Results by this method on feed mix- 
tures prepared from meals of various 
types and different carbohydrate sources 
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are illustrated in Table 11. Each meal 
constituted 207, of a mix and the carbo- 
hydrate source indicated at  the top of the 
column 717,. Each mixture contained 
8% alfalfa meal and 1% mineral mixture. 
Percentages of free gossypol in the mix- 
tures have been multiplied by 5. because 
the free gossypol in the parent meal 
affords the only standard of reference. 
All results are the mean of t\vo or more 
determinations and \\.hen more than four 
determinations \\-ere made on a sample, 
standard deviations are reported. The 
\cell-kno\vn tendency of free gossypol to 
decrease on storage (1). as  sholvn in the 
case of the scre\\--pressed meal. made it 
necessary to determine free goss)-pol soon 
after mixing if valid comparisons ivith the 
meal from \vhich i t  \vas derived are to b: 
made. 

Discussion 

The formulations in Table I1 include 
the principal components of the usual 
concentrated mixed feeds. The amount 
of cottonseed meal in them is a t  about the 
upper limit of practical use. Free gossy- 
pol levels are in the range significant in 
nonruminant animal feeding and the re- 
sults shoit- that the method gives re- 
peatable and accurate results on mixed 
feeds at  these levels. 

Although all results are reported here 
as free gossypol. other gossypol-like deriv- 
atives may be included, as a t  this time no 
distinction can be made benveen the 
various forms lvhich react \vith phloro- 
glucinol. The fact that results on meals 
are in substantial agreement ivith those 
obtained by the p-anisidine method (5’) 
indicates that the phloroglucinol method 
can differentiate betTveen toxic and non- 
toxic feeds. 

Glucose and other reducing sugars 
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under the conditions outlined do not in- 
terfere in the determination. The gossy- 
pol apparently reacts preferentially with 
the aniline in the extracting solvent and 
thus competing reactions with soluble 
feed substances are avoided. Aniline 
does not interfere with the phloroglucinol 
reaction which follows the extraction. 
The method is not applicable to cotton- 
seed meals treated with aniline: because 
the dianilinogossypol Lvould be deter- 
mined as free gossypol. 
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Table II. Free Gossypol in Cottonseed Meals and in Mixed Feeds Prepared 
from Them 

Gossypol in Mixed Feeds, % ~ X 5 
Corbohydrote Source 

Gossypol in ~~ 

Cottonseed - 
Meol, Yellow 

% corn Qots BJrky Wheot 

Hydraulic h f l  0 .0923 0 . 0 9 3 5 z  . ,  . . .  . . .  

Hydraulic hi3 0.0918 0 OS62 0 0888 0 0864 0.0860 

Hydraulic B1 0 0’95 0.0-96  , . .  0 0805 0.0785 
U 0 0312 0 .0012 0 0019 0 0010 0.0007 

U 0.0014 

U 0.0004 

U 0.0004 0.0008 0 ,0001 0.0006 0.0006 

Screw-pressed .A 0.0202 0 0203 0 .0202 . . .  , . .  

Screiv-pressrd B5 0.01:1 0.01:0 0 0198 0 .0215 0 .0180 

Screw-pressed 0 0.0146 0.0141 0.0150 0 .0156 0 ,0159 

Solvent 39 0 .0132 0 .0130 . .  . .  . .  

Solvent 39A 0 . 0 3 4 3  0.0300 . .  . . .  . . .  
10% blackstrap molasses substituted for part of corn. 
Screw-pressed A after 4 months’ storage. 
Screw-pressed A after 6 months’ storage. 
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