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ABSTRACT: A method for estimating free gossypol (FG) has 
been developed that decreases sample-determination time from 
over 2 h to about 25 rain per sample. With auto pipetters and 
bottle-top dispensers, six sample determinations can be com- 
pleted in approximately 50 min. The method consisted of 
adding water and acetone separately to a fixed sample weight, 
mixing, filtering, diluting with 65% acetone, and reading ab- 
sorbance on a spectrophotometer. Absorbance was plotted 
against the official American Oil Chemists' Society's FG method 
for samples that contained FG between 0.02 and 0.9%. Qua- 
dratic least squares regression for 31 samples had a correlation 
coefficient of r 2 = 0.986 and a standard error of estimated FG of 
0.032%. 
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Gossypol (G) is a highly reactive polyphenolic, binaphthyl 
aldehyde compound. It occurs extensively in the seed, fo- 
liage, and root of most varieties of the cotton plant. In seed, 
G is found as the predominant pigment contained in discrete 
glands, 100 to 400 I.t in size. Nutritionally, whole cottonseed 
is an excellent source of energy and protein and, when fed to 
dairy cows, it results in an increase in milk fat. Because G is 
toxic to nonruminants, such as poultry and swine, however, 
the use of whole seed is restricted to ruminant feed (1). After 
extracting or pressing the edible oil from the seed, the result- 
ing meal is again mainly used as ruminant feed. Because of 
the reactive nature of G, processing seed with heat and mois- 
ture, in preparation for oil extraction, results in significant 
complexing or binding of physiologically active free gossy- 
pol (FG) to carbohydrates, phospholipids, and the alpha and 
omega amino groups of proteins and amino acids to produce 
so-called biologically inactive bound gossypol (BG). Al- 
though once thought to be totally inactive, it is suspected that 
some BG can revert to FG in the digestive tracts of some ru- 
minants (2). During solvent extraction of conditioned seed, a 
small amount of G is also extracted with the oil but is easily 
removed during oil-refining operations. Various commercial 
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processing procedures significantly reduce FG levels by bind- 
ing and oil removal, from approximately 1.4% in kernels to 
0.02-0.5% in processed meal (1). Feed with FG levels of up 
to .04%, along with a small amount of iron salt, is deemed 
safe for broilers and swine (3). Further, cottonseed products 
containing up to 0.045% FG have been approved by the Food 
and Drug Administration for use as food additives (4). To de- 
termine the safe use of cottonseed products, it is thus impor- 
tant that reliable analytical methods be developed to accu- 
rately determine FG. The first quantitative method for esti- 
mating FG was developed by Withers and Carruth in 1915 
(5). Their method was based on gravimetric precipitation of 
G as the dianilino derivative. This and other gravimetric pre- 
cipitation methods were too time-consuming and gave unreli- 
able results. They were eventually replaced with spectropho- 
tometric methods. Various derivatives produced by the reac- 
tion of G with p-anisidine, antimony trichloride, and 
phloroglucinol were tried at our research center and else- 
where (6-8). The dianilinogossypol derivative was eventu- 
ally shown to give the most reliable results, and the Ameri- 
can Oil Chemists'  Society (AOCS) adopted it in its official 
method. The official AOCS FG spectrophotometric method 
specifies that it measures G and G-like compounds that are 
soluble in 70% aqueous acetone (9). The G-like compounds 
are thought to consist of phospholipid gossypol and G amino 
acid or peptide complexes that exchange with aniline. Other 
methods, for the measurement of FG based on paper, gas, and 
liquid chromatography, have been reported but, because they 
only measure pure G, most have significantly lower FG con- 
tent than those reported by the official AOCS spectrophoto- 
metric method. One exception, however, has been the use of 
high-performance liquid chromatography (HPLC) in the de- 
termination of FG in fresh seed samples. The results compare 
favorably to the official AOCS method, probably because es- 
sentially all G in fresh seed is in the pure, unreacted form (pri- 
vate communication). The existing methods to determine FG 
are not fast; the quickest method, HPLC for FG in fresh seed, 
takes at least 2 h to run. Presently, a majority of cottonseed- 
processing plants uses expanders in a seed-preparation step 
prior to extraction. The basic purpose of an expander is to 
bind FG to protein and to simultaneously make a dense but 
porous collet from which oil, containing a minimum of G, can 
be subsequently solvent-extracted. This is the primary G- 
binding step and, as such, essentially determines the level of 
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FG in extracted meal. It is therefore apparent that a quick FG 
test method for collets to predict FG in extracted meal would 
be highly beneficial to a processor. A quick FG method would 
also be an asset to our pilot plant research to improve the 
binding or physiological inactivation of G in an expander op- 
eration. During the preparation of experimental samples for 
analysis of G by the official AOCS method, we noted distinct 
color variations in the 70%-aqueous acetone extracts. This 
observation led us to the development of a quick method for 
the estimation of FG. 

EXPERIMENTAL PROCEDURES 

Materials. Twelve acid-delinted cottonseed samples were 
supplied by Steven Calhoun, Louisiana Agricultural Center, 
Louisiana State University (Baton Rouge, LA). The samples 
consisted of three replications of four cotton strains: Deltap- 
ine 41, a conventional variety; a high-G variety; and two dif- 
ferent Louisiana varieties with intermediate G levels. The 
seed samples, with seed coats intact, were dried for 1 h at 
45~ in a Blue M Touchmaster forced draft oven (General 
Signal, Blue Island, IL) prior to being finely ground (Wiley 
mill; 20 mesh) to minimize pigment-gland rupture and subse- 
quent binding of FG. Mill-run cottonseed meats and meal 
samples from the 1992 crop year were obtained from com- 
mercial oil mills located across the cotton-growing belt. The 
meats and meals were finely ground (Wiley mill; 20 mesh) 
prior to being analyzed. 

Apparatus. Absorbance was measured at a wavelength of 
430 nm in a Spectronic 20D spectrophotometer (Milton Roy 
Co., Rochester, NY). 

Solvents and reagents. Water was obtained from a Milli-Q 
water system (Millipore, Marlborough, MA). Purified, crys- 
talline potassium dichromate and spectrophotometric-grade 
acetone were purchased from J.T. Baker, Inc., (Phillipsburg, 
NJ). The final dilution solution consisted of acetone:water 
(65:35, vol/vol). A standard potassium dichromate solution 
(0.0514 g in 250 mL Milli-Q water) was used to calibrate 
wavelength on the spectrophotometer. At a wavelength of 430 
nm, the absorbance should approximate 0.360. 

Free gossypol (FG). The method is applicable to full-fat 
seed, meats, or expanded collets and solvent-extracted cot- 
tonseed meal that contain FG within the ranges of 
0.02-0.25% and 0.9-1.8%. Appropriate sample weights were 
5.0 g for 0.02-0.25% FG and 1.0 g for 0.9-1.8% FG. Know- 
ing the approximate FG range, a finely milled (Wiley mill; 20 
mesh) sample was accurately weighed into a 150-mL beaker. 
Fifteen mL treated water was pipetted in the beaker, and the 
slurry sample was swirled to rupture pigment glands. The 
slurry was then allowed to stand 5 min. Thirty-five mL ace- 
tone was added to the slurry, making the equivalent of a 70%- 
aqueous acetone solution, and the slurry was swirled and 
again allowed to stand 5 min. The slurry was then filtered 
through fluted Whatman #2 filter paper into another 150-mL 
beaker. After filtering for approximately 5 min, 1 mL filtrate 
was pipetted into a 10-mL volumetric flask, and the flask 

filled to mark with 65%-aqueous acetone. Sample absorbance 
was then read on the spectrophotometer at a wavelength of 
430 nm against a 65%-aqueous acetone background. The 
wavelength setting on the spectrophotometer was periodically 
adjusted by using the fixed absorbance reading of a standard 
potassium dichromate solution. FG was determined by insert- 
ing the sample's absorbance reading into the appropriate lin- 
ear least-squares calibration equation corresponding to sam- 
ple weight. 

Standardization. To determine % FG in a sample by the 
quick method, standardization or calibration equations must 
first be obtained. Indirect standardization was used after at- 
tempts to use G acetic acid as a standard proved unsatisfac- 
tory. Absorptions were measured, as described, for 31 cotton- 
seed products of known FG contents (by the official AOCS 
method) ranging from 0.02 to 0.9%. 

RESULTS AND DISCUSSION 

Because the official AOCS method for FG measures G and 
G-like compounds extracted with 70%-aqueous acetone, it is 
important to look at the ultraviolet visible (UV) spectra of 
pure G dissolved in 70%-aqueous acetone, as shown in Fig- 
ure 1A. Pure G shows a maximum absorbance at about 374 
nm (filled circle), as does full-fat, glanded cottonseed and ex- 
pander collets shown in the UV spectrum in Figure lB. The 
glandless cottonseed UV spectrum, shown in Figure 1C, how- 
ever, also has a fairly high absorbance at 374 nm (filled cir- 
cle), due to non-G components that also are soluble in aque- 
ous acetone. Because of this high absorbance of non-G com- 
pounds, it would be difficult to spectrophotometrically 
differentiate G from the non-G compounds in any type of cot- 
tonseed sample. Because of this fact, researchers in the 1940s 
looked at various derivatives of G with high absorbance at 
wavelengths of 440 nm or higher, where non-G cottonseed 
components, soluble in 70% acetone, would have little or no 
effect on a spectrophotographic analysis. There is an alterna- 
tive to the use of derivatives, however. Figure 1D shows the 
UV spectrum for a typical, commercially extracted meal in 
70%-aqueous acetone. There is a major absorbance peak at 
around 350 nm, as shown by a square, which unfortunately 
also coincides with a major absorbance peak at this same 
wavelength in a glandless (G-free) sample, shown as a square 
in Fig. 1C. The commercial meal, however, also shows a 
minor absorbance peak at 430 nm, where non-G pigments 
show only a slight absorbance, as shown for the glandless 
meal in Fig. 1C. In developing the quick method, it was de- 
cided that, although G absorption at 430 nm is not as pro- 
nounced as it is at other wavelengths, it is fairly significant, 
as shown in Fig. 1E. If  FG could be accurately measured at 
that wavelength, it would eliminate having to use a glandless 
extract blank in each series of determinations, significantly 
simplifying the method. 

To determine the sensitivity of the quick method, 31 sam- 
ples, consisting of full-fat collets and various laboratory-pro- 
duced and commercially manufactured meals with FG con- 
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FIG. 1. Uhravioletvisible spectra for various materials in 70%-aqueous 
acetone: A) G; B) glanded, full-fat cottonseed kernels containing G; C) 
laboratory solvent-extracted glandless cottonseed meal containing no 
G; D) commercially solvent-extracted cottonseed meal containing G; E) 
resulting absorbance after subtracting part C) from part D). e, wave- 
length at maximum absorption of G; [Z], wavelength at maximum ab- 
sorption of cottonseed meal without G; +, wavelength used in test 
method. 

tents ranging from 0.02 to 0.89%, were run in triplicate to 
produce the quadratic least-squares relationship shown in Fig- 
ure 2. Although the correlation coefficient r 2 = 0.986 and the 
standard error is 0.033%, it is obvious that high absorbance 
readings, roughly above 0.6 absorbance units, produce a large 
scatter in FG readings this. Necessitates the use of a quadratic 
relationship. This is a concentration factor due to the use of a 
fixed sample weight for too broad a range of FG. By specify- 
ing a particular sample weight for a specific FG range, much 
as the official AOCS FG method does, the absorbance values 
obtained lie on the linear portion of the curve. 

Generally, the major concern of processors and of feed for- 
mulators is in obtaining FG values below 0.25%, where a dis- 
tinct linear relationship exists, as shown in Figure 3. The stan- 
dard error for this regression was 0.008%. Application of this 
linear relationship to individual absorbance readings of 21 
different samples showed no differences in mean values be- 
tween the quick and the AOCS methods. 

Cotton breeders normally evaluate large numbers of ex- 
perimental cottonseed varieties, and a quick, economical FG 
method is desirable. Normally, seed samples containing lint 
are cracked, and only the meat fraction is analyzed. Because 
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FIG. 2. Quadratic relationship of %FG determined by the official AOCS 
FG method and plotted against absorbance readings obtained by the 
quick FG method. 
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FIG. 3. Linear relationship of %FG determined by the official AOCS FG 
method and plotted against absorbance readings obtained by the quick 
FG method on full-fat collets and solvent-extracted meals. 

a method was being tested, however, acid-delinted seed with 
seedcoat was used to give a more replicable sample. Because 
of the high concentration of G involved, the sample size was 
reduced to one gram to obtain absorbance readings in a sensi- 
tive range. The 12 seed samples were run five times against 
the AOCS FG method, which was run in duplicate, with the 
results shown in Figure 4. The samples covered a range from 
0.92 to 1.81% FG and gave a linear least-squares correlation 
factor r 2 of 0.989 and standard error of 0.032%. A % FG de- 
termination can easily be obtained in less than 25 min for a 
single, unground sample. By using auto pipetters and bottle- 
top dispensers, six samples can be ground and analyzed in 
less than 50 min. Because FG closely approximates total 
gossypol (TG) in fresh, unprocessed cottonseed, the relation- 
ship between the AOCS- and quick-method determinations 
of TG was also examined. The same absorbance readings 
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FIG. 4. Linear relationship of %FG determined by the official AOCS FG 
method and plotted against absorbance readings obtained by the quick 
FG method on acid-delinted cottonseed samples. 
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FIG. 5. Linear relationship of %TG determined by the official AOCS TG 
method and plotted against absorbance readings obtained by the quick 
FG method on acid-delinted cottonseed samples. 

squares correlation, the standard error was 0.026%, which 
was slightly better than the FG correlation. 

The method enables plant breeders to quickly screen seed 
samples and allows processors to quickly estimate the extent 
of FG binding occurring in the flake cooker and expander. 
Additionally, and possibly more importantly, the method is 
"environmentally friendly" and should cause minimal waste- 
management problems, as it only requires water and acetone. 
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used in the FG correlation (Fig. 4) were plotted against AOCS 
TG results, done in duplicate, and the result is shown in Fig- 
ure 5. The samples covered a range of 0.9-1.79% TG, and a 
correlation factor of 1"2= 0.993 was found. With the least- [Received August 11, 1995; accepted September 4, 1995] 
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