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Abstract  

Pre t rea tment  of delintered glandless seed be- 
fore decortication by  (a) heating seed containing 
different kernel moistures with live steam fol- 
lowed by  dry ing  with indirect  heat, (b) heating 
seed containing different kernel moistures with 
live steam followed by  rapid  cooling with air, 
(c) heating seed containing di~erent  kernel 

moistures with superheated steam followed by 
dry ing  with indirect  heat, and (d) heat ing seed 
containing different kernel moistures with super- 
heated steam followed by rapid  cooling with air  
to ambient  temperatures ,  was investigated. Also 
repor ted are analyt ical  data  which allow an 
assessment of any  changes in protein quali ty 
result ing f rom the t rea tments  appl ied and da ta  
f rom organoleptic evaluations of t reated and un- 
t reated glandless cottonseed kernels p repared  as 
high-protein edible nuts. 

Introduct ion  

Glandless cottonseed has been under  investigation 
as a source of food protein throughout  the present  
decade. Unti l  the past  year, however, attention cen- 
tered on its use in the production of meals, flours, 
protein concentrates and protein isolates (1-3) .  
Recently at the Texas A&M Univers i ty  Oilseed Prod-  
ucts Research Center (OPRC)  a high-protein nut-  
like product  was produced f rom undefa t ted  glandless 
cottonseed kernels with a min imum of processing 
(4). These edible nuts  (Tamunuts )  were successfully 
tested as an ingredient  in spreads, candies, cookies 
and other bakery  items and in direct consumption 
snack foods. 

I t  is ant icipated tha t  with the availabil i ty of 
glandless cottonseed in commercial quantit ies a market  
will exist for  whole or coarse glandless cottonseed 
kernels suitable for use as a source of nut  meats. 

The present  work was conducted to devise process- 
ing methods that  would increase the yield of whole 
and coarse kernels dur ing  decortication of the seed. 
This objective was accomplished by pre t rea t ing  the 
kernels while still in the hull to render them nmre 
resistant  to breakage dur ing  dehulling. 

Exper imenta l  Procedures  
Screen Analyses of Kernels 

At  the beginning of these investigations a type 
and size of hand screen was selected that  would re- 
tain only kernels large enough for  use as Tamunuts .  
A 4 lb sample of whole and broken glandless kernels 
was screened through a set of vert ical ly stacked, 
round-holed 12 in. × 12 in. hand screens ranging  
f rom 12~4 in. to 7/64 in. in hole diameter. The per- 
centage of kernels retained on each screen was cal- 
culated. The procedure was then repeated using a 
duplicate sample with a similar set of slotted hand 
screens. 

1 Operated by the Texas Engineering Experiment Station for the 
Cotton Research Committee of Texas. 
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Small Scale Experimentation 
The initial  phase of investigation was conducted 

with laboratory  scale equipment.  
Glandless seed of the Watson GL-16 var ie ty  de- 

l intered to 4.3% linters content were prepared  for 
t rea tment  by hand screening over a 11~ 4 in. x 3~ in. 
slotted screen to remove undersized seed. Experi-  
mental  units  for t rea tment  application were formed 
f rom 900 g of screened seed. 

A completely randomized statistical design was 
followed. Six t rea tments  were compared with four 
replications of each. Treatments  eompared and the 
manner  in which they were applied were as follows. 

Treatment 1. Untrea ted  seed containing 6% kernel 
moisture. These seed were dehulled direct ly for use 
as a control. 

Treatment 2. Seed were moistened by spraying 
to produce 8% kernel moisture when resealed in 
glass jars  and allowed to equilibrate one week. 

Treatment 3. Seed containing 6% kernels moisture 
were steamed at  a tmospheric  pressure with live 
steam for  4 min and then dried with indirect heat 
for an addit ional 2 min and dehulled while hot. 
Steaming was effected in a thick-walled a luminum 
kettle, 7 in. in diameter  by  7 in. deep (Fig. 1). The 
seed were st irred dur ing  steaming by  a sweep-type 
agi ta tor  connected to a low rpm driving shaft  over- 
head. The kettle bottom was heated indirectly by 
an electric hot plate and the kettle walls by an 
insulated steam jacket of copper tubing. 

Af t e r  steaming, seed were decortieated in a Bauer  
Bros. laboratory  disc huller. The ro ta t ing  plate of 
the huller was 83~ in. in diameter. I t  was direct- 
connected to a 3 hp reversible electric motor  running 
at 1750 rpm.  

Treatment 4. Seed containing 6% kernel moisture 
were steamed under  atmospheric pressure with live 
steam for  4 min in the kettle and then removed 
immediately  and spread before a pedestal fan for 
rapid  cooling to ambient  t empera ture  before 
dehulling. 

Treatment 5. Seed moistened to 8% kernel mois- 
ture were steamed under  atmospheric pressure with 

MOTOR DRIVEN 
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V R A ~ G ~  "~ "REGULAR STEAM ,N 

• ' /  TO DRAIN 

FIG. 1. Cottonseed steaming kettle with connections for 
live steam or superheated steam. 
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superheated s team for 4 rain and the~ immediately 
spread before a fan for rapid  cooling to ambient  
temperature .  

Again the 7 in. diameter  kettle was used, but  for 
this t rea tment  steam was taken f rom a superheater  
positioned as shown in F igure  1. 

T r e a t m e n t  6. Seed containing 6% kernel moisture 
were steamed under  atnmspherie pressure with super- 
heated steam for  4 min and then immediately spread 
before a fan for  rapid  cooling to ambient  temperature .  

Exper imenta l  units of seed were randomly assigned 
to treatments.  Runs were made and t rea tments  ap- 
plied in random order. 
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T A B L E  I 

A Compa r i son  of Types and Sizes of Screens for Glandless 

H a n d l i n g  a n d  A n a l y s i s  o f  S e e d  A f t e r  D e c o r t i c a t i o n  

All experimental  units, regardless of t reatment ,  
received the same handling dur ing and af ter  dehulling. 

Af te r  dehulling, and separat ing the hulls and 
kernels by screening with 1~4  in. round-holed screen, 
a fu r ther  separat ion of kernels into coarse and fine 
fract ions was achieved by pouring the kernels through 
the a i rs t ream of a 16 in. pedestal  fan. 

The coarse fract ion was then rescreened over a 
s~4 in. × 3/~ in. screen and uncut  seed removed by 
hand picking. 

Samples of the hand-picked s~4 in. X 3A in. plus 
kernels were analyzed for moisture and volatiles, 
protein solubility, free f a t ty  acid, and free and total  
gossypol. 

P i l o t  P l a n t  S c a l e  I n v e s t i g a t i o n s  

Guided by laboratory  scale data ,  larger  experi- 
ments were conducted in the OPRC pilot plant.  A 
randomized complete-block statistical design was fol- 
lowed. Six t reatments  were compared as in the 
smaller runs but t reatments  previously used were 
modified. Also, in the larger  tests three replications 
were made instead of four. 

Treatments  were applied to experimental  units 
f rom the same lot of seed previously used. Sixty 
pounds of seed comprised an experimental  unit. The 
seed were not screened to remove undersized seed. 

Treatments  compared and the manner  in which 
they were applied were as follows. 

T r e a t m e n t  1. Untreated seed containing 6% kernel 
moisture. These seed were dehulled directly for 
u s e  a s  a c o n t r o l .  

T r e a t m e n t  2. Seed containing 6% ke rne l  moisture 
were steamed at atmospheric pressure with live steam 
for  6 rain and then dried with indirect  heat for an 
addit ional 9 min and dehulled while hot. 

Steaming was accomplished in a 40 in. diameter  
cooker manufac tu red  by the French  Oil Mill 
Machinery Co. The cooker had four  vert ical ly stacked 
kettles with sweep-type agitators a n d  steam-heated 
bottoms. As a mat te r  of convenience, the bottom 
kettle was used. Steam was injected into the seed 
as it was circulated. 

Af te r  steaming, seed were dehulled using a 24 in. 
diameter  Bauer  Bros. disc huller mounted over a 
36 in. Bauer  Bros. No. 153 separat ing unit. The 
huller was operated at 894 rpm. Feed rate to the 
huller was 2100 lb/hr .  Pr ior  to the test runs, 
op t imum huller settings were established for  de- 
hulling t reated and untreated se~d. Dur ing  each 
test run, uncut  seed from the first pass through the 
huller were recycled through the huller twice more. 
Hul ls  were not recycled through the huller. 

T r e a t m e n t  3. Seed containing 6% kernel moisture 
were steamed at  atmospheric pressure with live steam 

Cottonseed Kernels 

Per cent kernels retained on various sizes of screens 

Screen  Less 
type  1 2 / 6 4  1 1 / 6 4  1 0 / 6 4  9/64 8/64 7/64 than 

in. in. in. in. in.  in.  7 / 6 4  
in.  

Round 
holes 4.7 21.3 47.0 20.2 5.1 1.2 0,5 

Less  t h a n  8 / 6 4  in. 
Slotted 

(slots  
3 / 4  in.  
lon~') 0.4 1.0 4.6 20.2 30.2 43.9 .... 

for 6 rain and then passed immediately through a 
ro ta ry  air  d ryer  three times for  rapid  cooling to 
ambient  t empera ture  before dehulling. 

The ro ta ry  dryer  consisted of a cylindrical cham- 
ber 2.5 f t  in diameter  and 11 f t  long rota t ing on its 
horizontal axis with the discharge end lower than 
the feed end. I t  employed a s t ream of air  at an 
ambient  t empera ture  of 9 0 - 9 4 F  flowing counter- 
cur rent ly  to hot, steamed seed moving through it. 
L i f t ing  plates on the inside of the cylinder con- 
t inual ly  elevated the seed and dropped them through 
the current  of air. 

T r e a t m e n t  4. Seed containing 6% kernel moisture 
were moistened to produce 11% kernel  moisture af ter  
equil ibrating for one week. The moistened seed were 
dehulled direct ly f rom storage. 

T r e a t m e n t  5. Seed moistened to 9% kernel ntois- 
ture were steamed at  atmospheric pressure for 6 rain 
with live steam anad then dried with indirect  heat 
for an addit ional 9 rain before being dehulled while 
hot. 

Nine per  cent moisture was produced in the seed 
by sp ray ing  them with water. 

T r e a t m e n t  6. Seed moistened to 9% kernel mois- 
ture were steamed at atmospheric pressure for 6 
rain with live steam and then passed immediately 
through the ro ta ry  dryer  three times for rapid  
cooling to ambient  t empera ture  before dehulling. 

Runs were selected and t rea tments  applied in 
random order within each block. 

H a n d l i n g  a n d  A n a l y s i s  o f  D e h u l l e d  S e e d  

All experimental  units, regardless of t reatment ,  
received the same handling and analysis a f ter  
dehulling. 

The separat ing unit  divided the kernels into coarse 
and fine fractions and aspirated the hulls into an 
overhead cyclone collector. The coarse fract ion was 
weighed and a 2.5 lb representat ive sample hand 
screened over a ~ 4  in. × ~ in. screen. Material  
retained on the screen was weighed a f te r  removing 
any  uncut  seed by hand picking. 

Samples of the s~4 in. x 3/4 in. plus fract ion 

T A B L E  I I  

Coarse Kernels Yields from Laboratory Scale ~ x p e r i m e n t s  

Coarse kerne l s  ~ 
Coarse kernels a as per cent 

as per cent of total 
Treatment of delintered kernels in  

No. seed seed 
dehuned dehulled 

1 29.7 47.7  
2 48.9 78.6  
3 52.6 84.6 
4 49 .0  78.8 
5 54.3 87.4 
6 32.8 52.7 

a Whole  kernels and kernels particles retained on 8 / 6 4  in. X 3 / 4  
in. slotted hand screen. 
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T A B L E  I I I  

Analyt ica l  Data  on Coarse  Kernels  a from L a b o r a t o r y  and P i l o t  
Plant  Exper iments  

Mois tu r e  F r e e  Prote in  Gossypol  
Trea tment  & fat ty  solubi l i ty  

No. volatile acid free total % % % % % 

L a b o r a t o r y  r u n s  
1 5.5 0 .30  95 .2  
2 7,7 0 .48  96 .6  
3 5.0 0 .45  96 ,1  
4 5.5 0 .49  92 .9  
5 7.1 0 .50  92 ,5  
6 5.2 0 .49  91.2  

Pilot  p lant  runs  
1 5.8 0 .28  96 ,5  
2 5.5 0 .50  94 .7  
3 6.8 0 .38  96 .8  
4 10 .7  3 ,72  97 .0  
5 8.7 0 .43  94 .4  
6 9,2 0 , 5 0  97 .3  

0 . 0 4 1  0 . 0 4 6  
0 . 0 4 0  0 . 0 4 5  
0 . 0 4 3  0 . 0 4 4  
0 . 0 4 2  0 .042  
0 . 0 3 6  0 . 0 4 0  
0 , 0 4 8  0 . 0 5 0  

a W h o l e  kernels  and kernel particles  reta ined on 8 / 6 4  in. >( 3 / 4  
in. slotted h a n d  screen.  

were analyzed for moisture and volatiles, free fa t ty  
acid, and protein solubility. 

Organoleptic Evaluation of Tamunuts from Treated Seed 

Tamunuts  were prepared from each of the six 
s ~  in. × 3~ in. plus fractions of treated kernels 
by the OPRC toasting process (4). Samples of these 
nuts  were randomly served to judges in accordance 
with a randomized complete-block design. That  is, 
each judge scored all six treatments (one block) at 
each of four  judging sessions (replications). Tasting 
sessions were held on consecutive days in midmorning 
and midafternoon. Each sample was coded to ob- 
scure the t reatment  it had received. In addition, 
the coding was changed from session to session. 

Samples of Tamunuts  were analyzed for moisture 
and volatiles, oil, protein, and protein solubility. 

All protein determinations were made using the 
Kjeldahl  method. Soluble protein percentages re- 
flect the portion of the protein that  was soluble 
in 0.02 N Na0 H.  

R e s u l t s  a n d  D i s c u s s i o n  

Table I compares percentages of duplicate samples 
retained on screens of different types and sizes. 
Samples screened were taken from the coarse kernels 
fraction at the separating unit. Untreated glandless 
seed with 6% kernel moisture were being processed. 

Material retained on the 1%4 in. round-holed 
screen was smaller than that  retained o~ the ~ 4  in. × 
3/~ in. screen and, consequently, less desirable. Twenty- 
seven per cent of the sample passed through the 
1%4 in. screen and 43.9% passed through the s~;4 
in. × 3~ in. screen. Thus, the s/64 in. × 3~ in. 
screen was used to classify kernels as acceptable or 
unacceptable for  use as nuts. 

Table I I  contains data on yields of acceptable 
kernels from different treatments in the laboratory 
scale runs. These percentages were calculated af ter  

T A B L E  I V  

Coarse  Kernel  Yields  F r o m  Pi lot  P lant  Scale  Exper iments  

Coarse  kernels  a 
Treatment  as  per  cent of 

del intered 
N'o. seed 

dehul led  

Coarse kerne l s"  
as per  cent of 
total kernels  

i n  seed 
dehul led  

28 .8  
53.8  
49 .0  
54.9  
62 .7  
67 .7  

1 17.9  
2 33 .5  
3 30 .5  
4 34.2  
5 39 .0  
6 42 .1  

a Whole  kernels  and  kernel  particles  reta ined on 8 / 6 4  in. X 3 / 4  in.  
slotted hand  screen.  
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determining the yields, the weights of seed actually 
dehulled, and the total weight of the kernels in the 
seed actually dehulled, and adjusting the respective 
weights to a water-free basis. 

An analysis of variance was performed on accept- 
able kernel yields as per cent of total kernels weight 
using observations from 24 runs. The differences 
among treatments were significant at the 5% level. 

A 5% Duncan's multiple range tes t  comparison 
of t reatments means showed no significant difference 
existed between the yields f rom Treatments 5 and 3. 
Treatment  5 was significantly higher in yield than 
Treatments 4, 2, 6 and 1. Yields f rom Treatments 
2, 4 and 3 were not significantly different. 

These results showed that  steaming delintered seed 
having 6% kernel moisture produced higher yields 
of acceptable kernels than a duplicate lot of seed 
moistened to 8% kernel-moisture.  

The yield of acceptable kernels was increased from 
47.7% of total kernels from untreated seed to 84.6% 
from the same seed when steamed and dehulled hot. 

Table I I I  contains analytical data on acceptable 
kernels from laboratory and pilot plant runs. Those 
analyses showed the treatments applied had left the 
protein quali ty undamaged as reflected by solubility 
measurements. 

Yield data from pilot plant  runs are summarized 
in Table IV. These percentages were calculated by 
the same methods as those in Table II.  

An analysis of variance showed differences among 
treatments to be significant at the 5% level. A 
comparison of t reatment  means using Duncan's 
multiple range test showed all treatments to be 
significantly different from each other at the 5% 
level except Treatments 4 and 2. 

All t reatments improved the yield of aceeptable 
kernels over untreated seed. Application of live 
steam to seed with 6% kernel moisture and dehulling 
while hot (Treatment  2) produced yields as high 
as those from seed moistened to 11% kernel moisture. 
Treatment  2 increased the acceptable kernels yield 
from 28.8% of total kernels for untreated seed (Treat- 
ment 1) to 53.8%. Only Treatments 5 and 6, in 
which premoistened seed were steamed, exceeded 
Treatment  2 yields. 

The free f a t ty  acid content of Treatment  4 kernels 
had risen to 9.5% when analyzed 9 days after  
moistening the seed. Moistening seed to increase the 
yield of large kernels has disadvantages in that  it 
requires a holding period for the moisture to 
equilibrate and results in kernels of higher moisture 

T A B L E  V 

F r e e  F a t t y  Acid in K e r n e l s  f rom T r e a t e d  Seed 

Days, Mois tu re  F r e e  
Treatment  elapsed & fat ty  

No. a f t e r  vola t i le  acid 
treatment  % % 

1 9 5.5 0 .25  
44  6.0 0 .30  
50 5,9 0 .30  

2 9 5.4 0 .50  
44 7.9 0 .50  
50 7.6 0 .50  

3 9 6.5 0 .35  
44 6.8 0 .40  
50 6.7 0 .40  

4 9 10.3 9 .50  
44 11.0  2 7 . 7 0  
50 11.2 2 9 , 5 0  

5 9 7.7 0 .40  
44  9.6 10 .30  
50 8.9 11 .60  

6 9 8.9 0 .50  
44 9.7 12 .80  
50 9.2 13 .80  
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TABLE ¥I 

Analy t ica l  a n d  Senso ry  E v a l u a t i o n  D a t a  on T a m u n u t s  P r e p a r e d  
f r o m  T r e a t e d  S e e d  

Mois tu re  P r o t e i n  
Treat -  M e a n  & Oil P r o t e i n  
m e n t  solubil i ty  No. score  volati le % % % % 

3 7.05 1.6 41.3 34.69 88.0 
2 6.45 1.8 41.3 34.38 85.6  
1 6.20 1.7 41.0 32.19 89.0 
6 5.60 1.7 41.6 33.63 83.7 
5 4.71 1.8 41.3 34.56 90.1 
4 3.60 1.9 41.0 35.56 88.5 

content. Such kernels can be stored for  only a short 
period before deteriorat ing in quality. This was 
apparen t  in kernels receiving Trea tment  4. Free  
f a t t y  acid da ta  on t reated kernels are given in 
Table V. 

Scores assigned Tamunuts  by the taste panel  re- 
flected flavor and texture damage f rom some treat-  
ments. Table V[  contains mean scores assigned each 
product  and corresponding analytical  data. 

T rea tmen t  differences and differences due to judges 
each proved to be significant at the 5% level. The 
range test comparison of t rea tment  means showed 
no s ignif icant  difference for  products  f rom Treat-  
ments 3, 2 and 1 at the 5% level. Neither  were 
products  f rom Treatments  2, 1 and 6, nor  Treat-  
ments 6 and 5 significantly different. A real dif- 
ference did exist between products  f rom Treatments  
4 and 5. 

This evaluation indicated that  s teaming un- 
moistened seed did not adversely affect the flavor 
of the kernels. Kernels f rom moistened seed received 
the lowest scores. These high moisture kernels were 
markedly  infer ior  in quality. 

An account of the use of steam as a processing 
technique to overcome extreme britt leness in ab- 
normal ly  d ry  glanded cottonseed dur ing decortication 
appeared  in the cottonseed processing l i terature  in 
the 1930's (5). A successfully operated conditioner 
or humidifier was developed to add moisture to seed 
by steaming under  low pressure pr ior  to hulling, 
separat ing and rolling. The procedure repor tedly  
reduced shat ter ing of hulls and kernels in the huller, 
improved hulls and kernels separation, improved 
rolling, and produced better  meals and oils. No 
suppor t ing  analyt ical  or product ion data were 
reported. 

The concept of marke t ing  glandless cottonseed 
kernels for  food uses is new to cottonseed processors. 
I t  is anticipated,  however, tha t  markets  will exist 
for  such a product  in the fu ture  and processors will 
adopt  new processing practices to obtain the highest 
possible yields of whole kernels and large kernel 
particles f rom their  seed. These investigations have 
demonstrated tha t  s teaming delintered seed, in the 
manner  described, before dehulling will great ly  in- 
erease (if not double) the yield of kernels suitable 
for  Tamunuts .  
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