
534 

S.P. KOLTUN 

TABLE 1 

Effect of Reaction Conditions on Aflatoxin Content 
of Undelinted Whole Cottonseed a 

undelinted whole cottonseed as an effective means of 
reclaiming contaminated cottonseed for use as a feed for 
ruminant  animals. 

Ammoniation conditions b 

Peak ammonia pressure Peak temperature Total aflatoxins c 
kg/cm ~ o C ~g/kg 

1.4 65 110 
1.4 71 56 
1.4 74 59 
1.4-1.8 77 41 
1.4-1.8 82 4 

a4% Ammonia concentration; 30 min reaction time at peak 
conditions. 
b15% Moisture content. 
cValues reported are means of 4 replicated runs. 

E x p e r i e n c e  wi th  d e t o x i f i c a t i o n  of a f l a tox in -  
contaminated cottonseed meals indicates tha t  the 
presence of moisture promotes destruction of aflatoxin 
with ammonia gas. The influence of higher moisture 
levels, with a limit of approximately 15%, probably will 
enhance the destruction of afiatoxins in undelinted whole 
cottonseed. 

This s tudy  supports  the feasibility of ammoniat ing 
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Cottonseeds contain gossypol, a toxic substance, that 
renders the otherwise nutritious seeds inedible. However, 
because the gossypol is concentrated in small, intercellu- 
lar glands, it is possible to separate gossypol from other 
seed constituents by pulverizing the seeds and removing 
the glands. This procedure is practicable because gos- 
sypol remains with the glands even during seed pulveriza- 
tion and manipulation in hexane. Many believe that the 
gossypol remains within the glands because the glands 
are virtually indestructible, protected by tough, resilient 
"plates." However, we show that most of the isolated 
glands are broken after comminution. The gossypol is 
held in a water-soluble matrix within the lumen of the 
glands. Analysis of aqueous extracts of isolated glands 
showed that the bulk of the extract is a non-dialyzable 
arabinogalactan. We suggest that the matrix substance 
is an arabinogalactan. 

Over 33 million tons of cottonseed was produced 
worldwide last year, an increase of 50% over the last 
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decade (1). The seed, a by-product of fiber production, con- 
tains an excellent vegetable oil and high grade proteins 
(2). However, the protein and sometimes even the oil, are 
rendered unfit for human consumption because of the 
presence of gossypol (a toxic substance) in the seeds (3-5). 

Because virtually all of the gossypol in cottonseed is 
concentrated in glands (6,7), it is possible to separate the 
gossypol from the rest  of the seed const i tuents  by 
pulverizing the seeds and removing the pigment glands 
(8-10). This procedure is practicable because gossypol re- 
mains with the glands during comminution and suspen- 
sion in hexane. Many believed, and still believe, tha t  the 
glands retain the gossypol because they are virtually in- 
destructible, protected by tough, resilient "pla tes"  
(6,8,10,11). 

We showed, however, tha t  many tperhaps most) of the 
isolated glands were broken in pulverized cottonseed meal 
and concluded that  intact  glands really were not 
necessary for procedures such as the Liquid Cyclone 
Process (LCP) to work (7). In this communication, we 
show that  the gossypol is enmeshed in a water-soluble 
matr ix within the lumen of the glands. We show tha t  
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matrix material remains with the glands, even after the 
glands have been broken and suspended in hexane. We 
present chemical and physical data which suggests that 
the matrix substance is an arabinogalactan. 

MATERIALS AND METHODS 

A pigment gland-enriched fraction from an LCP was 
suspended in a mixture of Freon 113 and hexane Isp. g. 
about 1.37 to 1.38) and the bottom fraction discarded. 
This process was repeated several times. The enriched pig- 
ment gland preparation was then dried. This was the 

purified pigment gland preparation used for our studies. 
An aqueous extract of pigment glands was obtained by 
extracting purified glands with water for an hour and then 
centrifuging. The supernatant was saved and the pellet 
resuspended in fresh water and extracted once more. The 
combined extract was filtered through a 0.45 t~ Millipore 
filter and lyophilized. 

Samples of the aqueous extract were chromatographed 
on silica gel plates with the solvent system n-butanol: 
ethanol:H20:acetic acid (50:30:15:5, v/v/v/v) (12). Visual- 
ization of the sugars was accomplished by spraying the 
plates with 2N H2SO, and heating at 95 C for 10 rain. 
Trimethylsilyl {TMS) derivatives of the extract were 

FIG. 1. An SEM micrograph of purified pigment glands from an LCP. There are many 
broken glands and gland fragments (small arrows); even the two intact glands in the center 
have large cracks in them (large arrow). The fact that the glands did not lose their con- 
tents  after breaking and soaking in hexane indicates the matrix substance is neither a 
fluid nor soluble in hexane. The matrix material can be coated with gold-palladium for 
SEM. Bar indicates 40 ~m. (1A) A higher magnification micrograph taken at the crack 
(pointed out by the large arrow) in the gland shown in Fig. 1. Notice the sponge-like matrix 
that  fills the lumen of the gland; spherules containing gossypol  and related pigments  
are held by this matrix. Bar indicates 4 ~m. (1B) A micrograph of a gland fragment, similar 
to the ones designated by small  arrows in Fig. 1, showing more clearly the nature of the 
material associated with the broken glands. The material on the outside of the fragment 
is identical to the matrix substance inside the gland lumens (visible within the cracks 
of the split glands in Fig. 1A). Bar indicates 40 ~m. 
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chromatographed in a gas liquid chromatograph (GLC) 
using an OV101-coated fused silica capillary column and 
an HP  5880 gas chromatograph equipped with a flame 
ionization detector  (FID). The samples were held at the 
injection tempera ture  of 175 C for 2 min and then pro- 
grammed to run at 4 C/min for 10 min. A sample of the 
aqueous ex t rac t  was dialyzed in a regenerated cellulose 
bag (3500 MWt cut-off) over toluene-saturated deionized 
H20 for 100 hr and lyophilized. A portion of the re tentate  
was hydrolyzed in 2N H2SO4 by refluxing for 4 hr. The 
H2SO4 was neutralized with Ba(OHh; then the excess 
barium was removed with CO~. A port ion of the hydroly- 
sate was equilibrated in pyridine for 24 hr and the TMS 
derivatives analyzed as described above. 

For scanning electron microscopy (SEM) pigment  
glands were placed onto adhesive-coated aluminum stubs 
and coated in a Technics Hummer  II D.C. sput ter ing 
device with 30-40 nm of gold-palladium. Glands, ex- 
tracted with distilled water and lyophilized, were prepared 
in the same manner. The coated samples were examined 
in a Cambridge Steroscan 250 Scanning Electron Micro- 
scope. 

RESULTS AND DISCUSSION 

Figure 1 is an SEM micrograph of a purified pigment  
gland preparation. Contrary to popular belief, pigment  
glands are not  unduly tough, nor do they necessarily re- 

FIG. 2. An SEM micrograph of pigment glands similar to those shown in Fig. 1, but after 
water-extraction. The outstanding difference between glands shown in this micrograph 
and those in Fig. 1 is the lack of spongy matrix material. None of the glands or gland 
fragments possessed spongy matrix substance after water-extraction; consequently, it 
was  possible to look into the interiors of gland lumens and see cell walls, gossypol- 
containing spherules, etc. In Fig. 1, these entities were hidden under the matrix material. 
Bar indicates 200 ~m. (2A) A higher magnification micrograph of a break in the glan- 
dular cell wall shown in Fig. 1 (arrow}. The water-extraction has washed away the matrix 
substances, and it is possible to see the inside of the gland. Note the cell walls and 
spherules. Bar indicates 30 pm. (2B~ A micrograph, similar to Fig. 2A but of a mature 
gland, showing the interior. Notice that the cell walls seen in Fig. 2A are absent; the cell 
walls lyse away during maturation and are absent in mature glands. Bar indicates 10 pm. 
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main in tac t  af ter  pulverization. Many  of the profiles 
shown in the micrograph are f ragments  of broken glands, 
and the two intact  glands in the center of the micrograph 
have cracks in them. Figure 1A is a higher magnification 
view of the crack, showing the interior of the gland. Note  
tha t  the lumen (interior) of the cracked gland is filled with 
a spongy appear ing substance.  Remnan t s  of spherules 
tha t  contained gossypol  and gossypol-related p igments  
can be seen in the f ractured matr ix,  The contents  of the 
broken gland did not leak out when the gland was cracked 
or wash away in the hexane and Freon used in the isola- 
tion of the glands; rather ,  it remained a solid, substan-  
t ive en t i ty  tha t  can be coated with  gold-palladium. 
Figure 1B is a micrograph showing a f r agment  of a 
broken gland, similar to the ones a t  the small  ar rows in 
Figure 1. Note  t ha t  the sponge-like mater ia l  on the out- 
side of broken gland f ragments  is identical to the ma t r ix  
mater ia l  inside the cracked glands. 

Figure 2 is an SEM micrograph of water-extracted pig- 
ment  glands. Water-insoluble const i tuents ,  such as pig- 
ment  gland walls, f ragments  of gland associated cells, cell 
contents  and other debris, can be seen. Figure 2A is a 
higher magnif icat ion micrograph  taken  at  the fissure in 
the gland shown in Figure 2. This gland was ra ther  im- 
mature ,  as evidenced by  the presence of cell walls in the 
lumen of the gland. Figure 2B is a micrograph  showing 
the interior of a ma tu re  gland. The obvious difference be- 
tween Figures  1 and 2 is the lack of ma t r ix  mater ia l  
associated with p igment  glands in the latter.  The mat r ix  
material ,  which obscures the interior of the glands, was 
solubilized away by  water.  Note  the spherules in Fig- 
ures 2A and 2B tha t  are visible after aqueous extraction. 
These spherules, which contain gossypol  and related 
pigments ,  can be seen in situ with t ransmiss ion  electron 
microscopy (7), but  are hidden from view in scanning elec- 
t ron microscopy by  the mat r ix  material .  

Wate r  ex t rac t s  contained about  25% of the weight  of 
purified p igment  glands. Chemical analysis  (13) of the 
aqueous ex t rac t  showed tha t  it was  81% carbohydrate .  
TLC revealed tha t  the  ex t rac t  contained sucrose, raf- 
finose, s tachyose  and an unidentified t r isaccharide and 
pentasaccharide. A large spot, probably oligo- or polysac- 
charides, and peptides remained at  the origin. GLC 
showed a trace of sucrose, raffinose and possibly another  
t r isaccharide but  no monosaccharides.  

Dialysis of the aqueous ex t rac t  showed tha t  67% was 
non-dialyzable. The hydrolysa te  of the re ten ta te  con- 
tained arabinose, galactose and glucose in a 1:3.3:0.07 
rat io (22.8% arabinose, 75.6% galactose,  1.5% glucose}. 
I t  is interest ing to note tha t  Reeves et  al. {14,15) claimed 
tha t  the "res in  g lands"  contained pen tosans  a half cen- 
tury  ago. These findings are consis tent  with our previous 
suggest ion tha t  " a g g r e g a t e s "  of gossypol-containing 

spherules were held together by a hexane-insoluble, water- 
soluble bonding substance.  Because non-dialyzable, 
arabinogalactan polymers  made up the largest  port ion of 
the aqueous ex t rac t s  of isolated glands and because 
arabinogalac tans  are hexane-insoluble, we sugges t  t h a t  
the ma t r ix  subs tance  in p igment  glands tha t  enmeshes 
the gossypol-containing spherules into aggrega tes  is an 
arabinogalactan. This would not  only resolve how broken 
glands can retain gossypol,  bu t  also explain why the 
glands are so "sens i t ive"  to water  (6,11}. 

As we noted in the introduction, there has been an enor- 
mous surge in cot tonseed product ion in the world dur- 
ing the las t  few years.  There are probably  m a n y  reasons 
for this increase, not  the least  of which is the fact  t ha t  
cot ton  is still one of the f inest  texti le fibers known (from 
both  the producer 's  and consumer 's  point of view). Unlike 
fibers derived f rom fossil fuel, cot ton  is a renewable 
resource. We feel the demand for cot ton will continue for 
the foreseeable future, and if the product ion of cot ton is 
to continue, it behooves us to s tudy  ways  to salvage 
something f rom cottonseeds.  
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