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Cotton plants have been developed that control the major lepidopteran insect pests of cotton by the
stable introduction of a gene encoding an insecticidal protein from Bacillus thuringiensis subsp.
kurstaki. These plants provide season-long protection against cotton bollworm, tobacco budworm,
and pink bollworm. An important component of the safety and product assessment of these lines
was the comparison of the nutrient and antinutrient levels in the seed both to the parental variety
and to published values for other commercial cotton varieties. Compositional equivalence confirms
the appropriateness of these cotton lines for use in food and feed products. The insect-protected
lines and the parental control were shown to contain levels of nutrients comparable to those of
other commercial varieties. Nutrients included protein, fat, carbohydrate, moisture, ash, amino
acids, and fatty acids. The levels of the antinutrients gossypol, cyclopropenoid fatty acids, and
aflatoxin in the seed from the insect-protected lines were similar to or lower than the levels present
in the parental variety and reported for other commercial varieties. These analyses demonstrate
that seed from the insect-protected cotton lines is compositionally equivalent to and as nutritious
as seed from the parental and other commercial cotton varieties.
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INTRODUCTION

Numerous new crop varieties protected against insect,
fungal, and viral diseases and having improved quality
attributes or offering more environmentally compatible
means of weed control are under development and
nearing market introduction (Fuchs et al., 1993). One
of these products is cotton protected season-long against
damage by the most devastating insect pests of cotton,
the cotton bollworm, the tobacco budworm, and the pink
bollworm (Perlak et al., 1991). Approximately 80% of
the 11-13 million acres that are planted to cotton
annually are infested with one or more of these insect
pests, which currently cost the cotton grower in excess
of $100 million annually to control with chemical
insecticides (Williams, 1994; Head, 1991, 1992, 1993).
As an effective and environmentally superior ap-

proach to control these insect pests, a gene initially
derived from a naturally occurring bacterium, Bacillus
thuringiensis subsp. kurstaki (B.t.k.), has been stably
inserted into the chromosome of cotton, enabling pro-
duction of a protein that is active against these insect
pests. Producing this protein within the cotton plant
itself provides effective and season-long control of these
insect pests (Wilson et al., 1994). B.t.k. has been used
safely for over 30 years in microbial formulations (Lüthy
et al., 1982). This organism and the insecticidal pro-
teins produced have been shown to be very specific to
the targeted insect pests and to cause no deleterious

effects to nontarget organisms such as beneficial insects,
birds, fish, and mammals, including humans (EPA,
1988).
Cottonseed provides an important source of oil for

human consumption and cottonseed and processed
cottonseed meal for animal feed (Cottonseed and Its
Products, 1989). Therefore, the composition of the
cottonseed has been extensively evaluated to confirm
that these products derived from the insect-protected
cotton varieties are equivalent to those of the parental
variety as well as conventional cotton lines. For insect-
protected cotton, these analyses have focused on three
independent lines that contain the same B.t.k. gene but
were derived by independent transformation events.
Data presented in this paper demonstrate that the
levels of nutrients (protein, fat, fiber, ash, carbohy-
drates, calories, amino acids, and fatty acids) in the
insect-protected cottonseed and selected processed prod-
ucts are comparable to those of the parental variety and
other commercial cotton varieties. In addition, the
levels of antinutrients (gossypol, cyclopropenoid fatty
acids, and aflatoxin) in cotton seed and selected pro-
cessed products were also measured and shown to be
similar or lower. These results confirm that the cot-
tonseed produced from these three insect-protected
cotton lines is compositionally equivalent to that from
the parental variety as well as the other commercial
varieties.

MATERIALS AND METHODS

Insect-Protected Cotton Lines. Compositional analyses
were performed on three independent insect-protected cotton
lines (lines 531, 757, and 1076) as well as the parental control
(Coker 312). A gene that produces a protein that is 99.4%
identical to the native B.t.k. protein produced by B.t.k. strain
HD-73 (Adang et al., 1985) was introduced into cotton plants
to confer insect protection (Perlak et al., 1990). This gene
encoding the B.t.k. protein was modified as described by Perlak
et al. (1991) for enhanced expression in plants. Two different
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promoters, derived from cauliflower and figwort mosaic vi-
ruses, were used that enabled expression throughout the
cotton plant to provide effective insect control.
Agrobacterium-mediated transformation of cotton hypocotyl

sections of Coker 312 was performed with modifications as
described by Umbeck et al. (1987). Plants were regenerated
with modifications as described by Trolinder and Goodin
(1987). Insect-protected cotton plants were identified and
evaluated as described by Perlak et al. (1991). Insecticidally
efficacious plants were repeatedly self-pollinated to provide
homozygous seed for subsequent field testing to select superior
lines in terms of agronomics and insect efficacy. Insect-
protected cotton lines 531, 757, and 1076 were selected for
commercialization on the basis of these assessments. The
genes from these lines were introduced into a variety of
commercial cotton germplasms by traditional backcrossing to
generate seed for further testing and commercialization.
Cottonseed Production. Cottonseed for the 1993 field

tests with the insect-protected lines was produced from the
R4 generation of line 531 and the R3 generation of lines 757
and 1076. Coker 312 was obtained from Seedco, Inc. (Lubbock,
TX). These lines were grown at four or five of the following
field sites: Starkville, MS; Bossier City, LA; West Sinton, TX;
Tifton, GA; Maricopa, AZ; and Loxley, AL.
Samples of seed cotton from individual field sites were

harvested, composited for the individual sites, ginned, acid-
delinted, and analyzed by site. The remainder of the seed
cotton from each of the sites was pooled to produce a composite
sample for processing into refined oil and processed cottonseed
meal for subsequent analyses. At the Alabama site in 1993,
a planting error led to an inadvertent compositing of seed from
lines 531 and 757. This led to one-third of the seed from the
other line being included for the subsequent processing studies.
Since both lines contain the same gene and encoded proteins
and are compositionally equivalent (see data below), this error
did not impact the validity of the conclusions of the processing
portion of this study.
Cottonseed Processing. The composited seed cotton

samples pooled across field sites were used as a source of
cottonseed for processing. Cottonseed was processed into
refined oil and processed cottonseed meal at the Engineering
and Biosciences Research Center at Texas A&M University
(College Station, TX) under Good Laboratory Practices (GLP)
using a solvent extraction method (Cherry and Leffler, 1984).
The processing procedure was a small-scale version of the
commercial procedure.
Proximate Analysis. Proximate analysis (protein, fat, ash,

carbohydrates, and moisture) on ginned, acid-delinted cot-
tonseed was performed under GLP at Hazleton Laboratories,
Inc. (Madison, WI), on cottonseed from each field site.
Ash content was measured according to Association of

Official Analytical Chemists (AOAC) methods (AOAC, 1990a).
Volatile organic matter was driven off when the sample was
ignited at 550 °C in a muffle or electric furnace. The residue
was quantitated gravimetrically and calculated to determine
percent ash.
Protein content was estimated by determining the total

nitrogen according to the Kjeldahl method, as previously
described (Bradstreet, 1965; Kalthoff and Sandell, 1948;
AOAC, 1990b), and multiplied by 6.25 to calculate the total
protein.
Fat content was estimated by using the Soxhlet extraction

method (AOAC, 1990c). The sample of seed tissue was dried
to remove excess moisture, extracted with pentane, dried to
remove pentane, and weighed to determine the amount of fat
removed.
Moisture content was determined by loss on drying at 100

°C to constant weight as described (AOAC, 1990d).
Carbohydrate was estimated by difference using the fresh

weight-derived data and the following equation (USDA, 1975a):

Calories were calculated using the Atwater factors with the
fresh weight-derived data and the following equation (USDA,

1975b):

Amino Acid Composition. Acid-delinted, ground cot-
tonseed samples were hydrolyzed with hydrochloric acid,
adjusted to pH 2.2. The individual amino acids were quanti-
tated using an automated amino acid analyzer. This assay
was based on previously published references (AOAC, 1990e)
and was performed under GLP at Hazleton Laboratories. The
reference substances used for these analyses were K18 (Beck-
man, lot A304008), L-tryptophan (Sigma Chemical Co., lot
60H0635), cysteic acid monohydrate (Sigma, lot 50H2616),
methionine sulfone (Sigma, lot 49F0113).

r-Tocopherol. Refined oil samples were saponified to
release the tocopherols, which were then extracted with
organic solvent, followed by quantitation on a high-perfor-
mance liquid chromatography (HPLC) silica column using
fluorescence detection (Cort et al., 1983; Speek et al., 1985;
McMurray et al., 1980). The reference substance for this
method, conducted under GLP at Hazleton Laboratories, was
USP R-tocopherol, lot K.
Aflatoxin. The levels of aflatoxins B1, B2, G1, and G2 were

determined on ground, acid-delinted cottonseed samples under
GLP at Hazleton Laboratories. The sample was wetted with
dilute hydrochloric acid and extracted with chloroform. A
portion of the extract was applied to a silica gel column.
Aflatoxins were eluted with methylene chloride/acetone and
concentrated with a rotary evaporator. The extracts were then
separated by HPLC and compared to a known standard (Pons
et al., 1970; JAOAC, 1988a-c). The reference substance for
this method was Aflatoxin Mix-M (Supelco, lot LA39657).
Preparation of Seed and Kernel Material for Gossypol

and Fatty Acid Analyses. Cottonseeds were dehulled with
a Bauer attrition mill and the kernels separated from the hulls
by hand. The kernels and processed meal were ground using
a stainless steel Wiley mill and then passed through a 20-
mesh screen. Due to the high oil content, dry ice was added
to the whole seed to facilitate grinding.
Moisture Determination for Gossypol and Fatty Acid

Analyses. Percent moisture in cottonseed was determined
by weight difference before and after lyophilization. Samples
were lyophilized in tared flasks to remove all water and obtain
a true dry weight to the nearest 0.1 mg.
Percent Lipid Determination and Fatty Acid Analy-

ses. Lipids were extracted using a double Bligh and Dyer
procedure (Bligh and Dyer, 1959), as described byWood (1991).
Analyses were performed under GLP at Texas A&M Univer-
sity (College Station, TX).
The dry weight of the sample and weight of the extracted

lipid were used to calculate the total percentage lipid in the
sample. Total lipids were extracted from the samples with
chloroform/methanol. Approximately 2 mg of total lipid was
saponified to obtain free fatty acids according to a mild alkaline
hydrolysis procedure (Wood, 1986a). The free fatty acids were
converted quantitatively to phenacyl derivatives according to
the procedure of Wood and Lee (1983).
The phenacyl derivatives were analyzed by HPLC according

to the method of Wood (1986a,b). Development of the HPLC
method included a determination of retention time and elution
order of individual fatty acid reference standards and a
mixture of fatty acids. For the data presented, the fatty acid
identity for each peak was determined by peak elution order
and peak shape, which was monitored by a strip chart
recorder. The absorption data for each peak were collected
directly from the UV monitor and were integrated for percent
of total peak area using an IBM Model 900 laboratory
computer. The peak area for each fatty acid was directly
proportional to the percent of each fatty acid contained in total
lipid. The reference substance for the fatty acid analyses was
commercial cottonseed oil.
Measurement of Free and Total Gossypol Levels. Free

and total gossypol levels were measured in the cottonseed raw

% carbohydrate + 100% -
(% protein + % fat + % ash + % moisture)

calories (kcal/100 g) + (4 × % protein) +
(9 × % fat) + (4 × % carbohydrates)
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meal (prior to processing), toasted cottonseed meal (processed),
and refined cottonseed oil under GLP at the USDA-ARS
Southern Crop Research Laboratory (College Station, TX).
Prior to gossypol analysis, the processed (toasted) meal
samples were placed in a vacuum desiccator to reduce moisture
percentage so that it would be similar to that of the ground
cottonseed samples. Evaluation of free gossypol levels was
completed using HPLC according to the procedure described
by Stipanovic et al. (1988) and the AOCS (1989a). Total
gossypol levels (corrected for moisture) were measured spec-
trophotometrically using aniline as a complexing agent (Pons
et al., 1958; AOCS, 1989b). The reference standard for these
analyses was gossypol acetic acid obtained from Sigma, lot
102H4038.
Data Reduction and Statistical Analysis. All data

reduction and statistical analyses were performed using the
SAS statistical program (SAS Institute, 1990). Statistical
analysis was completed for composition of cottonseed samples
(proximate analyses, total gossypol, percent total lipids, and
fatty acid levels) collected from individual field sites, because
these data were generated on replicated samples. The means
and standard errors for each line were computed using a least-
squares mean procedure since the numbers of samples for the
insect-protected and control lines were unequal. The data
were statistically analyzed using a paired t-test. No statistical
analysis was performed on components measured on the
composited, processed samples, since there was only one
sample per line.

RESULTS

Prior to designing a food and feed safety assessment
program for a genetically engineered crop, one must
understand the food and feed uses of the crop. There
are three major cottonseed commodity products: seed
cotton, cottonseed oil, and cottonseed meal. The pri-
mary use of seed cotton (nondelinted cotton seed) is for
cattle feed (Cottonseed and Its Products, 1989). The
defatted cottonseed meal is used almost exclusively for
animal feed, primarily for cattle but also for swine,
chickens, and fish (Cottonseed and Its Products, 1989).
There is no reported food use of protein-containing
products of cottonseed, due to the presence of the
antinutrients gossypol and cyclopropenoid fatty acids
(Morgan, 1980; Cottonseed Oil, 1990). Refined cot-
tonseed oil and highly processed cottonseed linters (the
fiber remaining after ginning seedcotton) are the only
cotton products used for food. Since the fiber (linters)
is essentially completely comprised of cellulose (>99.9%),
the composition of the fiber has not been analyzed for
the insect-protected cotton lines. The composition of
components important for feed and food uses was
assessed for the insect-protected cotton lines and com-
pared to that of the parental control (Coker 312) as well
as to the reported values for other commercial cotton
varieties. All three insect-protected cotton lines were
shown to be compositionally equivalent to Coker 312

and consistent with the reported values for other
commercial cotton varieties.
Proximate Analysis of Cottonseed and Raw,

Ground Cottonseed. The levels of the major compo-
nents of cottonseed (protein, fat, carbohydrate, moisture,
and ash) were determined for cottonseed from each of
the field test sites. There were no statistically signifi-
cant differences for any of the components for lines 531
and 757 compared to the Coker 312 control (Table 1).
Cottonseed from line 1076 showed minor, but statisti-
cally significant, differences in percent fat, carbohy-
drate, and calories when compared to seed from the
control line. Although the differences are statistically
significant, they do not represent a meaningful differ-
ence in nutritional value of the seed. The ranges for
percent fat and calories in cottonseed from line 1076
overlap with the levels for cottonseed from Coker 312.
In addition, the level of fat in cottonseed from line 1076
falls well within reported ranges for cottonseed from
commercial cultivars (Table 1). No published data were
available for carbohydrate and calorie content of cot-
tonseed, so comparisons to literature values could not
be made. These parameters are not standard for
assessing the composition of cottonseed.
Amino Acid Composition of Cottonseed. The

amino acid composition of the seed from the insect-
protected cotton lines was similar to the composition of
the seed from the control line and similar to the reported
ranges for amino acids measured in cottonseed (Table
2). Several amino acids in cottonseed from lines 531
and 757 showed statistically significant differences
when compared to the measured amino acid in cot-
tonseed from the control line. In most cases, the values
fell within or very near the reported ranges for the
amino acid levels in commercial cottonseed (Table 2).
Total Lipid Content and Fatty Acid Profile.

Percent lipid and fatty acid profiles were evaluated in
cottonseed and refined oil. Percent total lipids and the
fatty acid profile for cottonseed from the insect-protected
cotton lines was equivalent to cottonseed from the Coker
312 control (Table 3). No differences of biological
importance were detected. Two minor statistically
significant differences were detected for line 1076;
however, the values for line 1076 were within reported
values for the respective fatty acids in refined oil from
commercial cottonseed varieties (Table 4).
The fatty acid composition of refined oil was assessed

from processing of the composited seed sample for each
line. Therefore, the data were not subjected to statisti-
cal analyses. A summary of the fatty acid profiles
(including cyclopropenoid fatty acids) for the refined oil
samples showed that the values for lines 531, 757, and
1076 and the Coker 312 control were consistent with

Table 1. Summary of Proximate Analysis of Cottonseed from Insect-Protected and Coker 312 Cotton Lines

mean (range)b

characteristica Coker 312c 531d 757d 1076d literature range

protein (%) 27.00 (23.3-28.4) 27.56 (22.8-31.0) 27.60 (23.4-30.5) 26.57 (23.5-28.9) 12-32e
fat (%) 22.96 (19.6-25.1) 23.23 (22.2-25.8) 22.95 (21.9-25.6) 20.80f (16.6-22.8) 16.1-26.7g
ash (%) 4.63 (4.3-5.0) 4.53 (3.9-4.7) 4.45 (3.8-4.8) 4.45 (4.1-4.7) 4.1-4.9h
carbohydrate (%) 45.40 (42.8-47.6) 44.68 (42.0-46.7) 44.99 (41.9-46.5) 48.17f (46.8-51.0)
calories/100 g 496.32 (479-508) 498.11 (495-511) 496.91 (495-510) 486.03f (464-496)
moisture (%) 12.36 (9.6-15.9) 13.43 (11.2-14.7) 13.18 (8.0-16.4) 10.60 (9.4-12.6) 5.4-10.1i

a Protein, fat, ash, carbohydrate, and calories reported as percent dry weight of sample. b Range denotes the lowest and highest individual
values across sites for each line. c C312 is the parental control cotton line. Value reported is least squares mean of five samples. d Value
reported is least squares mean of four samples. e Turner et al. (1976); Cherry et al. (1978a); Kohel et al. (1985). f Statistically significant
from Coker 312 control line at the 5% level (paired t-test). g Cherry and Leffler (1984); Cherry et al. (1978a,b). h Cherry et al. (1978b);
Belyea et al. (1989). i Cherry et al. (1978a).
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literature ranges for fatty acid levels of cottonseed oil
from commercial varieties (Table 4).
The cyclopropenoid fatty acids, sterculic and malvalic

acid, are unique fatty acids common in cotton. Malvalic
and sterculic acids are 17 and 18 carbons long, respec-
tively, and contain a double bond at the cylcopropene
ring. The levels of cyclopropene acids must be mini-
mized due to undesirable effects in food and feed
products (Cherry and Leffler, 1984; Phelps et al., 1965).
The cyclopropenoid fatty acids inhibit the desaturation
of stearic to oleic acid, which alters membrane perme-
ability and increases the melting point of oils. The
levels of cyclopropenoid fatty acids are greatly decreased
during processing, with the greatest point of deactiva-
tion during the deodorization of the refined oil (Cot-
tonseed Oil, 1993). The levels of the cyclopropene fatty
acids, as well as dihydrosterculic acid, were similar in
cottonseed and refined oil from Coker 312 and the
insect-protected lines (Tables 3 and 4).
Gossypol Analyses. Gossypol is a polyphenolic

pigment present in cotton that can cause discoloration
and toxicity problems in food and feed products of

cottonseed (Berardi and Goldblatt, 1980). Gossypol is
typically measured in two forms, free and total. Free
gossypol is the physiologically active form. The levels
of free gossypol decrease during heat processing due to
the binding of gossypol with proteins, thus making it
unavailable and essentially biologically inactive (Cherry
and Leffler, 1984; Berardi and Goldblatt, 1980).
Total gossypol levels were evaluated in cottonseed,

rawmeal, toasted (processed) meal, and refined oil. Free
gossypol was measured in raw meal, toasted (processed)
meal, and refined oil. Gossypol values were reported
as percent dry weight of sample.
Levels of total gossypol were measured in cottonseed

collected across field test locations. Gossypol levels in
seed from the insect-protected lines were not signifi-
cantly different (lines 531 and 757) from or were lower
(line 1076) than the level measured in control seed
(Table 5). These levels were well within the range of
0.39-1.7% total gossypol reported for cotton varieties
grown under various field conditions (Berardi and
Goldblatt, 1980; Abou-Donia, 1976).
Free gossypol and total gossypol were measured in

the raw meal, toasted meal, and refined oil fractions
resulting from processing of a single composite seed
sample for each line. These data were not subjected to
statistical analyses since only one sample was analyzed
per line. For the raw meal fractions, total gossypol was
similar to the values obtained for cottonseed (Table 5).
A similar level of total gossypol would be expected since
the raw meal fraction was simply dehulled, ground seed
used for processing. Free gossypol made up approxi-
mately two-thirds of the total gossypol measured in the
raw meal. Total gossypol and free gossypol were not
detected in the refined oil fractions except in the oil
produced from the Coker 312 line, which contained a
very low level of total gossypol (0.09%). The level of
gossypol was not significantly higher in cottonseed or
raw meal material from the control line; therefore,
scaleup of the process procedure is the most likely cause
for a slightly higher total gossypol content in refined
oil from the Coker 312 control.
As a result of processing, more than 98% of the total

gossypol was converted to the bound form in all samples.
Free gossypol was not detected in the toasted meal
produced from lines 757 and 1076; levels in the toasted
meal produced from line 531 and the Coker 312 control
were within accepted levels for free gossypol when
toasted cottonseed meal is used as a component of

Table 2. Amino Acid Composition of Cottonseed from
Insect-Protected and Coker 312 Cotton Linesa

literature

amino acid maxb minb
Coker
312c 531d 757d 1076d

aspartic acid 9.5 8.8 9.72 9.49 9.74 9.90
threonine 3.2 2.8 3.40 3.42 3.45 3.50
serine 4.4 3.9 4.62 4.67 4.72 4.69
glutamic acid 22.4 20.5 19.56 18.21e 18.36e 19.56
Proline 4.0 3.1 4.22 4.03 4.06 4.32
glycine 4.5 3.8 4.32 4.18 4.28 4.33
alanine 4.2 3.6 4.12 4.03 4.10 4.17
cysteine 3.4 2.3 1.60 1.68 1.73 1.60
valine 4.7 4.3 4.50 4.09e 4.26e 4.39
methionine 1.8 1.3 1.48 1.94e 1.92e 1.49
isoleucine 3.4 3 3.26 3.02e 3.14e 3.22
leucine 6.1 5.5 5.98 5.93 6.09 5.98
tyrosine 3.3 2.8 2.92 3.08e 3.05e 2.96
phenylalanine 5.6 5 5.32 5.28 5.35 5.26
lysine 4.1 3.9 4.50 4.73e 4.80e 4.57
histidine 2.8 2.6 2.72 2.94e 2.99e 2.74
arginine 12.3 10.9 11.20 11.68 12.13e 11.68
tryptophan 1.4 1 1.04 1.00 1.00 1.02

a Amino acids are reported in mg/kg of dry weight of protein in
the cottonseed. b Lawhon (1977). c Value reported is least-squares
mean of five samples. d Value reported is least-squares mean of
four samples. e Significantly different from the Coker 312 control
line at the 5% level (paired t-test).

Table 3. Lipid and Fatty Acid Composition of Cottonseed from Insect-Protected and Coker 312 Cotton Lines

mean (range)a

component Coker 312b,c 531b,c 757b,c 1076b,c

lipid 33.5 (30.9-35.5) 33.5 (30.8-35.9) 33.6 (32.1-36.9) 33.7 (31.4-36.3)
myristic (14:0) 0.94 (0.67-1.07) 0.88 (0.75-0.98) 0.97 (0.79-1.10) 1.02d (0.86-1.18)
pentadecanoic (15:0) 0.40 (0.32-0.60) 0.62 (0.32-0.90) 0.75 (0.24-1.22) 0.43 (0.29-0.77)
palmitic (16:0) 26.5 (24.8-27.8) 26.3 (25.1-27.2) 26.8 (23.8-28.1) 26.8 (24.4-28.1)
palmitoleic (16:1) 0.64 (0.48-0.71) 0.61 (0.54-0.64) 0.63 (0.58-0.66) 0.73d (0.66-0.78)
margaric (17:0) 0.16 (0.13-0.20) 0.18 (0.14-0.27) 0.17 (0.13-0.22) 0.19 (0.17-0.22)
stearic (18:0) 2.63 (2.32-3.26) 2.90 (2.71-3.26) 2.90 (2.74-3.19) 2.54 (2.46-2.63)
oleic (18:1) 15.3 (14.8-16.0) 16.8 (14.8-19.1) 15.7 (13.4-17.2) 15.2 (13.5-16.7)
linoleic (18:2) 47.8 (46.4-49.9) 45.6 (41.6-49.0) 46.0 (43.3-49.2) 47.7 (45.1-50.5)
linolenic (18:3) 0.20 (0.13-0.29) 0.14 (0.13-0.18) 0.17 (0.13-0.24) 0.17 (0.11-0.29)
arachidic (20:0) 0.29 (0.26-0.31) 0.28 (0.22-0.33) 0.26 (0.21-0.31) 0.29 (0.25-0.33)
behenic (22:0) 0.15 (0.12-0.17) 0.14 (0.13-0.15) 0.14 (0.11-0.16) 0.14 (0.11-0.15)
malvalic (C17) 0.37 (0.22-0.45) 0.38 (0.23-0.47) 0.42 (0.23-0.62) 0.28 (0.26-0.37)
sterculic (C18) 0.59 (0.48-0.70) 0.62 (0.54-0.69) 0.68 (0.47-0.86) 0.63 (0.48-0.78)
dihydrosterculic (C19) 0.36 (0.29-0.50) 0.49 (0.24-0.84) 0.76 (0.28-1.41) 0.31 (0.15-0.75)

a Range denotes the lowest and highest individual value across sites for each line. b Value of lipid is percent of dry sample weight.
Value of fatty acid is percent of total lipid. c Values presented are least-squares mean and ranges (five samples for Coker 312 and four
samples for lines 531, 757, 1076). d Significantly different from the Coker 312 control at the 5% level (paired t-test).
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animal feed. The Food and Drug Administration (FDA)
guidelines allow a maximum of 0.06% free gossypol and
1.2% total gossypol for cottonseed meal used as chicken
feed and no greater than 0.01% free gossypol when
cottonseed meal is used as a protein supplement for
swine (Beraradi and Goldblatt, 1980).
Aflatoxin Analyses. Aflatoxins are a group of

mycotoxins produced by Aspergillus flavus and As-
pergillus parasiticus that may contaminate food and
feed products (Jorgensen and Price, 1981). Cottonseed

is one of the commodities most commonly contaminated
by aflatoxins (Bagley, 1979). Cottonseed produced in
regions where the pink bollworm is a significant insect
pest typically have high levels of aflatoxin due to the
boll damage caused by the pink bollworm larvae,
allowing secondary infection by A. flavus or A. para-
siticus (McMeans et al., 1976; Ashworth et al., 1971).
Often the levels of aflatoxin are sufficiently high such
that the seed cannot be used for animal feed. The
maximum action level allowed by the FDA is 20 µg/kg
(20 ppb) (Jorgensen and Price, 1981). The levels of the
four primary aflatoxins (B1, B2, G1, and G2) in the
cottonseed for the insect-protected lines and for the
control line at all field 1993 sites were shown to be
undetectable at a sensitivity of 1 ppb.

r-Tocopherol Analysis. Tocopherols are naturally
present in cottonseed oil and serve as antioxidants,
enhancing food storage properties. R-Tocopherols in
particular have vitamin E potency. The levels of to-
copherols vary in nature and are affected by processing.
They are lost primarily during the steps of refining and
deodorizing (Cottonseed Oil, 1993). R-Tocopherol levels,
measured in refined oil prepared from lines 757, 1076,
and 531 and the Coker 312 line were 689, 597, 568, and
638 mg/kg, respectively (Table 4). The levels were
similar in cottonseed oil from the insect-protected and
control cotton lines and similar to levels (136-660 mg/
kg) previously reported in the literature (Rossel, 1991;
Dicks, 1965).

DISCUSSION

The FDA provides guidance for determining whether
a new plant variety is as safe and nutritious as its
parental variety in the FDA Food Policy (FDA, 1992).
The Food Policy document provides the basis for estab-
lishing that a new plant variety produced through
genetic modification is equivalent to its traditional
counterpart. The compositional data presented herein

Table 4. Oil Composition from Insect-Protected Cotton Lines and Coker 312 Control

refined oil from line

component literature range Coker 312 531 757 1076

fatty acidsa
myristic (14:0) 0.5-2.5b 0.98 0.77 0.86 0.88

0.68-1.16c
palmitic (16:0) 17-29b 25.42 25.08 24.96 25.94

21.63-26.18c
palmitoleic (16:1) 0.5-1.5b 0.64 0.58 0.60 0.63

0.56-0.82c
margaric (17:0) not available 0.19 0.10 0.11 0.11
stearic (18:0) 1.0-4.0b 2.53 2.67 2.62 2.38

2.27-2.88c
oleic (18:1) 13-44b 14.92 15.89 15.49 13.64

15.17-19.94c
linoleic (18:2) 33-58b 50.27 50.88 50.09 50.80

49.07-57.64c
linolenic (18:3) 0.1-2.1b 0.16 0.17 0.15 0.15

0.23d
arachidic (20:0) <0.5,b 0.41d 0.21 0.30 0.26 0.27
behenic (22:0) <0.5b 0.12 0.13 0.12 0.13
sterculic (C18) 0.08-0.56e 0.48 0.43 0.58 0.60
malvalic (C17) 0.22-1.44e 0.36 0.46 0.42 0.41
dihydrosterculic (C19) 0.22 0.16 0.35 0.26

antinutrients/vitaminsf
total gossypol e0.01% (1 ppm)c 0.09 NDg ND ND
free gossypol e0.01% (1 ppm)c ND ND ND ND
R-tocopherol 638 568 597 689

a Reported as percent of total lipids. One sample per line from a composite seed sample. b FAO/WHO Codex Alimentarius committee
on fats and oils (Cottonseed Oil, 1993). c Cherry and Leffler (1984). d Cherry (1983). e Phelps et al. (1965). Values reported for crude
cottonseed oil. f Free and total gossypol are reported as percent weight; tocopherol is reported as mg/kg. g ND, not dectected (limits of
detection were 0.04% and 0.002% for measurement of total and free gossypol in oil, respectively).

Table 5. Gossypol Levels Determined in Seed, Raw Meal,
and Toasted Meal from Insect-Protected and Coker 312
Cotton Lines

% total gossypol

mean range % free gossypol

cottonseed
Coker 312 1.16a 0.97-1.43a NAb

531 1.10 0.86-1.29 NA
757 1.08 0.85-1.31 NA
1076 1.04c 0.85-1.22 NA

raw meal
Coker 312 1.06d NA 0.667
531 1.05 NA 0.687
757 1.09 NA 0.661
1076 0.83 NA 0.513

toasted meal
Coker 312 1.11 NA 0.011
531 0.87 NA 0.008
757 0.81 NA NDe

1076 0.72 NA ND
a Values, expressed as percent dry weight, reported for seed

samples are the least-squares mean (from statistical analyses);
ranges represent the lowest and highest values from all samples.
b NA, not applicable. Free gossypol not typically measured for raw
cottonseed. Range for raw and toasted cottonseed meal is not
applicable since only one composite sample analyzed. c Values are
statistically significant compared to the Coker 312. d Values
reported from raw meal and toasted meal samples are one value
obtained from processing fractions generated from the composite
of seed across field sites. e ND, not detectable (limit of detection
for measurement of free gossypol in toasted meal ) 0.007%).
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follow the FDA guidance and lead to the conclusion that
the cottonseed and cotton products derived from all
three insect-protected cotton lines are substantially
equivalent to the parental variety as well as to other
commercial cotton varieties.
The levels of the nutrients (protein, fat, ash, carbo-

hydrate, calories, amino acids, fatty acids, and R-tocoph-
erol) for all three lines were comparable to those of the
parental Coker 312 control as well as to the values
reported for other commercial cotton varieties. Most
importantly, from a safety perspective, the levels of the
endogenous antinutrients (gossypol and cyclopropenoid
fatty acids) in the insect-protected lines were also
comparable to or lower than those of the Coker 312
control and similar to the reported values for other
cotton varieties.
The level of aflatoxin in the cottonseed samples from

the 1993 field trials showed undetectable levels for both
the insect-protected lines and Coker 312 control. How-
ever, in cottonseed produced by line 531 and the Coker
312 control in one of the 1992 field trials, the level of
aflatoxin B1 in the Coker 312 was high (92.7 ppb),
significantly exceeding the FDA allowable level of 20
ppb. The high aflatoxin level was observed in cot-
tonseed produced for Coker 312 at the field site in
Arizona, the only site in which the pink bollworm was
the primary insect pest. The high aflatoxin level is
attributable to the high degree of pink bollworm damage
(McMeans et al., 1976; Ashworth et al., 1971). Pink
bollworm is effectively controlled by the insect-protected
line 531 (Wilson et al., 1994), and the level of aflatoxins
was undetectable (<1 ppb) in seed from all of the 1992
field sites. This reduction in aflatoxin contamination
in the insect-protected cotton plants provides an impor-
tant benefit to the cotton grower in areas infested with
pink bollworm and will enable the production of cot-
tonseed with enhanced safety for use as animal feed.
On the basis of the data collected and the heterogene-

ity reported for different cotton varieties, it is concluded
that the insertion of the genes into these cotton lines
that confer season-long control of the cotton bollworm,
tobacco budworm, and pink bollworm produced cot-
tonseed that is compositionally equivalent and is as
nutritious as the seed produced by cotton varieties
currently on the market.

ACKNOWLEDGMENT

We thank Johnie Jenkins (Plant Science Research
Center, Mississippi State, MS), Gary Herzog (Coastal
Plain Experiment Station, Tifton, GA), Steve Micinski
(Red River Research Station, Bossier City, LA), Peter
Raymond (Monsanto, Loxley, AL), John Benedict (Texas
A&M Agricultural Research Center, Corpus Christi,
TX), and Ed Holguin (USDA-ARS Western Cotton
Research Laboratory, Phoenix, AZ) for conducting field
trials; Malcolm Gerngross and Dick Dusek (Texas A&M
University Food Protein Research and Development
Center, College Station, TX) for performing the cot-
tonseed processing; Judy Backhaus (Texas A&M Uni-
versity, College Station, TX) for performing the lipid and
fatty acid analysis; Ahmed Shariff (Trilogy, Inc., St.
Louis, MO) for statistical support; Hope Dodson and
John Leach (Today’s Temporaries, St. Louis, MO) for
all of their help throughout this project; and our many
colleagues at Monsanto that were involved in generating
the data for this product.

LITERATURE CITED

Abou-Donia, A. B. Physiological effects and metabolism of
gossypol. Residue Rev. 1976, 61, 126-160.

Adang, M. J.; Staver, M. J.; Rocheleau, T. A.; Leighton, J.;
Barker, R. F.; Thompson, D. V. Characterized full-length
and truncated plasmid clones of the crystal protein of
Bacillus thuringiensis subsp. kurstaki HD-73 and their
toxicity to Manduca sexta. Gene 1985, 36, 289-300.

AOAC. Ash. Method 923.03 (modified). In Official Methods of
Analysis, 15th ed.; Helrich, K., Ed.; Association of Official
Analytical Chemists: Arlington, VA, 1990a.

AOAC. Protein (N × 6.25). Methods 955.04C, 979.09 (modi-
fied). In Official Methods of Analysis, 15th ed.; Helrich, K.,
Ed.; Association of Official Analytical Chemists: Arlington,
VA, 1990b.

AOAC. Total fat. Method 960.39 (modified). InOfficial Methods
of Analysis, 15th ed.; Helrich, K., Ed.; Association of Official
Analytical Chemists: Arlington, VA, 1990c.

AOAC. Moisture; solids (total) and moisture in flour. Methods
926.08, 925.09 (modified). In Official Methods of Analysis,
15th ed.; Helrich, K., Ed.; Association of Official Analytical
Chemists: Arlington, VA, 1990d.

AOAC. Protein efficiency ratio. Method 982.30. In Official
Methods of Analysis, 15th ed.; Helrich, K., Ed.; Association
of Official Analytical Chemists: Arlington, VA, 1990e; pp
1096-1098.

AOCS. Total free gossypol. Method Ba 7-58. In Official
Methods and Recommended Practices of the American Oil
Chemists’ Society, 4th ed.; Firestone, D., Ed.; American Oil
Chemists’ Society: Champaign, IL, 1989a.

AOCS. Total gossypol. Method Ba 8-78. In Official Methods
and Recommended Practices of the American Oil Chemists’
Society, 4th ed.; Firestone, D., Ed.; American Oil Chemists’
Society: Champaign, IL, 1989b.

Ashworth, L. J., Jr.; Rice, R. E.; McMeans, J. L.; Brown, C.
M. The relationship of insects to infection of cotton bolls by
Aspergillus flavus. Phytopathology 1971, 61, 488-493.

Bagley, E. F. Decontamination of corn containing aflatoxin by
treatment with ammonia. J. Am. Oil Chem. Soc. 1979, 56,
801.

Belyea, R. L.; Steevens, B. J.; Restrepo, R. J.; Clubb, A. P.
Variation in composition of by-product feeds. J. Dairy Sci.
1989, 72, 2339-2345.

Berardi, L. C.; Goldblatt, L. A. In Toxic Constituents of Plant
Foodstuffs, 2nd ed.; Liener, I. I., Ed.; Academic Press: New
York, 1980; pp 211-266.

Bligh, E. G.; Dyer, W. J. A rapid method of total lipid
extraction and purification. Can. J. Biochem. Physiol. 1959,
37, 911-917.

Bradstreet, R. B. The Kjeldahl Method for Organic Nitrogen;
Academic Press: New York, 1965.

Cherry, J. P. Cottonseed oil. J. Am. Oil Chem. Soc. 1983, 60,
360-367.

Cherry, J. P.; Leffler, H. R. In Cotton; Kohel, R. J., Lewis, C.
F., Eds.; AGRONOMY Series 24; American Society of
Agronomy, Crop Science Society of America, Soil Science
Society of America: Madison, WI, 1984; Chapter 13, Seed;
pp 511-558.

Cherry, J. P.; Simmons, J. G.; Kohel, R. J. Potential for
improving cottonseed quality by genetic and agronomic
practices. In Nutritional Improvement of Food and Feed
Proteins; Friedman, M., Ed.; Plenum Press: New York,
1978a; pp 343-364.

Cherry, J. P.; Simmons, J. G.; Kohel, R. J. Cottonseed
composition of national variety test cultivars grown at
different Texas locations. In Proceedings of the Beltwide
Cotton Production Research Conference, Dallas, TX; Brown,
J. M., Ed.; National Cotton Council: Memphis, TN, 1978b;
pp 47-50.

Cort, W. M.; Vincente, T. S.; Waysek, E. H.; Williams, B. D.
Vitamin E content of feedstuffs determined by high-
performance liquid chromatograph fluorescence. J. Agric.
Food Chem. 1983, 31, 1330-1333.

370 J. Agric. Food Chem., Vol. 44, No. 1, 1996 Berberich et al.



Cottonseed and Its Products, 9th ed.; National Cottonseed
Products Association: Memphis, TN, 1989.

Cottonseed Oil; National Cottonseed Products Association:
Memphis, TN, 1993.

Dicks, M. W. Vitamin E content of foods and feeds for human
and animal consumption. Bulletin 435, Agricultural Experi-
ment Station, University of Wyoming, Laramie, WY, 1965.

EPA (Environmental Protection Agency). Guidance for the re-
registration of pesticide products containing Bacillus thu-
ringiensis as the active ingredient. U.S. Government Print-
ing Office: Washington, DC, 1988; NTIS PB 89-164198.

Food and Drug Administration (FDA), Department of Health
and Human Services. Statement of policy: foods derived
from new plant varieties. Fed. Regist. 1992, 57, 22984-
23005.

Fuchs, R. L.; Berberich, S. A.; Serdy, F. S. Safety evaluation
of genetically engineered plants and plant products: insect-
resistant cotton. In Biotechnology and Safety Assessment;
Thomas, J. A., Myers, L. A., Eds.; Raven Press: New York,
1993; pp 199-212.

Head, R. B. Cotton losses to insects1990. In Proceedings,
Beltwide Cotton Conferences; Herber, D. J., Ed.; National
Cotton Council of America: Memphis, TN, 1991; pp 602-
608.

Head, R. B. Cotton losses to insects1991. In Proceedings,
Beltwide Cotton Conferences; Herber, D. J., Ed.; National
Cotton Council of America: Memphis, TN, 1992; pp 621-
625.

Head, R. B. Cotton losses to insects1992. In Proceedings,
Beltwide Cotton Conferences; Herber, D. J., Ed.; National
Cotton Council of America: Memphis, TN, 1993; pp 655-
660.

JAOAC. Aflatoxins in peanuts and peanut products, CB
method. J. Assoc. Off. Anal. Chem. 1988a, 71 (1), 26.026-
26.031.

JAOAC. Aflatoxins in cottonseed products, thin layer and
liquid chromatographic methods. J. Assoc. Off. Anal. Chem.
1988b, 71 (1), 26.052-26.060.

JAOAC. Aflatoxins in eggs, thin layer chromatographic method.
J. Assoc. Off. Anal. Chem. 1988c, 71 (1), 26.070-26.075.

Jorgensen, K. V.; Price, R .L. Atmospheric pressure-ambient
temperature reduction of aflatoxin B1 in ammoniated cot-
tonseed. J. Agric. Food Chem. 1981, 29, 585-588.

Kalthoff, I. M.; Sandell, E. B. Quantitative Inorganic Analysis;
MacMillan: New York, 1948.

Kohel, R. J.; Glueck, J.; Rooney, L. W. Comparison of cotton
germplasm collections for seed-protein content. Crop Sci.
1985, 25, 961-963.

Lawhon, J. T.; Cater, C. M.; Mattil, K. F. Evaluation of the
food use potential of sixteen varieties of cottonseed. J. Am.
Oil Chem. Soc. 1977, 54, 75-80.
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