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Production Study of a Low-Gossypol Protein Product from Cottonseed 
Meall 

Qiang Zhuge, Elieser S. Posner,* and Charles W. Deyoe2 

A process was developed to reduce the level of free gossypol in cottonseed meal from either an oil 
extraction or an expelling process. The level of free gossypol reached was below the maximum allowable 
in edible meal according to federal regulations (0.045%). The process included extrusion, drying, fine 
grinding, and air classification. The final coarse product, with particle size larger than 84 pm, and a 
yield ranging from 67 to 80% by weight of the original raw material, had a protein content of 36.6-45.2%. 

Historically, man’s interest in cottonseed was as a source 
of oil. However, problems of malnutrition have been the 
driving force for research and industry to develop addi- 
tional protein sources for human consumption. Worldwide, 
about 5.3 X lo7 metric tons of meal is available yearly from 
glanded cottonseed, i.e. about 1.7 X lo7 metric tons of 
protein that can be potentially used for human consump- 
tion (FAO, 1984). 

Cottonseed proteins are rarely utilized as a source of 
edible food by monogastric animals, because of the pres- 
ence of pigment glands that contain toxic gossypol. 
Gossypol is a highly reactive yellow polyphenolic bina- 
phtaldehyde. In the metabolically active or free form, it 
has adverse physiological effects when ingested by mono- 
gastric animals (Berardi et  al., 1969). Food and Drug 
Administration (FDA) regulations specifically require that 
a protein food product made from cottonseed have a 
content of less than 0.045% free gossypol to be considered 
edible (Fed. Reg., 1974). 

Cottonseed kernels contain about 7% moisture, 30% 
crude protein, 30% oil, 24% nitrogen-free extract, 4.8 crude 
fiber, and 4.4% ash (Altschul et al., 1958). Geddes (1951) 
notes that cottonseed flour is high in vitamins, such as 
thiamin, riboflavin, and niacin. The protein of cottonseed 
has been shown to consist of globulin, a pentose-containing 
protein, and glutelin. Its amino acid composition was 
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compiled by Johns and Jones (1916). 
Different approaches were taken in the past in pro- 

cessing the defatted cottonseed meal to a highly concen- 
trated, edible, protein product. Smith (1970) describes the 
preparation of a glandless cottonseed flour by direct sol- 
vent extraction. Air classification can also be used to 
produce a protein concentrate, as described by Martinez 
et al. (1967). In this process, the protein bodies are sep- 
arated from clusters of unruptured cells and cell wall 
fragments with adhering residual cytoplasm. The process 
provides two products: one high in nitrogen, for food; and 
one low in nitrogen but high in cell wall particles, for food 
or feed. 

Kadan et al. (1980) describe a process comprised of five 
steps by which it is possible to produce from glanded 
cottonseed a high-protein flour essentially without free 
gossypol and suitable for human consumption: (a) flaking 
dehulled glanded cottonseed having moisture contents 
from 5 to 12%; (b) solvent extracting the cottonseed flakes 
to reduce fat content; (c) desolvenizing the solvent-ex- 
tracted flakes; (d) milling the desolvenized flakes into a 
flour; (e) air classifying the flour to produce a coarse 
fraction and a fine fraction. 

All the above procedures are concerned merely with raw 
materials produced by oil extraction. The objective of this 
study was to develop a production procedure of a high- 
protein product low in free gossypol from a cottonseed 
meal. The cottonseed meal used could come from an 
oil-extraction or an oil-expelling process. 
MATERIALS AND METHODS 

A series of experiments were performed using cottonseed 
meal that originated from three different oil-removing 
processes. One batch of cottonseed meal was obtained 
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Table I. Analytical Results of Three Cottonseed Meals after Air-Classifying Process 
protein,” % ash,” % fat,” % particle size, pm free gossypol, 70 total gossypol yield, % 

expelled raw 36.2 6.1 5.0 
expelled coarse 36.9 5.5 3.4 
expelled fine 44.6 6.9 5.5 

Chinese raw 35.2 5.6 8.2 
Chinese coarse 36.6 5.6 5.5 
Chinese fine 43.0 6.8 9.1 

extracted raw 44.1 6.3 3.0 
extracted coarse 45.2 6.9 1.9 
extracted fine 53.0 7.4 3.2 

* Moisture-free basis. 

from a solvent-extracting process and the second from an 
expelling process, both from U.S. manufacturers. The 
third was a cottonseed meal that originated in Mainland 
China where it was obtained as a residue from an expelling 
process. The approximate composition of starting material 
is indicated in Table I. 

The optimal procedure consisted of first using an Ex- 
truder Cooker Model X-20 (Wenger Co., Sabetha, KS) for 
the necessary heat treatment of the raw material. In the 
case of extracted cottonseed meal a sieving stage was 
necessary to separate the hulls before extrusion. Tem- 
peratures during the extrusion process were 120 OC for the 
solvent-extracted meal and 150 “C for the expelled meals. 
The extruded products were cooled and dried, on a batch 
system. After drying, the products were finely ground on 
a pin mill, Model 160 Z, operating at 20140 fpm tip speed 
(Alpine American Corp., Natick, MA). 

Different combinations of air classification equipment 
were tested to produce a product containing a level less 
than 0.045% free gossypol. To separate the free gossypol 
from the finely ground product, the Raymond laboratory 
model air classifier (Combustion Engineering, Abilene, KS) 
was used. 

The Raymond air classifier (two-whizzer type) running 
at  3600 rpm was set differently for the expelled and ex- 
tracted meals to achieve optimum results. For the expelled 
meals, a 77/16-in.-diameter fan plate was used. The upper 
whizzer had 1 2  blades, and the lower had 8. For the ex- 
tracted meal, optimum results were achieved with use of 
the same fan but 16 and 12 blades on the upper and lower 
whizzers, respectively. Figure 1 shows the general sche- 
matic flow used in the process. Yields are calculated as 
weight of products divided by the weight of the starting 
unclassified flours multiplied by 100. 

Free-gossypol levels were determined according to Me- 
thod No. Ba 7-58 of the AOCS (1973). Moisture content 
was determined according to Method No. 44-40 of the 
AACC (1983), protein by Kjeldahl Method No. 46-10 of 
the AACC, fat by Method No. 30-20 of the AACC (1983), 
and ash by Method No. 08-01 of the AACC (1983). Amino 
acid analyses of edible products were performed on a 
Dionex D300 (Sunnyvale, CA) amino acid analyzer after 
hydrolysis with p-toluenesulfonic acid (Liu and Chang, 
1971). 

The particle size of the different products was deter- 
mined (Table I) on the Microtrac particle analyzer (Leeds 
& Northrup Instruments, St. Petersburg, FL). 
RESULTS AND DISCUSSION 

Table I indicates analytical results of the various prod- 
ucts. The cottonseed meal was processed with an extruder, 
because it is an energy-efficient and convenient method. 
This can be compared to other suggested processes where 
the meal is heated at temperatures from 82 to 150 OC for 
various lengths of time. Extrusion is an instantaneous 
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Figure 1. Flow diagram of cottonseed protein extraction process. 

Table 11. Amino Acid Composition (%) of Low 
Free-Gossypol Fractions from Different Origins Processed 
with a Raymond Air Classifier 

amino acid expelled, 70 Chinese. % extr. % 
aspartic acid 
threonine 
serine 
glutamic acid 
proline 
glycine 
alanine 
half-cystine 
valine 
methionine 
isoleucine 
1 e u c i n e 
tyrosine 
phenylalanine 
histidine 
lysine 
ammonia 
arginine 

10.50 
3.46 
5.27 

20.56 
4.05 
4.60 
4.58 
1.61 
3.53 
1.84 
2.36 
5.81 
3.84 
5.94 
4.95 
4.18 
2.14 

10.78 

10.28 
3.66 
5.39 

18.86 
3.98 
4.46 
4.46 
2.43 
3.70 
2.46 
2.81 
5.56 
4.32 
6.48 
4.72 
4.50 
1.91 

10.01 

10.28 
3.45 
5.43 

19.42 
3.71 
4.48 
4.48 
2.48 
4.55 
2.20 
2.45 
5.40 
4.05 
6.31 
5.29 
4.20 
1.72 
9.78 

process that can be incorporated into a continuous line of 
production. 

The products with the low free-gossypol content from 
the process can be used for human consumption. The fine 
fraction with higher free-gossypol content and higher 
protein content (Table I) can be used for rumenant feed. 
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Percent yield of product from the different raw materials 
is indicated. 

In Table 11, grams of amino acids/100 g of protein ex- 
pressed in percents are shown for the three different low 
free-gossypol products produced with the Raymond air 
classifier. Values are corrected to 100% recovery protein 
basis. No significant difference could be determined 
among the meals originated from the different sources. 
However, compared to wheat flour shown by Waggle et al. 
(1967), the nutritional attribution of low free-gossypol 
cottonseed meal is much higher. 

Because of the hgher fat content in the expelled meal, 
a larger number of coarse particles remained in the finely 
ground product. In general, the whizzer-type air classifier 
has a grinding effect on classified stock. In this case, it 
is possible that this grinding effect eliminated the coarser 
particles in the meal originating from the expelling process 
and increased the yield of low free-gossypol product. 

On the basis of these findings, it might be suggested that 
particles below 50 pm contain higher levels of free gossypol. 
Air classifiers should be adjusted to have the cut point a t  
this particle size. 

The whole process can be assembled as a continuous one, 
starting with sieving out the hulls (if present in the raw 
meal), extrusion, cooling and drying, fine grinding, and air 
classification. 

A process that can be adapted commercially should have 
adequate technical-processing tolerances at  the various 
stages to handle variation in raw material. This would 
ensure final product quality to meet specifications. The 
results indicate that, even with variability in raw material 
and its origin, the free gossypol can be reduced efficiently 
to food standards. 

A process that can be adapted commercially should have 
adequate technical-processing tolerances at the various 
stages to handle variation in raw material. This would 
ensure final product quality to meet specifications. The 
results indicate that, even with variability in raw material 
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and ita origin, the free gossypol can be reduced efficiently 
to food standards. 

Registry No. Gossypol, 303-45-7. 
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Study of Thermal Denaturation of Oat Globulin by Ultraviolet and 
Fluorescence Spectrophotometry’ 

Ching-Yung Ma* and Ventktesh R. Harwalkar 

Thermal denaturation of dilute (<0.05%) oat globulin solutions at  high ionic strength was studied by 
ultraviolet (UV) and fluorescence spectrophotometry. Ultraviolet spectra show a significant red shift 
of absorption maximum when the protein was heated at 110 OC. Second-derivative and difference- 
derivative spectra suggest exposure of tryptophan and tyrosine residues in the heated samples. 
Fluorescence emission spectra show a significant blue shift, indicating protein unfolding. When 1 % 
oat globulin was heat aggregated and fractionated into soluble and insoluble fractions, W and fluorescence 
spectra indicate no marked protein unfolding in the soluble fraction but extensive denaturation in the 
insoluble aggregates. The soluble fraction had significantly higher surface hydrophobicity than the soluble 
fraction and the unheated protein. 

Heat treatments such as drying, roasting, and cooking 
are routinely used for the processing of oats and other 
cereal grains. These processes could cause substantial 
protein denaturation, which is critical to functionality such 

as gelation, emulsification, and foaming (Kinsella, 1976). 
Thermal denaturation (or unfolding) of proteins involves 
conformational changes from the native structure and can 
be monitored by spectrophotometric techniques such as 
circular dichroism (CD), ultraviolet (W), and fluorescence 
spectroscopy. Spectroscopic studies have been conducted 
on soy 11s globulin (glycinin) heated in the presence of 
N-ethylmaleimide (NEM), which prevented protein ag- 
gregation by blocking sulfhydryl residues and hindering 
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