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Abstract 

Two consecutive storage tests of seven and six- 
months '  durat ion were conducted to determine 
the relative effects of adverse storage conditions 
on glandless and glanded cottonseed and the 
products  derived f rom each. 

The moisture conditions dur ing  storage re- 
sulted in extreme quali ty deterioration in both 
glandless and glanded seed. The damage sus- 
tained by glandless seed was not substantial ly 
different f rom damage occurring to glanded seed. 
Neither  did glandless seed appear  to deteriorate 
at a faster  rate. 

Normal  direct solvent extraction processing 
methods were followed to process seed for prod- 
ucts quali ty evaluations as measured by nitrogen 
solubility, epsi]on amino free lysine, and gossy- 
pol content for  meals and F F A ,  cup refining 
loss, refined color, bleach color and gossypol con- 
tent  for  oils. 

Oil f rom glandless seed refined and bleached 
to lower AOCS colors than  corresponding g]anded 
seed oils. Refining losses for  oils f rom damaged 
seed were slightly higher for  glandless seed oils. 

The meal quali ty f rom glandless seed was su- 
perior  in all categories m e a s u r e d .  

Introduct ion 

I DENTICAL PILOT plant  scale processing of California 
grown glanded and glandless cottonseed was done 

in the Cottonseed Products  Research Labora tory  
(CPRL) .  Processing and analytical  data  on Cali- 
fornia  grown seed for  1961, 1962, and 1963 were 
compared with data on Arkansas  glandless seed of 
a different genetic background grown in 1963. Pro- 
cessing by direct solvent extraction and mechanical 
pressing were compared. 

The s tudy was conducted under  the sponsorship 
of the National  Cottonseed Products  Association. 

Processing Methods 

Glandless and glanded seed were processed the 
first year  with and without  the use of heat. One 
half  of each type of seed was processed each way. 

In  subsequent years, all lots of seed were given 
a mild, low-temperature  cook before extraction and 
af ter  extraction were desolventized with heat. Pro- 
cessing procedures devised and employed regular ly  
af ter  the first year  were as follows: 

Preparation 
Both types of seed were sampled and then delinted 

to 3% linters content. Before deeorticating and flak- 
ing, the seeds were moistened sufficiently to br ing 
the moisture content in the meats to 9% when al- 
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lowed to equilibrate f rom 24 to 48 hr. Flakes were 
rolled to a thickness of 0.010 in. 

A mild cook was given in a 22 in. diameter  steam- 
jacketed cooker to 75 lb batch charges. Dur ing  cook- 
rag, the t empera tu re  was raised to 180F within the 
first 10 rain. Moisture was adjusted at that  point  
to 12% and the cooking continued for 20 rain. longer. 
Tempera tures  inside the cooker were controlled to 
a maximum of 225F. 

Upon discharge, the cooked flakes passed imme- 
diately over a shaker screen to remove for  breaking 
up any  conglomerates ("waterbal ls")  formed in the 
cooker and to achieve a rapid  t empera ture  drop in 
the material .  Rapid  lowering of the t empera ture  
had a "cr isping" effect which improved extraction 
characteristics. 

Extraction 
Two 55-gal vertical batch extractors were each 

loaded with 150 lb of flakes, filled with commercial 
hexane f rom the bottom and allowed to set full  for  
I hr. The result ing miscella was drained eout~nu- 
ously thereaf ter  f rom the bottom. Fresh  L~xane en- 
tered at the top. 

Ext rac t ion  by gravi ty  percolation continued for  a 
period of approximate ly  4 hr. A solvent to flakes 
weight rat io of 5:1 was necessary to achieve a resid- 
ual oil content in the meal of 0.5% or less. 

Hea t  was supplied to the extractors by steam in 
in a copper tubing jacket. 

Desolventization 
Ext rac ted  flakes were desolventized in a 10 in. 

diameter  steam-jacketed, horizontal tube 20 f t  in 
length. The tube contained a r ibbon conveyor ma- 
chined to fit the inside d iameter  and equipped with 
agi tat ing paddles. Meal tempera tures  at discharge 
measured 200F. No measurement  of the tempera ture  
inside the desolventizer was possible. The tempera-  
ture there was estimated to be near  the boiling point 
of water  i.e., 212F. 

Residence time of meal in the desolventizer was 
12 min. 

Solvent and Oil Separation 
Miseella was coneentrated in a rising film evapo- 

ra tor  unti l  it contained 85-90% oil by weight. The 
max imum tempera ture  used in this stage of sepa- 
rat ion was 170F. 

F u r t h e r  desolventization of the oil was effected in 
an oil s t r ipping  column constructed integral ly with 
the evaporator.  In  this operation, concentrated mis- 
cella was preheated to 200F at entry  to the top of 
the column. Superheated steam introduced at  the 
column base supplied addit ional  heat to the descend- 
ing feed and removed remaining solvent. Hexane  
vapors  and uncondensed steam passed over the top 
and were liquefied and collected together. 

The insulated glass column, 6 in. in diameter  and 
7.5 f t  long, was packed with ceramic berl saddles. 
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T A B L E  I 
Analyt ica l  Compar ison  of Solvent  Ex t rac ted  Meals and Oils 

f rom Glandless  and Glanded  Cottonseed (2)  

Oottonseed Meals 

Pro- Gossypol 
F lakes  Mois- Oil Pro- te in  

Seed type prepa-  tu re  con- te in  soh -  ten t  Free  Total  ration % % % bi l i ty  .% % % 

Glandless  
Mild cook 6.97 0.18 49.31 89.6 0.002 0.013 
No cook 12,88 0.46 43.31 95.1 0.006 0,006 

Glanded  
Mild cook 6.80 0.39 49.88 84.8 0 .084 1.024 
No cook 11.25 0.40 45.50 85.4 0.600 0.800 

Cottonseed Oils 

F lakes  ]~e f in ing~  ~ - Gos- F F A  Crude 
Seed type prepa- loss x~e.nea Bleach sypoI oil 

ration ,% color color % '% color 

Glandless  
Mild cook 6.53 1.97 0.72 0.000 0.50 4.90 
No cook 7.12 1.95 0.37 0.002 0.49 3.75 

Glanded  
Mild  cook 3.06 2.90 0.93 0.054 0.56 ...... 
No cook 4.88 3.07 0.49 0.464 0.95 ...... 

Screw Press Processing 

Five  hundred  pounds each of glandless and glanded 
seed f rom the 1961 California lots were processed by 
mechanical pressing. A scale model V. D. Anderson 
Expel ler  was used for  this work. F lake  prepara t ion  
methods were the same as for  solvent extract ion ex- 
cept additional dry ing  was administered in the cooker 
to lower the moisture for pressing. 

Process ing  Results  and Discuss ion 

Table I contains data  which permit  an analytical  
comparison of solvent extracted meals and oils f rom 
glandless and glanded seed processed with and with- 
out the use of heat. 

The most notable difference in the meals other than 
the d ispar i ty  in gossypol content is the higher per- 
centage of soluble nitrogen in glandless seed meals. 
This qual i ty  difference becomes even more pro- 
nounced as flakes are subjected to increased heat 
dur ing processing. 

0ils f rom glandless seed refined to lower photo- 
metric colors than did glanded seed oils but  with 
higher cup refining losses. 

Products  f rom Arkansas glandless seed were not 
significantly different f rom products  f rom California 
glandless seed. 

Comparat ive  data presented in Table 1I contrast  
meals and oils f rom screw pressing glandless and 
glanded seed. 

The same differences were present  in these meals 
and oils as were found in solvent extracted products.  

T A B L E  I I  

Compara t ive  Da ta  on Serew :Press Meals and Oils f rom 
Glandless  and Glanded  Cottonseed (2)  

Cottonseed Meals 

Pro- Free  Total  
Pro- rein Mois- Oil gossy- gossy- 

Seed type ture% % tein% bilitySOlu" pol  pol 
% % % 

Glandless 3.8 6.4 45.88 91.1 0.000 0.0500 
Glanded  4.5 5.1 44.96 59.3 0 .026 0.967 

Cottonseed Oils 

Refin- Gossy- F F A  
ing Refined Bleach pol  

Seed type loss color color % % % 

Glandless 6.7 2.74 1.26 0.002 0.720 
Glanded  6.5 5.06 2.08 0.066 0.900 

T A B L E  I I I  

Analyses of Glandless  and Glanded  Cottonseed Used 
i n  Storage  Test  Number  Two 

Glandless  Glanded  % % 

D i r t  and  t rash  0.9 0.2 
Mois ture  8.8 7.6 
F F A  0.5 0.30 
Oil 18.3 19.4 
P ro t e in  20.69 22.81 
L i n t  12.2 11.80 
U n i t  weight  a 0 .1314 0.1317 
~rolume index b 242 280 
Free gossypol 0.011 0.694 
Total  gossypol 0.025 0.832 
n u l l s  44.63 45.55 
Meats  55.37 54.45 

a Ave. wt. per  seed, g. 
b No. of del inted seeds in  50 cc. 

The protein solubility of screw press glanded meal 
is significantly lower, however, because of additional 
heat  and gossypol binding occurring in the pressing 
operation. 

Glandless Seed Storage  Tests 

Storage Test l~umber One 

The first storage test of glandless seed spanned a 
seven-month period which included the second half  
of 1963. The seed tested were grown in California 
in 1962. 

The initial s tudy was exploratory in concept. I t  
was designed to assess the relative effects of adverse 
storage conditions on glandless and glanded seed and 
the products  derived f rom each. 

F i f ty -pound  quantit ies of each type seed were 
moistened to 12 and 15% moisture levels and stored. 
Storage units consisted of cylindrical  fiber drums 
with perfora ted  bottoms, housed in insulated metal 
containers. I ron-constantan thermocouples planted 
within the seed beds reflected seed temperatures.  The 
seed were compressed in the beds to an average den- 
si ty of 31.55 lb /cu  ft. 

Periodically, seed samples were wi thdrawn for free 
f a t t y  acid ( F F A )  and moisture determinations. At  
conclusion of the test  period, all seed were sampled 
and then processed by solvent extraction. 

Storage Test l~'umber Two 

A second and more comprehensive s tudy of gland- 
less seed in storage was under taken in May, 1964. 
Ident ical  4-ft plywood and angle iron cubical units 
were constructed to store 1000 lb each of glandless 
and glanded seed. Facilities were designed for moist- 
ening the seed in storage ra ther  than  prior  to stor- 
age as in the previous test. The storage and moist- 
ening facilities are pictured in F igu re  1. 

Moisture in seed was adjusted by controlling the 
t empera ture  and relative humidi ty  of the air sur- 

T A B L E  I V  

Rela t ive  Rates  of Increase  in  F F A  in  Seed D u r i n g  
Storage Test Number One 

Calc. mois t  Time in  F F A  in Moist. 
Seed type at storage storage seed in  seed 

~% gays % % 

Glandless  15 35 2.4 13,4 
95 18.5 12.7 

221 22.9 13.4 

Glanded  15 34 7.5 13.4 
95 19.3 12.9 

221 33.3 13.2 

Glandless  12 35 0.5 12.1 
95 2.3 11.6 

221 2.3 11.5 

Glanded 12 35 1.3 12.1 
95 3.9 11.6 

~221 3.9 12.1 
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:FIG. 1. I n s t a l l a t i o n s  f o r  s e e d  s t o r a g e  t e s t  n u m b e r  t w o .  

rounding it. To achieve the desired storage envi- 
ronment,  near ly-sa tura ted air  was forced into the 
bottom of each bin to be distr ibuted by tile ducts 
under ly ing the seed. As air passed up through the 
seed it was s t r ipped of the moisture it carried. The 
tops of the bins were loosely covered by polyethylene 
plastic sheeting. 

Humidificat ion of air entering the seed was ac- 
complished by  passing it through a heat exchanger 
and a humidifier. The humidifier was constructed 
f rom two 30-gal steel drums stacked one above the 
other and welded with the bottom of the uppe r  drum 
removed. 

The upper  d rum was filled with packing to dis- 
perse water  percolat ing downward countercurrent  to 
the flow of air. 

The lower d rum contained water  controlled to a 
level below the point of air  entry.  A small contin- 
uously operat ing pump  circulated water  f rom the 
lower to the uppe r  d rum and over the packing. 

Addit ional  heat  was supplied to the water  and air 
by two vertical  stands of three 125-watt inf rared  
lamps positioned on opposite sides of the humidifier. 
An electric thermostat ic  switch turned lamps on and 
off to mainta in  the t empera ture  of air enter ing the 
seed bins. 

The relative humidi ty  of air  entering and leaving 
the seed bins was read direct ly with an Electro- 
Hygrometer .  Humid i ty  sensors suspended approxi-  
mately  3 in. above the seed in each bin registered 
the relative humidi ty  of air  exited. A sensor in- 
serted through a tee provided in the flow line f rom 
the humidifier measured the relative humidi ty  of air 
to the bins. 

Mercury thermometers  lowered through a vertical 
tube planted at the center of each bin were used to 
read seed temperatures .  One thermometer  was po- 
sitioned in the lower half  and another  in the uppe r  
half  of each bin. 

At  selected t ime intervals based on estimated F F A  
rise, stored seed was wi thdrawn for  analysis. Quan- 
tities of seed weighing 100, 150 and 200 lb were re- 
moved in a un i form pa t t e rn  f rom the bins and pro- 
cessed af ter  68, 83, and 88 days, respectively. The 
remaining 550 lb in each bin was processed af ter  
175 days. 

Analyses of glandless and glanded seed before 
storage are given in Table I I I .  
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T A B L E  V 
Analyses  of Solvent  Ex t rac ted  l~Ieals and Oils f rom Seed 

in  Storage Test  Number  One 

Cottonseed l~eals 

CaIc. Pro- 
Seed moist.  ~Iois- Oil Pro- rein Gossypol 

at  t u r e  te in  solu- 
types s torage % % '% bi l i ty  Free Total  

% % 

Glandless  15 13.2 0.64 60.56 69.7 0.022 0.052 
Glanded  15 13.0 0.63 60.56 66.6 0.724 1.120 
Glandless  12 10.6 1.52 56.16 99.1 0.022 0.028 
Glanded  12 11.7 0.96 56.13 97.6 0.888 1.116 

Cottonseed 0 i i s  

Calc. 
Seed moist.  ~ F A  Ref in ing  Refined Bleached Gos- 

at  loss sypol 
type storage % '% color color % 

% 
Glandless  15 40.4 97.1 Insuffi- Insuffi- 0.005 

cient  cient 
oil to oil to 
read  read  

Glanded  15 44.4 99.5 Insuffi- Insuffl- 0.179 
cient cient 
oil to oil to 
read  read  

Glandlese 12 8.1 26.5 2.71 1.79 0.009 
Glanded  12 7.5 24.1 2.21 1.01 0.241 

Storage Tests Results and Discussion 
S t o r a g e  T e s t  N u m b e r  One  

Data  which show the relative rates of increase in 
F F A  in the seed stored are repor ted in Table IV. 

The analyses of meals and oils f rom processings 
af ter  storage are given in Table V. 

A n y  limitations inherent  in the initial test design 
which restr icted its actual  simulation of commercial  
storage were equally present  in units containing each 
type of seed. 

Glandless and glanded seed were observed to fol- 
low essentially the same pa t t e rn  of t empera tu re  be- 
havior in storage. The F F A  rise in glanded seed 
was slightly higher. Analyt ical  evaluations, in gen- 
eral, showed meals and oils f rom severely damaged 
glandless seed to be of equal or superior  qual i ty  to 
products  f rom similarly damaged glanded seed. 

S t o r a g e  T e s t  N u m b e r  T w o  

The relative rise in F F A  and tempera ture  in gland- 
less and glanded seed with increased moisture and 
time in storage is shown in Table VI.  

Glandless seed acquired more moisture than  did 
glanded seed. An uneven distr ibution of air between 
the bins probably  caused this. A difference in the 
density to which seed were packed would result  in 
differences in permeabi l i ty  to air  thus allowing a 
larger  flow through the more permeable bin. The 
flow of air  entering the bins was not metered. 

TABLE Vl 
Relative Rise in FFA with Increased ~oisture and Time in Storage 

for Glandless  and Glanded  Cottonseed D u r i n g  
Storage Test  Number  Two 

Time in  Ave. Ave. Seed Ambien t  
Seed type storage mois ture  F F A  temp. temp. 

days '% '% i~ F 

Glandless  0 8.8 0.50 80.5 80.5 
18 9.7 0.43 91.8 89.5 
38 11.2 0.90 97.9 82.0 
59 11.8 2.06 100.1 91.0 
68 ...... 3.40 a 99.5 90.5 
83 12.0 8.60 a 101.5 89.0 
88 ...... 11.60 a 95.5 93.0 

175 12.3 14.50 a 84.0 81.0 

Glanded  0 8.1 0.50 80.5 80.5 
18 9.2 0.49 91.3 89.5 
38 10.3 0.54 96,0 82.0 
59 11.3 1.48 99.5 91.0 
68 ...... 2.37 a 99.3 90.5 
83 11.0 3.90 a 99.8 89.0 
88 ...... 8.40 a 95.1 93.0 

178 11.8 12.90 a 85.0 81.0 

a F F A  content as determined on cottonseed flakes samples. 
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T A B L E  VII 
Solvent  E x t r a c t e d  Cottonseed Meals and  Oils P r o d u c e d  at  Selected I n t e r v a l s  D u r i n g  S torage  Tes t  N u m b e r  Two  

Cot tonseed Meals  

Glandless  
T ime  elapsed in  s torage,  days  

Glanded  
T ime  elapsed in s torage ,  days  

0 6 8  83 88 175 0 68 83 83 178 

Mois ture ,  % 5.24 8.04 7.36 6.96 4.50 5.10 6.98 6.24 7.56 4.82 
Oil, % 0.47 0.61 0.59 0.78 0.41 0.28 0.55 0.39 0.46 0.40 
Pro te in ,  % 61.19 60.25 62.31 62.88 63.88 59.44 58.81 60.63 59.88 60.94 
P r o t e i n  solubility,  % 93.87 91.60 87.96 85.78 77.30 79.65 80.14 79.17 78.39 74.66 
l~ree gossypol,  % 0.01 0.01 0.01 0.01 0.005 0.08 0.12 0.13 0.12 0.17 
Total  gossypol,  % 0.01 0.01 0.01 0.01 0.008 1.18 0.90 1 .04 1.04 1.22 
Avai lable  lysine,  

g m s / 1 6  gin. N. 4.12 3.98 3.89 3.92 4.02 3.51 3.87 3.72 3.82 3.66 

Cot tonseed Oils 

F F A ,  0.9 2.6 4.5 6.0 16.0 0.6 1.9 3.2 3.9 12.9 
Re f in ing  loss, % 6.0 8.0 10.6 14.2 36.6 3.8 6.8 1 1 . 0  11.1 30.0 
Ref ined color 2.7 2.7 3.1 2.8 4.9 4.9 4.8 5.4 5.5 7.3 
Bleach color 2.0 2.0 2.2 2.7 4.2 3.1 3.1 3.0 1.3 4.5 
Gossypol, % 0.01 0.01 0.01 0.01 nil  0.03 0.03 0.05 0.06 0.065 

F F A  rise was noticably higher in glandless seed, 
a condition commensurate with a higher moisture con- 
ucts from each bin of seed. 

In every instance glandless cottonseed meals con- 
tained a higher percentage of soluble nitrogen and 
more available lysine than corresponding glanded 
seed meals. 

Oil from glandless seed, with the exception of one 
sample, refined and bleached to lower AOCS colors. 
Refining losses were slightly higher for oils from 
glandless seed. 

Findings from the second study did not conflict 
with indications gained from the initial tests, i.e., 
products from damaged glandless seed were of equal 
or superior quality to products from similarly dam- 
aged glanded seed. 

Bagged Storage of Glandless Cottonseed 

A meager amount of data on glandless and glanded 
seed stored in bags under comparable conditions was 
taken at the CPRL. 

In 1961, 500 lb of each type seed was delinted 
and reserved in bags inside laboratory buildings for 
screw pressing. Glandless and glanded seed each had 
0.2% F F A  as received. After eight months' storage, 
the glandless seed had 0.7% and the glanded seed 
had 0.9% FFA. 
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